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'PREFACE TO ELEVENTH EDITION 
Some modern concepts of Organio Chemistry such llS the 

Orbital ooncept of bonding and the mechanistic prinoiples of Orgl1.nio 
reaotions were introduced in the previous edition of the book Th~ 
authors are happy that these new innovations were appreciated &nd 
the 10th edition of the text· book of Organio Chemistry had to be 
reprinted in 1969 and ag!loin in 1970. That was the first· phase of 
modernjsing the subjeot matter whiQh has been followed llP in the 
eleventh edition of the book. The new edition has .been consider. 
ably enla.rged a.nu improved in all respects. The chief features of 
the new edition are: 

(1) A separate chapter covering the prinoiples of mechanism of 
organio reactions has been given and these principles have been 
applied to interpret the mechaDlsm of almost aU important reao· 
tions in the remaining portions of the text. 

(2) A new ohapter t>n 'Classification an~ Nomenolature' giving 
details of the la.test lUP AC ~ystem of naming all olasscs of organic 
oompounds has been inoluded. The naming of higher organic com· 
pounds on the basis of 'seniority of functional groups' is the latest 
innovation that has al90 been desoribed. 

(3) Some modern topics such as sublimation under vaouum, 
cbromatography, oxygen. Bask method for estimation of halogen!, 
direct estimation of oxygen have been given. 

(4) Spectroiloopy of organic compounds espeoially the ul~ra.. 
violet u.nd Infrared spectra, their explanation and application to 
some important substances is a new feature of this edition. 

(5) The descdption of Optical IsoIDerism has been siven 
modern touches and It and S conventions ha.ve been dls'Cluss.ed in 
detail. 

(6) Under the chapter on tt1kanes thfl new topio 'Conformations 
of ethan~ and propane' hl\s been included. 

(7) The ohapter on 'Carbohydrates' has been re·written and 
erilarged so as to give the latest conventions of writing st.ruotural 
fOl'IJlulae of aldoses. 

(8) Numerous new illustrat;ions of industrial prooesses, mecha. 
Dism of reactions, molecular monels, the. geometry of certain organio 
molecules form a novel feature of this edition. 

(9) The latest numerical problems Ilnd questions askE'ri in the 
various universities of India have been inoluded at tho end of each 
cha.pter. 

The lLuthors hope that the eleventh revised edition of the book 
which bas been rewritten and modernised in many respects wi1l be 
well received bv Oll\, colleagues and the student tlommunity. Any 
suggestionM for further improvement of the book will be noknow. 
ledged with thanks. 
JuU'IJ,lI.dur 
July. 1970 

B.S.BARL 
AnuN BA.HL 
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inorganic compounds. 
(NH

4
)2S0, + 2KCNO __ 2NH"CNO + KIISO" 

Amm. sulphate Amm. cya.na.te 

NH.CNO --to NH2CONH2 
Urea. 

This simple reaction did much to dispel the absurd idea of vital 
force in the formation of organic compounds. A few years later 
Kolbe was able to synthesise acetic acid starting from the elements 
carbon, hydrogen and oxygen, thuEj showing clearly that no sperial 
life process was needed for the preparation of organic compounds. 
Thereafter numerous organic compounds were synthesised in the 
laboratory and by 1850 The Theory of Vital Force had been gradually 
overthrown. 

Modern Definition of Organic Cheulistry. With the fall 
of the Vital force theory, the term 'organic' lost its original signi
ficance. It was, however, established that all the so· called organic 
compounds contained carbon as an essential constituent. Therefore, 
the name 'organic' has been retained to describe all carbon com
pounds irrespective of their origin or the- method q£ preparation. 
Thus in modern practice the term Organic Chemistry is defined 
as the study of the compounds of carbon, the study of the rest of the 
elements and their compounds falling under the scope of Inorganic 
Chemistry. However, a few common compounds of carbon like 
carbon monoxide, carbon dioxide-and carbonates are still classed as 
inorganic substances for obvious reasons. 

Thus the modern definition of Organic Chemistry could' be 
given as the study of compounds of caroon other than the oxides, 
carbonates and bicarbonates, a:r:d hydrogen cyanide and its salts. 

Since all the organic compounds could be considered as deri ved 
from hydrocarbon~ (containing C and H only), a more precise defini
tion of Organic Chemistry could be given as 

"A study of hydrocarbons and their derivatives." 

REASONS FOR SEPARATE STUDY' 

The organic compounds obey the same fundamental laws of 
Chemistry that hold for Inorganic compounds. However, they are 
studied as a separate branch of Chemistry as a matter of convenience 
mainly for two reasons : 

(1) The total number of organic compounds known is about 
20,00,000, which exceeds several times the total number of inorganill 
compounds which is hardly 50,000. If. the E!tudy of twenty lakbs of 
carbon compounds be ineluded with that of carbon in Inorganic 
Chemistry, it would throw the subject out of balance. 

(2) There are marked differences between the composition, 
structure and behaviour of the organic and inorganic compounds 
which make their sepa.rate study more fruitful. 
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The chicf (liffcrellces between organic and inorganic compounds 
are statE'd below :-

ORGANIC 

______ -------------------
(I) Organic compounds are 

built mostly from 10 elements viz., 
0, H, 0, N, S, P, Cl, Br, F and I. 

/. (2) Carhon has the wonderful 
c8.pacity to unite with itself and also 
'\Vith other elements with the help of 
covalent bondB. Carbon atoms joined 
each to each in straight chains or rings 
give rise to the formation of a large 
number of simple as well a8 complex 
compounds with hugo molecules. i 

(3) Organic compounds with 
similar 'groups of aoolils' display simi
lar chemical behaviour. Thus they 
form many such classes of compounds 
e.g., alcohols, ethers, ketones, acids, 
am/nes, etc. 

(4) They frequently possess 
pronounced colour and odour whic}_! 
are characteristic of certain classes of 
compounds. 

(5) They are. in general, inso
luhle in water but soluble in organic 
solvents such as ether, alcohol, 
benzene etc. 

(6) They are volatile com
pounds having relatively lower melt
ing points and boiling points. 

INORGANIC 

11) Inorganic substances are 
formed from any of 101 elements 
known. 

(2) The atoms in the molecules 
of inorganic substances are joined bv 
electrovalent bonds, forming relatively 
simple and smaller number of com
pounds. 

(3) Most of the inorganic com
pounds which have been studied are 
either acids, baBes, or 'BaltB. 

(4) They are. in general, col
ourless and odourless. Certain metal
lic salts possess distinct colours. 

(5) They are generally soluble 
in ·water but insoluble in organic 
solvents. 

(6) They are generally non
volatile and pOBSess high melting points 
and boiling points. 

(7) Burn readily. Solutions (7) Hard to burn. Conduct 
and melts do not conduct electric electric curr.:mt in solutions and 
current. melt. 

(8) Their reactions being 
'molecular' in nature are slow .and 
usually complex. 

(9) Covalent bonds being rigid 
and directional, give rise to 'Cha.in' 
isomerism' and different types of 
'Space isomerism' in organic com
pounds'. 

\ 

(10) Law of multiple prop or-
.... j-mB in its rigid form, is not applica
~le to many organic compounds. In 

such compounds the weights of an 
element combining with ~fixed weight 
f the other, bear only an integra.l 
atio and not a. simple one. 

(8) Their reaction!! for the 
most part being ionic in na.ture are 
rapid a~d simple. 

(9) Electrovarent bonds being 
non-rigid and non-directional, cannot 
give rise to isomerism in inorganic 
substances. 

. . (10~ Law of m~ltiple propor-
tions 1S umversally apphcable to inor_ 
ganic compounds. 
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SCOPE OF ORGANIC CHEMISTRY 

The scope of orga.nio ohemistry is vast indeed. There is no art, 
soience or industry in which this branoh of chemistry is not applied. 
It will be of interest to outline here very briefly some of the applioa. 
tions of organio chemistry in everyday life and industry. 

(1) Applications in Everyday life. No other branch of 
science has so many contaots with human life as organic chemistry 
has. In our day· to-day life we find ourselves in a strange panorama 
of things that are in one way or the other conneoted with this branch 
of chemistry. From the basic requirements of life like food, fuel, 
clothing and health aids, to the obviollsly luxurious things like 
perfumes and cosmetics -and in-between these two extremes come 

Fig. H. 
the following with varying degrees of importance: leather and wood· 
en products; pencil, paper and writing inks; fuels like coal, oil 1l.11d 
wood; dyes of all kinds whether na.tural or synthetic; rubber (4~~~\ 
plastics; oils, fats, paints and varnishes; photographic films an~ 
de\yelopers ; medicines, anaesthetics and antiseptics-all things seem 
to have organic origin and touch. It is no wonder, therefore, I 

organic chemistry is a part and parcel of our daily life. In fact; 
are ourselves nothing but complex structures b\1ilt of thousanl 
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Ilnic compounds which are derived from the phmt and anima) 
. s. 

~~;; (2) Applications in Industry. A knowledge of organic 
"eznistr~ is necessary in many important chemical industries, e.g., 

'"I''' paratlOn of foods, pharmacy, manufacture of soap and other 
'. 'metics, tcxtile industry, manufacture of dyes and explosives, 

.' per il!dustr~, fertilizers, .101.1 the~ ind.ustry, :-mgar jndu~try, fermen
'''tiOD mduiltrIes. woorl-(hsttllatlOn Industry, synthetIC rubber and 
ft,i.nsparent wrappings for foods and other commodities, petroleum 
iiiclustry, etc. 
~- (3) Study of Life processes. The most important appIi
atPon of organic chemistry is tht:! study of the nature of the material 
.- of the proceH:;~R of living organisn~f'I The investigation of the 
"ues, the seeretlollK and other constituents or prodnctR of plants 
.Id animals is hnsed upon organic chemistry. The understan ding of 
.. process of digestion and alltiimilation of food involves the funda
.tal principles of organic chemish:y. The vitamins and the hoI" 
.• mes are organic compollnd~ that Rre produced in our body' and 
,91.y an important role in its development. 'fhe injection of a hor
IIIOne can turn a male into femalc and vice versa. All such miracles 
or.nature concerned with the life process can be interpreted only by .8 aid of organic chemistry. 

DYES 

PLAS TICS 4< 
~f'SINS 

PHARMAClUTICALS 

SOAPS 

HUSBER , 
PAINTS 

Fig. 2·2. Proportions of synthetio a.nd natura.l products capturiIig 
in<illfltry. 

Thero are other fields of organic chemistry at present less 
deyeloped. Further researches may bring thest' in the front rank. 
This naturally means a more thorough study of what we already 
know. The subject itself is worthy of study from the purely scienti
fic and cultural Rtandpoint. The intellectual beauties of the closely 
inter-~oyen relations of organic chemistry will be revealed to the 

,,~nt only when he studies the subject logically, keeping before 
'.~!!l the molecular structure of the compounds involved. 

I \'JCES OF ORGANIC COMPOUNDS 
'" Organic compounds are obtained from natural sources and are 

prepared by syntheliis ill the laboratory. The natural sources 
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of these substances may be traced to either the plant or animal 
kingdom. Thus: 

( 
Plant 

kingdom 

SOURCE 

(1) Plants (direct) 

(2) Animals 

(3) Wood distillation 

(4) Coal·tar distillation 

(5) Natural Gas and Pet. 
roleum distillation 

Sources of 
Organic Compounds 

I 
I 

• 

r 
Natural Laboratory 

I Synthesis 

I Ammal 
kingdom 

COMPOUNDS OBTAINED 

Sugars, starches, cellulose, citric acid, oxalio acid, 
tartaric acid, indigo, oils, vitamins, etc. 

Fats, proteins, urea, uric acid, vitamins, hormones, 
etc. 

Acetic acid, methanol and acetone. 

Benzene, tolullne, naphthalene, carbolic acid, 
cresols, pyridine, dyes, perfumes, drugs, etc. 

Alkanes ond their derivatives such as methyl 
chloride, chloroform, methyl alcohol, ethyl alcohol, 
allyl chloride, etc. 

t6) Fermentation processes Ethyl alcohol, amyl alcohol, acetic acid, etc. 

About 40 years back, the main sources of organic compounds 
were the processes of fermentation and wood distillation, while 
fewer compounds were derived from coal and petroleum. With the 
recent development of petrochemical industry and low. temperature 
coking techniques of coal, the number of carbon compounds now 
derived from petroleum and coal is far greater than from any other 
source. While the fermentation processes are still in use for the 
preparation of a large number of organic compounds, wood distilla. 
tion is almost obsolete and replaced by synthetic methods. 

How long the World's Coal and Petroleum Reserves would 
last ~ 

COlli and petroleum are undoubtedly the biggest natural sources 
of organic compounds. For the past 100 years coal dominated the 
scene but during the last 20 to 30 years, petroleum has assumed 
comparable importance. To meet the great demand of organic 
compounds, the world's production of coal increased enormou!t~y41 
during the last decade or so. In 1966 the total productiop C '':.u(' 
was 2,800,000,000 long tons. Although coal is far more SOU 
and widely distributed in nature, petroleum resourc~~ 

also 
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equally vast. The total crude oil production of the wOl.'lcL in the 
year 1966 recorded 1,601,000,000 long tons 

A chemist is naturally interested to know the extent of world's 
cOal and petroleum reserves as also the pr. bable time of their 
oonsumption. Ultimately it is he who has to face the problefu of 
replenishing their consumption by other synthetic means. The 
'World's total coal reserves are estimated to be 5,562,656 million 
long tons, while oii reserves as estimated on Dec. 31, 1966 amount 
to 2,886,915 million long tons. . 

There are many speculations regarding the coal and oil supply 
of the world. According to some specialists, the reserves are enough 
fiO last for a .few generations even at the present rate of production. 
Prof. N.N. Chatterji puts India's total reserves of coal at 20,000 
JJ)illion tons which are sufficient to laoat for another four centuries. 
India's oil reserves are estimated to be 6580 tons only. 

FOOD 

Fig. 1·3. Decay and Formation Cycle of Coal and P'etroleuJll. 

At the present rapid rate of depleting the natural resources of 
coal and petroleum, some economists are raising alarm for their 

'conservation by other sources of energy. In this context, it may 
be pointed out that due to the external reaction between carbon 
dioxide and water in presence of sunlight (Fhotosynthesis), the 
organic compounds are being produced continuously in plants. 

Photosynthesis 
C02+H20+Sunli!lh~ --._ Organic compds +02 

..... ').'he organic compounds whether in the form of coal or petroleum 
on' combustion give back CO2 • 
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CRYSTALLJS",-rION . ' . 
'Th ost general method for the purificatlOn of sohd orgamc 

b e Jll1•S crystallisation 1n principle it is the same as employed 
su stanoes '. Th I d'rr . t'h t for inorganIc salts. e on y Iuerence IS a 

here, in addition to water, several other sol. 
ven ts arc used. The more common solvents are 
a~etone, alcohol, ether, chloroform, benzene, 
etc. 

Procedure. A solvent in which-the' given 
substance is more soluble at higher temperature 
than the room temperature is selected. The 
solvent is heated with excess of the solid sub· 
stance. The saturated solution thus prepared is 
filtered while still hot. As the filtrate cools, the 
pure solid crystals separate which may. be 
removed by filtration. 

rreparation of the 80lution. A suitable 
quantity of the powdered substance is' taken, 
say, in a conical flask and treated with a small 
quantity of the solvent. The quantity of the 
solvent should be just enough to dissolve the 
whole of the solid on boiling. In case of vola. 
tile solvents, it is advisable to fit the vessel with 
ll. long glass tube which serves as a condenser 
and also prevents the inflammable solvent vap. 
ours to re~ch the flame of the burner. The 
heating may be done on a water-bn.th or wire 

Fig. H. PrepGration gauze according as the solvent is 'low.boiling' or 
of 801ution. 

'high-boiling'. 
Filtration oj the .solutio". The hot saturated sC?lution obtained 

above is then filtered through a fluted filter-paper placed in an ordi
na.ry glass funnel. If the quantity of the solution is large, it takes 

Fig. 2'2. Filtration through 
fluted filter paper. 

HOT SAT 
SOU/T/ON 

Fig. 2·3. Hot-water funnel. 
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longer time to filter and the crystals may form in the funnel during 
filtration. To prevent this, a "Hot·water funnel" may be used 
with advantage. 

OrystalliSation. The filtrate is ailowed to cool undisturbed in a 
beaker or a "crystallising dish". After some time the solid substance 
separates in beautiful geo· c;r::> 
metrical forms called crys. ..a_ 
tala: Sometimes the orystals 
do not a.ppear due to super. 
cooling of the solution. In 
such a. case the crystallisa. 
tion is induced either by 
scratching the sides of the 
vessel with a glass rod or 
by sowing a few crystals of 
the same substance in solu
tion. 

Separation and Drying 
of OrY8tal8. The crystals 
are separated from the 
mother liquor by filtration. 
This may be done more 
rapidly with the help of a 
Buchner funnel and a 
suction pump' as shown in 
Fig. 2,4. When tfie whole Fig. 2.4. Filtration under suction. 
of the mother liquor has 
been drained into the filtration. flask, the crystals are washed two 01 

three times with small qua.ntities of the pure solvent. The filtel 
paper carrying the crystals is then placed over a porous plate ani 
driad in a steam or air.oven .. 

Sometimes, the crystals obtained are coloured owing to th 
traces of impurities pres,ent. In such cases, the crystals are radii 
solve!1 in a small quantity of the sQlvent, boiled with a .little rmiml 
charcoal, filtered and crystallised once again as described abov 
The process is repeated till the substance is obtained in absolute 
pure form as indicated by its sharp melting point. 
SUBLIMATION 

Certain substances when heated, pass directly from the so 
to the vapour state without melting. The vapours when cooled g 
back the solid SUbstances. 

This process known as sublimation is very helpful in' se 
rating volatile from non-volatile solid. It is, however, of limi 
application as only a few substances like naphthalflne, camphor 
benzoic acid .can be .purified by this process .. 

The impure substance is placed in a china dish which is ge 
heated on a sand-bath. The dish is covered with a perfora~d fl 
paper over which is placed an inverted funnel. The vapours r 
from the solid pass through the holes in thA filter-PiiPer an( 
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deposited .as solid on the walls of the funnel. The filter paper has 
two functl~l1S : (i) it does not permit the sublimed substance to 
drop bac~ lDto the dish and (U) it keeps the funnel cool by cutting 
off the dIrect heat from the dish (Fig. 2'5). 

COTTON Pl.U6 _r-WATfR 
WATtR 4-J1 ff 

CRUDE 
SU6STANCE 

-.TOPUNP 

SUBLIMATE 

Fig. 25. Sul'limatioD. Fig. 2'6. Sublimation under 
reduced pressure. 

Organic substances such as b-enzoio acid. naphthalene etc. which 
• igh vapour pressure at tempe.rature$ below their melting 

can be sublimed relatively quickly. These can be conveni. 
urified by the laboratory operations described above. Auch 

WATER 

l 

Fig. 2·7. Sublima.t.ion tinder VACuum. 



"Pt]RIFIOATlON OF ORGANIO COMPOUNDS 13 

substances which have very small vapour .pressure or tond to 
decompose upon heating, are purified by s\lhlimation under reduced 
pressure 

A simple glass apparatus now used for sublimation under red· 
uced pressure is shown in Fig. 2·7. 'l'he cbieffeatures of this appara· 
tus afe a large heating and a large cooling surface with a I-;mall 
distance in between. This is necessary because the amount of the 
substance in the vapour phase is much too small in case of a 
substance with low vapour pressures. . 

DISTILLATION 

The operatlOn of distillation is employed for the pnrification of 
liquids from non· volatile impurities. The impure liquid is boiled in a 
flask and the vapours so formed are collected and condensed to give 
back the pure liquid in another vessel. The non·volatile impurities 
are left behind in the flask. 

The apparatus used for distillation is shown in .Fig. 2·7. It con· 
sists of a distillation· flask fitt"d with a thermometer in its neck llnd 
a condenser at the side· tube. The liquid to be purified is placcd in 
th& tlistillation·flask and the thermometer so adjusted that its bulb 
$tands just below the Qpening of the side-tube. This ensures the 
correct recording of the temperature of the vapour passing over to 
the condenser. A suitahle vessel is attached to the lower end of the 
condenser to receive the col\densed liquid. On heating the distil. 
lation flask the thermometer iir.st records a rise in temperature 
whic.h 500n (lecomes constant. At this point, which is the boiling 
temperature of the pure liquid, most of the liquid passes over. 
Towards the end of the operation the temperature ri~9 once again 
on account of the superheating of the vapour. The distillation is 
~topped at this stage and the receiver disconnected. 

In case of liquids hn.\ting, boiling points higher than 110° C, the 
water.condenser is replaced -by n·ir condenser.. To prevent bu mping, 
it is customary to put a few pieces of unglazed porcelain in the 

. distillation flask. 

While distilling a very volatile and infianullnble liquid snch as 
ather, t)\e distillation flask is heated on a water.bath and not on"a 
wire gauze. In case of very high. boiling liquids, the flask is heated 
directly with a naked flame. 

FRACTIONAL nISTILLATION 

A mixture of two or more volatile liquids can be separated hy 
fractlOnal distlilatlOll When their boiling points differ by more tha;l 
400

, the operation can be <;ll.trried with the help Q1 ol'(imary distilla. 
tion appara.tus described in Fig. 2'8. The inore voll.ttile liquid pasiSes 
over first and is c()llecte~t in a receiver. When the temperature 
hegins to ri8e for the second time, th i.> first receivel' is disconnected. 
A Hew receivE-r i:; attachell ItS soon as the temperltture becomes 
COllSt!1ilt once again. ThuR the distillate is celle-ctecl in fractions ancl 
·thn process is termed Fractional DWillation. 

When the liquids present in the mixture have their boiling 

-~ 
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points close to each other, the separation is best effected by fitting 
the distillation Bask with a fractionating column which in turn is 

Fig. 2'8. Distillation. 
connected to the cond-enser (Fig. 2'9). On heating, the 'f"POUl~ of 

i rRACrIONA7:.1NG lit COLUMN 

'c~ 
(I~ 

~ 
"'II: 

~ 

lIQUI/) 
MIXTURE 

Fig. 2·9. Fracti .al distillation. 
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the more volatile liquid A, along with.a little of the vapQut's of less 
-volatile liquid B, rise up and come in contact with the large cooling 
surface of the fractionating column .. The vapours of B condense 
first and that of A pass on. The condensed liquid flowing down the 
column meets the fresh hot ascending vapour. It snatches more of 
B from the vapour mixture and gives up any dissolved vapour of A. 
This process is repeated at every bulb of the fractionating column, 
so that the vapour escaping. at its top consists almost exclusively of 
A and the condensed liquid flowing back into the distillation flask is 

Fig. 2·10. Different types of fraotionating oolumns. 

rich in B. If necessary, the process_c.'in be repeated with the distillate 
and the liquid left in the distillation flask. ' 

The ilse· of a fractionating column has found a remarkable 
application. in modem industry, especially in the distillation of 
petroleum, coal. tar and crude alcohol. 

DISTILLATION UNDER REDUCED PRESSURE 

The 'straight' distillation is suitable only for liquids which boil 
without decomposition at atmospheric pressure. In case of organic 
liquids which decompose before their boiling point is rea.ched, the 
distiUa.tion is carri~d under reduced pressure when the liquid boils a~ 
a lower temperature·. 

The apparatus us~d for distillation under reduced pressure is 
shown in Fig. 2) L 

(i) maisen Flask, having ,two necks. It is fitted with a IOBg 
drawn jet, dip;ping -in the liquid to be distilled. During the distIlla· 
tion, a stream ·of bubbles rises through the capillary of this jet and 
prevents bumping, which is so pronounced here than in ordinary 
distillation 

. *A liquid boils when its vapour pressure is equal to the atmospherio 
pressure. When the pressure is reduced by suction, the liquid boils at a lower 
temperature. 
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(ii) Oondenser, connected with the Claisen flask on the one 
hand and a filtration flask, serving as a reoeiver, on the other. 

Fig 2·ll. Distillation under reduced pressure. 

(iii) Manometer. The reoeiver flask is connected to an exhaust 
pump through (a) a mercury manometer which tells the pressure 
under which the distillation is being carried, and (b) a trap, to elimi
nnte any condensed liquid. 

The preFisure in the apparatus is reduced with the help of 11 

water pump. Whenever a lower pressure is desired, the water pump 
is replaced by a mercury pump. 

_~n important p.pp11cation of this proc.ess is the recovery of 
glycerol from spent-lye in soap industry. Glycerol is decomposed 
at its boiling point (298°0) but can be distiU(ld unchanged at 12 mol. 
pressure when it boils at 180°. Another application of 'vacuum 
distillation' is the concent.ration of sugar juice under redm'ed 
pressure. 

STEAM DISTILLATION 
Many substances that nre insoluble in water are voiatile 

in steam can be purified by distillation in a .:lurrent of steam' (Stea'1n 
DistillatiQn.). The non-volatile impurities are left behind in the 
distillation flask 

The impure mbtturc together with SOIllle water IS placed ill a 
round.bottom flask which is then connected to II Rtcnm·generator 
on one side and n water ('ondenser on the other (Fig. 2-12) The flask 
is Il.djuRted in a slanting position so that no droplets o.r til(' mixture 
splash into the ('ondl'llSel' on brisk boiling and bubbling uf steam 
The mixturt' in th(' flnKk is heated and then a current of stenm passe 
nto it, HeatH'.~ of the flask is controlled so as to avoid unneoessurj 
eondl'nsa,tion of stf'tlm in it. Steam pirks up the volatile substance. 
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froID the mixture and passes into the condenser. The distiIlat.$ 
collected in the receiver consists of a m~xture of water and, the 
organic substanue. The distillation is stopped when the droplets Ot" 

,the solid particles of the organic substance cease to appear in "he 
COndenser 

Fig. 2'12. Steam distillation. 

The distillate is then treated to recover the organio substa.nce 
by .. suitable method. In case it is a solid, the substance may be 
separated by simple filtration, and if-it is a liquid, it can be rem.o ... ~ 
ed by means of a separating funnel. The aqueous layer in both ca.ses 
may be extracted with a solvent. 

Steam distillation is employed in. industry for the recovery of 
various essential oils frOID plants a-nd flowers. It is also used in the 
manufacture of aniline and turpentine oil. 

Principle of Steam. Distillation. A liquid boils when its vapour ,Pres.. 
.ur. is equal to the atmospheric pressure. In steam, distillation, a mixture of 
water and an organic liqUid is heated. The mixture boils when the combined 
vapour pressure of water (1'1) and that of the organic.liquid (1'2) is equal to the 
atmospheric pressure (P) i.e., 

P"'Pl+P2 

Naturally, the boiling temperature of the mixtura would be lower than the 
boiling temperature of the pure organic liquid when tl\e va.pour pressure of this 
liquid alone would be equal to the atmospheric pressure. Thus, in steam distil. 
lation the liquid is distilled at 0. lower temper~ture than. it.q boiling point when 
i, Jnlght decompose. It sorves the same purpose as distillation under reduced 
p~ure. 

BXTRACTION WITH A SOLVENT 

When an organio substanc:e is present as solution in wa.ter, it 
~n be recovered frOID the solution by the following steps: 

-, (i) The aqueous ,~ol'Ution is shaken with an immiscible org.:lnie 
IOlvent in wMr;h the solute is mare soluble. 
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(ii) The solvent layer is separated by means of a separating 
funnel.' 

(iii) The organic substance is then recovered from it by distilling 
off the solvent. 

The process of removing a substance from its aqueous solution by 
shaking with a suitable organic solvent is termed BXTRAcrION. ' 

Procedure. The aqueous solution is placed in a separating 
funnel. A small qua.ntity of the organic solvent, say ether or 

SOLVENT 
LAYER 

AQUEOUS 
LAYER 

Before extraction After extraction 

Fig. 2,13. Extraction with a solvent. 

chlqroform, is then anded to it. The organic solvent being immisci
ble with water, will form a, separate layer. The mouth of the fun
nel is closed with a stopper- or the palm of the hand and th'} 
contents shaken gently. The solute being more soluble in the 
organic solvent is transferred to it. • The solvent layer is then 
separated by opening the tap and running Ollt thE! lower layer. 
The organio substance dissolved in it is finally reco'Vered by distilling 
off the solvent. 

Note. It is always better to extract two or three times with smaller 
qunntities of the solvent than once with the whole bulk of the sol"'mt pro
vided. 

Soxhlet Extrac:iion. When an orga'nic substance is to be 
recover:1 from a solid, it is extracted by ~eansof an organic solvent 
in which the impurities are insoluble. In actual practice the ex
traction from solids is often tedious and requires thorough 
contact and heating _with the solvent. This is done in a special 
apparatu~: the So!xkfet Extractor (Fig. 2'13). It consists of a 
glass of cylinder C baYing a side tube T and ~vnhon S. The 
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cylinder carries a water-. ~ondense:i ·at the top and is fitted 
below into the neck of a boIlmg flask. 

Lne powdered material is placed into 
the thimble made of stout filter paper and the 
apparatus is fitted up us hown in Fig. ~.14. The 
flask containing a suitable .solvent IS heated 
on a water-bath or sand bath. As the solvent 
boils, its vapours rise t hrougb the side tube T 
up into the water condenser. The condensed 
liquid drops on the solid in the thimble, dis
£ • .,lves the organic substence and filters out 
into the space between the thimble and the 
glass cylinder C. As the level of liquid here 
rises, the solution flows throujth the syphon 
back into the boiling flask. The solvent is 
once agam vaporised, leaving behind the ex
tracted substance in the flask. .In this way, 
a continuous stream of pure solvent drops on 
the solid material, extracts the soluble sub
stance and returns io the flask. At the end of 
the operation the soinnt in the boiling·flask 
is distilled off, leaving the organic substance 
behind. 

Soxhlet Extractor is used with 
advantage for the extraction of oils and 
fats from flowers and seeds, and alkaloids 
from plants. The -a.pparatus ensures 
maximum extraction with a. limited 
quantity of the solvent. 

CHROMA'1'OGRAPHY 

SOLVENT 
+ 

EXTRACTED 
SUBSTANCE 

Fig . .lH4. Soxhlet extractor. 

ThIS new technique of purification and separation of organic 
Bubstances was discovered by a Rus'sian scientist Tswett in 1903. 
It is now c:xtensively used for separation of small samples of 
organic mixturp,s when the routine methods like crystallisation and 
distillation fail. 

The chromatic separation of organic mixtures depends on the 
selective adsorption of the components from solutions. W-hen solu
tion of the mixture is passed through a colu,mn of the adsorbent 
(say alumina), ...Ithe different solutes present in the solution will be 
adsorbed to ditterent extents. The most highly adsorbed solute will 
be retained at the top of the column while the weakly adsorbed 
solutes will penetrate various distances down the column depending 
on their degree of adsorbability. The solutes thus separated in the 
column can be washed down, one at a time by passing fresh solvent 
·through it and this process is known as elution. 

This new technique of separatIOn 01 organic mixtures was first 
applied to a mixt;lll:e of leaf pigments (~yes) which separated as 
coloured bands on the column of white alumina, Hence its name 
chromatography, meaning 'colour writing'. This process is now 
widely used for separating organic substances whether coloured or 
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colourless, though the term chromatography still remains. 

SOLVENT' 

l 
ALUMINA IN FINELY 
POWDERED FORM 

""""""'-8ANOS OF COLOUR 
MOV,N(; DOWNWARDS 

In case of coloured subs: 
tances, the separation' can be 
observed visually. If colourless 
mixtures are being separa.ted, 
ultraviolet light. may be used to 
illuminate the column to show up 
the separation. Sometime it may 
be necessary to use some chemica.l 
on the adsorbent to cha.nge the 
colourless into coloured subs~ 
tances. 

The above procedure wTlicA 
makes use of a column of solid 
adsorbent such as . alumina, magne
sium oxide or silica gel is termed 

Fig. 2·15. Column Chromatography column c:horlilatop-a It The 
(lll?Utratedl. solvents co~monl, usea jor Yeiution 

of the column are water, alcohol, acetone, pelrolt't{m ~her etc. 

Porous pa.per or filter paper may also be used as the adsorption 
medium instead of the column of adsorbent, when the technique is 
known as Paper Chromato
graphy, 

In another technique the vapo
rised mixture dissolved in a gas 
such a8 nitrogen or helium is sepa
rated by pas8ing through a tube 
packed with, say, fire brick granule4 
and this is termed Vapour Phase 
ChroJl1atography (VPC). 

The following experiments 
will illustrate the techniques of 
Chromatography. 

Experiment 1. Separation 
of 8cr~ened methyl orange into its 
component dyes by ,Oolumn Ohroma
!ogf'aphy. 

Set up the apparatus as 
shown in Fig. 2'16. Fill three· 
qUIl,rteta of the tube with alumina 
suspended in. et,hyl alcohol. Re. 
move the air bubbles by tapping 
it and keep the alumina covered 
with ethyl alcohol throughout the 
experiment. Add a few drops of 
screened methyl orange to the 
top of the column. Go on adding 
ethyl alcohol until lihe yellow and 

EThTL ALCOHOL 

BWE DYE 

YELLOW OYE 

Fig. 2'16. Separation of dye 
mixture by column chromato

graphy. 



the blue dye have separate(l. The yellow dye moves down leaving 
behind the blue dye near the top of the column. 

E:x:periment 2. Separation of a mixtUre oj' food dyes by Paper 
Ohromatography., 

Cut a filter paper eight inches squa:re; :&oll it up into the 
shape of a cylinder a.nd fix the two ends with plastic clips. Placo a 

MIXTURE 
Of 

/irES 

FILTER PAPER 
CYLINDER 

BLUE 
--T--+-IL-I'ELtDW 
~r---+-'I-RED 

- ~-r--f-L ORANGE 

PAPER CLIP 

8;;;::~~~~ WATER 

Fig. 2'17. Paper ch:t;:omatog.taphy. 

spot of mixed food dyes (green, red and yellow) at one-Quarter of 
an inch from one end of the paper. 

PlaCe the paper cylinder in a large beaker containing water to 
about one-eighth of an inch. Cover the beaker with a slass plate 
and leave it undisturbed for about half an hour. Now take out 
the filter paper and you will see that the mixture is completely sepa
rated into blue, yellow, red and orange components. 

DRYING OF SUBSTANCES 

Organic substances, otherwise pure, often contain a. small 
amount of water. Before it is fit for analysis! a substance must be 
absolutely dry. Even traces of moisture present may' alter the 
results of anal)sis and interfere with the study of its reactions. 

How to dry a Solid. The preliminary drying of freshly 
prepared crystals is done by pressing between pads of filter papers 
or by spread~ng them over a porous plate. The final removal of 
moisture is then carried by heating the crystals in an oven below 
their melting point. In case the substance decomposes on heating 
it may be dried by :placing in a desiccator or better still in a Vacuum 
Desiccator (Fill. 2'18). 

'How to dry a, Liquid. Liquids are dried by allowing them 
to stand with a dehydrating substance with which they do not 
[C8oCt. One of the following substances may be uRed : calcium 
chlonde, Bodmm hydroxide. sodium sulphate, lime, sodium metal, or 
phosphorus pentoxide. 1n actual practice, the liquid is placed in 
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contact with appropriate dehydra'tmg agent in.a stonpered .bottle or 
flask and kept over-night. Next day, the upper clear layer of the 
liquid is decanted off and distilled in a dry flask. 
TESTS OF FURITY 

A pure organic substance has characteristic physical proper
ties, crystalline form, refractive index, specific gravity, melting 

Fig. :Ha~ Drying of organio solids. 

point anq boiling point. If a given sample ot a subs~nce shows the 
properties that the pure compound is known to possess, it may be 
considered pure. The numerical value of these properties chllnges 
with the nature of the amount of impurities pres.ent. In most labora
tory work, the melting point of a solid substance and the boiling 
point of a liquid substanoe is considered, a sufficient indication of 

,its purity. 

Melting Point. A pure solid substance melts sharply at a 
definite temperature, while an impure substance will have a lower 
and indefinite melting point. 

Detennination, The apparatus employed for the determination of the 
melting point of a given solid substance is shown in Fig. 2·19. The crystals are 
powdered finely and charge:i into a capillary tube sealed at one end. The 
capillary tube should be 5 to 6 cms. long and 1 mm. in diameter. The substance 
should stand in the capillary 3·4 mm. from the bottom when thoroughly packed. 
The capillary tube is wetted with the liquid in the bath and placed along side a 
thermometer fixed in an iI'on stand. The capillary remains sticki.1g to the 
thermometer by itself and is so adjusted that the solid in it stands just opposite 
to the middle of the mercury bulb. The thermometer is now lowered in a 
beaker containing sulphuric acid C'.nd the apparatus set up as shown in Fig. 2'19. 
The beaker is heated slowly and tho temperature of the bath kept uniform 
by gentle but constant stirring with a ring stirrer. When tho substance in the 
capillary just shows signs of m!llting, the burner is removed and the stirring 
continueg.. The temperature at which the substance just melts and becomes 
transpar~nt is :recorded. The experiment is repeated with a new capillary 
charge~' with. fre,sh substance an~ the ~veruge of the two melting points thus 
detll.rn1med IS the correct meltmg POlDt of the substance under examination • 

. Tl).e sulphuric acid \bath can be replaced by a water-bath for 
melting points below 100°C. 
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Mixed Melting Point. The method of mixed melting point 
as a means of establishing the. purity of a substance depends 
upon the -fact that a pure organic compound possesses a sharp 

CONt.· 
H/50 .. 

\ 

1HERMONE 1l1t 

COli' 
./ 

C"P'Ll~R' 
/TIJlJE 

Fig: 2:11}. Deterniina.t,ioI) of meltmg point. 

melting point while ~he.' pr.esence of impurities usually lowers the 
melting point. A substance· mixed with impurities dC>es not. melt 
sharply' at a fixed temperature hut· -do~s so over a range bf 
temperatures. It will start melting· ·al a certa.in temperature 
but will not bUlome entirely liquid until a highE'r temp·erature is 
reached. 

The substance whose purity is to be ascertained is-mixed with 
a saT;Ilple of the .authentically pure substange. The inelting point of 
the mixture is determined as usual. If t~is nll.xture melts sharply 
and the melting point comes out to pe the same as that of the 
sample under experiment taken a,lone, it,is proved that .the two are 
indeed the samples of the same substa.nce. Iil other words, the 
'substance under trial is proved to be pure beyond doubt. 

Boiling Point. A. 'pure organic liquid boils at a fixed tem
pera.ture which is characteristic.of that substance. The presence of 
impurities raises its 'boiling point. 

(1) Distillatwn Mct/iod. If enough liquid is. available, its boiling point 
IS determined in an ordinary distillation apparatus (Fig, 2·20). A .Pllre liquid will 
distil at a constant temperature which is its boiling point. In casa the liquid is 
impure, the boiling point will rise during distillation •. 

(2) Capillary-tube Method. When only a small quantity of the.liquid is 
availab16. its boiling point is determined by the -Capillary-tube Method', A 
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few drops of the liquid are pl~oed in a thin-walled lIm.aU test-tube.. A <;apillary 
tube aealed at about onO oontunotre from one end. 18 dropped lOto It. The 
gIaBS tube oontaining the liquid and the capillary. is then tied alongside a 
thermomete~ so that the liquid stands just near the bulb. The thermometer 
is then lowered in a beaker containing water or sulphurio acid (any liquid 
whose boiling point is higher than that of the substance y.nder investigation). 

Fig. 2·20. Determination of Fig. 2.21. The USe of Thiele 
boiling point, ~ube. 

The beaker is l_l~atod and ~he bath liquid stirred oontinuously with a ring 
.stirrer. When the bOlhng point 18 reaohed. bubbles ls~ue in a rapid stroam 
from the lower ~nd of the capillary. :rhe th.ermometer 18 r(lad ,when the (lvolu. 
tion of bubbles just stops: The ,:xperlment 18 repeated with·a fro~ liquid in B 
new capillary and the bolling POtnt reoordod !\s before. rho mean. Qf the· two 
readings is taken to be. the correct boiling point of the liqUid W)der 
examination. 

Ip the above determin~tion of the boiling. llomt the tUbe Con. 
taining the Jiquid and .ca.pillary may be heated;n a . Thiele Tube 
instead of the bealter. It is .handy and eliminates the Use of a 
stirrer. 

1. Write an aooount 
pounds are purified 

Q.UESTIONS 
of the various. methods by which organie com. 

2, The isolation, of organio oompou.n~ is s?motimes effected by distil • 
.,. lation in steam, Bometi!lles by (lxtraQtion w~th I!- SUItable SolVent. D080rioe how 

each of theBe prooesses is employed,giving an exaruple o( each. Write a short 
acoount of the physioal,prinotplos on whioh they depend for their sucooss, 

3, What are tho methods gener~lly employed for the purifioation of 
orglUlio compounds' H,ow can you. obtam a sample of pure.ether from a mix. 
ture of aloohol. aoetio !!IOld and etller , 

4. 'Write an essay on methods of puri'fication and oriteria of purity 01 
organib oompounds. 
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5. Desoribe how you would sepurt&to In a pu~o oonditifiJ:! eaoh oomponent 
of a mixture of ethyl alcohol. benzoio aoid and aoetanilide. 

6. You are given an organic liquid; how 'would you proceed to test its 
purity? Jf it contains dissolved liquid impurity, desoribe a simple method for 
purifying it. 

7. Give a brief description of the process of "e~raction with solvents" 
and its use in the purification of organic compounds. .D!,scribe the construction 
and use of Soxhlet apparatus. 

8. Whnt is the significance of melting point lind boiling point in OrglJ.P.io 
Chemistry? How would you proceed to find the boiling point Of a liquid, duly 
0.5 mI. of whioh is available. ' 

9. Give an organic compound for Identification, how would you 
proceed to determinf' whether it is It single pure compound or '\n impure sub
stance or a. mixture. (Banara8 B;Sc., 1958) 

10. With the help of a sketch describe the extraction of oil Beeds using 
Soxhlet's apparatus. (llangalore B.Sc., 1969) 



3 
Composition 
of Organic 
Compounds 

Friedrich K. Beilstein 
(1836-1906) 

Russian organic chemist. He discovered 
isomerism of benzyl chloride and 
chlorotoluene. Students know him 

through his test of halogene 

1. DETECTION OF ELEMENTS 

The first step in the analysis of an organic compound is the 
detection of elements present in it. Most of these compounds con
tain 2 to 5 different elements. The principal elements present are: 
carbon, hydrogen and oxygen. Often, in addition to these, they may 
contain nitrogen, sulphur and halogens. Phosphorus and metals are 
also present but only rarely. The order of abundance in which these 
el.,ments are founrl in organic compounds is indicated below: 

ELEMENTS 

Carbon 
Hydrogen 
Oxygen 
~itrogen. Halogens and Sulphur 
Phosphorus and Metals 

D'ETECTION OF CARBON AND HYDROGEN 

ORDER OF ABUNIJA:e.CE 

Always present 
Nearly always present 
Generally present 
Less commonly present 
Rarely present 

If the compound under investigation is .known to be organic, 
there is no need to test for carbon. This test is performed only to 

26 
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establish whether a given compound is organic or not. With the 
exception of few compounds e.g., carbon tetrachloride, all organic 
compounds also contain hydrogen. The presence of both these ele
ments is confirmed by the following common test: 

, 0 

LIMEWATER 
Tl.JRNED I.fILI<Y 

• Fig. 3'1. Testing for carbon and hydrogen. 

The organic substance is mixed intimately with about three 
times its weight of dl'Y copper oxide. The mixture is then placed in 
a. hard glass test-tube fitted with a bent delivery tube (Fig. 3'1), the 
other end of which is dipping into lime water in another test-tube. 
The mixture is heated strongly when the following reactions take 
place :-

C + 2CuO __ CO2 + 2Cu 
2H + CuO __ H 20 + Cu 

Thus if carbon is present, it is oxidised to carbon dioxide 
which turns lime water milky. If hydrogen is also present, it will 
be oxidised to water which condenses in small droplets on the cooler 
wall of file test-tube and inside the bulb. The formation of water 
is further confirmed by testing the condensed liquid with anhydrous 
copper sulphate (tvhite) that is turned blue. 

If the subbtance under inv.estigation is a gas or a volatile liquid, tho 
above test is modified. The vapours of the substance are passed over heat,)d 
copper oxide conta~ned in' a hard-glass combustion tube. Tho issuing gases are 
tested for carbon dioxide and water vapour as described before. 

Note. While lesting for hydrogen, it is essential that tho apparatus.and 
copper oxide used are absolutely dry. Cupric oxide being hygroscopic in 
nature it is heated strongly just before use, .. 

DETECTION OF OX,YGEN 
Ther~ is no conclusive test for oxygen, through its presence In 

organic compounds is often inferred by indirect methods. 
(1) The substance is heated alone in a dry test-tube, pref~l. 

ably in an atmosphere of nitrogen. Formation of droplets of water 
on cooler parts of t~e,tube obviously shows the presence of oxygen. 
A negative result, however, does not necessarily show the !tbsence 
of oxygen. 

(2) The second methocl is to test for the preSence of various 
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oxygen.containing groups such as kydroxyl (OR), carboxyl (COOR), 
aldehyde (CRO), nitro (N02), e10, If any of these is detected, the 
presence of oxygen is confirmQd. 

(3) The sure test for oxygen depends on the determination of 
the percentajIe of all other elements present in the given compound. 
If the sum of these percentages falls short of hundred, the remainder 
gives the percentage. of oxygen and thus confirms its presence. 
DETECTION OF NITROGEN 

tI) The presence .. of nitrogen in an organic compound is shown 
by the following tests : 

(1) A little of the substance is heated strongly in a test.tube 
or by directly placing it in the Bunsen fl?-mo. A smell of burnt 
feathers indicates nitrogen. 

(2) Soda.lime Test. The given substa.nce is mixed with 
douole the amount of soda· lime (NaOH +CaOj a.nd heated in a- test 
tube. The vapours of ammonia evolved show the presence of 
nitrogen. A negative result, however, is not I:. proof of the absence 
of nitroge:p. Many olasses of ni~ogenous oompounds inoluding nitro 
and diazo derivatives, do not respond to this test. 

(3) Sodium Test (Lassaigne's Test). This is a. golden test.
for the deteotion of nitrogen in all olassos of nitro.r;cenous compoundEl. 
It involves the following steps: 

(i) 2°/&e 8Ub8tance '9 heated strongly w',th sodium metal. 
N .. + C + N --. NaCN 

o.-,-.J 
Fr_om Org. Compd . 

. (.i) The water extract of the fused m!L!lS is boiled with ferron., 
sulphate solution. 

FeS04 + 2NaOIl ~'Fe(OHl2 + N'¥O, 
From e-xcess 
of sodium 

6NaCN + Fe(OH)a --+ Na,,[Fe(CN)6) + 2NaOH 
Sod. fertooyanide 

(Ui) To the cooled solutwn is then a4ded a little ferric chloride 
801ution and exces8 oj concenlrated hydrochloric acid. 

, 8N8«[Fe(CN)61 + 4FoCla --+- FoOI,[Fe(CN)6]4 + 12NaCI 
Sod. ferrooyanido PruBsian Slue 

The formation of Prussian blue or green coloration confirms 
the presence of nitrogen. 

Hydrochloric aCId is added in this step to dissolve the 
greenish precipitate of ferrous.hydroxide produced by the excess of 
sodium hydroxide on ferrous sulphate in step (ii), which woulr1 
otherwise mark the Prussian blue precipitate. 

Note. In oaso sulphur IS also p~sent along with ni~rogen in the given 
organid Mhlpdurld. a blood red coloratIon may appear whtle pllrfol'ming the 
above nst. This it>" due to tho formation of sodium 8ulpbooyanide whhlh again 
reacts with ferrio chloride to produoe blood .red coloration : 

Nil +C+N+S_ NaCNS 
Sodium sulphouyaniuo 
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3NaCNS+FeCI3 -4 Fe(CNSh + 3~aCl 
Ferric s~lpho. 

cyantde 
(Blood red) .. 

Procedure of Sodium Test. Fi" a .fusion tltbe tn an iron stand, clamp
ing it jUlitnear' the upper en? (Fig. 3'2). Taite a freshly cut p~ece of sodium of 
the pize of a pea. and dry It. by pross-
ing between the folds of a filter paper. 
Place the metal in a fusion tube and 

I 
heat it from below. When it melts t , 
a shining globule, put a pinoh of the 
organio compound on h. Heat the 
tube with the tip of the flame till all 
reaction ceases and it becomes red hot. 
Now plunge it in abOut 50 mls. of dis. 
tilled water taken in a china dish and 
break the bottom of the tube by strik. 
ing against the dish. Boil the con. 
tents of the dish for about ten minutes 
and filter. Label the filtrate as 
'sodium extract' and proceed with it as 
follows. 

lSOOIUM. 
~ ORG,5U8StANct 

Take a portion of the sodium 
extract in 0. test. tube and note if it is 
alkaline. If it is not, make it BO by 
adding sndium hydroxide. Then add 
to it freshly prepared ferrollB sulphate 
solution and hoat it to hailing. Put 
2.3 drops of ferric ohloride solution, cool 
and aoidify with cone. hydroohloric 
acid. A PrUB$ii1.n 'blue or green precipitate, 
sence of nitrogen, 

DETECTION OF SULPHUR 

\ 
Fig. 3'2. Sc,dium test (or nitrogen. 

or even coloro.tion, confirms the pre-

The presence of sulphur in organic s~4stances is shown as 
described below: 

(1) Sodtum Test. Sulphur, if present, in the given organio 
compound, upon fusion with sodium reacts to form sodium sulphide. 

2Na+S _ Na..S 
Sodium sulphide 

Thus, the 'sodium ,extract' obtained from the fused mass may bo 
tested as: 

(i) To a 'portion, add freshly prepared I:!odium nitroprusslne 
solution. A deem violet colorlltion indicates sulph\lr. 

(ii) Acidify a second portloll of the extraot with acetic acid 
and then, add lead acetate solution A black prp,cipitate of lead suI. 
phide confirml:'l the presence of sulphur. 

Pb(CHaCOO)z + NazS __ PbS + 2ClJaOOONa 
Lead acetate Lead fJurphate 

,(2) Qxidatil)il Test. The organic 
I'lixture. of potassium nitrate and sodium' 
if present, is oxiclised to :l\llphM~, 

(Black) 

subslianoe is f\lsed with 
carb(ma.te. The, stl\"phu 

NnaCOa+S+30 .._. .1.'111160" +. Co.~ 
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The fused mass is extracted with water, acidified with hydro
chloric acid I,tnd then barium chloride solution is added to it. A 
white precipitate· indicates the presen.ce of sulphur. 

.. BaCJa+NazS04 __ BaSO, + 2NaCI 
Barium sUlphate 

(White ppt.) 

DETECTION OF HALOGENS 

(1) . Sodium Test. Upon fu~ion with sodium, the halogens in 
the organic compound are converted, to the corresponding sodium 
halides. Thus, 

CI+Na __ NaCI 

Br+Na ---.. NaBr 
l+Na __ ·Nal 

Acidify a portion of 'sodium extract' with dilute nitric acid 
and add to it silver nitrate. ~olution . 

. White precipitate .soluble in ammonia indicates CHLORINE, 

Yeliowisk precipitate spar~ngly. sOluble· in ammonia indioofe8 
BROMINE, 

an. Yellow precipitate i,,:soluble in ammoni"a indicates IODINE. 

Note. When nitrogE)n or.sulphur is also present in the compound, the 
'sodium extTMt' before t~8ting for.halogens is boiled with strong nitric acid to 
decompose the cyanide lind.the sulphide formed during the sodium'fusion. If 
not removed, the·sa radicals will form a white and black precipitate respectively 

, on the addition of silver nitra~e. 

NaCN +HN03 __ NaN03+HCN t 

NagS-I-2HN02 __ 2NaNOa+H2S t 
(2) Copper Wire. Test (Beilstein's Test). The copper wire 

flattened at one· end is heated in an. oxidising Bunsen flame. till it 
ceases to impart any green colour to the 
flame.. A small quantity of substance 
under !nv~stigatio is now taken on the 
flattened -end of t~wire which is re-inserted 
in the Bunsen flaine. Upon heating for a 
while, .the halogen present in the substance 
is. converted. to a volatile copper halide 
which imparts a blue or green colour to the 
flame. This test though very sensitive, is 
not always reliable. A substance like urea 
whi'ch contains no halogen, also colours the 

o flame green. 

DETECTION OF PHOSPHORUS 
Fig. 3'3. Beilstein's test. 

The solid substance is heated strongly with an oxidising agent 
Buch as conc. nitric acid or a mixture of sodium carbonate and 
potassium nitrate. The phosph<?rus J?resent in the s~bstance is thus 
oxidised to phosphate. The reSIdue IS extracted WIth water, boiled 
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with some nitric acid, and then a not solution of ammonium molyb
date is added to it in excess. A yellow coloration or precipitate 
indicates the -presence of phosphorus. 
DETECTION OF METALS 

The substance is strongly heated in a crucible, preferably of 
platinum, till all reaction ceases. An incombustible residue indica
tes the presence of a metal in the substance. The residue is ex
tracted with dilute acid arid the solution tested for the presence of 
metallic radical by the uRual scheme employed for inorganic salts. 

2. ESTIMATION OF ELEMENTS 

Having known the elements present in a given organic com
pound, we proceed to determine their composition by weight. The 
estimation of carbon, hydrogen, nitrogen and other-elements can be 
done accurately by metbods described below. No dependable method 
is, however, available for the determination of oxygen and hence 
its amount is a,]waVIi determined by difference. 

ESTIMATION OF C AND H 

Both carbon and hydrogen are estimated together in one oper
ation. A known weight of the organic substance is burnt in excess 
of oxygen when the carbon and hydrogen present in it are oxidised 
to carbon dioxide and wa.ter respectively. 

Cj;Hi/ + O2 --. xCOz + 'Y/2H20 
(excess) 

The weights of carbon dioxide and water thu!) formed are 
-detel'nlined and the amounts of carbon and hydrogen in the original 
substance calculitie'd. . . 

Apparatu$. The apparatus employed for the pUrpose consists 
of three units, 

(i) Oxyg~n I>u'pply, 
(ii) Combustijl,Jn tube, .and 

(iii) Absorption apparatus. 

PURl DRY 
OXYGEN 

COPPER OXIDE 

\ 
: F{JRNACE I L __________ -l 

H2S04"" 1(01'1 
PUMICE SOLUTIO.!; 

Fig. 3·4. Apparatus for the estimation of C and H. 

Oxygen Supply. Oxygen from the aspirator is allowed to bub
ble through sulpburic acid contained in a Drechsel bottle anti then 
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pa;;sed through U-tubes charged with soda-lime. The-oxygen gas 
thus freed from mQisture and carbon dioxide enters the combustion 
tube. 

Oom'(mstion tube. A. hard-glass tuba about 33 inches ill length 
and l inch in diameter, and open at both ends is used tor the com
bustion of the organio substance. It is filled as shown in Fig. 3'4, 
with (i) a roll of oxidised Clopper gauze to prevent the baokward 
diffusion of the produots of oombustion, (ii) a porcelain boat con
taining a known weight (about 0;2 gm.) of the organio substance, 
(iii) coarse copper oxide packed in about two-thirds of the entire 
length of the tube, and kept in position by loose asbestos plugs 
,or. eithe!'-'·side ; and (iv) a roll of oxidised copper gauze placed to
wards the end of the combustion tube- to prevent any vapours of the 
o~ga.nio substance leaving the tube unoxidised. The combustioJ;l tube 
is ebolosed in a furnace, heated by gas burners. 

Absorption Apparatu8. The products of combustion conliaming 
moisture and carbon dioxide are then passed on to the absorption 
apparatus which consists of: (i) a weighed U-tube packed with pumioe 
soaked in concentrated sulphuric acid, .to absorb water, (ii) a set of 
bulbs contaming strons'solution of potassium hydroxiqe, to absorb 
carbon dioxide, and finally (iii) a guard-tube filled with anhyd. 
roW" caloium ohloride to prevent the entry of moisture from atmos· 
phere. 

Procedure. 'fo start with, before loading it with the boat, 
the combustion tube is detaohed from the absorptIon unit. The 
t,ube is heated strongly to dry ,its contents and carbon dioxide pre. 
sent in it is removed by passing a ourrent of pure, dry oxygen 
through it. It is then cooled slightly and connected to the absorp
tion apparatus. The other end of the combustion tube is opened 
for a while- and the boat oontaining weighed organic SUbstance 
introduced. The tube is again heated strongly till the whole of 
the substanoe in the boat has burnt away. This take~ about two 
hours. Finally, a strong ourrent of oxygen is passed through the 
combustion tube to sweep away any traces of carbon dioxide or 
moisture which may have been left in it. The U·tube lHld the pot,ash 
bulbs are then detaohed and the iilCi'on,s(\ in weight of each of them 
determined. 

and 

Let the weight of the substanoe taken 
IrtorE'ase in weight oCU·tube (H20) 
Inorease in weight oC potash bulbs (C02) 

Since 18 grams oC water contain hydrogen 

'II grams oC water contain hydrogen 

Also, 44 gram~ of CO2 contain carbon 

z .. " 

=xgrams 
""'!I grams 
=2: grams 
... 2 grams 

2 
""18 xy gramfl 

,..12 grams 
12 =« xz grams 

Hence the Ilh'on organio substanoe contains 

2'11 100 
H=TIjX7% 

12z WOOl 
C =« X-;;- fo' 
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Note. (1) If the organio substanoe under invelltigation aIao oontains 
nitrogen, upon combustion it will produce oxides of nitrogen whioh will also be 
absorbed in the potash bulbs. Henoe a spiral of copper is introduced at the 
right8xtreme of the coml:>ustion tube, so that'the oxides ofnikogen are reduced 
t.o free nitrogen which escapes unabsorbed. 

(2) If the compound oontains halogens as well, a spiral of silver is also 
intrOduced in the combustion tube.. The free halogens, Which would have heen 
otherwise absorbed in the potash bulhs, are converted to silver haUdes and thus 
eliminated from the produots of combustion. 

(3) In C888 the substance also contains sulphur. the ooppe~ oxide in the 
combustio.n tube ia.replaced by lead chromate. The sulphur dioxide formed 
during combustion.ill thus converted to lead sulphate and 18 thus prevented from 
passing into the aDsorption unit. 

Example 1. 0'2176 gm. of. an organio 8ubatunoe gave .oil com 
bU81ion 0'4960 urn. 01 carbon dioxlde and 0·2026 gm. 01 water. Oalcu. 
late the percentage 0/ carbon (lnd hydrogen in it. 

Weight. oUbe substance taken ... o·sns gmt 

Weight of 00. formed _ 0"950 gut. 

We'ght oC 810 form$d - Q'30sa gOl. 

Now, we know. 00a_0 and R,O'. 2H 
. "12 18 .2 

Weight of d in 0"950 sm. of CO. 
0·.9S0xI2 

- il. gm. 

WeilJht of H in 0'2025 gm. of RaO 
0·202SxB 

.... 18 gm, 

0,'950 X 12. 100 
Hence, poroentage of C_ U: X 0.2.76 

... M·IS' 

0·2025 x2 100 
and percentage of R... 18 X 0'2c,76 

=9·01) 

Example 2. 0·234~ gm. 0/ an organio oom1)Ound oontaining 
carbon, hlldrogen and oxygen only was analysed by the oombustion 
method. The increase in weight 0/ the U.htbe and the potash bulbs 
at 11,e end 0/ the operat.ion was/ound to be 0,2'11)1 gtn. and 0·4488 gm. 
,·{!spectively. Determine the percentage composition 0/ the compound. 

Wt. of CO2 (increase ill wt. ot" potash bulbs) ... 0'4488 gm. 

Wt. orlIllO (increaso in ,vt. of U.tuho) ",,:0'2754 gm. 

Sinco we lmow that COgeC an(1 lI,052H 
44 12 IS 2 

Wt. of C In O'HRS gill. of CO2 ,,,,, O'44~~ X 12 gm. 

'. 0·2i.14x2 
Wt. of H In O'27iJ4 sm. ofH20= 18 gm. 

Bllt t.ho wt. of tho compound tl\ken for Rnnlysis=O'234G gr.l. 
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•• Percentage of C in it _ O'44~8xl~ ~ -""'18 
- 44, X 0'2346 - ... ~ 

PerCI..l~e of 1I 0·2754 X 2 X ~_ 18.04 
IS 1)'2346-

Percentage of 0 (differBtl.ce)-34'78; 

ESTIMATION OF NITROGEN 

The two chief metllods for the estimation of nitrogen in an 
organic substance are : 

(i) The Duma8' Method, 
and (ii) The Kjeldahl'a Method. 

Dumas' Method. This method is ba.sed upon the fact that 
nitrog~nous rompounds when heated with copper oxide in an a.troos. 
phere of carbon dioxide yield free nitrogen. Thus: 

C",HftN$+(CuO) --+ xC01+Yf2 H20+z/2 N:+(Cu} 

Traces of oxides of nitrogen, which may be formed in some cases, 
I).re reduced to elementary nit.rogen by passing 0\'('1' heated, copper 
spiral, 

Apparatus. The apparatus used in the Dumas' method con. 
fliiltH of: 

{i} OOa generator, 
{iiI C()l1ibuBtion tuoe, 

and (iii) ScMJI' 8 nitrom,eter. 

CO2 GEl'EBA'rOR. The carbon dio:s.ide need(ld in this process 
is prepa.red by hea.ting magnesite or sodium bicarbonate contained in 

_ (Jkr 

FINC Cu(,'t 
SUBSTANcE 

8RI6H r 
COPPER ,-,PINAL 

(.0,41?5F (uO 

-. . 

Fig. lH). Dum&&' met-bod for nitrogen estimation. 

a hard-glass test-tube, Of by t.he action of dilute hydrochloric acid on 
marble in a Kipp's apparatus. The gas is pttssed into tIle combus-
tion tube after being dried by bubbling through concentrated sui
.phudc acid contain('d in l1. Drechsel bott!e, 
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CoMBUSTION TUBE. The combustion tube of about 90 cms. 
length, which is heated in a combustion furnace, is charged with: 

(i) a roll of oxidised copper gauze to prevent the back diffusion 
of the products of combustion and to heat the organic substance 
mixed with copper oxide by radiatjon ; 

(iiJ a weighed amount (about 0,2 gm.) of the organic 8ubstance 
mixed with excess of oolyper oxide; 

(iii) a layer of coarse copper oxide packed in about two·thirds 
of the en*e length of the tube, and kept in position by loose 
asbestos plugs on either side; this oxidises the organic varours passing 
through it ; .and 

(itl) a reduced copper 8piral which reduces any oxides of nitro. 
gen formed during combustion, to nitrogen. 

SOHIFF'S NITROMETER. The nitroge~ gas obtained by the 
decomposition of the substance in the combustion tube is mixed 
with considerable excess of carbon dioxide. It is estimated by 
passing into· Schiff's nitrometer where carbon dioxide is absorbed by 
caustic potash solution and the nitrQgen collects in the upper part of 
the graduated tube. . 

Procedure. The apparatus is fitted up as shown in Fig. 3'5, 
and to start with, the tap of the nitrometer is left open. Carbon 
dioxide is passed through the combustion tube to replace the air itl 
it. When the gas bubbles rising through the potash solution fail to 
reach the top of it and are completely absorbed, it shows tha.t only 

. carbon dioxide is coming and that all the air has been displaced 
from the combustion tube. The nitrometer is then filled with 
potassium hydroxid~, solution by lowering the reservoir and the tap' 
closed. The combustion tube is no~ heated in the furnace, raising 
the temperature gradually. The mtrogen set free from th-e. com· 
pound collects in the nitrometer_ When the combustion is complete, 
a strong. current of carbon dioxide is sent through the apparatus in 
order to sweep the last traces of nitrogen from it. The volume of 
the gas collected is noted after adjusting the reservoir so that the 
level of solution in it and the graduated tube is the same. The 
atmospheric pressure and the temperature are also recorded. 

Calculations: 

Let w=weight of the"8ub~.ance in grams 

'IJ=volume of moist N2 in mls. 

t=room ~mperature in °C 

B= barometric pressure in mm. of mercury 

b=aq. tension at room temperature WC) 
t1 eB-b) 273 

Volume ofN, at N,T.P '+2'13 X 760 

""". V mls. (say) 
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Now, 22,400 mIs, of Na at N.T.P. weigh::028 gmB• 

28 
V mls. ,. = 22400 xV gma, 

28V ioo 
,'. Percentage of N ... 22400 ' X W . 

Example 3, 0'1877 gm. oj an O1'gani~ subs~at!ce when analysed 
by the Dumas' method yield 31·7 m1s. oj mo,sl t1;,trogen mectsu1'ed at 
14°0 and 758 mm. mercury P'·e8stl1·e. Determtne the percentape oj 
nitrogen in the 8ubstance. (Aqueous tension at 14°0=12 mm.) 

Volume of Nfl at N.T.P 
v (B-b) 273 

.... t+273 X 760 =-V mla. 

Substituting the va' OliS "l1lues in the above equation. 

V 31·7 (758-12) 273 29' J 
.... 1~+273 ";700= Hm A 

Weight of2~·1} mls. of nitrOgen=22:~O X29·0 gms. 

.'. Percenta.ge of nitrogen 
28 x29·6 103 

=- 22400 XO')877 
=19·72 

£xample 4. In the estimation of nitrogen present in an organic 
compound by Dumas' method, 0·200 11m. yielded 20·, mls. oj nitmgen 
at 15°0 and 760 mm. pre8/Jure. Oalculate the percentage oj nitrogw 
in the compou1ul. 

Volume of Na at N.T.P. 
tlxB .273 

= '-+273 X 760 =V mls. 

Substituting the vllrious valuefl in the a.bove 'equation, 
20·7 X 7·0 273 

V = -m- X 76(' "",19'63 mls. 

W~ight of 19·63 mls. (Jf nitrogen ..... 2~!OO X HHl3 gms. 

28 100 
.'. Percenta.go of nitrogen "" 22400 X 10·63 X 0.2 

=12'27 : 

Kjeldahl's Method. This method is carriea muoh more ~sily 
than the Dumas' method. It is ns('d largely in t.he unl\tysis of fo()ds 
and fertilisers. 

Kjeldahl's method is hased on the fact that when an organio 
compound containiug nitrogen is heated with concentrated sulp}mric 
acid, the nitrogen··in it is quantitatively converted into ammonium 
sulphate. The resultant liquid is then treated with excess of alkali 
and the liberated ammonia glts absorbed in excess of stundard acid. 
The amount of ammonia (and hence of nitrogen) is determined by 
finding tho amount of acid neut.ralised by back titration with ~()me 
standard alkali. 

Procedure. A weighed quantity of the substance (0'3 to 0'5 
gm.)· is placed in a speoial long-necked 'Kjeldahl flask' made of 
resistant glass About 25 mls. of concentrated sulphuric ,tl'id to, 



gether with a little potassium sulphate and copper sulphate is added 
to it. Potassium sulphate raises the boiling point a.nd thus ensures 
complete reaction, while cQPper sulphate acts as a catalyst.' The 
flask is loosely stop-pered by l~. glass bttl~ a/P.I;! heatEld gently in an 
inclined position. 'fhe heating is continued tilt the brown .colour ,of 
the liquid first produced, disa.ppe~s leaving bhe contents clear as 
before. At this point all the nitrogen in the substance is' con:vert~d 
to ammonium sulphate. The Kjeldahl flask is then cooled and its 

KJElbAIIU5EO 
llQUIO +£XCESS 

OF A~KAll 

.. 

Fig. 3'6. Kjeldahl flask. Fig. 3·7. Distillation of ammonia. 

coutents diluted with some distilled water, nnd then carefully trans
ferred into a one-litre round.bottomed ~ask. An excess of sodium 
hydroxide .sQlution is p!:mred down the side of the flask and it is 
fitted with a -KjelJahl trap and a water condenser, as shown iq 
Fig. 3'7. The lower end of the condenser dips in ~ measured volum~ 
of excess of the N/I0 HISO, solution. The liquid In the round-bottom
ed fiaflk is thon heated and the liberated ammonia distilled into 
,sulphuric uoid. The Kjeldahl trap serves to retain Q,ny alkali 
splashed up on vigQrous boiling. When no more ammonia pasRe's 
over (te~t the distillate wit,h red litmusj, the receiver is removtld: 
The excess of acid is then determined by titration with N/IO alkali, 
using ph()nolph~ha:lein a.s the indicator. 

Calculations. l.et the weight oC the organio substance be Ll) gms. and 
V mls. of N. U(ll is reqllirtld·for complete neutralisation of ulDmonia. evolved. 

Vml. N.BOI B V ml_ofN. NU3 

1000 mIs. of N.NU3 ,con,tain 17 gmB. of ammonia or 14 gm". of nitrogen. 

Amount of nitrogen present in V mIs. of N. NBs 
14 

=lOOOxVxN gm. 
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where 
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100 
Percentage of mtrogen = Wt. of nitrogen X __ .......,;;;.:;..;...-:-=-:-:

Wt1. of Bubstance 
14 

=iOOOxVxNx 

HVN =--II) 

lOt) 
II) 

N stands for nonnality of the acid used 

V stands for volume of the acid used up 
and :I: stands for the substance kjeldahlised. 

Example 5. 0'257 gm. of an organio Bubstdnoe was heated with 
oono. sulphurio 4Cid an,d then distilled with excess of strong alkali; 
The ammonia gas etJoZved was absorbed in 50 mls. of N/I0 hydroohlo· 
rio aoid which required 23·2 mls. of N/I0 NaOH for neutralisation at 
the end of the operation. D'ltermine the peroenta{/e of nitrogen in the 
substanoe. 

Volume of N/IO HOI neutralised by ammonia=50_23·2 
=26'8 mls. 

Now,· 26'8 mls. of N/IO HCI 5!! 26·8 mls. ofN/IO NHII 
526·8 mls. of N/IO N (lOmbined) 

ft6 8 I f NIl '" I . . 14 26'8 f 't ... • m s. 0 0 ... , 80 utlon contains 10 X 1000 gms. 0 n1 rogen 

This weight of nitrogen was originally present in 0'257 gm. of the 
organic substance. . 

.'. Percentage of nitrogen 14 x 26'8 X ~ _ 14'6 
10XlOOO 0'257· - • 

Example 6. 0·4 gm. of an organic oompoul1d was kjeldahUsed 
and ammonia evolved was absorbed into 50 mls. ot semi·normal 
solution oj sulphurio aoid. The residual aoid solution was diluted 
with disttlled water and the volume was made up to 150 m18. ~u mls. 
of this diluted solution required 31 mls. of N/20 NaOH solut,ionf01 
oompl.ete neutralisation. 9alculate the peroentage of nitrogen in ,the 
compound, 

(i) CALOULATION OF ACID USED BY AMMONIA. 

N 
Volu~e of 2' H 2SO, taken=50 mls. 

Let the volume of N/2 H 2SO, len unused by ammonia= V mls. 
V mIs. of this acid solutiOn was diluted to 150 mIll. and titrated against 

Nj20 NaOH. 

20 mls. of diluted solution;s31 .nls. of N/20 N{\OH 

" Normality of diluted solution = 31 X :0 X ~O= !~o N 

Normality of 150 mls. of acid solution= :~o N 

i.e., V mls. of ~ H~SO,;s 150 mls.·of :~O N diluted acid 

31 2 
V = 150 X -400 X T =23 25 mle. 
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N 
Volume of TH2S0, left =23'.25 ·mls . 

• '. Volume ofaeid used up by ammonia=50-23·211 ... .26·75 mls. 

(ii) CALCULATION OF PERCENTAGE OF N. 
26·75 mls. ofN/2' H 3SO. = 26'75 mls. of N/2 NHa solution 

526'75 mls. of N/2 N (combined in 6olvtion) 

.• Wt,. of nitrogen in 26·75 mls. of N/.2 solution 
14 1 

=2 X lOOOx26.75 gma. 
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This wt. of nitrogen was originally present in 0'4 gm. of the substance. 
14 1 100 

.'. Percentage of nitrogen ="'2 X -\000 X 26·75 X -o:i =46·81. 

ESTIMATION OF HALOGENS 

Carius Method. It consists in oxidising the organic substance 
with fuming nitric acid in the presence of silYer nitr&.te. The halo· 
gen of the substance is thus converted to silver halide which is 
separated and weighe(l. 

The Carius method of estimating halogens involves the use of" 
a stout hard-glass tube (bomb tube) of abo!lt 50 ems. length and 
closed at one end. Ahout 5 mb. of fuming nitric acid together with 
2 to 2'5 gms. of p'_1re silver nitrate is plalJed in it. A narrow 'weigh
ing tube, containing an accurately weighed quantity of the substallce 
is then slipped into the bomb tt:Je, taking. care to avoid the mixing 
of the substance with nitric acid. The open end of the tube is 
then sealed ofl'. It is D;)W' heated in ail iron jacket of the furnace 
heated h'y hurners from below. The temperature of the furnace is 
gradually raised to 30UoO. After heating for about six hours, the 
tube is allowed t.o eool. The high pressure developed inside the 
tube is released by softening the sealed end with a small flame. 

IRON TU8E 
CAR/u.s TUBl I 

r ---- - - -- - - ~ -----j-----, 
I I _.J 

I ORGANIC 
I SUBSTANCE 

I 
I 
I 
I 

Fig, 3·8, Heating the bomb tube in a furnace 
(Gan:us Method). 

,;h I' It hole i;; h:own open through which the gfii:iCS escape. The 
.. r d of the tu be i" how cut off and the contents transferred into a 
I"eaker. The haii.~le formed is collected in a Gooch crucible, 
washed, dried and weighed. 

Let w gms. of the organic Hubstance give x gms. of the Rilver 
"d;rl{'. 

f h I 
At. Wt, ofhalol!on IOOx 

.'. Perrl'ntllge 0 a ogen= M. 'Vt, of silver halide X w-. 
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Example 7. 0-197 gm. 0/ an organic Bubstance when heated with 
excess of .glrong '"itric acid and 8ilver nitrate (lave 1)'3525 (1m. of iJtltJer 
iodide. .P,:nd the percentage of iodine in the compound. 

~ince. AgI 50 I 
(108+127) 127 

In this case 0-11)7 gm. of the 90mpound gave 0-3525 gm. of Ag! 
. 0·3&21i x 127 . 1" 

e 235 gm. laC me 

_. 0·3525 X 127 100 
.• the percentl1gs of JOdme= 235 Xo;m 

=!}6·68. 

Example 8. 0-2562 gm. of an. organic 8ubstance !Vk.e>~ heated 
1(,'il". excess of strong nii"ic acid and silver nitrate gave 0'3066 gm. of 
Ilil-ver fJromide. Find the percentage of bromine in Ihe compound. 

Since AgBr 51 Br 
1108+80) 80 _ 

Rore, 0'2562 gm. Of the substance gave 0'3066 gm. of AgBr 

O·a066X80 . 
188 gm. bromme 

.• 'tlle porce'ltage of bromine 
()-3066 X SO X 100 -~O.1)3 

188 0'2562 _0 

Oxygen Flask Method. -This method of t"stimating halogens 
has been introduced only recently. It IS simple in operation and 
general in application. The. organic sample is ignitet\ in an atmos
phere of oxygen and the products of combustion are absorb(ld- in 
aqueous alkaline hydrogen peroxide. The chlorino and bromine 
of the organic substal1ce are converted into chloride and bromide 
respecti'rely, whereas iodine if present is changed into molec\llllr 
iodine with some iodate. These products are then determined by 
titration me-thod. 

Proced\ire. A known weight of the organic sample is wrapped in 
a filter paper so that a smaH tail of paper is left out as a fuse. Tht' 

"wrapped sample is claspe-d 
between the folds of' a plati
num gauze attached to the 

Fig. 3·0. Estimation of balogens by 
oxygen flask method. 

glass stopper by platinum 
wire. Dilute sodium hydroxide 
and a few drops of hydrogen 
peroxide (H20,) nrc placed 
in a conical flask (8ee Fig. 3'9). 
The flask is brisJdy flushed 
with It stream of oxygen from 
an 'oxygen cylinder'. The 
paper' fuse is ignited and 
the {!round glass stopper 
('Iurying the sample replurcd 
mpidly into the flask. The 
stopper is pressed with lutlJd 
to ml~k~ the joint air- tight 
fur the {ow seconds of com
bustiou. The 'oxygen flask' 
(from which the method 
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t.a.kes its name) is now shaken vigorously to ensure complete absorp. 
tion of the gaseous products. The stopper and the platinum mOtint· 
jng (gauze and holding wire) are carefully washed into the flu~k and 
the cDntents analysed as follows. , 

Ohlorine and Bromine Rre estimllted by making the contcntll 
of the flask slightly acidic with sulphuric add and thetl titrating 
lrith standard solution of silver nitrate. If the \~'eight of the 
orga.~ic sample taken be x g.ms. and V mls. of N. silver. nitrate is 
reqlllred to reach the end pomt, the percentage of chlorme can be 
calculated. 

Since ClaAgN03 

V mls. of N AgNOa=V mls. of N chlorinc (01) 

But 1000 mIs. of N chlorine (Cl) solution contains OJ 
=35'0 gm. 

V mls. of N chlorine ,(01) I1Olution contt\,ins CI 

35'5 • 
-'=100 X lV xV gm. 

Hence percentage of 01 in sample 

=~ N V ~ 1000 X X X 'l: 

Similurly, the percentage of bromine (Br) in the ol'ga.nw saml,le 
would be 

• 80" 100 
=--xNxVx--

100 x 

Iodine is determined by first cOllvel'ting it into j(l(lltte by 
adding excess of bromine. Then potassium iodide and sulphuric 
acid is added to liherate iodine which is titrated 'with stn.n(l·'rd 
thiosulphate. 

J2+5Brt+6HIlO --+ 2HlOa+lOHBr 

HI03 -!-5HI -lo 3I,+3HsO 

If x gm. (If the sa'mp}e require V mls. of N :,todium tltlo
sulphate, 

. 127 N HIli 
Percentage of 1= 10011 xTx V Xx 

ESTIMATION OF SAND P 

Sulphur is estimated by a slight modification of the Oartus 
ntethr)~. The organio substPol\ce- is heated with fuming nitric acid 
but 110 silver nitrato is added. TIle sulphur of the substance is 
oxidil'lcd to .'<ulphuric acid \\ hleh i:,; tllE'1l precipitated as "ariuOl 
Hlllphato by adding exees!! of harium chloride solution. The preci
pita.te i~ filtered, warshec1, drieortnd weighed. From the weight of 
the borium sulphate so obtained, tho percentage of tlulphur cnn h~ 
calculated. 
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Phosphorus is also estimated like sulphur. The organic sub
stance is heated with fuming nitric acid whereupon its phosphorus is 
oxidised to phof:1phoric acid. The phosphoric acid is precipitated as 
ammonium phosphomolybdate, (NH.)3P04.12Mo03, by the addition 
of ammonia and ammoniuIIl molybdate solution, which is then sepa
rated, dried and weighed. 

Example 9. In. an e8timation of 8ulphur by the OariU8 method 
0·2175 gm. of the/substance gave 0'5825 gm. of barium 8ulphate Oal- .... · 
culate the percentage of 8ulphur in the sub8tance. 

We know, BaSO, e S 

(137 +32+64) 32 

Or, 233 gme. of BaSO; contain 32 gme. of sulphur. 

. 0·5825 
32 
333-XO.5825 gm. of sulphur . " '. 

This is the weight of sulphur present in 0·2175 gm. of the substance. 
32 X 0·5825 100 

Hence, percentage. of S= 233 X 0'2175 =36·77. 

Exam.ple 10. (}·395 ~m. of (tTh Ot'g(tThVl C/lw.pav.'W1 ~y C<J.TVU 
method for the estimation of 8ulphtt.r gave 0·582 gm. oj BaSO,. Find 
the percentage of 8ulphur in the compaund. 

i.e .• 

We know. BaSO, == S 
233 32 

233 gma. of B"aSO, contain!! 32 gms. of sulphur. 

32 . 233 X 0·582 gm. of sulphur. 
" 0·582 .. 

This is the weight of sulphur· present in 0·395 gm. of,the substance. 

Hence, the percentage of sulphur 

32 100 
= mXO'1582X 0.395 

=20·23. 

ESTIMATION OF OXY\}EN 

Until recent.ly, the percentl.\,ge of oxygen ,in a given organic 
compound was found by difference. Any percentage of the total 
composition 1lOt aocounted for by the foregoing determination was 
taken to be oxygen. This rather faulty procedure. of estimating 
oxygen has now been replaced by a direct experImental method 
described below. 

Principle. 'I'he g.i.v~n organic garilple is pyrolysed (decompos
ed by heating) in a ~rea,m of nitrogen gas. The elemental oxygen 
along with other gaseous products is passed through hot cD,l'bon 
(1100°). All the oxygen is thereby conyerted to carbon morwxide. 
This when passed'throug'l:l warm (175°) iodine pentoxide (1201») is 
oxidiged to carbon d;ox,de pl'ollucing iodine. 

hea.t 
Org. Compound ---+ 02+gaseous products 

Ill(W} 
02+20 ~ 2CO 
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(175°) 
5CO+120 5 __ fjCO~+12 

43 

By determining the amount of CO, (or 12) produced, the percen
tage of carbon in the original organic compound can be calculated. 

Procedure. The pyrolysis of the given organic compound 
is carried in a combustion apparatus similar to the one used for 
the estimation of carbon and hydrogen. 

GRANULAR. 
CARBON 5UB5TANCE 

r-- ----- ----, 

~, 1:"" I" (~il '1 /))",,1, . 'I 
N2__"~ ~~: ~:~:i;t.;.~·.~/ .. ,'.;,: I~~~: •.• ~:;:~ 

~_ ~ " .,.." t,r/tJ •• :,'r'4,"/~. 

I • 

; FURNACE ~ ~ ______________ J 

Fig. 3'10. Pyrolysis unit of the apparatus used for the 
estimation of oxygen. 

A weighed quantity 'Of the sample is charged it). a. porcelain 
ho?,t which is loaded into the combustion tube. The latter part 
of the combustion tube is packed with granular carbon. The 
temperl\tu're of the heating furnace jacket is kept at llOO°C. Pure 
nitrogen from a cylinder enters the tube from the left end a.nd sweeps 
through it. 

The gases emerging from the combustion tube containing 
carbon monoxide are first passed through a U·tube containing soda· 
asbestos (asbestos impregnated with dry NaOH). This retains any 
acidic materials obtained from halogens, nitrogen or sulphur present 
in the organic sample. The gaseous mixture free from the acidio 
materials is then passed tluough a wjrie glass tube packed with 
iodine peritoxide kept at 175°C. It converts carbon monoxide to 
carbon dioxide and generating iodint:. 

r- - - - - - - - - - - --"1 
I 

l ___ . ___ . ______ _ 

K/ KOH 

Fig. 3'11 •. Absorption unit. 

The resulting gaseous mixture is now allowed to pass over a 
lleC! of potassium iodide (KD laid in a wide glass tube. This l'emoveB 
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iodin(l. 'l'he residua.l gases contammg carlJ,(lJl dioxide are finally 
passed through It soda·asbcstos U·tube where CO2 is r(ltained.· The 
soda.~sbes~os tu?e is weighed before and Mter pYl'olyeis, ·The differ. 
ence m weIght gIves the amount of CO2 obtamed from the given 
sample of the orga1lic compound. 

Calculation!!! : 

Let the weight of Qrgrmio substance taken=x gms. 
Increase in the weight of KOH tube ='!J gms. 

Since 05C05C02 

16 gnHI. of oxygen preiient in the substance <'an form 44 grams 
of CO2 , 

44 gU1S of CO2 arc (lbtained from oxygen 
=16gms. 

y gros. of COa are obtained from oxygen 
16 

= ·44' xy gms. 

Henee the weight of oxygen in tIw weight of f>!lmple taken 
16 

=: «Xy gmll. 

the percentltge of oxygen 

16 1/ 
=-- X .!- X 100 

44 x 
QUESTIONS 

1. Give an Mconnt, of the methods by which the presence of nitrogen, 
ohlorine and sulphur is tested in organic Bolirls. 

2. How would you test for the presence of chlorine in an organio oom· 
pound? Desoribe how it is qualitatively determined. 

3. How onn you identify halogens nnd nitrogen when thoy occur 
together in an organiQ corn pound ? 

4. Explain briefly with a diagram of the apparatus employed in the 
method of determining the peroentagfl of oarbon !lnd hydrogen in an organio 
compound containing c_ftrbon, hydrogen and nitrogen only. 

5. Describe fully how you would detect the presence of (a) nitrogen, 
(b) sulphur, (0) phosphorus in an organio substance, explaining as far as 
poSBible the reactions involved by moans of equations. How would you 
determine one of these elemonts quantitativl'ly ? 

6. Doscl'ibe with ossential details the vBrious lllllthodl! availablo for 
the quantit."Uve estimation of nitrogen in an o·rganic compound. 

0·8 gm. of a. substance 'vas digested with sulphurio acid, and thcn dissol. 
ved with an excees of cBustic soda. The ammonia gas evolved WIlS passed 
t~ough 100 c.c. of. 1 N sulphurio acid. Tho excesa. of acid required 1i0 o.c. of 
1 N caustio soda solution fOl' ·its complete noutralisation. Calculate the per
centage of nitrogen ill the (·omponnd. [Ans. 35%] (Naf/plir B.Se., J96O) 

7. How is nitrogen detect('.rl and Ilstimaterl in an organic compound! 
0'2 gm. of an organic substance on Kjeldohl's analysis gaV(l enough ammonia 
to just. neutralise 20 0,0. of docinorm:ll sulphuric: acid. Caloulate the pOl'cel'ltagfl 
of nitrogen in the compound. [Aus. 14'0%] (AlI1l(1malai B.Se., 1961) 
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8. Deseribe the mct.JlOd of estimation of sulphur in an orgailic com
pound. 

Three isomerio oompounds haye ,'apour donsit·y 29'5 Rnd contain C 
~6l-02%, H= 15·25% and N =23·73%. Assign str\lctural formulae to them 
;nd suggest a method to distinguish them. 

(Atomic weights: H=I, C=12, N.=141 
~Ans. CaH1NH2 ; CHsNHC2H6 ; (CH3l3N] IBaroclu B .. Sc., 1962) 
9. How do you detect the pre~enc6 of nitro~cn, sulphur nnd halogen 

in organio compcunds! Explrlin tho chemieal loactlons involved. How are 
,lrganie Cum pounds purified? IOsmaniu ]J..'}c. Pm't ll, 1963) 

10. How would you estimate nitro~en in u nitrogenOll:i orgapie com. 
pound 1 Give all details anti discuss tho l't'llctions involved. 

(Nagpul' B.Sc. II, 1964 
II. Descl'ibe fully h.jllldahl··s method for tho estimation of nitrogen in 

an orgullic compo!.lnd. Whut uro its limitations 1 (Onlcuttu B.Sc., 1964) 

12. How (Jan you cRtill1llte nitro'g~n qllRntitntively in un or~anic com-
pound! (Dibrugarh B.Sc., 1967) 

13. Give a brief Rccount of (.a) the detec~ion and (II) II mothod for the 
estimation of nitrogol\ and sulphur ill on orl!;anil' compound. 

(08""1111(1 B.Sc., 1968) 
14. How are nitrogen :"HI 1lUll'hur dotorted III an org'IIHf' compOl~DlI ? 

How i~ nitJ'ogeJJ estimn,tl'll 1 {,Iill,lural E.Sc., 198B) 

15. How can ,Oll rlt-tart the jll'Psenl'C of nitroi;~n, sulphur and halogen:! 
in 11Il Ol'ganic compound? . (Dibrll!l(lrh B.Se., 1968) 
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" CALCULATION OF EMPIRICAL FORMULA 

%age At. Wt. Atomio Ratio H.O.F. Atoms present 
0 20·04 12 1'67 l-66 = 1 

H 6·66 6·66 H~_6 4 

N 46·63 14 = 3·33 , 1'66 '= 2 

° 26·77 , VI 1·60 1'66 = 1 
lIonoe the Ampirionl formula of the s~b8tance is OH,N:O. 

Example 4. 0·21 gram of an organic substance containing 
0, H. 0 and N only, gave on combustion 0·462 gram carbon dioxide 
and 0·1215 gram water. 0·104 gram of it when distilled with caustic 
soda evolved ammonia which wlis neutralised by 15 mls. of N/20 
HISOt . Oalculate the empirical formula. 

CALorrLA~IoN OF PERCENTAGE COMPOSITION': 

Percentage of nitrogen :-

N N N 
15 mls. of 20 H 2S04= 15 mls. of 20 NHa915 mls. of 20 N 

(combined) 

.' wt. of nitrogen in 0·104 gm. substanoe= 16 X ~~ X 10~0 gm. 

=O·O]O.i gm. 
• . 0·0105 

%nge of the mtrogen= 0'104 X 100-:10·09 

Percentag~ of a and If :-

Since 002EO; H 20;2H 

%age of 0 0·462 X 12 ,,100 _ 60.0 
I( 44" 0,21-

M 0'1215X2 100 =6.43 
- 18 XO'2l 

Percelltage of oxygen (by <ljfferenC6) = 23·48 

CALCl'I.ATJON OF EMPIRICAl. FORJlfULA 

%8~O At.Wt. Atomic Ratio H.O.F. A~toms pre3cnt 
C 60 12 ['·00 0'72 7 

a 6·43 6,43 0·72 9 
N 10·09 -: .. 14 0'72 ~- 0·72 
0 23-4S 16 .. -; 1-46 0·72 2 

Hence. Empirim\ fl~rmll\n. is C7H aN02• 

II. Mor.EC'l'LAR l!'omruLA 

The Mole('~.dar formula of a substance expresses the actual 
number of aioms of eael, element present in its molecule. It may be 
the same HS t.he ('mpil'ical formula of the flubf;tance or an exa<·t 
ron I tiplc of it, . 

Substallce Empirical Formll1(t ll_(olecular FOI'mula 
MethaJlo OH" (,H4 or (CH4lt 
Ethylene C'H2 t'2H .1 or (CH2)z 
Acetic sci.l OH2O C2H 40 2 01' (OH2O)2 
GllIC'ose CH20 CSH'20S or (CH2O)Q' 
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Thus we can write: 

Molecular Formula = (Empirical Formula)" 

when n= 1, 2, 3 etc. When n ::= 1, the molecular formula coincides 
with the empirical formula. It follows from ihe al)ove relation 
that 

M. Wt. == Emp. formula Wt. X n 

lvI. Wt. 
n = ....... ----;".---..---.;;;-

Emp. Formula Wt. 
whence 

If the molecular weight is known, the value of n can be found 
with the help of th~s relation. 

t;xample 5. An or.ganic compound has been found to possess 
Ihe emp,:rical formula OH20 and the molecular UJeight = fJO. Give its 
molecular formula, (0=12 ; H=1 ; 0:::;16). 

Molecular formula = (Empirical form'qla)n 
l\f. Wt. 

n=Emp. F, Wt. 
But 

In this caso, l\f. Wt. =90 
Emp. F. Wt.=12+l:;-lo=30 

90 
n= 30 =3 

Hence. the molec-qlar formula=(CHzO)s or CSH60 S' 

Example 6. An organic liquid contains 12'lj per cent carbon, 
2·1 per cent hydrogen and 85·1 per cent bromine. 0·188 gram of it in 
a Victor bfeyer experiment, displaced 24·2 mls. of moist air measured 
at 14°0 and '(52 mm. pressure. Find the molecular formula of the 
substance. (Aq. tension at 14°0=12 mm.) 

CALOULATION OF MOLE10ULAR WEIGHT : 

. 24'2(752~12) 273 
Volume of dry air replaced at N.T.P.= 287 X 760 

=22'42 mls. 
Now, the wt. of 22'42 mls. of vapour of substlloce=0'188 gm. 

0·188 f) 

= 22-42 x ~2400 ., 22400 " .. " 
=187'9 gms. 

l\Iolerular weigqt of the substance = 187'9. 

CALOULATION Of EMPIRICAL FORlIlUT,A : 
1 

%agr; At. 'Wt. Atomic ratio 

C 12'8 }2 1'066 
H 2·1 1 2-10 

Br 85·1 80 1·064 ... 
. ' Empirical formula is CH2Br. 

CALOULATION OF MOLECULAR FORMULA: 

Let the molecular formula be (CH2Br)n 

H.C.F. 
1·06i 
1·064 , 
1·064 

M. Wt. 187 ·9 <) 

But n = Emp.F.Wt:= 12+2+80=~ 
.'. Molecular formula F" C2H4Br2. 

Atoln!! prc!!ent 
I 
2 
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ExalUple 7. An organic dibasic acid contains 0=17·39 ; 
H =1'45, and Br= 57·97 per. cent. 1'he vapour density of its eth11l 
ester is 166. Determine the molecular formula of the acid. 

CALCULATION OF MOLECULAR WEIGHT OF ACID: 

Let the diba9ic acid be RH2 and its ethyl ester R(C2H 5}2' 

Molecular weight of ethyl ester=2xV.D.=2x 166=332 
Thus R(CzH 5}2=R+2 (24+5)=33:l 
Whence R=274 
.', Molecular wei~ht o£the acid RH2=274-t-2=276. 

CALCULATION OF E.MPIUICAL FORMULA : 

C 
H 
Br 
o 

PeJ;oentage of oxygen= 100-(17'39+ l'45'Fi7'97)=23'19 

%age At. wt. Atomic Ratio H.C.F. 
17'39 12 1-45 (1·72 
N5 1 1'41) 0·72 

57·97 80 0·72 0·72 
23'19 -:- 16 1-45 0'72 

Henco, the empirical formula is C.H2Br02. 
Let the molecular formula of the ncid be (C2HzBr02)n' 

M. Wt.. 276' 276 
But n=Emp, F. Wt =2~+2+80+32 =138=2 

,'. Moleoular formula is C4H4Br20~. 

Atoma pl'e8ent 
2 
2 

2 

ExalUple [to 0'20 gm. of anhydrous organic acid gave on com· 
bustion 0'040 gm. water and 0'195 ym. carbon dioxide. The acid is 
found to be dibasic and 0'0 gm. of its silver salt leaves on ignition 
0'355 gm. silt'er. What is the molecular formula of the acid 1 

CALCULATION OF MOLECULAR WEIGHT: 

M. Wt. of silver salt 0'5 
. 2x 108 - 0-355 

0-5 
M. Wt_ of silver salt=0_355 X 2 X 108=304'2 

If~RH2 be the dibasic aoid, its silver salt is RAgz, 
Bllt RH2=RAg.-2Ag+2H 

=304'2-'216+2=90·2_ 

CALCULATION Q],' EMPIRICAL FOUMULA : 

C 
H. 

0 

0-195X12 100 
Percentage of C= 44 X--0:2 =26'59 

H= 0·040 X 12 _!_OO =9,')') 
18 X 0.2 ---

" 
o (by difference) =71·19, 

%age At, Wt, Atomic ratio 
26·59 12 2'22 

2-22 1 2·22 
71'19 16 4·45 

.'. EmpiricaLformula is CH02• 
~ , 

H.C,F. 
2·22 
~'22 

2'22 

CAU.lVL,\TlON OJ<' 'M01..I,OUJ,AU :FOHlIIUL\ 

I ('. b CH l\l. Wt. 9(1,2 ') 
! .e~ It e ( 02),' ; n=E F Wt =12 1 32=-

~mp. '. - + +. 

Atoms present 
1 

2 
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Hence, Molecular formula of the acid is C2H 20". 

ExalDple '9. An organic monobasic acid gave the following per
cent'lge composition: 0=70'59 ; H "-=5'88; 0=23'53. 

0·272 g!fl,. of tfoe acid req'uired 20 mls. of N/10 NctOH for 
complete neutralisation. 

Deduce the empil'ical and the molecular formulae of the acid. 

C.U,CULATION OF MOLECULAR WEIGHT: 

N N . 20 N . 
20mls. wNa.OHs20ml. 10 aCldaiQOX,lo gm.aCld 

Thus : ~ X ~ =0'272 
100U 10 

Whence 

Molecular weight of acid 
N,=500xO'272=136 

=NxBasicity 
=136x 1=13{j 

CALCULATI()N OF EMPIRICAL FORMULA : 

At. Wt. Atomic ratio H.C.F. Atom8pre8ent 
C 7·059 12 5·88 
H 5·88 1 5·88 
023'53 16 1-47 

Hence, empirical formula is C4H 40. 

CALCULATION OF Mor,ECULAR FORMULA : 

Let molecular formula be (C",H40)n 

B M. Wt. 136 
ut n= -Emp. F. Wt. = 411+4+16 

Honce. molecular formula is CSH S0 2• 

hi7 
1'47 
1·47 

131,j. =-w- "'" 2_ 

4 
4 
I 

ExalDple 10. A mono-acid. organic base gave the following 
results on analysis ;-

(i) 0·J(j0 gm. gave 0·2882 (1m. 002 and 0·0756 gm. H20. 

(ii) 

(iii) 

0·200 gm. gave 21·8 mls. nitrogen at 1/;°0 and 750 mm. .. 

0'400 gm. of the platinichloridp-. left on ignition, 0'125 gm. 
of Pt. 

What is the molecular formula of the base ? 

CALCULATION OF ~IOLECULAR 'VEIGHT : 

M. Wt. of platinichloride -1<)" x Wt. of salt taken 
- .;). Wt. ofPt left 

0·4 
=195x 0'125 =624 

B 
B2H2PtCI6-H2~tC16 

= 2-.r---

624·-410 
= 9 =107 

~, 

.. Molecular weight of the base is 107. 

CALCULATION OF El\lFIRICAL FORMULA: 

273 
Volume of nitrogen at N.T.P. =21·8 X 288 =!!0'6~ mls. 



52 TEXT·BOOK OF ORGANIC CHEMISTRY 

. 0'2882 X 12 100 
Percentage of 0=--44-- X o:r=78'6 

H= 0'0756x2 100 -8'4 
18 X 0'1 -

N = 20'66X28 100 291 
22400 ·XQ.2 =1 . 

EZpment % age At. weight AI. ratio H.C.F. Atoms present 

0 78'6 12 6·25 0·92 7 
H 8;4 1 8'40 0,92 9 
N 12'95 14 ()'92 0'92 , 

.' Empirical forn,ula is C7R oN. 

CALOULATION OF MOLEOULAR FORMULA: 

Let the molecular formula be (07HON}1I 

But n M. Wt. = 107 = ~ = I 
Emp. i? Wt. 84+9+ 14 107 

.'. Molecular formula is (07HONh or 07HON. 

MOLECULAR FORMULA _OF GASEOUS HYDROCARBONS 
The molecular formula of a gaseous hydrocarbon may be de· 

termined directly without a previous knowledge of its percentage 
composition. A known volume of the hydrocarbon is mixed with a 
measured excess of oxygen and the mixture exploded in a eudio
meter tube. The carbon and hydrogen of the substance is oxidised 
to form carbon dioxide and water respectively. The equation of 
explosion reaction can be written as 

C.,HlI+(x+y/4)02 = xCO,+y/2HIIO 
The following observations are recorded :-

(1) The volume of the gaseous products after explosion and 
cool!ng (VI). This corresponds to the volume of carbon dioxide and 

t 

Fig. 4'1. Explosion of gaseous hydrooarbon$ ill eudiometer tube. 

unreacted oxygen, the ,vater vapour being condensed to liquid which 
occupies negligible volume. 

(2) The volume of tlte 'residual oxygen after introducing alkali 
(V2). When a little alkali is introduced in tho eudiometer tube, it 
absorbs carbon dioxide, leaving behind unreacted oxygen. The 
volume of carbon dioxide alone would thus be equal to (VI - V 2)' 
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The molecular formula of the hydrocarbon is then found by 
the application of Avogadro Law. 

Example 10. 10 mls. of-a gaseous hydrocarbon was mixed with 
100 rnls. of oxygen and the mixtnre exploded in a eudiometer tube. 
The t'olume oj-the mixture afte,: cooling was reduced to 90 mls. which 
upon treatment with potash solulion was further reduced to 70 mls. 
Determine the molecular formula of the hydrogen. 

Volume of oxygen used= 100-70=30 inls. 
" "carbon dioxide formed=90-70=2.0 mls. 

IfC",Hy be the formula. of the hydrocarbon, 
C .. H y+<x+y/4)02=xCOa+y/2 H 20 

Applying the converse of Avogadro Law, 

1 ml, C",liy+(x +y/4) mls . .o2=x mls. CO2 +V/2 mls. MaO 
or 10 mls. c,,,Ry+1O(x+V/4) mls. O2 -lOx mls. CO2 +10V/2 mls. H 20 

Thus 10(\1:+11/4)=30 aud 10x=20 
whence x=2 and y.,4 

Therefore, the moleculm' formula. of the hydrocarbon is C2R,. 
Alternative Solution: 

Total oxygen used (for CO2 and H 20)=; 30 mls. 

C+02 =CO;: .'. 1 vol. 002=1 vol, O2 

Hence for 20 mls. CO2 formed, volume of oxygen used=20 mls . 

. ', Volume of oxygen used for water Illone=30-20= 10 mls. 
2H2 +02=2H20 ; 1 vol. 0 232 vol. H 20 

Hence for 10 mls. oxygen used. volume of water formed=20 mls. 

Now, 10 mls. hydrocarbon+30 mls. O2 +20 mls. 00d-20 mls. H 20 
or 1 m!. +3 mls. O2=2 mls. 002 +2 mIs, H 20 

Applying Avogadro's Law, 1 molecule of hydrocarbon yields two mole
cules ofOOa (containing two ° atoms) and two molecules of H 20 (containing 
four H atoms). Hence the molecular formula of the hydrocarbon is 02H,. 

III. DETEitllIINATION OF MOLECULAR WEIGHT 

The'Molecular weight ofa <;ompound is the weight of one 
molecule of it as c01JLpafed to the weight of an atom of hydrogen asi. " 

Tho methods commonly employed for the determination of 
moleculltr weights of organic flubstnnces are: 

PHYSICAL C'HElIUCAL 

1. Victor Meyer method 1. Silver salt method for acids 

2. Dumas method 2. Platinichloride method for bases 

3. Hofmann method 3. Volumetric method for Acids and 
Bases 

4. Freezing point and Boiling point 
method 

-
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1. PHYSICAL METHODS 

VICTOR MEYER ~ETHOD FOR VOLATILE SUBSTANCES 

In this methode, a known weight of the EUbstanc~ is converted 
into vapour by dropping in a hot tube: The vapour displaces its 

. own volunie of air which 

HOT VAPOUR 

.........., . 
COPPER vICKer 

H~MA~'N 
80TTLE •. ,.' 

.~. 

is collected over water 
and its volume measured 
at the observed tempera
ture and pressure. 

The apparatus used 
in this method consists 
of: (i) a 'Victor Meyer 
Tube' of hard glass, hav
ing a side-tube leading 
to the alTangement for 
collection of displaced 
air over water, (ii) an 
Outer Jacket of copper, 
containing a liquid boil
ing about 30° higher than 
the substance whose 
uolecular weight is to 
be determined, and (iii) 
a 'Tiny Stoppered Bottle' 
(Hofmann bottle), in 
which the substance is 
weighed and introduced 
into the heated Victor 
·Meyer- tube. 

Procedure. The 
apparatus is fitted up as 
shown in Fig. 4'2. The 

. liquid in the copper 
jacket is boiled by heat
ing it with a Bunsen 
burner, when thy hot 

Fig. 01·2. Victor Meyel' method for ' vapours of the liquid in 
Mol. Wt. determination. turn heat the Victor 

Meyer tube. When no 
more air bubbles eseape from the side-tube, a graduated tube filled 
with water is inverted over its end dipping in water. The Hofmann 
bottle containing a weighed quantity (0'1-0·2 gm.) of the sub
stance and loosely stoppered, is then dropped into Victor Meyer 
tube opening its cork for a while. The substance at once converts 
into vapours which blowout the stupper and displace on equal 
volume. of air from the upper part? of the Victo·r Meyer tube. The 
volume of air collected in the graduated tube is read off after 
carefully levelling in a cylinder of water. and the atmospheric 
pressure and temperature recorded. The YOhllne iH reduce(l to 



MOLECULAR WEIGHTS 55' 

S.T.P. and the weight of 22'4 litres of vapour calculated. This is 
numerically equal to the molecular weight of the sU,bstance. 

MOIST AIR MO/STAIR 

AIR PRESS IJR E AIR PRESSURE 

tL1J: LJ ! ! 

Before levelling After levelling 

Fig. 4'3. After levelling tne pressure of moist air coUected 
i9 equal to the atmospheric pressurEl. 

Example 1. In a Victor Mfyer. determw.aii-.m of molecular 
wezght 0·1 gm. of the substance displaced '27 mls. of moist air measured 
at 15°0 and 745 mm. pressure. What is the molecular weight of the 
substance 1 (Vapour tension of water at 15°0=12·7 mm.) 

Volume of displaced air, V1s=27 mls. 
Atmospheric temperature =15°C or on abwtut,e scale 

T15=273+ 15=288° 
Pressure of dry air, P 15=745 -12·7 =732·3 rum. 

~x~ ~x~ M V_%X~X~ 
TN T I5 N- T15XPI~ 

., 732·3 x 27 x 273 
Honce, volume of displaced air at N.T.P. = 2SSX.7()0 

= 24'67 mls. 

Thus the weight of 24'67 mls. of vapour of the substanee=O·l gm. 

22400 
" 

0'1 X 22400 
24'07 

=90'80 (mol. wt.) 

Example 2. 0·22 gm. of a substance when vaporised by Victor 
IJleyer's method displaced 45'0 mls. of air measured over water at 20°0 
and 755 mm. pressure. Oalculate the molecular weight of the substance. 
(Vap01£r pressure of water at 20°0 is 17·4 mm.) 

(i) CALCULATION OF VOLUlIIE AT N.T.P. 

Initial Ocndition8 

Volume (VI) =45 mls. 
Pressure (PI)=755,-17·4 

=737'6 mm. 
Temperature (TIJ=20+273 

=293°A. 

Final OonditioN 

Volume =V2 
Pressure =760 mm. 
Temperature = 273° A 
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Applying the General Gas Equation 

760XV. 
273 

45x737'6 
293 

45 X 731'6 273 
V 2= :193 X 760 

=40·70 mls. 

(ii) CALCULATION OF M. WT. 

Wt. of 40·7 mls. of vapours at N.T.P.=0·22 gm. 

". Wt. of 22400 mls. of vapours at N.T.P. 

0·22 
=40.7 x22400=121·1 

Thus the molecular weigh t of the substance 

=121-1. 

Dumas Method. This is based 011 the. principle of weighing a known 
volume of the vapour of the sltbstancll in a glass bulb at an elevated templ'ra
ture. The calculation of the molecullj.r weight is done as in ViGtor Meyer 
method. 

Hofmann Method. This method is suitable for determining molecular 
weight of substances at their boiling point under atmospheric pressure. 

A known weight of the subst1J.nce is vaporised above a mercury column 
in a barometric tube and the volume of the vapour formed noted. The mole
cular weight of substanc~ is then calculated as described under Victor Meyer 
method. 

CRYOSCOPIC METHOD OR FREEZING POINT METHOD 

The molecular weight of a non-volatile organic compound can 
be easily determined by noting the depression of freezing point of 
a solvent produced by dissolving a definite weight of the substance 
in a known weight of solvent. 

100Kw 
m= 6.TW 

m=molecular weight of the dissolved compound, 
I( = molecular depression constant, 
w = weight of dissolved compound, and 

6. T=depression of freezing point. 

The Molecular depression constan"t or the Freezing poin"t 
constant is defined as the depression of freezing point which would 
be produced. by dissolving one gram-~olecule. of the solute in 
100 grams of the solvent. Its value is usually given in ready
reference tables. 

Water 
;Benzene 

VALUES OF Ie FOR SOME SOLVENTS 

Acetic acid 
Phenol 

Determination of Depression of Freezing point. The 
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Paratus which is almost exclusively employed for the determination ap . f f' . t of the lowermg 0 reezlllg pam 
was designed by Beckmann (Fig. 
4'4). It c~nsists of (i) .the in1!er 
freezing potnt tube provIded WIth 
a side-tube for introducing the 
solute and fitted with Becl{mann 
thermometer reading up to '01°0 
and a platinum stirrer; (ii) the 
outer air-jac'ket surrounding the 
inner tube which ensures a slower 
and more uniform rate of cooling 
of the liquid; (iii) a stout glass 
cylinder which contains freezing 
mixture and is also provided with 
a stirrer. 

o 

<) 

BECAMANN 
-THERMOMETER 

CORK-T/PPEI) 
STIRRER 

H-t-~-FREEZIN6 
POINT TIJBE 

OIJTER 
GLASS T{JBE 

In an actual determinati011 
15·20 grams of the solvent's 
taken in the inner freezing point 
tube and the apparatus set up 
as shown in the diagram. 'rhe 
solvent is gently stirred anei th€' 
mercury thread of the thermo Fig. 4.4. DeterJ!lination of 
meter watched carefully. Tht. depression of frtiezing point. 
temlJerature first falls below the freezing point of the solvent but 
later as it begins to solidify,.it rises rapidly owing to the latent heat 
set free, and finally remains steady at the true freezing point. 

The freezing point of the solvent having been accurately deter
mined, the solvent is remelted by removing the' tube from the bath, 
and a weighed amount (0'1-02 gm.) of the solute is introduced 
through the side-tube. Now the freezing point of the solution is 
determined in the same way as that of the solvent alone. A further 
quantity of the solute may then bo added and another reading taken. 
Knowing the depression of the freezing point produoed, the mole
cular weight of the solute can be oalculated. 

Example 1. 0'512 gram of an uryan·ic 8ubstance when dissolved 
m 2.j grams of water lowe?'ed its freez£ng point by 0'19°0. Oalculate 
the "'iwlecular weight of substance. (ill olecular depression constant 
for wate?' is 18'5). 

Suhstituting the values in the expression 
lOOKw 

m 6.TW 

= 100x18'5xO'512 = '!lg..p 
0·19 x25 . 

Example 2. 1'35;; gms. of a substance dissolved in 55 gms. of 
acetic acid produced depression of 0'618°0 in the freezing point. Oal
culate the mole.wlar weight of the dissolved 8?tbstance. The' molecular 
depression of the freezing point of acetic acid (100 gms.) is 38'500. 

Deprersion of freezing point=0'6180 
Weight of solute =1·355 gms. 
Weight of solvent =55 gms. 
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Substituting the values in the expression 
100Kw 

fn= 6TW 
100 X 38'5 X 1·355 

U'618x55 153'5. 

EBULLIOSCOPIC METHOD OR BOILING POINT METHOD 

The molecular weight of a non-volatile organic compound can 
also be determined hy noting the elevation of boiling point produced 
hy dissolving a definite we.ight of it in a known weight of the solvent. 

100Kw 
1n= L':r\V 
In=Molecular weight of the dissolved compound, 
K=Molecular elevation constant, 
w = W ei ~ht of dissolved substance, 
W='~Ycjght of solvent, 
T=Elevation of boHing point. 

'fhc Molecular elevation ~onstant or the Boiling point 
constant i;; de tined as the elevation of the boiling point which would 
be produced by dissolving one gram-molecule of the solute in 100 
grams of the solvent. ItR value is generally given in ready-reference 
tables. 

VALUES OJ!' K :FOR SOl\IE SOLVENTS 
\Vator 5·2°C Benzene 26'7°C 
Ethyl alcohol 1l·t;°C Ether 21'0°C 
Acetone 16'7°C Acetic aCid 25·3°C 
Determination of Elevation of boiling point. The appara. 

tus now commonly used for the determination of the elevation of 
boiling point was designed 
by Landsberger. It con· 
sists of: (i) a boiling ftaslc 
which sends vapours of the 

E 

Fig. 4·~. Determination of elovatlon of 
bOilin-g point by Landsberger's method. 

solvent into the inner 
tube; (ii) an inner boiling 
tube which has a bulb with 
a hole in the side, and is 
graduated in mls. It is 
fitted with a thermometer 
reading up to ·01 DC and a 
glass tube having a rose
head at the lower end. 
The rose-head ensures uni
form distribution of the 
vapours through the sol
vent. The bulb reflects 
back a.ny particles of the 
solvent which happen to 
fly a:bout when the boiling 
becomes brisk ; (ili) an 
outer covering tube which 
receives hot vapours from 
the inner tube through 
the hole H. Thi" forms a 
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protecting jac~et round the boiling-tube and prevf>nts the loss of 
heat due to radiation. 

In an actual determination 5'7 mls. of solvent are plaeen in 
the inner tube and the vapours of the solvent passed through it. At 
the start the solvent vapours condense and as more vapours are 

. passed the liquid begins to boil. As soon as the temperature h~s 
become steady, the temperature is read on the thermomete~ fhls 
is the boiling point of the pure solvent. Now the supply of solvent 
vapours is cut off for a while and a weighed quantity (0'2-0'5 
gram) of the substance whose molecular weight is to be determined 
is dropped into the solvent in the noiling tube. The boiling point of 
the solution is then determined as before. Immediately after read
ing the temperature, the thermometer and the rose-head are care
fully raised out of the solution and the volume of the solution noted. 
The weight of the solvent can be found by multiplying its volume 
with density. 

Example 1. 
normal pressure. 
grams of acetone 
of the compound 
16·7~. 

The boiling point of pure acetone is 56'38°0 at 
A solution of 0·717 gram of a compound in 10 
boiled at 56'88°0. What is the molecular weitjht 

The molecular elevation constant for acetone is 

Elevation in boiling point=56·88-56·38 

I 
=0'50°. 

Substituting the given values in the expression 
100Kw 

m=-""=,==-
61'W 
100 X 16'7 X 0·717 

m= O'50x10 we have 

=239'4 

Example 2. A solution made by dissolving 1·5126 gms. of a 
substance in 21·01 gms. of benzene has a boiling point 1·05°0 higher 
than the boiling point of pure benzene. Find the molecular weight of 
thp substance. 

1I10lecular ele?,ation of boiling point of 100 gms. benzene is 25·70. 
Elevation of boiling point=1'05°C . 
Substituting the given values in the expressioll 

100Kw 
6TW 
100x25'7X 1·5126 

1·U5x21·01 
=176·2. 

II. CHEMICAL METHQDS 

SILVER SALT METHOD FOR ACIDS 

. This method of dctermillin~ molecular weights of organic acids 
IS ba.sed on the fact t,hat they fo~m insoluble silver salts which upon 
heatmg decompose. tn ]f'!l,YC a reSIdue of metallic silver. 

Procedure. A small quantity of the unknown acid is dissolv
ed in water and treated witl, II. Hlight excess of ammonium hydroxide. 
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The excess of ammonia is then boiled off, To this is added sufficient 
quantity of silver nitrate, -when a white precipitate of silver salt is 
obtained. The precipitate is separated by filtration, washed succes
sively with water, alcohol and ether and dried in the steam oven. 
About 0'2 gm. of the dry silver salt is weighed into a ctuciblt. and 
ignited until all decompositiou is complete. Ignition is repeated 
till the crucible witli the residue of silver has attained constant 
weight. The molecular weight of the acid i!' then calculated from 
the weight of the, silver salt taken and the weight of.the residue of 
metallic silver obtained from it. 

Calc.ulations, Let the weight of the silver salt taken' be x gma. and the 
weight of tho residue.of metallic silv~r be a gIns. 

The weight of silver salt that would leave lOS gma. (equivalent weight of 

the silver) of residue=-=- x HYS and this is the equivalent weight of the silver 
a 

salt of the ac-id. 

But Eq. Wt. of acid=Eq. Wt. of the silver salt - Eq. Wt. ofsilv.er 
+Eq. Wt. of Hydrogen 

= -=-xIOS-IOS+1 
a 

= -=- X IOS-107 a 
Molecular weight of the acid 

=Eq. Wt.xBo.slcity 

= ( : X 10S-107 )xn. 
Example 3. 0·759 gm. of the silver salt of a dibasic Grganic 

acid was ignited, when a residue of 0'463 'jm. of metallic silver wos 
left. Calculate the molecular weight of tlte acid. 

Weight of silver salt taken =0·759 grn. 
Weight of silver left as residue =0'463 gm . 
. '. The weight of silver salt that would leave lOS gms. of silver 

~ Xl0S=177·0.j 
0'-163 

and this is t,he equivalent weight of silver salt. 
Now, the equivalent weight of the acid: 

=177'05-10s+ 1=70·05 

.'. Molecular weight of the acid 
=70·05 X 2 (basicity) 
=140'1. 

ExitDlple 4. When heated cauttously in a crucible, 0·3652 gram 
of silver benzoate gave 0·1720 gram silver. Find the molecular weight 
of benzoic actd. 

The weight of silver benzoate that would leave lOS gms. of silver 

. = 0'3652 X lOS 
(}·1720 

=229·2 gms . 

. ' Equh'alcnt weight of benzoic acid 
=229'2 -10S+ I,.. 122·2 
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Since benzoic acid is a monobasic acid, its mo1e<;lu1ar weight 
=-= 1 :!2·2 X 1= 122·2 

PLATlNICHLORIDE METHOD FOR BASES 

Most orgl1nic bases (amines) combine with hydrochloro.platinic 
acid, FzPtCla, to form insoluhle salt.s known ail platinichlorides. 
These double mIt:! m3.Y be represented by the general formula 
:B II PtCIs, "here B stp,nds for one equivalent of the base. Platini. 
chlo:idefl on ignitio.n decomposes to leave a residue of platinum. 

B zH 2PtCla--+Pt 

Knowing t.he weights of the platinichloride taken and the platinum 
left behind, the molecular ~veight of the base can be calculated. 

Let x gm:;;. be the weight of the platinichlorid~ t.1 ken and 
a gillS. of the platinum resi~ue after ignition. 

(1) Since one molecule of the platinichloride of the base, 
B

2
H2PtOls, contains one atom of platinum (atomic weight = 195), 

195 gillS. of platinum will be left by 1 gm. molecular weight of the 
platinichloride. 

But a gms. of plat.illllm is left by x gms. plat,inichloride 

195 gms. 
" " 

~; 

" - X 195 gms. " 
a· 

Hence .Mol. Wt. of platinichloride 

x 9 =-xI5 
a· 

(2) The equivalent weight of the pase, B 

B2H2PtCls'-H2PtOIs 
2 

l\oLWt. of platinichloride-410 
2 

~ X 195-410 
a 

2 
(3) If the acidity of .the .base is n, the Mol. Wt. of the base 

=( .: 'X 195-410 ) .~ . 

. Example 5. 0'6387 grn. of the platinichloride of a rnonuacid 
base on ignition gave 0·209· gm. of platinum. Find the molecular 
weight of the base. (Pt=195). 

(i) 0·209 gm. platinum is left by 0'6387 gm. of p1atinich1oride 

0'6387 
.'. 195 gmS. .. U'2011 X 19.5 gms. " 

Hence Mol. Wt. of the platinichlotide= 0~~~~7 X 195=596'0 
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(i\ Eq. Wt. of 
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b Mt. Wt. of platinichloride-410 
ase= 2 

596-410 93.0 
2 

(ii) Mol. Wt. of base=Eq. Wt.xAcidity 
=93'Oxl=93'0 

Example 6. 0·98 gm. of tne platinichloride of a diacid base 
left on ignition 0'3585 gm. of platinum. Find Ihe 'molecular weight 
of the base. 

li\ 0·3585 gm. Pt is left by 0·98 gm. platinichloride 
0·98 

195 gms. " 0,:1585 X 195 gms. " 

M. Wt. of platinichloride=0~~::5 X 195=533 

(ii) Eq. Wt. of base _ M.· Wt. of platinichloride-410 
2 

533-410 123 
2, 2' 

(iii) 1\-1. Wt. of base=Eq. Wt. x Acidity 
=123/2 X 2=123, 

VOLUMETRIC METHOD FOR ACIDS AND BASES 

The molecular weight of an acid can be delierll).ined by dissolv
ing a known weight of it (x grns.) in water and titrating the solution 
again!"t standard alkali solution (say N/10) using phenolphthalein as 
indicator. 

Suppose V mls. of NJIO alkali neutrlJ,lise x gms. acid 

1000 mls ... IN ,,~ X 1000 X 10 gms. acid 

Since acids and. bases neutralise each other in equivalent proportions, 
and lOOO mls. of 1 N alkali contain one g'ram equivalent of it. 

the Eq. Wt. of acid= ~ X 1000 X to 

and Mol. Wt. of acid=Eq. Wt. X Basicity. 

The molecular weight of a base mA.yalso be determined exactly as 
above by titra.ting a known weight of it against a standard acid and applying 
the- relationship: 

.Mol. Wt.=Eq. W~. X Acidity 

Example 7 0·183 gm. of an arom'ltic rnonoba,~{c acid "cquired 
15 rnls. of N/I0 8odiumhyilroxide solution for exact nentralisation. 
Calculate the molecular wcight of the acid. 

15 mls. NIIO NaOR solution ::0·183 gm. acid 

1000 mls. 1 N NaOH solution =0'183 X 1~~~ X 10 gm~. acid. 

But 1000 mls. of 1 N sodium hydroxide contain 1 gIn. equivalent of it and 
will neutra.lise 1 gm. equivalent weight of acid. 

1000 
.'. Eo. Wt. of acid =0,183 X 15 X 10 

=122. 
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Mol. Wt. of solid =Eq. Wt. X Basicity 
=122x1=122. 
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Example 8. 0,25 grn. oj.a dibasic oryanic acid were dissolved 
, 'n toater and the volume made to 100 rnls. 10 mls. of this solution re
~uired 12'3 mls. oj N/30 sodium hydroxide 80lutionjor com'J)lex neu 
tralisation. Find the molecular weight of the acid. 

12·3 mls. N/30 NaOH solution == 10 mls. of acid 
123 mls. N{30 NaOR solution == 100 mls. of acid 

== 0·26 gill. acid 

100<Tmls. 1 N NaOH solution 

.'. Eq. Wt. of acid 

Mol. Wt. of acid 

0·')5 
== 1;3 X 1000x30 gms. 

0·25 
= 123 X 1000x30=61·0 

=Eq. Wt xBasicity 
=60·96 X 2 X 121·92 • . 

Example 9. 0'.20 gm. of a diacid base required 25 mls. of N/8 
Hot for exact neutralisation. What is the molecular weight of the base ~ 

25 mls. of N /8 HCl 

1000 mls. of N HC) 

But 1000 mls. of N HCI contain 
trillisb 1 gm. equivalent of the base. 

.'. Eq. Wt. of base 

Mol. Wt. of base 

== 0·20 jVIl. of the base 
0·20 

== 25 X 1000 X 8 gms. of base 

1 gm. equivalent of acid and will neu-

0·20 1000 S ra-X X 

=64 
= Eq. Wt. X Acidity 
=64x2=128. 

Q.UESTIONS 

1. On ana.lysis an organic compound was found to contain C=43·98~;). 
CI=37·18%. H=2·09%. Calculate the empirical formula. Given that the 
compound is a monobasic acid, write the molccl1lar formula. 

2. The organic liquids each .containing 5!'5 per cent carbon and 9'0 
'per cent hydrogen and having vapour density 44 gives different results on hy
drolysis. One of them yields met~yl alcohol ann the other ethyl alcohol; wbile 
the'saline residue ill the former case on acidification yields propionic acid and in 
the latter acetic acid. Establish the identity of the two. 

3, An organic substllnce A gave the following ana Iv sis : 0'123 gm. gave 
0'204 gm. of carbon dioxide and 0'04ii gm. of water. 

0'1845 gm. of it gave 16'S c.c. of nitrogen at N.T.P. 
When it was treated with tin and hydrochloric acid it gave a substance 

B containing 77·41 % carbon, 7·63% hydrogen and 15'05% nitrogen. 
The substance B when diazotised ll,nd heated in presence of wat.er gave a 

compound C which OIl distillation with zinc dust gave benzene. 
Assign structural formulae to A, Band C. 

4. An organic compound contains 81'55 per cent carbon, 4'8 per cent 
hydrogen and 13'6 per cent nitrogen and has the vaponr density 51·5. It,eyolves 

, ammonia when heated with caustic pot.ash and on r<>duction with sodium and 
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alcohol forns a base which reacts with nitrous acid giving off nitrogen nnd 
yielding alcohol. The alcohol can be oxidised to benzoic acid. What is the 
original sub5t.ance and how is it prepared? Explain the above ohanges. 

5. An aromatic dibasic acid gave the following results on analysis: -

(i) 0·219 gm. of the dibasic acid gave on oombustion 0·528 goo. carbon 
dioxide and 0'081 gm. water. 

(ii) 1'9 gms. of the silver salt of the dibasio acid gave 1·08 gms. of silver 
on ignition. 

(iii) On nitration, the acid gave only one mono-nitro derivative. Assign 
struotural formulu to the acid and desoribe one method of preparing it. 

(H=l ; C=12; 0=16; Ag=108). 
6. An organic compound X gave the following results on analysis: 

C, 16·27%; H. 0'68%; 0, 10·83% and CJ, 72·20%. It reduced Fehling's solu
tion and the vapour density was found to be n·s. On heating with alkali it 
gave a pleasant smelling liquid Y. 

X o~uld also be prepared by the action of ohlorine on ethyl alcoh(ll. 
What is the nature of the oompound X and what is tile liquid Y ? 
7. An org'anio oompound (A) has the molecular formula C7H sN04• Tin 

and HOI reduce it to a compound (B) having the formula C7H 7N02• The com
pound (B) on boiling with NaN02 and HCI gives a compound (C) with mole
cular formula C7H GOs. The oompound (C) gives the following !'"I"I!l.otions : 

(a). It is acidic and evolves CO~ with. NaHCOa.. (b). Ferric chloride gives 
a deep VIOlet colour. (c) On heatmg With soda lIme, It loses CO2 and gives 
phenol. 

Assign structures to A, E and C, and explain all the reaotions. 
(Aura B.Sc. II, 1967) 

8. An organic compound (A) contai.ning 76'6% C and 6'38°~ H, gave a 
mixture of two isomers IE) and (C) ; when an alkaline solution of (A) was re
fluxed with chloroform at 60°C. B, being sleam volatile, was separated by 
steam distillation. B, on oxidation gave an acid (0) containing 60·87 % C and 
4'34% H. The (D) acid was also obtained by heating sodium salt of (A) with 
CO2 ' at 120-140"C under pressure. AS2ign structures to A, B, C and D and 
explain the reaction involved. (Banaras B.Sc. II,19G7) 

9. An organic compollnd (A), containing 40% of C, 6'67~{J of hydrogen 
and vapour density ]5, restored the cololl1' of Schiff's reagent. Un treatment 
with caustic potash, it gave an alcohol (B) that could be obtained by the reduc
tion of (A) and an acid (C) which could be obtained by the oxidation of (A). 
What was the compound (A)? Explain these reactions. 

(Gorakhpur BJjc., 1967) 

10. A neut~1l.1 organic compounrl: (X) contains C=6"':30o, H=3·4% 
and N =!.l.fl(l~. On heating with sodalime, it evolved ammonia but does riot 
undergo uia~ot~sation or r~act _ with acetyl chl.orid~. On r~acti~n with sodiu!ll 
hypobromite It gave an acld (1:) C7H 70 2N which dissolves m aCIds as weHas 10 
alkalies. What are compounds (X) and (Y) and explain the reactions involved? 
Give one method f'lr the preparntion of the compound (X). 

(Allahabad H.Sc. II, 1967) 

11. An organio compound containing 58'53~u' carbon, 4'065°~ hydrogen 
and 11'39% nitrogen, gave on reduction a product which on subsequent Ilcety
lation formed acetamide. Assign the structural formule. to the compound and 
explain the reactions imolved. (Aura B.Se. III, 19(7) 

12. (i) 0·2!.l05 goo. of a solid organic a_cid on combustion gave ()'6160 gm. 
of CO and 0·0!.l45 .gm. of H 20. (ii) On heating with sodulime, its sodium snit 
gave ~en.zene. (iii) It forms two series of salts and two series of esters und (~v) 
It furnishes an anhydride on simple heating.. From th~ abo\'e fucts about the 
acid. find out its structural formula and ex pi am the reactIOns. ' 

(Agra B.Sc. III, 19(7) 
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13. An aromatic organic compound containing 58':'3% of carbon, 4'07% 
ofbydrogen. 11'39% of nitrogen and 26'01% of oxygen was found to have 0. 

ciolecular weight 123. On reduction it gave 0. mono acid organic base. What 
lWruotural formula would you assign to it ? (Indore B.Sc. III, 1967) 

14. An organic compound A on analysis WlV! fonnd to contain 0= 
)8-271%, H-=O'077% and 01=72'203%. It reduced Fehling's solution and on 
oildation gav? ~ m~nocar.boxylic ~cid B having 0=14'079, .H=?'6~2 and C!= 
114'137. On dlstlllatlOn With sodahme, B gave a sweet smelling hqUid C contam
inlS9'12% chlorine and which can also be obtained by heating A with alkali
""at structural formulae would you assign to A, B and C ? Explain the above 
reaPtions. (Udnipur B.Sc., 1968) 

15. An aromatic substance A contnins 77·8% carbon ond 7'4 % hydrogen 
ad forms an ester 'B' with acetyl chloride. 'A' on treatment with phoqphoTUn 
JMD.te.chloride gives 0. product '0' contnining 28'0% chlorine. On oxidation 
\fttb nitric acid 'A' gives a monocarboxylic acid 'D'. Explain the above reactions 

.arld suggest suitable structures for A, B, C and D. (Osmania B.Sc., ]900) 

16. A compound, C6H 120 (A), reacted with hyclroxylamine hut not 
..,jtJl Fehling's solution. On cat.alytic .hydro~enlltion A gave C6H 140 (B). The 
_pound B when passed oyer hot alumma, ylOlded COH12 (C). The compound 
o !Ill ozonolysis furnished two compounds. One of which gavl' a negative 
Totten's test and a posit,ive Iodoform test. The other gave a pooitive Tollen'l" 
teD nnd a negative Iodoform reaction. Suggest structures for the compounds 
A.; lJ and O. (Jadavpur B.Sc .• 1968) 

17. A compound 011 analysis, is found to POSSElSS the following per
o~lIge composition : 

0=66·4, H=5·53 and 01=28'00 

When the compound is oxidiscd with potassium permllnganate an acid is 
obtained which contain~ 68·8% carboll and 4'9% hydrogen. In another experi
tnent. when the compound is treated with sodium hydroxide a new compound is 
produced which contains 77·8% carbon !lnd 7'4% hydrogen. 

Explain these reactions and determine the structural formula of tho 
cOJn,pound. (Ujjain B,Sc., 1908) 

18. 0·106 gm. of an aromatic hydrocarbon of mol. wt. 106 gave on 
OOIII,bnstion 0'352 gm. CO2 !lnd (1'090 gm. H 20. Calculate the molecular formula 
r.n4'1'lrite all the possible structures. Discuss how you would distinguish between 
them. ([(urukshet,a B.Sc., 1968) 

. 19. An organic compound containing 65·45 per cent of carbon, 9'09 per 
Cellt of hydrogen and the rest nitrogen was found to have vapour density 27·5. 
On boiling with dilute sulphuric acid it gave a monobasic organic acid which on 
dinillation with soda lime gave ethane. But on treatment with tin and hydro
chloric acid it gave a. monoacid base which gave propylulcohol with nitrous 
acid. Wh!lt is the formula of the compound? Explain these reactiolls. 

20. How is chlorine in un organic compound detected and estimated? 
Two differont VOlatile substances gave the following identical rcsults on 

anaJysis 0=52·2%, H=13'0% and the rest is oxygen. The vnpour dcnsity of 
both tho compounds WlJ,S the saIne and found to be 23. Assign tho structurnl 
formulae to the two sublltu.nces and describe the action of boilmg HI on each 
orthem. (Bangalore B.Sc., 1909) 

21. How is nitrogen detected in an organic compound? 2'0 gm. of an 
organic compound con~aining C, Hand 0 gave on combustion 2·93 gm. of 
001 and 1'2 gm. of wa.ter? Its molecular weight is 180. What is its molecular 
fo.rrnula '? (Bangalore B.Sc., 1969) 
_ 2~. A hydrocarl,>on (A) 'of formula ClsHu takes up roadily one molo of 

hydrogen or one mOlo ofBromino. Oxidation converts it intg benzoic a~id !lnd 
olller !lpid (B) of molecllltw formula CsH s02 More vigorous OXidation of 

_ hydrocarhon (A) gives benzoio acid and phtlll.lic acid. What is the stru<.'ture 
<>!bytlrocilrLon (A) and the acid (B) ? Write their names. (l.:d(lipur B.Sc., ']909) 
-_ J.' 2:1. Tho org,lIlio compound;; A and B contain C=JO% an·l hydrogen= 
_~%. The n.pour density of {\ was l;j and tha.t of B was 30. A reduced 



.. -
66 TEXT-BOOK OF ORGANIC CHEMISTRY 

Fehling's solution but did not react with sodium carboIl;ate, wl;ile B did not 
reduce Fehling solution but produced effervescence wIth sodium C¥bonate. 
Deduce the structural formulae of A and B and explain the above reactions. 

(Udaipur B.Se., 1969) 
24. An organic compound gave the following results on IlJlalysis. 

0·2115 gm. on combustion gave 0'4655 gm. CO2 and 0'2533 gm. watcr. The 
v.npour density ·of the substance was 29·7. When treated with potassium 
dichromate and dilute H 2S04 it produced a substance which gave the Iodoform 
test. What was the original compound. (Panjab B.Se., 1969) 

25. A dibasic organic acid (A) contains C=41'38% and H=3·45%. It 
reacts with hromine and gives a bromoacid (B) containing· Bromine=57·90/0. 
Suggest structural formulae for the acids (A) and (B). (Kurukshetra B.Se., 1969) 

.26. A primary alcohol with a vapour density 29 contained C=62·f%, 
H=10·3% and reacted with bromine to give a derivative which contained 
carbon=16'5, H=2·7and Br=73·4%. Determine the structural formula of the 
compound and its derivative. (111eerut B.Se., 1969) 

ANSWERS 

1. 2. CzH"COOCH3 , methyl propionate: 
CH3COOC2H s• ethyl acetate. 

B=CaH"NH2, C=CGHSOH. 
/COOH 

5. CGH,,, Phthalie nei,l 
COOH 

/CH3 
(C) CGH 4" meta; 

.CI 

9. HOOCHC~~CHCOOH; 
A=maleie acid and 
B=fumaric acid. 

10. CaH.(CtIa).COOH ortho-tolnie acid. 
11. (A) HCRO ; (B) CHaCOOH4• 12. C2H.COOH. 
13. (A) CCI3CHO ; (B) CClaGOOH; CClaH. 
14. C:1H 5COONH4• 15. C3H GO. 
16. A=CSHG; B=C7H GOZ ; C=CSH 6CI2 
17. CHaCH2CONH2 • 18. CSH4CI2• 

19. C6H4.(CHa)z. 20. ezH,t.f)!2' 
21. ClIaCONHz. 
22. (A) CGH,(COOH)z Phth(\li~ o.cid ; 

(B) COH4(CO)20 PhthllJic anhydride; 
(C) CeH4{C0)2NH Phtho.limide ; 
(D) CeH 4(NHz)COONa sod. o-aminobenzoate. 

23. 93'07; aniline. 
24. CHaCH2NH2• 

7. (A) C6H 4(N02)COOH; (B) CaH 4 (NH2)eOOn; 
(e) e 6H 4(OH)eoo H. 

8 (A) Cr,HsOH; (B) C6 H4{OH) CHO, ol'tho; 
(e) CeH.1(OH)CHO, para (D) CGH4(OH)COOH, ortho; 

9 (A) ROHO; (B) CH30H; (e) HCOOH. 

10. (x) O-CO)NH; (V) o~ -COOH 
-co _#-NH2 
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11. CsRsNOz and CsR sNH2• 

12. CSR 60 Z' - 13. CSH 5N02• 

i4. A=CClaCRO, B=CClaCOOH and 

° II 
15. A=C6H sC'EIzOH, B=C6R sCH20.C.CH3 , 

D=C6H sCOOR 

° CHa, II 
16. A= /CH- C-CzHs• 

CBa 

and 

° n .. 
23. A :-H-C-H 
24. CzHsOCHa. 

CHCOOH 
25. A:- II 

CHCOOH 

(J 
Ii 

B :-CHa-C-OH. 

CHBr.COOH 
B:- I 

CHBr.COOR 
CHzBl'.CHBr.CH20H. 
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Structure of 
Organic Molecules. 
Classical Concept 

ATOMIC STRUCTURE AND VALENCY 

Jo~eph A. Le Bel 

The views on the atomic structure which are accepted today 
have developed from the classical Rutherford Bohr Theory. Accord
ing to this theory, the atom is made of a ~entral positively charged 
nucleus containing positively charged particles called protons, and 
neutral particles called neutrons, both having unit mass. The 
nucleus is surrounded by negatively charged particles called elect
rons which carry one unit negative charge and negligible weight. 
The number of potons and electrons in an a tom being equal, it is 
electrically neutral. 

The extra nuclear electrons are said to revolve round the 
nucleus in fixed orbits or 'energy levels'. While the electron moves 
in such a level, it possesses a definite quantity of energy and it 
neither emits nor absorbs energy. The electrons are arranged in the 
outer orbits so that the maximum number of electrons III the 
various orbits starting from the first one il> 2, 8, 18, 32, 18, 8. The 
outermost orbit of electrons in different atoms (except those of inert 
gases) is incomplete and t,he electrons in it are known as valency 
electrons. 

68 
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aoW ATOMS JOIN TO 1:0RM MOLECULES? 

The classical concept of formation of molecules, proposed by 
Lewis and Kossel, is based upon the eleutronic structure of atoms. 
The atoms of inert gases have either two (helium) or eight electrons 
in the o~termost orbit. These gU$es do not todter into chemical 

. colllbinatlOll and, therefore, they are assumed to nave complete or 
stable orbits. The atoms of all other elements ha.ve incomplete last 
orbits and tend to complete them by chemical combination with 
other atomf>: G.N. Lewis ~roposed that it is the u_rge of atoms. to 
complete thetr outerm08t orbtts of electrons as in the mert gases, whtch 
is responsible for chemical combiwttion. In other words, chemical 
union between two tLtom" results from the redistribution of electrons 
between them so tha,t both the atoms <}ompiete their last orbits or 
acquire st~ble configuration possessed by the inert gases. The 
chemical lmkages are of three types: 

(i) Elect1'omlent Linkage; 
(ii) Covalent Linkage, and 

(iii) Co.onZinaie Linkage. 

Electrovalent Linkage. The type of linkage unites two 
s>wms nne of whioh has exoess eleotrons than the stable number 
(2 or 8), and the other is short of electrons. ThU&: 

A.+ o;g~A[?;gJ-
00 00 

Here, the atom A transfers its excess electron to B, and thus both 
oomplete their last orbit of electrons. The atOlJ-lS A and B become 
positive and negative respectively, and are thus bound by electro. 
static lines of force. This type of linkage occurS commonly in inor· 
ganic compounds. ' 

Electrovalent compounds are non· volatile, soiuble in water 
[l,nd possess high melting points. Their aqueous solutiol1s conduct 
electric current . 

. Covalent Linkage. This type of linkage binds two atoms, 
both-of whieh are short of electrons. The two a.toms contribute one 
electron Pitch and then shan, the resulting pair of eleotrons. 

00 00 

or A-B 
00 00 

This linkage, signified by a single line, is termed Covalent Linkage 
(Co.joint). It is commonly found in organic compounds. 

Covalent compounds are volatile, generally insoluble in water 
but fioluble in organic solvents, and possess low melting and boiling 
points. Their solutions do not conduct electric current. 

Co. ordinate Linkage. A co.ordinate linkage connects two 
atoms, one of which has a spare pair of electrons and the other is 
short of a pair of electrons. The first atom (dot or atom) contributes 
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its pair (lone pair) of electrons and the second atom (acceptor atom) 
accepts. 

:A8 
xx .. x + B ~ ..:,_._ : A g BX~ A __ B 
xx xx 

After the formation of the linkage, the lone pair of electrons is held 
in common and fills the last orbit of A as well as B. The linka~e is 
represented by an arrow, pointing away from the donor atom. 

Co-ordinate compounds resemble covalent compounds in res
pect of their physical properties. 

VALENCY OF CARBON ATOM 

The atomic number of carbon is 6 and its atomic weight 12. 
Its electronic structure can be represented as shown in Fig. 5'1. It 

C,'\ has four electrons in the last orbit and tends 
/~"'C/'"-..... to gain four more electrons by forming four 

,'... "", covalent bonds with other H atoms. Thus, 
" " .... ,,, the structuraJ formula of the simplest hydro. $ 0' • '~$ carbon methane (CH4) can be written as : 

," / I H H 
, " ~ I \ ..... __ " I , , , ,-

' ..... -0"" 
Fig. 5'1. Atomic·struc

ture of carbon. 

o ox 
o C 0 + 4H ~ H>ci C ~ H or 

oX 
1I 

I 
H-C-H 

xi 

Silnilarly in all organic m.olecules carbon atom. is tetra
covalent. 

According to Le Bel and van't Hoff, the fOlJr valencies of the 
carbon atom are not lying in one plane but instead these are sym-

A regular tetrabedron 
with 4 similar falles 

f , 
I ' 

I I ' '\ 
I I '\ 

'~ 
I I ~'" 

'\ 

---:.~ 

... ---
Space model of 

carbon atom 

Fig. 5·2. 

The normal direction 
of valencies 

metrically distributed in space so that the angle contained between 
any two valency bonds is 109° 28'. 

It will be instructive for the student to constrnct mo·del of a tetruhedron 
from a sheet of paper as follows : 
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Cut out the paper along the solid lioes around the edges. Then fold the 
other solid lines over a foot-rule, and glue the faces of the t·etrahedron together 
with the aid of the three glue flaps. If the centre of this tetrahedron is taken 
to represent a carbon atom, the vertices will show the direction of the fOUT 
valencies. 

\ 
\ 

\ 

--POLDTiiifiERAN7Fc[ui--r---~ 
Fig. !i·3. How to make a paper tetrahedron. 

SINGLE CARBON-TO-CARBON BOND 

A carbon atom has the wonderful instinct of uniting with other 
carbon atoms through covalent bonds. This serves to construct the 
carbon structure of organic molecules. Thus the molecules of hy
drocarbons, ethane and propane contain two and three carbon atoms 
rcspE'ctively linked by covalent bonds. 

, H H RHR 
I I 

H-C-C-H 

I UT 
E~Ulbe 

I I I 
H-C-U-C-H 

I I I 
H H H 

Propane 
Single carbon-to·carbon bond is usually strong and is 

not easily brolien during cheDlical changes. 
DOUBLE BOND OR ETHYLENIC LINKAGE 

In certain compounds, two of the valencies of a carbon atom 
may be satisfied by union with the two valencies ·of another carbon 
atom. Thus in ethylene molecule the two carbon atoms are linked 
by two covalent bmlds. 

H II 
"'- )' 

C=C 
/ "'-

H H 
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Such a union fnvolving two covalent bonds between the adjacent 
carbon atoms is spoken of as Double Bond or Ethylenic Linkage, 
since it occurs in ethylene molecule. The two valency bonds of each 
of the csrbo-. atoms whill' thl'Y join to form a double bond have been 
mue.h distortC'd from their normal -direction and are e.on:,;equently 
under strain. Therefore, a double bond is weak and is easily 
ruptured by oxidation, or is reduced to a stable single bond during 
chemical reaction. 
TRIPLE BOND OR ACETYLENIC LINKAGE 

Sometimes, two adjacent carbon atoms are linked together by 
threc covalent bonds. Thus, acetylene molecule is represcnted as 

H-CEC-H 

Such a linkage involving triple union between adjacent carbon atoms 
is called a Triple Bond or Acetylenic Linkage as it occurs in acety
lene molecule. 

Like It double bond, a triple bond also signifies a great strain 
in the molecule. In fact, a triple bond is weaker than even the double ' 
bond. It is readily ruptured by oxidation, or reduced to a double 
bond and then to a single bond during chemical reaotions. 
RING STRUCTURES 

We have given above some examples of substances where the 
molecules consist of carbon atoms joined together in chains that 
are free at both ends Thero are also numerous compounds known 
where carbon atoms join to form closed rings. These arc termed 
Ring Compounds or Cyclic Compounds. Th'ls 'we have: . 

Hz H 
C C 

/, "" HaO CHI HO OR 
I I I II 

HaC OHa HO OH 
,/ 'J 

C 0 
Hz H 

Oyclohexane Benzene 
STRUCTURAL FORMULA 

We have seen that a molecular formula states the number and 
kind of -atoms in the moleGule. Thus ethyi alcohol has molecula,r 
formula C2HoO which implies that a molecule of the compound is 
macte of two carbon atoms, six hydrogen atoms and one o~ygen 
auJm. A molecular formula remains silent as to how the'3e atoms of 
various elements are joined in the molecule. 

A formula showing a complete picture as to how the va,.iou8 
atoms are linked to each olhe,. in the molewle, is known as a Struc
tural formula. 

For example ethyl alcohol having molelJular formula CzHuO 
has structural formula 

H H 
I I 

H-C-C-OH 
~ I 

H H 
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Thus a structural formula shows cleady as to which atom is bond j 

d to which atom in the moleoule. It may be recalled here .that :he valenoy bonds of carbon atoms are distribute~ aym~etrically in 
spaoe. Therefore, a structural formula written m the plane of the 
paper is not an exact pic;ture of the molecular struoture. 

A model of the moleoule is often useful to facilitate our think
lng a,bout the structure of a molecule. One simple kind of a model 
to represent structure of a moleoule consists ' 
of coloured balls and sticks or pegs of metal 
wire. This is called ball-and-stick model 
or ball-and-peg model. The following 
Illodelof methane (CH,) shows tl.at it has It 
three dimensional structufe. 

The m~del shows the exact angle bet
ween the bonds. Henoe models are very 
helpful in telling us as to how the vario\ls 
.1toms of the molecule are arranged in space. 

It is true that the beginning student 
finds it useful to construot models of organic 
compounds. In this way he can visualise - Fig. 5·4, Model of 
their shapes better. But it is inconvenient methane. 
to draw a three dimensional sketch 
each time. Since we must write on a flat surface for convenience, we 
should always keep in mind that the actual molecule is really three
dimensional and that the formula we have written is simply a pro. 
jection of the former. This is illustrated by the following models 
of methylene ohloride (CH,CI2). We should not forget despite the 
appearance of the projection formulae that the carbon .bond angles 
are not noo and the molecules are not flat. Or, that the formulae 
rea.lly do not represent the models. 

Fig. 5'5. Projections of CH2Cl2 molecular models give 
formulae on the plane paper. 

We have discussed above the ball-and. stick mOdels of organio 
substanoos. These models oonsigt of ooloured wQoden balls of the 
same size conne.oted by stioks or pegs While they give an adequate 
method of indicating whioh atoms are bonded to whioh atoms 
~nd also give an idea of bond angles, the size of individual atoms is 
Ignored. This defect has been overoome in the Stuart mOdels. 



'rEXT-llOOK 0],' ORGANIC CHE)IlSTRY 

In these 'models the btlJl reprel:!cnting the various atoms are made of 
a size proportional to the effective atomic radii. The model is un
doubtedly more compact but there is a certain loss of visual clarity 
with the bOI).d angles. 

Fig. 5·6. Stuart and ball-and-stick models of ethyl alcohol 
and chloroetbane. 

In the space-filling or Stuart models, the spheres representing 
;d,Oll1S ill the molecule are designed so as to indicate sharing of elect
ron clouds. 

Writing structural forIDulae. We have seen that real 
molecules are three dimensional as shown by the models. Usually 

the chemists write formulae in 
the plane of the paper and indio 
cate the angles between valen. 
cies of carbon atoms as right 
angles. This is only for con
venience, .otherwise valency 
bond,:" of carbon lie jn a zig-zag 

Fig. 5'7. Valency bonds of cr-rhon atoms way. Thus the structural for-
in pentance lie in a zig_zag way. mulae written on paper simply 

~dicate t.he order in which the various atoms are joined and d? not 
gIve any idea of their disposition in space. In other words, they 
only depict the structural representation of a molecwle and the 
valency bonds may be put in any d.irection. Thus ethyl chloride 
may be written as 

Hl;I 
I I 

H-C-C-Cl 
I I 
HH 

or 

H CI 
I I 

H-C-C-H 

l~ :k 
Condensed structural form.ulae. The detailed structural 

iormulae of the type given a.bove ·use a great d!ml of' space and are 
oftEln not necessary. For this reason chemists ·often write what we 
call 'condensed structural formulae'. These can be wt'it.t,en more 
rapidly andin less space; 

In a wndensed form'l.lla an atoms linked to a given carbolt atom 
are given aft~r the '0' and in the same line but their bonds are not 
shown. 
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Structural formula 
H'a 
I I 

H-C-C-H 
I 

HH 
H H 

H-6- .6.-H 
~k 

Conden8§_d formula 

Off3CRa 
Ethane 

CHaOH2Cl 
Ethyl chloride 

7ti 

It may be noted that atoms other than hydrogen aro writt.en after 
the hydrogen atom in the condensed structural formulae. 

Skeletal formulae. Sometime skeletal formulae are used for 
brevity or to make the differences in the carbon chains more appa
rent. A skeletal formula shows all atoms in a molecule except hydro. 
gen. Thus skeletal formula of ethane and propane would ~e 

c-o c-c-c 
It is assumed that itIl the 'remaining valencies of carbon atom arc 
filled by hydrogen atoms. The skeletal formulae uf the two butanes 
may be written as 

c-c-c-c 
Xormal butane 

BOND LENGTHS 

C 
I 

C-C-C 
]sobutane 

When two atoms are linked by a covalent bona, the distance 
hetween the centre of the two atomic nuclei 1:,~ called the Bond 
Length. There are several methods available f9r the measurement 
of bond lengths (or bond distances) which include X-ray diffraction, 
electron diffraction and molecular spectroscopy but the description 
of these belongs to Physical Chemistry. The concept of bond lengths 
and their measurement is of considerable interest in 0 Organic 
Chemistry. The unit length here is an Angstrom (symbol A) '\'hieh 
is equal to 10- 8 em. . 

Bon-l lengths of certain pairs of atoms involved in organic 
molecules are given in the table below : 

BO:!\'Ll BOND LENGTH Bmw Bmw IjEKG'l'lL 

ul) 0 

A 

C--H (Alkanes) l·Oi C-Br (Bromol1lkano) 1'04 

X- H (Amines) 1-(10 C-I (Iodoalkano) 2'14 

O-fr (Alcohols) o !lG C=C (Alkenes) 1·3t; 

C -C (Alkanes) 1·54 C=-.O (Ketones) 1'2~ 

C--N (Amin~.,) l'4i , C=-_ C (Alkynes) 1·:10 

C-O (Alcohols) 1048 CaN (Nitriles) 1'16 

C_ ('I (Chloroallmnes) 1·76 C=C (Benzeno/ I·:W 
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BOND ENERGIES 

Th~ bond C-H, 01 a-ny otner chemitJaI bond is characterised 
by a bond energy which is the energy needed to break that bond in 
any compound in whiclt it exists. The value of bond energy can be 
calculated from the bond spectrum of the molecule concerned. 

For molecules containillg three Dr more atoms. i.e., two or more 
bonds, the heat of formation of the molecule from the atoms can be 
regarded as the sum of all the bond energies. Thus the heat of form
ation of the water molecule from hydrogen and oxygen atoms is 
twice the bond energy ot' 0- H bond. This can be easily calculated 
froTu the he~t of formation of steam (from moleeular hydrogen and 
oxygen) and the known ctiss6oiation energies of .the 0 3 and Ha mole. 
cule:> by application of Hess's law of Constant Heat Summation (sce 
a Text·book of Physical Ghp.mistry). 

The bond energies of C-H, C-C, C=C and C:=G bOAds 
can be calculated in a similar munner, using known heats of com
bustion of hydrocarbons and the heats of combustion of carbon and 
hydrogen. 

Example. Find the bon(l energy of lhe G - H bond from the 
following data : 

CH4 +'l02 ~ ~H20 (gus) + CO2 + 1111 Keals 

Sublimes • -
C ~ C (gap) - fIlo Keuls. 

(gruphite) 
2H2 __, 4+L - 207 Kcala. 

2H2() ...__,. 2B~ + O2 - 116 Koals. 
C.02 ~ C+02 - 94 Keals. 

(graphite) 

Solution. By Hess's law, thermochemical equations can be 
added and subtracted like algebraic equations. 

OR, ~ 4H + C (gas) - 395 K calories 
This naturally involves the breaking of four C-H bonds. 

The average value for the C-H hond energy is 99 Kilo· 
calories. 

A hst of bond energies of importallt bonus IS givPI1 below: 

BOND BOND ENERGY BOND .liD ENERGY 

(KCAL/lrULE) (KCAL/lIIOLEl 

C-H \18·; C-C 82·6 

C-CI 80'0 (JdJ Wi'S 

C-Br (i9'O CsC 199'6 

C-I :i5·0 C-O 85'{) 

C=O )7S'O 

O-H J 10'0 

-. 
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::Bond energies provide a very useful indication of the strengths 
f the various chemical bonds. The bond energies of carbon-to 

o rhon single, double and triple bonds show that the order of their co. . 
strength IS - > = > s. . 
SPECTROSCOPY OF ORGANIC COMPOUNDS 

The structural formulae of organic compounds were for long 
derived from a study of the chemical reactions of these compounds 
and then confirmed by their synthesis by proven steps fr~m known 
staiting materials. The last two decades have witnessed a virtual 
revolution in this fielf and now sufficient information regarding the 
chemical structure of an unknown compound can he obtained 
~irectly by purely physical methods. One such modern method is 
the examination of 'spectra' of organic compounds or spectroscopy. 
This is based on the faot that when light is mad~ to pass through 
a sample of a given organic substance, certain portions of it arc 
absorbed while others are transmitted. The wavelehgth (or f:equency 
of the portion absorbed depends on the chemical structure of the 
substance. Thus a study of it.s absorption spectrum can provide us 
valuable clues to its structure. 

How is absorption Spectrum caused by Radiant energy ? 
We know that light consists of electromagnetic waves which travel 
in a straight line (velocitY=3 X 1010 cm. in vacuum) a\\ay from the 
source, the direction of vibrations being perpendicular to the direc
tion of propaga.tion, While ordinary light is made of components 
I,laving wavelength range 7'5 X 10-5 cm. to 4X 10-5 cm., a monochro
matic source gives a single wavelength component. 

I.E---I em --~ 

Fig.5·B. 
A: Wav~length, A (em.). 
B: NumbE'r of waves pllssing per second=frequency, v (sec. -1) 
C: Number of waves per cm.=Wave Number, II). (cm.- 1). 

Quantum thfilory tells us that in addition to its wave nature, 
light also consists of discrete quanta ('packets' of energy) and that 
a particular wavelength is associated with a quantum of energy 
(ergs\. This is given by the following .simple relation 

he 
E=hv=-r 

where E = energy of light; A its wavelength or v i.ts frequency; c= 
yelority of li!(ht : and h. the Planck's constant. From the above 
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relation it is evident tha.t !j.horter the wavelength, greater the energ" 
For the study of absorption spectra we generally consider 

three kinds of light: 

(i) Visible, those' wavelengths (4 to 7'5x 10-5 cm.) which 
human eye can see unaided; 

(ii) Ultraviolet, having shorter wavelength (1 to 4x 10-5 em.) 
than the visible light; and 

(iii) Infmred, having longer wavelength (3 X 10- 2 to 7 X 10-5 

em.) than the visible light.. 

RADIATIIJN W A VELBNGTTI WAVE NUMBER ENERGY 
(cm) (cm- I ) (ergs) 

I. Infrated 3x10- 2 33 66 
to 7xlO- s to 1'4x 104- to-2'8xl0- 12 

2. Visil))" 
, 7·.') X 10- 5 I·Ox 104 2·7)< 10-12 

t04x10- s to 2'5x104 to 5x 10-12 
, 

a. Ultr:wiolet 4xl0- 5 2·5x 104 5 X 10-12 

to 10- 5 to 105 to ~'8XIO-12 

In addition to energy of electrons, a molecule has kinetic 
energy due to the rvtational and vibrational motions of the atoms 
in each chemical bond. For example, a non· linear molecule made 
ofthrce atoms A, Band C with bonds represented by springs could 
be vi"ualised to be executing vibrations as shown in Fig. 5'9. 

Stretching vibrations Bending vibrations 
Fig. 5·9. Vibratory motion in a molecule. 

The total energy E of the molecule (leaving aside the nuclear 
energy) may be taken as the sum of the three energy tenus: 

E = Eeloctrohic + Evibrational + Erotational 

When light radiations am made to pass through an organic 
:mbstance (or its solution), not only the electrons of the component 
atoms. aTe excited but the vibrational and rotational energies al'e 
also increased. 

According to Quantum theory, both vibrations :tnd rotations 
are qua.ntised and the kinetic energy due to these is a.lso increased 
by certain definite levels. Henco a.ny wavelengths (or frequencies) 
of light-that a particular molecule will absorb, will be determined by 
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,-he changes in the electronic, vibrational or rotational Elnergy le.vels 
~>ermissible for it~ atoms. The wavelengths or radiations. absorbed 
~re measured wIth the help of a 8pectrometer and are said to cons
Gitute a 8pectrum. The spectrum of a compound is generally 

resented in the form of a continuous graph indicating the absorption 
'~f light at all wavelengths (or frequencies) over a particular range. 
The shape of such a plot is highly characteristic of the compound's 
structure and provides an excellent diagnostic technique to ascertain 
the molecular structure of unknown substances. 

_ Ultraviolet and visible absorption spectra. It is one of 
vbe earliest pqysical methods of elucidating the structure of 

I._ Jfganic molecules. Absol1'~:"''' of visible and ultraviolet light 
produces changes in the energy of electrons, in atoms of the molecule 
from a stable to an unstable orbital. The significant feature of 
these spectra are the positions of maximum absorption, Am"", and 
the intensity of absorption at these ma.xima. 

In general, carbon compounds having"hn alternate single and 
multiple bonds are apt to absorption in this region of wavelength. 
A system having only a few *conjugated mUltiple bonds absorbs 
the radiation in this region less strongly than those possessing an 
extended series of conjugated multiple bonds. For example, 
butadiene (having two conjugated double bonds) gives "rna" as 
2·17xlO- 5 em while ~ carotene (having 11 conjugated double bonds) 
absorbs strongly at 4·5-x 10-5 cm. The following table bears out 
the statement that value of A",o" increases with increased conjugll.
tion. 

COMPOUND "rna",. xlO- 5 cm 

-
Ethylene (H2C=CH2 ) Hi5 

1 : 3 -Butadiene (H2C=CH-CH=CH2) 
1 : 3 : 5-Hexatriene 

2·17 

fH2Q.=CH-CH=CH-CH=CH2) 2·58 

Acetone (CRa .co. eRa) 1·88 . and 2·79 

Since structural environments also' intluence the value of 
Ama" in ultraviolet and visible spectra, the technique in general 
reveals fewer structu~al features than infrared spectra. However 
in many cases ultravlOlet spectrn. nre useful to confirm structural 
features derived by other means. 

*A conjugated system of.multiple bonds may be as 
-C=C-C=C-C=C-

£"-the ono which contains (here) a double bond and single bond alternately in 
lfIpe carbon chain. 
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Infrared spectra. Unlike the situation obtaining in visible 
and ultraviolet absorption spectra, all organic molecules absorb 
light in the infra-red region. In this region, rthe absorbed radiation 
brings about predominant changes in vibrational energy which 
depends upon (or is It function of) the masses of the atom.3, as also 
the strengths of bonds between atoms and their spatial arrange
ments in the molecule. Thus it stands to reason that no two 
compounds except optical enantiomers, can have similar Infrared 
(I.R.) absorption spectra. Just as fingerprints are taken as a 
characteristic of identity of every individual, the bands in LR. 
spectra are also characteristic of a compound. In other words, the 
'bands in the spectra of a molecule can be regarded as its ~molecu]ar 
fingerprints' leading to its recQgnition. 

j he 1.R. spectra of an organic compound helps in
(a) proving its identity by comparison; and 
(b) showing the presence of certain groups or atoms in its 

molecule. 
In order to clinch the proof of identity of an organic molecule, 

its 1.R. spectra are compared with 1.R. spectra of a previously 
reported compound of known structure. If the two are found 
resembling, we can conclude without least hesitation that the 
two compounds are identical. 

A particular functional group gives riEc to characteristic 
absorption bands in the infrared spectl'1!.. In other words a parti
<-ular group strongly absorbs light of certain wavelength no matter 
to which compound it belongs· to. From example a carbonyl group 
(>0=0) strongly absorbs the radiation in the region 6 X 10- 4 em. 
while.1 carbon hydrogen bond absorbs near 3'4x 10-4 cm. The 
maximum absorption bands in the accompanying plot of l.R. 
spectruOl of acetone Hhow absorptions at 5'9 X 10-4 cm. and 
3'45 X 10-4 cm. indicating the presence of a carbonyl group and 
carbon hydrogen bonns <)f the methyl group. 
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Fig. 5·10. Infrored spc(;trum of acetone. 
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Suffioient information can be derived from 1.R. spectra of 
olecules and their determination is ,now a routine operation in 

tIl tablisbing the structure of an unknown compound. This ingenious 
':cbnique of establishing the identity or analysis of organic com
pounds has the distinctive advantage that it can be carried out with 

verv small amonnt of the sample (1-2 mgms.) which too Qan be 
~eco';ered unchanged after the required measurements have been 
made. 

TABLE: Some Characteristic Infrared Absorption Frequencies 

BOND TYPE OF COMPOUND WAVELENGTH em-1 

-J-H Alkanes 28110 -2960 
I 

=~-H Alkenes 3010 -3100 

- sC-H Alkynes 3300 

-b-6- Alkanes 600 -1500 
I I 

'C=C / 
/ "-

Alkenes l620-1680 

-CsC- Alkynes 1l00-2260 

)0=0 Aldehydes 1720 -17'40 

, 
/0=0 Ketones 1705-1721l 

)0=0 Acids 1700 -171l0 

-OH Alcohols 3[,00- 3630 -
-NH2 Amines 3300-3500 

QUESTIONS 

1. How do you explain the urge of the atoms for chemical union? 
Name the three typos pf linkages and give examples to illustrate t.heir mode of 
formation hAt ween atoms. 

2. Write the structure of (,Etrbon atom and show that ('arbon is tetra
covalent in organic molecules . 

. 3. What is meant by c.ovalent .and eleotrevalent linkageR, amI ;Vhich of 
theso Imkages generally occnr 1II orgamc componnds? Give th,1) electrOnIc form
ula of methane •. 

-!. On what conception regarding the stl'ucture of ca1'0011 atom, is the 
gl'Hillll'~ forqlllia of an ol'g.tnic compound based? Point out its limitations. 
Des~l'ibt) the olautronio structure of 1\ carbon atom and write down the ele~tronic 
formllLt .. (If f.ho following: 
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Methane, Ethane, Oholofonn and Oarbon tetr~oridb. 

5. Write notes on • Single oarbon-to.carbon linkage, double bond, triple 
bond. How is it that a single bond is the strongest of aU ? 

6. What do you understand by the structural formula of a compound 1 
Mention its significance. 

7. (a) Explain the terms 'electrovalency' and 'covalency'. 

(b) Discuss the following statement: 

'The oxistence of the orga.nic compounds is consoquent on tho 
tendenoy of carbon atoms to form covalent linkages with one 
another and with atoms of other elements.' 

Illustrate your answer by referring to simple organio snbstance". 

8. What do you understand by the expression <Tetra-covalency of 
Carbon' ? Explain the significa.nce of a 'single bond', 'double bond' and a ·triple 
bond'. Arrange them in the order of their strengths giving reasons for your 
answer. Give at least one example of the substances containing (i) 'single' bonds 
only, (ii) at least one 'double' bond and (iii) at least one ·triple' bond. 

9. How will you make a paper te.trahedron1 Also construct ban-and-peg 
model of metho.ne. 

10. Define a structural formula. Write structural formulae of propane, 
ethyl alcohol and dichloroethane. 

11 .. How ball-a.nd-stick models are helpfttl in understanding the struc
ture of organic molecules. What are the limitations of such models and in what 
way Stuart models are an improvement over ball-and-stick models. 

12. How do you write the structural formulae of organic compounds 
in the plane of the paper t 

13 .• What is a 'Condensed structural formula' and a 'Skeletal formula' ? 
Give examples and say why these are commonly used in organic chemistry? 

14 What do you understand by absorption spectra of organic compound? 
How is infrared spectrum utilized for ascertaining the structure of an organic 
compound! 

15. Writo an essay on spectroscopy of organic compounds. 

16. How is infrared spectrum caused t What changes are brought 
about as a result of absorption of infrared radiations 7 



6 
Structure Of Organic 

Molecules. Modern 
Concepts 

Niels BohJ.: 

The classical theory given by Lewii\ and Kossel proved very 
profitable in interpreting the nature of chemical bonds. The elec
tronic formulas of organic compounds e .... plained ina satisfactory way 
the reactions and behaviour of a large number of them. 

The orbital theory of chemical bonding b~sed on the modern 
concepts of atomic .structure is mQre sound and has stood the test of 
time. It has proved tq be mU!lh m.ore useful in interpreting and 
predicting the behaviour of most of the organic compounds. These 
concepts undoubtedly have their origin in the wave-mechanioal 
treatment,of atoms and mo~ecules; it would be perfectly alright fOI 
the present to dispense with any ma,thematical treatmen t, and to 
discuss the theory in a general way. • 

THE STRUCTURE OF ATOMS 

The views on atomic structure which are accopted today 
have developed from the classical Rutherford-Bohr theory. Thus an 
atom is made of a positively charged nucleus surrounded by one or 
more electrons. The stability of such an atom is dlle to the electro
static attraction between the positive aucleus and the negative 
electrons. 

83 
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The nucleus of an atom consists of protons and neutrons. A 
proton carries one positive cha.rge and has unit mass, while a neu
tron has the same mass but carries no charge. Thus the positive 
charge of the nucleus of an atom is equal to the number of protons 
present in the nucleus and is called its Atomic Number. An elec
tron carries a unit negative charge and has negligible mass. . Since 
atom is electrically neutral, tb.e atomic number of an atom is also 
equal to the number of extra-nuclear electrons. 

Let us consider the simplest atom, hydrogen. It consists of 
__ the nucleus made of one proton and a single outer electron. Next 

comes helium with atomic number two and, therefore, having two 
outer electrons. Carbon, the most important element in organic 
chemistry, has the atomic number of six, and hcnce possesses six 
extra-nuclear electrons. 

Although nearly the entire mass of the atom is concentrated in 
the nucleus, the formation of chemical bonds is concerned with extra

Fig. 6'1. How shells would appear 
if probability of finding electrons 

is represented by shading. 

nuclear electrons only. Accotding 
to the theory of quantum mechn
nics, the electron is executing a· 
back and forth motion about the 
nucleus rather than moving around 
it in closed orbits as was originally 
believed~ By moving rapidly towards 
the nucleus and away from it ill 
all possib!r directions, the electron 
virtually occupies all space around 
it and thus offers the appearance of 
II. spherical cloud. While the extra
nuclear electrons are free to move 
about ill the cloud, on mathematical 
calculations it has been noted that 
they have a greater tendenoy to 
align themselves in concentric 
spherical shells placed one aboV'e 

the other around the nucbus, thus giving a strueture something 
like that of an onion. Since the electron when present in a certain 
shell is associated with!1 definite amount of energy, the shells are 
al~o termed Energy levels .. Starting from the shell or energy level 
nearest the nucleus, these are designa.ted as 1, 2, 3, 4, 5,6, 7. The 
maximum number of electrons which the various shells can hold is 
2, 8, 18, 32, 18, 8 respectively. The increasing number of shells or 
energy levels implies higher energy of the electrons present in 
these. 

The electrons present in each principal. shell or energy level 
are divided into subsheIIs or sublevels, as many as the number of 
the shell. The four subshells are denoted by the letters 8, p, d ll.p.d f 
whose energies increase in the order named. '.rhus the nrst shell 
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has single subshell designated as 18 ; the second shell has two suo
shells designated as 28 and 2p, the third shell has three subshells 
designate (I as 38, 3p, 3d and the fourth shell has four subshells-4s, 
4p, 4d rnd 4f. 

'Ihe subshclls are further divided into smaller units called the 
orbitals which the electrons occupy. An 8 subshell is made of one 
orbital, 11 p subshell, three orbitals; a d suhsheH, 5 orbitals; and f 
8ubshel1, 7 orbitals. Since each orbital oan hold two electrons, the 
IXl&ximullI number of eleotrons in the subshells 8, p, d and! is 2, 6, 
10 and 14 respectively. Some time the principal shell numbers arc 
also de~ignated by the letters K, L, M, N etc. btlt the numbers are 
used in preference. The following diagram (Fig. 6'2) depicts beauti
fully tho con~ept of shells, subshells, as also the maximum number of 
'electrons whIch could fill these. 

6 

5 

4 

3 . 

• 'lIEUSO IS) ;,'Pd p d E(hERGY 
S S .s BLEVElS 

K2 t 6 2610 1 6 10 2. MAX.NO.OF 
ELECTRONS 

M 

N 

0 

P 

Fig. 6'2. Electron shells of an atom, indicating the number ofeloc
trons that oan be accommodated in varioas enorgy levels. 

The maximum number of electrons which oocupy the various 
;;hells is also being given in the table below. It may be noted that 
in case of subshells, the number in front indioates the prinoipal shell 
number and the superscripts give the number of electronR in that 
particulitl' subshell. 
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TABLE: Distribution of electrons in shens and sub-shells 

~AL SHELL MAX. No. OF SUliSlIELL AND THE MAx. No. OF 
}T". ~~T"'P"'T-""'j" "J" •• ~.y ...... p')::-~" m EACH 

1 (K) 2 182 . \ 

2 (L) 8 282 2p6 
I 

3 (M) IS 382 3p6 3d1O 

4(N) 32 482 4p6 4d1O 4fl4 

5 (0\ 32 582 5pa 5dlO 0/14 

f:i (P' 1<1 682 11.,6 

7 (Q) 8 7.,2 '7p6 

T.P~ NATl"RE OF A'l'OM1C O~l'l'AIS 

As a.lrea.dy discu.o""ed, e!~ctirc""(' in e'l.'1h ('"c"'g~ '~vel ..... ~ 
visualised 0,8 tiny parti .)ies cx:ecuting rapid back and ft'!"th. mC'tion. 
By and large this mOVement taJ::es phce in 'lo certain re&irJn :n space. 
This regio1/. in f1~e atom to whir-II, an electron is confinet!. a'Pa .,.r'i"·' hQ'J 
~ geomet"ical .qJ.r"pe, i'J t""med i!'6 AtODlic Orbl1+al ('~ ()rb:ta!. T ... 
"I!"r}(\ olCSl:l"ly undef"t(lod tha.t +~('! term orbi4-'l.l l.?O ~" ""<''''''':~·:n .. 
'M"Lh .l.h{' "'~r>r 'ol'bit: -"id' c1efli''''' '!, "'~r~.icu'ar P'}t" "r "ll'"'-"'-'''':lJ 

It only implies that the eloctron at any momert is ":,~~ : a,L any 
place of the orbital, although it may spend more time in certain 
parts than in others. Furthermore, not more than two electrons can 
occupy Ol}_.e "orbital. All electrons in orbitals spin clockwise'or anti
ciockwis._" and the two 'coupled' electrons of a given orbital must 
have opposIte spins in order to be accommodated in tho same orbital. 
By the same argument, two electrons with the sa.me spin will go to 
diffQrent orbitals. 
T'.fE GOhMETRJCAL FORM OF THE 8 AND p ORBITALS 

Tho first ten elements (At. Nos. 1 to 10) of the periodic table 
include liydrogen, Carbon and Oxygen which occur most often in 
organic compounds. The maximum number of extr.'1.nuclear elec
trons in the atoms of these elements is 10 (Ne, At. No. 10). Two of 
thesd could be present in the first shell and eight in the second. Thus, 
the first shell is made of one subshell (Is) or one orbital called the 
'8 orbital'. The second principal shell consists of two subshe11s-
28 subshell which..has two electrons or one 8 orbital, and the 2p s"k 
shell which may have six electrons o~ three 'p orbitals'. TIn'l; .I''lc 
study of organic compounds, we will confine our discussion to the 
discussion of the shapes of 8 and p orbitals. 

According to mathematical derivations, the S Orbital has a 
8phericalsMpe with the atomic nucleus lying at its centre which is 
indicated by a plus (+) charge. As discussed earlim, we have one 
s orbital at each principal shell, its size being larger with the higher 
shell number. Hence the 18 orbital lies coml'letely within the 28 
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'b'ta,l which is surrounded by the 38 orbital, and tJo on. it may be 
~~t~d that there is no bar against two or morc orbitals occupyillg 

the saJUC space. 
Thc p orbitals are considerably' different from the 8 orbitids. 

They are not spherical but have dumb-bell shape. 

o 
Fig. 6'3. 8 orbital has 

spherical shape. 

BGx 
Fig. 6'4. p orbital has dumb

bell shape and direction 
along the central axis. 

The two lobes of the orbital have a position concentric with 
tho nucleus, termed a node, where the. probability of~ndil';; an 
lectron becomes zero and the plane passmg through thIs :pomt js 
~er01ed a nodal plane. This type of orbital. has a shape as well as 
direction about the nucleus. 

As we have already obsel"Vea, the posswle number ot electron 
'n a shell is six and since not more than two electrons can occup 
~n ol'bital, there are three p orbitals. These exist perpendicular t 
cach other along the three axes (named x, y, z) and are designate 

as P:e' PlI' pz· 
The subscripts do not imply any different energy. but simply 

indicate the direction of the orbital. The principal shell number to 

z 
Px ORBITAL 

z 
.p,. ORBITAL 

z 
Fig. 3'5. The three p orbitals a.re dumb-bell shapea and arranged 

at right angles to each other, the nucleus of the atom 
lying at the intersection ofthe axes. 
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which a. p electron belongs is genE'rally prefixed and thus the three 
p elaotrons in the second shell are written as 2pQ!, 2PII' 2p •. 

Electronic Configuration. We have a.lready stated that 
extranuclear electTons are distributed in shells or energy levels around 
the nucleus which are divided into subshells (or ener~y sub-levels) 
and these are made of orbitals. -

(1) '1'he prinoipal shells are numbered as 1, 2, 3, ctc. which i'! 
also the order of their increasing energy. 

(2) The number of sub-shells in a particular shell is given by 
its number.-Thus shell (1) has one sub-shell (8), the shell (~) has 
two sub-shells (8.' p), and so on. 

(3) The square of the number of a principal shell gives the 
number of orbitals in that shell. Thus shell (1) has (12=1) one 

orbital ; the shell (2) has (22 ... A) four 
orbitals. 

(4) No more than two electrons can + occupy the same orbital and these must 
Fig. 6'6. Electrons with have opposite sP.ins ,!hic~ are indicated by 

opposit!) IIpin. arrowS In OpposIte dIrections. 

Acoording to the above prinoiples, the first principal shell has 
on9 Bub-shtJiJ 8 and one orbital (8 orbital). The seoond principal 
o'4~ll has two sub-shells-s and p, the s sub-shell being made of one 
orbital only, while~p sub-shell ortltree orbitals (p-ol'bitals). The 
atom of neon (At. No. 10) has ten electrons arranged in two shells; 
the first shell having two electrons and the second shell eight. It 
stands to reason that neon atom has all the orbitals in the two shells 
completely filled. The configuration of neon in 'short ha.nd' notation 
could be written as -

. Here, letters indica.te the type of orbital, the prefix stands for 
the principal shell number and the supersoripts show the number of 
eleotrons in the orbital. The beryllium atom (At. No.4) has four elec
trons, two of these ocoupy the 18 orbita.l and remaining two will go 
to the 28 orbital. The remaining elementr; B, 0, N, 0, F, No (At. 
Nos. 5 to 10) each have two 18 clectl'ont:!, two 28 electrons, and tho ~ 
rAst of the electrons go into tht' p-orbitals. 

The boron oA;om ,At. No.5) has five electrons which are 
placed--'two in 18 orbital. two in 28 orbital, and one in 2p~ orbital. 
Carbon (At. No.6) bas six electrons, and the sixth eleotron goes into 
2pvorbital. Proceeding similarly, the oeventh eleotrot. in Nitrogen 
will ~o into 2pz orbital. Now since each p orbital has one electron, 
the eighth, ninth and tenth electron of Oxyg~n, Fluorine and 
Nitrogen. will go to fill the Pan PII' and P. ol'bitals rospectively. The 
complete configurations of the first ten elements are ~1)mmari7.p(1 
below. 
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ELEMENT AT. No. ELEOTRONIO CONFIGURATION 

II 1 181 

lIe 2 182 

Li 3 1811, 281 

Be 4 182, 282 

B G Is2, 282, 21'.:1 

C 6 182,282, 2pi ,21'£11 

N 7 182,282, 2P.:l, 2pi, 2p} 

0 S 182, 282, 2p!JJ2, 2p,?, 2PZl 

l~ I} 1'82, 282, 21'.:2, 2p,?, 2pzl 

Ne 10 182• 282, 21'.:2, 21'112, 21':2 

OHEMIOAL BONDING 

Mter this brief review .of the atomic orbital theory, let u's now 
eitend this concept to interpret chemical bonding. 

\In the table given above, it may be .noted that He and No 
Jl8,ve all availabfe orbitals filled and are chemically stable. The rest 
of the atoms H, Li, Be, B, C, N, 0 and F have partially filled orbitals 
and are chemically active or unstable. The inert gases He ancl Ne 

I being stable possess lowest energy, while the rest of the atomsl)leri. 
tioned above tend to become stable by combination with other atoms 
which results in a lowering of their energy. Thus in general, atoms 
tend to combine with other 'atoms to form molecules and in this process 
there ts a lowering of their energy, for the most stable condition is that 
with the lowest energy. 

It may also be noted. that He and. No have completely filled 
orbitals (two electrons to each), while the other atoms like H. Li, Be 
etc. have certain half·filled oribtals (one electron each). Hence it 
stands to reason that orbitals containing one electron only can cause 
chemical combination so that the atoms in the resultiI1g molecule 
come to possess ol'bitals which arc completely filled. This. h.l accom· 
panied by a lowering of energy. 

Electrovalent Bond. The formation of o.n electro valent bond 
takes place by the transfer of an electron from the partially filled 
orbital of an electr6positivo o.tom to the partially filled orbital of an 
electronegative atom which now will have a pair of electrons. Thus 
Li transfers its lone electron from the 2s orbital to the 2p.z orbital of 
F, to form Li+ and F- ions. 

Li+ 182 • 

F- 182 282 21',,2 2pi 21':2 .. 
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Th';) Li+ and ]!'- ions due to electrostatic attraction are bonded 
to give Li+F- molecule, It may be seen that all orbitals in Li+ and 
F- ions possess two electrons each and thus acquire stability (lowest 
energy). 

Covalent Bond. A covalent bond is formed when two half
filled orbitals belonging to different atoms overlap in space and 
merge to form a new bigger orbital which is known as m.olecular 
orbital. The molecular orbital surrounds the atomic nuclei of both 
atoms and marks the region in whi(Jh the pair of electrons will be 
found. 'fhe new orbital provides a gr~ater freedom of movement to 
the 'paired' electrons which now belong to both the nuclei. It might 
be expected, from logical reasoning, that larger the region of move
ment allowed to an electron lower will be its energy. Thus the 
greater freedom enjoyed by the electrons in the molecular orbital, 
results in a decrease of energy {increase in stability). The molecule 
formed in this way is more stable than the isolated 1ttoms. 

Molecular Orbitals (i'JII.O.8). 

As already stated, a moleculal' orbital is formed when two 
atomic orbitals overlap so that the electrons come to ocpupy 
the common orbital which surrounds two nuclei. This may involve 
8 and 8 orbitals; 8 and p orbitals; or p and p orbitals. 

8·8 Molecular Orbitals. A molecular orbital formed by the 
overlap of 8 orbitals of two atoms are called 8-8 molecular orbitals. 
:.E.et u~ consider the bond formation in hydrogen moleCUle from two 
individual hydrogen atoms. As the atoms are brought together, their 
18 orbitals overlap and merge to form an 8-8 molecular orbital. 

H 18 18 H 

G: ~ 
8-8 .f.. Overlap 
H-H 
G:~ 

8-8 Molecular orbital 

This may be_pictorially represented as follows: 

TWO ISOLATED H ATOMS 
WITH IS ORBITALS 

s-s OVERl.AP 

BOND AXIS 

s-s O~8ITAL 

Fig. 6·7. Formation of 8-8 orbital in Hydrogen molocule. 

The boundary of the 8·8 orbital in space, which in tliis c<!se is 
ovoid, defines tho region which the two electrons now occupy jointly. 
We call this orbital a Sigma Orbital (from the Greek letter cr cor
responding to 8) since it is completely symmetrical about the bond 
axis passing through the two nuclei. Although electrons may be 
present anywhere in this orbital, the probability of finding electrons 
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is maximum between th~ two nuclei, for they are attracted equally 
by both the nuclei. 

The bond established by the overlap of two s orbitals, is 
called a Sigma bond or G-bond. Since an s orbital is spherically 
symmctriral, the overlap may ta.ke place equally well in any direction 
and hence there is no direction to such a bond. 

s-p Orbitals. An s orbital and p orbital may overlap, even 
though the atomic ol'bitals in the two atoms lie in different principal 
:;hells. 'fhe molecular orbi.tal th us formed is known as s-p Orbital. 

,'rhe combination of Hydrogen atom and Fluorine atom giving a 
Illolecule of hydrogen fluoride affords an example of this type. There 
is one Is bonding orbital on hydrogen and one such half-fillecl2p orbital 
on Fluorine atom, while the rest of the Fluorine orbitals are com
pletely. filled and not available for overlap anrt entering into bond 
formatIOn. 

rarOf1l 
1:/ 2:;2 

() () 

Hatom 
2p~ lsI 

(. ) 
: Cvcrlop : L _______________ ~ 

() 
sop orbital 

(H F molecule) 

Here the orbital overlap consists in an attack of Is orbital on 
hydrogen atom at a dumb ell shaped half-empty 2p orbital of fluorine. 
The resulting molecular orbital (cr orbital) may be depicted to have 
been formed as in Fig. 6'8. 

'rhe . S-1) overlap A orhital::; between Hand l!' forms a s£gl1i(~ 
bond, yielding HF mo~ecule. It. i~ nQteworthy that in the cr orbital 
here, the nodal plane stands at right angles to the lluclear axis. 

pop Orbitals. We luwe already studied that the three dumbf'll 
shaped p orbitals are directed along the three axes :(:. 1/ and z whic·h 
are at right angles to each oth!}r. 1"01' e[1.I'h of the three orhita Is 

NOU4L 
; PLANE 

C>CJ- (=-do 
p- ORBVTAL " __ / I 

ON F 51'-ovhlAP 

Fig. 6·8. }1'Ol'matioll of Hl" molecule. 
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pal> PIl' p. there is a. nodal plane dividing the p orbitals into two 
lobes., 

The overlap ofp orbital of one atom with p orbital of another 
atom may take place,to form a p.p molecular orbital b,l'tWO ways. 

(a) Head.on Overlap: Let us consider two P<l) ,)rbitals approach. 
ing for an overlap by pointing directly 'heads' towards one another. 
This head·on overlap, as we call it, ensure$ .so m1lch lowering of 
energy that the new orbital is very stable and has a direction in 
relation to other p orbitals in the atom. The orbital thus generated 
being symmetrical about the nuclear axis, is designated a Sigma 
or'bital and the bond so established a Sigma bond. 

flx ORB/TAt & o()R81TAL 

x-G+G~~e+G-x 
I HeAO ON t OVER.LAP 

f3+E][:)+E3"~ 

I I rN0A4IPlANF 

-~ie--.Nn~" 
a- MO. 80flNDRY DIAGRAM 

Fig.6·9. 

In the M.O. shown above there are two. nodal planes thQ.t are 
perpendicular to the nuolear s,xis (a ohara.cteristio of (T 'M.O.) 

Formation of moleoules of :fiuorine, ohlorine and bromine offer 
common examples of this type of bonding. Thus: 

Fatq'" 

csj (~ 2p,2 2p/ 2R,' 
(J c: )" 

: I 

: Head-on: 
1. .......... _ .... " 

Overlap 
~ 

?n' 211' "1% Ii 

() 
~M.O 

lFfl10rine Hotccule} 

Fatom 
2Rl 2p.._2 25 z 

() () () 
IS' 

() 

(v) Side·wise Overlap. When two p orbitals approach cac~l 
other side-wise IlS shown below, the overlap takes place at both theIr 
lobes simultaneously. The extent of overlap in this case is relatively 
small (compared to ·head.on ov('rlnp) ancl the molecular orbital thus 
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fOfmed is oriented above and below the nodal plane which containS' 
the nuclear axis. As indicated by t,he boundary diagram, this 
molecular orbital has sausage-like regions parallel to the nodfl,l plane 
passing through the two nuclC'i. 

, 

00 
A A 
lJ~ 
lWO P-OP,8fTALS 

-
SlOE- WISE OVERLAP 

-
11' M.O.8()Utl'IJI?Y 

OIAGI?AtV 

Fig. ()olO. Forml1tion oh M.O. orbit.al. 

Sll,ch a molecular orbital generated by the side-wise overlap of tJ~e 
two half-filled p orbitals and having only one nodal plane containing 
the nuclear axis is called a 1t Jf.O. or I"i Molecular Orbital. 

For recapitulation it may be re·statecl that unlike n' M.O., Ij 

:M.O. has a nodal plane which is perpendicular to the nuclear axis. 

A covalent bond established as a result of 1: M.O. formation is 
oaQed a·r. (Pi) bond. There are two important characteristics of a 
'" bond. Firstly, it is weaker than a a bond since t.he extent of over· 
lap is relatively smaller and henoe there is a lesser decrease in energy 
of the system. Secondly, it is not possible to rotate the atoms 
oonstituting a n' bond relative to one another. If an attempt is 
made to do so, the p orbital lobes of the two atoms will no longer be 
coplanar, their overlap will be decreased and the energy of the 
system increased. In .other words, the rotation around the bond 
axis of a n' bond will be restricted because work wili have to be done 
for the same. This property of a n' bond is very useful in explaitl. 
ing the phenomeno\'\ of Geometrical isomerism. 

Format.on of Oxygen molecule-Double bond. We have 
seen that a single covalent bond results from the overlap of two 8 

orbitals, ono 8 orbital and one p orbital, or two p orbitals. All'theso 
bonds called (j bonds possess symmetry about the bond axis. In 
general, all single bonds are (j bonds. . 

:XOIV let us p~oceed to discuss the formation of oxygen molecule. 
10= 0) which i':! known to contain a double bond. In this oase the 

Ol.Cygen atoms happen to possess two bondingp orbitals on each atom. 
The.2pv and 2pz half·filled orbitals oriented at right angles, on ea.eh of 
the oxygen atoms experience a head-on and a side-wise overlap re1'l· 

~,pectively rrsulting in a a and a i: orbital 'limultaneously. 
~'1" ~ 
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o atom 
2p} 2p; 
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2p' 2p' 
~z f 
; Head-on overlap : 
'- ---((r'boii(Jr----~ 

Oatom 
?jJ' 2p2 
)!I (f , 
I 
I 
I 
I 
I 

! Side-wise overlap ;" 
~,-- -- ---- (ii-bond)"- ______ ..J 

Thus the two atoms in oxygen molecule are linked by one a 
and one 'It' bond. 

The following diagram depicts the formation of molcClllar 
orbitals in oxygen molecule. 

~ y 
I I 0-"0£ WIJf OVERlA-ill 

.qp-z -E?}7G-Z 
m""'_ flfAD ON OVERLAP _...;:\ 

lJJ- .510EWlJE OVERI.AP--W 
I I I 

l 

Fig. (H I. M.O. boundary diagram for a and 1t bonds 
in oxygexunolecule. 

As is clea-r from. the a"Qove cOllsiderations the double bond in 
oxygen is made of one sigma Qond and one pi bonq. 

Formation of Nitrogen molecule-Triple bond. aere tho 
nitrogen atoms forming tlie N2 molecule possess threo bonding p 
orbitals each. The 2p:J;, 2p", 2p= ha,lf·filled orbitals arc oriented. along 
the three axes n.t right angles. 2pll orbitn.ls of two nitrogen atoms 
form a (j M.O. by head-on overlap, while 2p.& and. 2pz orbitals form 
two :'t l\J.O's by side-wise overlap. 
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ln' ln' 
'(Z y 
! Side-wise overlap! L. ___________ ~ __ _j 

(rr orbilol) . 

N-otom 
2p' 2px 2 S2 Is2 
) Y;J () () 

I 

! 
I . 
I : Head on overlap 

1 ______ ---.----------- _, 
____ J 

((Jorblto/) . 
• 

~ ___ . _______ ~i!.e_V!~s_e:q'!~~/qf--- _______ J 
(rr-orbilal) 

z z 

Fig. 0·12. The two "sausage clouds" of two Matecnlar orbitals. 
\' 

95 
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The prel!eding diagram (Fig. 6'12) depicts the formation of 
Nitrogen molecule . 

. Thus in the classical line structure of nitrogen lUolecule (Ne=N) , 
one hne represents a a bond and the other ~wo '" bonds 
HYBRIDIZATION AND TETRACOVALENCY OF CARBON 

Experiment tells us that carbon atom forms four c(.walent 
bonds. But whGn we examine the electronic structure of carbon 

182 282 2Pm1 

.,jI ,;:I , 
we find that it has only two 
sumably form two a bonds. 

2P1I1 2pzO 
".. 

~ 
unpaired 2p orbitals which can pre-

To provide an explanation for the tetra-oovalency of carbon in 
methane (CH4) and its relatives, it may be assumed that the two 28 
electrons uncouple themselves and one of these is 'promoted' to the 
vacant 2pz orbital which will now have higher energy and less 
stability. The electronic configuration of the 'excited' carbon atom 
could be written as 

1s1 281 2Pai1 2Pi 2P.1 

,~ , ,. ~ , 
Now we have four half-filled orbitals which could possibly overlap 
with the four 18 orbitals of hydrogen atoms to form four a bonds 
which would result in the lowering of energy. It stands to reason 
that the lowering of energy thus caused by the formation of two 
additional a bonds of carbon is more than that necessary to 
promote an electron from ~ 28 orbital to a 2p orbital. It follows that 
althoug~ the isolated carbon atom is most stable with 2s and 2p 
eleotrons, the stabler compounds of carbon result when all four 
electrons in second energy level ..are in sepatate orbitals and form 
four covalent bonds. 

We have seen that an excited carbon atom has four available 
orbitals in the seoond energy level-one s and three p orbitals. On 
overlapping with Is orbitals of hydrogen atoms to form methane 
molecule. there would result one s-s orbital and three s-p orbitals. 
But we know that the s-s orbital will be different from each of the 
three f!-p orbitals in respeot of direciJonal character as well as 
energy. But this would be contrary to actual facts since experiment 
shows that the four covalent bonds in methane are equivalent. 

To account for the above situatIOn, the concept of hybrid 
orbitals bs been introduced. According ~o th\! theory of wave 
mechanics, orbitals on the same atom which lie close to one another in 
energy, tend to combine .or 'mix' and then redistribute to form equi'l)alent 
number of new orbitals which are ca.lled hybridised orbitals a.nd 
the phenomenon is termed hybridisation, Thus in an e.xcited car. 
bon atom, it is assumed that one 2s and three 2p orbitals combine 
or mix together and redistribute as four new equivalent hybrid 
orbitals which are designated as Sp3 orbitals (spoken as "sp three"). 
Each of the four hybrid orbitals possess three.fourt,hs characteristics 
of p orbital and one-fourth of 8 orbital. 
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ONEB- +THREE c::=:><:::=) -FOUII ~ 
lS + 3[' __. 4sp 

The hybridisation of the orbitals of carbon may be pictorially 
represented as below : 

-8-+ 
:i OR8ITAL 

S ,} ~ HYBRIO/ZAr/ON 

fOUR 5/,3 HYBRID ORBITALS OF 
CARBON 

y 

Fig. 0'13. Four 81'S hybrid orbitals of carbon. 

" It 'is noteworthy that the hybrij BpS orbital has a new shape 
whioh differs somewha.t from that of a p orbital, in that tho lobe on 
one side of th"l node is larger than the lobe on the other side. 
Overlap with another orbital to form a bond naturally ocours with 
the larger lobe and for simplifying the molecular orbitals, very often 
the smaller lo_be is not indicated. The most important characteristic 
of the -8p3 orbitals is that these four are distributed symmetrically 
ill. space on account of electronic repulsions keeping them farthest 
from eaoh other. If the valencies are regarded as radiating from 
the nucleus of the carbon atom, their directions are towards the 
corners of a regular tetrahedron and the angles between them are 
109° 28'. 

The type of hybridisatioll involving the mixing of four 'pure' 
orbitals as described above to give four equivalent Sp3 hybrid orbitals, 
.~ called tetrahedral hybridization. It is met with in saturated 
ca.rbon compounds. 

Let us now- proceed to consider the formation of methane 
.molecule. The four Sp3 hybrid orbitals of the carbon atom are 
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directed in space towards the four corners of a regular tetrahedron 
and the 18 orbital of four hydrogen atoms should approach its four 
apexes for the overlap. This would establish four equivalent cr bonds 
with the carbon atom resulting in the formation of a symmetrical 
methane molecule. Thus: 

" 

H 

109°-2S' 
cr 

~-H 
~ H 

It'ig. 6·14. Structure of Methane molecule. \ 

In ethane mOlecule-the two carboll atoms, ~ch having a 
set of four Sp3 hybrid: orbitals, combine such that one ~p3 orbital of 
each carbon overlaps in a h-ead·on fashion forminO' a cr~ond' The 
remaining three orbitals on each carbon get bonde to three 
hydrogen atoms forming 0' bonds as in methane molecule. Thus; 

H H 
H tR 

..........-c--L 
H~ \ / 'H 

H H 

Fig. 6,15, Structure of Ethane molecule. 

It may be noted how beautifully the spa hybridization o-f 
orbitals ItS illustrated above has theoretically substantiated the Le Bel 
and vau't Hoff's theory. ot the tetrahedral arrangement of carbon \ 
valency bonds in saturated o:rganic molecules. 
HYBRIDISATION AND MULTIPLE BONDS 

In the classical representa tiOll of an etllj lenic linkage, 

)0=0 (, no difference can be mn,de out between the two bonds 

which unite the carbon atoms. Huckcl's model of hybridizl~tioJ1 in 
doubly bonded cn,rbon atoms demonstrates that the two linkages 
constituting a doubJe bond are not identical. He assumes that in 
the case of ethylenic compounds of the four 'pure' ,atomic orbitals of 
excited carbon atom only 2~, and 2pz and 21)" orbitals are hybridised 



STRHOTURE OF ORGANIC MOLlllOULES 99 

281 , 
I 

Sp2 Hybridization 

to give three equivalent orbitals. T~ese orbitals forn;ied by. ,the 
hybridization of one s and two p orbItals, are called sp2 Orbitals 
(s~oken as "sp two").' 

ONE€- +TWO 

15 + 

The three Sp2 orbitals are very much similar in shape to Sp3 

orbitals and lie in one plane (XY plane) and are disposi3d symmetri
cally at an angle of 1200 to one another. This type of hybridization 
is termed Trigonal hybridization and is visualised to take place as 
follows: 

l Sp2 HYBRIDIZATION 

X 

Fig. 6'16. Trigonal Hybridization. 

As indicated abo've, the carbon atoms undergoing trigonal 
hybridization, undoubtedly possess the third free pz orbital which has 
its lobes disposed above and below the plane- of hybrid orbitals at 
right angles to this plane (Fig. 6'17). 

• Structure of Ethylene molecule. In the formation of ethy. 
late molecule, the two carbon atoms (in Sp2 hybridization state) form 
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a bond by the hea.d,oll overlap of the two 8pt. orbitals contributf'd 
one each by the two carbons. The remaining two ap2 orbitals of 

Fig.IH"/. 

each carbon form a bonds with hydrogen atoml!l. The unhybddized 
2Pa orbitals of the two carbon atoms undergo a sidewise overlap 
forming a 'It bond. Thus the carbon.to.carbon double bond in 
(lthylene is made of ~ne C1 and one 'It bond. Since the energy of a 
.. hOlld is less than that of a a bond, the two bonds constituting the 
ethylenic linkage, are not identical in strength. The 'it bond being 
weaker lS easily ruptured In addition reactions of ethylene. 

:!fig •. 6'18.- Orbital model for Ethylene. 

For the above reason, ethylenic linkage is sometimes reprt'sentecl 

aei7>c~c< 
Structure of Acetylene. To interpret the structurf' of 
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a.cotylene moleoule WI visualise another kind of 4ybrid orbitals of the 
carbon atom. Here one 8 orbital and only one p orbi~l hybridise 
to form two equivalent collinear orbitals; the other two p orbita.ls 
remaining undistllrbed. 

This is known as sp hybridization and the new orbitals are 
termed sp orbitals. 

The electronic configuration of each carbon atom In acetylene 
moleoule may be written as 

182 281 21'1101 21'u1 21'e1 .. 
HybridiBII.tion 

The 28 and 2p", orbitals hybridise to give two 8p orbitals. One of 
the two 8p hybrid orbitals on each carbon is then used in forming a a 

2S 

.t 51' HY8HlpIZA710N 

.sp ORO/TAL S 

Fig. 6'19, 

bond with 'lihe other carbon, and the remaining sp orbitals get bonded 
with a hydrogen atom. This leaves two unhybridised p orbitals 
(2p" and 2p.) on each carbon atom, both of which are mutually 
perpendicular to the line of H-C-C-H nuclei. These orbitals 
arp, cap&ble of forming two ... bonds by the edge.on overlap. Thus: 
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Fig. 6.20. Orbital model for acetyiene showing a and 1t bond".. 

&LECTRONEGATIVITY 
An element that tends to acquire rather thaI lose electrons in 

its chemical interactions is said to be electrol.legatille. Atoms of 
different electronegative el~mel1ts differ in tMir tendency to attract 
electrons. A measure of the tendency of an atom of an electronegative 
element in a molecule to attract electron,~ '0 itself (and away from its 
bond partner) is called its Electronegdtivity. 

Thus in a mole~ule AB joined by a pair of electrons we may 

have 
A:B 

I 
or A: B 

II 

In form~la I, the two electrons are half-way betweenr:the nnclei of 
atoms A and B which naturally exert equal attraction >on electrons 
and henc~ electronegativities of A and B are equal. In formula II, 
the two electrons are nl',arer A which implies that they are.attracted 
more by A than by Is, and the electro negativity of A is somewhat 
greater than that of .s. 

Based on the methods proposed· by Pauling, Mullikan, and 
others, numerical values of electronegativities have been assigned to 
almost all elerroents of the periodic table. 
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II TABLE : ECrRONEGATIVITrES OF SOME ELEMENTS 

2-l 

Li Be B C N 0 F 

0'97 . 1·5 2'0 2·5 3-l 3·5 4·1 
. 

Nil Mg Al Si P S Cl 

1'0 1·2 1-5 1'7 2·1 2·4 2·8 

--~-

K C" . Ga tie ~s Sa Br 

0'90 1·0 1'5 2"t1 2'2 2·5 2·7 

Rb Sr In Sn Sb Te I 

O·8!) 1·0 l'5 1'72 1·82 2·0 2·Z 

r-
Cd J:5a Tl Pb i:Si Po At 

0·86 0'97 1·4 1·5 1·7 1·8 
I 

1-9 

The tendency of an atom to acquire electrons depends on two 
factors; (i) its nuclear charge (at. no.); and (a) the distance of 
the valency shell (atomic radius). Atoms possessing more nuclear 
charge, i.e., higher atomic number, and less atomic radii, will have 
higher electronegativities. This leads to the predicition that electro· 
negati'Tities of the elements will be higher in the upper right of the 
periodic table than in the lower left. It may also be noted that,)n 
general, electronegatiV'jties of elements increase from left to right in 
'periods' and from bottom to top in 'groups' of the periodictable 
Exceptions to this statement occur when the f{Lctor of 'atomic size' 
overweighs that of 'nuclear charge'. 

The "concept 'of electronegativity has proved very useful in pre 
dieting the nature of chemical bonds as also the properties of com 
pounds. 

PQLARITY IN COVALENT BONDS 

'Ve have seen that a covalent bond between two atoms is form· 
ed as a result of overlap of two atomic orbitals. The overlapping 
orbitals, each having one electron, then merge to form a new mole. 
cular orbital containing a pair of electrons. When the atoms joined 
by a covalent bond are similar, say as in H-H molecule the two 
hydrogen atoms possessing some electronegativity) exert equal 
attractive force on the two electrons which are, therefore, symmetri. 
cally ditlposed in the molecular orbital. Thus: 
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o.r H-H 
.~ 

;.",.::.:-~< .. ~" 
. ,.. •• /.-J:~,. .. ;~., .• "" 

Fig. 6·21. Unitol'm electron cloud in H2 molecule. 
The covalent bond in hydrogen molecule is, therefore, non-polar. 

In a moleoule having two dif.ierent atoms joined by a covalent 
bond, the atom baving higher electronegativity will exert a gre~Jter 
attractive pull on the: shared pa;ir of electrons. Thus the two elec
trons will spend more timo near this than the other atom, making it 
slightly negative. TM.s in hydrogen fluoride molecule, H- F, the 
electronegativity of H atom and Ii' atom is 2'1 and 4·1 respectively. 
Hence the fluorine· atom will exert greater attraction on the shared 
electrons in comparison to hydrogen atom. The electron popu
lat.ion in the molecular orbital would be more around the F
atom as i!ldicated by the density of the cloud in the following 
diagram. 

or' 
so/- s-
H-F 

Fig. 6-22, 

Thus the covalent bond joining Hand F atoms dt.vd')ps polarity 
and is called a Polar bond. By and large the covi·.knt bond 
oetween different atoms are polar (ionic). The per cent of polar 
character in a CQvai{>nt bond depends upon the relative electronega
tivity of the atoms joined by thp bond'~ the greater the difference 
in electronegativity, the greater thl' polar character of th£' bond. 

Water and ammonia offer important exemple; of polar 
molecules. ,-_ 

u 

o 
a'r/,a+ 
H H 

N 

51-/ ir \ 5~ 
H H 

'1'he polar moleo41e'! behave like small magnets and nave a greater 
attraotion for each other as also for ion~, l\~d thus acquiro charac
teristic physical and chemical properties. 
RESONANCE 

The concept of resonance' was forwarded on purely chemical 
grovnds whpn Kekule structure of benzene was found unsathfac· 
tory 1;;:) (Ixplain it"! propf'rties m full. . Later it was disoovered that 
there :m , in fact, numerous sl}.bstances which like benzene could be 
:" qignfd two or more structur'al formulas differing only in the place
mmt ot bonds or electrons, and the actual behaviour of the "Iubs-
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t ce waS not represented by any of these structures b.ut by a. ~ew 
s~~ucture which is a 'blend' or 'hybrid' of the varIOUS poSSIble 
structures. 

T!,,: ~[; _;j.,hybli:lisut')J_ uJ two or mtlj'e £"lr, '.' ~t~(l,l,u 'I.' " 

bond structures to yield a new stable hybrid Jorm with less energy 
is tetIIled Resonance, 

, It IIlay bo clearly understood that the old concept that two 
or IIlore structural formulas oscillate between themselves and each of 
theIIl contribute to the properties of the substance, -is incorrect. 
Resonance really involves the delocalisation of electrons in the 
IIloIecule so as to !live a n('w !stable form which explains ~dequately 
its behadour. 

Thu~ !'arban.to.carbon double bond in benzene and several 
other organic compounds behaves as stronger than a normal ethylene 
linkage a.nd slightly weaker than a single carbon-to. carbon bond. 
This is explained by the fact that one of the electron: pairs bet\Veen 
the two c:trbons is delocaliflecl <)r displacert to give a. stable reson· 
anee hyb~d form as follow'! : 

"0-0/ 
/ - " 

(Resonance structures) 

It may he noted that as one electron pair shifts to one or the other 
ca.rbon at0 m, the double bond become'l'a «i'lgle Lond with polarity 
developel on It. Therefore, the r(;son.1nce hybrid form of the double 
bond in r;ueh a case becomes stable as in. benzerte and possesses 
it char,teter intermediate between that of a double Q,ud a single' 
bond. 

Sulphur dio>:ide could be represented by the following two 
possible struetll['CS whil'h fliffer only in the disposition of a pair of 
eleetronf!. 

Or 

:0:8::0: :0::8:0: 

o S-tO 
(b) 

None of these formulas can properly aceOll'lt f .. r t hI' ,PJ'operhe'l 
of sulph111' '~ioxide, The<;(' po'!tulah, tvo d;[,', ~ !! - "; _, 'S ·1 l'nl'l"(f ~ 
(one double and one eovalmt) in the mol!3cull:', whill;} it b!t8 oeen 
established by experiment that both 8-to-0 linkages in sulphur 
dioxide are equivalent in all respects. Thus none of the structures 
(A or B) represents the iltructute of 802 molecule but a new 'hybrid' 
structute having 'equivalent' 8-0 bond explains its hehaviou" 
This new hybrid is stable and h(l.s indepe-ndent exisknce. 

Of-8=O 
(a) 

O="S-tO 
(b) 

... . 
c- _'- 0 

(HybrId) 
- +
O-~-O 
(Hybr~d) 
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Quantum mechanics reveals that the resonace hybrId possesses 
less energy than "tihose calculated for anyone of the canonical 
structures. If A and B correspond to the calculated energies of the 
structures (a) and (b), and (c) stands for the energy state of the 
actual structure, the energy diagram assumes the following,shape. 

C 
TR(.Jc S TR(.JC T(.JRE 

Fig. 6·23. 

) 

The amount by which the energy of the resonance structure 
is 1ess than that of thc canonical structure, is termed the Resonance 
Energy and this difference of energy is n, measure of the added stabi. 
lity conferred by resonance. 

Another typical example of resonance is offered by the carbo
xylate ion. It is capable of being represented by the structures. 

Thus. 

:0: 

R: 0:: 0: or 

o 
I 

.h.-O=O or 

: -.J: 

R:O::.O: 

o 
u· -

R ·c-O 

':these forms, while they have the same arrangement of atomsi 

differ only in that the double bond is possessed by a~,ternate oxygen 
atoms. None of these actually represents the behaviour of carboxy· 
lic acids. Ea.ch of these forms resonates to give a· new stable 
. hybrid' form (III) which explains fully the behaviour of this class 
of compo.unds. 

R,.. R,;: R, 
:6?=9. - O~ C--g: O~",o 
.. "1 •• II III 

The above"hybrid' form warrants 'equivalence' of the tW( 
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o bonds which IS confirmed by the measurement of 'bond 
'IC- ths' It has been found that the two carbon-oxygen bonds in eng . . ' 0 

boxv1ate group are equal In length (1'27 A). On the other hand car • . 0 

the carbon-oxyge~ bond length for a double bond IS I·24A and for a 
. Ie bond I·43A. Hence, it stands to reason that the hybrid 

Sll1~oxyl ion is symmetrical and possibly half the negative charge 
car the oxygen atom of.the original structure now resides on each 
~~ygen of the hybrid as indicated in the a.bove diagram. 

Similarly, the benzene molecule which is a resonance hybrid 
of the structures 

0-0 
has carbon-carbon bond lengths midway between those of C-C and 
C=C bonds. The C-C distance in ethane molecule has be,en deter-
mined to be I·54.!, while C= C bond length in ethylene is I·33.!. 
For all carbon-carbon bonds in benzene molecule, the value is 
I'39A, indicating clearly their hybrid nature. . 

The concept of resonance has proved very useful in explaining 
the unexpected stability and chemical behaviour of many organic 
molecules. We have seen how the stability of benzene molecule 
could be explained by resonance, while ordinarily it could have 
been expected to behave like ethylene, since it contains three double 
bonds. Also, While aldehydes and ketones can be reduced easily to 
yield alcohols, the carboxyl group in fatty acias is stable and 
difficult to reduce. 

Resonance alii! tautomerism must be carefully distinguished 
from each other 

(a) Resonance involves only a shift of electrons while tauto
merism requires the transference of a hydrogen atom or proton. 

(b) Tautomerism implies the simultaneous existence of two 
molecular forms· in equilibrium. In case of resonance, only one 
molecular form exists which is an intermediate arrangement bet. 
ween the two possible forms. 

HYDROGEN BONDING 

When a hydrogen. atom is ·linked with a very strongly electro
negative atom (as with 0 in water), it forms positive end of the 
dipole. 

or 

.Here, the hydrogen atom has an extraordinary urge to become 
assoclD.ted with atoms of other molecules which have unshared 
electrons possessing a negative charge (0 in water~. There is a . 
str!;mg evidence in support of the fact tha t hydrogen, though univalent, 
behaves as a bivalen.t element under certain conditions. It is noticed 
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th~v m(J~c.uks "hlCL! contain O-H or }I;"-H bonds (e.g., in water, 
111cohols, carboxylic acids, phenols, amines and amides) have a great 
tendency to 'associate' or to link up to fOlm larger molecules. 
Investigation of the crystal structure of ice reveals that the molecules 
in it are linked in the following fashion. 

As indicated above, thc hydrogen atom seems to form a. linkage 
between two oxygen atoms i.e., hydrogen bridges them. This mode 
of linking is called Hydrogen bonding or jhydrogen bridging'. As 
it is impossible for the H atom to participate in a second covalent 
bond, the additional bond is shmvn with the help of dotted lirtes. 

In general, hydrogen bonds may be npre6enteda'j -A-H ... A'
where A and A' may be atoms possessing very high electron ega. 
tivitv (0, N, F, 01 and rarely 0 also). The A-H bond will be polar 
with"H atom as the positive end. Similarly -A' being highly electro
negative, will bear a negative charge. So, the hydrogen bonding 
between H and A' is more or less due to electrostatic attractive 
force. Thus in water moiecule, association by hydrogen bonding 
may be represented as 

8_ 8+ 8. 8+ 8_ 8+ 
... O-H ... O-H ... O-H 
"/ / / 
H R H 

It in the a.ttractive force between every positive.H atom and nega· 
tl.Ve 0 atom \ihich holds them together. Greater the electronega. 
tivity of A and A' atoms (which may be the samo as 0 in water 
crystals), stronger will be the H-bond (H ... 0). Hydrogen bond energie" 
:ie in the range 2 to 8 Real/mole, as compared with O-H bond 
:1nergy llO Kcal/mole. The H bonds are rather weak but are wide· 
spread and have a very significant effect on the- physical properties 
(boiling point, solubility, ionisation) of organic compounds . 

. (a) Boiling Point8. It is understitlldable that substances 
having nearly the same molecular weights, ha ..... e the same boiling 
points. The boiling points of ethers and alkanes of comparable 
molecular weights are not far apart, but the boiling points of 
alcohols having ~lmost equal molecular weights are considerably 
higher. 

CH3-CH~CH3 
b.p. -45°\J 
(ro. wt.=44) 

CfIs- 0 -CH3 
b.p. -25°C 
(ro. wt.=,46) 

CJJa-CH2-OH 
h.p.7&00 

(In. wt.=46) 
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Thi-: ('1uld be explained in light of hydrogen bonding, Alcohol 
rook,. Illes are held together by hydrogen bonds and, therefore, more 
energy is required to separate the molecules for vaporisation. 

H-O ..... O-H.· ... .,.O-H. 

62II5 h2H5 C2H s 
(Al:!lOCiatlon in ethyl alcohol) 

ouch an association is entirely absent in propa.ne and ethane 
and hence their low boiling pqints. 

~b) Water solubility. Organic substances owe their solubilIty 
in water to a hydrogen bonding effect between the solute and solvent 
molecules which are polar in nature. This may be illustrated in the 
('<1<;" of alcohols as follows: 

As the molecular weight (or the molecular sh'le) of the alcohol 
incrrasea, the degree of hydrogen bonding with water decreases and 
there- will be It corresponding decrease in the solubility of alcohol 
in ',-ater. However, the high solubility of sugars and starches in 
water is attributed by a large number of -OH groups, maki.ng more 
hydrogen bonding possible. 

'1'he organic compounds containing (i) 0 and H ; (ii) C, H, S ; 
(iii! 0, H, X, do not dissolve in water appreciably since they arc 
m:.t c3.pable of forming hydrogen bridges with water molecules 
Aleohols and acids have a marked tende-nov to form hydrogen bridges 
'y~th water and hence are very soluble. 

QUESTIONS 

1. Give a concise account of the atomic structure with a flpecial refer
en"e to th{J numbe.r and arrangement of electrollil in differe!'l.t sheUs and Ilub
shells. 

2. Define latami.: orbital'. Dis®ss the shape of,s' and 'po orbita1o. 

3. Give the broad principles of 'electronic configuratIon' in atoms, il' us· 
tratmg taking example of the first ten elements of the Periodio 'rable. 

4. Intjlrpret the formation of electrovalent and covalent bonds in 
term.1 of the 'Orbit:tl theory'. Give examples. 

ii. What do you understand by a 'MolecUlar Orbital'? Describe 
the formatlon of c-a and s-p orbital taking examples of Hll and HF mole
culo~. 

6. What do you understand by a a bond and a r: bond? Give ana 
exaJnple of each type of bond. 

. 7~ What are HybriJisE'U orbitals 7 Explain the tetravalency of carbon 
\~~lDJS thLJ ccncapt, 
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8. What do you understand by Hybridisation? Explain the mechanism 
of double and triple bonds in ethylene and acetylene molecules. 

9. Writv an essay on 'The important reaction intermediates.' 

10. Write 0. short not on the concept of resonance. 

11. What do you understand by resonance hybrid and resonance energy t 
Explain how the concept of resonance has proved uaeful in explaining the 
unexpected stability and chemical behaviour of many organio compounds. 

12. Explain the concept df resonance in the light of the struotures of 
benzene and ca.rboxylate ion. 

13. What do you unde~ta.nd by hydrogen bonding? What is the nature 
of such bonds ? . 

14. Give condItions conducive _for .hydrogen bonding. How does it 
affect the phvaical properties of organic compounds , 
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Isomerism 

Gilbert N. LewjJt 
(1875-1946, American) 

Physical Chemist. Organic chemists 
are indebted to him for the concepts 
of valency and atomic structure given 
by him. His book on valency has 
given great impetus to research and 

teaching of Organic Chemistry. 

In the study of Organic chemistry we come across many cases 
when two or more compounds are made of equal number of like. 
atoms. These compounds possess the same molecular formula but 
differ from each other in physical or chemical properties, and are 
called Isomers and the phenomenon. is termed Isomerism (Greek, 
u08=equal; meros=parts). Since isomers have the same molecular 
formula, the difference in their properties must be due to different 
modes of combination or arrangement of atoms within the mol~·e.ule. 
Broadly speaking isomerism is of two types: 

(i) Structural Isomerism; and 
(ii) Stereoisomerism. 
Structural Isomerism. When the isomerism is simply due 

to differenee in the arrangement of atoms within the molecule, with
out any reference to space, the phenomenon is term cd Structural 
Isomerism. In other words, the structural isomers while they 
have the same molecular formulas, nossess different structural 

111 
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formulas. This type of isomerism which arises from dijIerence in the 
structure of molecules, includes: 

(a) Chain or Nuclear isomerism, : 
(b) Positional Isomerism ; and 
(c) Functional isomerism. 

Stereoisomerism. When isomerism is caused by the different 
arrailg~mellts of atoms or groups in sp.ace, the phenomenon is called 
~tereoiso:merism (Greek, Stereos = occupying space). The stereo. 
Isomers have the same structural formulas but differ in the spatial 
arrangement of atoms or groups ill the molec\.lle. In other words, 
stereoisomerism is exhibited by such compounds which have identi. 
cal molecular structure but different configuration. . 

Stereoisomeri:;m is of two typP;; : 
(a) Geometrical or Cis-Trans isomerism; 

and (b) Optical isoriuris7n. 
Thus various types of i~omerism could be summarised as 

follows: 

CHAIN OR NUCLEAR ISOMERISM 
This type of isomerism arises from the difference in the 

structure of carbon eha.in which forms the nuclell'~ of the molecule. 
It is, therefore, named as Chain or Nuclear Isomerism. For 
example, there are knovrn two butl111CS which have the same 
molecular formula (C,RlO) but differ in the structure of tlie carbon 
chains in their molecules. 

CH~-CH2-CH2-CH3 
I-Butano 

H3C-CH-CH~ 

I 
CH3 

IGohutane 

while n-hntalH:' !tel>; It continuous dMin of four carbon atoms, isohu· 
tane hei!:! a bran.:ht:d chain. Thf'bd cli""in i.'>omE;rs havE; :JOmcwhr.t 
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lliilt"fcnt p~ysical and chemical propcrtie,:;, ?L-butane boilmg at~O'5') 
and isobutane at -10'2". This kind of isomerism is also shown by 
other classes of compounds. Thus, n-butyl alcohol and isobutyl 
alcohol having thc same molecular formula C1H90H are chain 
isnmers. 

CH1-CHa-CHa-CHaOH CHa-CH-CHaOH 
n· butyl ulcohol I 

CH3 
Isobutyl alCohol 

It may be understood ~learly that the molecules of chajn 
isomers differ only in respect of the linking of the carbon atoms in 
the alkanes or in tlie alkyl radicals present in other compounds. 

POSITIONAL ISOMERISM 

, When t~o or more compounds have structural formulas which 
difft'r only in the position of the substituent atom or group on the 
carbon chain, these are called Position Isomers and the pheno
menon is termed Positional Isomerism. Thus n-propyl alcohol 
and isopropyl alcohol offer an example of positional isomerism. They 
possess the same moIecular formula (CaH70H) and their molecules 
ari' made of a chain of three carbon atoms. In n-propyl alcohol, 
the: OIl group is on the end carbon atom while in isopropyl alcohol 
it i:s on the middle carbon atom. 

OH OH 

CH8-CH2-~H2 CHa-6u": ... CHa 
n-Propyl alcohol Isopropyl alcohol 

The posltional isomerism may also be extended to aikanes and 
all(ynes which differ only in the position of the double or triple bond 
in their molecules. Thus, the molecular formula C,Hs stands for 
two butenes. 

CHa=CH-CHa-CH3 

CRa-CH=CH -OH3 

I-Butene 

2-Buteno 

in which the position of the double bond is different. _ 
In the aromatic series, the disubstitution products of benzene 

also exhibit positional isomerism due to different relative positions 
occupied by the two substituents on the benzene ring. Thus xylene 
C,H,(CH3)e, exists in the followinl! three forms which are positional 
isomers. • 

CR3 

OC~ 

a-xylene 
~Ortho) 

FUNCTIONAL ISOMERISM 

m-xylene 
(Meta) 

CHa 

o 
CHa 

p-xylene 
(Para) 

When any two compounds have the Sjl.me moleCUlar lOrmula. 
but possess different functional groups, they are called Functional 
Isomers and the phenomenon is termed Functional Isomerism. 
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ln otheJ words substances with the same molecula.r formula but 
belonging to different classes of compounds exhibit-functional iso
merism. Thus: 

(1) Diethyl ether and butyl alcohol both have the molecular 
formula C,H,OO but contain different functional groups. . 

C,'Hg-OH 
Butyl alcohol 

';I.'he functional group in diethyl ether is (-0-), while in butyl 
alcohol it is (-OR). 

(2) Acetone and Propionaldehyde both with the molecular 
formula CaHsO a.re functional isomers. 

CBs-CO-CBs CBa-CHIL-CRO 
Acetone Acetaldehyde 

in acetone the functional group is {-CO-j, while in acetalde-
hyde it is (-CRO). . 

METAMERISM 

This type of isomerism is due to the unequal distribution of 
carbon atoms on either side of the functional group in the molecule 
of compounds belonging to the same class. For example, Methyl pro
pyl ether and Diethyl ether both have the molecular formula C,R,OO. 
The number of carbon atoms attached to the ethereal group -0-, 

CBs-O-CsR? 
Methyl propyl ether 

in methyl propyl ether is 1 and 3, while in dimethyl ether it is 2 and 
2. This isomerism known as Metamerism is shown by members 
of classes such as ethers, ketones and amines where the central func
tional group is Banked by two chains. 

GEOMETRICAL ISOMERISM 

We have discussed above the various types of isomerism 
arising from difference in the structure of compounds having the 
S(1me molecular formula. Now we will study a new type of isomerism 
where the isomers possess the same structural formula containing a 
double bond and differ only in respect of the arrangement of atoms 
or groups about the double bond. The simple examples of this kind 
of isomerism are: 

(i) 

(ii) 

H-C-COOH 
II 

B-C-COOH 
Maleic acid 
(m.p. 130°) 

.B-C-Br 
n 

H-C-Br 
1, 2-dibromoethene-cis 

(m.p. -53°) 

£I-C-COOR 
• II 

BOOC-C-H 
Fuma.ric acid 
(m.p.286°) 

H-C-Br 
II 

Br-C-H 
1, 2-dibromoetbene-trans 

(-65°) 
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(iii) CHs-C-R 
- II 

CHa-C-R 
2-butene-cis 
(b.p. +4°) 

CRs-C-H 
II 

H-C-CHa 
2-butene-trans 

(b.p. +1°) 

(iVl H-C-CHs {JHs-C-H 
II II 

H,-C-COOH H-C-COOH 
Crotonic acid Isocrotonic acid 
(m.p. 72°) (m.p.15°) 
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It may be noticed that in all the above examples, the doubly 
bound carbon atoms are linked to two different groups, so that in 
general we could say that geometrical isomerism is shown by alkenes 
or 'their derivatives in which tWII different atoms or groups are attached 
to each carbon containing tne double bond. Thus the compounds 
ha.ving the formula abO=Oxy or the simple structure abO=Oab occur 
in two forms and exhibit geometrical isomerism. 

a-C-b a-C-b 
U II 

a-C-b b-C-a 
(cis-form) (trans-form) 

a-C-x a-C-¢ 
1 U 

a-C-y y-C-a 
(cis-form) (trans-form) 

If the two ,atoms or groups linked to the same doubly linked 
carbon are simil!1.r as in the molecule aaO=Oab, the compound does 
not show geometrical isomerism. Here the two possible configura-
tions are, in fact, the same. . 

O-C-o 

II 
o-C-b 

I 

</) 
O-C--o 

II 
b--c --0 

I n· I 
I 
I 

The structure II when rotated thro'!lgh 1800 through the axis of 
the double bond, can be superimposed over struoture I. 

The geometpcal Isomerism is also shown by compounds con· 
taining C=N or a cyclic ring structure in their molecules. 

Explanation and Definition of Geometrical Isomerism. 
To understand the cause of geometrical isomerism we must return 
to the fundamental conception of the tetrahedral nature of the 
carbon atom. 

According to Le Bel and van't Hoff (1874), the valencies of the 
carbon atom are distributed symmetrically in space. They may be 
oictured as directed towatds the fou .. corners of a regular tetrahed-
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ron constructed round the carbon atom as the centre. According to 
this theory, a derivative of ethane, say succmic acid, containing two 

H 

H~eOOH 

" '-, 

OOH 

H 
Fig. 7·1. Identical molecules 

H 

carbon atoms united by a single bond could be represented by two 
tetrahedra. joined corner to corner. 

If the two tetrahedra were fixed rigidly to each other, the 
two compounds having the models I and II should be possible. 
Actually there is only one succinic acid known. The natural can. 
clusion is that the two carbon atoms are able to rotate about the 
axis form(ld by the bond between them and can, thf'refore, assume 
form I or II. Thus, the possibility of different spatial arrangements 
i" p.thane derivatives is ruled out. 

If, however, the two carbon atoms are. united by a double 
bond, the two t.etrahedra representing them must necessarily be 

H 

eOOH 
H 

H 

in contact at two 
eOOH corners. 1n such a 

case all free rotation 
of the tetrahedra 
ceases and the 
groups -attached. to 
the two carbon 
atoms are fixed reo 

Fig. 7·2. Tetrahedral model~ofthe maleic acid 
and fumaric acid. 

lative to each other. 
Thus, different spa· 
tial arra.ngements of 
the grOUpf! ..1bout 
the doubly bound 
carbon atoms now 

become possible. For example, the two 
representing maleic acid and fumaric acid 
Fig 7:2. 

tetrahedral models 
·will be as shown in 

For the sake of convenience 
in a plane as f()l1ows :-

H-C-COOH 
II . 

H-C-COOH 
:r.raleic acid (cis) 

the above models are represented 

H-C-COOH 
II 

HOOO-C-Ii 
Fumaric acid (trans) 
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It may be noted clearly that maleic acid and fumaric acid have 
quite different arrangements of groups about the double bond. 
While in one case similar groups are on the same side, in the other 
thc'\' lic on opposite side~. Thi8 type of i80meri8m due to the dijferrnt 

. ·(i:;·~l (J,rranrrmmts of tke groups about the doubly bov..nd r.,arbo,1. 
atoms is known as Geometrical isomerism. When the similar 
groupS lie on the sa.me side as in maleic acid, it is called the Cis 

(Ois) (Trans) 

Fig. 7·3. Ba.1l and stick models of Geometrical isomers. 

isomer (Latin, cis=on same side). When similar groups are on 
the opposite sides a ... in the fumaric acid, it .~ called the Trans 
isomer (Latin, trans=across). Consequently' this type of isomerism 
is often spoken of as Cis-Trans isomerism. 

The ball and stick models of geometrical isomers of an organic 
compound are given below: Here the two black balls (carbon atoms) 
in each model are joined by two spring-rods and are thus 'fixed' 
and are inrapable of free rotation. The balls A and B (represent
ing different atoms or groups) could be arranged in two ways about 
the d)ubly bound bl(1{lk balls. The first model having similar balls 
on the same side -represents the ci8 isomer, while the second one with 
simila~ balls on opposite sides represents the tran8 isomer. 

A beautiful illustration of geometrical isomerism becoming 
possible by a double union between the carVon atoms is given in 
Fig. 7'4. 

In (I) two boards are shown joined by a single nail. Since the 
boards can rotate independently, the marked ends of the boards 

wm T 
* V;3 I 1-' 

I II lIT 
Fig. 7·" lllustra.tion of gconetrical inomerism. 
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cannot be arranged reiatJve to each other. If, however, the boards 
are fastened by two nails, they are fixed and hence two arrangements 
(ll and III) of the marked ends are possible. 

EXPLANATION BASED ON ORBITAL THEORY 

. 'rhe modern orbital theory oflers a more sophisticated explana.. 
tIOn of geometrical isomerism. We havE already discussed in the 
previous chapter that the doubly bonded carbon atoms in ethylene 
exhibit a trioganol type of hybridizativn (2s, 2p"" 2pu hybridi~ed). 
The three new spa orbitals lie in one plane. Thus the three a bonds 
formed by each of these two carbon atoms are coplanar. The un-

CIS T/?/W.5 

Fig. 7·5. 

hybridized third pz orbitals of the doubly bonded carbon-atoms 
which stand at right angles to the trioganoL bonds, overlap at two 
positions to form 1t orbital. The two types of overlapping results in 
the formation of Gis and Trans isomers. 

Determ.ination of Configuration of Isom.ers. There is no. 
absolute method for the determination of the configuration of cis
trans isomers. Several elementary relationships are, 'however, help
ful to the beginner. 

(1) FROM A STUDY OF THE PHYSICAL PROPERTIES. The differ
ence in the structure of molecule of cis-trans i~s is reflected in 
their physical properties. Thus it has been observed that in general 
the cis isomer has a lower melting point, a higher boiling point, a 
higher density, a greater solubility in inert organic solvents, a higher 
heat of combination and a higher ionisation constant as an acid. 

(2) By FORMATION OF A CYCLlC QOMP.OUND. The formation of 
a cyclic moleoule from an open chain molec\lle takes place easily 
only when the reacting groups are close to each other. This fact has 
been most useful in assigning configuration to cis-tra~s isomers iIi 
which the doubly bound carbon atoms carry groups that are capable 
of reacting "dth each other. The configuration of maleic and fumaric 
acids is established on this basis. 

-/ 
Maleic acid readily forms cyclic anhydride whereas fumaric 

acid does not. This means that in maleic acid the two groups are 
nearer to each other than they are in fumaric acid. That is 
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lI-C-COOH 
II --+. 

ll-C-COOH 

H-O-CO 
b '0 + HIO 

H-C-OO/ 
Maleio acid Maleio a~ydride 

H .... C-COOH 
II ~ No anhydrIde formed 

HOOC-C-H 
Fumario acid 

Obviously mlloleic acid is the cis form and fumaric acid the trans
form. 

II) addition to the methods given above,-other physical measure· 
ments such as the measurcment of the distances' between certain 
atoms by. means of X-ray-a, measurement of absorption spectra, etc., 
ma.y be of help for deciding upon the configuration in sOme cases. 

IntercoD,version of Geometrical Isomers. Although gao-. 
metrical isomers are stable- at ordinary temperatures, one- can be 
converted into the other or to an equilibrium mixture of both by 
heat, by ~posure to ultramolet light, or by use of catalysts. Thus: 

QKs-C-H 35\)~O(}O CK8-~H 
\I ~ 0 

CHs-O-J;{ H-C-@.3 
Oi8.:!-but~e Trans-2-butene 

(47%) (53%) _ 

Obviously at the high temperature, one of the bonds of the 
double linkage breaks sufficiently to permit rotation about the 
remaining bond. 

GEOMETRICAL ISOMERISM OF OXIMES 

From the dipole moment and the examination of its infrare d 
spectrum, ammonia molecule has been shown to .possess a pyramidal 
shlltpe. The ~·atom 
is occupying the top 
position of the p.yra- N 

mid and the H-atoms ~ 
the corners of the base. 
Thus the valency io? 
bonds 01 N -atom, like 
those of C-atom, are 
distl'ibuted in space; 
the angle contained 
by any two bQnds 
being IOiO 

Therefore, thp 
compounds such as 
'he oximes of aIde. 

Fig: 7·6. Shape of ammonia Fig. 7·7. Direction of 
molecule. valency bonds of . 

nitrogen atom. 

hydes, R.CH : N.OH, in which"the C-at61ll is joined to a N.atom by 
a. double bond. are c~pable of exhibiting geometr'cal isomerism, 
smce the R and OR groups may be arranged on the Same side or the 
opposi te sides of the double bond. The two stereoisomers thus 
obtaIned are designated as syn ,(equivalent-to ois) and anti 1equivalent 
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to tfans) respectively. The tlVO geometricaUsomers of an fl,ldoximc 
may be written as : 

R"o/H 
11 
N 

'OR 
Svn~ald{)xime 

Or siIrtply a!,! ; 

R"C/ H 

II 
N 

HO/' 
Anti-aldoxime 

R-O.._It R-:...C-ll 
h . II 

Ny OR 'UO-N 
Syn-aldoxime Ailti-aldmdmo 

Two benzaldoximes have. been actually isolated,: (1) IX-benzal
doxime, m,p. 35°;, and (2) ~-b'en~aldoximo, m.p. Uwo_ The two 
isomers have been assignEld the confignra.tions : 

Ca1l5-O--H c6n5~a-H 
l n 
N-OH HO-N 

tit, benzaldoxlmo j3.benzv.ldoxime. 
(Syn-form) (A'tUi.form) 

The ketoximes -of mixed ketones, R.CO.Rr, also show geometri 
cal isomerism. ·Thus ,: 

R.--C-R' R~O.:.._.R' 
• II 
N-OH HO~N 
(Two ster!)oisom()rs. ofkotoiimes) 

No such geometrical isomerism i$ ·p'OssibJe in lletoximes derived 
from simple ketones·in which R and rtf are same. 

~henyl tolyl ketox·ime is known to exist it\ two forms, wllile 
benzophenone Qxime, (C6U6)ZO : N.OH, does not exhibit geometrical 
isomerism. 

H30.0ag4~C-C6HD CHa.06H 4-C- C61!5 
II n 
N,--0H HO~N 

Syn.pnenyl to1yl oxime Anti-phonyl tolyl oximo 

Here the prefixes syn and 'anti refer to the relative positions of the 
OH group. and the hydrocarbon radical (attached to doubly bound 
,c atom) first named. 

Determination of Configuration: The behaviour. of.tl1e 
pair of geometrical iSomers on, treatment with acet.ic anhydride 
followed by sodium cMbon.ate forms the basis of determining their , 
configuration. 'Thus: 

CaH5-O..-R' 
1\ 
N-OIt 
;Syn 

CaHs-O-H 
II 

JIO-N 
Anti 

C61Ia-C- H, 
II:. 
N-tl.Ac 

CaHi;-C-H 

" Ac.O .... N 

Nn2COa 
__ C

u
lIsCeN 

(-HOAc) Nitrilo 
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The form which gives nitrile has the anti and the one which is re
generated the syn configurati_on. 

Since tho. oximes of ketones c~nnot be converted to nitriles 
as above. theIr uunnguration cannot be determined by this method. 
Here we maKc nse of the faot_ that when a. ketoxime is treated with 
certain reagents such as phosphorus pentachloride, sulphurio acid, 
etc., it undergoes molecular rearrangement to form ltn acid amide. 
This phenomenon is known as the Beckmann rearrang«;:m.ent or 
transformation (1886). 

R-C-:Rt Rr-.-C-OH R-C=O 
II ____.,. II ____.,. I , 

HO-N R-N N.H.R 
Syn 

R-C-Il.' HO-C-R' O=C-R' 
II ____.,. \I ---+ J.H.R N-OH -N-R 

Anti 

The net result of the above rearrangemenn is the in4:ierchange of the 
hydrooarbon radical with the OH group in anti position. ThuR by 
identifying the aCId amide (hydrolysis to parent acid and amine), 
produced after the Beckmann rearrangement, the configuration of 
the given ketoxime can be determined. 

A simple ketoxim~ like the benzophenone oxime upo~ Beckmann trans· 
form~tion would give the corresponding amido. 

C6B~-C-C6H5 O:=iC-C6H S 

---+ I 
NH.CaHl; 

n """'----+ 
N-OH 

Benzophenoneoxime N -phenyl.benzamide 

GEOMETRICAL ISOMERISM OF RING COMPOUNDS 

As already pointed out, the ring compounds also show 
geuluetrlcal isomerism, the ring itself acUng as a double bond. Thus 
dimethyl-cyclohexanes offer an illustration of cis.trans isollle!-,isJl1. 

The 
~nl!)'3°_ 

'ltrICAi. 

CHa H CHaH 
'-/ '-../ o 0 
1'-.. /""'-

eHa H H OH 
C

. 3 
M- rrO(/'t8-
) 4-dimethyl-cyclohex&bO 

cis variety boils at 124-3° and the traM yud~ty boils 

ISOMERISM 

, It optical isomerism we ha~ a mUM more subtle phenomenon 
Ii..ven the geometrical isomerism. While the geometrical iWillets 
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diffe~ in physical properties such as melting point, hniKllg point, 
?enslty e~c., and also in certain chemical properties, the. -Qptical 
Isomers WIll have the same chemical reactions and will be~like in 
all. physical properties mentioned ahove. They can only be -distm
gUl~hed. hy theIr 'action on plane-polarised light'. This prop¢rty 
w.'llch !s often referred to as the optical activity requires a hrief 
dIScussIon. 

W~t is Optical Activity? Light is propagated by a vibra· 
tory motIOn of the 'ether' particles present in the atmosphere. Thus 

Ordinary light waves 
vibrating in all dirac· 

tiona 

Plane poll!orised 
light 

Nicol prism 

Plane rota.ted to 
the.left 

Fig. 7·8. 

Plane polarised light 
waves vibrating. in 

or.e direction orliy 

Plane rota:ted to 
:he tight 

in ordinary light vibratIOns occur in all planes at right. angles to 
the line of. propagation. In plane :polarised light the vibrations take 
place only in one plane, vibrations in other planes being cut off. 
Plane polarised light can be ohtainerl by passing ordinary light 
through a Nicol pri.sm. * 

Certain organic compounds, when their solutions are placed in 
t.he path of a plane polarised light, have the remarkable property 
of rotating its plane through i1 certlJ,in ~gle which may be either 
to th~ left or to the right. If the polarised light has its vibri1tions 
in the plane XY before entering such a solution, the direction 
on leaving it wiil be changed to say X'Y', the plane having been 
rotA.ted through the angle (:t; (Fig. 7'8). This property of a; 

*Nicol Prism: A Nicol prism is constructed of iceland spar, a sub~
tance -which is doubly refra.cting. It is so made that light waves vibrating 
fn.!eIl dire~tions except one is cut off by refraotion to one side of the prism. 
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substance of rotating the plane of polarised light is called optical 
activity and the substance possessing it is said to be optically 
active. 

16 ~ _S_OLU_T/ON~j / 
V y 

Xx 

1 
vy 

Fig. 7·9. Rot~tion of the plane of polarieed light by III solution. 
(Diagrammatic) 

The observed rotation of the plane of polarised light (deter
mined with .the help of polarimeter) produced by a solution depends 
on : (a) the amount of the substance in tube; (b) on the length 
of t4e solution examined; (c) the teinperature of the experiment 
and (cl) the wavelength of the light used. 

For the measurement of optical rotations, a term SpecifU:. 
Rotation is introduced. This is a physical constant characteristit: 
of a substance as much as the melting point, boiling point, density or 
its refractive index. It is d,efinell as the number of degrees of rotlltio1i. 
observed tohen light is passdd through J . decirnetre (10 centimetres) of 
its solution hat'ing concentration 1 gram per millilitre. Jhe specifi~ 
rotation of a given substance can be calculated by using the following 
expression : 

where [ rI. J~o stands fo'r specific rotation determined at tOC and 

using D-line of sodium light; rl.obs is the observed angle of rotation; 
l is the length of. the solution in decimetres ; and c is the 
concentration of the active compound in grams per millilitre. For 
example, the specific rotation of amyl alcohol (2. methyl-I-butanol) 
at 20°C for D-line of sodium light is-given by 

[. rJ. J:o 

= _5'756° 

The sign attached with the angle of "rotation signifies the direction 
of rotation. Negative sign (-) indicates that the rotation is towards 
the left, while positive (+ ror no sign means that the direction of 
rota tion is towards righ t . 

. The rotation may be different in different solvents and this 
needs to be mentioned while reporting the specific rotation. Thus: 

[ IX J:o 

=. +24'7° (in chloroform) 
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. Definition and Examples of Optical Isom~rism. The 
sImple organic compounds which show optical activity arc 

Lactic acid OHa.OH(OH).OOOH 
OHh 

Valerio acid )OH.OOOH 
OzHI) 
OHa, 

Amyl alcohol /CH.OH20H 
OzH5 

AU these substances arc known to exist in ~bree forms 
(I) One 1'~ating the plane of polarised light ·to the left. Thi!:> 

form is named Laevo.rotatory (Latin, laevous=left) or simpiy 
l.form. 

(2) One rotatiny the plane of polarised light exactly to the same 
extent but 10 the rlgM 'fhis form is named Dextro.rotatory (IJatin, 
dc.'Vter=right) or simply d.form. 

(3) An inactive form which does not rotate the plane of polarised 
l~ght at all. This is a mixture of equal amounts of d· and l·forms 1l.11d 
hence its optical inactivity. It is named dl.mixture or Racemic 
mixture (Latin, racemio=mixture of equal components). 

Thus, three lactic acids ure known. They are: (rt) d·lactic 
aCid, (b) l.lactic acid, and (c) dl·mixture. Since tho dl· acid is only 
It mixture of a. and [.forms, in reality lactic acid exists in two forms, 
the a.lactic acid and the I.lactic acid. These two acids are exactly 
identical in physical and chemical properties but differ in their action 
on the plane polarised light. 'I.'hey have different Bpec~{ic ,·olation. 
Such forms of th~ same compound which differ only in their optical 
properties are caUed Optical Isomers and the phenomenQn is 
tcqned Optical Isomerism. 

TABLE: Physical Properties of Lactic Acids 
--

NAME 1\1. PT. DENSITY [aJD 
\ 

d-Lactic acid 26· 1·248 +2'24· 

l.Lactic acid 26· 1·248 -2,24° 

dl'·Lactic acid 26· 
/ 

1·248 0.000 

Optically . ~<:tiv~ compounds contain asymmetric 
carbon atoms. .A study of tilll st.i.1.LOtlt«t.l iru:mulas of t.ll.e optically 
Llctive aubstance.s !;CYEaJ's th{} mr,t that bhoy all contain n. CI\r.bOll 
atom I1ttuQh_cd to fOllf differtJllt gJ:o~ • 

ffllO, .. '* /OH UJP, .~:a. saO, -. /H 
..,0" ... 0 '. 10' IF COOl{ Ho02' OH H"C2 .' OH20lI 

Lactio acjd Vale,dc nola Amyl a.lcohol 
The central carbon atom in the above molecuills whioh is linked to 
four different. groups is called an asymmetric carbon atom. The 
asymmetric carbon atom is customarily marked with an asterhlk us 
shown in the formulas Influtioned .. bove. 
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E'xplanation of Optical Isomerism. Optical is.omerism is 
also a typo of stereo-isomerism. ~her(\fQro, to :understand it we ha.ve 
to rov<>rt' agn..ill to the LE BEL and V4.N'T Holm's THEORY of the 
tetrahedral carhon at()lli. According t(} this theory. the valendies of 
a c(ubon atom llre direQte(Z toward8 ·tke jour corn~rs of d regu1ar 
tetrahpdron constructed 9'OUlid the carbort at'om as the ventre. Thus if 
tho cal bon ,tl,tom is pictured al? flo tetrahedron and the four different 
groups a, b, c and dare Bittaqheu at tho four coeners, two arrange. 
ments of the g~OtIp& about the central carbon .atom ate possible 
(Fig. 7·10). Although the .two arrangements shown have the same 

C1 

'J 
h b 

c C 

d 

c 

I 
I 
I MIRROR 
~ 

c 

b 

Fig.7·l(j. Th'o asymmotric 'curuon atom of(efs 
two space models. 

a 

I!tl'llCtUl'C, they aro not cOPgmrtnt. If you try- to superimpose one 
IItrm,tUl'e OV'el' the other ISO tha.n the-Jour gronps· a, b. c, '8, of t,he first 
fall 0\'<,1' tho siniill\r grOllps of the 800011l1. to coincide the gro.u}>s a , 
and c of the two models, gr.oup (~will go on the opposito lSides. 
Hence th{) two models represent (',lendy two dfffCl'cnt spatial al"a.nge .... 
}PClits. The spaco nlOdclf;! possi~ly sta~ld. for tl~e deallru. and laelJd 
Momcrs. ']'hoy are related a"il obJc(.'t. to 'Its Ituage In the mu:rol' !Llnl~ 
lhcrcfol'f', the Isomeric substances whioh. they represent ate Rpokcm 
tills ~phs' (mi'l'rOl' ,inUlne.a.J;.or £18. tho Morter- OlfllivalC'itt 
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EnantioD1ers or antbners. We' cannot say exactly as to which 
model represents the d-forni and which rePfesents the l.form, as the 
mechanism by which the plane of polarised light is rotated is not 
clearly understood, One thing, however, is clear that leaving out 
b, th{! arrangement of groups in the lower part of the molecules is 
different (see Fig. 7'10). It: in one case they are arranged clQckwise, 
in_, the other they are anti-clockwise. This offera a satisfactory 
explanation of'the opposite rotatory powerl'l of the d. and l-hmmers. 

A large number of compounds are capable of existing in 
enantiomorpliic forms, and the naming of the optically active forms 
is done in a simple way by plaeing (+) or ( -) before the usual 
name. For example, lactic acid in the dextro and laevo forms would 
'be (+ )lactic acid and (-)lactic acid respectively: 

RANDS CONVENTIONS 

Quite recently a new convention has been introduced by Cahn, 
Ingold and Prelog to specify the configuration of an asymmetric 

C I carbon. According to this coli· 

\ 

. (I vention the name R or S is 
. / assigned to an enantiomer b.y 
"--C--CH.3 H3c-c/_Br taking into consideration the 

/ \ ~rder of the ato~s or .. groups 
H H hnked to thc asymm~trlC. c?-r-

(At. Nos. Bt=80; 01=35'5 ; C=12; H=I) bon atom. The order?f prI~rlty 
F

· 7 11 E t' f of atoms or groups 1S deCIded 
19. • • nan lOmera 0 th b' f th t . 

. 1 I-Bromochloroethane. on e aSIS 0 e a omle 
, . number of the atoms directly 

linked to the carbon atom; the atom of higher atomic number 
getting higher priority. Thus the priority order of the groups of 
1, I_Bromochloroethane OH3.OH.Ol Br, will be Br>OI.$OH3>H. 

But in Lactia. acid, 'two of the atoms linked with asymmetric 
carbon atom are carbon atoms themselves. 

H H 0 
1 .1 II 

H-C-C-C-OH 

ir dH 
In this case, the simple rule of determining priority in order of 

atomic number of atoms directly joining asymmetric carbon atom, 
will not hold. Here, a comparison of atomic number of atoms next 
to ca:r:bon in the groups decides the issue. In OHa group the next 
~toms arc H, H, H and in OOOH group they arl) 0, 0, H. Since 
o ntomhlls a higher ntomicnumber (16) as agains1l-H (1), the COOH. 
group gets higher priority over OHa group. Thus the priority order 
in Lactic acid will be OH>COOH>OH!!>H. lIowever, in compli. 
cated molecules of the type " 

'~/v-X-Y 
/ '-C-X- '7 
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where the atoms (X) next to carbon of the two groups attached to 
asymmetric carbon is the.. same, the comparison of atomic number 
of further next atoms (Y and Z) will determine their priority. The 
group containing Y will claim higher priority than the other, if the 
atomio number of Y is more than that of Z. 

After determining the priority order of the attached groups, 
the molecule as a whole is viewed in the tetrah~dral perspective 
in such a fashion tha.t the 
group of lowest priority is 
directed away when the 
arrangement of the remain
ing groups is being observed. 
If on viewing from a group 
of highest priority to the 
second priority and then the 
third priority, the eye travels 
in a clockwise qr right.hand 
direction, the en"antiomer is 
oalled R (Latin, Rectus= 

R.. s 
Fig. 7·12. Rand S naIUes oftha enantio

mers of I, I-Bromochloroetharie 
Circular line indicates the direc~ 

tion of vision. 

right) while if the eye moves in the antiplockwise or left.hand 
dir"ction, the configuration is specified as S (Latin, Siniste1"=left). 

Plane Formulas of Optical Isomers. As we have studied 
above, plane formulas representing the optically active. compounds 
would be incorrect. But it is more convenient to represent them by 
plane formulas rather than by sketches of models. It can be done 
provided that there be no departure from the. plane representation. 
Thus, the plane formulas 

b b 

a-6-a d-6-a 
I I 

c c 
Mirror 

cannot be superimposed and one formula is the mirror. image of 
the other. This is, however, true only so long as they are kept in the 
plane of the paper. Hence they can conveniently be used to repre. 
sent d· and l.isomer!! of optically active compounds. Thus d- and 
l.lactic acids can be represented as 

CHa 

n-6-0H 
600H 

eHa 

Ho-6-H 

~OOIl 
Fig. 7·13. Plane formulaS' ofd- and l·lllctic alJids. 

Meaning of Asymmetric object. (1) IT HAS NO PLANE OF 
SYMMETRY. A plane that divides the object into identical halves, 
is termed a plane of symmetry. If you can interpose such u. plane 
through the given structure, it is symmetrical. In the absence of a 
plane of symmetry, the structure is asymmetric. 'rhus while a hand 
if'! asymmct,riC),. n. ball il'\ symmetrical. 
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I 

PLANE OF 
SYMMETRY 

Fig. 7·14. ~s.fmmetric I,tnd symmetrical objeots. 

(2) ASYlItMl'JTRIO uBJEO'l' DOES NOT COINCIDE WITH ITS lIlIRROR 
lJ\'lAOE.. An asymmC'tric object does not coinddo with its mirror 
hnage in all particulars. :For oxnmp)tI, left hand is the mirror image 
of t.he rigIlt hand (Iud the two can nevC'l' be superimposed. 
0bviou\!ly, It symmotrical object like a ba.ll can be> mndC' to coincide 
with it,s mirror-image which will bo anoth£'r OXtlctiy sim.i.Llr ball. 

Optical Activity is a property of Asymmetric molecules. 
Havin~ leurnt tho mC'anjn~ of an asymme.trio obj('ct, "0 can now 

uuclcl'stnnd ci1l:lily 110\\>" 
~ :>::; 1 . ~ ~ optielt activity IS a 
~ ." property of asymmetric 
\.. H.3 C H.3 1 I Th t t "'.' ',', I.', ' mo eou CS. e e I'a-, hedral modpls (li'ig. 7'1{)) 

of d- and l·isom('rs nre 
1-1--'. C --OH H-- e -H asymmetriC' siuco fi) one 

~ l isomer' is the nUnor 
ffi ~ image -of tho other and 
eOOH eOOH the two (ja,nnot be lUnda * ~ to coiIwide, and (ii) 
~ ~ they ha vo no plu,ue of 

Fig. 7·15. 'fhe hatchod plano divides tho pl'O- symffiQtry. ~l'hllS they 
pionio 'aoid moleoule into two siinilu,l' halves, ropr.esent asymmetric 
whilo plane ofsymmotry is a.bsent in lactio Mid molecules. If, hDwevor, 

m(l]oculcs. ) 
I~ny two grolljlS uttao l-

ed to the eentral carbon atom becomo similar, the moiec1l1e,q he,como 
3ymmetrical and consequently optical activity viwishcs .. ThtJS 
while lactic acid is optioally aotive, IJl'opiouio acid is not., 'rheso 
observations can 1)(1 fnllowO(l clearly from the plane fOl'mulus given 
in Fig. 7-15. 

OPTICAL ISOMERISM IN COMPOUNDS CONTAINING 
MORE 'l'RAN ONE ASYMMETRIC CARBON 

We have seen that a substance liko '}Mtic U{;ut 
CH3*CH(OH)COOH which has ono asymmotric carhf!jl IHOI'lIJ j)l ft'l 
molecule, ~ts in t,vo optically activo forms: (I) d .fuclj'r:; ndd at' 
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; :) laotic acid; and (2) l~lactic acid or (-) lactic acid, depending 
,,f+ whether it rotates the plane of polarised light to the right or t.o 
:he left. The third isomeric variety dl-Iactic acid or (±) lactic acid 

hich is optically inactive, is a mixture of equal molecular quantities 
'W . 
of the two enantJOmers. 

When an organic compound contains two dissimilar asymmetric 
carbons, it can give four possible isomer~. Thus the substance 
abdC-Cabe will exist in the following four forms. 

a a a a 

b-6--a I I I 
d-O-b h-C-c1 d-O-l, 

I I I J 
0-0-6 e-O-b 6-0-b b-Ort! 

I I I I 
a a a a 
I II III IV 

The forms I and II are cnantiomorphs (mirror images) and so 
are the forms III and IV. 'fhese two pairs of enantiomorphs will 
give rise to two racemic modifications. 

It is dear from above tl:at a compound containing two dIS

similar asymmetric carbon atqms, exists in four optically active 
forms. Reasoning in the same fashion, we will find thai a COIll

pound containing three dissimilar asymmetric carhon atoms can form 
eight differont configurations. Thus, in general, the number of 
optical isomers is given by 2" where n is the number of dissimilar 
asymmetric carbon atom'! in the molecule. 

The forms I and HI are not mirror imagos (enantiomorphs) : 
yet they are optically aotivo isomors. Same is the "!lSO with II and 
IV. Much compoun(l.s which are optically acUve isomers 7jut not mir
ror images are callod Diastereoisomel"s or Diastereomers 
(.~hortf.tnod 11[11110). UnJiko onantiomorphs, the; haY(> different physi-

• ciLl pro]wrtios such as melting point and solubility.. l'hey rotate the 
plano of polarist,d light in the same clircr.tion but to diffQrent 
extent.~. 

When an organio compound rontains two similar asymmetric 
rnrhon atoms in ltll molecul0, abd-O-O-abd, the number of opti
cally active isomers <{<'rreases. Thus tartaric acid haS two similar 
asymm0trie carbon atollle; hut ·exists in thrco nctive forms only. 

Isomerism of Tartaric acid. Let us now pro coed to dis
cuss tho optioal isomm'ism of'tartaric acid whicll contains two asym
metrio carbon atoms, in detail. 

The two asymmetric Clll'l>on atoms in tartaric acid, 
·CH(OH)COOH 

*('q tolI)COOH , 
\lre n,ttadmd to the ~roup~ H, on. GOOH, l).mt CH(OH)COOH. 
It" molecule c ... n be r",Pl'(''lrnt.Pd by k]HCC models of two tetrahedra 
join('d cornfr to ('orner but ['d' the sakI' of convonience on' will uso 
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the plane formulas. The end groups being identical, in all four 
arrangements are possible according 8.S one or both H groups and OIl 
groups are on the left or' on the right. 

COOH COOH 
I I 

H-C-OH HO-C-H 

Ho.....;d-H H-LoH 

60bH bOOH 
I n 

COOH 

H-LoR 
I 

H-C-OH· 

bOOH 
III 

COOH 
1 

HO-C·-H 
r 

HO-C-H 

bOOH 
IV 

Of these, ;formula IV when rotated through 1800 in the plane 
QI the 'paper becomes identical with formllla. III. Therefore, for 
tartaric acid we can hn,ve only three different arrangements, viz I, 
II and III. 

~ ~ 
I 1 

H-' C-O~ 

I 
HO-c-H 

o 
HO-C-H 

I 
H-' -C-OH 

I 
\~ 

~ 
I 

H-C-OH 
-----f-- -
H-C-OH I . 

~ 
:Fig. 7·16. 'fhree forms of tartaric acid. 

Now, if the force which rotates the plane of polarised light be 
directed from H to OR, 

(i) structure I will rotate the plane of polarised light to 
the right and ""ill represent d·tartaric acid; 

(ii) structure II will rotate the plane of polarised light to 
the left a,nd will represent l·tartaric !\Cid ; and 

(Hi) structure III will represent optically inactive tartaric 
acid, since the rdtatory power of the upper half of 
the molecules is balanced by that of the lowElr half. 

It may also be noted that formulas I and II are mirror images 
of eaoh other and hence reprosent d. and l.isomers. Formula III, 
however, has a plane of symmetry (dotted line) and hence represents 
an inaotive isomer or tartario aoid. 

In actlHtl practice, four tartaric acids are known: 
(i) d--Tartario acid or (+) Tartaric aoid ; 
(ii) l·Tartaric aoid or ( - ) Tartaric acid; 
(iii) Inactive or i· Tartaric hciJ.; this is also known as 

ill e.~o.Tn,rtaric acid or m· Tartari(l. acid; and 

(tv: tIl·Tartario acid or kf: )Tartaric acid; this forn) of 
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-I;artaric acid being a mixture of equal amounts of 
d- and l-isomers. . 

The physical properties of the four tartm:.ic acidS' are tabulat
.ed below: 

'TABLE : PhY8icaZ propertie8 oj Tartaric Acid8 

NAME M.PT. DENSlTY [ct]O 

d-Tartaric acid 179° 1-760 -t 120 

l-Tartaric acid 1700 1-760 _120 

dl-Tartaric acid 2060 1,697 00 

m-Tartaric acid 1400 1-666 00 

'rhe three tartaric acids (d-, t-, m.) are aU space.isomers but 
om.tartaric acid is not a miri'or image of either of the active f\lrms: 
lIence it differs from them in melting point, density and other physi. 
(,Al properties. 

External and Internal Compensation. If equimolecular 
amounts of d. and l-isomers are mixed in a solvent, the solution is 
inactive. The rotation of each isomer is balanced or compensated 
by the equal but opposite rotation .of the other. Optical inactivity 
ha.ving this origin is described as due to Externa.l compensation. 
Such mixture~ of d· and l·isomers (Racemic rnixt.ures) can be sepa. 
rated into the active components. 

In meso tartari!; acid the inactivity is dlle_t6 effects within the 
moleoule ana not external. The force'of rotatfon due to one half 
of the molecule is hl).lahced by the opposite and 
equal force due to the -other half. The optical 
inactivity'so produced is said to be due to Inter. 
nalCompensation. It occurs whenever a com
pound containing two or more asymlpetric carbon 
atoms has a plane or point of' symmetry. Since 
the optical inactivity of such a compound arises 
within thp molecule, the question of separating it 
.into active components does not arise. 

? 
H-C-GH ----t---
H-C-OH 

I 

~ Laboratory Synthesis yields Racemic 
Mixture. When '1 compo~nd containing an 
a.symmetric carbon atom is synthesised in the 
laboratory from a compound. that bas none, the .Fig. 7'17. Inactivity 
product is always a racemic mixture Thus if of Mep" Tartaric 
'«-chloropropionic acid, CHa.CHCl.COOH, be pre" acid by Internal 

Compensation. ,pared from propionic acid, racemic mixture results. 
"is shown by the formula below, the two hydrogen atoms Hl and H2, 
. 'm. propionic acid. are identical. There is equal chance of either 

'ftydrogen atom bemg replaced by chlorine atom. 
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CHa 

CI-LH2 

JOOH 
I 
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eH3 
1 

HI-a-or 

bOOH 
II 

Hence, there result equal number of molecules of laevo and dextro 
isomers and tIl(' product is a raoemic mixture. It may be noted 
that structures I and II are related as mirror images of each other 
and if I is laetJo II will be dextro. 

Resolution of Racemic Mixtures. The separation of a 
racemic mixture into its d. and I. components is termed its Resolu. 
tion. Since the optical isomers have identical physical properties, 
they cannot be separated by ordinary - methods sl1ch as fractional 
crystallisation or fractional distillation. 

(1) Mechanical Separation (Pasteu1', 1848). This method is 
applicable only to solid substances which form well (lefined crystals. 
Frequently the racemic mixtures consist of two types of crystals 
which have different shapes, being the mirror images of each other. 

,.-
~ / I' 

L .);" 

'<:: ~ 
l!'ig. 7·18. Two forms of tfil·taric ueid. 

The two vaneties of crystals can be separated with the aid of a 
magnifying lens and a small forceps. Since tho crystals of one type 
are all d·isomCl. and the crystal:" of the otlH'r types are I.isomer, 
their separation leads to -the resolution 0f the racemic mixture. This 
method is too tedious for practical purposes and is now of historical 
interest only because it was the firl3t method which Pasteur employed 
for the separation of the tartaric acids. 

(2) Bioclmn.icrtl Method (Pasteur, 1858). In this method the 
resolution is effected by d(;\stroyin_g one form (d- or l.) by a bio
chemical process. When certain micro.organisms snch llS yeast, 
moulds and bacteria are allowf'd to grow in the solution of n. racemic 
mixture, they assimilate one form selectively leaving the other in 
solution. The separation is almost complete so that the form left in 
solution can be isolated by fractional crystallisution. For example, 
if ordinary mould, Pinicillium glaucu1n, is added to It solution of dl· 
tartaric acid, the solution becomes laevo.rotatory due to the destruc
tion of dext1'o form. The seleotive 30nsumption of one isomer is 
beHMed to be due to the asymmetry and optical activity of t}r(l 
enzyme present in the micro-organism. 
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The method is', no doubt, muoh more practical than the 
Inechanioal separtttion but it suffers from the following disadvant. 
a.ges : 

(i) One-half of the material is sacrificed. 
(ii) It cannot be applied to dl-mixtures of pOlsonous sub<:tances 

which are incapable of acting as food for organisms. 
(3) Ohemical .Method (Pasteu,', 1858). This is the most 

general method of resolution. In this method. the dl-mixture is 
united with anothcr suitable optically active 'isomer when the 
product" are no longer mirror imttge isomers and may be separated 
by crystallisation. 

Fur examplo, a solution of racemic luetic acid may 'be tl1;)u.ted 
WIth an optically nctive base such ~~s the aUmloid l-Brucine The 
resulting Pl'OUtlct will consist of two salts: 

(i) d-Acid. l-Base ; 
and (ii) l-Acid. t-Base . . 
The relation of the configurations of the two salts may be 

cxplained by tho following illustration. Suppose the two enantio· 
morphic forms of lactic acid are represented by the symbols 

d-lactic acid l-lactic acid 

D,nd the two enantiomorphic forms of brucine by the symbols. 

d-bruClUe l-brucine 

Now the two compounds l-brucine.a-lactate and l-brucine.l-lactate 
may be represented as shown below. 

l-Ill'ucine.d-Inc.tato l-bruClllo.l-ll1.~tuto 
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Inspelftion of the configurations of the two salts shows that 
they are not enantiomorphic. Therefore, they have different solu
bility in water and can be separated by fractional crystallisation. 
The isolated salt~ are theD treated with dilute sulpl}uric J1Cid when 
the optically active acids are regenerated. 

l:limilarly, a racemic mixture' of a base can be resolved ,by com
bination with an optically active acid such as d·tartariQ acid. ' A 
racemic mixture of alcohols may be resolved by esterincation with 
an optically active acid. 

(4) ](inetic Method (Markwald, McKenzie, 1899). The fact 
that enantiomers react with an optically. active s:ubstance at different 
rates, is used for the separation of racemic mixtures: Thus l
menthol (an alcohol) r~acts faster with d-mandelic acid 

* (C6HsCHOHCOOH) than [.mandelic acid to form ester. Therefore; 
when racemic mandelic acid is esterified with a limited quantity of 
l.menthol, tl!,e product is richer in dl' -ester than ll'-ester which upon 
hydrolysis gives partially resolved mandelic acid. 

(5) Selective Adsorption. Sometimes 'resolution' -,may be 
achieved by passing a solution of the recemate over a column of a 
~nely powdered, optically active adsorbent such as starch, su!;!;ur or 
quartz. The surface of the adsorbent, adsorbs selectiv(lly one 
enantiomer and thus the solution' emerging at the bottom is richer 
III the other ennJltiomer In this way partial resolution is effected.-

Racemization. An optical Isomer (d- or l-) may lose its 
optical activity yielding the racemic mixture by the application of 
heat or light to solution in a solvent, or in the presence of a suitable 
catalyst. 

The c.onversion of a d· or 1.isom~1· into its racemic mixture is 
termed Racemization. 

This involves the change of half of the active compound to the 
isomer of the o))posite rotation, resulting in the racemic mixture. 
'Thus: 

Or 

2dA __ dA + lA 
(Racemic mixture) 

2lA __ dA + lA 

Racemization takc,s place readily in the case of optic<dly actiyc 
hydroxy acids like lactic, malic amI tartaric acids in the presence 
of a base. All these compounds have a. carboxyl group adjacent 
to all asymmetrIc carbon atom carrying a hydrogen. Thus racemi. 
zation has been interpreted to take place t;hrough the formation of 
an enol which a.t·once chan_ges to the other enantiomer. In 'case of 
lactic acid we have: ' 



IS().'IIEHI~~I 

OHa OHa OHa OHa 
I J. I I I 

H-C-Oll C-OH H-O-OH HO-C-H 
I --Jo II --Jo I -I- I 

O=C-lI nO-C-OH O=C-OH O=C-OH 
(i-Acid Enol d-Acid l-Acirl 

:!,l .'lolecllles) (unstable) (Racemic mixture) 

The H-atom linke(\ to d-carbon in d-Acid migrates to O-atom of the 
carbonyl group to .. form the enol. Now, the shift of the H-atom of 
the enol back to d-earbon involves opening of either linkage of the 
dOllble hand, providing equal opportunity for the H-atom to attach 
to the left or the right. This learls to the format,ioll of one molecule 
of rl-Aeid lind olle of l-Acid. 

But the changes shown above are l'('Ycr"ible and in actual 
practice we get an equilibrium mixture since one molecule of d-Aeid 
remains as if it were unchanged. 

CHa CHa CHa 
I I I 

H-C-OH c-on HO-C-H 

I - " - I O=C-OH HO-C-OH O=C-OH 
d-Acid Enol ' l-Acid 

The equilibrium fnixtul'a thus obtained contains' one molecule of 
rk\cid and Olle molecule of l-Acid i.e., the racemic mixture of the 
acid. 

PaDteur fOllnd that if a solution of d-tartaric acid is heated for 
~ome time at 165°(', it loses its optical activity forming the racemic 
mixture and meso-acid. This is due to the fact that tartaric acid 
having two asymmctric ~arbon atoms may undergo inversion 'Of H 
and pH only abollt one carbon or both, yielding meso- or racemic 
form l'rRper.tivcly. 

COUf{ 
I 

JI-U-OH 
I ' 

H-C~m[ 

I 
COOH 

d Aci(l 

COOll 
I 

H---C-OH 
I 

U. -(,--ou 
600H 
d-Aejd 

coon 
I 

H-C-H 
I 

H--C-OH 
I 
COOH 

,l/eso-Acitl 

COOH 
I 

HO-\) II 

Ho-Lu 
I 
COOH 
l-Aci!l 

Tit,' I'quilihl'itllll mixture (through the ('noli\.: form) ill the 
,,1'(Jll' ,'il'i(' II ill c()n"i~t of equal amounts of the d- aud l-isomel·s. 

Optically Ilcl,iyc :-'llhBtUU(I(S which caunot enolize Lecause they 
hn H' no hydrogen atom C(. to n carbonyl group. do not in general 
raCtll1i7(, t'xrept llIlciu condition::; which bring about other chemipai 

. r.hanges- It,.; "l'11. 
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Asymmetric Synthesis. We have already seen that when a 
compound containing an nsymmlltric carbon atom Ijs synthl'sised by 
ordinary laboratoTY methods from a symmetric compound, the 
product is a racemic mixture. If, however, such a synthesis is 
carried under the "Asymmetric influence" of It suitable optically 
active reagent, one of the optically active isomers (d. or 1-), is produc
ed in preference. This kind of process in which an asymmetric com
pound is synthesised from a symmetric compound to yield the d- or l
isomer direc~ly, is termed Asymmetric tynthesis': 

In such asymmetric synthesis, both the active isomers (d- and 1-) 
are invariably produced simultaneously b:ut one of these is obtained 
in eXCless and often (but not always) it has the same sign of rotation 
aH the active reagent employed. An iHustrntion of a::;ymmetric 
Rynthesis is offered' by the following parly example (Mackenzie, 
19(15)-

When pyruvic acid is reduced as such, it yields dl-Iactic acid. 
However, when pyrqvic acid is first combined with an optically active 
alcohol, ROH, such as l-menthol, >II to form an ester which is thfm 
reduced. the product upon hydrolysis yields I-lactic acid in excess 

ORa.OO.OOOH + ROH ~ OHa.OO.OOOR + Ii~o 
l-menthol l-menthyl pyruvate 

o H 

" I OHa.C.COOR + 2H ~ OHa-C-ODOR 

6H 
l-menthyl.l-laotate (exoess) 

+l-menthyl-d-Iactnte ' 

H 
-l-H2D 1 
- ... OHa-C--OOOH 

6Y 
l-lactio ac:id (excess) 

+ d-lactic acid 

+ R,OR 
l-menlhol 

In nll.ture, numerous optically _ active substances ~uch HS ter
penes, alkaloids and proteins are produced by asymmetric synthesis, 
under the influence' of optically active enzymes. These enzymes 
unite with the substance available ill plants and when the synthesis 

*l\Ienthol has the structure 
CHa 
I 

CH 
/ '-, 

H20 CH2 
1 I 

H 20 CHOH 
'- / 

OH 
I 
OH(OHa)3 
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is complete, they separate from the product nnd arc tIm:; a~aill fi_'pc 
to combine with more of the parent inactive substance and the CI1(l

less process continues, 
As the thmgs stand today, very little is known n bout asym

metric synthesis and its mechanism is still a matter of l'meclIli\tion, 

Walden Inversion, When an atom or group dh'ectly linked 
to an asymmetric carbon atom is r('placed, the configuration of thc 
new compounds ma)· be opposite to that of the original. Thus d
malic acid can be converted into l-malic acid as follows: 

COOR COOH COOH 
I PCIs I AgOH 

H-C-OR ~ CI-C-H ~ HO-C-H 
I I I 

CHzCoOn CHzCOOH CR2COOH 
d-Malic acid l-Chlorosuccillk add l-l\Ialic acid 

This curious phenomenon of the 'inversion' of groups about. 
the a;-;ymmetric carbon atom first studied by Walden (18{)5) is called 
Wuhlen In1Je1'sion, The mechanism of this change is not yet cl('[1rly 
understood 

QUESTIONS 

1. Discuss tne electronic structure of the carbon at.om, How are it.s 
valency bonds distributed in space? 

2, 'What are th", chief types of valency bonds involved in organic mole
cules? Comment 011 the statement: "the double and triple bonds represent 
weak spots in a molecule." 

3. Discuss the ordinary method of representing a double bond allet 
point out its dlJfects. 'How uoes Bneyer's strain theory attempt to explain 
unsaturation in organic compounds? 

4. 'Vhat do you imuerstanu by the structural fOl'lI1uln- of a compoull<l ? 
Point out clearly the utility of such a formula. 

5. Explain what is meant by isomerism. Wha t is its importance ill 
Organic Chemistry? Describe and illustrate the different types of isomerism 
known to you. ' 

13. Givo nn nl'COunt of l:'asLeur's work Oil Lho tartaric acid. Deserilll.· 
the method that enn be employed for the resolution of recemic orgunie 
compounds. 

7. Explain van't Hoff and Lo Bel's theory of molecular ('onfiguratioll 
and show how it accounts for the existence of the different varieti.:>s of t.trtul'ic 
aeil!. 

8. Explain antI iJhls~ru:te :

(a) Bnantiomorp\ls, 

1/)) 1\1(>80 compound, 

(.') Raeellli~ation. 

What methodil are available for the resolution of rneemic "Olllfl"'lIlds '! 

.9. Give examples of diff(.rent types of Isomerism Imowli to you in 
U1'g'U,I(l rhomistry. I'isomls the isomerism of maleic and fllmaric '1.cids in 
det;lil. (Udaip1l'r B.Sc •. J9GS) 

HI Discus" fully the isullll'l'ism in la(·til) ltcid and tartaric acid. 
(Sambal1mi' B.Se., 19(jO) 
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11. Explain Le Bel and van't Hoff's theory of moleoular configuration 
Show how it explains the existence of observed varieties of tartaric acid. 

(Utkal B.Sc., 1962) 

12. Disclls8 briefly the isomerism existing in (a) the. butanes (C4HIO)' 
(b) lactic acid (CH3.CHOH.COOH), (C) the oxime of benzaldehyde ICoH 5.CH= 
N.OH). (Ceylon B.Sc., 1967) 

13. Mention the names of different isomeric forms of tartaric acid with 
structural.formulae. How are they obtained? Give an account -of the isomerism 
of tartaric acids. '~Ba.ngalorll B.Sc., 1969) 

14. Describe the preparation of tartaric Hcid and discuss briefly the 
isomerism exhibited by this acid. (Udaipur B.Se., 1968, 

15· Give an account of tho stereoisomorism of the tartaric' Heid. 
(Kurukshlltra B. Sc., 1969) 

16. What is steroroitiOmerl5tU. Write \vh.'1.t you know about the stereo. 
isomerism of cyelohcxane derivatives. (Berhampur B.Sc., 1969) 

17. Writo notes un : (a) Optical Isomerism ; and (b) Geometrical 
Isomerism. (Delhi B.Sc., 1969) 



8 
Organic. Reactions 

and their 
Mechanisnls 

Adolph von Baeyer 
(1835-1917) 

Gorman. Best kno",,, 101' tho 
structnral theory named after 
him, Baeyer's Strain Theo1'y. 

While inol.ganic reactions take place between ions, organic 
rpa~·tions arc essent.inJly moleculnr in nature. rhey tnay iIlYolve a 
:-;ingle molecule or may take pl;we between two 01' more molecules. 'rill' 
organic reactions are generally represcntcd by means of equations in 
which the formulae of the react.ing molecules and those of the 
products are separated by an arrow in between. Tho arrow points 
away from the rea,ctants and towanl the products. The conditions 
of the experiment (catalyst, temperature, pressure, eto.) are m'ention
ell ahove or below the arrow. 

conditions 
REACTANTS __ PRODUCTS 

THE CLASSICAL STRUCTURAL THEORY 
Till recent)y the reactions of organiceornpoHlltiS were l'xplaille,l 

011 the basis of tfwir btructural formulae. The classical strlleimal 
iheory' visualised that the e!lemical behaviour of an orgalljp COIII

P011J1(1 \\'11S determi,Iw(l by the fnnctionul groups present ill jt~ 
!Uolet-uk·. Thw; t,he course of an organic reaction could be l'<l:;ily 
interpreh:d by ilHlicating the interaetion between the fUllctional 
groups or the re;wting molcculc~. The incoUlpetence of the classical 
strllCLlll"al Lheorv b('C'ame e\'idcnt whcn it \\"as cstablishc(l that tOm

potllHls having tOile :-;ilmC functional group hehaved differently under 
"imihr ('xl)criuH'lltnl cOllditions. Thu:;: 
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(i) The carbon· carbon double bond in ethylene formed 
addition compounds readily \\ hile the double bonds in benz~ne did 
so ll1111rr forcrd ronclitions 

(it') The Br atom in ethyl ~romjde (C2H6Br) could be easily 
replnce'l by OH grou r upon reaction with aqueous alkalies but the 
Br in phenyl bromide (CSH5Br) could not be exchanged for OR 
under similar conditions. 

(iii) The carbonyl group )C.=. 0 III ulc/.Rhydes (R-HC = 0) 

readily forlUt'd addition compo_unds (the cyanohydrins) with RCl\'", 

o 
II 

whilr the carhonyl group present in carhoxyl group -(!-OH did 
not. 

The a.bo\·c and scores of such othcr exallJples proved beyond 
douht that the structural theory of organic reactions was inade. 
quate to offer satisfactory interpretation of thc course of reactions, 
and that factors other than fUllctional groups played a significant 
role in (letprmining the chemical behaviour of organic compounds. 

1n this chapter we will acquaint ourselves with some fuuda-. 
mental modern aspects of organic reactions and\. their mechanisms. 
The amplification of these concepti! 'will be done while discussing 
sp~cific reactions encountered throughout the remainder of the book. 

TYPES OF ORGANIC REACTIONS 

From a mechanistic approach, an organic reaction is beli('\'ecl 
to talw plure by the attack of a reagent (C12,HBr, etc.) 011 It COlll

pound containing carbon, designated as a 8ttbstl'at~-literally mealling 
a substao('o lying below. Thus an organic reaction may be repre
sonted as 

ATTACKING REAGENT + SUBSTHATE ~ l'RODUCTf) 
A substrate may be defined as the reactant that contain::! 

carhon atomH SOIDe of whose hon(ls with othrr atoms are broken 
and HOllH' ne\\' ones fOl'tnC'd as a result of reaction with the attacking 
reagent. 

III light of the change::; that OCCllr il} eariJoIl boudillgs of the 
sllbstrate, the large variety of organic reactions ]mO'lvil may be 
classified as belonging to olle of the relatively small number of typcl-! 
listed hC'low : 

(it) Substitution reftctions ; 
(l;) Addition reactiolls ; 
(e) Elim'inution tcactions ; 
(d) Rearrunge~nent ·reactions. 

Sllbstitution or Displacement Reactions 
As the IlillUl' implies, substitution reactions are those ilL which 

an atom or gronp directly at~ach'!,d tv a carbon in tJ1e substrate mo~e
cule is rlisp/uccrl by another incollti11!J (£lom or group oJ the Sa1~!e bondtny 
mpacity. In snch reactions bonds arc both Lrok~n and formed at 
Oll~ and the same cartJOll atom of the suhstrate. 1'01' example, 
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H 
I 

H-C-H + 01 2 

k 
Methane 

H 
I 

OR;r-C-Dr + H.OR 
I 

I H 
Ethyl bromide 

H 
Cat. I 
~ H-C-CI + HOI 

~ 
Methyl chloride 

H 
OH I 

--+ HaC-C-OH + 
~ 

Ethvl alcohol 

141 

HBr 

In the first reaction, a hydrogen atom of methane is substi 
tuted or displaced by a monovalent chlorine atom. In the second 
reaction, the bromine atom of ethyl bromide is displaced by mono· 
val('>Qt hydr6xy group. 

Addition Reac1:ions 

Addition reactions m'e those in which atoms or group.~ arc added 
10 a double OJ' triple bond without the elimination of any atom or 
other moleCUles. In this process of addition, at lell;st, one "it bond is 
lost while two a bonds are created. 

In anaddi_tion reaction, two or foul' atoms/groups ure newly 
attached to a tfiultiple bond. For example, 

Ethylene 

<$ 

H H 
~i I I 

---+ H 20-CH'/, 
200°0 

Ethane 

CN 

CHa-CH.=O + HCN __ 
Acetal (lehyde 

CH3-lm-OH 
Acetaldehyde 
cyanohydrin 

Cat. 
CHa-C ::N + 2H2 __ CH;r-CH-N-H 

I ! 
H H 

Ethylamine 

In the first two caseS,!1 "it bond breaks and two bonds nrc 
generated. In the third case, two 'It bonds are brokl'n and four new 
a.bonds arc produced. 

Elimination Reactions 

The elimination reactions are the reverse of lldclition reactions. 
H('[f', two 01 fow' atoms/groups attached to the adjacent carbon atomB' 
in the s7l.hstrate molecule are eliminated to form a rn.u,ltiple bond 

Thus in It simple elimination type rellction, two rs bonds, Ollf! 

each of tho two adjacent carbon atoms, are lost und u. new r. bond 
is established pebn'cn this pair of carbon atoms. rfhe formation 
of nn alkene from an alkyl halide or an alcohol offer ('xamplcs of 
!'1I1"1l 11 renrtion. 
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H Bl' 

H-b-~-II ·a/t:.KOH ~ H-C- C-H + KBI' + H 20 
I I I I 

H H 
Ethyi bromide 

OH H 
I I A1 203, 

CH3- C-C-II ---+ 
I 3500 

H H 
Isopropyl alcohol 

Ii H 
Ethylene 

OH3 -C=C-H + 11 2() 
i 

H II '\ 
Propylene 

In case four atoms/groups are eliminated from an adjacent 
pair uf carbon atoms, the reaction involves the breaking of two c; 

uOlvls of each earbon atom (in all four) re'>ulting in the formation or 
two IlPW To ]Jonds. Thus: 

H Br 
I! ale. KOH 

H C-C-H --. 
I I 

Br H 
Ethylene bromido 

Rearrangement Reactions 

H-C::::C·- H + 2HBr 
Acetylene 

It this type of reactiuns, some atoms/groups shift from one 
position to another within the substrate molecule itself giving a 
product having a Hew structure. The reactil)lIS which proceed 
by (£ reU1'rangement or reshuffling of the atoms/groups in the molecule 
to produce it structural isomer of the original substnnc(', are called 
HEARRANGEMENT REACTIOXFI. Thus, j\ 

x 
i 

R-A-n 

X 

R-A-~ 
All oxime on treatment with CUllC. H2S04 lllHlpl'goes l'P,t1Tangc-

1lIt'llt rt'nctiun to form ,tll amide. Fur exnmple, 

CHa 0 ?H3 
, ROlll'rallgo II 

CH3CH2-C=X-OH ---+ CH:,CH2-C-X H 
Ethyl methyl ketoxime cone. H 2S04 ~-MethylpropionalHitl,) 

Hofmann. bromamide reaction offers another example of RllCh 

<"\, reaction. 

REACTION MECHANISMS -FUNDAMENTAL ASPECT:;, 

,Yc have alreauy studied that an organic reaction takes place 
by t.he attaek of r£'agent on a componnri containing carbon, the 
substrate. 

ATTACKING I{EAGFJN'r + SUBSTRA:rE _ PRODUCTS 

The carbon bouds in the substrate molecule are broken (or cleavc(l) 
to give fragments which arc wry reactive and constitute transitrn'Y 
intermediates. At once thoy Illay rcaet with other similar spiecef\ 
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or with molecules present in their environmpnts, thus establishing 
new bonds to give the products. 

Tlte .~teps of an organic 1'eaction depicting the breaking and 
making of -new bonds of carbon atoms in tlte substrate lead£ng to the 
formation of the final product through transitory intermediates, are 
often referred to as its mechanism. 

SUBSTHA'l'E __ INTERMEDIATE __ PRODUCTS 
, (Transitorv) _ 

Therefore, to understand t.he reaction mechanisms it is 'necessary 
to know as to how do the processes of bond-breaking (fission) and 
bOlld-mllldng in the substrate take place. 
How Bond Fission Occurs? 

A ~ovalcnt bond (v bond) joining two atoms exists beca,use 
ot the shared pair of electr?n~. When the two .ato~s are separatey 
from cach other, bond flSSlOIl (or cleavage) IS saICI to have taken 
pJace. The fission process can occur in two ways. The separating 
atoms may take away one electron each of the bonding pair, or one 
of atoms may get away with both the electrons. 

A -; 18 '" A· + .B (flomolylicjission) 

A: + B (Heterolytic fission) 

In the first case ~vlwn one electroll of the bOlllling pair goe,.; 
with each of the departing atoms til(> fission is symmetrical 
(Ii' homogeneous and is calleel HOi\lOLYTIC FIS::;ION' or HOMO
LYSI::;. In the second case since both the dcdrons t\rc taken ovor 
h.Y one atom aIllI the other atom goes without an elcetron, 
t he fission is unsYlllmet,rical or heterogeneous and is ('aIled RETE
lWJ,YTIC FISSION or HETEROLYSIS. 

Homolytic bond fission. As described above, a covaleJlt 
fW/l(i1l1ldel"{Joes homolytic fi$sion when each of the two departing II/oms 
makes away with one of the bonding pair oj electrons. 

n 
A--B or A : B 

__ A -1-, B 

\._) (FREE RAOICAL:,) 

The two fragments nrodnced as a result of homolytic fissioll 
(',IlTV an odd ('iPctron each and al"p. called free radicals. The::;e 
art' transitory and at once rea('t with other radicals or molecules Ly 
gaining one more electron 10 f(·-;tOl"(, the :;tablo bonding pair. 1t may 
he Ilot('d that the association of the odo ('It'(,tron with t he free radi
('al" does not make them charged becanse this ciectroll,belollg('d to 
tlw l'le('trieally neutral atom its('lf hefore the eova!Pllt hond came 
into existt'l1ee'. ::;0, the free radi('als are llot at all ionie ill rliarnr
tel' and their high rcaetivity as reaction internwdiah''i is entirt'ly 
UUt' to the tendency of the. ocld plechon to 'pair up' with anotlwr 
available electron. 
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. H~molytic fission ptoce('ds to produce free radicals l,ly the 
(LppiIcatlOn of energy - may be heat or light. This process is pre
valent in gaseous reactions and adequately explains the substitution 
reactions of alkanes. The cleavage of chlorine molecule takes place 
in the presence of ultraviolet light or by heat resulting in free 
chlorine radicals which are highly reacr.ive. 

Light/Heat 
Ol ~ CJ . _ Clx + xCI 

(Chlorine free ro.dicals) 

Heterolytic bond fission. When a covalent bond breaks 
in a fMhion that both the bonding electrons are appropriated by one 
of the two departing fragments (atoms or groups), it is said to have 
undergone heterolytic fission. This type of fission in a svmmet-
rical molecule A-B may be repre;;ented as • 

n 
A--B or B _ 

A • • 
+ + B 

... (1) 

The cnrved Mrow head point::! towards the atom (or group) that makes 
awn;.' with both the shared electrons and, therefore, becomes 
negative leaving behind its partner with a positive charge. In the 
above example, it may be noticed that the atom B loses its original 
share of electron in the bonding pair and thus gives the positive ion 
(B+), while the atom A which gains one more electron in addition to 
its own gives the negative ion A :. Thus speaking in general, the 
heterolytic boncl fission yieJds one positive and one Ilt'gatiye ion. 

As a result of the heterolytic fi"sion of thc molecule A -B, 
which of the two atoms (A or B) takes away the bonding electron 
pair, is a pertinent question since the change conld as well have 
follo"o('d the course 

A--B ot ••• (2) 

giving (1\:+) and (:B-) ions. In tact, the course of heterolytic fissibn 
is determined by the eieetronegativities or 'power to attract 
electrons' of the covalently joined atoms or groups. If A has 
greater electrunegativity than B, the former atom will take away 
the bonding electron pair and the fission will adopt tHe course (l). 
On the other band if B has. higher electronegativity than A, the 
course of fission will b6 as shown in (2) 

Heterolytic fission is most common in organic reactions taking 
place in solutions eince the energy required to break the bond can 
be partly drawn from the energy of solvation of the ions prorluced. 
Thus the progress of a heterolytic reaction sllch as A-B ~)o A++B
depends significantly on the nature of the solvent. rrhesc reaetiolls 
tal;:o place more readily in polar sQlvents like water and art'J cata
lysed by the presencp. I)f ionic catalysts (e.g., acidic or basic). 

CARBONIUM IONS 
I.-pi 1I>l cOl1siclPl' the heterolytic fission of t.ll<' bon(l o-x 
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present in an organic molecule. If the atom X has greater electro. 
negativity than the carbon atom, the former takc~ away the bonding 
electron pair and becomes negatively charged while an ion bearing 
a positive charge is produced. For illustration, . 

H H 
I ~ IIetorolytic I 

R-C- X --+ R-C+ + : X-ir fission :k 
Carbonium ion 

An ion containing a po.sitively charged carbon centre is called a 
CARBONIUM: ION as analogy with positive ammonium ion. In 
general, the carbonium ions are named by adding the suffix -ium 
to the name of the parent alkyl group u., Alkylium. For example, 

II II 

rr-6+ CR3 -6+ 
~ ~ 

Methylium, or Ethylium, o'r 
Methyl carbonium ion Ethyl carbonium ion 

(PrimoFU} (PrimJJ1'U) 

CRa . CR3 

CRa-h+ CRa-&. 

~ ~R3 
Isopropylium, or tert-ButyIium 01:' 

Isopropyl carbonium ion tert.Butyl carboniUIb. ion 
(Secondary) (Tertiary) 

The carbonium ions which are produced as reaction inter
mediates, are very reactive, This is due to the fllct that the central 
positively charged carbon in them has only six elcctrons (two to 
a covalent hond) in the'outer shell and has a. marked tendency to 
complete the octet. Hence a carbonium ion combines readily with any 
substance that can donate a pair of electrons to form the fOUJ:~h 
covalent bond. 

Carbonium ion bei~lg deficient in electrons is ordinarily very 
unstable. However, if an electron repellin~ gr(mp (such ~s alkyl 
group) is present adjacent to the positive charge bearing carbon, the 
former makes the carbonium ion stable hy pumping electrons through 
the connecting bond in an attempt to allnul the positive charge, 

R I 
~ /\. ~~-+ MORE 5TABLEH~C-+ 
\' __) ~ '-/ THAN' 

~'ig. 8·1. The group R pumps electrons through the 
connectin~ bond (shown wavy) to thl;) positive 

chargo bearing carbon of the carbonium ion. 

That is why a tertiary carbonium ion is more stable than a' 
secondary carbonium ion; m1d a secondary carbonium ion is more 
stahle than n, primary ion. That is, 
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R R H 

+ more stable + more stable I 
R+C+ than R+C+ than R+C+ 

+ I I 
R H H 

(Tertiary) (Secondary) (Primary) 

The stability of the carbonium ion is reduced by electron
attracting gronps (-N02 ; >('=0) linkE>cl to the central positive 
carhon atom. 

Here the groups like 'nitro' or 'carbonyl' withdraw electrons 
through the connecting bond. TJ'lls rendering the carbonium ion less 
stable. 

LEss SiABL( 
THAN 

I 
H~C+ 

I 
Fig. 8·2. The NOz group withdraws electroIl."l through the 

connecting bond (shown wavy), thus enhancing 
the positive charge of the central carbon and 

reducing the stability of the .carbonium ion. 

The stability of carbonium ions could also be explained in 
kl'ms of resonance. A particular carbonium ion may delocalise its 
positive charge through the analogous canonical structures in its 
hybrid. Thus the positive charge on the central carbon of the 
carbonium ion declines by distribution over other carbon atoms and 
this makes the ion stable. As a rule, the more canonical structures 
which may be written, the more stable the carbonium ion proves to 
be. Benzyl carbonium ion and allyl carbonium ion are considerably 
more ,table than propyl carbonium ion because of the marked 
stabilisation of their resonance hybrids through the canonical 
structures shown below: 

+ 
CHz=CH-CHz ] AUyl carbonium ion much more 

O 
+ stable than 

-CHz 

Benzyl carbonium ion . 
Ganpnical structures of the All)Jl carbonium ion Hy.brid: 

*Primary carbon atom is that which is linked uirectly to one or two 
other carbon n.toms ; Secondary carbon is linked to two and tertiary carbon 
to tlnee othor carbon atoms. These are. designated 1°, 2° and 3° respectively. 

C 
I 

C-C-C-U 
}O 30 2' }O 

The cal"bonium ions containing 1°, 2' an~ 3° carbon atoms 111'0, therefore, 
calleo1Jrimary. secondary an{l ter.tiary carbonilllb ions respectively. 
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Oanonical structures of the Benzyl carbonium ion Hybrid : 
of 

6'~\)'~6'~6'+ 
+ 

Sinoe the oarbon of the carbonium ion is an sp? hybrid, the ion 
is planar with a vacant p orbital prependicular to the plan of the 
three covalent bonds to carbon. 

Fig. 8'3. The geometry of a.lkyl carbonium ion. 

CARBANIONS 
Let us revert for a while to the heterolytic fission of the bond 

O-X present in an organic molecule. If the carbon atom has 
greater electronegativity than the: atom X, the former takes away 
the bonding electron pair and acquires a negative charge while a 
positive ion X+ is produced. Thus: 

H 

\~ 
R-O--X 

~ 

H 

\_ 
&-0: 

I 
H 

+ X+ 

Oarbanion 

An organic ion with a pair of available electrons and a negative 
charge on the central carbon atom is called a OARBANION (CARB, from 
carbon+ANloN, negative ion). 

Individual carbanions are nat;ned after the parent alkyl group 
and adding the word carbanion. Thus: 

OHa-CHz: Ethyl carbanion 
OHa 

CH3~H: Isopropyl carbanion 

Though carbanions are electron-rich fragments of heterolytic 
fission but they are very reactive intermediates. They are readily 
attacked by electron-poor reagents (electrophiles). 

Ordinarily carbanions are unstable because of their negative 
charge, They are stabilised by the presence of an adjacent electron. 
attracting group as -O=N or >0=0. 



148 TEXT ~OOK'Of ORGANIC CHEMISTRY 

eN 

(Y I '-/"""'-f-C:- MORE STABLE H~C: 
I THAN I 

Fig. 8'4. The -C=:N group withdraws electrons through the 
connecting bond (shown wavy) and thus the negative charge on 

the carbon decreases while the carbanion becomes more 
stal)le. 

On the other hand, the presenoe of an adj_aoe~t eleotron-releas
ing group such as alkyl grollp increases the negatIve oharge on the 
oentral oarbon atom and thus m'1kes the carbanion less stable. 

'p 

0~~: U.5SSTA8U H- ,....... /". 1;
'--./ . I THA!I -~ '-'" -To 
Fig. 8'5. The group R pumps electrons through the wavy bond 

to the central carbon atom thereby increasing its 
negative charge and rendering the carbanion less 

stable. 

Carbanions can also be stabilised due to resonance when they 
hav6 double bond or an aromatic ring adjacent to the charged 
carbon centre. Thus: 

Q-OR; 
Benzyl carbanion 

more stable 
than 

Ethyl carbanion 

The stabilisa,tion by resonance is due to the delocalisation of the 
negative charge which is then distributed over other carbon atoms 
in the hybrid structure. Tile Ciluouical forms of Beuzylca-rbanion 
in its resonance hybrid structure responsible for its stabilisation 
.... 1'e: , 

ATTACKING REAGENTS AND THEIR ROLE 

We have described before that an organic re~ction proceeds u,i 
the attaok of a reagent on substrate. Under the infiu~nce of the 
attacking reagent and suitable experimental conditiOlis, the 
substrate molecule undergoes heterolysis to form reactive interme
diates such as carbonium ions and carbanions. These then combine 
with the attacking reagent to give the final produot, TherefOl;e, to 
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understand the reaction mechanisms it is imperative to know the 
nature' of the various attacking reagenss. They can be classified 
as: 

(i) E/ectrophilic j'eagents ; 
and (ii) Nucleophilio reagents. 

Electrophilic Reagents. As signified by the name electro
philic (electro=electron; philic =loving), these reagents are often 
referred to as electrophilic. Their lust for electrons if'; accounted 
for by the fact that they are short of a pair of electrons than the 
stable number (duplet or octet) 

Thp electrophilic reagents are of two types: 

(a) POSIT[VE ELEOTROPHILES (E+) that are deficient in two 
electrons and carry a positive charge e.{l,., Carbonium ions and 
Bromonium ions, 

H 

R-J+ 
1r 

Caroonium ion 
(U atom hUR (l electrons 

in the outer shell). 

:Br+ 

Bromon~uru 10n 
(has 6 electrons in the 

outer shell). 

{b) NEUTRAL ELEOTBOJ?HILES (.~) such as boron trifluoride (BFa) 
and aluminium chloride (AICla) in which the central A.tom has six 
electrons but no charge 

F-~ , 
F 

(one covalent bond 

Ol 

01-11 , 
Ol 

\mplies two electrons) 

Howelectrophiles attaok the 8ub8~rate 1 

Both types of electrophiles can attack the substrate ion or 
moiecule which is electron-rich and can donate an electron-pair to 
the attacking reagent to form a new bond. 

-6-: I 
-6-E + E+ ~ ..,....C:E or 

e<l.l'blnion Positive 
I 

Produot 
I 

(substrato) eloctrophile 

-6-: E -h:E i -+ ~ or -C-E 

('l1l'b~nion Neutral 
I 

Product 
I 

(substrate) olectrophilo 

How posttwe electrophiles are produced 1 
Positively ('harged electrophiles 1\;re produced as a result of 

hfterolytir nc:;sion of n('utra.I molecules. For f'xample, brol!).oniun 



150 TEX'l'-BOOK OF ORGANW CHEMISTRY 

ions are obtamed by heterolysis of bromine molecule (Br-Br). 
heterolysis 

: Br :Br: :Br: + Br: 

Bromine molecule Bromide iOll Bromonium ion 

So are produced carbonium 
bonds as described before. 

ions by heterolytic fission of carbon 

It may be noted that it is sometime difficult to distinguisb 
between an attacking reagent and a substrate. Compounds such as 
acid chlorides (RCOCl) could be either reagent or substrate. 
Carbonium ions and carbanions both could play the role of a reagent 
as also of substrate. 

TABLE: Some ElectTophile8 

POHTIV~ (+) NEUTRAL 

Hydrogen ion H+ Sulphur trioxide S03 

Hydroxonium ion H30 + .Horon trifluoride BFa 

Nitronium N02+ Aluminium trichloride AlOl3 

Nitrosonium NO+ Ferric chloride FeCla 

" ,,0 
Sulphonium SOz+·OH Acid chlorides R-O" 

01 . . 

Bromonium Br+ Cari'onyl group )C=O 

Diazonium ions C6H 6N2+ 
/ 

Carbonium ion 
I 

-C+ 
I 

Nucleophilic ,Reagents. As implied by the name nucleo
philic (nucleo=DllCleus ; philic=loving), these reagents arc nucleus
loving and are often referred' to as nucleophiles. Since the nucleus 
is eJectrically positive, the nucleophilcs would be electrically negative 
or electron-rich substances. 'Thus there ::tre two types of nucleophiles. 

(a) NEGATIVE NUCLEOPHILES (Nu:) which have an excess elect
ron-pair and carry a negative charge e.g., carbanions and chloride ion. 

H 

1-R-O: 
I 

H 
Ca.rbanion 

(C atom has a. sparo 
pair of electron"!! and 
a negative chargo) 

: 01-; 

Chlorid&_ion 

(has available pairs 
of electrons and a 
negative charge) 
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(b) NEUTRAL NUCLEOPHILES (Nu;) such as ammonia and water 
whose molecules possess spare pairs of electrons but no charge. 

R 
I 

H-N: H-O-H 

~ Water 
,Ammonia 

How nUdleophiles attack the substrate? 

Both charged and neutral nucleophiles have a spare pair of 
electrons. When they attack a substrate deficient in two electrons, 
the latter accepts the spare electron'pair from the reagent to 
establish a new bond. Let us illustrate the result of attack of both 
types of nucleophiles on the carbonium ion as the substrate. 

, I I 
-c+ + : Nii _ -C: Nu or -C-Nu 

bo . I. N t' P I d I Car mum lon ega Ive to uct 
(substrate) nucleophile 

-b+ + :Nu 

Carboni~m ion Neutral 
(Bubstrate) nucleophile 

I + 
-C:Nu 
\ I 
Product 

or 
I + 

-C-Nu 
I 

It may be noted that with the charged nudeophile the product 
is neutral while with the neutral nucleophile the Nu part of the 
product develops a positive charge. 

TABLE: Some Nucleophiles 

NEGATIVE (-) NEUTRAL 

.. 
Hydroxyl ion -O-H Ammonia NHa 

.. 
Halide ion :X: Water .H-O-H .. .. 

(X=Ol. Br, I) 

.. 
Cyanide ion -0=:&: Alcohols R-O-H .. 
Bisulphide ion -S-H Other molecules containing linkages .. 

~-8: 
>0, >8, =N 

Alkoxy ion . .. 

Oarbanion 
I _ 

-0: 
I 
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Electron Displacement EfI'ects 
We have seen that most of the attacking reagents bear either 

a positive or a negative charge. Naturally these could not attack 
the. substrate successfully unless the latter somehow possessed 
oppositely charged centre in its molecule. In other words, the 
substrate molecule although as a whole electrically neutral, must 
develop polarity on Bome of its carbon atoms and substituents 
linked together. This is made possible by the displacement 
of the bonding electrons (partially or completely) resulting in the 
development of polarity in the molecule. Such changes or 'effects' 
involving the displa.{lement of eleotrons in the substrate moleoule 
are often referred to as ELECTRON DISPLACEMENT EFFECTS 
and are of great importance in understanding reBction mechanisms. 
Two suoh effects are : 

(a) Inductive effect; 
and (b) Electromeric effect. 
Inductive effect. When a carbon at.om is joined to a hydro

gen atom by a covalent (a) bond (C-H) such as in alkanes, it is 
understood that the shared electron-pair is symmetrically placed 
between them. If instead of hydrogen atom, we hav!} a substituent 
X having higher electronegativity or electron-attracting power than 
the C-atom, in the bond C-X,- the shared electron-pair will be 
displaced away from the carbon atom and toward the more electro
ne.8a~ive substituent·X. On the other hand if a substituent Y having 
lower electronegativity is attached to it, the shared pair of the bond 
C-Y will be displaced toward the carbon atom and away from the 
electron releasing group Y. In other words the symmetry of the 

• molecular orbital of C-X will· be disturbed in favour of X, the more 
electronegativ~ substituent while in case of C_Y' the molecular 

. orbital will be disturbed in favour of the carbon atom which is more 
. electronegative. . 

s-

Fla. MI. Electron clouds in the orbitsl0 O-X and 0-Y whose 
symmetry is disturbed in the opposite directions. 

A$ 8i result of the minor displacements of the bonding electron. 
P!),ir, the joined atoms develop small fraotional charges on them 
as illustrated below: ' ' 

O:H or C--H (standard) 
8+ 8. 

o :X or O-X" (-I} 
. 8. 8+ 

0: y or O-Y (+1) 
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The polarisation thus induced in the substrate molecule is of p. per-
manent nature. . 

The permanent effect u·hereby polarity is 1:nducea on the carbon 
atom and the substituent attacked to it due to minor displacement of 
bonding electron·pair caused by their differen.t electronegativities, is 
knoWri as Inductive effect or simply as I· effect, When the substi
tuent linked to carbon is electron-attracting (X). it develops a. 
negative charge and it is said to exert a negative inductive effect 
or -I effect. If the substituent Y bonded to carbon atom is 
electron. releasing it acquires a positive charge and the inductive 
effect produced is called +1 effect, 

Writing structural formula of the polar m.olecules, the indue· 
tive effect is represented by an arrow-head in tlie middle of the 
covalent bond pointing in the direction of the electron disp}acemen~. 
Thus: 

C+X 
, , (-1) 

C+Y 
(+1) 

Now let us consider an organic molecule having a highly 
electron-attracting substituent X attaohed to the termimd carbon 
atom. 

The substituent X pulls towards it the electron'pair between ~-car
bon and X. This produces a slight positive charge (8+) on the 
lX·carbon. When a small positive charge in aoquired by the Iit·carbon, 
it will tend to attract to itsolf the electron-pair linking it with. 
~.carbon. This causes ~·carbon also to acquire a. fraotional positive 
oharge which, of,c9urae, would be smaller than of the oc-caxbon due 
to the decreasing influence of X, Similarly, the ~·carbon mtluences 
the electron. pair bonding it with y·carbon, but to a lesser degree 
and a. still smaller positive charge il:! developed on the y-carb.on. 
Denoting the decreasing magnitude of positive oharge on IX, ~ ~nd 
y carbon a.toms by 8+, 8++ a.nd 888+. the induotive effect relayed 
along the c.arbon chain may be repr~sented as ~ollows. • 

aaa+ aa+ a+ a_ 
C+C+0-7:'X 

With an electron· pumping substituent Y. theJb,ductive effeot will be 
reversed and the situation would be ' 

aaa _ aa. a _ 8+ 
C+C+C+y 

I 
Some c~lllIll,on gro~pll which c~n <leuse negatl \TO Ql' positive' 

-effeot are gIven below In order ofth9i1l' d~oreasing eJfect. 



(a) -Ieffeet groups (electron-attracting) : 

N02 > F > COOH > CI > Br > I > OH > CeHs 

(b) +1 effect grouJ1,s (electron-pump ina) : 

(CHa)aC- > (CHs)zCH- > CHsCH2 - > CHs-
Tertiary butyl Isopropyl Ethyl Methyl 

In general the inductive effect of the alkyl groups is 'in the 
order 3° >2° > 1 ° groups. In other words the electron-releasing 
power of a primary carbon (1°) is less than that of a secondary 
carbon (2°), while that of a tertiary carbon (3°) is the minimum. 
The inductive effect caused by the presence of an electron-attracting 
or electron-pumping substituents relayed along a chain falls rapidly 
as the distance from the functional group increases. Actually, 
it dies..down completely after the third or fourth carbon atom of the 
chain. 

Electromeric effect. This effect is very helpful in explain
ing polarisation produced in a substrate molecule containing 
multiple bonds. When a double or a triple bond is exposed to 
attack by an electrophilic reagent, a pair of bonding electrons is 
transferred completely from one atom to the other. The atom, 
that takes charge of the electron-pair becomes negatively charged 
amI the other positively charged. Thus, taking a very general case: 

Electrophilic 
~ 

r~agent 

. I 

+ '" A-B 

This is a purely temporary effect and remains into play only 
in the presence of the electrophilic reagent. As soon as the 
attacking re~gent is removed, the po1arised molecule reverts to its 
original electronic state. 

Reagent adoed 
~ ..-

Reagent removed 

The effect· 'W/tich causes a temporary polarisation in the substrate 
molecule at the seat of a multiple bond by shift of an electron-pair 
from one atom (or part) to the other under the influence of an electro
philic reagent, is called Electromeric effect (electro = electron ; 
meros '=part). 

The electromeric effect differs' from the inductive effect in the 
following respects. 
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ELEOTROl\1ERIC EFFECT . INDUCTIVE EFFECT 

1. Shown by substrate molocules 
containing double (C=C) or 
triple (CaO) honds. 

2. Takes place when the molecule 
is exposed to an attack by elect
rophilic reagen t. 

3. Polarity caused by complete 
transfer of all electron-pair to 
one of the two atoms joined by 
multiple bond. 

4. Tbe charge acquired by the atom 
that gains the electron-pair is 
+ 1 'IV hile the other gets -1. 

5 • Temporary effect; disD ppears 
with the removal of the attack
ing reagent. 

1. Shown by molflrmles containing 
single bond. 

2. Takes place under the influence 
of a substituent (electron-attract
ing or electron-pumping) linked 
to the terminal carbon atom. 

3. Polarity caused by 
ment of bonding 
from one atom 
other. 

the displace. 
electron-pair 
towards the 

4. The charge developed by the 
carbon linked to the substituent 
is 3mall fractional 8+ or 8 _ accor
ding as the substituent is electIon 
attract,ing or electron~pumping. 

5. Permanent effect; dependin~ on 
the structure of the substrate 
molecule. . 

Let us discuss the example where an electrophile attacks 
a carbon-to-carbon double bond in the substrate molecule. Accord
ing to modern concepts, a double bond is made of one CI bond (-) 
and one 'IT bond (~). The electron cloud of the 7t bond is 
rather extensive and surrounds that of the CI bond in space. Und~r 
the, influence 'of the electric fie~d of an electrophile symmetry 
of the 7t electrons cloud is disturbed entirely in favour of one carbon 
atom as shown ill the illustration given bel~w 

7t ELECTRONS 

Fig. S·7. The preasence of an electropbile disturbs the symmetry 
of the 7": electrons cloud completely in favour of one of the 

doubly bonded carbon atoms. 

This gives a negativ;e -charge to the carbon atom to which the. 7t 

electron-pair shifts, while the other atom gets a positive charge. 
For the convenience of writing, the above change may be represented 
as . 

-~O
I I 

Attacking -reagent 

+ --.. 
-0-0-

J I 



156 TEXT-BOOK OF ORGANIC CHEMISTRY 

The 'It bond is ruptured by the attack of the electrophile and one 
carbon to which the bonding electrons shift becomes negative while 
the other that loses its own shared electron gets a positive charge. 
Therefore, a more correot definition of the electromeric effect would 
be: 

"A temporary effect which causes extreme (or whole ~nit) 
polarity on atom" joined by a multiple bona owing to a complete 
tramjer oj the 'It electron-pair to one or the other atom under the 
influence oj an. electrophile." 

While writing reaution ~echanism, e~eo~romeric effeot or 
change is represented by a Ilurved arrow pomtmg away from the 
centre of the 'It bond towards the carbon that gains the electron
pair. To be more correct 'It bond should be represented by (--) 
to dist.nguish. it from a' bond (-). But for convenience, a 'It 

bond is also generally written as a straight line like the a bond. 
Thus: 

~ Electrophile + .-. 
C = C ---. c-c 

Let us now consider the example of ethylene molecule. Here 
under the influence of an electrophile the direction of displacement 
of eleotron-pair can take place on to any of the two carbon atoms. 

Attacking +.. ;;- + 
HIlC=GHt ---. HzC-CHIl or H20-CHa 

Rengent 
• However, if one of the doubly bonded carbon . atoms is linked also 

to an olectron.withdrawing or electron releasing group, the electro· 
meric effect is regulated by the inductive influence of the attached 
group. For example, the electromeric effcct in propylene molecule 
could operate in two ways : 

, nat (E+) + '" 
I (i) CHa-CH = CH2 ---. CHa-CR-CHa 

~ (E+) 7. + 
(ii) CHs-CH=CHz ...._ CHs-CH-ClIt 

Since methyl group is eleotron.repelling, the electromeric effeot at 
the double bond will take place as shown in (i) aboye. Here the 
inductive effect between the eHa group 'and the adjacent carbon . 
dictates the diregtion of transfer of the electron.pair and the elec- I 

tromeric effect is depicted as follows: 

~ • + 
CH3+CH = CH2 --+ CH3+CH CHa 

• Had thoro been an eleotron.attracting group in placo of tho 
methyl group, the situation would have been reversed. Halogen subs· 
tituents, which have normally elcctron.attractingproperty, behave in 
an astonishing manner while direrting the ",lcctromeric effect. For 
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Ie vinyl bromide could possibly undergo electromerio effeot in examp " 
t~o wayS: 

0. + .. 
(i) H 2C = CH-Br -- CHa-CH-Br 

~ .. + 
(ii} HuO "'" CR-BI." ~ CHg-CH-Br 

Ordinarily, Br atom being electron-attracting would have 
d' ected tho olectromeric effect as in (i). But vinyl bromide is also 
c~~able of t'xisting as the resonance hybrid of the following struc-
tnres. 

~ ~ .. + 
H 2C = CH-~.r: ..... CH2-·CH-~r: 

Here the Br atom displays electron-releasing effect (+1 effect) due to 
the presenoe of an available lone pair to be donated to the' adjacent 
carbon atom. Such an electron movement from the octet of an 
atom to th'lt oj anotlMr atom without rupturing its bond, is called 
Conjugate effect. In vinyl bromide the inductive and the conjugate 
effect of bromine atom operate simultaneously in opposite directions 
and the latter being stronger overweighs the inductive effect. Hence 
the elrctromeric change follows the course described in (ii) above i.e., 

~ Electromeric -;-; + 
HaC "" CH-Br __ H 20-CH-Br 

effect 

REACTION MECHANISMS - THEIR TYPES 

From the mechanistio viewpoint described earlier in this 
chapter, organic reaotions oould be divided into two cl~sses : 

(i) Homolytic reactions involving homolytic bond fission; 

(ii) Heterolytic reactions involving homolytic bond fission. 

The reaotion mechanism in the two cases is of entirely different 
type. 

Free-Radical mechanism. In homolytic reactions, the first 
step is the production of a free radioal (R) from a normal molecule 
by th.e application of energy (heat or light). The free radical then 
attacks the substra.te to bring a.bout homolytic' fission. ' 

. R· + X-Y __ R-X + .y 
Substrate 

This type of reaction 'lltech"nism when the attacking species is a 
free radical, is called free-radical mechanism. 

, . 
. The free-radical me~hanism may be illustrated by the chlorina. 
tion of methane in sunlight. In the first step, illumination causes a 
molecule of chlorine to break homolytically into two chlorine atoms, 
These then attack a molecule of methane forming hydrogen chloride 
and methyl radical (HaC'). In turn, the methyl free-radical attacks 
a molecule of chlorine giving methyl chloride (CHaCI) and fresh 
chlorine atom. 
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light 
CI:CI --+ 2Cl· 

CI· + CH4 ~ HCI + HaC.} CI . . 
HaC' + CI

2 
_ CHaCI + Cl: JaID reactJo. 

Once the free radical HaC' is .produced, the reaction proceeds 
?y the last two steps in a sort of endless chain. Such a self.propagat. 
mg reaction is often referred to as a Chain reaction. 
.. Since the free radical carries no charge, it can attack any p~rt 
of the substratc molecule regardless of the electronic distribution of 
the latter. 

Polar or Ionic mechanism. This type of mechanism applies 
to organic reactions in which heterolytic fission takes place. Here the 
substrate molecule develops negative and positive charged centres, 
or partial ionic character, by the displacement of electrons due to 
inductive effect, electromeric effectete. These negative and positive 
parts or poles of the molecule are so to say activated for attack by 
an electropliilie or nucleophilic reagent. The mechanism of reactions 
involving the attack of electrophilic or nucleophilic reagents on the 
polar or ionic molecules of the substrate is referred to as Polar or 
ionic mechanism. 

The cardinal principle of electrostatics that 'the unlike charges 
attract while like charges repel each other' forms the basis of polar or 
ionic mechanism. The negatively charged nucleophilic reagents are 
anionic in character and attack 'the substrate molecule at the positive 
centre causing a nucleophilic reaction. On the other hand, the posi. 
tively charged electrophilic reagent would attack the molecule at the 
negative centre causing electrophilic refLction. _ 

The 'Polar or Ionic mechanism may be beautifully illustrated as 
follows. The imaginary molecule AB of the substrate has a positive 

Fig. g·8. How a. nucleophilic and eJectrophilic reagent 
a.ttacks the I?olar AB molecule. 

end A and a. negative end B. This would be expec~ed .to be atta?I~. 
ed by anionic nucleophilic reagent at A and catlOlllc electrophlJjc 
reagent at B. 
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An'example of the abov:e reaction mechanism is afforded by 
the addition of HON (H++ON-) to acetone. 

.... +-
~ Electromeric + _ + HCN 

CHa-C = 0 ---+ CHa-C-O -. 
I effect I 

CHa ORa 
Acetone 

CN 

CHa-J-OH 

bHa 
Ac@tone cyanohydrin 

More examples of the ionic mechanism will be discussed in the 
subsequent treatment. 

ENERGY REQUIREMENTS OF A REACTION 

In an organic reaction, some bonds break while some new ones 
are formed. Energy is required for the breaking of bonds and also 
it is liberated in the formation of bonds. Let us consider, for 
example, the reaction between methane and chlorine to give chloro
methane (OHsfJI) and hydrogen chloride. Here one O-H bond and 
one C-OJ bond is broken, requiring it total energy of 157 kealJmole. 
At the same time one 0 -OJ bond and H-Ol bond is formed, 
liberating total energy of 184 k~al/mole. The net result is that the 
reaction occurs with a liberation of energy equal to·27 kcal/mole 
and is, therefore. said to be exothermic. Thus : 

CHa-H + £:I-CI _ CHa-Ci + H-CI 

" " Bond energy!l9 58 81 103 
Keel/mole 

Convers~ly, the reverse reaction would require the consum
ption of 27 Kcal/mole energy, and will be endothermic. Thus an 
exothermic reaction could be considered like a ball rolling down a 
hill aide and would be expected to occur of its own accord: On the 
other hand an endothermic reaction which is like a ball rolling 
uphill, would not occur normally. unless heat is sllpplied to the 
system. The total 'chemical energy' stored in. the molecules before 
and after the reaction could be described as the 'potential energy' of 
the system. 

Activation Energy. We have disoussed above that a. 
reaction prooeeds by breaking of bonds in the reacting molecules. 
Therefore, whether a reaction is exothermic or endothermic, to start 
with energy must come from some source to break the bonds. 

We knuw from our knowledge of Physical Chemistry that 
molecules of 'the reactants, are in a state of ra.pid motion and 
possess kinetic energy. The reaotion occurs when the react.ing mole· 
cules approach in proper alignment with respect to one anotheJ 
and collide. On such collisions, the kinetic energy possessed by th( 
molecules is transformed into 'chemical energy' or 'potential energy 
of the system. Thus to start a reaction, the required energy i: 
supplied by the collisions of the reacting molecules, whose rat 
could be enhanced if necessary, say by heating. 
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• Not all collisions between the reacting moleoules are fruitful. 
Rather, it is only the collisions of such molecules as possess a certain 
minimum energy which bring about the reaction, while others do nOl; 
The molecules that come to possess higher potential energy through 
collisions nre said to have been 'activated' to enter into reaotion. 

The minimum al1wunt oj 'chemical' or 'potential' energy that 
must be provided by collisions oj the reacting molecules for the reaction 

. to occur is termed the Activation energy. 

It is true that for aon exothermic reaction, the collisions of the 
reactant molecules r€.J,dily supply the required initial en(:\rgy and 
the reaction takes place spontaneously. On the other hand, for 
an endothermic reaction the molecules need to be activated by sup
plying energy. say in the form of heat to make th~eaction go. 

B'or illustration, imagine some balls attempting to climb over 
a hill from one valley to another. Only those will cross over which 

1 

possess a certain minimum 
of energy·to reaoh the hill
top from where thoy would 
get over the barrier. 

From analogy, only 
such reacting molecules that 
possess a certe-in minimum 
energy could change into 
prodtIcts bu t before doing 
so, these would ho.ve to cross 
over the 'acti'Vation energy 
barrier'. 

Let us consider the 
energy changes during the 
course of the reaotion. ' 

\ 
X + Y-z ---. X-y + Z 

PR()6Rf.>S Of MOT/ONOF THE BALL -

Fig. 8'9. A ball crossing the hilltop must 
possess 0. minimum potential energy to 

get over tho 'energy barrier'. . In the beginning both 
, X and Y -. Z pos~ess certain 

potential energy represented by the point (0) on the curve (see 
Fig. 8'10). The r~acting molecules also possess kinetic energy which 
on collision is transformed into potential energy. This re!'JUlts 
in the inorease of ~otential . enerro:- and the system moves 
up along the curve tIll the clIff (b) IS reached. The 'energy cliff 
sta.te' is & sort of temporary. phase and leads to the products {c}. 
when the potentinl energy of the system is again cpanged into kinetio 
enetgy and then int~ heat or any other form of energy. 

The following figure illustrates that for an exothermic reaction, 
the $ystem originally possesses more potential energy than the products 
anc;i the excess energy ( A H) is liberated as hea.t. For an endother
mio reaotion, the system to start with has Jess potential energy than 
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at the end (- /). H) and, therefore, it absorbs heat from the 
surroundings. 

x+y-z 

X,···y···z 

b 

x+y-z ----~ X-Y+Z 

REACTION PROGR£SS -

i 
>-
\!) 

~ 
~ 
'" ~ 
~ 
~ 
~ 

x+v-z 

x .. ·y· .. z 
b 

X+Y-Z - x-y+ z 
REACTION PROGRESS -

Fig. 8'10. Energy chlUlges in exothermio tmd endothermio reaotions. 

The reaction X + Y -z -+ X - Y + Z could be visualioed to take 
place by the following steps. The molecule X approaches Y -Z from 
a direction remote from Z (proper alignment). While X draws nearer 
to Y, Z starts being repelled from Y until a. sta.ge is reached when 
X and Z are rather loosely attached to Y and are approximately 
equidistant from it. Thus an 'activated complex' X··- Y · .. ·Z is 
formed in which X to Y and Y to Z distances are slightly more 
than the normal bond length. This is the least stable arrangement 
and is called the Trllnoition !5tnte or Activated complell. The 
sequence of events may be represented by the following equation. 

X + Y-z --. x····Y .... z _ x ... y + Z 
Reactants Transition state Products 

(activc.ted oomple:() 

The activated complex is not a true moleouM, the bonds being 
ps.rtia.l. In this state, the system possesses maximum ~nergy and 
is most unntable. Hence ~e transition state of a system could be 
described as an extremely transitory specific arragement of atoms 
nnd groups through which a. reaotion system must pass on its way 
to the produots. In. other words, the aotivated complex has infinite· 
simally short life·time and at once decomposes to give the products. 
APPLICATION OF GENZRAL MECHANISTIC CONCEPTS 

The concepts discussed above are successfully' employed to·' 
interpret the course of the bulk of organic reactions known so far, 
as also to transgress the possibility of reaction between any two 
species. Almost aU types of reactions mentioned earlier in this 
chapter can be explained in the light of the general mechanistio 
concepts. 
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Substitution Reactions 

,Reactjoils proceeding by the replacement or substitution of 
one or more atoms or groups of a compound by other atoms or 
groups are referred to as substitution reactions. They are known to 
pl"Oceed by a free radical or ionic mechanism. 

Free radical substitution. These reactions are initiated 
by free radicals, The replacement of hydrogen atoms in alkane 
molecules is probably the best example of this type. 

CI2 ~ 2Cl· 
(free radicals) 

CH4 + CI· -. CHaCl 
Methane M~thyl chloride 

. A detailed account of the conditions of the reaction and its 
mechanism will be dealt under alkanes. 

Ionic substitution. Substitution l'e\,-ctions may be br<?ught 
about by electrophiles or llucleophiles acting as, attacking reagents. 
Most of such reactions are initiated by Nucleophiles, while substi
tution reactions involving electrophiles are very rare indeed. 

(il Electropltitic substittdion (8El. When a substitution reac
tion involves an attack 'by an electrophile, the reaction is referred to 
as SE (here 8 stands for substitution and E for electrophile). The 
substitution reactions of benzene are the best examples of electro
phUic substitution e.g., the nitration of benzene is brought about 
with the help of nitronium ion N02+ (an electrophile). 

ON02 + H+ 

A detailed mechanism will he discussed in the chapter on 
Benzelle. 

(ii) Nucleophilic substitution (8N). If a substrate js attacked by 
a nucleophile in a substitution react,ion, the reaction is represented 
as SN (8 for substitution and N for n nucleophile). A general 
nucleophilic substitution reaction may be represented as 

N: + R-X _ N-R + X: 

where N is the attacking nucleophile, RX the substrate, NR the 
substitution product ~nd X is the leaving group. 

Such reactions may be classed into two further divisions viz ... 
SN1 and SN2 depending upon whether the reaction in question is a 
first order or second order one. Familiar example's of the two types 
'tlre: 

SN1 type. Conversion of a tertiary alkyl halide into a tertiary 
alcohol by substitution of -OH group by Cl atom. 
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R~ -
R/CT+C\ 
R Chloride 

ion 
Tertiary 

carbonium ion 

Nucleophile Tertiary alcohol 
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SN2 type. 
alcohol. 

Conversion of primary alkyl halide into a primary 

-~ (~ 
HO: + CHz-Br ---+ HO-CH2 + :Bl' 

\~ J 
Alkyl bromide Primary Bromide 

• \I,\c~h~\ ion 

Some nucleophilic substitution reactions of primary importance 
are cited bplow : 

+ 
NH3 

:NHa + CHaCH21 ~ CHs-6H2 + r 
R2S': + R'l - [R2SR'] +1 

HO + R-Br ~ H-O-R + Hr 

CHa OHa 
-;;- ,I I _ 

HO: + CRa-C-Br _ CHa-C-OR + Br 
.. I I 

CHa CHa 
It may be clearly understood that in an electrophilic substitu. 

tion reaction an electron deficient species attacks the substrate and 
gets bonded to it through a pair of electrons furnished by the nucleo· 
phile ; at the same time a second electron deficient species is genera· 
ted. A reference to such reactions will be made in the forthcoming 
chapter. 

Notes on S.bStitutiOD. (1) In some compounds substitution proceeds 
readily while in otherS with difficulty, depending upon the nature of the com
pound and experimental conditions. 

(2) In hydrocarbons with a branched chain, the hydrogen atom attached 
'00 a tertiary carbon a,tom is substituted first, then th~ hydrogen atoms attached 
to 'a secondary carbon atom, and last of all those which are attached to a 
,prima.ry carbon atom. Thus in isobutane the tertiary H atom is replaced first 
and if chlorine is in exceBB, other hydrogens will be Bubsequently replaced. 

HaC, /H ~aC, /01 HOI 
/ c , +C12 /C + 

HaC "CHa ~ HaC "'-CHa 
lsobutane Isobutyl chloride 
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(3) In benzene hydroca.rbons. the position ocoupied by the atom or 
group entering the benzene nucleus depends upon the nature of substituents 
already p-resent in the nucleus. 

Addition Reactions 
. This type of reaction is characteristic of (a) alkenes, (b) 

alkynes, and (c) aromatic hydrocarbons. In fact, all organic com· 
pounds containing double or triple bonds display addition reactions. 
Thus: 

_-. '0-.0/ 
/ I I" 

:k Y -
Addition product 

We have already studied that a double bond is made of one 
a bond and one 'It bond, while a triple bond consists of one 
a bond and two ~ bonds. It requires less energy to brealt a 'It bond 
than the a bond, since the p orbitals experience a sidewise overlap to 
a lesser extent and form a weak 'It bond, while a a bond that is form· 
ed by a head.on overl~p of orbitals whioh is quite significant lends 
strength to the bond. An ethylenic 'It bond is approximately 
15 Kcal/mole weaker than a a bond. Therefore, in addition reac· 
tions of a. double linkage, which consists of one a bond and one 'It 

bond, the wea.ker 'It bond breaks open leaving the stronger a bond 
intact. 

As already stated, a triple bond or acetylene linkage is made of 
one a bond and two 'It bonds. Here the addition of a reagent will 
take place in two steps, when firBt one 'It bon9. will break open and 
then the second. The a bond being the strongest 'r~IJlains intact in 
the final addition product. 

xx 
-0 e 0- ::: -~~b- +~ 

First 
addition 
product 

xx 
-LL 
it 

Second 
addition 
product 

The reagents which readily add to double. or triple ,bonds are 
halo~ens, hydrogen, halogen acid, sulphurio acids, hypohalous acids, 
etc. The. addition of hydrogen to unsaturated hydrocarbons is com· 
monly referred to as Hydrogenation. 

ElectrophWc Addition Reaction!!. It has been observed 
~hat when an alkane is treated with bromine (or chlorine) dissdlved 
m So ~olvent (~tha.nol. petr~l), a rapid reaction takes place and the 
bromme solutIon IS decolorlsed. ,Further, this reaction is seen to be 
cata:1:fsed by polar reagents, indicating a polar mechanism of the 
addltlOn reactlOn. The polar reagent is believed to push the ,. 
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eleotrons (forming the weaker bond) in one direction, thereby polar
ising the alkene molecule. 

~ Electromeric + .. 
OHII = OHII ~ OHa-OH2 

effect [E+) 

Likewise, the bromine molecule.tends to get cleaved unsymme
trically, one of the atoms getting complete control of the shared pair 
of eiectrons constituting the covalent bond. 

Heterolytio . + .. 
Br : Br --+ Br + Br 

fission 

As the ethylene and bromule molecules approach each other, 
the bromine molecule enhances. the electromeric effect in ebhylene 
molecule whereas the .latter helps the heterolytio fission of bromine 
molecule. However, the overall reaction is believed to be taking 
place in two steps. 

In the first place, the electrophile (131'+) attacks the polarised 
ethylene molecule and forms -a carbonium ion. . 

+ 
OH2=OH2 + Br-Br --+ OHll -OH2Br + :sr 

This ion has a transitory existence and combines readily with bro
mide ion at the positively charged carbon atom. 

+ .... 
OH2-0~Br + Br --+ Br-OHa-OHa-Br 

Combining the above two equations, 

~ ~ + .. 
OHII = OHa + Br - Br --+ OHa-OHaBr + Br 

--+ Br-OHa-OB2-Br 

The mechanism of other electrophilic addition reactions will be 
dealt with in detail at appropriate places in the text of the book. 

NucleophiUc Addition Reactions. These are started by 
nualeophilio attack in substrate molecule. The additions of HCN 
NalISOa· and NI:la to aldehydes" and ketones afford an excellent 
example of this type. Thus: 
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Polymerization 

This is one of the most significant reactions of alkenes and 
conjugated dienes (containing altl'fllate single and double bonds) 
and several other compounds containing multiple bonds. Under 
suitable conditions, two or mor.e molecules of such compounds react 
together by combination to yield complex molecules. 

• The union of two or more molecules of a substance to form a 
large single molecule is called Polymerization and the product thus 
obtained is called a Polymer. " 

nX 
Ploymel'ization -- x" 

The simple moleeules are called monomers, and the products are 
named as dimers, trimers and polymers according as the number 
of molecules joining in the formation cf the complex molecule is 
2, 3, or, n (many). Thus: 

o 0 
2 MONOM£RS 

CD 
OIMER 

000 
3 MONOMER,5 

····0000000··· ---... . .. 
n MONOMERS POlYMER 

Polymerization reactions are again of two types.: 

(a) Addition Polymerization; and 

(b) Condensation Polymerisation. 

Addition polymerization involves the joining together of 
many simple molecules (monomers) to give a new compound (addi
tion polymer) having the same empirical formula but highe.r mole
cular weight. For example, when ethylene is heated under pressure 
in the presence of oxygen, . an open-chain alkane-like compound, 
having a very high molecular weight (20,000) is' obtained. 

200°C, 1000 Atmo8. 
n CH2=CH2 ~ (-CH2-CHa-)n 

Ethylene [02J Polyethylene 

Polyethylene, commonly called 'polythene', IS a useful plastic 
lllaterial for the prepa,ration of toys, flexible bottles and laboratory 
ware as also for packing films. 
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polymerization reactions require the pr~sence of an 'initiator' 
-a foreign substance which simply starts the reaction and thus acts 
s a catalyst. Peroxides are very common initiators: these contain 
~O-O- group in the molecule. Peroxides are believed to furnish 
a free radical which adds to 8 molecule of alkene and then generates 
another free radical which in turn adds to still another molecule of 

'ethylene giving a free radical, and so on. This 'chain reaction'set 
up results in the formation of complex polymers. Peroxide siinply 
starts the chain reaction. ,Its oxygen supplies the free radical in thE' 
polymerization of ethylene as a result of the homolytic fission of its 
molecule. 

(i)o!< Peroxide --+ F- (frell radical) 

(ii) F· + CH2=CR2 --+ FCR2 -CHa 
(,ii} FCH2 -C)H2 + CRa=CH. --+ FCH2-CHg-CHa-CH2; and so on 

Polymerization of conjugated dieues is of special interest since 
the polymer obtained resembles natural rubber. Thus: 

(i) Peroxide --+ F· (free radical) 

(ii) F· + CH2=CH-CH=CHa --+ FCHa-CH=CH-CH2 
.I. 3-Butadiene 

(iii) FCHa-CH=CH-CH2 + CH2=OH-OH=CH2 

--+ FCRa-CH=CH-CHr-CHr-CH=CH"_:CHa ; and so on-

In Condensation Polymerization, two or more simple mole
cules join together with the elimination of a simple molecule (e.g., 
water, ammonia, hydrogen chloride) to form a new substance of high 
molecular weight. Thus the polyester of ethylene glycol and tere
phthalic acid is obtained by condensation-polymerization. 

° A ll 
HOOHaCHaOH + CaHsOO- -OOCaHs--+ 

Diethyl tetraphthalate 

° ° 
HOCH2CH20- [c-O-~OOH2CH20 ] -~-OCOl102H5 

) Dacron n +2nCaH 50H' 
Dacron is an important fibre. 

Note. Polymerisation generally (but not always) implies that the original 
simple substance should be recoverable from the oomplex: compound. The 
splitting of Buch oompounds to their originals is termed Depolymerisation. 

Condensation 

The term condensation is very loosely used in organic 
chemistry and it is difficult to give an exact definition of this type 
of reaction. It refers to all possible changes which result in the 
lengthening of the carbon chain and may be defined as follows : 

*F· should not be oonfused by the beginner .as the fluorine atom ; it is 
ailUply a fragment of the peroxide molecule having an odd electron. 
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All reactions which proceed by a direct union bef:ween the carbon 
atoms of the same molecules Or different molecules of the same or 
different substances, to form a new compound are termed Condemla. 
tion reactions and the products 80 obtained are termed Condensa. 
tion products. The condensation between molecules is very fre
quently attended by the elimination of H~O. HOI, HBr, Brs, etc. but 
that is not always necessary. The term condensation has also been 
extended to the uni.on between carbon and nitrogen atoms. Some 
typical examples of condensation are given below: 

(1) In the preseu(.;c of sodium metal, two molecules of alkyl 
halides condense to form a longer molecule of a higher hydrocarbon. 

CH3CHsBr+BrCHaCHa +2N a. ---,) 'CH3CH2CH2Ha+ 2NaBr .................. 
Ethylene bromide 

(2 molecules) 
n·Butane 

(2) Distillation of calcium salt of adipic acid (Internal Con· 
densation). 

OB2-CO iOB /CHz-CO 
B2C/ : ..... , ~ H

2
C I + H2COa 

"CH2-C~ . 1COOH 'CHa-CH2 
Adipic acid Cyclic ketone , 

(3) Condensation of aldehydes and ketones with hydroxyl. 
amine, NH20H. 

CHaCH=!o:tIialNOH ~ CHsCH=NOH + H20 ............... 
Aretaldehyde Oxime 

(4) Aldol condensation. In the presence of a dilute base 
(catalyst) two molecules of an aldehyde or a ketone may combine to 
form a ~-hydroxy-aldehyde or a ~.hydroxy.ketone. The reaction 
is termed 'aldol condensation' since originally it was applied to aIde. 
hydes and the product obtained was both an 'aId'· ehyde and an 
alcoh-'ol'. . . 

H H H H B H 
I I I (NaOH) I I I 

CIfa-C=o + H-C-C=O _ CHs-C- O-C=O 

:Jr 6n :Jr 
(Acetaldebyde.2 molecules) 

Here, the lX·carbon atom of one molecule of acetaldehyde becomes 
attached to th~ carbonyl group of other molecule. 

'rhe possible mechanism of aldol condensation involves the 
following steps : 

CHsCHO + OB; ('!: 6Hz·CHO + IL,aO 
(from base) I 

R 
I~ 

CBa-C=O ~ 
(Second molecule) 

H 
I 

CHa-C- O 
+ -

IT 
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CH3+C!_ + OHIORO 

II I 

III 
H 
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R 

OH3-6-0H20IIO + H20 CH3-LoH,'oHO + OR 

b bH 
The first step is the formation of a carbanioll as a result of the re
Dloval of hydrogen ion by a hydroxyl ion of the base. In the 
second step the eleotromerio effect operates and creates a carbonium 
ion. The carbanion produced in st('p I attacks the oarbonium ion 
and another nuoleophile with negative charge on oxygen atom is 
generated. The third nucleophile then extracts hydrogen ion from 
water and OH- ion is regenerated. . 

A similar mechanisDl explains the formation of ~-hydroxy
diaoetone from two moleoules of acetone in the presence of dilute 
sodium hydroxide solution, which as already stated, is also an exam
ple of a.ldol oondensation. 

ORa n H 
I I I 

CHa-O=O + H-C-O-C-H 

~ ~ ~ 
(2 molecules of acetone) 

(NaOH) 
--. 

CHa H 

QHs-6-LO-OHs 
I ! n 
OH H 0 

~_Hydroxydiacotone 

Difi'erence between Condensation and Polymerisation. Ib is true 
that. polymerisation and condensation present many cOUlmon examples. but 
polymerisation is not necessarily condensation. The points of difference 
between the two types of reactions are: 

1. Condensation always proceeds by new union between carbon atoms 
while in polymerisation it is not necessary. For instance, in the polymerisation 
of aldehydes ally change in structures only involves oxygen bonda. 

2. Unlike polymerisation, condensation reactions are not reversible. 

3. In polymerisation the reaction takes place between identical mole
cules but in condensa.tion the reaction may take pIacG even between different 
molecules. 

Intramolecular Change 

We have already studied that molecules of organio compounds 
are built of carbon, hydrogen, and Qther atoms arranged in a charac
teristic way. Naturally a slight change effected in the molecular 
structure will lead to the formation of a new compound. 

All such reactions which proceed by the internal re-arrangement 
of the molecule are designated Intramolecular changes. Such 
changes may be due to a spatial or struotural re-arrangement in the 
molecule. The intramolecular change, since it results in the forma
tion of an isomer of the odginal compound, is also referred to as an 
Isomeric change. 
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Some examples of intramolecular change are given below: 

(1) Butane is converted to iso-butane when heated with 
aluminium chloride. 

CHa 
AlCla i 

CHa-CBr-CH2-CHa ~ CB3-CH-CHa 
n-Butane heat Isobutano 

Such a reaction which refers to a change in the 'chain structure' of 
the molecule and results in a compound which is a 'chain isomer' of 
the original compound, is commonly termed Isomerisation. Butane 
is said to have isomerised to isobutane. 

(2) n-Propyl bromide on heating becomes isopropyl bromide. 
hoat ' 

CHs·CH2·CH2.Br _ 
n-Propyl bromide' 

CHa·CHBr.CH3 
Isopropyl bromide 

It may be noted that in this case the isomeric change results 
in a position-isomer of the original substance. 

(3) Maleic acId when heated in a sealed tube is converted to 
fumar~c acid. 

H-C-CO_OH heat H-C-COOH 
11 __ U 

H-C-COOH (Sealed tube) HOOC-C-H 
Maleic acid Fumaric acid 

This change presents a case when the produ~t is a 'space isomer' of 
the original compound. 

(4) Hydrazobenzene when treated with mineral acids, yields 
benzidine (Benzidine change), 

ONH=NHO H~eat HaNO-ONH!! 
Hydrazobenzene Benzidine 

1n most cases, intra-molecular changes are goaded by the urge 
for a stable arrangement under the conditions of the experiment. 
Such changes differ from the tautomeric changes in that they are not 
reversible. 

Reduction and Oxidation reactions 

Reduction and oxidation reactions are very common in organic 
chemistry. They are shown especially by compounds containing 
double and triple bonds such as alcohols, aldehydes and Itetones. 
The definition of reduction and oxidation as applied' in organic 
chemistry is very simple. 

A "taction which proceeds by the addition of hydrogen is termed 
Reduction and the one that involves the addition of oxygen is called 
Oxidation. The products formed/in the two cases are referred to 
as Reduction products and Oxidation products respectiv_ely. 

'The result of reduction and oxidation depends upon the nature 
of the original compound and that of the reagent employed to effect 
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the change. While reduction seldom causes a rupture of the carbon 
chain, oxidation does. it very often. 

Examples of Reduction. The hydrocarbons ethylene, 
acetylene and benzene when mixed with hydrogen and pa~sed over 
finely divided nickel at an elevated temperature, add hydrogen yield
ing ethane, ethylene and hexahydrobenzene respectively. 

Ni/hont 
CH2 =CH2 + H, ~ CHa-CHa 

Ethane 
CH:sCH + Hz ~ CHz=CHa 

Ethylene 
C6H6 + 3Hz --. C6H12 

. Hexahydrobenzene 

The addition of hydrogen at the double or the triple bond is 
termed HYDROGENATION. The hydrogenation carried with finely 
divided nickel as a catalyst is often spoken of as Saba tier and 
Senderens reaction. 

(2) Alcohols, aldehydes and ketones when reduced with hydro
gen iodide and phosphorus at high temperature yield the correspond
ing hydrocarbons. 

HI/P 
CHaOH + 2H ___,. CH4 + H 20 
Methyl alcohol Methane 
ORa.OHO + 4H ~ OHa.OHa + HaO 
Acetaldehyde Ethane 

CRa.CO.CHa + 4H ~ OHa.CH2.CHa + HzO 
Acetone Propane 

(3) Aldehydes and ketones on reduction with Hz and nickel, or 
zinc and hydrochloric acid, yield alcohols. 

. R 
I Zn/HOI 

OHaC=O + 2H ---+ 
Acetaldehyde 

CHa, 
/0=0 + 2H ---+ 

CHa 
Acetone 

CH3CHaOH 
Ethyl alcohol 

CHa'C/R 

CH/ "-OR 
Isopropyl alool;lOl 

(4) Nitrocompounds on 
acid give primary amines. 

reduction with tin and 

Sn/HCI 

hydrochloric 

C2HsNOa + 6H ---+ 02Hs:NHz + 2H20 
Nitroethane Ethylamine 

Nitrobenzene yields a variety of reduction prouucts, depending 
on the nature of the'reducing agent. 

. ~xamples of Oxidation. (1) D_nsaturated hydrocarbons or 
?X~datlOn under different conditions yield different products. Tbi 
IS Illustrated by the following examples. 

. . (u:) With a strong oxidising agent' like {lonc. HN03, ethylen.e j 
oXldlsed to carbon dioxide and water. 

C2R, + 60 ---+ 2002 + 2H20 
Ethylene 

I 
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(b) Mild oxisiding agent auch as KMn04, cames a splitting of 
the molecule at the double bond 

CII3.CH2.CH=OH2 + 40 --lo CHa.CHa.COOR + RCOOR 
Butene Propionic acid Formio. acid 

(c) Very mild oxidising agent like alkaline KMnO, yields a 
glycol_ 

OH2 
II + H 20 + 0 ---. 

CH2 
Ethylene 

OH20H 

~H20H 
GlycoL 

(2) Alcohols and aldehydes when oxidised with a mixture of 
potassium dichromate llnd sulphurio acid, ultimately yield fattyaoids. 
The nature of oxidation products largely depends upon whether the' 
alcohol is primary. secondary or tertiary. 

CHaCH,IOH + (0] ---. CH'aOHO + H,IO 
Ethyl alcohol Acetaldehyde 

CHaCHO + (0] ---+ CHaCOOR 
Acetio acid 

Common Reducing Agentli. (I) Molecular hydrogen with finely divided 
nickel or platinum as catalyst at an eleva.ted tempera.ture. 

(2) Sodium amaZgam; 2Na+2H20=2NaOH+H2• It is better than 
sod4Im alone as the presence of mercury moderates the evolution of hydrogen 
and reduction proceeds smoothly. 

(3) Sodium and aZcoTloZ; NIlo+CaH50H';C2HljONaf,H. 
(4) Zinc (or Tin) and hydrochloric acid; Zn+2HCl=ZnCI2 +2B. 
(5) Zinc and 80dium hydroxide 0; Zn+2NaOH=NasZnOs+Hs 
(6) Zinc and water; Zn+RaO=ZnO+2H. 

(7) Zinc Oopper OoupZe. . It can be prepared by placing gra.nulated zinc 
in copper sulphate solution when it is covered with copper. By an 'electrolytic 
reaotlon' it liberates hydrogen from water. Aluminium-mercury couple is also 
used in place of Zn-Cu couple. 

(8) Hydrogen iodide ana Phosphorus (red). It is a very effective reduc
ing agent. 

2HI:¢ 2H+Ia 

The iodine formed is at ollce taken up by phosphorus and transformed into 
hydrogen iodide in presence of water. 

2P+3J3 = 2PIs 
PI3 +3H2,O = HsP03 +3HI 

Common Oxidising Agents. (1) Oxygen gas in the presence of Vana
dium pentoxide (VaO/i) as catalyst at high temperature. 

(2) Ozone; 03=°2+0. 

(3) Aqueou8 and Alkaline Potassium perma'nganate ; 
2KMnO,+R20 = 2KOH+2Mn02+80. 

(4) ACidified Pota8sium permanganate; 
2KMnO,+3HaSO, = K,SO,+2MnSO,,+3H20+50. 
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(5) Acidified Potassium dichromate; 
K:pr207+4~S02 = K2S04 +Cr!(S04>S+4H20+30. 

(6) Oone. Nitric acid; 2HNOa "" .HzO+2N02+O. 

(7) Potassiumchloratll; 2KCI03 = 2KCl+302• 

Biochemical Reactions 
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Thero are a number of reactions which are apparently carried 
through the agency of living organisms. These reactions are gener
ally referred to as the Biochemical reactions. It was originally 
bE"lieved that these reactions are purely I physiological in nature and 
dC'pcnd upon the life-process of the organisms. Thi8 view has, how
(lver, been ehown to be incorrect. Now it has been proved beyond 
doubt that all such reaotions are brought about by the catalytic 
activity of <highly complex organic compounds' which are secreted by 
the living organisms and not by the life-force of the organisms. 
These -,(;omplex nitrogenous compounds' which may rightly be called 
'ol'ganic ('ataZysts' are termed enzymes (meaning yeast), since a 
number of them were originally found to be present in yeast. Some 
examples of enzyme catalysis are given below: 

(1) The enzyme ZYMASE obtained from yeast can cause the 
deoomposition of glucose to give ethyl alcohol and carbon dioxide. 

C6HnOa __ 2CBHoOH + 2COa 
Glucose Ethyl alcohol 

(2) The enzyme INVERTASE converts cane sugar to glucose and 
fructose. 

CUH2S0 11 + H 20 --+ OQH120 6 + CGHuOa 
Cane sugar GlUCOse Fruotose 

(3) The. enzyme DIASTASE converts starch to maltose. 

2(CsH 100 5)" + nH20 __ nCJSH22011 
Staro}) Maltose 

(4) The enzyme L1PASE causes the hydrolysis of esters of fatty 
acids. 

RCOOC2H6 + HaO ~ RCOOH + CaHoOH 
Ester Acid Alcohol 

Notes· on Enzyme Catalyois. (1) Like the inorganic cutalysis, enzymes 
aot as 'contact catalyats'. 

(2) Enzymes are highly specifio in action. In a number of oases certain 
enzym6B will catalyse a specifio reaotion and none other. 

(3) The speed of r.eaction catalysed by a. certain enzyme is proportional 
to the amount of the enzym!l present. 

I (4)) In certain cases the aocumulation of the produots of the reaotion 
8 OW8 down the enzymatl.o action. 

• (5) The activity or an enzyme i.e maximum at a oertain temperature 
(oP"mum temperature), not very muoh above the room temperature. 

(6) While enzymes are aotivated by the presence of certain other enzy
m .. (Oo-enzymes), they are poisoned by substances like H2S, HON, etc. 
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Meaning of the term Fermentation 

Yeast is a single-celled living plant. It grows rapidly under 
suitaplo conditions. If we put some yeast in dilute solution of grape 
sugar, after some time the whole liquid begins to froth and offers a 
boiling appearance. On testing it is found that the sugar has been 
converted to alcohol and the 'boiling' is in fact due to the brisk 
evolution of carbon dioxide during the reaction. 

06H1206 --+ 202HsOI{ + 2002 
Glucose Alcohol 

(Grape sugar) 

This process of conversion of grape sugar into alcohol induced 
by yeast was known to the ancients who named it Fermentation 
(It'erver=to boH). 

Pasteur studied very carefully the fermentation of sugar and 
established that the change did not take place' unless some living 
organism was present in sugar solution. He thought that the change 
was brought about by the physiological action of ycast ceHs. Buch
ner, however, disproved this view. He showed that if yeast is killed 
by grinding with sand and then squeezed, the resulting extract is 
capable of changing sugar into alcohol. This extract is free from 
any living substance but, of course, contains some 'complex com
pound' that was originally present in the yeast cells. Thus, he 
proved beyond doubt that it was not the life· force of yeast but 

'rather the catalytic activity of the 'complex compound' present 
in it which caused fermentation. 

Latcr researches showed that the proccss of 'fermentation' is 
not restricted to the conversion of sugar to alcohol. A number of 
other reactions have been discovered which are likewise caused by 
yeast or 'complex compounds' derived from other sources. In its 
modern form the term 'fermentation' covers all .snch reactions in whi(;h 
an organic substance is slowly decomposed in the presence of a 'complex 
organic compound'. The complex compound that acts as a catalyst 
for reaction is often referred to as ferment. To distinguish it from 
other fermentation reactions, the conversion of sugar into alcohol 
has been termed Alcoholic Fermentation. 

QUESTIONS 
1. What are the major types of organic reactions? Define each type 

and illustrate by one example. 

2. Desoribe what you understand by : (i) Substitution reactions, 
(U) Addition reactions, (iii) Elimination reactions, and (iv) Rearrangement 
reactions. Give one example of each. 

3. What do you mean by the terms: (a) substrl!te, (b) attacking reagent, 
and (0) intermediates. Apply these torms to .. substitution reaotion. 

4. Describe homolytic and heterolytic fission of covalent bonds. How' 
do these lead to the formation of carbonium ions and cnrbanions ? 

5. Classify the two types of attacking rengents giving at least four 
examples of each type. How do they react? 

6. Gi ve an account. of tne mode of formation of cOl'bonium ions and 
carbanions. What determines their relative stabilities. 
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7. Explain inductive effect. Why does it die down as the length of 
the chain increases? What is meant by +1 effect and -1 effect? 

8. "Unlike inductive effect, the electromeric effect is not 0: permanent 
polarisation effect." Elaborate the statement. 

9. Define (i) Inductive, and (ii) Electro~eric effects. Give examples to 
illustrate these. 

10. What do you understand by mechanism of an organic reactIon? 
Describe the various types of reaction mechanisms. 

11. Give a brief account of the free radical' mechanism of substitution 
and polymerisation reactions. 

12. Discuss Pelar or Ionic mechanism and illustrate by taking one 
example of each type of reaction. 

13. What do you mean by Se and SN? What are the types of SN 
reactions. 

14. What do you understand by (a) energy of activation, and (b) 
transition state c:omplex? How are exothermic and endothermic reactions 
brought about? 

15. How does classical structural theory fail to explain a number of 
reactions? What were its1imitations and make out a few leading principles 
of modern theory of organic reactions? 

1(1. Give the simplified definitions of Reduction and Oxidation as 
applied in organic chemistry. Give examples of the two types of reactions 
and mention the common oxidi"ing and reducing agents. 

1'7. What are enzymes? How do they differ from inorganic catalysts ? 
Give five examples of enzyme catalysis. 

18. Write a short note on condensation. Give electronic mechanism 
of aldol condensation. 

19. What are fermentation reactions? Why are they called so? 
Explain briefly Alcoholic Fermentation. 

20. Write an essay on: "Nucleophilic substitution in Aliphatic com-
pounds." (Oeylon B.Se., 196'1) 

21. Write an essay on: "Oxidation reduction processes in organic 
chemistry. (Oeylon B.Sc., 1968) 
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Classification and Systematic 

Nomenclature 

PRINCIPAL SERIES OF ORGANIC COMPOUNDS 

Organic Chemistry is a vast subject. About two million organic 
compounds are now known. Their study would be well nigh 
impossible if they are not divided into 'groups' or 'series' on the 
basis of their properties and structure. The principal series which 
embrace the entire populat,on of organic compolinds so f~r known, 
have been described below: 

. . 
Acyclic and cyclic series. By definition organic compounds 

contain one or more carbon atoms joined to ea()h other by covalent 
bonds. The carbon atoms could be joined either in open chains or 
cyclic structures. Thus: 

0-0-0-0 

o 
o-o;_LQ 
Open ohains 

/0, 
o 0 

b 6 
'0/ 

Cyolio or 
ring struoture 

The compounds whose molecules are open-chained or. noncyclic, 
are known as Open chain or Acyclic compounds. All such 
compounds are said to constitute Acyclio or Open.chain serie8. For 
el.ampl~, the hydrocarbons methane, ethane, propane, ethylene, 
acetylene, etc. having open-chains of carbon atoms in their mole. 
cules belong w this series. 

176 
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The organic compounds which contain one or more rings of 
atoms, are called Cyclic or Ring compounds. These form the 
Oyclic series. 

Carbocyclic and Heterocyclic series. The cyclic compounds 
which have rings made of only carbon atoms, are named as Carbo
cyclic compounds. The series of cyclic compounds which may 
also include one or more nonca.rbon (hetero, meaning different) atoms 
such as 0, N, S are c3.Ued H~tel'ocyclic compound!5. For example, 
benzene (CeRe)is carbocyclio while pyridine (CoHsN) is heterocyclio. 

H 

tf'C' '" 
HO OR 

Hd ~R 
'c/ 

H 
B"enzene Pyridine 

(Oarbocyclic) ,(Heterocyclic) 

The carbo(lyolic and heterocyclic compounds could be further 
cla.s5ified as monocyclic, bicyclic and tricyclic a.ccording as they 
contain one, two or three rings in their molecules. Thus, while 
benzene. and pyridine are monocyclic, naphthalene (CtoRs) is bicyclio 
and anthracene (CuRto) is tricyclic. 

H H H H H 
/O,/C, /C,/O,/C, 

HC 0 CR HO C 0 CH 
I II I I II I ~ 

HO C CR HO 0 C CR 

'c/'o' 'O/'l -'0/ 
H H H H H 

Naphthalene Anthracene 
(Bicyclic) (Tricyclic) 

Aliphatic and Aromatic Series. These are the most 
important series of orga.nio compounds and embrace all types of 
compoupds mentioned above. 

The aliphatio series inoludes all open.ohain~compounds, whether 
of straight or branched ohains. These possess characteristic physical 
and chemical properties and are commonly known' as aliphatic 
compounds. The term aliphatic is derived from the Greek word 
aJeipher meaning fatty, since the earliest known compounds of this 
type were obtained from fats. 

The carbocyclic compounds are again .of two types : (1) 
Alicyclic; and (2) Aromatic. 

Such carbocyclic compounds in which the carbon atoms oj 
the ring are joined by single covalent bonds and resemble witt 
aliphatic compounds in properties, are called Alicyclic compounds 
For example, 
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Ha 
/0, 

HIIO OHa 

Hab bRa 
'0/ 
lIt 

Cyclohexane 
(aUcycZic) 

although having ring structure show aliphatic character. For that. 
reason, the study of alicyclic compounds is included in the aliphatie-
section of the text. • 

The carbocyclic compounds which contain one or more benzenoid 
rings in their moleQules possess distinctive properties from those Ot 
the aliphatio compounds. These are popularly known as aromatic 
compounds (Greek aroma, meaning fragrant snell) since many ot 
these were found to have peculiar agreeable smell. Thus benzene, 
naphthalene, anthracene and their derivati ves belong to th& 
Aromatic series. _ 

A complete genealogical table given below indicates the broad 
classification of organic compounds. 

ORGANIO COMPOUNDS 

fcZ • Acy ,c, 
Open-chain or 

Aliphatic Compound8 
e.g.. hexa.ne 

ZI Z· A .eyc 10 

I 

compounds 
e.g., Cyclobexane 

a oZ· .1 R' y tCO'l' mg 
compound, 

I 
HeteJCYoZio 
compound8 

e.g.,Pyridine 
) . 

Aromahc 
e.g., Benzene 

We will take up the study of organio compounds in two parts. 
First of all we will devote ourselves mainly to the discussion of 
aliphatic compounds. The aromatic compounds will form a subject 
for separate study at a later stage. We do not recommend the 
study of aliphatic and aromatic compounds simultaneously because
this is likely' to lead to overlapping of 'subject matter in the mind 
of the beginners. 

DIVISION INTO CLASSES 

Hydrocarbons are regarded as the parent organic tompounds. 
All other compounds are considered a.s derived from them by subs
tituting one or more hydrogen atoms of hydrocarbons by more
reactive at.,oms or groups (X). 

-H 
R-H --+- R-X 

+X 
Hydrocarbon Organic compound 
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In the molecule R-X which stands for any organic compound, 
R represents the carbon-hydrogen framework and X the functional 
group. In the aliphatic series R would be determined by the 
!)tructure of the parent alkane, alkene or alkyne. In the aromatic 
compounds the framework of R would be bastld on the benzene 
ring. ' 

The second part X of the organic cOQlPound is called the 
'functional group'. A functional group i8 an atom or a group of 
atoms defining the function ur mode of activity of a given compound. 
In other words, the functional group is that part of a compound 
which largely determines its properties. For example, an alcohol 
covers, its alcoholic properties to the functional group -OR (hydroxy), 
an a.ldehyde to -ORO (formyl) and a carboxylic acid to -OOOH 
(carboxy). The typical functional groups are shown in the follow
ing table. 

Table: P'unctionaZ (iroups and their cOr1'esponding classes 
of compounds. 

STRUCTURE NAME CORRESl'ONDINO 
OLASS 

-x (-CI, -Br, -I) Balo Halogen com-

-O-H -OB Hydroxy Alcohols 
pounds 

_O-R -OR A1koxy Ethers 

/0 
-O'B 

-OHO Formyl Aldehydes 

)C=O )CO, -CO- Carbonyl Ketones 

0 
-C/ -COOH, -C02H Carboxyl Carboxylio acids 

"o-H 

/0 -COOR Ester Esters -C 
'O-R 

0 
-01' -COCl Aoid ohloride Acid cblorides. 'Cl 



180 TEXT-BOOK OF ORGANIC CHEMISTRY 

STRUCTURE NAl'1E CORRESPO~ _iliG 
CLASS 

0 
-C/' -CONHI Amide Amides 

'NH2 

0 
H 

-CO, -0, 
Anhydride Acid anhydrides 0 /0, -00.0.00-

-Cl -CO 
U 
0 

R 
-N/ -NH, Amjno Aminea 

'-H 

)Nn -NH- Imino Imines 
-

-CsN -CN Cyanide Cyanides or 
Nitriles 

0 
-N" -N02 Nitro Nitro compounds 

~O 

-N .. O -NO Nitroso Nitroso compounds 

0 
8 

-S-O-H -S02.0R, -S0 3R Sulphonic acid SuI phonic acids 
R 
0 

The properties of an organic compound depend on both the 
carbon.hydrogen framelVork and the functional group present. Tho". 
compounds with the same functional group react in ll. similar manner 
if they have the sama type of carbon-hydr.ogen framework. All 
such compounds possessing similar properties are said to form a 
Class. Thus the compounds GHaOH, C2HsOH, C4H90H etc. which 
contain the same functional group -OH and alkane carbon-hydrogen 
structure, constitute a class of compounds known as alcohols. It 
may, however, be noted that the reactivity of the functional group 
may be modified to some extent by the difference in the carbon. 
hydro~en structure. . 

Homologous Series. When the number of a class of com
pounds are arranged in order of increasing -molecular weights, they 
form what we call a Homologous Series. Let us illustrate by taking 
the case of normal (straight-chain) alcohols which form the following 
homologous series. 
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FORMULA. 

CHaOR 

C'HsCH20H 

CHaCHIICH20H 

CHaCHIICB,CH20H 

NAME 

Methyl alcohol 

Ethyl alcohol 

Propyl alcohol 

Butyl alcohol, etc. 

The characteristics of a homologous series are : 

..... " ... -

(1) Each member of the series differs in formula from the 
mefuuer above or below it by -CH2- (methylene) group. 

(2) The molecular weight of a eompound in the series differs 
by 14: (CHII = 12 + 2 X 1 = 14) from that of its neighbour. 

(3) The series has a general formula e.g., the above homolog
ous series of alcohols ca,n be represented by C"HZ"+lOH and the 
molecular formulas of the various members in order can be obtained 
by putting n=l, 2, 3,4 etc. 

(4) The chemical properties of the members of th~ series are 
similar, though the first compound may' vary considerably from 
others. 

(5) The physical properties such as density, melting point, 
and boiling point of the members in a homologous series vary with 
increase of molecular weight by and large in a regu,lar fashion. 

The concept of functional groups and the homologous series, 
has led to the division of organic compounds into classes. These 
include hydrocarbons, halides, alcohols, ethers, aldehydes, ketones, 
carboxylic acids, amines, etc. This makes the study of the very 
large number of compounds easier as instead of the individual 
comI,ound~ 'we now study them in groups or classes. 

The important classes of compounds of the aliphatic series are 
mentioned below: 

Hydrocarbons. The compounds made of carbon and hydrogen 
only .'.lrA called Hydrocarbons. These are of two types: Saturated 
and Unsaturated. Those hydrocarbons in which all the bonds 
of carbon atoms are fully utilised and thus cannot take up more 
hydrogt"n, are referred to a~ Saturated hydrocarbons or Alkanes. The 
second type of hydrocarbons {tre those in which all the bonds of 
ca:r:bon atoms are not. fully satisfied and can, therefore, take up 
more hydrogen or other atoms. These have been called Unsaturated 
hydrocarbons. vVhile the alkanes contain carbon atoms linked by 
Bingle covalent bonds, the unsaturated hydrocarbons are char~cteris
ed by the presence of double (=) and triple (=) bonds. Those 
having a double bond are named as Alkenes and the ones having 
a triple bond Alkynes. 



- ____ ~ v"" V"'''A.lS lC OH)jJMISTBY 

HYDROCARBONS 

I 
Saturated 

or Alkanes e.g., 
H H 

H-J-J-H 

~:k 
Ethane 

I 

Alkenes e.g., 
H-C=C-H 

hh 
Ethylene, 

1 
UfI8aturated 

Alkgnes e.g., 
H-C3C-H 

Acetylene 

The type formulas of the hydrocarbons could be written as : 
RCHr-CH3 Alkanes 
RCH =CH2 Alkencs 
RO == CH Alkynes 

The functional groups of alkenes and alkynes are )0 = O( 
and -0=0- respectively. 

Halogen compounds. They contain the functional group 
X=Ol, Br, I. They are called mono-, di- or trihalogen compounds 
according to the number of halogen atoms present. For example, 

CHaCl CHaCJa CHCl3 CCI, 
Chloromethane, Dichloromethane, Trichloromethane, Tetrachloro-
Methyl chloride Methylene chloride Chloroform methane, Ca.rbon 

tetrachloride 
Methane forms similar bro:tno and iodo compounds. 
Mono-haloalkanes are called Alkyl halides and have the type 

formula. R-X or RX. 
Alcohols. The class of compounds containing the functional 

group -,OH(hydroxy) are termed alcohols. They are classified as 
mono-, di- and trihydric alcohols according as they possess 1, 2 or 3 
hydroxy groups. Monohydroxy alcohols are further designated as 
primary, 8econdary and tertiary when the -OR group is attached 
to a carbon atom which.in turn is attached to one (or none), two 
or three carbon atoms respectively. 

. 
Primary e.g., 
CHsCH20R 
Ethyl alcohol 

ALCOHOLS 

I 
I 

Dihydric e.g •. 
CHaOH.CHaOR 

Glycol 

SeconJary e.g., 
H 

CHa-6-0H 

. JHs 
Isopropyl alcohol 

Trihydric e.g. 
CHaOH.CHOH.CHaOH 

Glycerol 

Tertiary e.g., 
CHa 
I 

CHs-C-OH 
I 
CH3 

teisobutyl alcohol 
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The type formulas of ;rimary (1°), secondary (2°) and tertiary 
(3°) alcohols are : 

R-CR2 -OR 
& 

"/CR-OR 
R' 

& 
I 

R'-C-OR 

A· 

Primary alcohol 

Secondary alcohol 

Tertiary alcohol 

where R, R' and R' may be same or different. 
Ethers. They have the functional group divalent oxygen 

atom -0- linked to two carbon atoms. The type ~ormula. of 
ethers is R-O-R', where Rand R' are hydrocarbon radIcals whIch 
Ulay be same or different. Thus: 

CRs-O_':CaRs CaRs-O-CzRo 
Ethyl methyl ether Diethyl ether 

Aldehydes. This class of compounds has the functional group 
_ OHO which is named as formyl or aldehyde group. Aldehydes are 
represented by the type formula 

o 
R-C! 

'H 
or RCHO 

where R is the hydrocarbon radical. In the first member of the 
series we have H atom in place of R. Thus: 

HCHO CHaCHO 
Formaldehyde Acetaldehyde 

Ketones. They are characterised by the presence of the 

functional group )00 i.e., a bivalent carbonyl group which is called 

a ketonic group. They have the type formula 
R 

'C=O 
&'/ 

or R-CO-R' or RCOR' 

where Rand R' are hydrocarbon radicals which may be same or 
different. Thus: 

CHaCOCHa CHaCOCzH 5 
Acetone Ethyl methyl ketone 

Carboxylic acids. They nave the functional group-OOOH 
which is called carboxy or carboxyl ,group. Their type formula is 
represented as 

o 
R-C/ 

"OR 
or RCOOH 

where R stands for a hydrocarbon radical. In the first member 
of this class R = H. Thus: 

HOOOH 
Formi{l stcid 

The compounds containing two 
t~rmed di- and tri-carboxylic acids. 

CRaOOOII 
,Acetic acid 

or three -CGOR grou pa are 

Derivatives of Carboxylic acids. The more jmportant 
derivatives of carboxylIC acids are esters, acyl hyUdes, amides and acid 
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anhydrides. Their type formulas, funotional groups and examples 
are given in the table below: 

DERIVATIVE TYPE FORMtrLA FUNCTIONAL EXAMPLE 
GROUP -

0 0 0 
1/ " II 

Esters R-C-OR -C-OR CHt;jC-OC2R5 
Et y1 acetate 

0 0 0 
II II II , 

Acyl halides R-C-Cl -C-Cl CHs-C-Cl 
Acetyl ohloride 

0 0 0 , 
II II II 

Amides R-C-NH:il -C~N1I2 CHa-O-NRll, 
Acetamide 

0 0 0 
II U II 

Anhydrides R-C 
-0.'0 CRa-C, 

'0 
R-ci -ci /0 

CRa-C 
II II II 

° 0 0 
Aoetic unhyride 

Amines. This olass of compounds are structurally related to 
ammonia (NHa), and are named as amines. In ammonia, the triva
lent nitrogen atom is bonded to hydrogen atoms but in amines it 
may be bonded to one, two or three alkyl radicals. in place of H 
atoms. The amines are further classified into primary, secondary 
and tertiary amines according as 1, 2 or 3 alkyl groups are 
attached to the nitrogen atom. The type formulas, functional 
groups and examples of amines are listed below: 

AMINE TYPE ]'ORl\lUL,A. FUNCTIONAL GROUP EXAMPLE 

:B: H R 
Primary R-NI -N/ CHa-N / 

'iI 'H 'R 
(amino) Methylamine 

Br.condary 
R, ' "- ClIa, 
R/N- H /N-R I N- H 

eHa 
(lmitlo) Dimethylamine 

Tertiary 
R, ,. CHs, ' 
R/N-R /N- IN-CHa 

CHs 
(Nitrile) Trimethylamine 
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Th&-alkyl groups bonded to the nitrogen atom may be same-or 
different. 

Nitro-compqup.ds. They contain the functional group 
-N02 which is called NJtro group. They have the type formula 

or 

where R stands for a hydrocarbon radial. For example, C2HsNOli is 
nitroethane. 

Nitriles and Isonitriles. These classes are represented by the 
type formulas RON and RNO respectively. _ The functional 
group -CN is called nitrile or cyanide, whUe the group -NC is 
called isonitrile or isocyanide. The compounds belonging to these 
classes are named as Alkyl nit riles (or cyanide1i) and Al{cyl isonitrile$ 
(or isocyanides). Their type formulas, functional groups and examples 
are listed below : 

CLASS NAME Ty 1'1<: FORMULA FUNOTIONAL EXAMPLE 
GROUP 

Alkyl nitriles, R-CsN -CsN CHa-dsN 
Alkyl cya.nides Methyl nitrile, 

Methyl ~yahfde 
-

Alkyl isonltriles, R-N~C -N~C Clt3-N~O 
Alkyl isocyanidcB Methyl isonitrlle, 

Methyl isocyanide 

Sulpltonic acids. The functional group characterising this 
class of compounds is the sUlphonic acid group which may be written 
as -SOz.OH or -SOali. The type formula for Alkana suI phonic 
acids is 

o 
11 

R-S-OH 
n 
o 

or or It-SOaR 

when R stands for alkyl tadica!' Ethanesulphonic acid C2H&S03H 
is an example. 

Thioalcohols and Thioethers. Thioalcohols and thioethe1's 
differ from alcohols and ethers in that they contain sulphur in place 
of cxygen. Thiols are alMo called merclptans and thioethers or 
organic sulphides. 
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\ 

CLASS NAME TYPE FORMULA FUl'l CTION AL J1JXAl\IPLE 

GROUP 

r--
Thioalcohols, R-S-H -S-H CHaSH 
l\Iercaptans Methyl thioalcohol, 

Methyl mercaptan 

Thioethers, R-S-R -s- CHaSCHs 
Sulphides Dimethyl thioether, 

Dimethyl sulphide 

Organometallic compounds. Compounds containing one 
or more alkyl groups directly linked to metallic atom by covalent 
bonds are called' Organometallic compounds. The best example is 
offered by Alkylmagnesium halides (Grignard reagents). Thus: 

R-Mg-X e.g., 
Alkylma.gnesiuln ha.lide 

~YSTEMATIC NOMENCLATURE 

CH3-Mg-1 
Metbylmagnesium iodide 

In the early days of the develQpment of Organic chemistry, 
any new ,compound that was discovered, was given a separate 
name. These names often depended on one or the other property 
or source of the substance. Thus CR, was named as marsh gas 
because it was produced in marshes and was also called fire damp 
since it formed explosive mixtures with air' (German, !eur=fire ; 
damp = vapour). Such names of organic compounds which remained 
in common use for a pretty long time, are called Common names 
or Trivial names. The common names were assigned at the 
whim of the discoverer and had no system' It was no wonder that 
the same substance was given different names in literature produced 
by different authors in different countries (CR4 =methane, fire damp, 
marsh gas) which naturally gave rise to confusion. To eliminate 
this confusion and to coordinate the knowledge of organic chemistry 
in all parts of the world, it became necessary to have a common 
system of naming organic compounds. Moreover, with the large 
number of organio compounds known with the passage of time 
(now about 2 million) it would be a mad man's job to even entertain 
the idea of assigning common names to each one of them. Thuf! 
chemists felt the need of evolving a comprehensive and systematic 
scheme of nomenclature having a structural bearing and which 
could cover the ~hole array of organic com~ounds known 

The first rational system of naming organic compounds W/l,S 

given in 1892 by the International Cbemical Congress at Genew •. 
The Geneva Nomenclature gave systematic names to various classe3 
and framed'set rules naming higher individual compounds. Although 
ch~¥lists made good headway at Geneva, the' work was admittedly 
incomplete. This was revised and extended by the International 
Union of<:1temistry (IUC) at Liege in 1930. The lUG System as 

.'. 
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it was called, was a ~reat advance over the previous one but by 
no means complete and"-!n places gave names that were ambiguous. 
The Union which later assumed the name International Union of 
Pure and Applied Chedlistry (IU?AC) published its new report on 
organic nemenclature in 1957. This was followed by an improved 
vp.rsion releafled in 1967. 

The system of nomenclature accepted and used all over the 
world today is that approved by IUPAC which is commonly referred 
to as the IUPAC System of Nomenclature. The njPAc rules 
.are also under constant revision by actual usage in Ohemical 
Abstracts and research papers. . 

Tn the following treatment of the IUPAC nomenclature, we 
will be frequently using the terms Gommon Names and Systematic 
...varnes. 

The Common Name of a compound is one which has a 
history behind ana, is accepted on account of its long 1tSage. Such 
names have no structural bearing and were assigned to compounds 
even before their structure was known. 

The Systematic Name of a compound is based on its structure. 
Knowing systematic name of a given compound, you can at once 
write its .structural formula. 

According to lUPAC, a systematic name is one which is wholly 
composed of coined or selected syllables. An outline of ... lUP AC 
NOME~r.cLATURE for the various classes of organic compound is 
given below: 

Alkanes. For the first four members the common names are 
retained. The remaining hydrocarbons of the series are named by 
putting a prefix indicating the number of carbon atoms, with the 
termination 'ane'. Thus: ' 

FORMULA COMl\WN NAME IUPAC NAl\ffi 

CH, Methane , Methane 
C2HS Ethane Ethane 
CaHs Propane Propane 
t4HlO Butane Butane 
CSH12 Pentane 
CSH14 Hexane 
C1oH22 Decane 
The monovalent radicals or groups formed by the loss of one 

hydrogen atoms from a~kanes are called Alku groups or Alkyl' 
radicals. Their IUPAC names are derived by replacing lane' of the 
corresponding alkane by 'yl'. Thus: 

FORMULA 

CHlI-

C2Hs-
CHaCHzCH:.;-

CH3~HCHa 

Alkane - ane + yl --+ 

COMMON NAME 

Methyl 
Ethyl 
n-Propyl 

Isopropyl 

Alkyl. 

IUPAC NAME 

Methyl 
Ethyl 
Propyl 

Isopropyl, etc. 
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Alkenes. The name of a particular member of this class of 
hydrocarbons is obtained from the name of the corresponding alkene 
(containing snme number of carbon atoms) by simply changing the 
terminal 'ane' to 'ene'. Thus: 

Alkane ·ane + ene ~ Alkene 

FORMULA COMMON NAME IUPAC NAME 
Q,H, Ethylene .. Ethylene (Ethene) 
CsB'e Propylene Propene 
C,Rg Butylene Butene 
C5H10 .:..J f'. Pentene 
06Hra Hexene 
~~ ~~~ 

Alkyiies. The name Qf an alkyne can be derived from the 
name oftbe corresponding alkane by changing the termina.l lane' to 
'yne!, Thus: 

Alkane -ane + yne ---+ Alkyne 

FORMULA CO~I:l'lroN' NA~IE IUPAC NAME 
CgRs Acetylene Acetylene (Ethyp.e) 
CaH, Propyne . 
C,H6 Butyne 
CSHLC Octyne 

Alcohols. Alcohols have been given the claS'S' name 
ALKANOL,). TJie systematio name of an itldividlJal alcohol can be 
derived from the parent alkane by replacing Ie' of the terminal 'ane' 
bY'ol', 

Alkane ·6 + at ~ Alkanal 

Thus we have, 
FORMULA COMMON' NAME IUPAC NAME 
CRsOR Methyl alcohol Methanol 
CaRijOH Ethyl alcohol Ethanol 
CaH70H Propyl alcohol Propanol 
CloHnOR Decanol 

The alcohols containing two ·OH groups are named as 'diols 
and those with three ·OH groups 'triols' 

Ethe .. s. This systematio name is ALKOXYALKANES. The 
name of an individual ether is derived by naming the Alkoxy group 
(RO) present in it and suffixing the name of the alkane oontaining 
the flame number or"carbon atoms u.s tho lu.rger radical. Thus: 

FORMULA COllIMON Nt\lIIE IUPAC NAME 
CB'aOCB3 Diruethyl ether Dimethyl ether. 

Jlrfethoxymethane 
CB'aOC2H5 Ethyl methyl ethel;' Ethyl methyl ether. 

l\Iethoxyethane 
CaRsOCzI;rs Diethyl ether Diethyl ether. 

t<:thoxyethane 
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Aldebyde8. They have been given the class name ALKANALS. 
The systematic name of an individual aldehyde is obtained by 
replacing 'e' of the ,corresponding alkane by 'al'. 

Alkane - e + at __. Alkanal 

FORMULA 

HCHO 

Cl1sCHO 
CaHiCHO 
C9H1SCHO 

CoMl\10N NAME 

Formaldehyde 
Acetaldehyde 
Propionaldehyde 

IUPACNAME 
Methanal 

Ethana! 
Propanal 
Decane.l 

Ketones. The general name assigned to this class of com
pounds is ALKANONES. The systematic name of an individual 
ketone may be derived by sUbstituting the suffix 'one' for the final 
'e' in the name of the alkane. 

Alkane - I) + one! ~ ,Alkanone 

Thus we have: 

FORMULA 

CRs·CO.Cga 

CRs·CO.CzRo 

CaHs.CO.C3H .. 

ColmON NAME 

Acetone 

Etbyl methyl ketone 

Diethyl keto~e 

IUPAC NA~lE 
Propanono 

Butanone 

Pentanone 

Carboxylic acids. As a class carboxylic acids containing 
one carboxyl group have been assigned the systematio name 
ALKANOW ACIDS. The name of a particular member i~ obtained 
by substituting terminal 'e' fr01n the name of .the conesponding 
alkane by 'aic' and adding the word n.cid at the end. 

Alkane - e + oie + acid __. A lkanoic acid 

FORMtJLA COllIlIION NAME IUPAO NAME 

HCOOH Pormie !lcid Parmie acid, 
l\Iethanoic acid 

CHaCOOH Acetic acid Acetic acid, 
Ethancic 'acid 

CzRsCOOH Propionil} acid Propanoio acid 

CaHvuOOH Butyric acid Butanoic acid 

CgH19COOH Decanoic acid 

Th~ dicarboxylic acids ~re called ALKANEDIOIC ACIDS 

HOOC.CHz.CHa.COOR ~anediQic acid 

Derivatives of Carboxylic acids. The sys1i6matic name 
some important derivatives of acids are l,isted as follows. 
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FORMULA CO.MMON NAME IUPAC-NAME 

CH!}_COCiC2Hs Ethyl acetate Ethyl. acetate, 
Ethyl ethanoate 

CHaCOCI Acetyl chloride Acetyl chloride, 
Ethanoyl chloride 

CHaCONH:a Acetamide Acetamide, 
Ethanamide 

CHaCO, 
Acetic anhydride 0 Acetic anhydride, 

CHaCO / Ethanoic anhydride 

Amines. In the IUPAC system, primary amines are regardedl 
as AlIUNOALKANES, Secondary amines as ALKYLAlIIINOALKA'NES and 
tertiary amines as DIALKYLAlIUNOALKANES. ' . 

FOR1>1ULA COMlIlON N A'ME IUPAC NAME 

CHaNH2 l\Iethylamme Methylamine, 
Aminomethane 

CtH!;NH, EthyJamine Ethylamine, 
Aminoethane 

CHa.NH.C2Hs Ethylmethylamine N-Methylethyl-
aminer 

Methylamino~tha ne 

(CHah1N.CllH 5 Ethyldimethylamine N-Dimethylamino. 
ethan& 

Derivatives .,f Inorganic acids. Some important deriva
tives of inerganic acids are assigned systematic names as follows: 

FORMULA 

CHaCI 

Ct~Br2 

CllH5NOa 
CeH13S0aH 

CQMMON NAME 

Methyl chloride 

Ethylene dibromide 

Ethyl nitrile 

Ethyl mercaptan, 
Ethyl thioalcohol 

Ethyl sulphide, 
Ethyl thioether 

IUPAC NAME 

Chloromet.hane 

Dibromoethane 

Nitromethane 

Hexanesulphonic 

Etha.nenitrile 

Ethanethiol 

acid 

Ethyltbioetbane 

lU~AC RULES FOR ASSIGNING NAMES TO COMPLEX MOLECULES 

The International Union of Pure and Applied Gllemistry has 
dOl ~. a commendable job in framing set rules for assigning names to 
orga.tio e0!Dpounds having relatively co.mplex str~e~ure. We wi.ll 
now o.""crlbe how these rules can be apphed for derlvmg systematIC 
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names for (i) branched-chain hydrocarbons; and (ii) other claS'ses of 
compounds. We will first consider the naming of hydrocarbons 
because the naming of the other cle,sses of compounds, is also 
dependent -em a correct name being given to the carbon skeleton. 

Naming of Branched-chain hydrocarb~ns. The higher 
branched-chain hydrocarbons are assigned systematic names accord. 
ing to the following procedure laid down by IUPAC. 

I. Select the longest continuous carbon chain in the molecule 
which need not necessarily have to oe horizontal (straight), This is. 
called the parent chain or 'main chain', while other chains attached 
to it are referred to as 'side-chains'. 

The number of carbon atoms constituting the main chain. 
determines the parent name of the hydrocarbon. 

EXAMPLE. 

c 
I 

C-C-C-c-C-C 
(LongAst chain, horizon,tal) 

I 

C-C-C-C . I 
C-C-C 

(Longest. chain zig-zag) 
II 

In the above carbon skeletons the longest chain is made of six
carbon atoms which is horizonhl in I and zig-zag in II. Therefore, 
the parent name of the hydrocarbon is hexane and the seventh carbon. 
attached to it represents a substituent. 

In case a molecule contain9 two carbon chains of the 8ame 
length, the Qne that carries larger nu.m!Ja of brancT,,~s is designated a8: 
the parent chain. 

EXAMPLE, 

c 
e-Lc 

I 
C-C-C-c-c-C 

(one branch only) 
I . 

C 
I 

C-C-C-C 
. I 
c-c-C-C-C-C 

(three branches) 
II 

The above carbon skeleten has two chains, each made of six
carbon atoms. One of these is shown in bold type in I and the 
other in II. The chain indicated in I has one branch only while 
that in II carries as many as three branches, Therefore, the chain 
a'1o.wn in II is selected as the parent chain. 

11. Number the carbon atom8 o/the pm'ent citain as 1, 2, 3, 4 
etc. st(U,tiny from the end that givg_s tlie smallest possibl.J!. number to the 
carbons carrying the 8ubstituents or branc/j.es . 

.I!1XdIPLE: 
x 
1 -

c-c- ~C-C-C-C 
123456 

tCorrect) 

x 
I 

C-C-C--C--C-C 
654.321 

(11!Cor:rect) 
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When the above carbon ohain is numbered from left to ri17ht 
it puts the substituent on 03 (oarbon No.3) but if numbering is d~ne 
from the other ond the substituent is put at 04 which would, there. 
fore, be incorrect. ; 

The term LOCANT is now used to denote the numeral that 
indicates the position of the 8ubstituwt on the carbon chain. Thus 
locant for X in the above structure is 3. 

In case there are two or more substituents present on the 
parent chain, two sets of locants are obtained according as the 
numbering is done from the left or right. Thus for the following 
structure 

x X X 
I I I 

C-C-C-C-C-C 
654321 
123456 

I set of locants is = 2,3,5 and II set = 2,4,5. Since I set is lower, 
the correct numbering is from right to left. 

III. Prefix the name of tke 81lbstituent to the name of tke parent 
hydrocarb?n and indicate its position on tke main chain bY' writing 
before it the 10cant. A hyphen (.) is inserted between the looant 
and the substituent name. 

Thus in the following hydrocarbon, 
CH3 
I 

CHa-CH2-CH-CHr-CH2-CHa 

the exact name of the substituent methyl group (OHa• ) 
as 3.methyl. 

I,' ' 

is written 

IV. The complete name of the hydrocarbon is wtitten as one 
word. Henee the hydrooarbon mentioned in (3) above would be 
named as 3·methylhexane. 

in ca8e a number of 8ubstituents are present on the main chain, 
there names are prefixed' to the name of the pa,rent hydrocarbon in 
alphabetical order, inser/in(l hyphen (.) in between the names oj 
substiluent8. Thus the complete name of tho hydrocarbon 

CH3 C2H5 

I I" 
CHa-CH-CH-ClIs-CH2-ClIa 
1 2 S 4 5 6 

is 3·ethyl.2·mothylhexane. 
V, If the 8am~e sl£bstituent is present two. or more time~, this 

is i7l(Zic((ted by 1l1'efixing di·, tri·, tetra', etc. to the 8ubsl1tuent 
name. The looants of in(lividual substituents are set off from each 
other by commas and Bcparated from the written name by a 
hyphen. Thus: 
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CHa CHao 
I I 

CRa-CH-OH-CHa 
1 2 3 4 

\ CHa -
r 

CHa-CH2,"","C-CH2-0Ha-CHa 
1 2 31 4 5 G 

CHa 
2, 3-dimethylbutane 3, 3.dimethylhexo.ne 

193 

It may be noted that the names of the substituents are written in 
alphabe.tical order regardles8 of multiplying prefixes di-, trio, etc. 
Thus ethyl comes before methyl in the name of the following 
compo~nd the prefix( di being neglected for thl.l purpose. 

CHa CaHIi 
7 f\ 5 41 31 2 1 
CHa-CRJI__"'CH.-C -C-CHa -CHa 

JBa baHs 
3, 3-diethyl-4, 4-dimethylheptano 

If two different substituents are on the same carbon, the locant 
is repeated before the name of the second substituent. Thus: 

CHa 
1 2 31 4 5 6 
OHs-OH2-0-OHa-OH2-CHa 

I 
CaRs 

3.ethyl.3.metbylhexBne 

VI. In case the 8ubstituent on the parent chain is a complex 
one (containing more than 4 carbon atoms) it is named as a substi
tuted alky~ group whose carbon chain is numbered from tlte carbon 
atom attached to the main chain. The name of the complex substi
tuent is given in brackets to avoid confusion with the numbers of 
the J;>arent chain. 

EXAMPLE. 
OHa S 

CB'a-6R 2 
I 

OHa-OR 1 , 
OHa-CRIl-CH:a-OHg-OH-OH2-0Ha-CRll-OHa 

,1 2 3 4 .5 6. 7 8 9 

The substituent at 05 is a substituted propyl group. The 
propyl chain is numbere~ :1,_ 2, 3 as indioated and the name of the 
substituent is written as l, 2.dimethylpropyl. Hence the name 
of the hydrocarbon i~ 

~.(l, 2.dimetbylpropyl) DonBnc;l. 

VD. The position of a double (or triple) bond in alkencs (or 
alkyne8) i8 indicated by prefixing the number of the carbon preceding 
such a bond, the carbon chain being numbered from the end which 
assigns Zower positional number to th~ double (or t1'iple) bond. Thus: 

1 2 3 4 5 
CRa-OH=OH-CH2-CH3 2-penteno 
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In case the carbon chain has branches, we look for the longest 
carbon chain containing the double (or triple) bqnd and the hydro· 
carbon is na,med as a derivative of this alkene (or alkyne), 

EXAlIIPLE 1. 

In this structure the longest carbon-chain containing doublc 
bond has five carbon atoms and, therefore, the name of the hydro
carbon is 2·ethyl-l-pentene. 

EXAlIIPLE 2. 
CH3 CH3 
1- I 

CHa -CH-CH-C= C-CHa 
6 5 4 3 2 1 

The structure has the largest chain containing triple bond 
made of six carbon atoms. Hence it is named as 4, 5.dimethyl.2-
hexyne. 

Naming of other classes of Compounds. 

Having considered the IUPAC nomenclature of hydrocarbons, 
we proceed to the naming of other classes of compounds - alcoho Is, 
aldehydes, ketones, carboxylic acids etc. The compounds belonging 
to these classes are called functional compounds since they 
are characterised by the presencc of one or more functional groups. 

Monofunctional ·compounds. The compounds containing 
one functional group are. referred to as monofunctional. These 
are named as derivatives of the parent hydrooarbons by the 
following rules : 

I. Select the longest car/,on chain bearing the functional group. 
'l'his is the parent chain and s numbered from the end that gives lowe,' 
posilt011alnumber to tM funetional group. . 

II. Write the name c.! the parenl hydrocarbon and prefix the 
substituent names, if any, according to IUPAC rules desctibed befo'l'e 
regardless of the presence of the fm~ctiona[ gl'Oup. 

Ill. D)-op the terminat '-e' of the hydrocarbon name and add 
the sUffix assigned to the functional group present. (See Table on 
page 1!/1). 

IV. Insert the positional numbe1' of the functional group 
(separated by hyphens on either side) before the name of the parent 
hydrocat'bon if there i8 no ambiguity otherwise immediately befo·re 
the jWlct£onal syllable. 
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V. Halo and nitrocompounds are always named as substit1tted 
hydrocarbons. 

Let us now illustrate the above rules : 

EX.U[PLE 1. 

CHa CHa 

CH3-CH2-6H-CH2-6H -CH2-OH 
(i 5 4 3 '2 1 

The longest carbon chain bearing the functional group -OH 
has six carbon atoms and its name will be based on the parent 
hydrocarbon hexane. Since it has two methyl groups on C2 and C4, 
the substituted parent hydrocarbon will be named as 2, 4-dimethyl
hexane. The compound is an alcohol and, therefore, the terminal 
'-e' is replaced by the syllable vl. This giveRthffname 2, 4-dimethyl
hexanol. Now insert the positional number '1' before the name of 
the parent hydrocarbon to~. the IUPAC name of the compound 
:1, 4-dimethyl-l-hexanol. 

EXAMPLl'l 2. 

CH3 
r 

CH3-CH2-CH-CH2-CHO 
5 4 3 2 1 

The longest carbon chain contains five carbon atoms and hence 
ilie pttrent hydrocarbon is pentane. The substituted hydrocarbon 
.vould be 3.methylpentane. The name of the aldehyde obtained by 
replacing -e of this hydrocarbon name by al (the syllable for the 
functional group aldehyde) is 3-methylpentanal. Therefor,e, putting 
the positional number '1' of aldehyde group before the parent 
hydrocarbon we have the IUPAC name of the compound 3~methyl.l
pentanal. 

EXAl\lPLE 3. 

o 
, II 

CHa-CH=CH-C-CH3 
5 4 3 2 1 

Here the carbon chain having the functional group >{C)=O 
has five carbon atoms and a double bond. Therefore, the name of 
the parent hydru..:ar}lon is 3-pentene. The. above compound is a 
ketone aud htlnce the terminal -e of the hydrocarbon J1ame is 
replaced by -one. This assigns to the compound the name 3-pente
none. In this case the positional number of the functional group 
cannot be placed before the parent hydrocarbon name and hence 
it is inserted before the functional syllable -one. Thus the IUPAC 
name of the compomid is 3-penten-2-one. 
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EXAMPLE 4. 
NOli CHa 

CH3~CHa-bH-bH-CHs 
5 4 3 2 1 

As already pointed out, nitro group is always to be treated 
as a substituent. The above compound will have the systematio 
name 2.methyl·3.nitropentane. 

, 

EXAMPLE o. 
CIla 

CHa-CHa-CH-6r-COOH 
5 4 3 2 1 
2.methyl.l.butanoio acid 

EXAMPLE 6. 

OHs 

CHa-CsCH-bH2-COOH 
l) 4 3 2 1 
2.methyl.3.hexyn.l-oic aoid 

P olyfunctional Compounds. The organio compounds 
which contain two or more different functional groups in the same· 
molecule, are called Poly functional compounds. The 1965 IUPAC 
rules have introduced the concept of the 'Principal group' for 
assigning systematio na.mes to such compounds. 

When there are many funotional groups present in a molecule, 
only one suffix can be used to form a systematic name. The group 
named as suffix is termed the Principal group (or class group) and 
is determined by its position in the 'seniority table' given on page 
197. All other functional groups must be considered substituents. 
Far example. if a compound contains both -COOR and -OR 
groups. the -COOR group ranks higher in the seniority tabl& and 
is designated as the prinoipa~ group while -OR group is to be 
regarded as a- substituent. 

EXAMPLE 1. 

OH 

CHa-bH-:OH2~OOOH 
4 3 2 1 

The lQnge!lt carbon chain containing the principal group is the 
parent chain and is numbered so as to assign lowest position to this 
group. Rere the principa.l function is -coon and since the parent 
hydrocarbon would be butane, the above compound must be named 
3.hydroxy.l.butanoic acid. 
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Seniority Table for Principal Groups 

GROUP SUFFIX NAME PREFIX NAME 
. 

roo: carboxylic acid carboxy 

(-0)'" oic acid 
'OR 

roo: alkyl -carboxylate alkoxycarbonyl 

(-0)/ alkyl -oate 
'OR 

-SOaR sulphonic acid sulpha 

r
ox carbonyl halide halocarbonyl 

(-O)<~ oyl halide 

rON~ 
carboxamide carbamoyl 

(-0)'" amide 
'NHIl 

-OHO aldehyde formyl 

0 
-(0)( al,one oxo 

oyano 
-ON carbonitrile 

-OR 01 hydroxy 

-SH thiol mercapto 

-0- - epoxy 

-NH2 amine amino' 

- X (halogen) - halo 

-NOz - nitro 

(0)=(0) ene 

(O)s(O) yne 

EXAMPLE 2. 

OlI Br 0 

d iu 
OHa- H..:..OHz-OH-C-R 
{; 4 8 2 1 
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In this structure ~OHO, -OR and -Br are the functional 
groups present. Since -OHO group ranks' highest in the seniority 
table, it is the principal group and the compound is named as 
aldehyde by using the suffix 'ar. The othdr functions -OR and 
-Br are to 1,>e regarded as substituents. Therefore the IUPAC 'llam~ 
of the above compound is 

2-bromo-4-hydroxy-l-pentanal 

EXAMPLE 3. 

::> !{H2 
~ I 

OHa-C-CH2-CH-CHil-CHa 
1 2, 3 4 5 6 

o 
Here the ketonic group -(0)< is senior to amino group 

-NH2 • 

ketone. 
Therefore, the compound is liO be named as a substituted 
The systematic name of the above structure is 

4-amino-2-hexanone 

EXAMPLE 4. 

Since the epoxy group (0) -0-(0) and chlorine both are 
always to be regarded as sllbstituents, the above structure will hf< 
named as a substituted alkane. The epoxy group being senior, 
numbering of the carbon is done as indicated above and the system
atic name assigned to the compound is 1, 2-epoxy-3-chloropropane. 

EXAMPLE 5. 

EXAMPLE 6. 

EXAMPLE 7. 

NHa 0 
I II 

CHa-CH=CH-CH-CH2-C-1I 
6 5 4 3 2 1 

3-ammo-4-penten-l-al 

CN 0 
I II 

CHa-CH2-CH-CHr-C-NHa 
5 4 3 2 1 

3-cyano-l-pentanoio amide 

CHa 
I 

-CHa-CH-CH=CH-CH2-Cs({H 
1234567 

Wllen a molecule contains both the functIOns - a double bond 
·and triple bond, the numbering of the carbon chain is done so as to 
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assign lower positional ~umber to the d')uble bond and the hydro. 
carbon is named as substituted alkene. Since the functions ·ene 
(=) and .yne (=) are always to b'.:l named as suffixes, the 
systematic name of the above structure is 

• 2-methylheptene.6-yne 

QUESTIONS 

1. What are the rprincipal series of organic compounds? Give one 
example of each series. 

2. Defin£} the following tl'lrms : (il Aliphatic compounds; (ii) Aromatic 
compounds; (iii) Carbocyclic compounds (iv) Het'lrocyclic compounds: ar.i 
(V) Aiicyclic compounds. 

3. Give a genealogical' table listing the various broad classes of 
compounds giving an example in each case. 

4. Give a concise definition of junctional group. Write the structure 
and name of ten important functional groups. 

5. Define a 'class' with reference to oi'ganic compounds. \Vrite the. 
functional groups characterising the following classes of compounds: alcohols, 
aldehydes, ketones, ethers and carboxylic acids. , 

6. What do you Ul'lderstand by the term homologous series? What 
are the main features of such a series? Illustrate your answer by taking 
example of alkanes, alcohols or carboxylic acids. 

7. Discuss the classification of aliphatic hydrocarbons into saturated 
and unsaturated hydrocarhons. Give the 'class name' and 'type formula' of 
each class. 

S. List the various classes of organic compounds as also, their 
functional groups. Name the first two members of each class, 

9. Write a concise aCl)ount of the Systematic Nomenclature of aliphatic 
organic compounds. In what respects a systematic name is superior to a 
common name. 

10. What do you understand by IUPAC System of Nomenclature? Give 
the IUP AC names of the various classes of compounds. 

n. Give the structure, and IUPAC name of t,he alkyl groups bearing 
the following common names: 

I 
CHs- CHaCHCHa 

12. Give the common and IUPAC J?-ames of the following 
CHa 

compounds: 

6HaCH2CH20H -
C2H 50C2Hs 

CHabHCOOH 
C2Ht;SH 

C2H sCONH2 
CHaCOCHa 

13. State the rules given by IUP AC to name complex hydrocarbons. 
14. Assign names to the following structures: 

(i) 

(ii) 

(iii) 

CHa--:CH-CH-CHs 
I I 
CH2 CHs 
I 

CHa 
CHa 

CHa-CH=CH-CH2-bH-CHa 
Br Br Br 
I I I 

CHa-CH-CH2-CH:r-CH-CH-CHa 
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15. Give tho graphic formulas .for tho isomers having the molecular 
formula 0IlH10Br2' 

16. What do you understand by the Principal group? When the 
following funotional groups are present in a. moleoule what will be \~ olass 
name I - < 

(i) -on, -COOH, -N02 ; 

(ii) -Br, -CHa, --OllO ; 
(iii) -NOs. -NHt • -CONlllI • 

17. Define the term 'IClCant'? What are the looonis of the following 
sublltituents : 

~-methyl. 4-amino 2. a-dimethyl 
18. Describe how the ooncept of Principal group introduced reoently 

hus been used to name complex poiyfuncti->nal compounds. 

19. Wl'ite condensed line formulas of tho following compounds: 
(a) 2, 2, 3-trime~hylhexane. 
(b) 4-methy}.3.pentyne. 
(C) 3.ohloro.2-methylpl'opene. 
(d) 1.bromo-3-pentanone. 
(e) 3,4-dlmethylpentanal. 

20. Name the following compounds : 
(i) (O.Ha)aCH-CtI (02HS)-CHI""'"'"CH2-OHa-CHa 

(ii) OHa CH.-CHs--CH(O.H2CI)-CH2-CHOH-CH3 
OHO NOe 

(Ui) CH3-~H~CHa-CH:r-bR-. CH.-COOR 
(itl) CHa-Clis-CRIl-O-OHa-CHa. 

21. Write names of the following structurea : 
(il OHaCHICRNOIlOHs 

(ii) CHaCOCH.CHaORO 
(iii) CHsOn"",CROOOHa 
(ill) CHaCHBr OHII0001. 

2~. Give the graphio formulae of the compounds: 
(a) Isopropyl alcohol ; 
(b) 4.ethyl.e·methyiMxane ; 
(c).2, 2, 4.trimethylpentane i 
(d) trimethylqarbinol ; and 
(e) 3.ethyl.2, 2.dirnethylheptane. (Saugar B.Sc., 1965) 

23. Write down tho &truotura.l formulaeoOf the following compounds: 
(a) 2-moihylpentane; 
(b) tlltramothylmethane; 
(0) 3. 5.dimebhylhe:tan.2.o1 ; 
(d) pentarte-2.one. (Rangoon B.Sc •• 1968) 



Aliphatic Compounds 

10 
Alkanes 

Friedrich Bel'gius 
(1884- .) 

German Industrial Chemist. He is 
known for irtvehtiI\S the Bergius Pro
cess for synthetic petroleum. He has 
made sugar from wood. He WOll the 
Nobel' PrizE! ill 1931 for hill contribu. 

tiOllS in high pressure synthesis. 

Alkanes are the simplest organic compounds made uf carbon 
and hydrogen only. 'r~e first member methane (OR,) has the struc., 
tural formula. - '-, 

H-b-H 
k 

and its molecule is built of one oarbon atom joined to foul' hydrogen 
atoms by oovalent bonds. Other hydrocarbons of this series: ethane, 
pro~alle, butane eto., oontain two or more carbon atoms linked in 
ohams by single covalent bonds, the rest of their valenoies being 
satisfied by union with hydrogen atoms; Thus: 
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H H 
I I 

H-C-C-H 
I I 
HH 
Ethane 
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H H H 
I I I 

H-C-C-C-H 
I I I 

H H H 
Propane 

Since all the four valencies of the carbon atoms in these com· 
pounds are .fully satisfied, thp.y can take Up'DO roor€- hydrogen or any 
other atoms. Thus being 'fully saturated' in respect of chemical 
combination, these hydrocarbons are classed as Saturated hydro
carbons, 

The saturated hydrocarbons are relatively stable to most 
chemical reagents. They react with nitri() acid and sulphuric acid 
only under drastic conditions, while they are not attacked at all by 
oxidising agents such as potassium, permanganate and chromic acid. 
On account of their feeble chemical activity they are also called 
Paraffins (Latin, parum affinis=little affinity). 

The IUPAC name for the paraffin hydrocarbons is Alkanes. 

The relative chemical inactivity of alkanes can be accounted 
for by the modern orbital theory of molecular structure. In the 
molecules of these hydrocarbons, all the carbon atoms are joined to 
four other atoms. According to Quantum mechanics when a carbon 
atom ii! linked to four other atoms, it is in Sp3 state of hybridisation 
with its bonding orbitals pointed towards the four corners of a 
regular tetrahedron .. Each of these orbitals overlap the s orbital 
cf hydrogerr in methane forming the strongest cr bonds. In ethane 
and higher alkanes, the four hybridised orbitals of a carbon atom
lpay overlap with the s orbital of hydrogen or Sp3 orbital of another 
carbon to form c bonds. Since the cr bonds are remarkably strong, 
the alkanes are chemically inactive. The shapes of alkane n101ecules 
and their geometry will be discussed at appropriate places b. the 
text. 

NOMENCLATURE 

Alkanes form a homologous "eries having the general formula 
C"H2n+2 and their type formula is RH. The molecular formulae (If 
the various members can be obtainod by putting n = 1, 2, 3, 4, etc. 
in the general formula. There are three systems of naming these 
hydrocarbons. 

(1) The COMl\fON SYS'J'EM. The first four members of the 
series are called by their trivial or common naInes : Methane, Ethane, 
Propane and Butane. From the fifth onwards, alkanes are named 
by prefixing the Greek numerals pent (5), hex (6), hept (7), oct (8) 
etc. indicating the number of carbon atoms in the molecule, to the 
terminal -ane. Thus the name of an individual alkane 1S a one-word 
name. The names of Rrst twelve alkanes are given bclow. 
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CH4 l\Iethane C7H16 Heptane 

C2H a Ethane CaHIS Octane 

CaHs Propane C9H 20 Nonane 

C4H 1O Butane ClOHn DecaI1e 

CSH12 Pentane CllH 24 Undecane 

CsHu Hexane C12H 25 Dodecane 

There is one methane, one ethane and one propane known. 
Further alkan.es containing four or more carbon atoms exist in two 
or more isomeric forms depending on the structure of the carbon 
skeleton. The alkanes having a straight or normal chain are called 
normal (or 'no') hydrocarbons. This is indicated by prefixing 
n- to the name of the alkane. Thus: 

CFfaCH2CH2CHa 
n.Butane 

CHaCH2CH2CH2CHa 
n-Pentane 

c-C-C-C 
(Normal chain) • 

c-c-c-c-C 
(Normal chain) 

The alkanes in which the carbon chain has branches are called 
branched chain hydrocarbons. Such alkanes as posse;Js a one
carbon branch on the second carbon of the normal or basic chain, 
are referred to as Iso hydrocarbons (Greek, isos=equal). Thus: 

CHa C 
I I 

OHa-OR-OHa C-,C-C 
Isobutane Isobutane skeleton 

CHa 
1 

CHa-CH-CH2-CHa 
Isopentane 

c 
I 

C-C-C-C 
Isopentane skeleton 

From pentane (C5) onwards·, when the normal carbon chain 
present in the molecule has two ona·carbon branches on the second 
carbon from the end, the alkane. is refflrred to as Neo hydrocarbon 
(Greek, neos=new). Thus: 

OHa 
I 

CHa-C-CHa 
I 
CRa 

Ncopentano 
OHa 
I 

OHa -1-CH2 - CH3 

CHa 
Neohexane 

o . 
I c-c-c 
I 
C 

Neopentanc skeLeton 
C 
I 

C-C-C-C 
I c 

N eohexane skeleton 

From an examination of the above structures you will note 
that branched chain alkanes in general arc characterised by the 
foHowing structural nnits. 
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CH 

oHa-L 
Iso unit 

aHa 
I 

OHa-C-
I 

OHa 
Neo unit 

TEXT-1l00K OF ORGANIC CHEMISTRY 

a 

0-6-
Iso skeleton 

c 
I 

0-0-
I 
c 

N eo skeleton 

111 J.!loderu pr<\ctice, tho !I,vmhol!:! no, i.so- and nco- are not to 
be written in italios u.s wus done earlier. ' 

Types of Carbons atoms in Alkanes. 

The struotural formulas of alkanes and their derivatives contain 
four types of carhon atom!:;. . -

(I) Primary (1°) carbon atom "'hioh is bouded to one (or no 
other oarbon atom. 

(:3) Secondary (2°) carbon atom which it:! bonded to two 
other carbon atoms. 

(3) Tertiary (3?) carbon atom whioh it:! bonded to three other 
carbon atoms. 

(4) Quaternary (4°) carbon atom whi.ch is hondc<l to four 
cu,rbon Il toms, 

'rhus in thl;) following f;tructUl'e beginning from the left. the 
tirst carbon is primary tl), the seoon<\ quaternary (4"), the third 

ORa OHa 
I I 

OH,- C-UlI-CHa-Ul1a 
I . 
eHa 

tcrtiary (3°), the fourth ~('('ondary (2~) ami the fifth Oll(' again 
pl·imary (I "). 

Naming of Alkyl radicals 

A group of atoms tlmt hUR Ull unuticd valency (roprcsented by 
dash) is called a radical. The radic&ls derived from alkanes (R-H) 

. by removal of one H atom are called Alkyl radi(:all5 (R - ). The 
llamcs of the alkyl rIltlicab corresponding to normal and isotl,lkanes 
are oLtained by simply changing the suffix ·ane to -yl. In case of 
normal alkancs the hydrogen atom is removed from the end of the 
carbon chain while ill isoalkanes it comes from the end opposite to 
thc hl'<lllC'hed or 'iso' cud. Thll:S: 
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STRUOTURE 

OHa-
OHaOHII

OHaOHzOHz-, 
CHs-CH...,.OHs 
CH,CHzOBaOH2-

CHa 

NAME ABBREVIATION 

Methyl Me 

Ethyl Et 

n.l'ropyl Prll 

Isopropyl Pr' 

n-Butyl Bn 

I -
CHs-OH-CH2- Isobutyl B' 
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In more complex oases, the name of the alkyl radioal depends 
on whether the hydrogen. is removed from a primary, secondary 01' 
a. tertiary carbon atom of the hydrooarbon struoture. Thus: 

CHaOBaOHaCHz- -n.Butyl Bn 

OHaca.6BaCHa soo.Butyl, Bs 
a-Butyl 

OHa 

OHa~H
~Ha 

tort-Butyl 
t ,13utyl 

Proceeding· similarly. pentane (CaRu) 
radicals. 

fot'ms the 

O.HaOHaOH,OH2CHa
n-Pentyl or n·amyl 

OHs 

OHaOHa6-
6Ha 

tort.Amyl or t.amyl 

OHs 

OHabEICHaOH1-
Isopoutyl 01' isoamyl 

OHs 

OHa60H2-

bHa 
Neopentyl 

following 

(2) The SUBSTITUTED METHANE SYSTE'l\I. This mode of' 
naming complex branched chain alkanes is some time used when 
common names cannot be assigned conveniently This system names 
alkanes as if derived from methane (CH,) by substitution of alkyl 
radicals for hydrogen atoms. 

H 

H-LH' 

~ 
Methane Methane oarbon 

To assign name to an individual alkane, the alkyll'adicals a.re 
naDled in alphabetical order (ignoring prefixes di, tri etc.) and the 
word methane is added so as to get a continuous. one. word name. 
For illustration, 
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CHa 
I 

CHS-r-H 

Diml'thylmethane 
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CHa 
I 

CHa-C-C2H5 
I 

H 
Ethyldimethylmethane 

While naming complex alkanes the most highly branched 
carbon is designated as the methane carbon, the order of preference 
being 4°, 3°, 2°. Thus in the following structure the carbon atc:>ms 
second and fourth from the left of the chain are 4° and 3° respecti. 
vely. Therefore, the second carbon is regarded as the methane 
carbc!1. 

CHa CHa 
I I 

CHa-C-CH2--CH -CHa 
I 

CH!l 
Trimethyllsobutylmethane 

-C C 
I . 

C-C-C-C-C 
W 130 

C 

(3) The IUPAC SYSTEM reL"ms the ('ommon names for the 
first ten (C1 to CIO) alkanes as also for the simple alkyl radicals 
described earlier. This modern system of nomenclature is indis· 
pensable for naming bra.nched c~ain alkanes. We have already 
discussed how a complex hydrocarbon can be assigned IIJPAC name. 
The rules used for the purpose will be mentioned again by way of 
recapitula tion. 

(i) The longest carbon l!hain present in the molecule is selec 
ted and the complex hydrocarbon is regarded as alkyl. derivative 
of the parent alkane containing this ch'lin. 

(ii) The positions of the substituents (alkyl radicals) attached 
to the parent chain are determined hy numbering this chain from 
the end which puts·them on carbons having the lowest numbers.-

(iii) To write the IUPAC name of the complex hydrocarbon 
the names of the. substituents with position numoers indicated in 
front of them and arranged in alphabetical order, are prefixed to the 
name of the parent, alkane. The substituent names are hyphened 
on either side except the last op.e which is merged with the name 
of the alkane. 

(iv) If the same substituent appears on the parent chain' 
. more than once, the positional numbers are set off' by commas and 
the prefixes di, tri, tetra etc. are used to indicate the number 'of 
times it appears. Thus 

CHa 

CHa-CHz-CH2-dH---.CHa 
,5 4 3 2 1 

2-:\Iethylpentane 

CHa CZH6 

CHa-~H-6Fl.-CHz-CH2-CHa 
1 2 3 '4 5 6 

3.Ethyl.2.methylhexane 
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C2H5 CHa CHa 
I ! 

CH3-CHa-CH-CH-CHa 
I 

CHs-CHz-C-CHa-CHa-CHa 
5 4 3 2 1 

2,3-dimethylpentane 

ISOMERISM IN ALKANES 

1 2 31 4 5 6 
CHa 

3_Ethyl-3-methylhexane 

The alkanes offer lor study an excellent ~xample of Chain 
Isom._erism. The first three hydrocarbons of the series viz., methane, 
ethane and propane do not exhibit isomerism. The next hydrocarbon 
butane (C4H10) exists in two isomeric forms: 

CHa-CH2-CH2-CHa -and 
Butane 

ORa" 
/CH--CHa 

CHa 
Isobutane 

All higher hydrocarbons SllOW chain isomerism and the number 
of isomers goes on increasing rapidly with the increase in the number 
of carhon atoms. Thus: 

No, of Isomers 

Prediction of Isomers. according to theory. Since iso
merism in hydroca.rbons depends on the differeat structures of the 
carbon chains, the number of isomeric forms of a particular hydro
carbon can be worked out by building up the po:;;sible carbon chains 
of that hydrocarbon. Starting from the first hydrocarbon methane 
which contains only one carbon atom, the chain of ethane can be 
constructed in a simple way by adding to it another carbon atom. 

c --+ C-C 
Methane Ethane 

Similarly, the carbon chain of propane can-be obtained by 
adding a new carbon atom to the chain of ethane. 

C-C --+ C-C-C 

Ethane Propane 

So far it is all simple, as the addition of the new carbon atom 
to the previous chain can be done only in one way and the resulting 
carbon chain has only one l'ltructure. Hence, methane, ethane, and 
propanc are incapable of e:ll..hibiting isomerism. However, carbon 
chains of higher hydrocarbons built in this way can have two or 
more different stru,ctures and, therefore, show chain isomerism. 

Isomeric Butanes, C4HlO. The C-chain of butane can be 
obtained from that of propane by the addition of a new C.atom to 
it. Since the C-chain of propane contain'! two types of C-atoms (the 
middle C-atom being different from the side ones), this can be done 
in two Wh,YS : 
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0-0-0 

/\.O 
02-0-0-0 e-Lo 

n.ButcztllJ Isobutane 

Tbus theory predicts the existence of two butanes. Their structuraL 
formulae can be written by applying the necessary hydrogen atoms 
to the C·atoms in the above chains. 

OHa 

OH3.0H2.0H2.0H3 OHa-~H-OHs 
n·Butane Ieobutane 

Both these hydrocarbons are actually known. Their boiling points 
are 10 and _10'2° respeotively. 

Isomeric Pentanes, C5H12• Carbon chains of pentanes cnn be 
built up from those of butanes by the addition of another C.atom. 

The C·chain of n.butane has two types of C.atoms, those in 
the middle being different from those at tho ends. Thus it will give 
rise to two chains of five carbon atoms. -

0-0-0-0 
(n-Btdane) 

,.( \a 

0-0-0-0-0 
I 

0-0-0-0 
I 
o 
u 

Isobutane has again two types of C.atoms, the central atom 
being difftlrent from the remaining three. Therefore, it can also give 
rise to two chains of five C.atoms. 

0-0-0 

b 
(leobutane) 

,.( \a 0 

0-0-0-0 C-~-c 
6 b 

III IV 
Of the four possible chains derived for pentane, II and III are 

identioal. Hence according to theory there should exist three 
isomerio pentanes. Supplying the necessary hydrogen atoms to 
C.ohains I, II l\nd IV, the fll'l formulatl of the three pentanes may 
be written. All these hydrocarbons are aotually known. They are: 

(i) OHa.OHa,OHa,OHa.CHa n-Pentan~ 
(ii) OHs-OH-OHa"":OHa Isopentane or 2.Methylbutane 

~H3 
OHs 

(iii) OHs-b-OHs Noo.pentane 01' 2'Dimethylpropane 
I 
OH3 
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Isome~ic HeJtanes, CaHu. Carbon chains of hexanes can be 
obtained by adding a carbon atom to the chains of three pentanes. 

The C-chain of n-pentane has three types of C-atoms : 

1 2 3 4 5 
C-C-O-C-C 

(n-Pent(1ne) 

C-atom 1 is similar to 5, and 2 is similar to 4, while 3 is differently 
linked than all these. Thus, it can give rise til three chains of six 
carbon atoms: 

C-C-C-C-C-O I 
C-O-O-O-C II 

~ 
C-C-O-O-O III 

I 6 
In the C·chain of isopentane only the C.atoms 

1 2 a 4 
O-O-C-O 

I 
C5 

1 and 5 0,1'0 similarly linked, hence there are only four ways of 
adding the next C·atom. Thus we have four possible chains .of six 
C-atoms. 

c-O-c-C-C 

b 
c 

O-~-C-O 
I 

c 
o-c-c-c 

I I o 0 
c-o-o-o·-o 

b 

V 

VI 

VII 

In neo-pentane chain all the four available C·atoms are 
similarly linked and it can, therefor<', givo rise tu only ono ohain of 
six C-atoms. . 

C 

C-~-c-O 
I 
o 

VIII 

Now, of the .eight chains of six carbon p,toms II and VU, III 
and IV, V and VIII are identical. This reduces the number of 
possible C-chains of hexanes to only five. All the five hexunes 
predicted by theory are known. They are 
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CHs-CH2-CH2-CH2-CHlI-CHS 

CHll-CH-CH2-CH2-CHll 
I 
OHa 

CH3-OHa-OH-OB2-OHs 
I 
OHa 

n-Hexane 

2-MethyJpentane 

3-l\fethylpentane ~ 

2,2-Dimethylbutane 

2,3.Dimethylbutane 

Proceeding in a similar way the number of isomeric forms of 
any higher alkane can be theoretically predicted. 
OCCURRENCE IN NATURE 

The alkanes are distributed in nature in enormous quantities. 
Natural gas given off in pet.oleum regions is a mixture of chiefly 
methane and ethane. Lower alkanes are also produced on an 

• industrial scale by the dry-distillation of fats and brown coal. 

The liquid hydrocarbons are found in almost unlimited quanti
ties in crude petroleum or mineral oil. Natural wax or Ozokerite 
found ~n large d~posits in petroleum areas and elsewhere is a mixture 
of higher solid hydrocarbons. 

METHODS OF FORMATION 

Since the alkanes resemble each other very closely in their 
physical properties, they cannot be profitably separated from natural 
petroleum. Even repeated distillation or crystallisation of the oil 
does not yield pure hydrocarbons. Thus for the preparation of 
alkanes we have to depend entirely on the synthetic methods. 

(1.) Direct synthesis from elements. The lower hydrocar
bons, methane and ethane are formed by passing the electric arc 
between carbon elec~r\)des in an atmosphere of hydrogen. At the 
temperature of the arc (1200°) carbon and hydrogen combine 
together to form alkanes. 

o + 2H2" --+ OR, 
Methane 

20 + 3H2 ~ OaR6 
Ethane 

The hydrocarbons so obtained are mixed with ethane which is also 
produced in the process. 

This method is of special theoretical interest as it forms the 
first step in the Complete Synthesis or Total Synthesis of any 
organic compound. By the term 'complete synthesis' we mean the 
building up of a chemical compound starting from elements. 
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(2) Hydrogenation of unsaturated hydrocarbons. Alkanes 
are formed by passing a mixture of an unsaturated hydrocarbon and 
hydrogen over finely div,ided nickel (or platinum) at 2500 to 3QOoO. 
(Sabatier and Senderens Reaction). 

(i) 0nH2 .. +H2 _,. O .. H 2n+2 
Alkene Alkane 

OH2=OH2 + H2o ~ OHa·OHa 
Ethylene Ethane 

CHa : CH.CH2.OHa + H2o ----+ OHs. OH2·CH2·OHa 
I.Butene n·Butane 

(ii) 0nH2n-2 + 2H2~ 0nH2n+2 
.Alkyne Alkane 

OH=OH + 2H2o ----+ OHs.eHa 
Acetylene Ethane 

Since unsaturated hydrocarbons are obtained in large quanti. 
ties by the cracking of petroleum, this method is now used for the 
technical preparation of alkanes. 

(3) Decarboxylation of a fatty acid. When the sodium salt 
of a fatty acid ROOOH, is heated with soda lime (NaOH+OaO), a 
molecule of carbon dioxide is split off as carbonate and an alkane 
obtained. 

&\<::OON8.··'+ .NaO;H ---+ RH + Na2COa 
So(Csait·o{ii·Cid:· .. ···.. Alkane 

CHsCOONa + NaOH --+ CH4 + Na2oCOS 
Sad. acetato Methane 

Obviously, the hydrocarbon obtained by this method contains 
.one carbon atom less than the acid from which It i.s prepared. How. 
ever, it is a convenient method for the preparation of lower alkanes 
in the laboratory. 

Writing this reaction in a simple way we have 

RjCOO'j H ----+ RH + C02 ,_., . 
Since the carboxyl group in the original acid has been removed in 
the process, the action has been designated as DECARBOXYLATION. 

(4) Reduction of alkyl halides. When reduced with nascent 
hydrogen, alkyl halides are converted to the corresponding alkanes. 

RXI + 2H ---+ RH + HX 
Alkyl halide Alkane Halogen acid 

e.g., CH3T + 2H --+ CH4 + HI 
Methyl iodide Methane 

The common reducing agents employed for the purpose are zinc 
and hydrochloric acid; hot hydrogen iodide; and zinc.copper couple 
and alcohol. 

This method for the preparation of alkanes is used when pure 
hydrocarbons are needed. 

(5) Reduction of alcohols, ketones and. fatty acids. 
Alcohols, ketones and fatty acids when reduced with hot hydriodic 
acid a~d red phosphorus form alkanes. 
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Thus: 
(i) 

(ii) 

(iii) 
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ROR + 2IH __. RH + R 20 + 12 
Alcohol Alka.ne 

CHaOR + 2HI ~ CR, + H20 + 12 
Methanol Methane 

R.CO.R + 4HI -4 R.CR2.R + H 20 + 212 
Ketone Alkane 

CH3.CO.CRa + 4HI __ CBa.CH2.CHa + H 20+2I2 
Acetone Propane 

R.COOR + ORI ~ R.CBa + 2H20 + 3Ia 
Fatty acid Alkane 

(,HaCOOR + 6RI ~ CH3.CH3 -I- 2H20 + 312 
Ac!ltie acid Ethane 

The red phosphorus reacts with io(lhw produced in the fl'aetion to 
regenerate III which is re.used. 

This method is particularly important fOf the preparation of 
hIgher alkanes from fatty acids which are easily obtained by the 
hydrolysis of fats. 

(6) Action ot sodiuIIl on alkyl halides (Wurtz Rea.ction). 
Higher alkanes are produced by heating an alkyl halide with 
sodium metal in dry ether solution. Two molecules of the alkyl 
halide reaot with two atoms of sodium to give alkane with double the 
nurrber of carbon utoms present in the former. 

Ri~ .. -t.~.N"a .... X!R __ R.R + 2NaBr 
Alkyl halIde AJltnno 

CH31'S·r··+·2Na .. ··· 131- CHa __ CHa.CHa+ 2N aBr 
Methyl b'~;;~ld'';;'"'''' Ethano 

It is now believed that the sodium metal first Hcts On the alkyl 
halide yielding alkyl free radicals which momentarily unite to form 
the higher alkane. 

2CH3Br'+ 2Na -4 2CHa· + 2NnBr' 

20Ha' ~ CHa·CHa 
Methyl Ethane 

Instead of a pure alkyl halide we can also take a mixtUre of 
two different alkyl haJ1des. For example, methyl bromide and ethyl 
brOC1ide when treated with Mdium yield propane. 

CHa Sr·+."·ZNs"+·"ifric2H G __ CHa.C2H 5 + 3NaBr 
Methyj""· ...... ·· .. ···· .. Eflhyl Propane 

bromido bromide 

Along with propanll small atllOunts of ethane and butane are also 
obtnined, This can be explained by the fact that besides the union 
of met.hyl radicals with ethyl radicals they also unite with themslves 
forming ethane and butane. 

::CH3• __ OaHo; 2C2H G' --+- O,H10 

As shown by the abov(I examples Wurtz reactioh {s u good 
method for building up Mgher alkanes from lOUJ~r members. The 
lower alkanE'S ran be converted into the corresponding halide 
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and treated with sodiulll. Thus methane can be converted into ethane 
as follow!! : 

CH~ + CI 2 --+ CH3CI + HCI 
Methane Methyl chloride 

2CH3Cl + 2Na __ C2He + 2N'aCI 
Ethane 

Wurtz reaction proceeds easily with alkyl iodides and bromides. 
Instead of sodium, metallic zinc or finely divided silver can also be 
used. 

(7) From Grignard Reagents. Alkylmagnesium halides 
(Grignard reagents) when decomposed with water yield pure alkanes. 

RMgI + HOB __ RH + MgI(OH) 
Grignard reagent Alkane 

CHaMg1 + HOH --. OH, + MgI(OH) 
Methylmagneaium Methb.ne 

iodide 

(8) Electrolysis of salts of fatty acids (Kolbe's Method). 
When concentrated solution of sodium or potassium salt of a fatty 
acid is electrolysed, II; higher alkane is obtained. . 

2ROOOl{ --+ 2ROOO- + 2K+ 
Pot. Snit 

of fatty acid 

By el~ctrolysis we get: (i) At anode-
-2e # 

2RCOO- --+ 2RCOO --+ R:R + 2C02 
Unstable Alka.) -

(ii) At caihode-
+26 

2K+ --+ 2K ; 2K + 2H20 __ 2KOH + H2 

Thus potassium acetate solution yields ethane upon electrolysis 
as follows: 

2CHaCOOK ~ 2CH3CQO- + 2K+ 
Pot. acetate Alletate ion 

. ¥' ¥' 
(anode) (cathode) 

CH3 CH3 ,COO 2K+H20 __ 2KOH+H2 

2C02 + I --
OH3 CRajCOO 

Ethane (Unstable) 

'fhe acetate ions move to the anode and are discharged there. 
The resulting groups being unstable, two of thern split out to give 
ethane and carbon dioxide. 

The K"lbe's method stu.ted above, in flloOt, involves the 
f:llectrolytic " ",com position of II fn,tty acid and mny bEl represented 
in a simple way as 

ReOOH 

R~COOjH 
'Acid' Alk9.ne 
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Wurtz; used thi.s method for the preparation of higher alkanes by 
taking a mixture of &alts of two different fatty acids instead of one. 
PHYSICAL CHARACTERISTICS 

(1) The first four hydrocarbons methane, ethane, propane and 
butane are colourless. odourless gases. The next eleven members 
(C5H12 to C15R 3Z) are colourless liquids having "benzine" odour. The 
higher alkanes are solids with no colour or odour. 

(2) Alkanes are the most volatile organic compounds, their 
boiling points being the lowest when compared with those of any of 
their derivatives. 

(3) The liquid alkanes are lighter than wat",r. 

(4) They are almost insoluble in water but dissolve freely in 
organic solvents like ether acetone, and carbon tetrachloride. 

(5) Their boiling points and specific gravities increase with 
rise of molecular weight. Among the lower members, a difference 
of CH2 corresponds to an increase of about 30° in the boiling point. 

N!..ME FORMULA B. PT. °C M. PT. °C SP. Gr. 
~ 

Methane CH4 -164 -184 0·415 at _164° 

Ethane C2R 6 - 93 -171·4 0·546 at __ 88° 

Propane CaRs - 45 -190 0·585 at _44·5° 

Butane C4R 1O +0'6 -135 0·601 at _0° 

Pentane C5R12 +36 -130·8 0·631 at 20° 

Hexane ('sHu. +69 -93·7 0·660 at 2{}0 

Heptane C7H 16 +98·3 -90 0·684 at 17° 

Octane CaHIS +125·8 -57 0·707 at 20° 

Nonane C9H 20 +145,;) -51 0·718 at 20° 

Decane CloH22 +173 -32 
I 

0·747 at 20° 

(6) As a rule the boiling points of the hydrocarbons having 
branched carbon·chains are lower than those of the isomeric normal 
hydrocarbons. The increased branching of the chain results in a 
consequent decrease of the boiling point. 

CHEMICAL CHARACTERISTICS 
_ Excepting methane which contains only one carbon atom, the 

molecules of alkanes consist of two or more carbon atoms united to 
eaeh other by single covalent bonds and their remahling valencies 
are fully satisfied by combination with hydrogen atoms. Thus: 



HRH H 
I I I I 

H-C-C-C-H R-C-H 
I I I I 
R H R H 
Propane Alkane; R=o.lkyl group 

The chemical behaviour of alkanes may, therefore, be summa
/'I.s·ed as follows : 

(i) STABILITY. They are characterised by their stability to 
most chemical reagents. The four valencies of the carbon atoms 
being fully satisfied, there is no scope for further .additi~n of hydro
gen, h,dogens, etc. Moreover a carbon-to-carbon hnkage 28 unu8ually 
strong and cannot be ~uptl!red by even such reagents as potassium 
pcnnanganate, chromlC aOl(l, etc. 

(ii) SUBSTITUTION REACTIONS. The linkage between carbon 
'Uld hydrogen is comparatively weak so that the hydrogen a tOulS can 
110 replaced by other atoms or groups giving substitution products. 
Thus : 

f 
R-U-H 

~I 
+ Clz-

. f 
R-C-Cl + HCl 

~ 
Alkane Substitution product 

tiii) OXIDATIOH REACTIONS. When burnt in air or oxygen, the 
alkanes arc decomposed to form carbon dioxide and water. On slow 
combustion the products are found to cont.ain aldehydes and fatty 
acids. 

As a general rule reactivity of the alkanes increases as one 
proceeds from primary, through a secondary to a tertiary hydrogen 
atom"'. Thus the H-atoms in isopentane will be attacked in the 
order rr > S > p 

T S P 
CHa-CH-CHz-CHa 

I 
ORa 
Isopelltllne 

The general reactions of alkanes are describe~ below: 

(1) Halogenation. Chlorine and bromine can substitute the 
hydrogen atoms of alkanes with considerable ease, 

Light 
RH + X2 ---. RX + UX 

Alkane Alkyl halide 

chlorine being more reactive than bromine. Thus by the action of 
chlorine at ordinary telllperature in diffused daylight all the four 

*A hY:Irogen atom linked to 0. primary carbon (attached to one more 
ca.rbon only) IS termed a. primary H.atom; ~>ne linked to a. secondary ca.rbon 
(att.ached to two more cartons) a secondary H-atom; and the one linkod tQ a 
tertla.ry carbon (attached to three more carbons) is termed a tertiary H.atom. 



hydrogen atoms of methane call bc successively replaced by chlorine 
atoms. 

CH4 + Clz - CHaCI + HOI 
Methyl chloride 

CH3CI + Clz -- CHiOlz + HOI 
Mothylene chloride 

CH2CI2+ CI2 -- CHCla + HOI 
ChlQroform 

CHCla + CI I --+ GCl.I + HOI 
Oarbon tetrachloride 

Ethane and higher homologues react ~jth chlorine in a similar 
way and all possible products are obtained. Thus, in the first 
instance the chlorination of propane yields both I.chloro and 
2.chloroproI~une. 

}·chloropropano 

:l.chloropropane 

Iodine does not substitute directly in alkane::; as the hyclriodic 
acid formed during iodination reduces the alkyl iodide back .to the 
alkane, making the reaction reversible. 

RH + 12 ¢ RI + HI 
Alkane Alkyl iodide 

However, alkanes can be iodinated in the presence of an 
oxidising agent such as iodie acid (HI03) or nitric acid, which des. 
troys the hydriodic acid (HI) as it is formed. 

oBI + HIOa __ 312 + 3H~O 

A detailed study of the action of chlorine on methallo reveal::; tho follow· 
ing fa.cta: 

(a) Equimolecular mixture of methane and chlorine remains unchanged 
when kept at 20"C in the dark. 

(b) A rapid reaction takes place-Ii) ill the darle at II temperature of 
250°0 ; or (ii) under the .infiuence of ultraviolet 01' visible light radiations at 
room temperature. 

(0) Many molecules of halogenated alkano al'e produced by each ph()ton 
(hv) or quantum of light absorbed by the systeIll when the reaction is initiated 
by light. 

(el) Tho presence of a small amount of oxygen slews down tlle reaction. 

The mechanism which explains theso facts most satisfactorily, involves 
the following steps :-

(i) ; Cl .. Cl: + energy (T~~) --+ :Cl. + .01: 

H H 
I I 

: 01· + H-C:_H --+ :CI-H + .C-H 
I I 

(ii) 

H H 



• 

(iii) H-~. + 
I 

H 

:OIo.CI: _ 
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v .. 
R-C-CI: + .CI: 

k 
'Then the steps (ii), (iii), (ii), (iii) Uloe repeated over and owr again. 
ExplanatioJl.-The step (i) involves the homolytic fission of theo chlol'ine 

molecule due to the action of heat or light, when eaoh CI atom retains olle 
eleot-ron of the pair that constituted tho covalent bond. The odd electron present 
on each CI atom now lacks a partnelo of opposite spin and hence is very reactivu. 
AB defined in the foregoing chapter, such an atom or group 01" atoms having all 
unpaired or odd electron is called a. free radical. The increased reactivity of 
eriCh a free radical is attributed to its urge to acquire an additional elcctron for 
completing the octet. Since the formation of free radicals is attended by an 
abIorption of energy (58 K. cal./mole in present caso). it stands to reason 0 that 
they are 'energy rich' pa-rtiele:; roady to form II!'\\' covalent. bond by I08ing 
energy. 

In step (ii), une of the freo radical:; gOllerated as above, attacks U mole
oule of methane and g(vell 0. stable molecule of HOI together with another frco 
r.dical~methyl radicalo This radical has an odd electron 011 the carbon atom a,nd 
iii unltable, since the C atom has only seven electrons. It reacts with a molecule 
of 1I}11orine in step (iii), and regElllerates another chlOl'ine free radical capable of 
re,.oting with methane aa in step (ii). to form a. methyl radioal. The methyl 
radical RO produced repeats t,he step (iii) to givo yet anothel' chlorine free 
radical. In this fashion the sequence of rCfwtions (ii). (iii), (ii), (iii) is repeated 
over and over again. Suoh (I, mechanism which invol\Oes a cycle of stoups ouoh of 
whioh produces a free mdical that conrillots the r"Jlowing step, is tormerl as 
the Pree Radical mechanism 010 Chain mechanism. The step (i) is the chain 
initiating stop and requires the supply of suffioient unergy for the homolytio 
filBion of the bond between chlOtOine atoms. • 

,Vhen the concentration of methyl chloride as a re.;ult of the 'chain 
reaction' described ahove inoreaRes 8ufliciently, it oOlnbipes with chlorine free 
radioal to form ohluromethyl radical. This radical then participates further ill 
chain reaction to fopm dichloromethane. 

H °H 
I 

:01. + H-U-C1 ~ :Ol-H + ·0-01 
I I 

H H 
Ohloromethyl 

radioal 

1;1 H 

CI- c. 01 
+ :01: Cl: ~ Ol-C-Ol 0\ :010 

I I 
II H 

JJiellloromethullu 
Similarly trichlol'omethullo und tetrllchlormethanc arc formed hy further 

chain reaotions 
Tho inhibitory aotion of oxygen us envisaged in fact (d) above, is 

explained by saying tl)a1; the methyl radipal OHa' reacts with an oxygen mole. 
c_ule to give (I, muoh less reactive floee radical cHao6. This contributel:l very 
httle towu.l'cb the propagation of the chain reaction und its lesser aotivity 
~Iows down the reaction oonsiderably. 

H 
1 

H_Co 

k 
+ O2 ~ UHa--U-Q 

stable radical 

(2) Nitrationo Nitric acid has no action 011 lower alkanes but 
by its long, continued action on higher hydrocarbons one of their 
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hydrogen atoms may be replaced by a nitro-group, N02 (Nitration). 
RH + HONOz ~ RNOz + H 20 

Alkane Nitroalkane 

For example, when hexane is heated with fuming nitric acid for 
forty hours, about ten per cent of the hydrocarbon is converted to 
NITROHEXANE, 

C6Hl3 (H"-:t--il"O[N02 ~ C6H13NOz + H 20 
Hexan-e--- --- - .Nitrohexane 

More recently, the vapour-phase nitration processes of the lower 
hydrocarbons have been developed with great success and it has been 
made possible to nitrate all alkan,es except methane. For example, 
when ethane is mixed with vapours of nitric acid and heated to 
400°0, they react to form nitro ethane 

C2H6lICt:--lio!NOz --. CZH6NOz + H 20 
Ethane------NItric acid Nitroethane 

Since the reaction is carried at high temperature, some of the 
carbon-to· carbon linkages are also attacked resulting in the forma
tion of Eimpler nitro· compounds. Thus in the above case, some 
nitromethane is also produced along with nitroethane. 

(3) Sulphonation. Alkanes react with fuming sulphuric acid 
at elevated temperatures to produce alkanesulphonic acids. 

Rjit -+ liO \SOaH _ RSOaH + H 20 
-··-··-----··Tjiiming) Alkanesulphonic acid 

C6H1a;H-"'+--B'O!S03H ~ C6Hl3.S0aH + H 20 
Hexane------- ---- . Hexane-sulphonic acid 

Lower hydrocarbons do not respond to the reaction.. 
The process involves the replacement of one H of the alkane by 

sulphonic acid group, SOaH and is known as Sulphonation. 
While tertiary alkanes undergo sulphonation readily the 

seco~~ary and tertiar~ ones m~y not sulphonate under equi~alent 
condItIOns. Hence thIS reactIOn can be used to separate tertiary 
a?,anes from the secondar;v an~ tertiary ~ydro~arbons by sulphona
tIOn and subsequent washmg wIth water m WhICh sulphonic acids are 
soluble. 

(4) Oxidation: ~i) Normal alkanes are not oxidised by potas
sium permanganate but the latter oxidises a tertiary hydrogen atom 
to a hydroxy group. Thus isobutane is oxidised to tertiary butanol. 

(CRa)3CH + [0] ~ (CRa)aC.OH 
Isobutane Ter. butanol 

(ii) Alkanes when burnt in air _ or oxygen are completely 
oxidised to carbon dioxide and water. Thus 

C"H2n+2 + ( 3n/l) O2 _ nCOz + (n'41)H20 + Heat 

CH4 + 202 ~ CO2 + 2R20 + 210'8 Cals. 
Methane 
CzHs + 7/202 ----+ 2C02 + 3HzO + 368'4 Cals. 

Ethane 

The reaction is highly exothermic and is widely applied wh~re 
alkanes (natural gas, petrol, kerosene) are used as fuel. The heat of 
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combustion of alkanes increases gradually as we go higher in the 
series. 

(iii) The lower alkanes when heated with a limited supply of 
air at 350 - 500°C, yield the corresponding aldehydes and ketones 
(Bone). 

H III 'c 
:8-/ "H 

IH +02 /OH 
CHs.CH.'H ~ CHs.CR" ~ CH3.CR=0 + H 20 

OH Acetaldehyde 
Unstable 

The aldehydes and ketones on further oxidation eventually may 
give fatty acids. 

The controlled oxida,tion of alkanes is the modern source of 
large. scale production of a number of alcohols, aldehydes and acids. 
Since the higher alkanes from petroleum could be easily oxidised to 
the respective acids by treatment with air at moderately high tern· 
peratures, it. has opened a way for the artificial preparation of fats 
and. soap:;, 

(5) Isomerisation. n-Alkanes in the presence of aluminium 
chloride and hydrogen chloride or of aluminium bromide and hydro
gen bromide are converted to their branched·chain isomers. Thus.: 

CRs 
AICI3/HOI I 

CRa-CH2-CHa-CHa --l' CHs-CH- CBs 
n·Butane Isobutane 

Similarly other less branched alkanes isomerise to more 
branched ones. Thus: 

CBs 
I 

CH3:-CH-CH2-CHa-CHs _ 
2.l\!etbyJpentane 

CHs CHa 
I J 

CHa-CR-C:H-CHa 
2, 3.Dimethylbutane 

Isomerisation of alkanes is of considerable importance in the 
petroleum industry. 

(6) Pyrolysis. By the term pyrol~sis (Gr., pyr=fire ; lysis= 
loosing) is meant the conversion of an organic substance to one or 
more new substa~ces by the action of heat alone. When the vapours 

. of a higher alkane are heated at elevated temperature (500° or more) 
in the absence of oxygen, chemical decomposition occurs in tW( 
ways: (i) by fisshm of C-H linkages to form an unsaturated hydro 
carbon and hydrogen gas ; and (ii) by fission of C-C linkages t< 
give simpler hydrocarbons - one alkane and one alkene. Thus prc 
pane when pyrolysed at about 6000

, is decomposed as follows: 

(i) CHa-CH2,- CHs ~ CHa-CHdCHa + H2 
Propane Propene 

(ii) CHa-CHz-CHs ~ CHz=CHli + CR, 
Propane Ethyl?n6 Methane 
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Mechanism 

Cracking, which in a way is carbon.carbon bond cleavage, is 
believed to take place as a result of homolytio bond fissions. Th~ 
carbon skeleton breaks into smaller units some of which should in
'variably he uma turated. The homolytic fiEsion of various bonds 'is 
shown below : 

HI H H H H H 
I I I I I 

-C-C-Fr- H..:-C-C-H· -H-C=,C-H + H-H I •.• • 
H H H H' 

'-_.-' 

CrackiJig 11 PTl>ptlnp : 

H H H 
·1 I I 
c- C-H - H-C· + 
I I I"', 
H H I-{ 1 

H H 
.1 I 
C-C-H 
I . .-
H H 

t:I H " ./ C.=C 
/' " H H 

Ethylen<:: 

The I.:lltalytic thermal dc()ollil'osition of ulkanes is w~ed techni· 
\:;tlly for the prOlhwtionl of the .murc renctive IIllsa.tllrated hydro. 
1'1I1'hOllS needed ill -tIl(> 1I10dl'rtl chl'micli-l or~allic industry. 

(i) Aromatisation. 0110 of the most I!trikillg dc\'clopments 
,,1' l'Cl'c,lt YC:ll't;. 'is that. the alknnes containing six or mure carLon 
atoms nrc converted into aromatic hydrocarbons at high temperature. 
in the presence. of catalyst .. Thus, n.hexanc and ~.heptline when 
pas~ed over CriO:! sUPl)orted on AI 20:! at 6000, yield hcnzene and 
toluene reRpectively. 

11000 -Cr203J AIIOa 

ell 

" " Jll' Gil 
I II' + 4H2 

HC CH 
,/ 

Cli 
DenzPII(J 



ALI,ANES 

60(,0 -Cr203{A1203 

CHa 

6 
/, 

HC CR 
t 0 + 4H2 

HO CH ,/ 
T~ne 

This reaction known as aromatisati6n, proceeds by simultaneous 
cycli~ation and. dehydrogenation .of. the alipha~ic co.mpounds. ~t 
proVIdes an excellent method for passmg from alIphatIc to aromatic 
Reries. ' 

I~DIVIDUAL MEMB15RS 

METHANE, CH" 

It is the first memner of the alkane series and is the only hy
drocarbon which contains a single. carbon atom in the molecule. 
Methane is found bubbling from marshy places where. it is produced 
by the bacterial decomposition of dead vegetable matter and hence 
it~ name marsh gas. Also, it occurs in 1)00.1 mines, pockets of the 
gas being opened up during the process of mining. Here it forms 
an explosive mixture with air and the miners call it fire damp, a 
name which prohal>ly originated from the German word Feuer (fire) 
and Damp (vapour). The natural gas issuing from the petroleum 
wells rontains on a vcrago 85 per cent of methane and is the chief 
household fuel in U.S.A. It is present to the extent of 35 pcr cent 
in coal gas. Methane is also present in the intestinal gases. It is 
0.)80 found in the gases from cracked petroleum. 

Preparation. Methane can be obtained by the general 
methods 1, 2.3,4,5 and 7. It is prepared: 

(I) By heating sodium acetate with soda·lime~ 
v OHsCOONa + NaOH _ OH4 + Na2COS 

Sod. acetate l\Iethane 

(2) By reduction, of methyl iOdide with ZIllc·copper couple and 
methanol. 

CRsI + 2[H] ~ CR, + HI 
• Methyl iodide . :l\Iethane 

(3) By dropping water on aluminium carbide. 

o AI4C3 + 12H20 --+ 4AI(OH)3 + 3CH4 
Aluminium carbide ::\Iethanc 

(4) By the fermentation of wet cellulose. 
(CSH100G) + nH20 ~ 3nC02 + 3nOR, 
Cellulose Methfme 

ThuH if wet filtE'r.paper pulp is mixed with horse dung a.ud 
kept at 50· C, a mixture of methane and carbon dioxide is evolved 
To recover methal1e, carbon dioxi(\e may be removed by absorptior 
in KOI:I solution. . 
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In addition to the above, the following synthetic methods are 
available for the preparation of methane. 

(5) By the direct combination of carbon and hydrogen in the 
electric arc (Direct or Oomplete synthesis). . 

1200° 
C + 2H2 ~ Cli" 

Methano 

(6) By passing i1 mixture of carbon monoxide and hydrogen 
over nickel at 2~O-500°C. 

co + 3H2 ~ CH" + H20 

Laboratory M.ethods. (I) From Sodium Acetate. A mixture 
of fused sodium acetate and soda·lime is heated in a copper test. 
tube. 

SOD. ACETATE 
+SODA LIME 

Fig. 10'1. Preparation of meUlllne from sodium acetate. 
Powdercd sodium acetote (20 gr.1S.) is mixed with thrice its weight of 

soda·lime. The mixture is p1aeed in a coppor test· tube fitted with a dolivory 
tube and tho apparat.llb 18 set lip as shown in Fig. 10'1. 'The tel~t-tube is now 
strongly heated. At first, some nir if' allowed to escape from the apparatus 
and then the gas is collected over water in a gas jar. Mothane so prepared 
contains Aome cthylene ahd hydrogon as impurities. If desired, ethylene can 
be removed by bubbling the gas through concontrn.ted sulphuric acid before 
collection. 

(2) From Methyl Iodide. The method is employed when pure 
methane is needed. It con&lsts in the reduction of methyl iodide 
with the help of zinc-copper couple and methanol. 

CHar + [2H1 _. CH" + HI 
m~ of pure gmnu!.ated zjnc aro immersed in dilute copper sul

phaLo 8011ltion until it Is eoated with a film of copper. The zinc copper coup!'} 
80 obtainod i3 'Wllshed eever']'l times with wat~r anrl thcn with alcohol. It is 
pJaced in tbc tlaeR ond U-tube (soo Fig. 10,2). A mixturo of methyl iodide and 
95 per eWlt etha.nol (1 : 1) is added from the dropping funnol. Methane gas is 
evolvrd in cold and is collected by tho downward displacement of \\'ntor. Tho 
:doc-copper couplo pluc.ed in the U.tube helps in removing any methyl iodide 
"apollr that are mixod with metlIllno. 
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Industrial Prepara.tioD. Large quantities of methane are 
ailable in U.S.A. as natural gas from petroleum wells. The 

::thods used for the large scale preparation of methane are: 
(1) By the catalytic reduction of water gas (UO+H2). 

(2) By passing cathon monoxide amI steam over heated (250-
2700) nicl{el carbonate. 

4CO + 2H20 ~ CH~ + 3C02 

Fig. 10'2. Preparation of pure methane. 

(3) By the bacterial decomposition of wet cellulosic material. 
:-? This method has become particularly important in Great Britain 

where large volumes of gas arc now ohtained by the bacterial de. 
com"tlosition of sewage. 

Properties (Physical). Methane is a colourless and odour. 
less gas which liquefies at -161'4°C and soldifies at -184°C. Its 
molecular weight is less than that of any other compound and it is, 
therefore, the lightest compound gas known. Its specific gravity is 
0'559 as compared with air. It is only slightly soluble in water 
but is much more soluble in organic solvents like acetone, et.het and 
alcohol. 

Ohemical. (i) Chemically methane shows ahsolute inertness 
to reagent') such as fuming sulphllIic acid, nitric acid, alltalis, potas. 
sillm llermanganate, etc. 

(ii) l\Iethane behaves like It typical all,ane responding to al. 
most all the generall'eactions of the class. 

(1) S'l'ABILITY. It shows remarlmble stabJlity and absolute 
inertness to most reagents. Sulphuric acid, nitric. acid, alkalis and 
potaRsium permanganate have no action on methane. 

(2) ACTION OF HALOGENS. Methane reacts with chlorine and 
bromine in diffused daylight, to form derivatives in which one, two, 
three or all the four X·a.toms are replaced by chlorine atom. 

CHaCI CH2CI2 , CHCla CCI4 
Methyl Methylene Chloroform Carbon 
chloride chlorido tetrachloride 
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IIi the presence of dlrec+ ~ui~light or on ignition, chlorine 
rea cis with methane with explosive violence to form hydrogen chlo. 
ride> ,and fref> carbon. 

e CH4 + 2012 ___ C + 4HCI 

(:1) OXIDATION. l\Jp.than(' 9urns in air or oxygen with n pale. 
hIne 11oll.111minous flame to give c{trboll dioxhle and Wat!'r. 

(fj CH4 + 202 --) CO2 +: 2H20 + heat 

Within ccrtllin limits of <'oll1]lo!;ition. nwt.}lIlIl(, forms eXl'llosive 
mixtures with air. 

On incomplete coinb\lstion in air at 350-50090 or by oxida. 
tion with ozone; it is converted to formaldehyde. 

H, /H 20 H, /OH H . 
/

0... __ /C, __ ~=O + H20 
H 'H H OH H/~ 
Methane (imstablll} £<'ormaldehyde 

Formaldehyde is at once detec~ed bv smeil Ilnd hence this 
reaction (oxidation by o7.one) i~ used as It test for tl;(l presence of 
methane. 

(4) ACTION: WITH STEA)1. ::IIetlu:me rencts with stcnm in tile 
presence of niekcl catalysli yidding carhon monoxi(ie. 

1000" 
~ 00 + 3H2 
Cat. 

This reactiol) is list'll for the.large."ralt· pro(hu·tiol) of hydrogen 
fl'om l1a tllm I gas. 

(5) PYROLYSIS. When heated in the aiJ:;('nce of oxygen, nietharte 
splits lip to form carhon amI hydrogen. 

10000 

The free end)on thus pro<.luced (ca1'bon black) is used for iuaking 
paints, black printing ink, anel in the production of rubber products 
(automobile tyres). 

According to a most recent cracking process, methane {natural 
gas) is converted to acetylene by pa):lsing it throllghc electric arc 
,or by sllbjecting it, to high temperature obtained hy partial combus
tion. 

2CH4 _,.., HCaCH + O'ther products 
:Methane Acetyler.o 

(6) CONVERSION TO HCK. Methane is converted to hydrogen 
c~'1U1ide hy ff'IlCtioll with nitHl[H n or ammonia as follows (Ind118irt·al). 

electric 
2CH.. + N2 __ 2HCN + 3H2 

arn 

10000 

NHa ___... HON + 
AI20 a 
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Uses: Methane is used : 

(1) as illu,minant and domestic fuel in the form of natural gas i 
(2) for making 'carbon black' needed as a black pigment and 

for cOIllpounding rubber tyres ; 
(3) as fuel for generating power for plants; 

(4) {Qr ,th.e p~eparation of CHaCl, CHaC12 , CHCla, and CCI, by 
regulated cblormlttlon ; and 

(5) for the' technical production of methanol, formaldehyde, 
acotylene, hydrogen cyanide anrl hydrogen. 

'Structure. (1) The molecular formula of methane as shown 
by eudiome'trie analysis is OHio 

(2) Since methane. forms only one mono-chloro derivative 
CHaCI, all -the four hydrogen atomf! in its molecule are similar. 
Keeping in view the tctr~.covalen(ly of carbon, the structural for
IDula for methane could he written as 

R 

n-6-n 
k 

(3) If the above planar formula is correct, methane should be . 
n.bl~ to form two dichloromethanes : 

Actually one dichloromethane is known to exist and hence the planar ' 
formula for methane is uritenable. 

(4) If, however, methane is assigned a. tetrahedral structure, 
the four valenCies of the' carbon atom are distributed symmetrically 
in space and it can be represented as 

H H 

H H 

H 

In this formula. nil the H atoms arc similarly placed- fn th~ molecule 
which justifies the existence of only one dichloromethane. The tetra
h~dral. structure of methane is further supported by the phenomei1ul1 
of optICal isomcl'iflm. 
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(5) The modern orbital structure of methane (Page 73 : Fig. 
5,4) supports the tetrahedral model of its molecule. The carbon 
atom linked to the four hydrogen atoms is in sps hybridisation state. 
The four equivalent hybrid orbitals are directed towards the four 
corners of regular tetrahedron. Each of these orbitals overlap with 
the sphericals orbital of hydrogen ~tom forming a strong a bond. 
Thus in methane molecule there are four a bonds of equal strength. 
The electron diffraction and spectroscopic data of methane points 
to the fact that in its molecule theobond angle H-C - H is ] 090 28' 
and the bond length C - H is 1,09 A. The geometry of methane 
molecule is given below: 

ETHANE, C2H6 

H 

~-" ,,;t~ 
~c~ 

H· '\ H 

H 

Fig. 10·3. The Ileoroetry 
of methane moleoule. 

It is the second member of the homologous series of alkanes. 
It may be regarded as derived from meth~ne by replacing one H 
atom by methyl group and may thus be named as methylmethane. 
Being made up of two methyl groups. CHaCHa, it may be called 
dimethyl. 

It-occurs dissolved in the natural mineral oil, and is evolved 
in the gaseous ptate when the oil comes to the surface. Natural gas 
contains srpall quantities (10-21 %) of ethane along with methane. 
To a small extent it is also present in coal gas and in 'cracked 
petroleum'. \ 

Preparation. Ethane can be prepared by the general methods 
described earlier. 

(1) By heating a mixture of sodium propionate with soda-lime 
in a hard-glass test-tube. 

iii <;H5;COONs··+.··Nii6H ~ ~H6 4- Ns2COa 
Sod. p'ropii:in·ats .... · ...... , Ethane 

(2) By the reduction of ethyl iodide with zinc-copper couple 
and ethanol. 

C2HsI + 2H ~ C2R 6 + HI 
Ethyl iodide Ethane 

(3) By the action of sodiulll on methyl iodide in dry ethereal 
solution (Wurtz reaction). 

CHa,f':j:."2Nii"+"i!CHa ~ CHa.CRa + 2NaI 
(;) Methyl i'odide .. Ethane 
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Thin slices of sodium metal are suspended in dry ether contained in 
small filLSk fitted with a. r~flux condenser nnd a tap.funne-1. Methyl iodide is 
slowly added from the tap funnel and the ethane evolved is collected over 
water. 

l~. (4) By passing a mixture of ethylene and hydrogen over heat. 
ed nickel (Sabatier and Sendet'ens). 

CHz=CH2 + Hz --+ eZH 6 
Ethylene Ethane 

(5) By the electrolysis of an aqueous solution of sodium or 
potassium acetate (Kolbe's method). Acetate ions are discharged at 
the anode giving ethane and carbon dioxide. 

O CHaCOOH --+ CHaCOO- + K+ 
Pot. acetate Acetate ion 

discharged 
2CHaCOO- ---+ 2CHaCOO --+ CH3CHa + 2C02 

(Uns/able) Ethane 

Carbon dioxide is reulOved by absorption in potassium hydr
oxide solution. 

LABORATORY METHODS. (1) From Ethyl iodide. Pure ethane 
is obtained in the laboratory by the redu(ltion of ethyl iodide with 
zinc-copper couple and ethanol mixed with about 5 per cent water. 

G C2H 51 + 2[H] --+ CzHn + HI 

The experimental details of the procedure are the same as 
described under similar J;ll.ethod for the preparation (If methane. 

(2) From Potassium acetate. Ethane can also be prepared 
conveniently by the electrolysis of a concentrated solution of potas
sium acetate. 

<1) 2CHaCOOK ---+ CzHa + 200z + 2K 
The apparatus used for the purpose is shown in Fig. 10·4. It co~sists of a 

porom pot fitted with a platinum anode and a delivery tube. The pot 18 placed 

Fig. 10·4. Preparation of Ethane by electrolysis. 
in an outer vessel in which is h';lng 0. cOPI?er ca\hode. Eot~ the porous pot and 
the outer vessel are filled with potaSSIUm acetate solutIOn. On passing the 
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current hydrogen is evolved at tho cathodo, and ethane and carbon dioxide at 
tho anode. The mixture uf ethane find oarbon dioxide coming from the porous 
pot is buhbled through potassium hydroxide solution contained in n test tube 
or e. wash. bottle. This romoves carbon dioxide and allows ethane gas to pass on. 
lt is t,hen collected over water. 

COl\lllIEUCIAL l\IE'l'HODS. (1) Ethane is obtained in large 
amounts by cracking of petroleum during its rlistillation when it 
escapes in the uneonden:';ed gases. 

(2) It can (\180 be prepared technically by the. catalytic hydro.' 
genation of ethylene which is formed in largo Quantities during the 
cracking of petroleum. 

Properties (Physical). Et.hanc is a colourless and odourless 
gas at ordinary temperature. It can be more easily liquefied than 
methane: liquid ethane boils at - 88'3°0 and solidifies at -172°0. It 
is sparingly soluble in water but dissolves i'eadily in ethanol. 

(Ohemical). In its chemieaLbehaviour ethane closely resembles 
with methane. 

(1) S'fABILITY. It is extremely stable to most reagents. Thus 
strong oxidising agents like potassiUIi1 permanganate and chromic 
acid, alkalis, conce~trated nitric and sulphuric acids have no action 
on ethane. 

~'9.../c2) HALqGENATION. Ethane reacts with chlorine in diffused 
daylight when all the 6 H·atoms are replaced in turn by chlorine 
atoms yielding a mixture of various chloro.derivatives. . 

(i) 

(ii) 

CHa.ORa + CI2 
Ethane 

CH3.CH2CI + CI. 

__ CHa·CHz·CJ 
Ethyl ohloride 

__ CH~CI.CH2CJ + 
Ethylene chloride 

HCI 

(also) __ CHaCH012 of" HOI 
Ethylidene chloride 

The final product of chlorination is hexachloroethane, OzOlo. 
Bromine reacts with ethane much less readily giving similarly bromo 
substitution products. It is difficult to replace more than two H· 
atoms from the molecule by bromine. Iodine does not react with 
ethane. 
~"-J(3) NITRATION. Ethane reacts with nitric acid vapour at 
400°0 to form nitroethane. 

, 400· 
C2Hs,H"'''+'''IfOiN02 ---+ Cj!HsNOz + H 20 
EthMe· .. ···· .. ······· .... , Nitroethane 

Some nitromethane is also produced by cleavage of the carbon 
bonds at elevated temperature, 
oi:V(4) OXlbATIO~. Ethane burns in air or oxygen with a slightly 
luminous fiame, yielding carbon dioxide and water. 

2CzH s + 702 --+ 4C02 + 6HzO + 736'8 Cals. 
Etht.ne 



Thus like methaneiCiorm:;'t:!Aj;"V". --;-__ 
On incomplete combustion ill air, ethanoforms-nc\;l~u..uv_". __ .. 
later decomposes by heat giving formaldehyde, carbon dioxi~ nllil
water . 

. . (5) THERMAL DJ<:CO~IPOSITION. Ethane when heated in the 
abs~nce of oxygen and in the presence of a catalyst at 450°0, dehy
drogenates to produce ethylene. . 

\ . 4;;00 

. eHa·eHa _ CH:a=CH2 -I- H2 
Ethane Cat. Ethylene 

Uses. Ethane does not find many uses in industry. it is, how
ever, the moro luminou" constitueilt of natut'al gas and coal gas. 
Since it produces cOllsiclerable heat Oil burning, othnlle i" also used 
fur melting purposes. . 

Strllcture. (1) From olomentary analysis .and tho determiuution of it!:! 
molecillar weight by combustion methods, ethane has been shown to pORsess the 
molecular formula C2H o• • 

(2) Since othane does not give addition I),nd oxidation reactions charac
teristic of unsaturated hydrocarbons, it hM no dOlll:-le Or triple bond in tho 
moleoule. This suggests that the two carbon atoms in it are linked through {' 
single valenoy bond as follows: 

\ I 
-0- + 

" 

I 
-O-

r 
(3) Now, there are six hydrogen atoms to be ntt!\ched and there are also 

six free va.lencies in the above skelotal formula of ethane. Hence the only 
p:JHible scntctllNI for ethane is 

(4) The struotural formula. of ethane has been confirmed by ita 
synthesis from' methyl iodide (Wurtz Reaction) 

II 

H-6-1 + 
I 

H 
l\Iethyl iodide 

2Na + 
y I-C-H 
~ 

H H 

H-6-b-H 
irk 

Ethane 

+ 2NaI 

(.3) The orbital structure of ethane molecule has already been desorib, 
Ou page 73. Since each oarbon atom is linked to four other atoms, it must 1 
in sp3 state of hybridisation with four bonding orbitals direoted in spa. 
towards the corners ora. regular tetrahedron. One suoh orbital 'of eaoh oft 
two carbon atoms is used in forming 0' bond betweon them while the rest thl 
orbitals overlap with 8 orbitals of hydrogen o.toms to construct tho ethc 
moleoule. 

From electron diffraction and spectro Ferric III I'll EllTE tI11 ria it h8~ 
revealed tha~ in ethane moleoule the bond angles II-O-II are equi 
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1090 28'; C-H length l'lOAo; C-C length I·GA. The geometry ot the molecule 
is indicated by the following diagram. 

Fig. 10'5. The geometry of Ethane molecule. 

PROPANE, Calls 

It occurs dissolved in petroleum in small amounts and is, there. 
fore, obtained in the gaseous fractIons during petroleum distillation. 
It can be prepared by the action of metallic sodium upon a mixture 
of methyl iodide and ethyl iodide. 

CHal + 2Na + IC2H5 ---? CHa.C2H" + 2NaT 
'Propj1ne 

This synthesis of propane also proves its constitution. Propane 
prepared in this way contains ethane and butane as impurities. Pure 
propane may be obtained by the action of zinc. copper couple on 
propyl iodide. 

CHaCH2CH21 + 2H ---+ CHaCH2QHa + HI 
n.Propyl iodide ~ropane 

Properties. It is a colourless and odourless gas which can be 
condensed to liquid at -44,5°0. It is insoluble in wu,ter. It exhibits 
the same inertness in chemical reagents as is shown by other allmnes. 
On chlorination it yields two isomeric monohalogen derivatives. 

CHaCR2CH2Cl CRa·CHCI.CRa 
n·Propyl chloride Isopropyl chloride 

according as chlorine is attached to the end 'carbon atom or to the 
middle one. 

Uses. It is used as a fuel and as a refrigerant in the petro. 
leum industry. 

BUTANES. C,H10 

There are two isomeric hydrocarbons known which have the molecular 
formula C,H10' 

CHs·CR2·CH2·CHa 
n-Butane 
(b.p: +1°) 

CRa 
-"""CH-CHa 

CHa/Isobutane 
(b.p. -w) 

Both these hydrocarbons are present dissolved in natural petroleum and 
are obtained along with methane, ethane and propane, during its distillation. 
They can be prepared by the action of sodium on appropriate alkyl halides 
(Wurtz reaction). 
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CHaOHiCHziI+2-Na+-i'iclla 
n-Propyl iodidii--·-·-------····-· 

CHa,- .. 
"CH!I+2Na+liCHa Cll I .---.. -.------- -.-

a 'd Isopropyl iodl e 

~ CHaCHaCH2CHa + 2NaI 
n-Butane 

003 
--+ )CHCH3 + 2NaI 

CHa 
Isobutane 

In their chemical behaviour they rese,ble other alkanes. 
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Both the hydrocarbons are gases which can re.adily.be converted into 
. ·d form The liquefied hydrocarbons are stored In cylInders and used as llqui . 

gaseOUS fuel. 

PENTANES, C5Hl~ 
'fhere are three isomeric pentanes known: 

CH3.CHz.CHz.CH2.0Ha n-Pentane (b.p. 30°) 

OHa" /OH.OH2.OH3 Isopentane (b.p. 28°) 
CHa 

OHa 
I 

OHa-O-CHa Neopentane (b.p. 9°) 
I 
OHa 

Normal ana isopentanes Qccur in'petroleum. Their chemical behaviour 
is marked by the usual inertness. They are stable to acids. alkalis or oxidIsing 
agents. They react with chlorine and bromino forming substitution products-

CONFORMATIONS 

Using the tetrahedral arrangement of the carbon bonds, 
proposed by Le Bel and van't Hoff and established by the orbital 
theory, the stereochemistry of organic molecules presents certlJ,in 
interesting aspeets of their structures. We have seen that the 
valency bonds about a saturated carbon atom are all at an angle 
1090 28' to each· other. The sigma bond joining the two carbon 
atoms is cylindrically ~ymmetrical about the nuclear axis (a line 
joining the two carbon nuclei). The symmetry of the bond permits 
free rotation about the bond axis without rupture. The three 
dimensional models of methane and ethane could be 1'epresented as 
follows: 

H 
H I 
I---..c 
C HI 'H ,'~~ 

.' H 
H 

(a) Eclipsed form 

The methane molecule can ha\re only One shape as shown above, 
but in ethane molecule, the atoms can be arranged in different ways 
without breaking any bond and keeping the valency angles unchang
ed. These different molecular arrangement!> are made possible only 
due to free rotation of the molecule about the Single bond (a) join-
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ing the two carbon atoms. Thus another possible form of ethane 
molecule is as followij : 

H H H 

I \ / 
C_C 
" \ , H 

H H 
(b) Staggered form 

The two formulae -ror ethane as viewed along the carbon. 
carbon hnnd axis, would appear as : 

H 
H 

H 
H 

(a) Eclipsed form (b) Staggered form 

ThesE) two represenations are called Newman projections where 
the thick black dot represents the. two oarbons (the f,ront 
carbon eclipsing the seoond oarbon lymg exaotly behind it) i the 
full lines _ the C-H bonds of front carbon, and the dotted Unes ... 
the bonds between hind carbon and its hydrogen atoms. In (b) the 
hydrogen atoms of the nearer methyl gro~p are seen exaotly between 
those of farther away methyl group. WIth hydrogen atoms lying 
completely staggered, this form is often cal!~d Staggered form. In 
(a) the hydrogen atoms of one ca.l'Pon be exaotly opposite to the 
hydrogen atoms of the other, eolipsed in a way. This arrangement is 
often referred to as Eclipsed form. These two forms have maximum 
diversity in regard to the position of hydrogen. atoms of the two oar· 
bon atoms. As free rotation about the single bond is allowed, it will 
be observed for ethane, that an infinite number of different al'rangl.'
ments are possible depending upon the angular relatio~lship between 
the hydrogens on eaoh oarbon. All Buoh 8patial arrangements of 
the a~Qms of a given mol~cular structure that are obtained-' me~el!l by 
"otatlOn abou~ a a bond m the moleoule are called Conformations of 

.the moleoule. 
The conformations of a cempound possess identical physioal 

oharaoter but differ in their energy content. If we consider the 
conformations of ethane molecule, it will be observed that in the 
eclipsed form the H.atoms on the two ca;bons are oloser together 
than in any other possible conformatIOn. The H·atoms on the 
two carbons though not linked directly, exert repulsive forces on 
Qne another. The oloser the H·atoms, the greater will be the 
repulsion. It is, therefore, evident that a greater repulsive foroe 
operates in the eolipsed form than in the staggered one. As If result 
the staggered conformations will be more stable energetioally than the 
ecUpaed conformation. It is illustrated by the following graph J 
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deplcting the energy of the moleoule against the degree of rotation 
a.bout the C-C bond. 

t 

H 

H'-]."H 

fi~H 
H 

5TAGGl"REIJ i 
o· 60· 120 0 

ANGLE or ROTATION FR.OM STAGGERED CONFORMATION 

Fig. 10·6. Degree of Rotation from the staggered form 
and energy of the moltlcule of ethane. 

I' is thus olear that of all the conformations of ethane mole
cult.,tbcnta,gered one possesses the leas~ elJergv, maximum ~tabiIity 
and 1Iiv·Ja'the most favoured conformatIOn, l'he energy ddference 
betwtD tht eolipsed and the staggered conformation is nearly equal 
to a&Rl;fmole, In an attempt to pass the staggered conformation 
into lhf~paed one, the energy oliff of 3 Kcal./~ole has got to bE) 
rea.a~, h is, the~efo~e. regarde, d as the potentlal energy barrier 
to q ..... lieQ rotatIOn Hl the molecule . 

..... JJt,ations of Propane In cCHlformations of propane 
molooUftt" 8ituation identical with ethane molecule obtains excqpt 
that ()D;,Qhhe H·atoms is replaoed by a methyl group. The two 
6xtr_:1IOiifol'Dlations ..... the eclipsed and the staggered cunformations 
are ~~(j.~, the formulae (a.) and tbj respectively. 

>':'''-:- CH3 H 

,'" H I ~H) 
,.' I c ; , . C...---;.' \H 
;-, ," \ 
·}t H 

H 14 , . CH, 
I '-. / j 

-_t/r 
.: \ H 

-k H 

or 

or 

H 

H*, "
CH

3 , , 

H :'. H 

H 

... (a) 

H 

••• (b) 

of Butane. They a,re rather complicated. 
~Uft1rOrllnatio:n8 obtainablfl by rotation. a.bout a 0-0 bond 

only ill ClIt!'!6 of ethA,ne and propane, whereas.in 
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butane mol~cule there are two distinct eclipsed conformatiops ; one 
in which two methyl groups are eclipsed by methyl groups and the 
other in which the methyl groups are eclipsed by )1ydrogen atoms. 

CH3 

~H3 
CH~ 

CH 3 1 
·1' ~ 
c~\ 

" H 
... (a) 

H , 
H H H 

CH3 H 

H I CH 

1/5=\ 
I 3 

,C\I-I' H 
, -' 

'CH 

... (b) 
H' LH3 H" 

H' 3 

Of these two eclipsed confotmations, the one havmg larger 
methyl groups eClipsing (a), ,v:ill naturally experience more repulsive 
forces than the one where a methyl group is faced with a H·atom 
(smaller than methyl group). Thus (a) conformation is naturally 
more favoured form from stability standpoint. 

In likewise fashion, it will be observed that the two 
different staggered eonformations are possible. In (a) the methyl 
groups are at an angle of 600 to each other and is calJed skew or 
,~auche conformation. 

H H 
CH3 ""C/ 
I~I 

/C, CH3 
H' H 

OT 

or 

CH3 

H." I _-,-H 

X H : H 
I 

CH3 

...(a) 

... (b) 

The second staggered conformation (b), having an angle 1800 

between the methyl groups is called transoid or anti conforma· 
tion, The repulsive forces will be greater in the conformation (a) 
than in conformation (b) due to the proximity of the methyl groups 
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in the former. Consequently the conformation (b) is associated with 
the least energy and maximum stability. Hence most of the molecules 
of butane will take up the staggered conformation (b). In fact this 
molecule presents a zig-zag form as most of the saturated aliphatic 
molecules are known to possess. ' 

OH3" / OHz" OHa OH3 

Thus for reasons of stability as described above the long chain 
aliphatic molecules assume a similar zig-zag shape. 

H H H H H H H 

H H H 

n-Heptnne molecule. 

Infrared Spectra of Alkanes. The alkanes show charac
teristic infrared spectra, which are helpful in determining their 
structure. For example, tho inf~'ared speotrum ofno!-'mal hexane indio 
cates that there is maximum absorption (or minimum transmittance) 
at the wa,e number 2882-2940 and 1370-1452 ,,,hioh correspond to 
the presence of - C-H and 0' -0 bonds. 
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Fig. 10'7. Infrared spectrum of n-Hexane. 

PET~OLEUM OR MINERAL On, 
Huge deposits of liquid alkanes are fout1u under the ~arth's 

crust in certain parts of the world. When freshly obtained from 
this source, tllC oily liquid is called Petroleum (petra=rock+oleum= 
oil) or Crude oil. The United State~ of America is the biggest. oil 
producing eountry and has for ma.ny y~ars produced about two-third 
of the world's output. Other greo..t producers of crude oil are 
Venezuela, Russia., Indonesia, Mexico, "tc. but the greatest reserves 
are .found in the Arab oountrieiJ of the Middle Ea.st. 
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Table-Production of Orude Petroleum (1968) 

COUNTRY '000 TONS COUNTRY '000 TONS 

United State!! 403,702 Itaq 66,680 

U.S.S.R. 263,570 Canada 42,856 

Venezuela. 173,172 Indonesia 23,150 

Saudi Arabi:. II 7,569 Mexico 17,700 

Kwait 112,500 Ohina 8,500 

Iran 08,829 India. 4,647 

Libya '11,100 Pakistan 500 

Nature has not been favourable to India in the distribution of 
oil and our resources so far discovered are inadequate indeed. The 
search of new oil fields is vigorously going on in India and the Oil 
Gas Commission set up by t,he Union Government has achieved Some 
fruitful results. The yield of crude oil frottl 011 fields in Assam has 
been stepped up anrl oil has been struck at Cp,mbay (Bombay) and 
Ankleshwat (Gujara.t). There are signs of the ocourrence of petrole
um in Kangra Valley but drilling at Jwala.mukhi has proved futile. 
The oil fields a.t Cambay and ]I nkleshwar have started yielding 
handsome quantities of crude oil, I 

The Standard Vacuum Co of America, the Burma Shell of the 
O.K. and Oaltex of America have set up refineries for the imported 
crude oil (largely from Middle East). Indian Oil Oorporation also 
ha.s recently started the marketing of Indian oil on a big scale. 

On the whole, ainee 1963 the Petroleum Industry in India ha.s 
grown considerably as shown by the figures in the following ·ta.ble. 
The total crude oil refined in 1967 wa.s 14)430,000 tons which nearly 
meets the consumption of the country. 

Table-Growth of Petroleum Inau8ery in India 

PRODUCTION OF N,}lFINERIES CRUJ):E OONSUlIIPTION 
YEAR ORUDE OIL CHARGE 

'000 TONS '000 TOlm '000 TONS 

1963 1,602 8,138 10.347 

196' 2,212 8,932 11,361 

1960 3,022 9,754 12,279 

11166 4,647 12,030 It,968 

1967 5,667 14,480 14,064 
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However, with the growing automobile industry, the aero
planes, the tanks and the tractors, the demand of India for petroleum 
will be ever on the increase. In the interest of our national develop
ment, we must strive to achieve petroleum self.suffioienoy by step
ping up crude oil produotion from our own sonrces. 
COMPOSITION OF PETROLEUM 

Petroleum is essentially a mixture of the alkane hydrocarbons 
which are present in it right from methane up to the higher members 
containing as many as thirty.five carbon atotnll. It also contains 
varying amounts of aromatic hydrocarbons and cycloalkanes. Tho 
actual composition of the oil, however, varies with the place of origin. 
Besides the various types of hydrocarbons there are present in pet
roleum organio compounds containing nitrogen and sulphur. Most 
of the natural oils are found to be optioally active. 

Since petroleum has entirely different composition from that 
of the vegetable and animal oils, to differentiate it from them it is 
commonly called minemi oil. This name points to its origin in 
minr.s. 

At some places in AmerioG., the crude oil if] accompanied by 
large volumes of- n. gas cOnlmonly known as Natural gas. This gas 
oonsists ohiefly of methane, ethane and propane, along with small 
amonnts of other hydrocarbons. 

ORIGIN OF I "ETROLEUM IN NATURE 
Many ,heories have been put forward to explain the formation 

of petroleum in nature. Of these, the more important are; 

(1) Carbide Theor}'\- This theory was originally suggested 
by Mendeleeii' and supported by Moissan, Sabatier and Senderens. 
It regards petroleum as of inorga.nio origin being formed by the 
action of steam or water on metallic oarbides in the inner portion' of 
ea.rth's ernst. The Carbide theory desoribes the formation of 
petroleum by the following steps. 

(i) Formation of Om·bides. 'l'he molten metals in the hot 
interior of the earth came in oontact with coal and carbides were 
formed. Thus: 

4AI + 30 -to Al~03 
Alumimum cnrbide 

011. + 20 --+ Oa.Oa 
Oalcium carbide 

(ii) Action of Steam with Oarbide8. Carbides reacted with s~eam 
under high pressure and at high temperature forming hydrocarbons. 

AI,Os + 12HgO -to 4AI(OR)s + 30H, 
Methane 

Cn.C2' + 2HaO --+ Ca(OR)3 + CaRll 
Aoetylene 

(iii) Reduction Of Un8atumtea Hydrocarbon8. The unsaturated 
hydrocarbons formed by step (ii) are reduced with hydrogen in the" 
presence of metallio catalyst at high temperature. 

OaHa + Ha --+ OIlH, 
Ethylene 
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C2H4 + H2 --+ C2H 6 
Ethane 

The hydrogen needed for reduction is obtained by the action 
of hot metals with steam. 

(iv) Polymerisation. Unsaturated hydrocarbons polyJ;llerised in 
the presence o~ hot metals forming aromatio h;varooarbons, cyolo
alkanes, and hlgher open-ohain hydrocarbons. 

;lCH: CH ~ C6H6 
Acetylene Benzene 

2CH2 : CHa ~ CHaCH: CHCHs 
Ethene 2-Butene 

3CHa : CHa ~ (CHal6 
Ethene Cyclohexane 

2-Butene will again be hydrogenated forming butautl. 
There is no doubt that the Carbide theory explains the forma

tIOn of petroleum in a rational way but there are-serious objections 
against it and at present this theory commands little consideration. 
The two main facts \vhioh go against it are : 

(a) Natural petroleum contains sltlphur and nitrogen compounds, 
chlorophyll, haemin, etc The Carbide theory fails to explain their 
presence in petroleum as they are all essertvia.lly of organic origin. 

(b) Petroleum contains opticaUy active compounds. According 
to the.Carbide theory, the natural lpode of formation of petroleum 
is a strict laboratory one and we knbw that we cannot get optically 
active substances by ordinary synthetic methods in the laboratory. 

(2) Engler's Theory. Engler (1900) discovered that by the 
destructive distillation of fish-blubber, a product exactly similar to 

_~------_---~------
_.k--- _--, 

-_ L.. __ --~_ 

--~ -----
Fig. 10·8. Formation of petroleum, from sea animals. 

natural petroleum could be obtained. It contained sU:lphur and 
nitrogen compounds commonly found· in petroleum, and was also 
optically active. This affords a direct experimental evidence of the 
production of petroleum from sea animals by some natural process 
akin to qestructive distillation. This can happen if, say, there is a 
volcano by the sea-side. The volcanic gases conta,in sulphur dioxide 
which dissolves in sea-water. Thus fish and other sea animals 
coming towards this region would die there of suffocation. In due 
course of time It huge acc:umulation of dead animals formerl in this 
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way would be covered by earth's crust. Under the influence of heat 
from the volcano, de(Jomposition sets in, which ultimately results in 
a. petroleum deposit. 

Another fact that lends weight to Engler's theory is that 
mineral oil is always found in company with salt and brine which 
must have been obtained from sea·water. 

(3) Modern Views. It has been described above that petro
leum is very probably of animal origin. The presence of compounds 
which are derived from haemin, the pigment of the red blood 
corpuscles, and the discovery of fossils in petroleum areas are enough 
proQf to support this theory. 

Many oHs contain compounds derived from chlorophyll, the 
green of the plants, thus pointing to the vegetable origin of petrol
eum. May be that some upheaval brought a forest well under the 
earth'fi crust whereby the action of heat and water, the plants were 
converted to petroleum. This view is supported by the fact that coal 
is found in the neighbourhood of oil deposits. The high resin content 
of Burma oil is also accounted for by the vegetable origin of the oil. 

, In face of the above evidence, it appears very HKely that while 
some oils are of animal origin. there are others of vegetn.ble origin. 

Astronomers have recently established that, the atmosphere of the large 
planets Jupiter and Saturn consists chiefly of methane. This has led to the 
idea. that at one time OUr earth's crust also contained huge quantities of 
methane. Since methane is converted to higher hydrocarbons by the action of 
ultra-violet rays and radio-active rays, it has been conjectured that radio
active substances in the earth's crust may have transformed methane into 
petroleum. The fact that helium, which is a disintegration product of ~adio 
element3, is often present in nntural gas issuing in petroleum arens lends support 
to this view. 

PETROLEUM MINING 
Petroleum usually occurs at moderate depths sometimes 5,000 

feet or more deep. The oil is found in porous strata beneath the im
pervious rock (Fig. 10·9). It is often associated with natural qas 

OIL WEll GAS WELt 

SURFACE 
5TRATA 

IMPE RIII(}115 
IAA~- ROCK 

Fig. 10·V. Occurrence and mining of petroleum. 

which exerts pressure on the oil surface and drives it out with great 
velocity through natural openings. 
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In case of artifioial mining, mines are bored in the upper 
~rust. When the oil pooket is pieroed, the gas pressure forces the 
oil out. As the gas pressure subsides or when there is no gas, air 
pressure is applied to raise the oil from the well. 

The oil obtained from the -mine is conveyed by a system of 
pipe.lines to a distant place and distilled. '].'he distillation is not 
carried out on the spot so that the inflammable natural gas or other 
dissolved gases may not catch fire and thus damage whole mine.' 
PETROLEUM REFINING 

Petroleum as it comes from the ground is a rather viscous and 
highly coloured liquid. It often possesses unpleasant odour which is 
largely due to the presence of sulphm compounds in it. Technically, 
it is called Crude Oil. 

Crude oil consists chiefly of mixtures of alkanes boiling between 
a wide range, say 0° and 4000

, and as such it is unsuitable for most 
technical purposes. If, however, the oil is subjected to fraotional 
distillation, it can be separated into a number of fractions each of 
which has a technical name and finds use in industry. The process 
of dividing petroleum into fractions with different boiling ranges and 
free from undesirable impurities, is termed Refining. 

The distillation of petroleum is carried in a tubular furnace 
with It tall steel fractionating column (bulb). The crude oil is -

PETROLEUM 

GASOLINE pumped continuously through heat· 
VAPOUR ed pipes and flashed into the 

. fractionating column. The vapours 
of the oil as they rise up the 
fractionating columu become cooler 
and condense at the shelves at 
various heights, The highest boil· 

KEROSENE 
ing fraction condenses, at the bot. 
tom and the lowest boiling fraction 
at the top. The uncondensed 
gases escape along with the 
gasoline vapours at tlie head of 

FUEL OIL 

STOM 

the column. Outlets are pro· 
vided in the side of the column 
at suitable heights to withdraw a 
number of fractions, the actual 
number of fractions and their boil· 
ing point ranges depending on the 
source of the petroleum and the 
trade demand. In the following 
table are used the details of thfl 
fraotions oommonly separated. in 
modern p{aotice. The main frao· 

RESIDUAL tions are Written in bold type and 
,--...... OIL the 'sub·fractions' obtained from 

~hi~ig. 10·10. Flow~heet of petrOleum ~hem by refraotionati,on are given 
m' refimng. III small type. According to the 

co mt . most recent processes, the lubl'icat. 
course '1' bt' d r. th '.' 1· 'I b d' . 01 .18 now 0 nllle lrom e rPQ1'lna 01 y vacuum 18tlllation, 
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1. Gases 

2. Gasoline-Refrac
tionated to yield: 
(i) Petroleum 

ether 
(ii) Gasoline or 

Petrol 

3. Kerosene 

4. Gns oil or Fuel oil 

Ii. Residual oil Re
fractionated under 
vacuum to give: 
($) Lubricating 

oil 
(ii) Paraffin Wax 

and 

BOILING COMP08ITION 
RANOEoC 

Upto room 
temperature 

40-200 

40-80 

tlO-200 

2fO-300 

Above 300 

Above 400 

241 

USES 

Fuel gas, 

Solvent 

Motor fuel; solvent; 
dry-cleaning 

Illumin ant; fuel for 
stovos ; for malcmg 
oil gas 

Fuel for diesel engines; 
for conversion to gaso
line by cracking. 

Lubrication. 

Ointments; candles; 
toilets; vlllleline; wax 
paper 

Pain til : ramI surfacing. 
(iii) Residue: 

(Asphalt 
pitch) ~ ____ ~~~ __ ~L-______ ~ ________ ~--------------~ 

The above method of refining 
Slrui{/ht "un proce·~8 and the various 
termed 'Straight f1m oils'. 

of petroleum is ca.lled the 
fra.ctions thus obtained are 

, In order to sccure a 
higher yiold of petrol or 
gasoline, the higher boil-' 
ing straight rUll II !Gas oil' 
or 'Residual (lil' are crack-
ed and simultaneOll sly 
fractionally distilled. The REACTOR 
catalytio oracking is more 
modern 0.11(1 efficient. The 
process is used in prefer. 
e11ce to the simple TltermaZ CATALVST 
Orackitlg. The stook iQ, 
oharged into the 'Reacfo1" 
oontaining the catalyst at 
eleva.ted tempera.ture. 
The vapours of the craole-

jI 
CHARGING 

5 roc/( 

GA$OI...INf 

FUEL OIL 

FRACTIONATING 
rowlR 

ed stook then pass to the 
ftaotionating unit and the 
produots are: <i) cracked 
gasoline lionel; (ii) cracked 
tuel oil. 

Fig. 10.11. Oatalytic cratlking proceBII, 



242 TEXT-BOOK OI!' ORGANIO OHEMISTRY 

WHAT IS CRACKING? 

When liquid alkanes are heated under pressure, they are de
composed to give hydrocarbons of lower molecular weights which are 
more volatile. The products contain both alkanes and alkenes. 

Thus: 
7000 

C12H 26 -- C7H 16 + CuH10 
h.p.2l!l° b.p.98° b.p. 360 

This process of getting lower boiling hydrocarbons from higher 
boiling hydrocarbons by the application of heat is called Cracking. 

The term cracking (crack=to break) is very descriptive of 
what hapPl'ns when the molecules of hydrocarbons are heatcd to 
a high temperature. The kinetic energy of molecules increases 
and as a result they move faster, strike harder and are subject to 
morc intense internal vibrations. These results of increased kinetic 
energy overcome some of the chemical bonds holding the atoms 
together, and the molecule may literally be said to have 'cracked' 
into simpler parts. This rupture of the molecule is accompanied 
by a redistribution of valencies and readjustment of some of the 
hydrogen atoms, resulting in the formation of lower hydrocarbons. 
The mechanism of the process of cracking may be illustratcd .. hy the 
decomposition of Jl-butane at 6000 

(2) (1) 
: : CHa-CH=CH2 + CH4 ... (1) 

CB3-CH2 -CH2-CHa( Propene lI1:ethune 
: : CH2 =CH2 + CHaCHa ... (2) 

n-Butane Ethene Ethane 

It is obvious that the carbon chain 'cracks' at positions (1) and 
(2), and the redistribution of valencies and hydrogen atoms in each 
caSe produces one alkane and one akene. 

Actually the 'cracking re~etions' are never clear-cut and the 
splitting of the molecules may take place at many points, yielding a 
numbeI' of small fragments, including alkanes, hydrogen and the 
carbon. 

Applications of Cracking. The process 0f cracking has be
come very important on account of its useful applications. 

(1) PREPARATION OF OIL GAS. Kerosene oil is cracked by 
pOlfring dropwise into a reu-hot iron retort. It is thus converted into 
gaseous hydrocarbons (methane, ethane, ethene, hydrogen, etc.), 
which are mixed with a large amount of volatile, tarry matter. The 
cracked products are bubbled through water in the hydraulic syphon 
where the tar vapours are condensed and removed. The gas thus 
obtained, commonly named as Oil Gas, is then stored in an iron 
(Ins holder over water and conveyed to the laboratory through a pipe 
line. The burning oil gas is a very convenient and suitable agency 
of heating in the laboratory. 

(2) PRl~PARATION OF PETROL GAS. Petrol can be converted 
into permanent gaseous hydrocarbons by cracking. This is done by 
passsng the petrol vapour through electrically heated coils or by 
heating it in a clos('d retort. The preparation of petrol gas is con-



ALKANES 243 

venient as compa.red to that of oil gas, and the initial cost of the 
plant is low. 

(3) 'CRACKED GASOLINE' FROM 'RESIDUAL OIL' OR 'GAS OIL'. 
As mentioned earlier, the less useful fractions of petroleum, viz., the 

KEIWS(NC 
OIL 

JlYDRAUL/(. SyPHON 
REMOVES tilR 

1 
}i'ig. 10·12. Manufacture of oil gas for laboratory use. 

TOLAB 

Residual oil (Heavy oil) or the Gas oil are cracked with or without 
a catalyst at elevated temperature. The higher boiling hydrocarbons 
are thus split out into lower one!;! which constitute 'cracked gasoline.' 
The increased demand of motor fuel has been greatly met by this 
method. 

SYNTHETIC PETROL 
.With the extraordinary development of the automobile and 

aeroplane industry the world's demand for petrol has increased enor
mously. In spite of the gr~at number of oil-fields which have been 
discovered, our supply of petrol is inadequate. The increasing de
mand for petrol has been largely shouldered by the introduction of 
cracking methods and actually more petrol is now obtained by crack
ing than in the original petroleum distillation process., But that, is 
no satisf!1c'tion as tlie world's, oil supply cannot last indefinitely. 

In a country like India with practically no oil fields so far, owe 
are immediately confroJ}ted with the problem of 'synthetic petrol'. 
To recoup from the aftermath of past slavery and then to rise again 
to occupy a respectable position in ,the comity of nations India must 
have enough of the motor fuel. Petrol has soon got to be produced 
somehow anq it is left to the chenriat to accomplish the task. The 
situation, however, is not so pessimistic as it seems to be. We can 
certainly count on our vast coal fields for a supply of the synth"etic 
product. Already, the work on production of the fuel oil from 
this 'source has progressed' enough in countries like U.K. and
Germany. 'fhe chief methods of preparing 'Synthetic ,Petrol' are 
given below : 

(1) Bergius Process. In this method, finely powdered coal 
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and a suitable catalyst is made 'into a paste with Heavy oil produced 
in the process. The coal paste is tllen preh_eated and pumped to the 
converter. Here the paste is heated to 4500 and hydrogen bubbled 
through it at 250 atmos. pressure. The coal, which is l'ca,lly a mixture 
'Of high molecular complex organic compounds deficient in hydrogen, 
and elementary carbon, combines with hydrogen to form higher 
saturated corn pounds. These as a' result of cracking and simul. 
taneous hydrogenation yield mixtures of alkanes. Thus the vapours 
leaving the converter upon condensation yield 'Synthetic Petroleum' 
or Orude oi/.. This crude oil uPQn fractional distillation produces: 

PETROL 

~ ("') 

§ ~ I;S 

'" ~ 450
0 () 

r:: ~ MIDOlEOIL 

HEAVVO/L 

CONVERTER STILL 

Fig. 10' 13. Manufacture of Synthetic Petrol from Coal. 

(i) Petrol; (ii) JJ.Hddle oil; and (iii) Heavy oil. The Middle oil 
fraction is again hydrogenated in the vapour phase in contact with 
a solid catalyst to give more petrol, Aotually the second process 
yields four times the petrol obtained by the primary hydrogenation 
of coal. 

The Heavy oil o}Jtallled -in the process is recirculated for mak. 
ing fresh coal paste. One ton of !'loft coal treated as, ab<;lve yields 
140 gallons of petrol. The Bergius process is at present the most 
promising of all methods so far invented for the production of syn. 
thetic motor fuel. 

(2) Fischer.Tropscli Process (Reduotion of Oarbon mono· 
ttide). This method was given in 1923 by tWQ German chemists, 
Franz Fische~ and Hans Tropsch. Carbon monoxIde.needed in this 
process is made by passing steam over red·hot 'coke'. The water 
gas thus obtainQd is mixed with hydrogen and passed a1<.a, pressure 
of 6·10 atmospher(ls into a ohamber containing a 'cohalt catalyst' at 
200°0, The product is a mixturE} Qonsisting mainly of liquid hydro. 
carbons. 
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The 'artificial petroleum' so obta,ined is separated by fractional 
distillation as described under the Bergius Process. The various 
fractions separated are petrol, kerosene oil, lubricating oil, diesel oil 
and paraffin wax. Germany employed this method for producing 
'artificial petroleum'; the annmil output exceeding 1,000,000 tons. 
The Fischer-Tropsch Process has also a bright future in India. 

Tho Fischer-Trollsch Process is now also worked in the United 
Stl}tes. Here, the carbon monoxide-hydrogen mixture is obtained 
by the oxidation of natural gas by oxygen. 

20H4 + 302 _ 200 + 4H20 
1\Iethane 

WHAT IS MEANT BY OCTANE NUMBER? 

The structure of a hydrocarbon determines its efficiency in . .an 
automobile engine. 'fhe straight chain a1kanes are very poor fuels 
and cause the engine to 'lmoek', while the usc of branched-chain 

. hydrocarbons and alkanes eliminates the lmocking considerably. 

The knocking quality of an automobile fuel is measured in 
term of the so·called 'Octane Number'. The hydrocarbon 'isooctane' 
(2, 2,4-trimethylpentalle), which was found to be free from knocks 
ip. highest compression motors was arbitrarily' given an 'octane 
number' of 100, whereas l1.heptane, which knocked badly, was rated 
,at 0. ' 

OII3·CH2.0H2.CH2.CR2.CH2·CH~ 
n-Heptane 

Octane No.=O 

CH3 CHa 
I I 

CH.aC.C4~,:JH.CH, 
I 
CH3 

Isooctane 
(2,2, 4-Trimethylpentane) 

Octane No.=lOO 

The Octane Number of a gasoline is defined as the percentage 
of faoootane present in a mixture of isoootane and n.lteptane , wken tlte 
~re has the same knocking perfo?mance in the experimental engine 
41 flJe gasoline under examination. 

Thus a moton fuel is said to havo an octane number of 80 when 
It i, as good as a mixture of 20 per cent n·heptane and 80 per cent 
iIlO90~ne. The higher the ootane.number, the better the g!l>soline. 
~a1ercial gasolin.es have ootane numbers 81, 74, and 65 for the 
fWtmi~um, regular, and third grade gasolines. 

;> . The modern orackmg methods of producing gltsoline not only 
mon"so its yield but also g~ve better quality of fuel having higher 
oo_e number. 'rhis is so because during cra.Qking of petroleum, 
alpnes are formed which also undergo isomerization, polymerisa-

. tlWt, etc. to give branched-ohain hydrooarbons. Other methods of .Ui the octane number of a poor fuel are 'alkylation', 'reforming', 
'''''''O/orming' etc., the disoussion of which is beyond the !!cope of 
'i)Qa book. The addition of tetraethyllead also improves the anti-

:::8ookmg character of ~asoline. 

,.;;i~~.: 
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FLAsH POINT 
Kerosene oil is used in lamps for illuminating purposes. 'The 

burning oil should not be sufficiently volatile at ordinary teD;lpera
tures, otherwise its vaponrs would form explosive mixtures with air 
and thus making its use in lamps a source of danger. Just a lighted 
match-stick or -.a smouldering cigarette-end if thrown into-the oil 
godown might put the whole stock on fire. To ensure safety, the 
sovernment of every country requires that only those oils should be 
used w.hich do not give enough vapours at a certain minimum tem
perature. This temperature which is commonly known as the Flash 
-Point or the Ignition temperature may be defined a'l: . 

The rninimum temperat'ure at which an oil gives off erwil-yh 
tlapours to form a momenfary flash of light when a naked flame is 
brought near its sUljace. . 

The ignition temperature of an oil depends on the proportion 
of volatile hydrocarbons present in it. An oil used in cold climates 
must necessarily be 'low boiling' and the one used in tropical clima
tes must be 'high boiling'. Thus the flash point fixed in cold coun
tries is Jow, while in hot countries it is high. 

Deterlllination of Flash point. The flash point of ali oil is usually deter· 
mined by means of ABEL'S APPARATUS a modified form of which is shown 

WA 

WATe 

b'ig. 10·13 •. Abel's appamtm. 

PETROCHEMICAL INDUSTRY 

in Fig. 10'13., A beaker is fitted with 
it cork having a big hole in its cen
tre. A thermomete:c and two plati
num eledrodes are fitted thr~lUgh 

the cork so that their tips are o.bout 
5-10 mm. apart just above the oil. 
The bulb of the thermometer should 
be kept dipped in the oil. The beak
er containing the whole' arrangement 
is then fixed in a water-bath as. 
shown in the diagram. The central 
cork is covered with a watch-glass 
or a thin glass-plate. The tempera-. 
ture of the bath is now gra1ually 
raised and spa.rks are sent across the 
elect,odes by connecting- them with 
an induction coil and accumulator . 
. J'lst when the temperature of the / 
oil reaches the flash point, the watch 
glass or the plate is lifted by an ex
plosion. The temperature shown 
by the inner thermometer at this 
point is recorded. 

A recent development of the petroleum industry is th~ ma:~~l
facture .of a hrge number of chemicals. In ~act, petroleum IS to y 
the biggest and the cheapest source of orgamc compounds. 

In the last decade or so variety of useful orgamc compoundi 
have been prepared from &lka,n~s and alkene") obtained from natura 

',r: 
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g,\S and pctl'OlCllm. These are known as PetrochelD.icals and in
clude halogcn and nitro-compounds, alcohols, aldehydes, ketones 
acids and their derivatives. The a;lkelles produeed in enormous 
volumes by cracking of petrolcum, ill particular, form excellent raw 
materials for numerous compounds. 

Alkanes and alkenes upon reaction with halogens give nume
rous halogen derivatives both by substitution and addition reactions. 
Vapour-phase nitration of alkanes yields nitroalkanes. Controlled 
oxidation of alkancs gives alcohols, aldehydes and acids. The 
oxidation of paraffin wax gives higher acids which are further used 
for the manufacture of soaps lind artificial fats. Very recently it 
has heen possible to com'crt n·hexane and n-heptane to benzene 
and toluene respcctively hy aromatisation. Thus pet.roleum is 
beginning also to compote with coal·tar as n source of aromatic 
hydrocarbolls. 

Tablc-Uutnpound8 ubtuined from Hydrocurbon8 of Petroleum 

HYDUOCARllONS 

I. l\lethane 

2. Ethane 

:1. Ethylene 

4. Propane 

5. Propene 

G. Buteno 

7. n-Hexane 

::;. n-lloptllllo 

COlIPOUNDl:; OnTAIN};!) 

/ 
:!iiethyl chloride, :Methylene 

roform, Methanol, 
chloride, Chlo
]j'armaldehyde, 

Aeetylene 

Ethyl chloride, Acetic acid, ~itroetliline, 
Ethano. 

Ethanol, Ethylellll oxide, Ethylene glycol, 
Ethylene chlorohydrin. Ethylene chlo
ride, Vinyl chloride, Butadiene. 

Nitromethane, Nitroethane, 
pane, Propene, Propanol, 
acid . 

Nitropro
Propionie 

• \lIyI chloride, Allyl aleohol, Glycerol. 

Butyl alcohol, Butadiene. 

Benzene, Gammexane (C6H,CI6), D.D.'!,., 

Toluene. 

The compounds listed aLon' in turll serve as raw material 
for many more derivatives. At present about 200 aliphatic and 
aromatic compounds are prepared from petroleum and the petro
chemical industry is developing rapidly in America. 

QUESTIONS 
1. ALKANE'> 

1. What are saturated hydrocarbons? Why are they so called? What 
reactions are typical (If this series of hydrocarbons. 

2. Dcscribu tho illlportant methods of proparing methane. Gille at\ 
account of its properties showing clearly thereby why it is called 0. 'saturated 
hydrocarbon.' . 

3. \Vhat is chain isomerism 1 How many isomeric pentanes are possi
blo? Oive their names and structural formulas. 
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'4. Qive the general methods of formation of alkanes. 

5. How is it that while ohlorination and bromination in alkanes proceeds 
fairly readily, their direct iodination is not possible? Describe conditions under 
which the iodo derivatIves of alkanes can be obtained. 

6. Describe the laboratory preparation lind properties of ethane. How 
has its structure been arrived at ? 

7. Give three general methods for the preparation of the hydrocarbon 
of the general formula C"H2n+2• Give the structur::!l formulae of the two iso
mcric butllnes. '''hat reactions would you expect to result from gently heating 
paraffin wax with bromine? . 

8. Outline the methods available for the preparatio:l of saturated ali
phatic hydrocarbons and revicw their chemical propertics. (Jllysore B.Sc., 19(8) 

n. PETROLEt:~1 

9. Describe the occurrence, composition and probable origin of natural 
petroleum. Give an outline in brief, of the method of treatment of tllO crude 
product and indicate the main applications orthe derived materials. 

10. What are the main products of distillation of crude petroleum? How 
are they obtained? State their uses. 'What do you understand by tIle cracking 
of petroleum? 

11. Give an account of tho modern petroleum ind·ustry. How are tho 
different products obtained from petroleum utilised in art und industries? 

12. Write an essay on petroleum and the various products obtttined from 
it. '''hat theories have been advancecl to account for tho occurrence of 
petroleum? 

13. Mention brielly l:iQlue of tho 1l1eth(Jul5 of ohtailliug syutlJOtic jll'tro
'ieuln. 

14. Name some important Bubstances obtainable todayJrom natural 
petroleum. From what other sources, and how is petroleum obtainable? 

Jr.. What al'e the uses of petrol? Describe tho different methods of 
producing it on 11 commercial scale. 

16. Define Flash Point. How CUll it be determined? 

17. Give a ahort description of petroleulll illuustry also montionlllg briefly 
some important methods for 'obtaining synthetic petroleum. 

18. Describe briefly 'Petroleum refining'. Bxplain the basis of the state
Inent by a distinguished statesmlln that "'Vho has oil hilS empire". 

19. Write a note on the use of petroleum for the manufaoture of chomi-
cals. 

20. \"hat aro the thoo1'ies put forward to exphslIl tho formation of 
petroleum in nature? "-rite a note on cracking and on flash point. 

{Banal'll8 B.Sc.I, 10(]:J) 

21. \Vrite a short note on petroleum industry with special reference to 
the methods of obtaining petrol. Explain the terms : 

(J) Cracking, (2) Oetano vnlue, (3) Reforming. (T'ikralll B.Sc., JOG3) 
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"2 x>otrol obtained from 'l'otroluum' is insuliiciellt to moot th1ii wodu's 
roquir;m'ents of today. Whut chemical mothods aro ~mployed now-a.((nys to 
produr.e petrol artificill;lIy to meet the growiI!g demands of the present age Y 
How is the anti.kncckll1g property of a fuel !mprovod? (Allahabad B.Se., 19(7) 

Writo 1\ short no to on Synthetic Plltro!. 
(J. & K., Udaipur. Gorakhpur, B.Se., 191r1) 

23. 

:?4. Writo an cs~ay on: "'1'he industrial imLlOrtnnce of a Potl'oloum 
Refint'ry" (Oeylon B.Sc., J9(1) 

25. Name the fractions obtainod by the fractional distillntion of crude 
petroleum with the pel\centage yield of oneh product. Give the boiling range of 
<:aeh fmction and mention it;! uses. (Panjab B.Sc., 19(8) 

21;. Writo nn cssay on Petroluum industry. (Udaipur B.Se., 19(9) 

2i. (a) Describe tho different theories that hove been put forward on 
tho origin of petroleum. 

(b) Give an .r"'CColint 01 tho methoLl:; elllployed for tha production of 
sl'lltholi" potrol. (l('lrukshetra B.Sc., 19(9) 



1 1 
Alkenes 

PAUL SABATIER 
(1854-1941) 

French Chemist. lie won tho Nobel Prize 
in 1912 for his work in catalytic hydro
genation of hydrocarbons and other 

organic. compounds. 

The members of this clas3 of hydrocarbons contain two hydro
gen atoms less than the corresponding alkanes. The two valency 
bonds left free on the adjacent carbon atoms unite to form a second 
union hp.t.ween them, establishing !j, double bond in tho molecule. 

HH 
I I -2H I I 

H-C-C-H --). H-C-C-H ~ H-C=C-H 
I ! I I I I 
HH HH HH 

Ethane Ethylene 

Since fill the valencies of the carbon atoms in alkenes are not 
fully satisfieu, they can take up more H-atoms and are called Un
saturated hydr.ocarbons. 

The hydrocarbons of this cla.ss are frequently ct\llcu Olefines 
(Olefiant=oil forming) as the first member of the class, ethylene re
acted wi.th chlorine to form an oily product. 

They are also called Ethylenic hydl'ocarbon$ after the first 
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hydrocarbon of the class, ethylene. The modern IUPAC class name 
Alkenes is now used in preference. 

Alkenes being much more reactive than alkanes seldom occur 
~ iI~re. They are, however, produ~ in Iarge ~mol111ts dur
ing the cracking of petroleum a:nd the dooomposit~on _of almost all 
organic substances. The crackmg of cotton seed 011 gIves as much 
as 30 per cent yield of ethylene. The lower Itlkenes occur to a minor 
extent in coal gas. 

NOMENCLATURE 

There are three ways of naming alken~s : 

(I) TIle COMMON NAMES of the first four members (Ca to 
Cs) are derived from those of the corresponuing alkanes (having 
same No. of carbons) by changing the ending -ane to -ylene. Thus: 

CH2=CH2 

CH2 =CHCHa 
CH3 
I 

CH3 -C=CH2 

CH2 =CHCH2CH3 

CHaCH=CHCH3 

Ethylene (Ethane - nne + ylene) 

Propyleno 

Isobutyleno 

ot-ButylollO 

f3-Butylello 

CH2 =CHCH2CH2CH3 Pentylene or Amylene 

Grcek letters are lIsed to distinguish isomers having double bowl 
at the first (~) or the second (~) carbon of the chain l\,S illustrated 
above fOt" blltylene,;. 

Thc common Hallie" of certain mdictds derived from these 
hydrocarbons are listed below : 

CHao=l'H : 

CH2 -CHCH2-

CH3 GB:=CH-

- CH2-

CH2 CH,--

\-illyl 

Allyl 

Propenyl 

Methylene 

Et.hyleno 

(2) The ETH.YLENE-SU.mrrt'rUTED iWSTEi\L According 
to this sys~em which is no louger in common use, alkenes can be 
Hamel! as derivatives of ethylene (CH2 :;; CH2 ) in which two or more 
hydrogen atoms have been l:lubstituted by alkyl groups. Thus: -

CHaCR = CHCH3 sym- Dimethylethylcno 

ClIa 
I 

('HaC=CH2 • unsym-Vimethylethylene 

~H3 
! 

CH3C=CHCH3 Trimetbylethyleno 

The prefix sym- alld ullsym- in the above numes <~re abbre
yiations of symmet.rical and unsymmetricaL 
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(3) The IUP.AU NAM}<JS of alkene!> are derived from those of 
the corresponding alkanes by changing the termina.l ·ane to ·ene, 
Thus to get the name of an individual member, first name the alkane 
with the same number of carbon atoms ana thpn replacing the. 
ending ·ane by.ene, Thlls: 

CH2=CH2 Ethene (Ethane - ane + ena) 
CHaCH=CH2 Propene 

Fot, the first member the common name ethylene is also Its IUPAC 
name while all other alkenes arc aSbigned systematic names, '.ehe 
IUPAC lHUllCS of highet' alkenes arc obtained as follows: 

(I) The name of the hydrocal'hon is based on the parent 
alkene hUoving the longest carLon chain of which double bond is a 
part, 

(~) This ehltin is numbered from thu end near the double 
hond (=) and its pOhitioll is indicate(l by thQ number of the earhon 
at which the double bond originates, 

(a) 'rhe name of the parent alkellc with the positioll unmbel' 
of the double bond is written first and then the names of the other 
snbstituents. arc prefixed to it, 

For illustration: 
.4- 3 2 1 
CH3CH2CH=CH~ 

I·Butene 

CHa 

CH 2 ·- 6CH2CH a 
1 23 4 

2· 1110 th yl.l.Hutoll(l 

1 2 a 4 
OHaClI=CHCHa 

2·Buteno 

CH3 CHa 
I I 

CHaC=(' 1:iCHUHa 
1 2 3 4 5 

2, ,t. Dimotliy11'Oll tOllO 

When there are two or three double bonds in a. molemlle, the 
ending ·ane of the rcspective alkane is rC}lluced by .adielle or .alriene 
to get t.he nallle of the hydrocarbon. Thus 

CH3 

(·H2·-(~H,CH2CIL CClIll 
I 2 a·l 5 Ii 
,j.mcthyl·I, ·j..ho~lldi ono 

AlkenyI radicals. The ll1onovalent rudicHls obtaiucd 
from alkenes are called alkenyl radicak 'I'he ('OJl1mOIl llalneS 
vinyl radi('al nIHl allyl radical ar(' also the IUP,AC nrtll1eo .. AU 
other alkenyl radicals arc THun('(1 by replacing tlip 'c' of tIlt) parcnt 
alkelle by '.yl.' The. ('arbon atoms constituting the radical are 
numbered So that the carbon with free vulcnc:y is always numhl'r 1. 
The IUPAC na'mes (If some n Ikenyl rad icals are given below: 

CH2=CH
CH 2=CH-OH2-

" 3 2 1 
CHa=CHCHaCH.-
CII:lm=CHCII1 -

Vinyl 
Allyl (:!·ProPlJuyl) 

:I.llutcnyi 
2·11utElTlyl 
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ISOMERISM 
The presence of the double bond in alkenes increases the 

opportuni~y o.f iso~erisro. In addi~ion to chain isomerism, they 
offer posit~on MomerMm due to the dtffel"ent positions of the double 
bond on the carbon chain. 

The first two alkenes can have but one structural formula. T1.l.e 
third member butene, however, can have three possible structural 
formulas. 

( 1) 

(2) 

(3) 

1 2 3 4 
CH2=CH-CHs-CH3 
1 2 3 4 
CH3-CH=CH-CH2 

123 
CH2=C-CHs 

bH 3 

1.Butenll 

2·Butene 

2.Methylpropene 

All the thr08 butenes are actually known. The compounds 
(1) and (2) present a case of positi(J)~ isomerism as they differ only 
in the location of the double bond. The compounds (2) ano (3) 
illustrate both position and ckain isomerism. 

Besides thc st.ructural isomerism, certain alkenes also show 
cis.trans isomerism. Thus 2·:Butene is known to exist in two forms. 

H-C-CHa H - C-CHa 

" " H-C-CH:i CH3-C-H 
(Oi8) (Trans) 

Alkene hydrocarbons are als? isomeric with the corresponding 
members of another class of cyclic ,compounds, the Polymethylenes. 
Thus propene is isomeric with trimethylene. 

CH2 

I' 
CHa-CH=CHa ~C-CH! 

Propene Trimethylene 

METHODS OF FORMATION 

Most of the methods of preparation of alkenes depend upon 
the principle that the removal of atoms or groups from adjacent 
carbon atoms of ((, chain ,.e.~ults in ihe creation of a double bond. For 
illustration, 

:x'''Yi 
\"'T' 

-0-0- __ -o=c- + XY 

\vhere X and. Y may be .same or different The general methods of 
formation of a.lkenes are: 

ll) By dehydration of alcohols. When heated with a 
dehydrating agept; like concentrated sulphuric acid or phosphoric 
acid, alcohols lose a molecule of water forming alloones. 
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jiI····oit . { .... r·· .. 
R-C-C-H 

I I 
HH 

Alcohol 

IH"6if 
'("'T"" 

H-C-C-H 
I I 
HH 
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H2SO, 
~ H.-C=C-H + HaO 
170· I I 

H2S04 

HH 
Alkene 

~ H-C=C-H + H 20 
170° I I 

HH 
Bthylone 

The alcohol first reacts with sulphuric acitl to form the alkyl 
hydrogen sulphate which upon heating splits (Jilt n moleculc of snl
phuric acid to form alkene. Thus: 

C2H6'(jH"+"H' o,SOaH 
t:1ha~ol Sulphuric 

ncid 

1 iO· 

~ C2HljO,SOaH + H20 
Ethyl hyul'ogcll 

sulphnte 

C2H50.S0aH ~ C2H" + H2S0~ 
Ethyleno 

Alkcnes e'lll also be prepared by passing the vapour of alcohol 
over alumina (AI20a) at 300". Tertiary alcohol~ arc r1ehydrated 
with greatest ease, and primary with greatest difficulty. 

l2) By dehydrohalogenation of alkyl halides. When 
heated with alcoholic solution of pntasBiulll hydroxide (alcoholic 
potash), alkyl halides eliminate a Ilydrogcn amI halogen atom from 
adjacent carbon atoms to fOfm n.lkeneR.*. 

lif"x 
r""'j' 

H-C-C-H + KORalc 
I I 
HH 

Alkyl halide 

jH .... Br 
I I'. 

CHa-C.;C-H -I- KOHil /,· 

I , 
, H H 

Propyl bromide 

~ CHa-·C=C-H + KH"'I H20 
I I 

H H 
l'ropeno 

'Ihis is probably the most important method fur p'reparillg 
alkenes in the laboratory. In the preparation of alkenes from alkyl 
balides, as a rule, iodides arc most reactive aml_ddorides }t·ast. so. 

• A rllio of thumb; SaylzeJ!'8 Rille, Hlate,.; that in tho dehydration of 
"Icohols or tho dohyJrohalogonntion of nlkyl hnlidc~, hydrogen atom is pre
fnrontiully <'Iiminntod from the cnrbon ntom with fowor numbor of hydrogon 
utnnlf". 
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(:~) By dehalogenation of dihaloalkanes with zinc. When 
c1ihalogen derivatives of alkenes having the two halogen atoms on 
adjaeent carbons arc heated with an active metal like zill(" the 
latter removes the halogen atoms to form alkenes. 

)("x 

. I J 
R-C-C H -I- Zn ~ 

I I (Powder) 
IIH 

R-C~C--('-H 

I I 
H II 

(Alkene) Dillllioalkone 

!Bi:·'Hj.: 
'''j'''T'' 

CH3-C--C _11 + Zn 
1 I 
HH 

I,2-dibromopl'opane 

__ CH3-CH=CH2 + ZnBr2 
Propeno 

When the t.wo halogen atoms are attached to the sallle carbon, 
;"inr rlimillates four halogPl1 atoms f!'om two molf'culcs of tlw dihalll. 
alkene. Thus: 

/?JI' HI" 
CH·1CH : .1- 2Zn + ~)CHCH3,_ CH3CH=CHCH3 + 2ZnBl'~ 

. '\Br' HI': 2.Bllteno 
Ethylillenc Imi·iii .... io 

('!) By partial hydrogenation of alkynes. The alkyne mix· 
cd with hydrogen gas is passed over finely divided platinum or pal. 
ladium, or heated nirkPl, when it a(ld;: only two H.ntoms to give 
alkene 

Ni 
RC:;CH + II!! _ RCH~('H2 

Alkyne heat Alkene 

Ni 
CHa.CH2CSCH + H2 _ CHa.CH2.CH=CH2 

I-Bl1ty~e heat I-Butene 
(Ethy lacetylellc) 

(5) By Cracking. The higher alkanes when heated to a high 
t('mperahll'c decompuse to giv(' a lower alkene along with a 10\\,('1' 

allu1111'. 

Crackil1[1 
H',ClI 2.CH2.R _ R'HC=CH2 + RH 
Higher ulkane AlKene Alkane 

Crarkil1!/ 
CHa.CH2.CH2.CH3 ---. H 3C'.CH=CH2 + CHJ 

·n-Butane PI'!'pene 

Thc first three alkencs are thus obtaill!'d by thc tl'l1cking of 
the petrolcllTll hydrocarhons. 

(u) By Electrolysis of salts of dicarboxylic acids. 
Alkene!:! an' fUl'Ined by the electrolysis of aqncous solutions of pota:;· 
SiUlll sa lts of dihasil' :l.(·i(ls of the ~1I('cinic acid sCI·ies. Thus: 



256 TEXT-BOOK OF ORGANIC CHEMISTRY 

CH2COOK 
I 

CH2COOK 
Pot. Buccinate 

CHaCOO-
¢ I + 21(+ 

CHaCOO-
- Succinate ion 
It!' \t 

(anode J (cathode), 

CH2COO 
6HaCOO 2K+2H20 ~ 2KOH+H2 

This reaction is, in fact, an extension of Kolbe's method fo, 
the preparation of alkanes and is seldom used in actual practice as 
the product obtained is not pure. 
PHYSICAL CHARACTERISTICS 

In general, alkenes resemble aikanes in their physicnl pro
pert.ies. 

(1) The first three alkenes - ethene, propene, and butenes
~ ga!ill_s at ordinary temperature; the next fourteen members are 
~ ; and the hydrocarbons with more than 18 carbon atoms in 
the molecule are solids. They are all colourless and odourless ex
c~pt. ethene which has a rather plensant. odol1r~ 

'(2) Tlwy arc a little less volatile tIlI{n the corresponding 
alkanes. Theil' boiling amI melting points are sli6htly higher than 
those of alkane!> conta.ining tile same number of carbon atoms . 

........... (3) They ate only !'llightly soluble in water but dissolve freely 
in organic solvents . 

../(4) Thc lower alkenes are P9wcrful general anaesthetics. 
(5) Their boiling lloints, mclting points, and specific gravities, 

in general, rise with increase of molecular weight in the homologous 
s..;ries. The physical constants of the first few straight-chain hydro
carbons are given in the table below: 

NAi'IE FORMULA 
:'l1.P. B.P. Sp.Gr. 
°0 °0 20°/4 

Ethcne CH2 ::CH2 -169 -Io.}. 0.'570. 

Pl'opcne CH2 =CH.CHa -185 -'98 0·610-

I-But cnc <. t... \\:. f> CH2=CH.CH2·OH3 -139 -5 0.·(125 

1 .Pcntcno '-- ~~ • CH2~ CH.(CH2l2CHa -I3~ 40. 0'1141 

I-Hexene :,.. ~},- CH2 =CH.(CH2iaCHs -98 04 0.·073 

I-Heptene \\ CH2=CH.(CHlI)~CH3 -120 95 0.'697 

l-Octeno ~ - Crr2=CH.~lJH2)&CH3 -Ill:! 122 0.'715 . 
I-Noneno -.... , . . CH2=-CH.l'JH. sCFa 

" N 

'" 150. 0.·732 

I-De,!cne ,. . OH2 = CH.(CH2hCHa -87 172 0.·742 .__. , , 
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CHEMICAL CHARACTERISTICS 

The molecule of an alkene (other than ethylene) consists of 
two parts: 

(a) an alkyl group, R ; and 

(b) the alkene part or group contai;ling the doubly bonded car
bon atoms. 

R-CH=CH~ 
Alkyl group l Alkene p"nrt 

While the alkyl group is marl{eu by the usual stability of 
alkanes ami can give substitution reactions with difficulty, the 
alkene part is unusually react ive on account of the presence of the 
double bond in it. According to th~ classical Baeyer's Strain theory, 
<the moleoule at the double bond is under straifl as the two valency 
bonds of each of the two carbon atoms are displaced from their 
normal directions. 

_H~H 

H~t4 
Fig, 11'1. In ethylene tho normal bond anl1:le of 109'28' 

is reduced to O· after the formation of double 
bond and this displacement of bond direction 

eau.es strain. 

The alkene molecule at the double bOild being under strain 
tends to shake off this strain and hence exhibits unusual chemical 
reactivit y. 

The areatcr reactivity of alkenes than alll:anes can also be 
explained ,;ith the help of the modern orbital concept of bonding. 
On account of the presence of a weaker 'It bond in their moleculel'l 
as against stronger C1 bonds in alkanes, the former are unusuaJly 
reactive. The electrons of the 1t bond are not held so firmly between 
the two C-atoms as the electrolls of thf. C1 bond. 'rhe 'It elecL(ons are 
quite mobile and this lends the double bond a property of polaris
ability. In presence of tho attacking reagent, the alkene m(:llecule 
undergoes electromerie effect' whereby a pair of electrons (it elec
trons) get transferred to one of tho two C.atoms. Thus a nugative 
charge is produced on one carLon and 11.\ positive charge on the 
other. 

)e ~< __ (t .. E\ 
The molecule thus develops charged .:entres by virtl}e of which 

it is readily attacked by \'ariolls reagents. 

In general, alkenes give the following types of reaetions. 
(i) ADDITION RgA(;'J'IU:\S. In these reactions, the reagent adds along 

tho ,Ioublo b01l1i which is thhll converted to a single bond 
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R R 

H-6 X H-b-x 
II + I -+ I 

H-C X H-C-X 

k iI 
Alkene Addition compound 

(#.) OXIDATION REACTIONS. The double bond being 0. weak spoUn the 
molecule is readily attacked by stroDg oxidising agents. The molecule of an 
alkene is, therefore, oxidised at this point, giving two simplo oxidation products 
whICh may be aldehydeB, ketones or fatty acids. 

(iii) SUDSTITU~'ION REACTIONS. The alkyl group is capable of undergoing 
substitution reactions and one or more hydrogen atoms in it may be rel?laced by 
monovalent atoms or groups. For example. it can 1'e ehlodnated easily. The 
alkene part of the molecule does not give subsLitution reactions. 

(iv) POLYMERISATION. The valency bonds constituting the double bond 
are not in a stable condition. They become all 'the more labile at high tempera
ture: Thus many molecules of an all.ene may join tqgether to form compounoo 
of lJlgher molecular weights. 

The general reactions of alkenes are given bclow. 

(1) Addition of Hydrogen. When the vapours of an alkene 
mixed with hydrogen are passed oycr finely divided nickel at high 
temperature, it adds a molecule of hydrogen at the double bond 
giving alkane. Thus: 

Ni 
RCH=CHs + H2 -+ RCH2·CH3 

Alkene heat Alkane 
Ni 

CHa=CHa + Ha --+ CH3·CH3 
Ethylene heat Ethane 

Ni 
CHaCH=CIIa + Ha --+ CHaCHaCHa 

Propene heat Propane 

This reaction known as hydrogenation is characteristic of all 
orga,nic oompounds containing double bonds. It cari also be carried 
by passing hydrogen through the alcoholic solution of an alkene 
containing s1lspended platinum or palladium as catalyst at ordinary 
temperature. 

(2) Addition of Halogens.' Alkenes react readily ,,:jth halo
gens by addition, forming dihalogen derivatives. 

RCH=CHa + Xa ~ HCHX.IJHaX 
1,2-Dihaloalkune 

CHa=CHli + CIa --+ CHaCl.CHaCl 
Ethylene Ethylene chloride 

CH3.CH=CHa + Cl9 
Propene 

(Propylene; 

-+ CH3·CHCI.CH2CI 
I, 2-diehloropropan" 
(Propylene chloride) 

In these reactions, chlorine is the most reactive aud' iodine 
least so. 
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The mechanism of addition of halogenR has already been dis
cussed in Chapter 8. 

(3) Addition of Hal(lgen acids. Addition of halogen acids 
to alkenes gives alkyl halides. 

R.CH=CH.R + HBr ~ R.CH2.CHBr.R 
Alkene Ethyl bromide 

CH2=CH2 + HBr ~ CHaCH2Br 
Ethylene Ethyl bromide 

The addition of halogen acids to unsymmetrical alkenes is 
governed by Markownikoff's Rule. 

Br 
I 

R-CH=CH2 + HBr ~ R-CH-CHa 
unsym. alkeno Alkyl halide 

CHa-CH = CH2 + HBr ~ CHa-CHBr--CHa 
Propene Isopropyl bromide 

The order of reactivity of halogen acids is HI> HBr>HCl. 

Markownikoft"s Rule. The addition of halogen acids to an 
unsymmetrical alkene is governed by an empirical rule proposed by 
Markownikoff in 1870. In fact, it is a general rule and explain!" 
admirably the course of addition of any unsymmetrical reagent. 
(HCI, HBr, III, H 2S04 , HOC! etc.) to a double bond of an unsym. 
metrical alkene. 

When HBr is added to a propene molecule, the reaction can 
takc place in two ways. 

Br-H 
+ 

. CHa-CH=CH2 

H-Br 
+ 

CHa-CH=CH2 

Br H 
I I 

~ CHa-CH-CH2 
Isopropyl bromide 

H Br 
I I 

~ CHa-CH-CH2 
Propyl bromide. 

(A) 

(B) 

On analysis, it is found that the reaction (A) domit}ates and 
very small quantity of propyl bromide is formed. 

Markownikdff studied several such addition reactions and 
ultimately succeeded in framing a general rule to predict the direc
tion of addition of halogen halides and such other reagents to un
symmetrical alkenes. This rule which bears his name will be 
stated as : 

"The negative part oj the molecule adding to the double bond 
goes to that carbon atom which is linked to the least n'Umber of hy-
drogen atoms." • 

The Markownikoff's rule has proved very useful to foretell the 
products of addition reactions wllen hoth the joining molecules 
happen to be unsymmetrical in nature. It is amazing that an 
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empirical rule as this has stood gallantly the onslaughts of the 
modern theories and stands as firm today as a century back. 

'Let us examine the mechanism of the addition of HBr to 
R ~CH== CH2• In presence of the attacking polar reagent (BEr), 
the double bond in the alkene molecule experiences an electromeric 
effect. The alkyl radical being electron-releasing in natme regulates 
the direction of electron displacement as shown below: 

("":II; Electr!)meric + .. 
R+CH~ CH2 --10 R-CH-CH2 

effect 

+ -
+ ;: H- Dr + 

R-CH-CH2 ~ R-CH-CH2 + Hr 
--10 R-CHB1'-CHa 

Markownilwff's rule is indeed quite general but certainly not 
universal. It must be clearly understood that- in higher alkenes both 
t'h'e modcs of addition (A and B) are simultaneous1t takIng pln.ce. 
Under ordinary conditions, the first reaction (A) pr.~dominates but 
it is possible that under a different set of condirions the other 
reaction (B) may gain prominence. 

Krash has actually shown tha~ in the presence of oxygen or 
peroxides as catalysts, the addition of RBr to prol)ene takes a 
;rourse opposite to that predicted by Markownikoff's rule. This effect 
caused by the presence of peroxide is ealkd "pero~:ide effect". Thus: 

No peroxido H . C M~~~;~k~;a~~~tion 
CHs-CH=CH2 + HBr 

Propene 

CHa-OH2 -CH2Br 
Peroxide l\Iarkownikoff'fI rule defied 

Also, when the reactants are exposed to ultraviolet light, the 
additio~ defies the Markownilwff's rule. 'This suggeHts a 'free radi
cal meohanism' of neroxide-initiated addition of HBr. The various 
steps are: ' 

(i) 

(ii) 

(iii} 

Peroxide --+ F· (free radical) 

F· + H-Br --l> F: R + Dr 
CHa-CH=CH2 + :81' __ OH3 -CH (JH2 

I 
Br 

lit!) OHs-CH-·OHz + H-Br ~ CHs-CH-CH2 + 13r 
I I I 

Br Br H 

This is a chain reaction involving the repetition of steps 
(iii) and' (i'v). Thifl differs from the ehain reaction of haloge
nation of alkanes in that it involves 'addition' rather than 'sub
stitution' The fact that a very sruall qutllltity o£ peroxide 
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change! the orienta~ion, of addition is amply borne out by the 
above 'chain mecharusm . 

Strangely enough, the additions of HOI, HI; HF are not 
affected by the presence of p~roxides .. This anomaly is explained 
by the difficulty to generato F a.ud 01 free radicals from their hy
drides by step (i). Although I is readily obtained, it is by no 
way sufficien~ly reactive (probably due to a higger size) to initiate 
a 'c11ain reactIOn. '-

(4) Addition of Hypohalous acids. Hypochlorous acid, and 
to a less extent hypobromous acid, reacts with alkenes to form 
haJogenohydrins. 

HO-H 
+ 

R-OR=OH-R ~ 
fH f 

R-OR-OR-R 
Halogenohydrin AI~ene 

CB2=ORs + HOOI 
Ethylene 

__ OR20H.OH
2
01 

Ethylcne chlorohydrin 

In hypohalous acids, the halogen is positive relative to (OR) 
group and thus the addition to unsymmetrical alkene would take 
place as 

HO-X 
+ 

R-OH=CH2 
Alkene 

OR X 

~ R-6R-1JH2 
Halogenohydrin 

CRa-OH=OH2 + HOCl ~ CRs-OR< -CR2Cl 
Propylene , Propylene chlorol}ydrin 

(5) Addition of Sulphuric Acid. Alkenes react with con
centrated sulphuric acid to form alkyl hydrogen·sulphates. 

H-O.SOaR o.SOaH 
+ I 

RCH=OHR ~ R-CR2-CHR 
Alkene Alkyl hydrogen sulphate 

CHt=CH t + H-O.SOsH _. ORa-OHa.O.SOsH 
Ethylene Sulphuric Ethyl hydro~en sulphate 

acid 

Addition of sulphuric a(.;id to unsymmetrical alkenes takes 
place according to )Iarkownikoff's Rule. 

H03&.O-H O.SOaH 
+ I 

R-CH=OH2 -~ R-OH-CHa 
Alkene Alkyl hydrogen sulphate 

OSOaH 
I 

CHa-OH=CH2 + H-O.tiOaH ~ eHa-OR-ORa 
Propylene Isopropyl hydrogen 

sulphate 

The alkyl hydrogen sulphate on boiling with water decompose 
to form an alcohol and suI phuric acid. 
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OR 
Boil I 
~ CHa-CH- CH3 + H2S04 

Isopropyl alcohol' 

Thus alkenes can be easily converted to alcohols by teatmcnt 
with sulphuric acid and subsequent hydrolysis. Large quantities of 
alcohols are now produced from alkenes obtained from cra~l.{cd 
petroleum. 

(6) Alkylation. The addition of alkanes to alkenes is carricd 
in the presence of an acid catalyst (HF, AICb,H2S04 , etc.) 

Thus 

(CRa)aC-H (Isobutane) 
+ 

CIf2=C - CHa ~ 
I 
CR3 

Isobutene 

(CHa)aC-CH2-CH- CHa 
I 
CH3 

2, 2, 4-Trimethylpentane 

The above reaction termed "Alkylation" of alkenes, has 
proved of great value in the manufacture of superior 'gasoline'. 

(7) Addition of O:¥ygen. Lower alkenes react with oxygen 
by addition in the presence of If special catalyst to form epoxides. 

Thus: 

Ag cat. 
RCH=CHR' + k02 ---+ 

Alkene 

/0" 
RCH-ORR' 

Epoxide 

Ag cat. 
CR2=CR2 + !02 ~ 

Ethylene 

The direct oxidation of alkenes is of great industrial impor. 
tance as. the epo.xides arc the starting substances for many other 
organic compounds. On a smallcr scale, the epoxides are obtained 
from alkenes by use.of perbenzoic acid which is itself reduced to 
benzoic acid. 

,. (3) Addition of Ozone. When ozone is passed through an 
alkene dissolved in an inert solvent, it adds across the double bond 
to form an Ozonid~. 

Alkene 

R"C/ ° "c/R 

R/, I"R 
0--0 
Ozonide 

The ozonide on warming with water splits at the site of the 
d.!Hlble bond giving n, mixture of ketones, aldehydes or of both, 
depending on the nature of the alkene. . 
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RIO.,.. IR 
'C .... 0 . 

RI I I "-H 
0-0 
01onid~ 

R R 
'CO + 'CO + H:a<>2 RI HI 

Ketone Aldehyde 
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The hydrogen peroxide formed in the reaction is reDlQved by 
the addition of zinc powder (Zn + H 20 2 =ZnO+R2Q) as otherwise 
it would oxidise any aldehydes to.acids. 

The addition of ozope and subsequent hydrolysis of an alkene
as shown above, js termed Ozonolysis. It bffers a valuable method 
of locating Ii. Bouble bond in long organic moleculcs. 

(9) Oxidation Reactions. Alkenes arc more readily oxidised 
than the alkanes, .the site of attack being the. double bond. The 
nature of the oxidation products obtained in a particular case de
-pends upon the strength of the oxidising agent employe{l. 

(i) WITH MILD OXIDISING AGE:r:'T. When treated with 1 pel' 
cent potassium perruanganate solutIOn, an alkene adds two (OH) 
groupS at the double bond and thus forms a GLYCOL. 

OH OH 
I I 

RCH=CHR + (HaO -I- 0) _ RCH-CHR 
Alkene Glycol 

OH on 
I I 

CH2=CH:i + \HaO + 0) _ OHa-OH2 
Ethylene Ethylene glycol 

Since the pink colour bf the permanganate ions is discharged 
during the reaction, it is used as a test for the presence of a double 
bond. 

(ii) WITH l\IODERATE OXIDISING AGENT. When oxidised with 
a warm concentrated alkaline solution of potassium permanganate, 
the molecule is ruptured at the double bond yielding aldehydes, 
ketones or acids. 

'Thus: 
CH:r-0H=CH2 + 40 _ CHaCOOH + HOOOH 

Propene Acetic acid Formic acid 

OHa, OHa 

I
O=OHll + 30 _ )co + HCQOH 

OHa OHa F()rmic acid 
Isobutelle Acetone 

The identification of the products of oxidation indicates the 
position of the double bond in the original molecule. 

(iii) WITH STRONG -OXIDISING AGENT. When burnt in air or 
treated with concentrated nitric acid, alkenes are oxidised to carbori' 
dioxide and water. . . 

(10) Is«»merisation. The alkenes on heating or in the pre
sence of a. catalyst, undergo isc;>merisation when the double bond 
shifts to a carbon atom with greater ,branching or one centrally 
located in the molecule. 
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Thus: 
CHa 

ClJ3-clH-CH=CH2 
3-M'dthyl-I-butene 

CHa-CHa-CH"" CHa 
I-Butene 

TEXT- BOOl{ OF ORGANIC OHEl\IISTRY 

CHa 
Cat. 1 
--,.. CHa-C=CH -CH~ 

2-Methyl-2·butene 
Cat • 
.......__.. CHa- CH=CH-CH3 

.2--Bntene 

(,il) Subsiitution Reactions. When alkenes are chlorinated 
at high temperature, it results' in a product formed by substitution 
in the a.lkyl group. 

Thus~ 

400· 
CH!-cH-CHs + 0'11 

Propene 
__ CH,=CH-ClItCl + liCl 

AUyl shlorido 

(12) Polymerisa"tion. At high temperature and in the pre
sence of acid catalyst. alkene molecules add to one another to form 
polymers. 

TInlS' , 
CHa=CH-H 

+ CH2= CHa __ CH2=CH-CH2,-CH3 
-Ethylene I-Butene 

(2 molecules) 

This process of addition of molecules may continue till hundreds 
of molecules have united to yield a complex product. 

How to test the Presence of a Double Bond. Whether II. given 
organic BUDstance coptRin,s a double bond or not, can readily be detected by 
the following telltS. Since a. triple bond is in realitye. iusion of two double 
bonds, these tests will also be given by acety1enic 1l0000JUnda. tn {!loct, these 
could well he called a~ the U,sts of unsaturation. 

(1) Raeyer 8 Pe1'1fltl11qanate TUl. 'ro the aqueous solut,ion 0£. the sub
stance is added. L pM con~ SOlution ot pote;ssiurn permanga)ll1te marie alkaline 
with 11 little aodium C&~bonate. If 00 ehaking, the pink colour of permanganate 
disappears rapidly and a. br(\'Ir,n precipitate of hyarated manganese dioxide 
appears, tho given substance contains double bond. The'test is untenable in 
the case of eompounde which alrondy contain a giioup with reducing 
properties. 

(2) Adclition oj Bromin5. A 5 per cflnt solution of bromino in carbon 
tetrachloride is added to the solution of the substance in caroon tetrachloride. 
If th~ brown colour of bromine is discharged at once, the given compound has 6 

double bond in its mQlecule. 

Both the above tests are not given by alkanes in which the doublyboun4 
carbon atoms ha.ve no hydrogen atoms attachlld to them. 

How to locate a Double Bond. There are two methods commonly" 
used for locating the position of a double bond in organie moleeules. 

(I) Ozonolysis. This method consists in forming the ozonide of. the 
given c,?mpound and thon decomposing it by wa.rmlng with water. The aldehy
des or ketones so obtained are isolated and identifiod. Since by ozonolysis the 
molecule is split at the fllat of the double bond, the caJ:bon skeleton of the 
original oompound can be constructed by uniting the oll;idisod carbon atoms of 
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the tWO pTOduct.a by n. double bond. ThuB It, long a.lkene compound which upon 
ozonolysis yields two aldehYdes containing (n+ 1) and (m + 1) carbon atoms, can 
b8 written as 

C"H2"+1CH=CRCmH2m+1 
(2) Oxidativll Disruption. In this method, the given compollnd is warmed 

with concentrated alkaline solution of potassium permanganate. The disruption 
of the ca.rbon chain takes place at the seat of the dOU91e bond giving acids or 
ketones. The products obtained a~e .identified. Obviously the double bond must 
have been present between the oltidised carbon atoms of the two compounds 
formed by oxidation. For example, in an alkene which upon oxidation gives one 
molecule of propionic acid and one moleoule of acetic (lcid, the position of the 
double bond will be as follows! . 

CHaCR;"CRCH:>.CRa + 40 --+ CHaCOOR + CHaCH2COOH 
: Acetic acid Propionic acid 

INDIVIDUAL MEl\WERS 

All attempts to prepare M et~lene, CH" have invariably 
yielded ethylene. This is due to the fact that the methylene radical, 
CHIJ;=' (as it would be more appropriate to name this hydrocarbon) 
cannot exist in the free state. As' soon as it is formed, two radicals 
combine to form ethylene. 
ETHYLENE, ETHENE, CaR, 

Since methylene does not exist in stable form, ethylene is 
VIrtually the first member of the series of alkenes. It is present in 
natural gas sometimes to the extent of 20 per' cent. It is produced 
in large amounts by the cracking of the high. boiling fractions of 
petroleum. It occurs to the extent of 5 per cent in coal gas and the 
luminosity of the coal gas flame is largely due to the presence of 
ethylene. In small amounts ethylene is found to be present in wood 
gas and the products of destructive dis'!:mation of several organic 
substances. 

Preparation. Ethylene can be obtained by any of the general 
methods described before. 

(I) By heat.ing ethyl alcohol with excess of concentrated suI. 
phuric acid to 170<>. The dehydration of alcohQI giving ethylene 
takes place in two steps. 

1000 

--+ C2HsHS04 + H20 
Ethyl hydrogen, 

sulpha.te 

Ethyl hyurogen sulphate first formed decomposes to form ethy. 
lene and regenerating sulphuric acid. 

/" 1700 

V C,zHsHSO,J --+ C2H. + H 2S04 
Ethylene 

. ThE' yiel~ of ethylene is low due to charring which can be 
aVOIded by takmg phosphoric acid in place of sulphuric acid. 

(2) By passing ethyl alcohol vapour over ~lumina.1lCated to 
-"300<> . . 
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300· 
C2H 50H -- ~H4 + H 20 

Ethyl alcohol AI,03 Ethylene 

(3) 13y heating ethyl iodide with alcoholic potash solution. 

_{ C,HljI + KOHale ~ C2H A + H20 + KI 
Elhyrlodide Ethylene 

This is a good laboratory method for preparing pure ethylene. 

(4) By heating an alco'holic solution of ethylene bromide with 
granulated zinc, when pure ethylene is obtained. 

CHJBr.CH2Br + Zn _ CHs=CHs + ZnBr2 
Ethyleno bromide Ethylene 

;, 

(5) By electrolysis of potassium succinate solution. The succi: 
nate ions are discharged at the anode where they decompose to form 
ethylene and ca.rbon dioxide. 

CII2COO- CH2COO 
I .' -- I 

CHiCOO- CHICO 0 
Succirinte ion Unstable 

CHs 
II + 
CHI 

Ethylene 

200s 

The gases are passed through potassium hydroxide solution to remove 
carbon dioxide before collection. ,-

(6) By thermal decomposition of alkanes. Thus propane de· 
composes at red heat to give ethylene . 

..ICHaCRlICR3 __ CH .. + CH,=CH, 
P.ropa~e Ethylene 

LABOR,o\T01W PREPARATION. Ethylene is conveniently prepared 
in the laboratory from ethyl alcohol by heating it to 170<' with 

Fig. 11·2. Preparation of Ethylene from a.lcohol and sulphuric acid. 
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excess of concentra~ sulphuric acid, prefera.bly in the presence of 
a.nhydrous a.luminium sulphate which lowers the \vorking tempera. 
ture to BO° 

The apparatus used for the preparation is. shown in. Fig. 10'9.. A li.tre 
liasle is fitted 'with 0. tap.funn(!l. a thermometer and two wash·bottlos m serIes. 
Both wash-bottlos contain 0. strong solution of sodium hydroxide. The second 
wash.bottle is connected to an arl'angement for the collect-ion of the gas by the 
doWnward displacement of water. 

A mixtur~ of ethanol (50 mls.) and concentra.ted sulphuric acid (100 
mls.) together with 8 grams of anhydrous aluminium Bulp}lato a.nd about 60 

raffiS of sand is pluced in the round-bottomed flask fl,tted as shown in the 
~il\ .. ram above. The flask is then heated on a sand-bath till a I;teady ~tTeam of 
gas is evolved. As the gas bubbles through the caustic soCIa solution the laU!'r 
I\bsorbs carbon dioxide and sulphur dioxide. The pure ethylene gliB gol3.'i to 
pneumatic trough. A little of the gas is allowed to escape uncollected. When a 
test-tube full of gas burns quietly, proceed to collect the ga,s iIi jars. If the 
supply of the gas becomes slow, a further amount of the mldure of alcohohnd 
sulphuric ncid in the ratio of 1 : ~ is added from the tnp.funn.e1. 

INDUSTRIAL PREl'ARJ...TION 

(I) Ethylene is now produced on a large scale by cracking the 
n{~'ttmt fjQS and high.-boi.ling fractions of petrote1lm .. 

(2) By passing ethanol vapour through tupes containing alu. 
mina (AI20a) at 300°. 

(3) By the part!al reduction of acetylene. At places where ace
tylene is produced commercially from calcium carbide, it is used for 
the manufacture of ethylene. A mixture of acetylene and, hydrogen 
ifl passed over finely divided palladium or iron at :WO°. 

CHsCH + Ha ---.. 
Acetylene Pd 

CHa=CH2 
Ethylene 

Properties. (Physical). Ethylene is a colourless gas with a 
m,ther sweet odour. Liquid ethylene boils under atmospheric pres
sure at -150° and the solid hydrocarbon melts at _169°. It is 
slightly soluble in water but dissolves more readily in organic sol
vents such as alcohol and ether. When inhaled, ethylene produces 
general anaesthesia. '. 

(Ohemical). Unlike ethane, ethylene is a very· reactive hydro
carbon. . All its important reactions are due to the presence of the 
double bond. The types of reactions shown by ethylene are: (i)' 
Addition J;'eactions, (ii) Oxidation reactions, and (iii)..Polymerisation. 

ADDI'l'ION REACTIONS 

(1) Addition, of Hydrogen. In the presenct) o~ finely divided 
~ickel at 200-300", ethylene takes up ~ molecule of hydrogen form. 
mg ethane. 

~;: 
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.~ost ea:sily added and iodine is very elightIy reaotive, bromine tak
mg an mtermediate position. 

ORa Br CHaBr 
II + I--+-I 
CHI 'Sr CH2.Br 
Ethylene Etllylene bromide 

(3) Addition ,of Halogen acids. Ethylene reacts with halogen 
acids HCI. HBr, and HI forming ethyl halides. The order of reac
tivity is HI>HBr>HCl. 

002 H cn; 
n + 1---.1 

CHz ' Br CHzBr 
Ethyleno Ethyl bromide 

(4) Ad,dition of Hypochlorous acid. Ethylene reacts with 
aqueous solution of hypochlorous acid to form ethylene chioro
hydrin. 

® CHI OH 
n + --+ 
CH2 C1 

CHzOH 
I 
CH2C1 

Ethylene Hypochlorous 
e.cid 

Ethylene chlorobydrin 

. (5) Addition of Sulplluric acid. Ethylene is readily absorbed 
by concentrated sulphuric acid to form ethyl hydrogen sulphate. 

CH:! H CRa 
I + I --+ I 

. OH, HSO, CH!RSOd 

Ethylene Sulphuric Ethyl hydrogen 
arid sulphate 

Ethyl hydrogen sulphate upon heating regenerates ethylene and 
on boiling with water it yields ethanol. 

best 
CaRsHS04 --+- CaR, + HaS04 

Ethyl hydrogen eu.lphate Ethylene 

C2H5:H'S04,"+"'H!OH __ 0 H OH + RaSO, 
: ....................... , 2 S 

W ster Ethanol 

Mixtures of ethylene and alkanes may be readily separated by 
treating with sulphuric acid; ethylene is dissqlved in sulphuric acid 
While alkanes do not. The ethyl hydrogen sulphate is heated to give 
bapk ethylene. 

Another use of this reaction is tl}.e produotion of ethanol from 
ethylene obtained by cracking petroleum. 

+ HzSO, +HaO 
CzR" --+ CzHsHS04 ~ CzHsOH + H 2S04 

(6) Addition of 8ulph1tr chloride. .sulphur monochloride, SsCIl! 
reacts with ethylene to give mustard gas. 

CRz Cl Cl ORz 
II + I I + II ~ 
CR2 s-s CHa 

Ethylene Sulphur Ethylene 

CH2Ci CHliCI 
I I + S 
CH,-S-CH2 

Mustard gall 
mnnnch \oride 
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Mustard gas was used as a poison gas in the Or 
11)14. 

OXlDATION REACTIONS 

271 

(7) With Oxygen. (i) Ethylene burna in air or OX .... _ 

luminous flame to produce carbon dioxide and water i also it formll 
explosive mixtures with air or oxygen. 

rA ~H, + 302 --. 2C02 + 2R20 
Ethylene 

(ii) Ethylene reacts with oxygen in the presence of a. speciu 
!!Iilver catalyst to form ethylene oxide. 

CHI 
n 
CHI 

Ethylene. 

Ag. Cal. CH2 
+ !02 --+ . I ')0 

CHI' 
Ethylene oxide 

(8) With Alkaline Potassium p~rmanganate. When treated 
with a. cold dilute alkaline solution, ethylene yields ethylene glycol. 
Permanganate sUQ"Qlies an oXYl6en atom which with It wa.ter 
molecule gives two OR groups, and the latter add t.o the double 
bond. 

CH! ~orr 
II + (HaO+O) _ I 
CRs CR20H 

Ethyleno Ethylene glycol 

(9) With Ozone. When ozone is passed through ethylene 
s9lution dissolved in an inert solvent, ethylene reacts rapidly by 
addition forming ethylone ozonide which upon dec()mvosition with 
water yields formaldehyde. 

CHa /CH2-O +H20 
II + O2 --. 0 I --. 2CH:a0 + H20 Z 
CRD '-CH2-O FOl'mll.ldehyde 

Ethy)"ne Ethylene ozonido 

POLYIIIERISATfON 

, (l0} Formation of PolYf:.thylene. When liquid ethylene is heat
ed to 4000 under high pressure, a large number of molecules unite 
end-to-end to form long cblLins. Thus ethylene is said to have 
undergone addition polymerisation and the product is known as 
polyethylene or polytbene. 

400°, h. pressnre 
nCH2=CHIl --,.. (-.-CHII- C1I:a-In 

(n being 600 to .1000) Cat. 

The product is 8. t.ranslucent solid (m.p. 1100 to 1370
). It is a 

. tough plastic material, poor conductor of electricity and stable to 
most chemical reagents. Therefore, it. is widely used for wire· making 
insulations, toys, packaging, pipes, squeeze bottles, laboratory 
containers and wearing appareL 

It is gratifying that a plant for the manufact'llre of high -den
.;ty polyethylene, which is the largest in, Asia. has gone into 

~j 
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'production in March 1968 in India (Thana). It utilises ethylene 
obtained by craoking of Naphtha. and the product 'Hostalene' is a 
superior quality plastic material. The hostalene pipe8~ bMkets, 
baskets, bunch boxe$, mugs, lamp 8ha.des~ combs etc .. in delightful 
colours are now available in the domestic market. 

Uses. Ethylene is used: (1) for· producing ·oxy.ethylene' 
flame for cutting and welding of met,A.\s : 

(2) for 'ripening' of green fruits artificiaIi.y by exposing them 
to the gaseous hydrocarbon; 

(3) 118 a general ana.esthetio ~ 
(4) for making a pOlson gas 'Mustard g!lo~' ; 

(5) as a starting material for ethylene g~ycol' {a~tifreeze) ; 
ethylene dichloride (soltlent) ; ethylene oxide ,(fumigant) ; ethanoL 
diethyl ether, e,tc., ; and 

(6) for the manufacture of plastics for· making bags, aprons, 
table. cloth, cables, etc. 

Stnlctul'e of Ethylene. (1) Tha moleoular formula'Qf ethylene 88 de. 
termined by the gas combustion method·is CaH4. 

(2) The two oarbon atoms in ethylene must. be direotly linked together. 
Keeping in view the tetravalenoy of oarbon, the following three striiotural for. 
D'l:ui,ae are po88ible for this hydrooarbon : 

H 
I 

CH3-C 

I I " H-C=C:--H 

UI 

(3) Ethylene reaots with chlorine fC?rming ttilylene . diohloride, CtB:tOl., 
whioh has a boiling point of 8'37°. IfformuJa I foJ;' the hydrooarbon is correct, 
,the diohloride would be pr08entcd as: 

or 

But a compound having this structure, IlS prepared by ~he aotion of 
PCI6 on ncetaldehyde, 

: ................. ": CI 

CH3-cH=lo + CJ3P/ 
~_ .............. .! 'CI 

CI 
---+ CH3CH I + POCla 

'Cl 
b.p'", 52° 

(Ethylidene dichloride) 

is different ·from. the dichloride (LQt.ually formed from ethy.lene. Hence, ~e 
formula I for ethylen~ is untenable. This limits our choioe to formulae II an_!i 
III only. 

(4) If .ethylene contains free valencies as indiolllted in formula II, it 
Ih8uld be able to form ethylene monochloride as well as the· dichloride. 

'If It-C-C-H 
I I 
CI cr 
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Actuany no such compound as Ct H4Cl is kno'wn as the addition of 
chlorine to ethylene invariably yields C2H,CI2• This rejects the formula. II and 
supports the form~a TIl. 

HH 
I I 

H-C=C-H 
in which the two carbon valencies are joined to each other to form.b double 
bond. 

(I» This structure of ethylene is further supported by its synthesis from 
ethylene dibromide and zinc. 

lBr"Bri 
'r'''j'''' 

l{.....,.C-C-H + Zn --+ 
I I 
HH 

H-C=C -H + ZnBr, 

J~ 
;Ethylene dibromide Ethylene . 
(6) According to the tetrahedral structure of the carbon atom, ethylene 

JUay be represented by the space model. 

Fig. 11·3. 
(7) The orbital structure of ethylene molecule has already been dis

cussed. As ethylene molecule is known to be plaJler. its carbon 
atoms are in 8p2 hybridisation state. Each carbon has three Bp2 hybrid 
orbitals in one plane and another pure p orbital perendicular to this plane. One 
BpI orbital of each of tho two carbon atoms is used in forming a bond between 
them while the remaining two overlap with 8 orbitals of hydrogen atoms to 
form two (J bonds each. Their pure p orbitals overlap in the side-wise ma1Uler 
giving a ~ bond. • 

In all there are five a and. one 7t bond in ethylene molecule. From 
electl'()n diffraction and spectroscopic measurements it has been revealed that 

Fig. Ii·4-. Overlap of p orbitals to form 7t bond in ethylene. 
in ethylene molecule the H-C-C and H-C-H angles are 121:6° and 117·5° 

respectively while C-C and C-H length!! are 1·34 A ond HO A. 
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H, 0 H 

,\-~~.~~ I), 
c-- -c ,111'~ 

/ 

t'34Ao '< 
H 14 

Fig. 11·5. Geomctrv of Ethylcne molecule. 
PROPYLENE, PROPENE, CaHa 

Jt is a by-product of cracking of propane to ethylene, nnd is formed in 
large amounts during the cracking of petroleum. 

Perparaeion. All the general methods for preparing alkencs are avail
able for propylene. It may be prepared by boiling prOpyl bromide or isopropyl 
bromide with alcoholic potash. 

iIi:·······i3-rj 

CH3.J~·~·b~z + KOHalc --. CHa.CH=CHz + I(OH + H 20 
Propyl bromids Propylene 

fBj:······if 
··T··· .. ····r 

CHa.CH-CHa + KOHole ~ CHa.CH ... CH2 + RBr + H 20 
Il'.Opropyl bromido 

Propertirs. 1t is a colourless gas. Liquid hydrocarbon boils at-4So. 
The reactions of propylene are much the same 8S those of ethylene, 

However, owing to the fact that its molecule is not symmetrical and,contains a 
methyl group, propylene d ffer£l from ethylene in certain respects. . 

(1) In addition the normal addition products, it forms substitution 
derivatives with halogens. 

(2) It is absorbed by concentrated !lu1phuric acid forming propylene 
hydrogen sulphate which reacts with water to give isopropyl alcohol. 

(3) It reacts with oxygen at 500° to form a. variety of products which 
.include butenes, pentenes, hexenes, methanal, ethanalll.nd oxides of carbon. 

Uses. Propylene prepared from petroleum by cracking is uRed for the 
commercial preparation of isopropyl alcohbl, acetone and allyl chloride. 

Infrared spectra of alkenes. Alkenes which are charac
terised by the presence of a double bond show absorption peak~ in 
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Fig. U·6. Infrared spectrum of cvclo-hex~ne. 
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the regions between 1620-1680 cm- 1. There are also several 
regions of absorption due to =0 .-H bonds. The infrared spectrum 
of cyclo.hexene if? given below: 

ALKADIENES OR DIOJ~EFINES 

Olefines having two double bonds in their molecule are caued 
Diolejines. Their LUPAO name i~ Alkadienes. It is derived from 
the name for the corresponding alkane by suhstituting the terminal 
'diene' for .'nc'. Some of the important alkadienes are: 

CH2=C=CH2 

CB'l,=CH-CH=CH2 

H 2C=C-CH=CH2 

6Ha 

Propadiene or Allene 

I, 3-Butadiene or Divinyl 

2.Methyl.l, 3-butadiene or Isoprene 

Alkadienes ca.n be prepared by methods similar to those 
employed for alkenes. They give the usual reactions of a hydro. 
carbon containing two double bonds. Howev~r, in presence of 
alternate double and single bonds (Conjugate SysteD1), they give 
abnormal addition reactions. Thus, when a molecule of bromine is 

1 2 3 4 
added to a moleoule of 1, 3.butadiene, OH2 : OH . OH : OH2, two die 
bromo.derivatives -are obtained, the 'expected' 3, 4.dibromobut·l-ene 
(1,2-addition) and the 'unexpeoted' I. 4 dibromobut-2-ene 
(t,4-addition); 

H H H H 
I I I I 

H-C=C-C=C-H ~ 
1 2 3 4 

HHHH 
I I I 

H-C-C-C= C-H 
I I 
Br Br 

1, 2-addJtion 

HHHf 

+ H-6-6=6-c-H 
I I 

Br Br 
1. 4.addition 

Quite often 1, 4-addition product is the major produot along 
with a. reasonable amount of 1, 2.a.ddition product depending upon 
the natur~ of the .so)vent and temperature of the reaction. In 
.order to explain the abnormal addition reactions in dienes, Thiele 
proposed his Theory of Partial Valency. The theory makes the 
following assumptions : . 

(1) The valencies of the ~arbon atoms containing a double 
bond are not fully .satttrated anti there. is alwfJ·Ys a certain residual or 
"PARTIAL VALENCY" left on each carbon atom. Thus a double bond 
be represented as' 

where the dotted lines indicate the partial valencies. 

(2) The addition of new atoms or (/1"OUpS qlong a double bond 
takes place. IM'ouaIL these partial valenc·ies. They first catch the 
partial valency and then take up th~ full valency with the 
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simultaneous-disappearance of the double bond. The addition of 
hydrogen to a double bond can be represented as follows: 

(3) In a conjuga.ted system of double bonds, the partial valencie" 
at the carbon atoma 1 and 4 are frN!, while the partial valencics at the 
carbon atoms 2 and 3 are naturally satisfied. Thus 1, 3-Butadiene 
can. be writ,ten as . 

H H H H 
11 12 h I. 

H-C=C-C-C-H 

It is elear that according to Thiele's theory the addition.can 
take place in positions 1 and 4 only as in 2 and 3 positions there 
are no free partial valencies available through' which addition could 
take place. Thus: 

HRRH H H H H 

H-(Lh -d=6.-H + Brz 
I I I I . 

H-O=C -C=C-H 

Br 1 
H H R X 
I I I I 

R-C-lJ=C-C-R 
I I 

Br Br 
I, 4-addition product 

Electronic laterpretadon of Thiele's theory. The application of tho 
electronio concept has provided a sound basis for Thiele's theory. Ethylene 
molecule can be written 89 

XX 

X:C:C:H 

The odd eleot-rons shown with the two carbon atoms tend to pair for greater 
stability but due to the -distance factor' the pairing is incomplete. These 
elect~s .... hir.h are more or Ics8 available for chemical union, explain the 
existence of partial valencies at the doubly bonded carbon atoms. 

In 8 molecule with conjugated double bonds which may be written 
(neglecting the hydrogen atoms) as 

. 1 '2 3 .. 
C:C:C:C 

the odd electrans in posi~ions 2 and 3 being near can ~ir while those in posi
tions 1 and 4 are left free. !:?mce the free electrons lead to partial valencies, it 
stands to reason that in a conjugated system addition should take place in 
poaitionli 1 and 4 only. 



ALKENES 275 

Thiele's theory explains 1, 4·addition reactions admirably but 
it does not account for the 1, 2·addition reactions. 

Modern mechanism of addition t9 Conjugated Systems. 
The mechanism of additions to conjugated systems is now based on 
modem concepts. In 1, 4·addition, the centres of unsaturation 
function as one unit and the electromeric effect operates as : 

+ .-
~ Br-Br + 

B 2C=CH-CR = CBs _ H 2C=CH-CH-CR2Br + Br 
(clI:rbonium ion) 

The intermediate carbonium ion is capable of resonance: 
.+ + 

H2C=CH·-CH-CH2Br2 ~-+ H2C-CH=CH-CHaBr 

Hence the negative bromide ion (Br-) can add at either 
positive carbon atom, forming 1, 2- and 1, 4.addition products. 

Stability of Conjugated Systems. As clear from above, 
alkadicnes having a. syst.em of two double bonds -C=C-C=C
are relatively inert, while they could be twice as reactive as. alkenes. 
Let us apply the orbital concept to the simplest diene, butadiene. 
Each of the four carbons in its molecule have three Sp2 hybrid 
orbitals lying in one plane as in ethylene, and one pure p orbital 
disposed in a direction perpendicular to the plane. The three Sp2 

orbitals on each carbon form three C1 bonds - either two between a 
carbon and hydrogen atoms and one with the adjoining carbon, or 
two with adjoining carbon atoms and olle with hydrogen atom, as 
shown below. . 

H, /H 
C-CH-CH-C 

H/ 'H 
This leaves behind on each carbon one pure or free p orbita~ (See 
Fig. 11-7). 

~L_---~ 
OR 

Fig. 11·7 Schematic representa.tion of 11: electron cloud in Butadiene. 

The p orbital on parbon (2) can overll.l.p (side-wise) that on carbon 
(1) as much as it can overlap that on carbon (3). In this situation, 
all the four p orbitals ma.y be visua.lised t? form a Molecular orbital 
embracing all the four carbon atoms as shown in the diagram above. 
The four electrons, one each in a p orbital, are thus rendered poly
centric and ~et 'delocalised'. In delocalised bond olibitals, the 
electrons attam a. greater freedom of movement, thereby lowering the 
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total energy of the system. Probably this accounts for the relative 
stability of a butadiene moleculp 

The most important of the alkadienes is Isoprene. It is formed 
by the destructive distillation of IndIan rubber which has a.lso been 
made from this hydrocarbon. Recently it has been found possible 
to prepare Synlltetic rubber from butadiene even more -easily than 
from isoprene. Butadiene obtained by high temperature cracking 
of petroleum or ethyl alcohol, is polymerised in the presence of 
metallic Rodium, when a product resembling natural rubber is 
obtained. 

QUESTIONS 

1. What is meant by the term unsaturated compounds? Give a few 
examples of such substances, showing how their reactions differ from those of 
saturated compounds. 

2. Disr.uss the various lnethods avtulable for the preparation of ethylene 
llompounds. 

3. Discuss the properties of unsaturated compounds. Give a method 
for preparing ethylene nnd name five of its characteristic reactions. 

~ 
4. Discuss isomeriqm in olefineq. Explain why a higher olefine can exist 

in more isomeric forms than the corrospondi~g paraffin. 

5. Comment on the statement. "While paraffins react by substitution, 
olefinos react by addition". 

6. You are given an unknown long cham compound. How will you t~t 
whether it contains: a double bond or not 1 Supposing it has one, then how wlll 
you ascertain its location on the carbon chain? 

7. How would you prepare ethylene in the laboratory? Hpw does it 
react with (ul bromine water (b) conc. sulphurio aoid. (c) hydrogen chloride. 
and lel) acidified potassium perro:a.nga.nate ? 

8. Show how the structural formula of ethylene has been arrived at. 
Prove clearly tho existence of & double bond in its molecule. 

9. Wbat aTe diolefinell ? Write the structural formulae oEthe tWD buta· 
dienesand point out differences in their behlloviour. How is synthetic rubber 
prepared from 1, 3·butadiene ? 

10. Wha.t is meant by I, 4-addit.ion ? Give Thiele's explanation 88 also 
the motiern mechanism of addition to a. conjugated system. 

11. Write notes on :

(a) Uns&tura.tion . 
(6) Ozonolysi$ ; 
(c) Markownikotr's Rule. (Vikram B.Sc. 11,1966) 

12. Which alkene of ea.ch pa.ir would you oxpect to be more reactive 
towards the addition of H 2S04, 

(a) Ethylen~ or Propylene. 
(b) Ethylene or Vinyl bromidE' 
(e) Propylene or 2-butene. 
(d) 2-butene or isobutylene. 
(e) Vinyl chlorid'e or I, 2.dichloroethyiene. 
(i> l·Pentene..Qr 2.methyl.i-butene: 
(g; Ethylene or CH2 =CH.COOH. 
{h) Propylene or 3, 3, 3.trifluoropropene (Panjahi B.Sc. IT. ]967) 



Wge. quanti~ies in tJi!J ~ obtain~ by the ciiteking ot pettoI~. 
'l1le1 lU'e s~ ]:Jl'Od1Ued by heating .coal and geyeml other organrc 
'-~.)~ 

ffOifEHCU.mB 
'!'he general formuJa.. for the series of aJk:.1nes is C.JI2"I¥_Z 

'l'1ley lIB ch~erl$ed ~y the p~af 11 c..to-C triple bond (=1. 
~ lU'e tnree ~ys of ~ this class ofhydrooaroolt"J. 

fJ) Tfle COMMON NAMES for t&esimple members ate : 

CH.C1l ~ 

CHaC!!CR AUyfeneo 

C1f3C.00lt. C"~etW 

:8seept. t Acetylene' tlres'e memes are noW' obsolete. 

(2' The DERtv:EID NAMES. n~ tIle higher ldkynes liE'S 
reprded u alkyl derivatiYes of acetylene. CHsCIL Thus: 

mI3): 
.. .. ~ 

. CB'sC'!tCClIs; . <;:H$,CetCCKC1I:r, 
~eJ Eti~ri$o'pTop~;y£ene 

~} • IUPA~ SY~ hu adopfed the name Ilcety1etits fM 
.. Jf:m,.mem_ ~~. TIt6 ft!It. of t&e aIkynes, &$ n&mecl by drop .. 
,.. t&e ending -a.e of t&e.pamtt. &lkan~ lUld adding the stdlix ope. 
If neceMary the carbon c~in inclUding the triple bond is numbered 
fiofJI. tIts end Mltre!t, th~ bond. The position of the ttipte honll is! 
... ted tJy prefixing the number of the ca:rMn prececIfrtg it. to the 
MIlle' of the aiky-De.. Thu$ = 

l Eolt1ttt.L.A> IUPAC NAME. 

CHeeR 

CllaC':s:cB: 

1 2: "" ctraC!!'!CCK:r 
, a; 2 1 
CH2.eH~!!rClI 

.. eH, 
ctrr-br-c.CH 
" a; 2: 1 

Aootytener (Etbyno-r 

Prop;rne 

ALKYNYL ItADrcAts. The monovalent mdica.[$ derivecl 
... the alkynes are naiIted by deleting the nn&l 'e ~ of the ptlrent; 
~n and addingthe sllftix "1/1. TJius: 

Ethynyt cEthyilO- --e + ltC) 
PtOJ1,uyt 
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ISOMERISM 
The presence of the triple bond provides the llame oppor

tunities of structural isomerism in alkynes as are offered by alkenes~ 
Due to the linear 
nature of the 
alkyne molecule 
(Fig. i 2'1) hydro
carbons of this class 
are incapable of 
sli.owing geometri-
co.l isomerism. Fig. 12·1. Model of acetylene molecule. , 

Alkynes are also isomeric with the corresponding alkadienes. 
CH3-CeCH CH3 =C-CH. 

Propyne Propadiene, ALUM 

METHODS OF FORMATION 
The methods of formation of alkynes are essentiaUy of two 

types: 
(i) Those in which a triple bond is created in a 'more saturated 

molecule by the elimination of sufficient atoms from adjacent carbon 
atoms. 

(if) Those in whicha compound already containing a triple 
bond is taken as the starting mltterial from which is built the lengtli 
of the carbon chain. 

\ 

Methods (1) and (2) given below are of the first type, while 
methods (3) and (4) belong to the second type. 

(1) Dehydrohalogenation of dihaloalkanes. Dihalogen 
substituted alkanes with alcoholic potash eliminate two atoms of 
hydrogen and two atoms of halogen from the adjacer.t carbon atoms 
resulting in the formation of alkynes. . 

(i) When, the halogen atoms are on different carbon8 : 
X"R, 
'("I' 

R-C-C-H + 2KOHoic ~ R-CmC-H + 2IC(' + 2H.O 
I I Alkyne 

!i:'C,~: 
1. 2·diIwloalkane 

CHa.CHBr.CH.Br + 2KOH"lc --+ CHa.CeCH + 2KBr + 2HaO 
I, 2-dibromopropane Propyne 

'this gives a me~hod for converting an alkene to alkyne. 
(U) When the halogen atoms are on the same cal'bon : 

,ICX; 
'r"f' . 

R-C-C-H + 2KOHoic ~ R-CeC-H + 2KX + 2H.O 
I I 'Alkyne 

iH")(\ 

1, I-Diili:iioalkBne 
CHaCHa.CHBl'. + 2KOHQ1c ~ CHa.CeCn + 2KBr + 2H,O 

1, I-dibromoprQpane Propyne 
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Since l,l·dihaloalkanes ean be obte.ined by the seiion of 
phosphorus pentachloride on aldehydes and ketones, the above 
method may be used for preparing alkynes from aldehydes. 

(2) Dehalogenation or Tetra·baloalkanes. The halogen 
derivatives in which halogen atoms are linked to the adjacent carbon 
atoms, when treated with zinc yield alltynes. 

~~:::~\ 
R-~_j,-H + 2Zn --+ R-CIIC-H + 2ZnXlt 

I I Alkyne 
rjCXl 

1, 1. 2, 2.ieira'j~aloalkane 

CH3.CHz.CI2.CHI1 + 2Zn - CHaCHzCECH + 2Znlz 
1. I, 2. 2.tetrniodobutane 1.Butyne 

(3) Action or .Water on Alkynides. When treated with 
water or dilute acids. alkynides are hydrolysed to form Itlkynes. 

R.C .C.M + HOH --+ R.CsCH + MOH 
Alkynide Alkyno 

CHa.CIIC.Na + HOH --+ CH3.CeCH + NaOH 
Sod. methylacetylide Propyne 

AgO.CAg + 2HOH --+ HCsCH + 2AgOH 
Silver acetylide Acetylene 

(4) Action ot Alkyl halides on alkynides ot lower 
alkynes. 

R.Cac);t·+XiR ---. R.CsC.R + MX 
Alkynide .............. Alkyne 

CHa.C"C tNii"+ rCHa --+ CHa.C5C.CHa + NaI 
Sod. methyJacetyiiin'e' 2.Butyno, 

Dimethylncetylene 

The,method is helpful only for the introduction of methyl 
groups as the action of higher alkyl halides gives different products. 

(5) Electrolysis of salts of unsaturated dicarboxylic 
acids. Potassium salts of the acids of the fumaric acid series on 
e)ectro)y~!s form alkynes. 

BC 

HC.COOK 
II 

HC;COOK 
Pot. fumarate 

III + 2002 -He 
Acetylene 

PHYSICAL CHARAc'rERISTICS 

HC.COO-
n + l!K+ 

HC.COO
Fumarate ion 

It' 

(Anode) 
ItO.COO 

~ 

(Oathode) 
2K + 2H.O --+ 2KOH+H2 

II 
HC.COO 
U,ulable 

Physical properties of a.lkynes are similar to those of alkenes. 

(1) The first threo members are gases, next eight are liquids, 
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ana the higher alkynes are «olidIJ. 'l'Itey are an colottrles$ ahdi 
odOnrles-Sl except. a:eety.lene whIch baSI II characteristic garlio odour .. 

(2) Foi' the cOrresponding members. alkynes are less volatI1e 
tha:n alkanes as well as alkeneS',. tile order of the boiling points 
being 

alkynes > alkanes> aIkene'8. 

~ They are very sHghtIy EfOIubJe iIi water but dislJolve readt1y 
in orglJinIc solvents Iroch as, alcohol" befiUlle anda.cetone. 

-

NAME FORMULA I M.p. 0'0 B.p. "0 

, 

AootyIeitll'. etbyneo cRsCII -8~ -8'4· 
, 

Frapyrse CB:psCH -1115 -~ 

I-Butyn'" Cs:HsC~cit -t3() IS 
i 

Pentyzre< Cs.H,csCR -9'5 45-

I-Hexyne- C"HtCsCli -15G 7;; 
, 

(4} TIle lcwe«t me1i1benf when inbafed produce genenaJi 
auaeathelia. 

t§J· 1'beir boi!fng p-~! ~meltiI1g points, ~Dd 1J.HiCifi;C! giI1.Vi~i. 
ahoW' 6 regular~ WIth nlD1g molecult;r' ",efshk TIle phyll1cal 
consanw at a few atni.lgJre.ef1~fll h1~DJ. are· givett in t~ 
table abo~ for illustration. ' 
CIIEMIC& Clt.UlA.c.,.~ 

T&e. oheitiie&f beh4riout" of slkyneg ig very much Simil3~ t& 
tbt o! alkene'S'. The nioletrale of typical alkyne is- mM,e of three: 
distinct part.'§: 

R-CsC-H 

(i) the Alkyl. fJ"oup H : 

(ii) the trebly'7Jound pair' of r,aro(ffttJ ; and 

(iii) the htJdrO([e!n mom. 

The' alkyl groups attached to the trebly bound C&l'DOnl> are un
u8u!dly inert. The tripl~ bond being a. fusidl1 of two double. bondSr 
entails heavy strain which causes in3tability in the molecule. 
Thus, like the alkene'S, alkynes: give a.ddition reactionS' in duplicate. 
a.dding twa molecules of the reagent instead of one. 

AIkynes also give-oxidation, polymerfsa;tjon and isomeriMtior1 
reactions at tbe triple bond. Th~lo1teIy H·atom linked to the trebly 
hound carb6n is very reactive. Thus alkynes like hydrocyanic acid 
(H.CEN) art> aei(lic in chamctel' and form metallic derivativelf. 

The general reactions of alkynes are given below: 



(2) Addit:iQIl of QFo~eD. In the preseru:e of a ~uitable 
eatlllyBt ",lk~es add two 'mo16cIJ1es of bydrogen finlt fonning'the 
eolTesponding :ttlkf!nea and finally the alkanes. Tb1lS; 

+B, +;U,l 
RC.~.H --.-. R~H-~lJ" ---+ RCRr-ClI, 
tUkyae Ni Alkene Nl ~e 

+lIt +H, 
Cl!lOmCB ---+ c~CR=mr" ---+ C~CHJCH3 

FIDP.)?le ~i p~£) N1 Propa!lB 

While colloidal p1a~inpm ($taJy5~8 the addition of halogen at 
room tempe~ture, nickel does it at bigh tem~ture, 

(2) Add.i:d~n ~j" H.al~~DS, &lQgcll3 add to aJlrenes in two 
1WPS first fanning '" dihalP4lkene and then a tetra~lo·aIkane. 

~ ~ +X% 'X 1 
RC=CH ~ R-C--C-lI 

I, Uibalo~e, I j 

AlkYD£) dibromide :X :x 
I, 1, 2,2·te1;rahaJp~, 

AJkyne wr.aba~e 

(~~) Addition of Halogen adds. .Halogen acids also add to 
alkynes in two 8~ges. After 0118 molecule of the acid JuJ,s been added 
to a symmetrical alkyne the Produl;lt is an unsymmetrical derivative 
of alkene 50 that the addition of a second molecule of the acid takes 

. place in a.ccorda.nce with MaTkolDllikoJf's nde. Thus both 'the halo. 
gens become united to the same c!l.l"bon atom. 

+HX +HX 
RCeC,R __ ltOH=CRX _ RCH,-C.RM 
Alkyxle l·haloolkeJle 1,1--tlihaJQaikano. 

Alkylidene halide 

+HBr +HBr 
HCeCH ._ H,C=OHBl' __ OH:J-CHBrll 

Acetylene Bl'omoetbene 1.1-dibl'omoethane, 
Etfiylidene bronoide 

The addition of halogen acid to unsymmetrical e.lkynes follows 
,Karkowniltoff's rule in the first as well as the second step and again 
,both the half)gens go ~o the s&me carbon. 

+HX +HX 
RC.OH _ ReX_CH. _ RCXr-CHa 
Alkyne 

+HBr 
CHaC!!!CH __. 
Propyne 

+,BBr 
CH,CBr= Cl:Iz __ CHaCBrsCl:I3 
~BrolJlopropene 2, ,2.DibrolllOpropane. 

Propylidene bromide 

(4) AdditioSl of Hypohalous acid. The addition of two 
,JAtDOlecules of hypochlorous acid to alkynes takes place in two steps. 
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Thus: 

+2HOX 
ROsCH ---+ 

(in 2 BtepS) 

TEXT· BOOK Qt' ORGANIC CHEMISTRY 

OH 

R-6- CHXa 6H . 
(Unstable) 

-MIIO 
_ RCOCHXz 

Dihliloketone 

+2HOCI -HIIO 
CHaCeCH _ CHaC(OH)I-CHCI. ~ CHaCOCHCl l 

Propyne (Unltable) 1, l.dichlorollcetone 

However, acetylene would react with hypochlorolls acid to 
form dichloroacetaldehyde. 

Hypobromous acid reacts similarly. 
Mechaal.m. Hypocillorou8 acid is believed to ionise parfiaUy os indio 

cated 01-011, the clhlorino atom being leu electronegative than 0 atom. ThUll 
the mechanism of the reaction may bE' u:_plained all Ihown below : 

-+ 
0aL + - HO.CI 

CH3-C:!! CH ---+ CHa-C ... OR _ CHa-C - CU 

bu ~l 
._ 

+ ., 
-... CHa-C-CH 

haJ1 
-:: + OH CI 

+ :-:- HO.CI I I -H.O 
UH3-C = CH ---+ CRr-C - CH --. CHJ-C-CHCI. 

dH dl hH 61 ~ 
(5) Addition of Water. Under the catalytic influence of \. 

mercury salts, alkynes combine with water to form an aldehyde or 
a ketone. Thus: 

OH 
+2HOH I -HaO 

RCaCH _ RC-CHa---+ 
Alleyne (i9 t.wo stops) bu 

( Umltable) 

ROOCRa 
Ketone 

+2110H -H20 
CHaCsOn • --. CHaC(OH)2CH3 ---+ CHaCOCHa 
Propyne Acotone 

Acetylene unucr the ~mc conditious yields acetaldehyde. 

The above -change call also be brought about by absorptio,n of 
the hydroca.rbon in ooncentrated sulphuric acid and subsequent dilu. 
tion and distillation of the product. ./ 

HO,S-H BO,H 

R-C"!C-H __ R-J-CH3 
+ (in two 8,tOpS) I 

HO,S-'H BO,H 
AdditioD product. 



ALltYNBS 
f 

OH 
I 

R-C-OHa 

bH 
(Unstable) 
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-H20 
---+ R-CO-CHa 

Ketone 

According to the modern electronio :cechanism of hydration in presence 
of sulphurio acid, t~e addition of HsSO, (H+-HSO,-) takes place in two steps to 
yield the product B-C(HSO,ls-CHa which on subsequent hydrolysis gives 
B-C(OH)l-CBa. Since ·there are two --OH groups on & carbon ato~, it loSes 
a water molecule to form a ketone B-CO-C~s. 

n.. 
B-C. CR 

HBO, 

B-LcRa 
I 
HSO, 

+2H.0 -hydrolysis 

OH 
I 

B-C-CH3 '+ 2HaSO, 

~~ Unstable 

.!.-1:£20 
P..--C-CH, 

n 
° Ketone 

(6) O::ddatioD. Alkynes upon oxidation with strong alkaline 
potassium permanganate yield lower carboxylic acids. 

R-CeC-R 
Alkyne 

Oxid. -(+40H) 

OH OH 

B-6-G __ 
I I 

OH OH 
(Unstable) 

° ° ° ° D .• Oxid. D II 
R-C-C-R _ R-C-OH + HO-C-R 

Diketone Carboxylic acids 

(7) Ozonide forma.tioD. Alkynes react with ozone to form 
ozonides tha.t a.re decomposed by w::.ter to form diketones which 
are then oxidised to acids by the RIO. produced in the reaction. 

R-CsC-R + 0 3 
A1kyne 

/0 ....... 
R-C-C-R H20 

b-b -
Ozonide 

R-C-C-R + H 20 2 _RCOOH + HOOCR 
n II 

° ° Diketone 
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~he idfmti!katjon of. the acid-s prod~ enables 'the po.s1.ticm of 
the trIple pond In the clJa,m to uP determin~. 

(8) J»ply.m,ed.$a1lolJ. A)k~'3 which pa.ssed ~lu-ough a red
hot qlULt'tz Of' tmn tube polylJlel'ize to give benzene hydr_oat.r~ns. 

'(·lm .. ..: : 

R _A 

c~ /~~ 
He ": ~C~ uc . ~CH 

JJ1-_: · n f 
RC , _ ~CR RC" _/Cp. 

C V ,( 
H 

AJ1~ 

CH~ 
C 

/ ..... 
heat lie CD 

3CH3'C~CH _ m i 

P.tDp}'110 c.~c C.CB,3 
'-/ 

C 
B 

'~!l1P-t1'imeUlyl ~. 
llelitylMl8 

H 

Acetylene upon pas.~ng ~brough n r.~ .. hf)t tube giv~ beJl2.eJle. 

Tbis reaction Pf'I"ides 0. l1le-thpd for pusing fmID alipbAtic to 
ll1'Qmntic compounds. 

(9) b8JD~.UQD. In pl'eSeJlce of trac~ of ~aium amide, 
20alkynes ;sODlcriso to l.alkyn~. If 'the J-alkyne is h_eatcd with 
alcOholic potAl$h, iaomerisation takes pblce in the rcvefiJc directipn. 

:NaNRJ 
It.-C!l!C-C~J ,.. ,B-CRJ -C.C-ll 
_~lkpl" . .KOB.&e ~e 

ThUB: 

.N~Bs 
ClI,_C.C-,CHa "~ CBJ--CBt-C_.C-H 

2-b.utyne K,OB,.'c l-butyne 

This reaction al£o provides a method for passingnom aliphatio 
to aroma.tic compounds . 

. (10) F .. atioJl of Me'" a1ky,aides. Alkynes differ from the 
alkanes in that the.)' a,rc acid in Cblll'actef and the H-atoms linked 
to tbe acetylenic carbon can be replB®d by metals to form derJv:a-
tives known as alk}'ttid_ea. . 

(i) (;m>PER AN J> ~lEVEtt A-wYm:J>ES. These ~n be·'IftlI&leCi 
by merely mixing ammoniacal solntiolJB of the _Its aJld J.aik,nee. 



- . . 
'RC,!!CH -+ ~ .......... .ac .. CCu + ~ + ?nI.a 

)8,ed lPpt • 

.Acetylene '_vjug ilFO J'ep1aceablc U-tttomsgiYes di~tAl_J.t:, 
AS,c.C.Ag and'C.Q:;~~~-

1;he COpper ad ,.u,er alkyniPe.'3 a-1'e.p:lvnient COODpQOnti3. In
eolnble a10lld ~1fec~ by wa.~_ Tbese.a.re fairly ~taflle while ~ej;.; 
but 'these are hig1U,. explosive ~hen dry. "l'Persc are ,d~preed by 
~ds to give ~ ~ ..nt..v.ne. 

R-~.tJ-:Ag 1- HCI __,. B,....C~c,...u + ¥1 
8J1W1r ~ 4Jky.ne 

Hence 'the iormatipn of silver and coppel" a.lkynides ~y be 
used .!ortbe .ptlratioll of nlkynes from the gas.eous m.ilI:~U1'es. 

'(ii) SODlIDrl ALKY,NIDES. Thesefl,re best prepared by ~ion 
of l __ 1ky~ with eodium ~mido in liquid Ammonia. 

_+ 
R~CJ$C-lI + NaNR.I -- R-Ca.~A + NHz 

l-Alkyne Sod. alkyn{des 

ney C4P also be pre{la~ by paning the vapour of -tbe filkyae 
oYer mol~n sodium. 

beI!.t. _+ 
R-C.C-B + oNa ~ .R-C5Cl'ia- + iB, 

Aeetylene is capable of yieJdin~ mono- ~nd di·sodiuJIl salts : 
q.HNa. C,N~. 

The SOqiDtn a.lkynides hydrolyse readily wboll in ~ntAct wlth 
water to lib~mte the hydroca~bon. 

a..-c.CNa + BOB ---+ B-'CsC-B + liaO.a 
Sod. alkynide Alkyne 

~:tly, these PPl'iva:tives have beCQme iDlpor~nt as by 
the action of alkyl halides upon 'them, "tbey yield higber hOQlologu~ 
of the or~ginal hydrj)cu~b(lWl. . 

INDH'U>uAL M&lriBEBS 

ACETYJ,mfE. Entv(S, CsBt 

Edmund Davy (1836) ~covered acetylene when he happened 
to pour wa,ter on crude calciuJIl carbide. It is the firilt stable member 
of the alkyne series. It is pJ.'Oduc:crl by the cr~cking of albnes present 
in natuml gas tlAd petroleum. Traces of ,.~ty]ene are pt'(1sent in 
gases resulting from the incomplete cQmQl1,8tion of cool Sl!os and of oil 
gas during ·the striking ba~k of Bunsen burner. 

Acetylene is now }>et:omiug iU1l>orta,nt 118 tl key chemi~l for 
.yn~eawng a large number of colUlx,unds. and for making eynthe . 
• rubber. 
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Preparation. Acetylene may be obtained by the following 
methoos : 

(1) By the action of alcoholic potash on ethylene 'bromide. 
iil"Br", 

H~L[B + 2KOBcaic --+ HCBCB + 2KBr + 2BsO 
~:l ... ~; Aoe'ylene 

Ethyleni;-iiromide 

(2) By heating I, 1,2, 2·tetrabromoethane with metallic zinc. 

i~:~:~~.i 
H-LLH + 2Zn 

.l.. .... l. ... 
__ HC.OB + 2ZnBrs 

Ace'yleo8 

i~~ .. ~~j 
I, 1,1, 2-Tetrabromoethane 

(3) By heating iodoform with silver powder. 

cU:!I!I!~:.£:~·~~::±:=!;;eCH --+ CB;eCR + 6AgI. 
Iodoform Acetylene 

(4) By the electrolysis of aqueous solutions of potassium salts 
of maleic or fumaric acid (Kolbe'8 Method). Thus: 

"t}('!.COO· (Anode) BC.COO 

He.COO· --+ BAcoo --
OR 

UI + ,2COs 
CH 

Maleate ion (UMCable) 

'(\~) By striking an electric arc between carbon electrodes in an 
atmosphere of hydrogen (Berthelot'S Synthesia). 

2C + Hs '--+ CsH. 
Acetylene 

The gas thus produced contains some methan6 and ethylene 
as impurities which are formed at the same time. 

This method provides a basis for thc total synthesii of com. 
pounds which ca.n be formed from acetylene. 

\-Ie' ~(6) By the action of water on calcium carbide. 
o r·· ...... ·'1foiB CH 
1II'1c& + , --+ R1 + C8(OH)s 
C/L., ....... ~~IH ACl! I 

CalOlum ce.y ene 
carbide 

LABORATORY PaEPARATION 

Acetylene is conveuie,ntly prepared ,in the laboratory by'drop. 
ping water on calcium carbide and collectmg the gas over water. 

CaC, + 2B.0 --+ C,B, + C8(OH)1 
Cal. carbide Aoetylene 
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A suitllble apparatuB for the preparation of acetylene is shown in Fig. 
12·2. A layer of small lump~ of calcium carbide is plaoed in the Buchner fiask. 
It is then fitted with 
a dropping funnel us' 
ing a rubber stopper. 
Some water is put in 
the dropping funnel 
and allowed to fall on 
caloium carbide, 1\ 

dl'op at a time. The 
first gas coming from 
the generator is mixed 
with air and should be 
rejeoted. When Il test 
portion of the gas col
lected in· a test-tube 
bums quietly, the gas 
is oollected in jars. 
Thers llhould be no 
Jla~ ~n th- tlicinity of 
tM generator all acety
laM forma uplollitle 
mi~turu with air. 

MANUFACTITRE 

Fig. 12·2. Pr~paratio-n of Acetylene from 
Calcinm carbide. 

(I) From Calcium carbitle. Acetylene is prepared on a.la.rge 
sca.le by the action of water on calcium carbide obtained by fusion 
of coke with (Jnicklime in an electric furnace. 

CaO + 3C --. CaCz + CO 
Quicklime Cal. carbide 

CaC, + 2HzO --. Ca(OHla + CIiHa 
Acetylene 

With the development of hydroelectric projects, this method 
will -become a potential sou.rce of acetylene in India._ 

GAS HOlDF~ 

"-

~ ~ 

Cz!J.!_ -

J r.::: C ARB/Of 
CA61 -

1 I 
I~ol 
Ic::.ooogv, L ____ J 

- IliON 
-TANlt 

__ ... WATER 

Fig. 12'3. Automatic plant for Acetylene. 



{2) FJ'Dffl .Nalurall~. Metb4~e Qbtained fmm natural gas is 
craceked at 'the t.emperature of elootric a.rc to give iIloOOtylene. 

DOOO 
2Cll& --+ C,a,..CH + 3.Hll 

l'.ropertieJl. Phyaical. Aoetyume irs iIJ, colo~2ess gaB with 
ethe1,'~l odour wlum pure. As prepn,red ~ ~IQium earbide it has 
:a. ~haracter.istic gll.rlic,oOOur owing ~o the p~nce of tra,ces-of phoa
phine and hydrogen 5ulphi(le ga.~. it CIl,ll be liquefi~d a.t lDC under 
u pressQI'a of 4S atmosphere:t. .Liquid acetylene boils at -82"<0. 
l:t. is very slightly soluble in WAter. 8limewhatmoreao in ~lrohol ~d 
wery :.eoluble in acetone. Thus, when needed for blilustr.ial purpose, 
acetylene is transpoorteil dissolwed in acetone under high preasure 
as ol'din.ary liquid ~tylene .explDdes riolently by 8hock or ~t, 
~tylene is somewoot poisonous and pt'Oduces geneml ~~the$ia 
when inhaled. 

OJumical. The strain in tlOOtylene molecule is mQre pronount:
ed than in ethylene :e.lnce it js here due to fhe distortion of'iihree 
valency bonds inst£a.d of two in case of ethylene. A triple bond 
heing eqpivalent to 1;\,\,0 double bonds, acetylene gives p.U the adtUtipn 
re.a.ction.~ of etbylime twice over. as alBa 'the o,cidB:tion an$l polymeri. 
sl'l-tion reactWn.<g. However. it differs from ethylene as it forms metal-

Ie derivAtivCB while ethyl~ne does not. . 

(I) ADDITION OF HYDBOIlEN. (i) In the presence of finely 
divided nickel a 14QOC, acetyl~ne combines _itb hydrogen to form 
ethy1tme and then f3thane. 

+.H2 +B.a 
OReeR _ CHs .. OHIi ~ OHa-CHa 
Ace~lene Eth"lene Et~ 

If finely divided paUa.liium or iron is used as a catalyst) it is 
p088ible to stop the addition of hydrogen at ,the first step when ·the 
product obtained would be ethylene. . 

(2) ADnlTlON OF HALOGEhS. (i) Acetylene adds on ga.seous 
chloriDe or bromine in the dark forming the t:el!pective cli- and 
tet.io.ha.logcn derivatives. 

CB.es 
Acletylene 

It rea.cts 
into flat)le .. 

+Cl. 
--+ 

(dark; 
OHCl_CHCI 

1,2-dichloroet.bylene. 
Acetylene dichloride 

+Cl, 
_ CRCII-CRCla 

1, 1. 2, j..ietI:a
cilloroethane, 

Acetylene t.etrachloride 

explosively ~tb chlQrine gas in da.ylight, burstlug 

(JiBa + Cl: ---+ .20 + 2HCl 

(ii) Acetylene reacts with bromine w~ter to form the dibro
mide a.nd discharging the brown colour. 

ca"CR + Br __ CHBr .. CHBr 
{Aquwus) 1, .2-dibromoethene, 

Acetylene dibromide 



291 

(iii), Acetylette ad& on iodine witb difficult,.1~ yielding the 
dUOcUde itt. alooho1i~ !'olut1cn ottly_ 

<;B'~ + Is -+ cpr:lft: 
{aleoMlic'f Aeec,.reneo diWdid81 

(3) ADDlttON uN HALOOlm .4omB. Acetylene adds on OU& 

or two molectiles or halogen aeiru9. 

/ Tfiu!': 

+BBr . +B'Br 
CRsC.B. ---fC ~.-cHBt' __,. OHr-CIi'Brll' 
A.eetyfeIT4!I' 1.brom6etheile>. I, I-dibromoetltezIeo. 

Vinyl cbYorfd4!l' Eth]"lide1l6 cbTcrid:e> 

The addition of se(l'O'nd. moIecrue or hydroge11 bromide at.fh~ 
double bond takeg place Moomitig to' M&tkownikoff"s. rule. 
H~ 

~. E1eefromeria- - H-iJr 
OK !If OK ~ nb_Cl:l. __,., cBr-~ 

e«'_ ~t b:omicl.· 
Via,l bromide> may UZfd,,~1:"f.Iiel" eI.d~rlc eft'ed. in t ... o ..... 

I 

It 

+-. ':';' 
__,. cBJ-.mt-Bl" 

f"f' 1-
-. OH,-CH-.BI'" 

.since Br' is, mdrtJ erect:ro .!jMive than carbon, it wouTd ca-:m& the eltR!Vo1l 
d:rfil, toward's. itself thuw f"av<iUrln'g' chan~ I. Vinyl bromide> is, ru8(1 capabI. or 
emtin"g' 11.8· reaO'n"imC8< Jiybricf of the< struct"url!'&--

~ A... ... 7. ~ •• 

CH:z:_cH-~r~ _ CRlf-OR=~r': _ OHlf-CH-~l"' 

'iter\!'· WEt find tb6' tendency is', to pusS electrons in the! apposite> dfrecticr.r, 
totbat.fn cnangeI. R~onartc& effect ill! decidedly stronger'tha.D the!·etectro~ 
menC'· eff'e'ct, hence- tlt~ displa'eement of eleet1'l:mSl takett ~e alt in change II,. 
a~ the< addition woald be- in accordance- with M"s'rfrowiIikoff'tJ roYe:.. 

+ -_ . + ., K-Bt' . 
CB'r-CR-~_r: ___". 01f:r-CHBt2 

(4) ADIirnoN Oli' HnOIUr.OlfS ACIDS. Acetylene adds two 
molecules of hyp6Chlorous acid Mid hypobroIIlOUIJ Mid to yield di
bald&cetaldebyde. 

Thus- : 

+HO'"CI 
OR,OR __.. 
AcetyJe11'~ 

OJ. OR 

ba:~6r 
&. bll 

(UM"a6UJ 

--traO 
__ ClzOR.ORO 

Dic'&!Or08cet'afd"byae-

(0) ADD1'l'LON Oli' SULPRURW ACID. Acetylen~ react, with con
centrated snJpburic add in two steps to fo~ ethyHdene snlph4te. 
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- + '+ 
+HSO,H +HSo.H 

CHaCH ---+ CHa=CH(SO,H) ---+ OHs-OH(SO,H)s 
Acetylene Intermediate Ethylidene sulphate 

Since the ethylidene sulphate upon hydrolysis yields acet· 
a.ldehyde, the reaction is used for the industrial production of the 
latter. 

OHaCH(OHi2 + 2H,SO.._ 
(u mtable) 

CHaCH(OH). --+ OH,CHO + HIO 

(6) ADDI~ON OF WATER. Acetylene adds a molecule of water 
when passed through dilue sulphuric acid in thc presenrfl of mer· 
curic sulphate at 60° to give acetaldehyde directly. 

H-OH 
+ (HBSO"HgSO,) 

HC.CH ---+ CHa=QH-OH _ OH,CHO 
80· Vinyl alcohol Acetaldehyde 

(Unseable). 

The vinyl alcohol first produced is unstable and nt 01lce 
changes to the stable isomer, acetaldehyde. 

(7) ADDITION OF HON. It adds a molecule of hydrogen cyanide 
to form vinyl nitrile which is widely used in the. mnnnfnctnrfl of 
synthetic rubber and plastics. 

CHeCH + HON --+ OH2=CH-CN 
Vinyl nitrile 

(8) ADDITION OF ARSENIO TRIOHLORIDE. Acetylene addli to n 
molecule of arsenic trichloride to form ~.chlorovinyl dichloronrsine 
which wns used as poison gas Lewisite in the World War TI. 

CI 
C1-As( 

+ '01 
CH!!!CH 

, 01 
CI.CH=CH.AS( 

Lewisite CI 

(9) OXIDATION. (i) Acetylene adds on a molecule of ozone 
acro.ss the triple bond to form an ozonide which on boiling with 
water yields glyoxal. 

OH +08 CH-O 
ID --. 0/) I 
OR 'OH-O 

CHO 

~HO + 
Acetylene Ozonide Glyoxal 

(ii) When passed through a solution of chromic acid, acetylene 
is oxidised to acetic acid. With dilute alkaline potassinm pcrmnnga. 
nate, it is oxidised to oxalic acid. 

OHeOH + H 20 + 
Acetylene 

OR 
IU + 40 
CH 

Acetylene 

o -_. OHaCOOH 
Acetic acirl 

COOH 

600H 
Oxalic acid 
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(iii) When mixed with oxygen and ignited, acetylene burns 
explosively undergoing oxidation to ca,rbon dioxide and water. 

2C.H., + 50. __ 4CO. + 3Hl 0 + 620 Cal. 

However, when pure acetylene is burnt ai a jet, it produces a 
strongly luminous flame owing to the presence of incandescent carbon 
partioles. When fed into an acetylene flame, it insl1res complete 
combustion and a non-luminous fla.me (3000°) is obtained which is 
1ised for cutting and welding metals. 

(10) POLYMBRtSATION. (i) When a.cetylene i$ passed into 
solution of cuprous chloride and ammonium ohloride in hydroohlorio 
acid, it adds to itself to form vinylacetylene, which is used for the 
preparation of synthetic rubber. 

CH H 
10 + I Cat. 
CH CsCH --. 

Acetylene moleoules 

CHi 

JH~;'CH 
Viny)"cetylene 

(il) When passed through a. red.hot tube (4000
), three molev 

oules of acetylene join together to form benzene. 
30.H. __ 0aHa 

Benzene 

(11) fORMATION OF AOETYLIDES. (i) Copper and silver acety
lides 'are formed as insoluble preoipitates by passing acetylene 
through ammoniaoal solutions of copper sulphate and silver nitrate 
repectively. 

+ 
-"-+ CIOUlI +' 2NH, + 2NHii 

Copper acetyJide 
(red) 

C.H. + 2Ag(NHal! _ C.AS. + 2NH~ + 2NHa 
Silver acetylide 

(white) 

Thjs serves as a delicate test for acetylene. Since acetylides 
are decomposed by acids to regenerate acetylene, the-above reaction 
is used in gas analysis for the separation of this hydrocarbon from 
other gaseous hydrocarbons, 

(ii) Acetylene reacts with 'sodium amide in liquid ammonia to 
form sodium acetyJides. 

C,H. + NaNHa --+ C,HNa + NHa 
Sod. acetylide 

C.H. + 2NaNH. __ CaNs l + 2NHa 
Disod. acetylide 

These can al,so .be obtained by passing acetylene over fused 
l!Iodium metal. 

(12) VINYLATION. Walter Reppe ih 1940 showed that alcohols 
and acids eQuId be added to a molecule of ~etylene at a temperature 
120-180°0 and 1-15 atm. pressure in presence of basic catalysts, 



tbe products being vinyl ether and vmyl enet' l~{ dJ. Thi$ pr0-
cesS wheteby an H atcnt 1;$ repIilc~] by a;.. viltyl gtt'JuP. ;:,~ tenn~ 
VinyIatiol1." 

Ci{sC'H + ROH --'; 
f2(/..U6"C 
1.]5 !!lim. 

otliSi.e> mit. 
CH"gCR + ROOOBf -4 (nI:!.=Cft--OOtl'It 

J2\)i,lg~. Vioyt e<ltev 
:M.5 atm_ 

Yinyl ethel'S and vinyl esters may be p3iYIml'is:e:l to : feM 
p6lyvmyl ether':> awL ertcrn. the productrr or g_r~{, (..1)mmeTdan 
impmtClnf'6. 

u~. .tve'j~:r(.'lH~ i~ uS;(['(tt : (11 For' illtmlittaltion in cy'de 
fumps:, nn:wker'Sl lampS', buoys: and ill light. h6t1:re$, wl'um it is obtl:§ltled 
by dropping .mter on caEcium earMde. 

(2l FElt' ptfJdilcing oxy.acetylerte flame (2g(j~ foE' ate welding 
and t'tttting of iron ruid steel. 

Fig. 12-4. O.x:y.!t"eeey1'en~ "Tor!!]'!'. 

{3} Fal' the arlIficralf riptning of fruits: al1d vegetllb!es. 

(4) For tlie. manufMfure. of hydrogen and lamp blrrf!l; by burn
ing it in a limfted supply of air. 

(5) Fot" the manufa.cture of a. llurllhel" of orgrulfc compoullds
sucb. as acetaldehyde, Metre: acid, e~nul ; ag af5a. for' acetylene 
dichloride and acetylene tetra.chloride botet of which aye exceIIent 
sol\Tent.~. 

(6) As a startIng material for' the pr~parati(Jn of plastics, syn, 
tbetic rubbers and synthetic fibre orlon. 

Test... (1) AC9tyIene burn5 With a. smoky luminous flame. 

{2} It-dischafgelS-the< yeHdW colour of brornin-e' water and pink coloUr of 
dilute alkalIne perma.nganate soltttion. 

(3) With annnoniaclU solution of cuprons chlo-ride, jr;, gWEllf ~ red pret!ipi.
tate of copper acetyfide'. 

(4) With I1Jllnioniac."d silver nitrate solution, it; fornilJ~ white prcc"ipitato 
of silvel' Q®tyIide. 
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Structure.. (i) The molecular formula of acetylene as deter
mined by gas analysis is C2H2 • 

(2) Keeping in view the tetra-covalencv 
can have two possible structural formulae. ~ 

of carbon, acetylene 

H 
I I 

H-C=C-
I 

H-C=C-H 
II 

(3) Formula I is discarded as (i) it postulates the.presence of 
free valencies which is an uncommon thing in organic chemistry; 
(ii\ on addition of four chlorine atoms, it would give 

H Cl 
I I 

H-?-f-Cl 

Cl-CI 

wh ereas actually we get 

01 01 
I I 

H-C-O-H 
I I 

Cl CI 

I, 2, 2, 2_Tetrachloroethane 

I, 1,2, 2-Tetrachloroethane 

. (4) Fo.rmuia II fur acetylene is further supported by the syn· 
thesIs from IOdoform by heating it with silver powder. /if· .. · .......... · .. ···· .. -t "-

HO-iI +. 6Ag + l'-CH 
'L_ ...... __ .......... I/ 

HOEOH + 6AgI 
Acetylene 

(5) The orbital structure of acetylene has already been discussed. 
Since acetylene molecule is known to be linear, the carbon atoms in it 
are in 8p hybridisation state. Each of the two carbons possesses two 8p 
hybrid orbitals and two pure p orbitals. The two carbons get bonded to each 
other by (1 bond resulting from overlap of one 8p orbital on them. Their 
second sp orbitals are utilized in forming (1 honds with 8 orbital of hydrogen 
atoms. The remaining two p orbitals on carbons overlap sidewise to give two 
1t bonds. Thus there are. in aU three (1 bonds-and two 1t bonds. Geometry of 
the molecule as revealed by the diffraction experiments tells C-C length 

}·20 A, C-H length 1'06 A and H-C-H angle equal to 180°, 
o 

/l-20A 
If 

H--C===C-H ., ~ lit 0 

',-,' '--H) 6 A 
180

0 

Fig. 12·5. Geometry of Acetyleno mOlecule .. 

PROPYNE, ALLYLENE, CaH4 

Preparation. (1) It can be prepared by heating propylene 
bromide with alcoholic: potash. 

',--Br'II' ! ;· .. r· .. ·r.. . 
CHa-C-C-H + 2KOH --+ CHa.CsCH -I- 2KBr + 2H20 

I I . Propyne 
i'l{"--Bi- i 
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(2) It oan also be obtained by the a.otion of methyl iodide on 
sodio acetylide. 

HCsCNa + CHsI --4 CHsC.OHa + NaI 

Properties. Propyne is a colourless and odourless gas. The 
liquid hydrocarbon boils at _27°0. 

It gives all the reactions typical of alkynes. 
DIACETYLENES 

The hydrocarbons containing two triple bonds are named as 
Dtacetylenes. The two important members of this class are: 

Formula Name 

HCsC-OsCH Diacetylene 

CHsC.CH2.CHI!' CsCH Dipropargyl 

Dipropargyl is of special interest as it has the same moleoular 
formula as that of benzene. However unlike benzene it readily 
forms addition products with halogens and is oxidised with potas
sium permanganate 

QUESTIONS 

1~ What are alkynes? How do they differ from alkanes and alkenes in 
respect of the structural formula? 

2. WlJ,at types of isomerism a.re enoountered in an alkyne hydrocarbons? 
Why do they not show Geometrical Isomerism? 

3. Describe in detail the methods of producing triple bond in organio 
compounds. How will you synthesise propyne from elements? 

4. Desoribe the preparation of ~oetylene. How may aoetylene be con
verted into (a) ethane, (b) aoetaldehyde, (0) ethylidene bromide, (d) henzenjl, 
(e) acetone? J 

5. How would you prepare aoetylene? State its properties and use!!. 
6. Justify the statement that acetylene will form the basio substance 

of the organic chemioal industry of th e futllre. ' 

7 •• Elucidate the synthetic importance of acetylene. 
(Panjab B.Sc. II. 1964) 

8. Describe the preparation and properties of acetylene and indicate 
industrial applications of the substance as an intermediate product. 

. (Oalcutta}B.Sc., 1964) 

9. Give the preparation and u SOB of acetylene. What is unsa.turation? 
(Dibrdgal'h B.Sc •• 1967) 

10. TIlustrate and desaribe briefly the geometrical and eleotronic structure 
of -acetylene. Give three industrially importa.nt reaotions of acetylene. 

/ (Panjab .B.Se. II, 1967) 

11. What are alkynes? How are they distinguished from alkenes ? 
(Punjab B.Sc. II, 1968) 

12. How is aoetylene prepared in the laboratory 1 How can "he 
following substanres be prepared from acetylene (a) Ethyl aloohol and 
(l» Acetcme ! 

Discuss the synthetio and industrial uses of aoetylene. How would 
you distinguish between S\ sa tUTAted hydroc~rbon and an unsaturated 
hydrocarbon? (Viswa Bharati B.Sc., 1969) 



ALKYNES 297 

13. Give the general methods of preparing al~ynes. What is the action 
of the following on acetylene : 

(i) Ammoniacal cuprous chloride. 

(ii) Ozone. 

Sodium and liquid ammonia. (iii) 

(ill) Su1phuric acid in the presence of mercuric sulphate. 
(Bombay B.Se., 1969) 

14-. How is acetylene prepared in the laboratory 7 Give the reaction 
of acetylene with-

(i) Dilute sulphuric acid in the presence of mercurous sulphate. 

(ii) Ammoniacal cuprous chloride. 

(iii) HBr. 

Give the names of commercial 
obtained from acetylene. 

important compounds which are 
(Jammu cf: Ka8hmir B.Sc., 1969) 



13 
Halogen 

Derivatives 

GENERAL 

CHAltL;ES A. WURTZ 
(lS17-1S84) 

He worked \vith halogen compounds 
(Wurtz reaction), aliphatic amines, 
glycols, lactic acid. He synthesised 
alcohols by reduction of aldehydes and 

. ethylene oxide. 

We have seen that alkanes react with halogens forming pro
duct!! containing halogen atoms. This class of compounds which are 
obtained by the replacement of one or more hydrogen atoms in. hydro
carbons by a corresponding number of halogen atoms -arecalied Halo
gen derivatives. They- are further termed m.ono·, di-, tri- and 
tetrahalogen derivatives according to the number 9f the halogen 
atoms present in the molecule. For instance, methane (OR,) form's 
four chloro-derivatives : 

CHsCI Methyl chloride, Monochloromethane 
CH2Cl2 Methylene chloride, Dichloromethano 
CHCls Chloroform, Trichloromethane 
CCI, Carbon tetrachloride, Tetrachloromethane 

The halogen derivatives of hydrocarbons are never found in 
nature and yet they are among the most useful of the aliphatic com
pounds. They are frequently used for introducing the hydrocarbon 

298 
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radicals in other molecules and form the basis for the synthesis of 
innu~erabl~ ~ypes of organic compounds. Besides

j 
they' are much 

used In medlCIne a.nd some of them are excellent solvents. 
. Non-ionised Character. Halogen derivatives cuuld wEftI be compared 

with metallic I.alides. 

C2H S1 C2H4Br2 . CRCla 
Ethyl iodide Ethylene bromide Chloroform 

N a1 CaBrz AlCls 
Sodium iodide Calcium bromido Aluminium chloriue 

. The. si1!"ilarity between them i8, however, euperjiciaf. While inorganic 
hahd~8 are t.omsed, halogen derivativB8 .arB non-ioni8ed in character. Thus, if we 
~dd a ~olutlOn of silver nitrate to sodium iodide, at once a precipitate of silver 
IOdide 18 formed, while the addItion of lhe same reagent to ethyl iodide 
produces no precipitate at all. 

MONOHALOGEN DERIVATIVES 

As referred to above, mouohalogen compounds may be. regard. 
ed as derivatives of hydrocarbons in which one halogen atom has 
been substituted by 3 halogen atom. 

~ll 

C"H2n+2 ~. °nH2n+lX 
+x . 

where X=CI, Br, or 1. They may thus be named as monohalo. 
alkanes. Since their molecules are essentially built of an alkyl 
radical linked to a halogen atom, they are cOllvenicntly culled alkyl 
halides and their type formula is written as RX. 

Alkyl halides may also be looked UpOI~ as derivatives of hydro. 
gen halides HX, in which th~ hydrogen has been replac.ed by an 
alkyl radical. Thus they are 'the esters of halogen l1y~acids. 
NOMENCLATURE 

More simple alkyl halides arc called by the common names 
while the higher complex members are l)a_med by the IUPAC 
system. 

(l) The COMMON NAMES. These compounds are named-as 
alkyl derivatives of hydrogen halides: HF hydrogen fluoride, !lCI 
hydrogen chloride, HBr hydrogel: bromide, and HI hydrogen iodide. 
Thus the COIDllion names of alkyl hali<;i.es (RX) are two word names
t,he name of the alkyl group followed. by the separate word fluoride, 
chloride, bromide or iodide as the the case may be. Branched chain. 
alkyl halides m-ay' be distinguished a.s priIUal"Y, secondary (.sec-), or· 
tertiary (tert-) whets necessary. 

CHar 
Me.thyl iodide 

Cl 
I 

eH3-OH-CH3 
Isopropyl chloride 

CH3 
I. 

CH3 ...... CIIt-C......:Br 

bR3 ' 

tert-amyl bromide 

(2) According to the IUPAC SYSTEM alkyl halides are namtld 
as monohalogen substitutl:'d alkanes. Thus their systematic name is 
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a. one word name obtained by prefixing Huoro. chloro, bromo or iodo 
d.l1'~ctIy: to the name of the narent hydrocarbon. In complex 
derIVatIves, the numeral indi~..ling the position of the halogen atom 
is prefixed by the conventions "Of the IUPAC System. 

CaH 6Cl CH3CHzCHzI 
Chloroetbane l-iodopropa.ne 

CHa Br 

CH3-~JHJJH-CHs 
3-bromo-2-methy Ibuto.ne 

ISOMERISM 

. ~lkyl ha.lides ~how chin isomerism and position isomerism 
whIch IS due .to the dIfferent positions of the halogen atoms on the 
carbon chain. Thus butane .can give rise to as many as four isomeric 
monohalogen derivatives, 

(i) CHsCHaCHzCHaCl 
" Sill 

~ 

"(iii CHsCHz~HCH3 
4. a Z I 

(iii) 

(iv) 

CHa 

C fIs-,,-6-CHa 
J 

CI 

Primary butyl chloride or 
l-chlorobutane 

Secondary butyl chloride or 
2-chlorobutane 

Primary isobutyl cbloride or 
2-methy 1-3-chloropropane 

Tertiary isobutyl ohloride or 
2-metbyl-2-ohloropropall" 

Whue oompounds (i) and (ii) illustrate position isomerism, oompounds 
(i) and (iif) present a cI!,se of ohq,il'} isomerism. 

METHODS OF FORM;\TlON 

Alkyl halides Cl:tt;l. be syntbesised froIll three source!! : 
(i) FROM ALKA:!;tE'S : hf:r dfrect halogenation .. 

(ii) FROM ALKENES ~ by addition with halogen acids. 

(iii) FROM ALOOHOLS -: by double decomposition with 
(a) halogen acids, (b) thionyl chloride., and (c) phosphorus halides. 

(1) Direct halogenation of alka11es. Chlorine and bromine 
reaot directly with alkanes to form, in the first instance, an alkyl 
halide. 

OR" + Cis ----+ CHaCI + HOI 
Methane Methyl ohloride 

The reaction is facilitated by the action Qf heat, light and a 
cataJyst. Bromine does not react so readi.ly as chlorine while iodine 
does not react at all. 

This method has only limited application. It does not give 
pure compounds because halogen derivatives containing two or more 
ha.logen a toms are formed along with the alkyl halides. 

However, commercially the method is important because here 
C~eapl;leSS and purity is the governing factor. Lower alkynes are 
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available in large amounts from natural gas and can be converted 
to cheap halogenated products. 

(2) Addition of hydrogen halides to alkenes. Alkyl 
halides can also be prepared by the addition of a hydrogen halide to 
an alkene. 

C2H4 + HI ---+ C2H5I 
Ethylene Ethyl iodide 

Addition of halogen acid" to higher alkenes follows 'Markow
nikoff's rule, yielding secondary or tertiary alkyl halides depending 
upon the structure of the hydrocarbon. Thus: 

I 
I 

CHa-OH=Clis + HI --+ CHs-CH-CHs 
Propene Isopropyl iodide 

This method is well, suited for the industrial prepa~ation. of 
alkyl halides as the lower alkenes are obtained in largo quantities by 
cracking of petroleum produots. 

(3) Action of thionyl chloride on alcohols. Alkyl halides 
are conveniently prepared by the action. of halogen aoids on the cor
responding aloohols. 

ZnOI, 
CaH6!O'H·"+"HjOI ¢ C2HlICI + H 20 

Ethyl alcei!loC·····, Ethyl ohloride 

'rhe reaotion is reversible and can be made t_o go to completion 
by the use of a water-removing substance (Law. of Mass Action).· 
Anhydrous zino chloride is generally used for the purpose. 

Alkyl halides oan also be obtained by passing a mixture of 
vapours of aloohol and hydrogen halide over a heated dehydration 
catalyst. 

3500 

C2;Hr;OH + HOI ~ C2Hr;01 + H 20 
Ethyl aloohol AlsOa Ethyl ohloride 

This is an exoellent method for the preparation of alkyl halides 
in the laboratory and on a commeroial scale. 

(4) Action ofthionyl chloride on alcohols. Aloohols reaot 
readily with thionyl ohloride, S0012• forming alkyl halides. 

01S0 01 

'+. 
CaH?, O;H ~ OaH7Ci + S02 + HOI 

Proply alcohol Propyl chloride ~ 
(Liquid) Ga8BS 

The gaseous by-products escape leaving behind the alkyl halide 
in the pure state. 

(5) Action of phosphcrus halides on alcohols Alkyl 
halides can easily be prepared from alcohols by the action of phos . 

. phorus halides. -
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QHaOH + POlo 
Methyl alcohol 

aOHaOH I + PIa 

TEXT.BOOK OF ORGANIC CHElIUSTRY 

__ OHaOI + POCla + HOI 
Methyl chloride 

aOHal + HaPOa 
Methyl iodide 

In the prepa\ration of iodo and bromo derivatives it is not 
necessary to use the phosphrous halides as such, but rather it is 
conveniently replaced \)y an appropriate mixture of red phosphorus 
and iodine or bromine, 

This method is particularly suitable for the preparation of the 
lower bromides and iodides in the laboratory. . 
PHYSICAL CHARACTERISTICS 

(1) The lower members are either colourless gases or volatile 
liquids with a sweetish ethereal odour. The higher members are 
odourless solids. Alkyl iodides become brown on standing du.e to 
the separation of iodine by decomposition. 

(2) Their boiling points are of the same order a's those of the 
alka~es and they 'are in genera] lower thnn those of the correspond. 
ing alcohols. 

(3) Alkyl halides are only slig'Jt1y soluble in water but dissolve 
readily in organic solvents. 

(4) The boiling points of alkyl halideEl go on rising and the 
specific gravities go on fulling with the increase of molecular weight. 
For the three types of alkyl halides, the boiling point and specific 
gravities are in· the order: iodide'> br<;>mide"> chloride. Boiling 
points of some lower member are given below fur illustration. 

ALKYL RADICAL CiILORIDE BROMIDES JODIDE 

-
Methyl _22'7° 4'50 45° 

Ethyl 12'5° !l8'4O 72·8° 

n.Propyl 46'5° 71° ,102.50 

(5) They burn easily producing a green edged flame. 
CHEMICAL CHARACTE~ISTICe 

Alkyl halides have an alkyl radical in union with a halogen 
atom., Thus the reactions given by these compounds will be due to 

(i) the hydrocarhon part, 
and Ui) the halogen atom. 

The hydrocarbon part shows its usual inertness toward most 
reagents and like alkanes undergoes halogenation yielding polyhalo. 
gen derivatives. The halogen atom of the alkyl halides is very 
reactive and. can easily be replaced by many atoms or groups. This 
makes them valua.ble starting materia.ls for preparing a variety of 
organic cGHlpounds. 
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In substitution reactions of alkyl halides the halogen atom of 
t.he latter is repla.ced by the nucleophilic reagent (Nu:) as indicated 
below: 

~ 
'Nu --+ R=X _ Nu-R -+ X: 

The covalent linkage between R and X is broken in the pre
sence of the nucleophilic reagent while the lone pair of the nucleo
phile is donated to the carbonium ion. At the same time another 
nucleophile (X:) is generated. This mechanism is ilIustratefl by the 
examples given below. '. ' 

The synthEltic reactions -of alkyl halides are: 
(1) On reduction with zinc ann' hydrochloric acid, alkyl 

halides form alkanes. 
CaHoI + 2H __ C2Hs + HI 

Ethyl iodide Ethane 

(2) On treatment with SODIUM OR ZINC POWDER two molecules 
of the alkyl halide are joined to form higher alkanes. (JVurtz 
Reaction). 

CaH~)I+'~Na:'+i~C2H5 __ CaHs.C2Rs + 2NaT 
Ethyl iodiii·e············· Butane 

(3) When heated with ALCOHOLIC POTASH, they gi ve alkenes. 

jH X~ 
'T"''j "./. . 

H-C~C-H + KOHale __ R-C=C-H + KX + 
I I 
H H 

Ethyl Iodide 

I I 
H H \ 

Ethylene 

Since al~ohol (solvent) is a polar substance and is present in solution as 
ethoxide ions (CaHoO.). it causes the ionisation of alkyl halide', The second 
carbon atom of the ha.lide then loses a proton which combines with the halide 
ions produced in the first step, 

2 i ~H~ + 
R-CHr-CHr-X __ R-CH2-CHa + X 

+ -Proton + 
R-CH-CHa __ R-CH=c;Ha +. H 

_;fl 'peiease 
H \ 

Potaesium hydroxide serves to r,emove the hydrohalogen'(HX) moleoule 
as soon as,it is formed, 

(4) They react with SODIO-ACETYLIDES to form higher 
alkynes. 

HCECl'Na. + JiCHa -> CHsC.CH3 + Na! 
SQui().acetYiid~"" Propyne 

(5) With AQUEOUS POl'ASH or moist silver oxirle (AgOH), they 
are hydrolysecl to the corresponding alcohols, 

C2It5.! __ ',±}~!OHaq ~ CaHsOH + KI 
Ethyl alcohol 
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CZH5l~::±::~~lOH --+ CaHsOH + AgI 
(6') They react with ALKQXIDES or dry silver oxide forming 

ethers. 

C2Hr;oiNa+T/C2Hs 
Sod. ethoxide······· 

2~Hr;I+ AgaO 

_ CZHIIOC'2H5 + NaI 
Diethyl ether 

---to (CzHs120+2AgI 

Mechanism. Sodium ethoxide furnishe3 nucleophilic anion 8S CzHs-6: 
which reacts in the same .manner as the hydroxide ion does. .. 

CH3-CHa~I 

. T: ~ CHa-ORa +. 
+ .. I + Nat 

Na : ~-C2H5 : ~-C2H5 
Sodium ethoxide Diethy I ether 

(7) With ALCOHOLIC AMMONIA, alkyl halides form amines and 
the quaternary salts. 

~Hs!r+"H!NH2 --+ CaHsNHa + HI ................ 
Ethylamine 

CZH&I + CaH&NHa --+ (C,H&)2NH + HI 
Diethylamine 

CaH5t + (CaHs)zNH ---to (CzHshN + HI 
Triethylamine 

(CaRS}3N + CaHsI ~ (CIlHr;}4,N.I 
Tetraethylammonium iodide 

(8) With alcoholic POTASSIUM CYANIDE an alkyl halide give!! 
the corresponding nitrile which· upon hydrolysis with mineral acids 
forms carboxylic acid. 

CaR 5["":i"+""iC iON ~ CaH&ON + XI 
..................... Ethyl nitrile 

CaRIICN + 2HaO ~ C2Hr;COOH + NH3 
Propionic acid 

This reaction is helpful in b:.ilding the length of a carbon 
chain. 

Mechanism. Tn this reaction, the cyanide ion acts as a carbon nucIeo
phile. 

(9) They react with SILVER SALTS OF ACIDS forming esters. 

CH3COOIAg"·:VfiCaHo ---to CH3COOC,Ho + AgI 
Silver ~ceiii.te· ... Ethyl acetate 

(10) When distilled with SILVER NITRATE, they yie14 nitro
alkanes and nitrites. Like nitrous acid, silver nitrite exists in two 
forms. 
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1'0 
Ag-N\jO ¢ Ag--O-N=O 

Alkyl halides react with both these fOl.'ms giving a mixture of 
alkyl nitrite and aliphatic nitro compound. 

o 0 
C2Hli:C±::~~j-N(O -- CzHo-N(O + AgI 

Nitroethaoe 

C2Rli\~±~~i-o-N=O ~ CZR 5-O -N'=o + AgI 
Ethyl nitrite 

(11) WITH POTASSIUM HYDROSUL:PHIDE and POTASSIUM SULl'HIDE 
they form thioalcobols and tbioetbers re~pMtively. 

Mechanism 

CZH&I + KSH ---t CZH 5SR + KI 
Thioalcohol 

KSH forms H S : anions, the sulphur atom being qUIte analo
gous to oxygen - an element in the sa~e group. The reaction 
between an alkyl halide and metal sulphldes therefore leads to th'e 
replacement of halogen hy the thiol group (SH) according to the 
mechanism: 

OHs-cHz-i-r 
i" : 

k: s':-n 
CR3-OHz 

I 
:S-H 

Thioal~ohol 

++ KI 

Thioether fonnation follows the same mechanism. 

(12) By the action of HALOGENS, they undergo further substitu
tion yielding Polybalo-alkanes. 

OJz CIa 
CZR 5Cl ---+ CzH,Pla --- CzH sC13 

Chloroetha.ne Dichloroetha.ne '1:'richloroethane 

(13) In ether solution they react with ZINC and MAGNESTUM 
producing Alkylzincs and Grignard ReageQts respectively. 

-- "'zHs 
,"Zn + Znlz 

CZR 6 / 

Diethy Izinc 

CzH51 + Mg __ CtH6Mg1 
Ethylmagnesiuln iodide 

These metallic derivatives occupy Do prominent position in 
organic synthesis. 
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INDIVIDUAL MEMBERS 

METHYL CHLORIDE, CHLOROMETHANE, CHaC1 

Preparation. (1) It is prepared commercially by the direct 
chlorination of methane. . 

CR, + C12 ~ CHaCl + HCl 

The mixture of methane and. .chlorine is passed through hot 
tubes containing antimDny chloride catalyst maintained at 265° and 
at a pressure .of 50-60- mm. The reaction being reversible excess of 
methane used .ensures profitable yield. 

(2) It is also obtained on a large scale by heating a mixture 
of methyl alc.ohol Q,nd hydrochloric acid gas, preferably in the pre
sence of aiihydrous zinc chloride. 

CHaOR + HCI ~ CHaCI + HaO 

(3) It can also be formed by heating trimethylamine with hy
drochloric acid at 360°. 

(CHa'aN + 4HCl ~ 3CHael + NH,Cl 
Trimethylamine 

Properties and Uses. It is a cDlourless: and sweet-smelling gas 
at ordinary temperature. Liquid methyl chloride boils at -23°0. 

It is used (i) as a refrigerant, (ii) as It local anaesthetic, (iii) 
as a solvent for extraction of perfumes, and (iv) as a methylating 
agent. 
METHYL IODIDE. IODOMETHANE, CHsI 

It is prepared by reacting together methyl alcohol, iodine and 
red phosphorus. 

3CHsOH + P + 31 --. 3CRsI + HaPOa 
bO'pe~·ties, and Uses. It is a. pleasant smelling liquid, b.p. 45°0, 

sp. gr. 2·27. When freshly prepared, it is 'colourless but becDmefJ 
brown .on standing. This is .due to its decomposition to form iodine. 
Methyl iodide b.eing a liquid is c.onvenient t.o handle and is .often used 
as a methylating agent. 

Labo:ratory Preparation. Fit up the apparatus as shown in Fig. 13·1. 
Place 5 grams of red phosphorus in a 250 mi. conical flask. Weigh 50 grams of 
iodine~ and 25 grams of methyl alcohol. ,Drop about 5 grams of iodine in the 
flask a.nd then add a little alcohol through the condenser~ Shake the flask 
under water. In the samo way add tho remainIng iodine and alcohol. Allow 
the mixture to stand over-night to complete tho react.ion. Then distil the 
~iquid using a water-bath to heat tho flask and surrounding the receiver with 
Ice-water. 

METHYL BROMIDE, BROMOMETHANE, CH:\Bl' 

It is prepared commercially by passing vapours of methyl 
alcoh.ol and hydr.ogen bromide over a catalyst c.onsisting .of active 
carbon and .orthophosph.oric acid at high temperature. 

hoat 
CHsOR + HBr ~ CHsBr + H 20 

(C+HaPO t ) 



HALOGEN DERIVATIVES 307 

Methyl bromide is a gas at ordinary temperature, and pressure, 
B. pt. 75° ; sp. gr. 1'732. It is a potent fumigant, its toxicity to 

.- germs being equal to that of hydrogen" cyanide. It can also be used 
.as a fire extinguisher and as a refrigerant. 

IODINE~ 

Fig. 13'1. Preparation of Methyl iodide. 

ETHYL CHLORIDE, CHLOROETHANE, C2HsCl-

. Preparation. It can be prepared by any of the general methods. 
The best yield is obtained when it is prepared by passing dry HOI 
gas into alcohol in the presence of zinc chloride. 

CaRsOR + HCI ---+ C2RsCl + R 20 
It is prepared in large quantities by the addition of hydrogen 

chloride to ethylene in the presence of a suitable catalyst. . 
100-250° 

C2H 4 + HCI _ CaRsCl 
ZnCla 

Properties and Uses. It is a pleasant smelling gas under ordi. 
nary conditions. Liquid ethyl chlorfde boils at 12'2°0 Hnd has 
specific gravity 0·921 at 0°0. 

It is used (i) as a'refrigerant and local anaesthetic, (ii) in the 
preparation of ethyl cellulose and tetraethyllead, and (iii) for the 
~troduction of ethyl radical in organic molecules (Ethylating agent). 
MHYL BROMIDE, BROMO ETHANE, C2HsBr 

It is preuared technically by passing ethylene and hydrogen 
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bromide vapour through a suspension of aluminium bromide in ethyl 
bromide maintained at low temperature. 

Law temp. 
C2H, + HBr ~ C2HSBr 

Ethylene AlBra 

In tIle laboratory, ethyl bromide is prepared by the action of 
hydrogen bromide on ethyl alcohol. 

Laboratory Preparation. Set up a one-litre round-bottomed flask on 
a wire~gauze placed on a ring stand. Fit the flask with a delivery-t.nbe and 
connect it to a water-condenser as fOl;,distillation. Attach a bent adapter llt 
the lower end of the condense}'. Insert the end ·of the adopter in a 200 mi. 
conical flask. Put ice-cold water into .it so that the end of the adapter is 
sealed. The receiving flask itself should be placed in a beaker containing ice
water. 

Mix 60 gms. of ethyl alcohol and 50 gms .. of water in tbe !:me-litre flask. 
Add to it 200 gms. of conc. H 2S0 4 by shaking and cooling. Continue shaking 
and cooling and add 100 gma. of potas~ium bromide which has been previously 
powdered. Attach the flask to the condenliler and distil as rapidly as possible. 
The heating must be carefully regulated to avoid excessive frothing. Distil until 
no more oily drops of ethyl bromide faU into the receiver. Separate ethyl 
bromide from water with the help of a Reparating funnel. Waeh the ethyl bro
mide with ice-water and Ileparate as before. Now transfer the liquid to a dry 

Fig. 13'2. Preparation of Ethyl bromide. 

conical flask containing some anhydrous calcium ohloride and leave it over
night. Distil off pure ethyl bromide the next day. 

Properti_es.and Usoes. It i~.a colourless liquid having &. pleasant 
smell. It, bOIls at 31'4 C. It gIves all the usual rE'actions of an alkyl 
halide and is used as an ethylating agent. 

ISOPROPYL IODIDE, CHlI .CHI.CH3 

It is commonly prepared from glycerol by the action of hydro. 
gen iodide, or phosphorus and iodine. 
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CR,I 
I 

CH20H 

6HOH + 
6HaOH 
Glycerol 

3RI ~ CHr + 3H20 
I 
CH21 

1, 2, 3-Triiodopropani;l 

CHa 
Reduction I 
~ CaT + 2HI 
(HI) I 

CH:l 
Isopropyl iodide 

30!) 

When pure, isopropyl iodide is a colourless liquid boiling at 
89·5°0. It is heavier than water, its specific gravity being 1·703. It 
is used for the introduction of isopropyl radical in organic molecules. 

DlHALOGEN DERIVATIVES 

Dihalogen derivatives are compounds obtained by replacing 
two hydrogen atoms in a hydrocarbon by halogen atoms. Thus 
methane forms 

CRaCI2 «H2Bra CR2I z 
Methylene Methylene l\:le1fu.ylene 
chloride bromide iodide 

In higher members, two halogens may be linked to the same or 
different carbon atoms. Thus ethane gives two isomeric dihalides. 

Ethylene chloride 

METHODS OF FORMATION 

CI 
CH3-CH( 

1.,1 

Ethylidene chloride 

The dihalogen derivatives of alkanes can be obtained by the 
following general methods ;-

(1) By further halogenation of monohalogen det"ivatives and 
reduction of tri~ and tetrahalogen derivatives. 

CR3CI + CI2 ~ CHaCI2 + TICI 
1I1othylolle chloride 

CHCl3 + 2.ff ~ CH2Cla + HOI 
Chloroform 

(2) By the addition of halogens to alkenes and of h!1logen acids 
to alkllnes. 

CHz=CH2 + Cli 
Ethylene 

+HCI 

CRzCl-CHzCi 
Ethylene chloride 

+HCI 
CH=CH 
AcetyleQe 

~ CR2 =CHCI 
Vinyl chloride 

~ CHaOHCI! 
Ethylidem 
qhloride 

(3) By the action of halogen acids on glycols. 
CH20H CHaCI 
I + 2HOI ~ I + 2H20 

CH20H CHiCI 
Ethylene glyc~l Ethylene chloride 
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(4) By the action of POls on aldehydes and ketones. 

CHaCHO + PCIs ~ CHaCHCIg + POCI3 
Acetaldehyde Ethylidene 

chloride 

This method gives only such compounds in which the two halo
gen atoms are linked to the same carbon atom. 

PHYSICAL CHARACTERISTICS 

(1) They are colol!rless liquids having comparatively high boil
ing points. Highest members are solids. 

(2) They are in general heavier than water; methylene iodide 
is the densest organic liquid known, its density bein~ 3'325. 

(3) They arc insoluble in water but soluble in organic solvents. 

CHEMICAL CHARACTERISTICS 
Chemically the dihalogen derivatives are similar to monohalo

gen derivatives, giving all the reactions of the halogen atom in 
duplicate. They, however, differ from the latter in certain reactions 
in which both the halogen atoms are involved together. Besides 
the u;:lual reactions of the alkyl halides, they give the following 
special reactions. 

(1) ON HEATING WITH AQUEOUS POTASH, they form dihydric 
alcohols but when both the halogen atoms are attached to the same 
carbon atom they form an aldehyde. 

CH2Cl 
(i) I 

CH2Cl 
Ethylene 

Iii) 

chloride 
Cl +2KOH 

CHaCH( 
'CI 

Ethylidene chloride 

CH2011 
I + 2KCI 
CH20H 

EthJlene 
glycol 

OR 
CHaCH/ ~ CHliCHO + H20 

'OR 
(Unstable) Acetaldehyde 

(~) ON HEATING WITH ALCOHOLIC POTASH they give alkynes. 
!CLH! T .... ·j·· 

/(i) R- C-C-H + 2KOH",c ---+ RCsCH + 2KCl + 2H20 
I f Acetylene 

l~:::~!! 
Ethylene chloride 

jH'--Cj~ 

("'r 
(U) H-C-C-R + 2KOHotc ~ HC=,CH + 2KCl + 2H20-

.1... .. .1 " Acetylene 
fH Cl! 

Ethyiiiiene chloride 

(3) On treatment with zinc they are d$alogenated forming an 
alkene or cycloalkanes according as the lialogens are on adjacent 
ca.rbon atoms or at the ends of a normal chain . 

• 
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CHa:Bi-'! 
I : ; + Zn 

CH2!Br! 
Ethylene bromide 

/
CH2Br 

HIIC, + Zn 
CHaBr 

Trimethylene 
bromide 

~ 

~ 

OH2 
o + ZnBr. 
CH2 

Ethylene 

CH2 
H2C / I" + 'ZnBr, 

'CHa 
Cyclopropane, 
Trimethylene 

TRIHALOGEN DERIVATIVES 
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In these compounds three hydrogen atoms of a hydrocarbon 
have been replaced by halogen atoms. Thus methane forms 

CHCla Chloroform or Trichloromethane 

CHBra Bromoform or Tribromomethane 

CHla Iodoform or Triiodomethane 

Chloroform alid iodoform are used in me<!icine and are important. 

CHLOROFORM, TRICHLOROMETHANE, CHCla 
The name chloroform was given to this compound by Dumas 

who established that its molecule contained chlorine in union with 
'formyl', an old name for CR: radical. 

Preparation. (1) Chloroform is manufactured in U.S.A. by 
reduction of carbon tetrachloride with water and iron. 

CC14 + H2 _ CHCls + HCI 

(2) It is obtained in the laboratory and also on commercial 
scale by boiling alcohol or acetone with bleaching powder. Alcohol 
is converted into chloroform by the following steps. 

(i) Oxidation of alcohol to iJ,cetaldehyde by chlorine of the 
bleaching powder. 

CHaCHiOH + CJ2 ~ CHaCHO + 2HCl 
Acetaldehyde 

(it) OhlO1'ination oj acetaldehyde io chloral. 

qHaCHO t 3CI2 ~ CClaCf!O + 3He. 
Chloral 

(iit) HydrQlysis of chloral by lime present in bleaching powder 
to form calcium formate ,!-1u1 chl01'Oform. 

CHaicB:6"'T'it8H _ CHCla + HCOOH 
.................... , Formic acid 

2HCOOH ·Ii Ca(OH)2 _ (HCOO)2Ca + 2H20 

In the case of acetone, the conversion into chloroform takes 
place by similar steps. 

CHaCOCHa + 3012 _ OClsCOCHs + SHCI 
Acetone Tricbloroucetone 

CClar?~:?~i+~?(H ~ CHCls + CHaCOOH 
Chloroform 
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Mech ... lsm 
Formation of chloroform from acetone involves the presence of 

OR ions from Ca(OH)2 !J,cting as proton remover. The arrows depict 
the direction of electron displacement, 

~ ~ ",Ht ,·· OH- ° 
II -:-: + 

CRa-C -+- CRI! --+ CRa-C-CH2 + H 

° a+ a- ° 
II -:-: CI-CI 11 

CRa-C-CHa ----oJ CRs-C-CHlIOl + ci 
It 

~~? ... t ,.. OR ~ :-
CHa_;"C+CH -+- CI ---+ CRa-C-CHOl + H+ 

° a+ a- ° 11 .. Cl-cr 11 
CHs-C-CHCI __ CRs-C-CHCla + Cl-

H 

° ~ ~I '·'t,,· 
CRa-C -+- C +CI 

II "':':'. + 
CHa -C-OCla + ~ 

° -II .. 

t 
CI 

CHlI-C-C-Clll 

Bt B- ° Cl 
Cl-Cl II I 
--. OHa-C-C-Cl 

r 

OR 
--+ 

, 

Cl 

° U 
CHa-C-OR + dCla 

/0 
CHa-C,,-O + }I+ 

Carboxylate ion 

COla -I- H+ -+ RCCls 
Chloroform 

Caboxylat.e ion is stabilised due to resonance. 
It follows from the aboye di~cus!!ion that only compounds oon~aining 

the groupings-

Qr 

can giv~ rise to the forouation of chloroform by undergoing the above chariges, 
Ethyl alcohol, Acetaldehyde and Acetone are generally employed for this 
purpose. -ClIIIOR group 'of ethyl alcohol is first oxidised by CllI to yield 

o 
-C/ The resulting acetaldehyde undergoes tho rost of reaction in a 'n 
manner Mmparable with that of acetone. 
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(3) Pure chloroform is prepared by the action of a.lkali on 
chloral hydra.te, 

CCI3!bii6+kolH 
Chl~~aC""""'" 

CHCls + HCOOK 

Laboratory Me~od. Chloroform is prepa.red in the laboratory by 
heating together bleaching I?owder, water and Bcetone or ftlcohol. The appara· 
tus needed for the lJreparatlon is shown in Fig. 13·3. 

/ 

Fig. 13 3. Pre{:<l.ration of Chloroform. ' . 
About 100 grams of bleaohing powder are mixed with 200 mls. of water 

to make a thin paste. This is then transferred into a one.litre round-bottomed 
fiask. 25 mls. of anetone al'e now added to it. and the fiaslt heated gently. A 
mixture of chloroform and water is obtained as thtl distillate. The distillation 
is stopped when no more ohloroform p8.!!ses over. The mixture from the 
receiver is tra.nsferred into a. sepa.rating funnel and the lower layer of ohloro
form separated. It is washed with a dilute solution of sodiuh~ hydroxide and 
then dried over anhydrous oalcium chloride. It is finally purified by radistilla
tion and collecting the fraction passing Over between 50 and 6~oC, 

Industrial Method. Chloroform is obtained on the commercial scale 
by employing the reaction hetween acetone (for ethyl alcohol) and bleaching, 
powder. 

CH3COCH3 + 6CaOCIa --+ 2CHCI3+ (CH3000)2Co+2Ca{OH)2+3CaCI2+6H.O 

The acetone is run into a cast iron still containing n. suspension of the 
hleaohing powder. The reaotion mixture is maintainod at 41j°C, with the help 
of a heating ooil and Q stirrer provided in the still till the whole of acetone 
has been added. The temperature is then raised to distil off the chloroform. 

Properties (PhY8ical). Chloroform is a colourleS$ mobile 
liquid with a peculiar sweet smell and sweetish taste. lt boils n·t 
610 and its specific gravity is 1·485 It is practically insoluble in 
water but dissolve:! reaqily in alcohol and ether. 1ti acts as '1\ 

solvent for many orga.nic substances such as oils, fats and resms. 
Chloroform vapours whe11 inhaled produce temporary unconscious· 
ness and hence i.ts use as n.naesthetic. 
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(Ohemical). (1) OXIDATION. When exposed to light and air, 
chloroform slowly decomposes into phosgene and hydrogen chloride. 

C1., /H CI" /OjH CI" 

/ C, + ° ~ / C, : ~ /0: ° + HOI 
01 CI 01 CI 01 
Chloroform Phosgene 

Phosgene is dangerously poisonous. To avoid this decomposition in 
chioi''1form for anaesthetic purpose, it is stored in dark blue or 
brown bottles filled up to the stopper. The decomposition can 
further bc retarde<1 by the addition of about one per cent alcohol. 

W.4TER~ _ 
SUSPENSION ot 

SLEACHING POWDER 

.~ 

STIRRt/~· 

C!fLOROFORM 

SPENT liQUOR 

Fig. 13·4. Manufacture of Chloroform, 

(2) REDUCTION. Upon reduction ¥lith zinc and hydrochloric 
acid, it gives methylene chloride. 

CHCl3 + 2H ~ CH2Cl2 + HCl 
M.ethylene 

chloride 

(3) HYDROLYSIS. When boiled with an aqueous solution of 
caustic potash, chloroform is hydrolysed to potassium formate. 

/;cC···········I{OH -3KCI /OH -H20' /OH 
HC-:Cl + KOH _ HO-OH ~ HO ... 

":CI K!OH .. 'OH "0 
ChlorOforiii··········· (Unstable) Formic acid 

HOOOR + KOH --+ HCOOK~+ H 20 
Pot. formate 

(4) CHLORINATION. Upon reaction with chlorine. it· gives car
bon tetra-chloride. 

(5) NITRATION. 
ing chloropicrin. 

CHOl3 + Ol! ~ 0014 + HOI 

It reacts with concentrated nitric acid form-. ~ 

CI3CjH·--.+"""":aO\N02 ~ ClaC.N02 + H 20 
Chloroforffi"'"'''''''' Chloropicrin 

(6) CARBYLAMINE REACTION. When warmed with a primary 
amine and alcoholic potash, chloroform gives carbylamine which has 
an extremely disagreeable odour. 
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tif············CT / ifC, 
CaHoN( + . ~)c< 1 + 3KOlI _ CaHsNC + 3KCI+3HzO 

;H CI\ lCi ~ Pbenyl isocyanide 
Aniline' ···················Chloro;(;i:~ (Oarbylamine) 

This is a delicate test for the presence of a primary amine. 

(7) CONDENSATION WITH ACETONE. Chloroform undergoes con
densation with acetone in the presence of alkali to form Gkloretone 
which is used as a hypnotic. , 

(CHa)zCO + HCCla _ (CHahC(OH)CCla 
Acetone Chloretone 

(8) ACTION WITH PHENOL AND SODIUM HYDROXIDE (Reimer
~J.liemann Rea_ction). Chloroform w.hen heated with a concentrated 
solution of phenol and sodium hydroxide, forms salicylaldehyde. 

. Cl 
CHCla + C,B60H + 3NaOH _ C6H,< + 2HzO + 3NaCI 

CI 
Salicylaldehyde 

Uses. (1) Chloroform is extensively used as a general anaes-
thetic. 

(2) It is used as a solvent for fats and iodine. 
(3) It is employed as a laboratory reagent for testing the 

presence of primary amines. 

(4) It is added to decomposable organic materials to prevent 
putrefaction. 

ChloroforDl as Anaeshetic. The anaesthetio action of chloroform was 
first discovered by Simpson in 18! 5 and since then it has been ~xtensively used 
for the purpose. However, it is gradually going into disrepute owing to its 
deleterious action upon heart. When inhaled in suffic~eht quantity, it causes 

_ dAJl.th on account of nardiac and respiratory failure. 

l'RECAUTIO~S. Chloroform which is to be used as anaesthetic must be 
very pure and all.the precautions must bo observed'in preventing its decompo
sition to phosgene by the action of .air and light. Anaesthetio chloroform is pre
pared by the action of sodium hydroxide on pure chloral hydra.te. 

(I) It is stored in yellow bottles to cut aw.J,Y the active part of light. 

(2) Bottles are filled up to the stopper so that no aic is left inside. 

(::I) 1 to 2 per cent of a.lcohol is a.dded as it reta.rds the decomposition of 
chloroform into phosgene. It also converts any phosgene produced into ethyl 
carbonato, !J, ha.rmless substance. 

/eH········· '''HiOCzHr, / OCzHr, + 2HCl ° : C,: +.: ~ ° : C, 
~C1 BiOC2HS OC2H s 

Phosg~~e .. ···· .. Ethyl alcohol Ethyl carbona.te 

IODOFORM, TRIIODOMETHANE, CHIs 

From its structural SImilarity to chloroform, it was named Iodo
form by Duma~. Its methods of preparation and properties are ana
logous to those of ·chloroform. 

Preparation. (1) By tlte action of iodine and alkali upon ethyl 
alcohol or acetone. The mechanism of the reaction is the same as 

i described under chloroform. 
~: 
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CHaCHjlOH + is 
Ethyl alcohol 

cHaOHO + 31, 
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......_ CHaCHO + 2HI 
Acetaldehyde 

__ JaCCHO + 3HI 
Iodal 

IacicBO' '+"K01H __ CHI + BCOOK 
.••••....•.•.•.....•... , 8 

Iodoform 

(2) By the electrolysis of a solution of aloohol, an iodide and 
sodium carbonate. This is a oheaper method and is used for the 
industrial preparation of iodoform. Duri~g the eleotrolysis, iodine 
is set free at the anode and sodium hydroxide is formed at the 
cathode. These substances then react with aloohol or acetone t6 
form iodoform. 

Laboratory Preparation. fn the laboratory iodoform is generally pre
pared from alcohol or acetone by the Botion of iodine and sodium carbonate. 
The chemistry. of the method is the same as already desoribed. 

Take 10 gms. of sodium carbonate lit a 1250 mI. round-bottomed flask 
and "dd to it 60 mls. of water. Dissolve by shaking. Add to it 15 mls. ofalcobol 
and shalte well. Now put iodine into it bit by bit by continuou~ shaking. Warm 
the flask on water-bath to about 70°0 till the contents are decoloriLuld. The 
yellow mass that separates .is altered. washed with water and orystallised from 
aloohol. 

Properties (Physioal). Iodoform is a yellow solid crystallis
ing in hexagonal plates. M.pt. 119°. It has a oharaoteris~io smell. 
It is· insoluble in water but dissolves readily in aloohol, ohloroform 
and ether. Iodoform has marked antiseptio action. 

In chemical properties iodoform resembles chloroform. It is, 
however, less stable than the latter. . 

When heated with alkaU solutions, iodoforJIl is hydrolysed to a 
formate. 

...··r·· .. ··· .. ·Na:OH OH 
HOl( I + NaiOR __ HoLoR + 3Nal 

i..J ............ ~~iOH 'OH 
IJd%rm (17mtable) 

/
OH -HaO /OH KOll., /OK 

H-O_O:H ---+ HO.. ~ HO, 
"" .. ....0 0 

.OR FOflDic acid Pot; format.~ 

Iodoform also undergoes the carby lamine reaction when 
warmed with a mixture of aniline and alcoholic potash solution, in 
a manner analogous to the oorresponding reaction of chloroform. 

. Iodoform was extensively used as an antiseptic for dressing 
wounds. When it comes in oontact with organio matter, iodine is 
s6t free and this explains the antiseppic action. 

'.rETRA.lU.LOGEN DERlV ATI.vES 

. The tetrahalogen derivatives of methane are compounds con
t.aining carbon and halogen only. They are, therefore, preferably 
named as Oarbon tetrahaUdes. 

OCl, OBr, . CJ, 
Tetrachloride Tetrabromide Tetraiodide 
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Of these, carbon tetrachloride is the most important. 
CARBON TETRACHLORIDE, TETRACHLOROMETHANe. CCI, 

Preparation. It il'l obtained on the industrial scale by two 
methods: 

(1) By chlorination of natural gas (methane). 
Cff, + 40111 ~ CCI, + 4HCI 

(2} "By action of chlorine on c(Lrbon disulphide using iron or 
antimony pentnchloride as a catalyst. 

2CS2 + 6CI2 ~ 2CCI4 + 282012 (Sulph~r chlQride) 
CS2 + 'ZS2CJa ~ CCI" + 6S 

P,·operf.ies. It is colourless liquid boiling at 77°0· It is in
soluble in water but misoible with orgttnic solvents. It is lin excel
lent solvent for fats and oils. It is an inert liquid and its vapours 
are non-inflammable. 

When heated with aJcoho1i9 caustio potash, it is decomposed 
t() form inorganic salts. 

CCI, + 6KOR .._.. K,COa + 4KCl + 3H30 

Its Va-POUTS when mixed. wit,n steam reaot at high temperature 
to give phosgene gas. 

CCI" + H 20 ~ COClz + 2HCl 
Phosgene 

Uses. Oarbon tetrachloride is used for dry-clel,Jning and 
degreasing; an anti-worm medicine; in fire,eJl.tinguishers ; for 
the industd&l preparation of chloroform. 

UNSATURATED HALOGEN COMPOUNDS 

VINYL CHLORIDE, CHLOnOETHENE, CH2 : CHe! 

Preparation. Commercially it is obtained. by passing a. mix-
ture of acetylehe and hydrogen chloride over mercury salts. ' 

CH9CH + HOI ~ CH'a=CHCI 
Acetylene Vinyl chloride 

(2) Vinyl chloride is also prepared on a large seate by 'the 
reaction hetweell ethylene chloride and dilute sodium hydroxide 
solution. 

CH2Cl.CHsCl + NaOH ~ CHa=CHCI + NaCI + 11.0 
Ethylen6 cnlaride Vinyl chloride 

Properlie8 alld U 8~S. It is a colourless gas under ordinary con
ditions. Liquid vinyl chloride boils at - 13'9°0. 

Ohemi.cally vinyl chloride .gives the usual addition reactions of 
the double. bond. Thus it reacts by addition with halogens and 
halogen halid~'8 just. like alkenes. The halogen atom is quite un~
reactive and does noli give any of the replacement rea.ctions of the 
alkyl halIdes. Thus, 

CUa : CHC! + KOHaq ---. No action 
Vinyl chloride 

<OJ. CHaCHllCl + KOHoCl -4 OHaCHsOH + KCr + HIO) 
Ethyl chlorIde 



TEXT-BOOK OF ORGANIO OHEMISTRY 

The stability of the halogen atom in vinyl chloride is com
parable to that of halogen atom linked to the benzene nucleus in 
aromatic compounds. However, when .boiled wih alcoholic caustic I 

potash vinyl ch10ride forms ethylene. 

Recently vinyl chloride has gained commercial importance in 
the preparation of synthetic rubber, plastics and resins. 

ALLYL IODIDE, 3_IODO-I-PROPENE, CH2=CHCH21 

Preparation. (1) It may be prepared by the action of con
centrated hydriodic acid on_ allyl alcohol. 

heat 
CB2=CBCHzOH + HI ---. CHz=CHCH2I +- H 20 

Allyl alcohOl Allyl iodide 

It is generally prepared by the action of a small amount of 
hydrogen iodide or phosphorus triodide on glycerol. t 

CH20H. CHilI CH2I 
I -3HsO I ._._ I 
CHOH + SHI ~ CRI i -)- CH+I2 
I .1 ! ! II 
CH20H ,CRI I CHa 
Glycerol Glyc~ryl Allyl iodide 

tri-iodide 

Properties and Uses. It is a colourless liquid having a garlic 
odour. B.pt. 101°. 

It gives all the reactions of an alkene and an alkyl halide. The 
halogen atom in it is more reactive than that in alkyl halides so 
that alkyl iodide gives the replacement reactions more readily. 

Thus: 
CBs: CHCHsI + KOBaq _ CHs: CHCB20H + KI 

Allyl alcohol 

CH
II 

: CHCH2rC············· CH
2 

: CHCH2 , 

i +K2 is ~ /S + 2KI 
CH2 : CHCH2:~................. CHIl : CHCHIl 

Allyl sulphide 

Allyl iodide is used in organic synthesis for introducing allyl 
radical in other compounds. 

Trjchloroethylene, CCI2 : CHCI. It is prepared by treating acetylene 
tetrachloride with lime. 

2CHCI2 .CHCI2 + Ca(OH)2 ---. 2CC12 : CHC! + CaCI2 + 2HIlO 

It is used undor the name Westrosol, as a degreasing agent and also 
as an !!-naestbetic. 

~cetylene tetrachloride, CRCIIl• CHCI2 • It is obtained by the addition 
of chlorine to acctylene in the presence of catalyst. 

CHsCR + 2CI2 -~ CHCJ2.CRCI2 

It. is a heavy, non-inflammable liquid boiling'at 147°C. It is used under 
the technical name Westron as a solvent for varnishes, and also as insecticide. 

Dlchlorodifluorotnethane, 'Freon', CCI2F2• This is an important mix
ed halide made from carbon tetrachlorido and antimony fluoride. 



3COI, + 2SbFa 
SbCls 
"""'-+ 2SbCla + 3CClaF• 

Freon 

It is a colourless, non-toxio and non-inflamma.ble gas, b.p.-29°C. It is 
widely used for refrigeration in household electrical refdgeratol'S and in air
conditioning equipment. 

/ Infrared spectra of Halogen derivatives. The various carbon
halogen ponds show infrared absorption bands in the regions C-F 
in 1000-1110 cm-1, C-Cl in 650-7S0 cm-1 , C-Br in 650-750 
cm-1, and 0-1 in 500-600 cm-1• Apa.rt from absorption peaks in 
these regions, the Infrared spectra also have absorption peaks of 
various C-H and C-C bonds as shown below in case of a typical 
infrared spectrum of chloroform_ 
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Fig. 13·5. Infrared spectrum of Chloroform. 

QUESTIONS 

1. What do you understand by the term alkyl halides? How do they 
differ from metallic halides? 

2. Describe the general methods of formation and synthetic reactions of 
alkyl halides. 

3. Bow is methyl iodide prepared in the laboratory? Formulate the 
action of metallic scdium, ammonia, potassium cyanide lionel dilute caustio 
potash on it. 

4. Describe in detail the preparation of ethyl bromide or etbyl iodide 
in the laboratory. By what reactions calYOne or other of three compounds be 
converted into (a) ethane, (b) ethylene, (cl acetylene? 

5. Bow would ypu prepare a pure example of ethyl bromide in the 
Inbo ratory. Describe the action oftl16 following reagents on ethyl bromide. 

6. How would you obtain chloroform in th~ l(l.boratoTY t What are 
its important reactiQns and use~? How would you test its presence in a 
liquid? 

7. Describe the preparatioll.of ((t) chloral hydrate, (b) chloroform. How 
does chlorofqrm react with (at alcoholic potash, (b) alcoholic potash and aniline, 
(c) nascent hydrogen? 
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8. Describe the preparl).tion from ethyl alcohol of (al ethyl iodide, (b) 
iodoform. How and under what c(lnditions do ethyl iodide !lond iodoform react 
wito potassium hy4roJtide 1 

I). What are halvgen derivatives' of paraffins? How is methyl chloride 
prepo.ted ? Give some synthetic uses (If methyl chloride. 

(Dibrugarh B.Se., 1967) 

10. How do you account for the activity or inactivity of t.he halogen 
o.tom in the followfng compounds: Allyl chloride. Vinyl chloride. ex-ch10to
acetone, Ethyl cliloro-aoeto.te ? (Panjab University B.Se. II. 1967) 

ll. Give structures of ,the products expectedfrom c;iehydroho.logenation 
of-

(a) I-Bromohexane 
(h) I-Bromo-2-methylhepto.ne 

(0) 3-Bromo-2, 3-dimethylpentane. Predict with reasons the major 
product where more than one product can be formod. 

(Jadavpur B.Sc., 1969) 
12. How- is chloroform prepared on a large scale 1 Describe its 

important reaction .. and uses. (Jammu & Kashmir B.Se., 1969) 

13. Give an account of the product or products formed 'When alkyl 
halides react with (i) sodium Ilyanide and (ii) silver cyanide. What structures 
would you assign to the~e structures? (Delhi B.Se., 1969) 



Organo-Metallic 
Compounds 

VIOTOR. GRI~NA.BD 
(1871-1935) 

Frenoh chemist. Nobel Prize winner 
in 1912 for hits contributions to Syn
thetio Organio Chemistry •. Rits fame 
rests prinoipally on the usefulness of 

the reaotion which takes his name. 
Organic compounds in which one or more hydrocarbon radi

cals are a.ttached directly to a metallic atom are termed Organo. 
metallic compounds. For exa.mple, 

/ 
CaRo / CHa RoC,,, / CaRs 

Zn Mg 'Pb 
'-C:aR5 "I RI)Ca/ '\C:aHr; 

Diethylzino Methylmagnesium Tetraethyllead 
iodide 

It may be noted that in aU the above moleoules the metallic 
atom is in direct. union with a carbon. Compounds like magnesium 
acetate in whioh magnesium is linked to an oxygen atom are not 
organo metallic compounds. 

o 
II 

CHs-C-O, 
Mg 

CHs-C-O/ 
II 
o 
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Of all the organo-metallic compounds so far investigated 
those of zinc, magnesium and lead are important. 
ORGANO-ZINC COMPOUNDS 

Zinc forms two organo-metallic c~mpounds which were first 
studied in detail by Frankland (1849). Theyare: 

ICHa /~H5 
Zn" and Zn, 

CHa C2H5 
Dimethylzinc Diethylzinc 

They are often referred to as Dialkylzincs. 
Preparation. Dialkylzincs are obtained by the action of zinc 

on alkyl halides. 
C2H:) + Zn 

Ethyl iodide 
2C2H 5ZIl1 

-- C2HSZnI 
. Ethylzinc iodide 

__ (C2Hs)2Zn + ZnIg 
Diethylzinc 

The ethylzinc iodide first formed is distilled in an inert atmos
phere as Dialkylzincs are spontaneously inflammable in air. 

Dimethylzinc can also be pr«rpared by a similar method. 
Properties and Uses. Dialkylzincs are colourless, unpleasant 

smelling liquids which have comparatively low boiling points. 
Zn(CHs)z b.p. 46°C ; Zn(C2H5l2 b.p. 118°C. 

They are spontaneously inflammable and produce painful 
bums when brought in contact with skin. Thei.r important synthetic 
reactions are : 

(1) They react violently with water forming the correspond
ing Alkanes. Thus: 

H-OHI 
CH:r-,Zn i-ORa -- CH4 + Zn(OH)2 + CH, 

;OH'-H Methane 
(2) When heated with alkyl halides, they form Higher alkanes. 

Thus: 
C2H 5-iI : 
CH8__;lZn~-CHa __ C2H 5.CHa + ZnI2 + CHa.C2H 5 

0; I;-C2H s Propane 

(3) With aldehydes and ketones they form Alcohol~. Thus: 
HaC- ZnCHa CHa CHa 

+ I HioH I IOH. 
CHs-C=O __ CHa-C-O,ZnCHa __ CH:i-C-OH + Zn, 

I ! I CHa 
H H H 

Acetaldehyde Isopropyl alcohol 
(4) With acid chlorides, dialkylzincs form Ketones. Thus: 

CHaCO/Clf 
CzH5-!Zni-C2Hs __ 2CHaCOC2H s + ZnCl2 

iCI ,OCCHa Ethylmcthyl ketone 
Acetyl chloride 

In preparative chemistry alkylzincs have gradually been re
placed by Grignard reagents which are more reactive, convenient to 
handle, and comparatively stable. 
ORGANO-MAGNESIUM HALIDES 

In 1900 Victor Grignard showed that magnesiu~ in presence 
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of dry ether reacts with organio halides giving oompounds of the 
general formula 

R-Mg-X 

where X=CI, Br, or I 
R= Univalent hydrocarbon radical. 

These alkylmagnesium halides or the Grignard reagents, as they 
are commonly called after the name of the discoverer, are exceeding
ly important in organic synthesis and almost all cla.sses of compound.s 
can be prepared from them. 

Preparation. They are prepared in the laboratory by the 
action of alkyl halides on magnesium suspended in ether. 

(Ether) 
RX + Mil __ R-Mg-X 

Alkyl halide Grignard reagent 
(Ether) 

~ 1.. CHsl + Mg -_ CHa-Mg-1 
Methylmagnesium iodide 

In the preparatIOn of Grignard reagents great care must be 
taken to ensure that the reactants are absolutely dry and 'Pure, and 
the apparatus quite clean and dry. The 
slightest trace of mo.isture or impurity 
will side-track the main reaction. 

(i) Magnesium. Magnesium ribbon is 
washed with ether to re(llQve grease and placed 
in a desicator for a long time to remove mois
ture. The surface film of oxide is removed Ly 
rubbing with sand-paper or by treatment with 
dilute HCI. 

(ii) Ether. It is washed with water to 
rerr.ove any alcohol and then allowed to stand 
on CaCI2 (anl~ydrou8) for 2-3 days when alcohol 
and water are removed. Then it is distilled 
over sodium and P 20 5 and the last traces of 
alcohol and water are thus removed. 

(iii) Halide. It is purified by the usual 
methods and finally distilled over P 20 5• 

Magnesium ribbon is cut into small 
pieces which are suspended in dry ether 
contained in a round-bottomed flask. This is 
then fitted with a water condenser carrying a 
oalcium chloride tube at the upper end. '1'he 
alkyl halide is gradually added through the 
condenAer, removing the calcium chloride tuce 
for a while. It may sometimes be necessary to 
start the reaction by warming or by adding n 
trace of iodine catalyst. When a. little Grig
nard reagent is formed, it catalyses the reao
tion and magnesium dissolves with evolution 
of heat so that cooling may sometimes bo 
necessary. When the reaction is complete, a 
clear solution of the Grignard reagent in ether 
is obtained. Those reagents are never iso
lated but are prepare4 and used in ether 
solution. 

Function of Ether. Although the Grig
nard reagent in ether reacts as if it were sim
ply a.lkylmagnesium halide. ether is undoubted_ 
ly in combination witb ;~. and is not present 

CaClz TUBf 

ALKYL HALIDE 

Fig. 14·1. Preparation of 
Grigna.rd reagents. 



324 
'. 

TEXT-BOOK OV ORGANIO OHEMISTRY 

merely as 6 solvent_ The. electronio formula of ether shows that the oxygen 
atom has two IOlla pairs of electrons out of which one is donated to the 
magnesium atom of alkylmagnesium ha.lide as follows : 

OHax Mg~~: 
° has 2 lone pairs Mg is short of eleotrons 

{Cm'H5)20\i /OHa 
.;rMg, 

(Cm'Hs)20 I 

Ani8ole, C,H600Ha, and dimethylaniline, 0s'HIIN(.CHa)m are somEltimes 
used in plac,e of ether. Both these possess lone pa.irs imd arb capable of 00-
ordination. . 

Forma.tion of Grignard reagents may be represented, by 
homolytic or heterolytic mechanisms depending upon the require ... 
ments of the reaction. . 

Heterolytic mechanis1IL : 

Mg: + R-X 
2+_ -

_ MgR : : X --+ R-Mg-X 

It is evident that Grignard reagent is a convenient source of 
carbanions. Grignard reagent can effect ionic displacement by 
nucleophilic substitution and also addition to multiple bonds by 
heterolytic mechanism. The addition reactions include action with 
carbonyl compounds and carboxylic acid derivatives. The mechanism 
of addition i~ represented as 

01 
'/0 = 0 --+ '0-0: 

/+ -
, - + 

--+ IrOMgX 

Addition product 

I Hydrolysis 
J,H.OH 

>l-OH + Mg(OB)X 

The mechanism of reactions (4), (5), (6), (7), (8) and (9) (i) can 
be explained as above. 

Properties and Synthetic Applications. Grignard reagents 
are non-volatile, colourless solids but they are seldom prepared in 
the free state. For synthetic purposes they are always prepared and 
used in ether solution. Unlike the alkylzincs, they do not ignite 
spontaneously on contact with air. 

Chemically Grignard reagents enter into reaction with many 
compounds yielding almost all types of organic derivatives. The, 
following reactions of Grignard reagents sufficiently show their 
versatility as synthetic r~agents. In these reaotions, bromides and 
iodides in general react more readily than the chlorides. 

(1) FORMATION OF ALKANES. Grignard reagents are decolll
posed by water, alcohols, ammonia, amines, etc. in each ca.se Iib~mt

I 
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ing the hydrocarbon corresponding to its alkyl group. Thus: 
CH3~.Mgr·+:··HOiH -+ CU, + IMgOH 

MethylmagneSliim"~Water Methane 
iodide 

CHsiMgI + C~H50 ell -+ CH, + IMgOCaHr; 
. ········· ...... ·Eiha:riol 

CH31KigCt:'NHaiH - CH, + 'IMgNH2 · .. ·· .. ···:Ammonia 
CH3!Mgf"::'::"c-;ii-;Nii:H __ CH, + IMgNH<;Hl\ 

: .... ········Eth;i~e 

Sin~ meth1l.ne-' evolved in the above decomposition can be 
measured, it gives a method for the estimation or' OH, NH2• and SH 
groups in organic compounds. 

\ 

Mechanism. Substances containing active hydrogen undergo 
ionic displacements by heterolytic fission in presence of Grignard 
reagents. . 

~ ~ 
A - H + R - MgBr -+ H R + AMgBr 

Water, alcohols, carboxylic acids and amines undergo this 
change. Indirectly the alkyl halide (R-Br) is reduced to the parent 
hydrocarbon. 

HIGHER ALKANES can be obtained by the treatment of a 
Grignard reagent with an alkyl halide. 

CHsfMg'Br"+"Br;C2H5 __ CHaC2H 5 + l\fgBrs 
. . ...... "Etiiyi"bromide Propane 

This reaction is', in fact, an extensibn of Wurtz Reaction. 

(2) FORMATION OF ALKENEs. An alkene may be synthesised 
by the action of unsaturated halides on Gdgnard reagents. 

: ..... _-_ ........ _-. ... 
OH3! .ligBr + Br/R2.HC=CH2 -+ CH3CH2.CH=CH2 

······ .... ········ .. ··,iillyl bromide I-Butene' 

Alkenes are also finally formed by the reaction between 
ketones ~nd Grignard reagents. (See reaction 5). 

heat 
(OH312C(OH)CH3 -+ (ClI3hO: CH2 + H20 

Tert. Isobutyl alcohol Isobutene 

(3) FOR:\IATrON OF HIGHER ALKANES. Lower alkenes react . 
with Grignard reagents to form derivatives which upon rea.ction with 
alkyl halides yield hi~her hydrocarbons. 

CHaCeC!iC+"B:!MgI __ CHa.CaCMgI + BH 
• ~ ••• __ u ••• _ .. _ ... 

Propyne, • 
Methylacetylene 

CHs.CeC1Mgi'+'i(CHs ~ CHa.CaC.CHs + Mgla 
·· .. i\leiii-yi iodide 2.Butyne, 

Dimethylacetylene 

(4) FORMA.TION OF PRIMARY ALCOHOLS. They are formed by 
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the action of formaldehyde upon Grignard reagents and hydrolysis of 
the product with dilute hydrochloric acid. 

CHa-MgI CHa CHs 
+ I I 

H-C=O __ H- 0-0 MgI __ H-C-OH + l\'fgI(OH) 
I I I 

H H H·OR H 
Formaldehyde Ethyl alcohol 

A primary alcohol with two additional carbon atoms is obtain
ed by the use of ethylene oxide. 

+H20 CHs·CzH 5 CH2 +~2H6MgI 

I" -CHs-O 
__ , + l\'fgI(OH) 

Ethylene oxide 
CH20H 

Butyl alcohol 

(5) FORMATION 
by the reaction of 
formaldehyde .. 

OF SECONDARY ALCOHOLS. They are· formed 
Grignard reagents with aldehydes other than 

CHa-MgI CRa CHa 
+ 

CHa-C=O --+ 
I 

I 
CHa-C-O~fgr cHa-LoH +' MgI(OH) 

~ ~ 11 
Acetaldehyde Isopropyl alcohol 

(6) FOhMAWlON OF TERTIARY ALCOHOLS. Tertiary alcohols are 
easily prepared by the a('t.ion of ketones on Grignard reagents. 

CHs-:MgI ' H. CHa 
+ I H 20 I 

CHa-C=O __ CHa-C-OMgI __ CH:r-C-OtI + MgI(OH) 
I I I 

CHa ORa ,CHa 
Acetone tert. Isobutyl alcohol 

(7) FORMATION OF EtHERS. Higher ethers can be obtained 
by the reaction of a lower halogenated ether with the Grignard 
reagents. 

Br 
CHsOCH2!?~::±::~~~~!CsR5 --+ CHaOCH2.CzH 5 + Mg( 

l\'fonochloro- . Ethylmagnesium Methyl propyT Cl 
methyl ether bromide ethel' 

(8) FORMATION OF ALDEIIYDES. 
formic ester to form an aldehyde. 

Grignard reagents react with 

CH:r-MgI CHa 
+ I 

H--C=O --+. H-C-OMgI + l\IgI(OH) 

6C2H5 6C2H 5 
Forrcio ester 

ORs CHa 

H-6-0lH __ H-6=0 + C2H sOH 
1...... . Acetaldehyde 
OCZH 5 
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(9) FORMATION OF KETONES. Ketones are formed by the 
action of Grigbard reagents with acid chlorides and cyanides: 

(i) CHa-Mg1 CHa CHa 

CH3-C!,0 ~ CHa-6-0MgI ~ CHa-~OH + MgI(OH) 

61 & 01 
Acetyl chloride 

CHs CHa 
I I 

OHa-C . om ~ CHa--O=O + HCl 
I 1 Acetone 

ce····· 
CHa-Mg1 

+ 
CHa-C=N ---+ 
l\J ethyl cya.nide 

CHa 
I .. 

CHa-C=!~.~ ....... +, ..... !f2iO 

MechanisDl : 

CHa 
I 

CHa-C=NH + MgI(OH) 

CHa 
I" 

CHa -C=O + NH3 
Acetone 

_ + Oils 
01. + -- CH3Mg1 I 

CHa -·0= N ---. CHa-C-N -lo CHa-G=NMgI 
(10) FORIlfATJON OF OARBOXYLIC ACIDS. Grigb.ard reagents 

react readily with carbon dioxide forming carboxylic acids,: 

CH3-Mg1 CHa 
+ I 

0=0=0 __ V=C-Ol\IgI 
Carbon dioxide 

CBa 
H20 I I 
_ O=.C--OH + Mg/ 

Acetic acid \OH , 

(11) FORMATION OF ESTERS. Grignard reagents react with 
chloroformic ester to form hig·uer esters : 

C2Hs(~i:gC+··C-J;COOC2H5 ~ CZBfiCOOC2Hfi + MgI(CI) 
Ethylma.gne~luiii····Chloroformic Higher ester 

iodide ester 

(12) FORMATION OF ALKYL OYANIDES. Alkyl eyanides are 
prepar('cl by the action of cyanogen chloride with a Grignard reagent 
Thus: 

I 
C2Hr,MgT + ClCN --; 02HSCN + Mg( 

C: unogen CJ 
chloride 

(1:3) FORMATION OF PRlMARY AMINES. Ohloramine reacts with 
a GrigWlrd reagent to Ulrm a primary amine. • 

I 
C?Hsllfg' + CINHz ~ ~H5NH2 + lVfg< 

Chloramine Ethylamine Cl 

(14) FORMATION OF Tmo.t.:LCOBOLS. Sulphur reacts with Grig
nard reagents forwing t.hiou.lcohoIs. 

C~!:J~fgt + s ~ C2H5SM;;I 
E+j, V Ilt<agnesi um 

iodide 
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02H5sIMg'.f·+··HOiH -+ 0.H5SH + MgI(OH) 
....................... . Thioil,lcohol 

(15) FORMATION OF ORGANO-METALLIO COMPOUNDS. Grignard 
reagents react with metallic halides to form other organa-metallic 
compounds. Thus: 

01 
20aHsMgI + Hg0l2 ---+ (02R5)aRg + 2MgI 

Ethylmagnesium Mercuric Diethylmercury '1 
iodide chloride 

TETRAETHYLLEAD, (CSH5}4Pb 

It is a colourless liquid with a strong smell. It boils at 202°0. 
It is a highly poisonous substance, being absorbed both by the lungs 
and through the skin. It is soluble in organic liquids like gasoline 
but insoluble in and not decomposed by water. As indicated by its 
physical characters and low degree of reactivity, tetraethyllead is a 
purely covalent compound. 

OaRs 
I 

HoOa-Pb-OaRs 
I 
OSE5 

It is conveniently obtained by the action of ethylmagnes)um 
iodide with lead chloride. 

2PbOl, + 40aHsMgI ---+ Pb + Pb(OaR5)' + 4MgI(Cl) 
, On industrial scale it is - obtained by the reaction of ethyl 

chloridc with sodiumlead alloy. I 

402H 501 + 4NaPb ---+ 4NaOI + SPb + (02H5},Pb 

The tcchnicnl use of tetraethyllead is as 'antiknock' for motor 
fuels. When mixed with petrol or gasoline, it prevents the knocking 
in internal combustion engines. 

Theoretically, it is of interest as when passed through hot 
tubes nt low pressure in the atmosphere of an inert gas, tetraethyl
lead i,s clecomposed according to the following equation. 

Pb(CzHs)4 ---+ Pb + 4CaH5 

This has established the existence of free radicals, as tetramethyl
lead also has been shown to decompose in the same fashion forming 
methyl radical. 

QUESTIONS 

1. Wh"t are organo-metallic compounds? Apply your definition to 
snow that .calcium oxalate is not an organo-metallio oompound. 

2. Describe -t1ie preparation, properties and synthetic a pplications of 
dialkylzincs. Why have they been superseded by Grigno.rd reagents in organic 
synthesis? 

S. Outine the preparation of a solution of ethy lmagnesmm brom.tlo. 
How will you prepa.re (a) ethane; (b) propionic aoid; (c) ethyl mtllhyil;:otono 
and (el) isopropyl alcohol, from it ? 

4.. "Grignard's reagents have attained a position in synthetio Orga.nic 
Chemistry unrivalled by any other class of compounds", Justify this sta.tement. 

(Udaipur B.Sc. 11, 1967) 
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5. What do you mean by organo-metallio oompounds' Give an exam
I Give some synthetic appHcaiaona 0 f organa-metallic oompounds of magne-

~i~~. (Dibrugarh B.Sc. II, 1967) 

6. Give eJtampies of the uses of 0. Grignard's reagent in p.reparing (a) a 
saturated hydcoarbon, (b) an unsa.turated hydrocarbon, (c) a. primary alcohol 
(el) a secondary.alcohol, (e) a tertia!'y aloohol, (f) .aualde~yde •. (g) a ketone, (h) 
a oarboxylio aOld. (Banaras Hlndu Unwersity B.Sc. 11,1967) 

7. How are Grignard'fiI reagents prepared! Disouss their important 
reaotions and synthetio applioations. (J & K B.Sc. Suppl., 1967) 

8. What are organo-metallio oompounds? Describe the preparation 
of methylmagnesium iodide and show how it may be used. to synthesise the 
following oompounds :-(0) a primary alcohol, (b) an aldehyde, (c) a ketone, (el) 
a oarboxylic aoid, (e) a saturated hydrooarbon. 

(SMvaji University Kohlapur B.Sc. II, 1967) 

9. Write sbort notes on : 
(a) Structure of Grignard's reagent. (AZigarh B.Sc.ll, 1967) 
(b) Synthetio uSeS of Grignard's reagent. (Panjab B.Sc. II, 1967) 
(c) Synthesu. tetramethyllead. (Panjab B.Sc. II, 1967) 
(el) Synthes{s of (i) primary, (ii) seoondary and (iii) tertiary aloohols 

from Grignard's reagents. (Poona B.Sc. Il, 1967) 
10. Row does ethylmagnesium bromide react with-
(i) all ester, 
(ii) a ketone, 

(iii) a nitrile, 
(iv) a carboxylio aaid. 

(Panjab B.Sc. II. 1968) 
ll. Give the preparatiun and uses of CHaMgI. (Bombay B.Sc.,1968) 
12. Desoribe 0. method for the preparation ofmetbyl magnesium bromide 

and disouss its importanoe in organic synthesis. Indioate the limitations of its 
applioations. (Baroda B.Sc., 1968) 

13. (a) Show how each of the following anbstanoes aan pe prepared by 
reaotion involving a Grignard reagent. 

(ii) CHa-CHz-C-CHa 
II 
o 

CHa 

(iii) CHa_LC(O 
I 'OH 
ega 

(iv) (CaHs),Pb. 
(Banaras B.Se., 1968) 

14. Discuss briefly the Grignard reagent and its uses in Orgalllo Chemistry. 
. (Ceylon B.Sc .• 1968) 

15. How is metllyl magnesium iodide prepared? State its important 
readion.". Huw has ;ts structure be on determined. Wiswa Bharali B.Sc .. 1960) 

What are organometallio oompoundo Givo a dctnued account of the 
preparation a.nd synthotio applioatiolls of anyone organopHltallic compound 
you have studied. (Bangalore B.Sc., 1969) 

. 17. How is mngnesiu mothyllOdideprepared! How would you prepare 
(a) Isopropyl alcohol (b) 'acetic Mid (c) ethyl alcohol from it. 

(Marathwada B.Sc., 1969) 
" lR. How does otbylmagnesium bromide reaot with {i) ethyl formate, 

(u) n('1 t,cllitrill', (iii) ethylene oxide (ft» ethyl amine (tI) oarbon disulphide. 
(Udaipur B.Sc., 1969) 

, 19.. What Ilr~ Grig~ard reagellls? How are th,ey prepared? Outline 
t.helr uscs JI'I. synthetlo orgamo chemilitry. (Panjab B.Se., 1969) 
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Aliphatic 
Alcohols 

LOUIS PASTEUR 
(1822-1805) 

French Biochemist. He is well 
known for his work with tartario acid, 
his method for the resolution of race
mic mixtures, and the elucidation of 

the process of fermentation. 

The term alcohol is applied to all organic compounds, obtained 
by replacing one or more hydrogen a.toms of an open-cllain hydro. 
carbon by OR groups. The alcohols are further termed mono-, di. 
and tri-hydric according to the number of groups which they may 
contain. 'l'hus: 

CZH50R CHzOR.CHzOR CHzOH.CHOH.CHzOR 
Ethyl alcohol Glycol Glycerol 
(Mont)hydric) (Dihydrir) (Trihydric) 

Alcohols could well be ~onsidered' as derivatives of water 
obtained by the replacement of one of its hydrogen atoms by a hy
drocarbon radical. Thus: 

-R 
H O-R ~ CZR5-0-H 

Water +C,Rs Ethyl alcohol 

This is justified by their behaviour towards sodium metal and phos 
photus pentachloride. 

330 
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Analogy to' In<lrganic Hydrolddes. Alcohol could be regarded as ana-
logouS to inorganic hydroxides. 

C2H 50H 
Ethyl alcohol 

CaH6(OH)a 
Glycerol 

NaOH 
Sodium hydroxide 

Ca(OH)2 
CalcIUm hydroxide 

Al(O:a:)s 
Aluminium hydroxido 

The analogy is, however, superficia.l and in fact entirely misleading. 'l'he two 
t as of compounds ha.venothing in common except that they happen to possess 
h~roxyl groups. The chief difference between the .organic and the inorganic 
hydroxides are tabulated below: 

ALCOHOLS INORGANIC HYDROXIDX:& 

(1) Covalent compounds e.g., 11) Electrovalent compounds e.g., 

C2H5-0 - H Na.+OH-

(2) Non-ionised. (2) Ionised. 

(3) Neutral to litmus. (3) Alkaline to litmus. 

(4) GIve molecular reactions. (4) Give ionic reactions. 

It should, thus, be abundantly olear to the beginner that it is wholly 
absurd to consider a.lcohols as organic hydroxides resembling inorganic bases. 

MONOHYDRIC ALCOHOLS 

Alcohols containing one hydroxyl group are called ?1lonoky. 
droxy or monohydrio alcohols. They have been further classified as 
primary, secondary and tertiary alcohols according as the hy
droxyl group may be linked to a primary, a secondary, or a tertiary 
carbon atom. Thus isopentane, 

1.3) (2) \l} 
CHa-CH-CH2 -CRs , 

CH3 

in which the carbon atoms numbered (1), (2) and (3) are respective
ly primary, secondary, and tertiary-can give all the three -types of 
alcohols. 

CHa-OH -CH2-roli;_-tYH1 Primary alcohol I , ............. . 

b).Js 

COB! 
: I ; 

CH3-0H-l .. ?~j.-CH3 
Secondary alcohol 

CH:! 

OB'i 
I : 

CH3 - 9.:::[CH2 CH3 Tertiary alcohol 
I 
CHa 
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As indicated above by the dotted enclosures, the groups charac
teristic of the three types of alcohols are : 

-CH,OH ')CHOH 

Primary Secondary Tertiary 

Accordingly their symbolio or type formulas would be 

RCHlIOH R'/CHOR:' ~/COH 
R' R' 

Primary alcohol Secondary alcohol Tertiaey alcohol 

where R, R' and R" may represent the same or different alkyl 
radicals. . 

The general formula for monohydric alcohols is 
C"H11I'+lQH or C"H2,,+20 

NOMENCLATURh 
There are three ways of naming aliphatic monohydric alcohols: 
(a) The Common System; _ 
(b) The Carbinol System; and 
(c) The IUPAC System. 
The Recent Chemical' Abstraots favour common names for 

lower members while the higher and more complex alcohols are 
assigned by the IUPAC System. 

(1) According to the COMMON SYSTEM, alcohols (R-OH) are 
named as Alkyl alcohols, the term alcohol designating the -OH 
group. Thus the common name of an individual member is obtained 
by naming the alkyl group linked to -OR group and adding 
'alcohol' as a separate word. Such 'junctional class names' as they 
are called are two-word names. Thus: 

CHaOH Methyl alcohol 

CHaCH20H Ethyl alcohol 

CHaCHaCH20H Propyl alcohol (n-Propyl alcohol) 
OR 
I 

CHa- CH-CHa Isopropyl alcohol 

As we go higher in the series it becomes necessary to indicate 
whether a particular alcohol is primary (1°), secondary (2°) or 
tertiary (3°). 

CHaCH2CH2CH.OH n.Butyf alcohol (1°) 

OR 
I 

CHaCHIlCHCHa sec-Butyl alcohol (2°) 

OR 
I 

CHa -C-OH tert-Buryl alcohol (3°) 
I 
CJ:Ia 

Since a n-alkyl alcohol is always a primary alcohoL it i;; nerC$
sary to indicate the same by a prefix. 
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" (3) The IUPAC SYSTEM names alcohols as Alkanols. The name 
of an individual alcohol is derived by dropping the final 'e' of the 
name of the parent hydroca,rbon and adding the suffix 'oZ'. Thus: 

CHaOH Methanol (Methane - a + 01) 
C,HliOH Ethanol (Ethano - a + 01) 

For naming higher alcohols, the longest. carbon chain bearing 
the OR group is selected as the bas'ic hydrocarbon ohain. The posi
tional numbers of the OR group and other substituents are obtained 
by numbAring the parent chain from the end nearer the OR group. 
Then the systematic name of the alcOhol is written as one word by 
the usual IUPAC oonventions. Thus: 

CHa-CH2-CHlIOH I-Propanol 

OH 
I 

CHa -CH-CHa 2-Propanol 
Ilia 

CHa OR 

CHa - 6H-bH-OHa 3-l\fathyl-2-butanol 
" 3 2 1 

In case the parent chain of an alcohol also contains a 
double bond, the locant of OR group is mentioned before the suffix 
'ol'. Thus: 

5 4 3 11 1 
CHa-CH= CH-CH2-CR20R 

aJ'anten-}-ol 

(2) The CARBINOL SYSTEM. This 'system which is still occasion
ally used names the alcohols as derivatives of methyl alcohol 
'(CHaOR) which is expressed as 'carbinol'. The carbon atom together 
with OR group is called carbinol group. 

R-b-OR -6-0H 

:lr I 
(Mathyl a.lcohol) Carbinol group 

In alcohOlS, each free valency of the carbinol group is assumed to 
carry an alkyl radical or a hydrogen atom. 

To get thQ name of an individual alcohol, the alkyl'radiclj,Is 
attached to the carbinol group are named in alphabetical order and 
the word carbinol js added as suffix. Thus the full name of the 
given alcohol emerges as a continuous one-word name. 

y CsHs CaRs 

CH3~C-OH CHa~b-OH cHa-b-OH 

ir :lr baE7 
Methylca.rbinol Etbylmethyl- Ethylpropyl-
(Ethyl alcohol) carbinol carbinol 

(1) CHsCH2CH2CH20H I-ButanOl; 
n-Butyl alcohol 
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(2) 

(3) 

(4) 

OH 
I 

CHaCHaCHCHs 

OH 

CHa-6-CHs 
I 

CHs 
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2-Butanol; 
sec-Butyl alcohol 

2-Methyl-l-propanol ; 
Isobutyl alcohol 

2-Metpyl-2-Propanol ; 
tert-Butyl alcohol 

ISOMERISM 

Isomerism in alcohols arises from two causes: (i) the different 
structures of the. carbon chain, and (ii) the djfferent positions of t~e 
OH group on the carbon chain. Thus~ alcohols may show cham 
isomerism, position isomerism, or both. 

Since all the hydrogen atoms in methane o.nd ethane are identical tho 
replacement of any of them by (OH) group will give only one alcohol. RO\~
ever, propano containing two types of hydrogen atoms can form two isomerIc 
alcohols. 

CHs-CHs-CHs 
It' Propalre' \& 

CHaCH2CH20H CHaCHOHCHs 
Propyl alcohol Isopropvl alcohol 

Proceeding in the same 
rise to four isomeric alcohols. 

(1) CHsCH2CH2CH20H 
(2) CHsCRtCHOHCHa 
(3) CHs-CH-CH20H 

I 
CRa 
OH 
I 

(4) CHs-C-CHs 
I 

CBs 

fashion, the two butanes, normal and iso, give 

n-Butyl alcohol, I-Butanol 
seo-Butyl alcohol, 2-Butanol 

Isobutyl alcohol, 2-Methyl-I-propanol 

tert-Butyl alcohol, 2-Methyl-2-propanof 

While aloohols (1) and (2), as also (3) and (5) illustrate position isomel.'
ism, the aloohol!!.(I) and (3) are a ease of ohain isomerism. 

Alcohols can show a third type of structural isomerism which 
is called functional or chemical isomeri8m. For example, the mole
cular formulli. ~H80 can represent. 

CHsCHs0H and CBa-O-CHa 
Ethyl aloohol Dimethyl ether 

Here, the two compounds belong to different classes of compounds. 
Higher alcohols like amyl a.lcohol also exhibit optical isomerism. 

METHODS OF FORMATION 
Alcohols are chiefly obtained: 
(a) By the hydrolY8is oj compound8 such a8 alkyl halides, hydro. 

gen 8uiphates, amille8 etc., in. which, n-radical i8 linked to an atom 
other than, carbon. 
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(b) By reduction of compounds such, as aldehyde8, ketone8 and 
ncid derivatives containing a carbonyl group attached to an alkyl 
radical. 

(1) Hydrolysis of Alkyl halides. Alkyl halides when treat
ed with aqueous potassium hydroxide, form alcohols. 

C2HG~Br"'+"'k.,OHQq -~ CaHoOn + KBr 
Ethyl br~mUie------" Ethyl alcohol 

This method of preparil)g alcohols is not very satisfactory as 
the alkyl halides &imultaneously eliminate a molecule of halogen 
acid giving alkenes. Therefore, we use a mild alkali like moist 
silver oxide or aqueous potassium carbonate instead of caustic 
potash. Thus: 

C2H5:~:::::+.'.:'.:~S:OH -. ~H50H + AgI 
"Ethyl iodide Ethyl aloohol 

The most suitable halides for use in this method are the alkyl 
bromides, as the chlorides are not sufficientlv reactive and the iodides 
tend to eliminate hydrogen iodide very readily. 

(2) Hydration of Alkenes. Alkenes when passed into sul
phuric acid are absorbed by it forming alkyl hydrogen sulpll;'lotes 
which on subsequent. hydrolysis with water or steam are converted 
into alcohols. 

HO.S02.0-H O.SOj.OR OR 
+ I H 20 I 

CHa-CH=CHll ~ CRa-OH-CRa ~ CRa-OR-OHa t H2SO, 
Propylcne Isopropyl hydrogen Isopropyl alcohol 

sulphilote 

This is a successful commercial method as the lower alkenes are 
obtained in large amounts during the cracking Qf petroleum. 

(3) Hydrolysis of E~~~rs. When heated with a dilute solu
tion of an alkali or a mineral acid, the organic esters are hydrolysed 
to form the parent acid and alcohol. I 

RoooiiF--' +----HO[R __ ROOOR' + R'OH 
Estel~ "'" ... --.-- ... , Acid Alcohol 

The acid or alkali used for hydrolysis accelerates the reaction 
by furnishing H+ and OR' ions' respectively which act as catalysts. 
Many higher alcohols are prepared from esters occurring in na.ture 
by this method. Thus: 

C15HalcoOCaoHsl + H20 ~ C15H31COOH + CaoHS10H 
Melissyl palmitate Plamitic acid Melissyl alcohol 

(Bees wax) 

(4) Action of Nitrous acid Oil Primary amines. On treat
ment with sodium nitrite and dilute mineral acid, primary amines 
form alcohols. 
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This method can be used for the preparation of higher alcohols 
when the corresponding acid is available in nature. The acid may 
be converted into the amine by the usual methods and then treated 
with nitrons acid. 

RCOOR ---7 RCOONH, ---7 RCONHa ---7 RNHa 
Acid Amm. salt Amide Amine 

(5) Reduction of Aldehydes and Ketones. Aldehydes and 
ketones on reduction with hydrogen in presence of nickel, or with 
z;inc and hydrochloric acid, form respeotively a primary and a 
secondary alcohol. 

H+H f 
CHa-C=O ~ CHa-C:-OH 

~ }r 
Acetaldehyde Ethyl alcohol 

H-H fl 
CHa-C!O ---+ CHs-a-OR 

I I 
CHa CHa 

Acetone Isopropyl alcohol 

(6) Reduction of Acid anhydrides. Acid chlorides, and 
Esters of fatty acids. These compounds on reduction either with 
sodium and alcohol, or with hydrogen and a metal catalyst, produce 
alcohols._ Thus: 

Rco.o.ona + 4R --. RCHliOH + RCOOU 
Anhydride Alcohol 

RCOCl + 4H --+ RCHaOH + HCl 
Acid qhloride Alcohol . 

RCOOR + 4R ---+ RCHaOH + ROR 
Ester Alcohol 

The reduction of esters is particularly helpful in the prep_ura
tion. of higher alcohols from natural esters. 

(7) With the help of Grignard Reagents. 

(i) Primary aloohols are obtained by treating a Grignard re-
agent with formaldehyde. . 

R-MgI R R 
+ 1 HaO-1 

H-C=O ~ R-O-OMgI _ R-C-OH + MgI.OR 
I I HI H H 

Formaldehyde Primary alcohol 

(ii) Secondary alcohols are formed by the interaction of Grignard 
reagents with aldehydes other than.formaldehyde. 

R-MgI R R 
+ I H 20 I 

R-C=O ---+ R-C-OM~I ---7 R"_C-O~ + MgI.OH 
I I I 
11 R R 

Aldehyde 
,/ 

Secondary alcohol 
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(iii) Tertif1.ry alcohols result by the reaction ofGrignard reagents 
on k~tones. 

R-MgI R R 
+ I 

R-O=O ~ R-O-OMgI 
H 2O 
---+ R-J-OH + MgI.OH 

I I I 
R R R 

Ketone Tertiary alcohol 

(3) Fermentation of Carbohydrates. Alcohols can be pre
pared by the fermentation of carbohydrates under the influenoe of 
suitable micro-organisms. Thus: 

Yeast 
OeH120o ~ 2C2HoOH + 2002 
Glucose Alcohol 

Similarly n-primary butyl alcohol is made from starch by 
fermentation with B. Olost1'idium acetobutylicum, 

HOW TO C.ONVERT A. PRIM.A.RY INTO A SECONDARY AND 
TERTIARY ALCOHOL. 

(1) Primary into Secondary Alcohol. A primary alcohol may 
be converted into a secondary alcohol by the following steps: 

HI 
CHaCHaCH.OH ~ CHaCHaCHaI 
n.Propyl alcohol Propyl iodide 

Alo.KOH 
---+ CHaCH=CH2 

Propylene.. 

HI Aq.KOH 
~ CHaCHICHa ~ CHsCHOHCHs 

Isopropyl iodide Isopropyl alcohol 

(2) Secondary into Tertiary alcohol. A secondary alcohol may 
be converted into a tertiary by the aid of Grignard retgents as out· 
lined below: 

Oxid. 
(il CHaCHoaOHs ~ CHsCOCHs 

Isopropy I alcohol Acetone 

R-MgI R It 
+ 

,cHa-6-0MgI 
HaO 

cHa-b-OR (ii) CHa _·C=O - -~Hs / ·1 
CHs CHa 

Acetone Tertiary alcohol 

(3) Primary into Tertiary alcohol. (i) It may be done by the' 
methods outlined above by first converting the primary into a secon
dary llnd then to a tertiary alcohol. 

(ii) When the given primary- alcohol he;s a forked carbon chain 
attached to CH20E( group, it can be directly converted into a ter. 
tiary alcohol as follows: 

OHa'\. 

/
CH.CH20H _ 

CHa 
Isobutyl alcohol 

HI CH3" Alc.KOH 
/CH,CH21 --'" 

ClIa 
Isobutyl iodide 
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OHa, 
/O:OH" 

OHa 
Isobut.ylene 
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HI OHh /1 Aq. KOH OH3 /OH 
~ "0 _ 'I) 

OHa/ ""OH3 OH3/ "OH3 
Tert. Isobutyl iodide TeTt. Ieobutyl alcohol . 

HOW TO CONVERT A HIGHER INTO A LOWER ALCOHOL AND 
VICE VERSA 

(1) Higher into a Lower alcohol: 

o NH3 heat 
ROBzOH _ ROOOH ~ RO~ONH4 _ 

NaOB/Br. HN92 
ROONH

2 
__ RNH2 _ ROH 

(2) Lower into a Higher nlcohol : 
HI KON 

:i) ROH ~ R1 ---+ RON 
H HN02 

---+ ROEI~NF[2 --. ROH20H 

HI l\Ig 
(i-i) ROH _ RI ---+ RMgI 

OH20 . H"O 
---+ R.OEI2·OMgI _ ReH20H 

PHYSICAL CHARACTERISTICS 

(11) The lower memberS' are colourless volatile liquids which 
have a characteristic alcoholic smell and a burning taste. The smell 
and taste g~adually disappears as we ascend the series. 

(2) Alcohols are relativ~ly volatile compounds but their boiling 
points are much higher than those of the corresponding alkanes. 

The relatively high boiling points of alcohols are due to their 
ability to form H-bonds between themselves. Association takes 
place because the H-atom in alcohols is attached to a strongly clec
tronega tive element, oxygen. 

R-O ... H-O ... H-O .. H-O 

~ k ~ ~ 
These associated molecules will need energy for splitting up 

before tb~ alcohol boils. This accounts for relatively higher boiling 
points of nIeohols. 

(3) 'l'be Mst three members are miscible with water but the 
sol~bility falls rapidly as we go higher in the series. The highest 
members are practically insoluble in water. 

A compound which forms H-bonds· between its own molecules 
can also form hydrogen bot1:)n.s with water molecules. Therefore, a 
sort of 'co-association' betwee.n the water molecules and alcohols is 
expected via hydrogen bonding. " 

R-O .... H-O·:··H -O····H-O····H-O··· 
I! I I 
H H it F H 

These ~lcohol-water H-bonds ar~ the ~usc of relatively high 
solubility of alcohols ill water. In hlgher atGohols, the size of the 
electron-repelling alkyl radical increases and tfleir hydrogen bond 
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forming character is reduced considerably. -nigher alcohols have a 
lower tendency to form H-bonds with water and hence less 
soluble. 

(4) The alcohols as a class are toxic substances. The toxic 
character of liquid alcohols increases with increasing molecular 
weight. 

(5) The boiling points and the specific gravities increase regu
larly with increase of the length 9f the hydrocarbon chain. This 
will be illustrated by considering the physical constants of normal 
alcohols. 

NAME FORMULA B. PT. °C SP. GR. AT 
20° 

MeLhyl alcohol CHaOH 65 0·793 

Ethyl alcohol CHaOH2OH 78 0·789 

n-Propyl alcohol CHaCH2CHlIOH 98 0'804 

n.Butyl alcohol' CHs{ CH2hCH20H 118 0'810 

n-AmyJ alcohol CHal CH2)sCHa0H 138 0'817 

n·Hexyl alcohol CHslCH2)4CH20H 156 0·820 

n-Heptyl alcohol , CHa(OH2)6CHsOH 176 0'818 

n-Octyl alcohol CHs(CHa)aCH20H 194 0·827 

n-D6(lyl alcohol CH3(CHahCH20H 231 0·830 

* 
It may be noted that from ethyl alcohol onward the boiling 

points increase by a regular difference of about 19°. The general 
rule that the physical properties of the first member o.f a homologous 
series do not fall into lipe with those of the rest of the series is also 
illustrated by alcohols. 

For isom.eric alcohols, a primary alcohol boils lt a. .higher 
temperature than the secondary alcohol, anti the latter at a higher 
temperature than the tertLlry alcohol. 

The tendency of hydrogen bond formation decreases with the 
increase in the number of electron-repelling alkyl groups. Hydrogen 
bond forming ability is more in primary alcohols than in secondary 
and tertiary alcohols. This explains why for isomeric alcohols, the 
bQiling points are in the order 

'p > S > T. 

CHEMICAL CHARACTERISTICS 

The structural formulae of the three types of alcohols show 
that they consist of (i) one or more h'!Jdrocarbon radicals and (ii) a 
hydroxyl group. The chemica1 behaviour of alcohols is associated 
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with the very reaotive OH group. The reactions of the OR group 
are of two types: 

(a) tlwse in which only the H·atom partieipates; a'ltd 
(b) those in which the 011 g1'OUP as a 7l'hole is involved. 

H 

1\ 
o WEAl( 

I 

H 

I 
WEAK 0 

'-I 
CH-C-H 

l I 
H' 

CH,----,-cH' 
Cf:l3 

Primary aloohol Seoondary aloohol Tertiary aloohol 

In the first type of reactions, the primary alcohols are most 
reactive and tertiary alcohols are least so. In the second type of 
reactions, the order of reactivity is reversed. This is due to the fact 
that in primary alcohols O-to-H linkAge is weak while in tertiary 
alcohols it is the C-to-O linka'g~ that is weak. 

The hydrocarbon radical in alcohols gives the mual reactions 
of the alkanes .. 

The general reactions of alcohols are given below: 

(1) Alcohol of Crystallisation. The lower alcohols resemble 
water in the formation of addition compounds with anhydrous salts. 
Thus we have, 

MgCI2.tICHaOH 

CUS04·2CIIaOH 

CaCI2.4(, 2H &OH 

MgCJ2·6CzH 50H 

An alcohol in combination with salt is analogous to the water 
of crystallisation and may, therefore, be termed as the Alcohol of 
Orystallisation. 

By virtue of this property, traces of methyl alcohol and ethyl 
alcohol can be removed from organic liquids by !nea·ns of fused 
calcium chloride. For the same reason, calcium chloride cannot be 
used. for drying alcohols. 

(2) Action of Active metals. Active metals like sodium or 
potassium react upon alcohols forming ALOOUOLATES OR ALKOXIDES 
in whiclrthe hydrogen atom of the OH group has been replaced by 
the metal. Thus: 

!1C2H&OH + 2Na ~ 2C2HsONa + H2 
Ethyl aloohol Sodium ethoxide 

In this reaction, primary alcohols are most reactive, while ter· 
tiary alcohols react upon heating. 
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The action of t'odium on alcohol is often employed for reduc
tion of organic com pounds. 

': (3) Action of Phosphorus halides. Phosphorus halides act 
OIl alcohols when the (ORr group is replaced by a halogen atom and 

'.Hcyl halide is formed. 

Cll PCla jCl 
Rl-O-1H --+ RCI + POCIs + HCI 

The action of phosphorus pentachloride on alcohols is an excel
lent method for replacing the OR group by a chlorine atom. Since 
the reaction is accompanied by evolution of hydrogen chloride gas, 
it is applied as a test for the presence of OR group in organic com
:P,Ounds. 

Similarly, phosphorus trihalides react upon alcohols to form 
tJlcil hlllirlpq Thus: 

3ROH + PIa 
Alcohol 

3ROH + PBra 
Alcohol 

__ 3RI + P{OH)a 
Alkyl iodide 

--. 3RBr + P(OH)3 
Alkyl bromide 

'~i, ... (4) Action of Acids. Both organic and inorganic acids react 
~ftli alcohols to form ESTEns. 

::.~;. CHaCOrOH"~'~''I:i:OC2H5'--+ CHaCOOC2H5 + H 20 
Acetic acid'" ' Ethyl alcohol Ethyl acet~ 

C2H 50H + HNOa --+ C2HsN03 + H20 
Ethyl nitrate 

With ha.logen acids the order of reactivity of the three types of 
aliitlhols is .. ; 

Tertiary> Secondary > Primary 

Oii~the other han~, the reo,ction ra.tes with orgo,nic acids are in the 
r~'l&se order. 

,~~. As we have already explo,ined, this is due to the fact that with 
ic acids the disruption of the alcohol takes place at the Dxygen
l'ogll1t bond and with a halogen acid the whole of the OR must 

b~1fuocked by a rupture at the curbon.lo.ox!lgen linkage . 
• ,.~:t:} 

ji 0 0 
~ ~ u n 

R-C-OH -;- It O-R ~ R-C-O-R + HeO 
Cl·i{ .. ·.:;. .. ·H'::.:o ~. R' --+ ROI + H

2
0 

~ The differences in the rate of esterification of the primary, 
ndary nnd tertiary alcohols being well marked are often used for 
nguishing them from each other. 

The action of sulphuric acid on o,lcohols is of special interest as 
. es a variety of products depending upon the experimental con
s. In the first instance it gives alkyl hydrogen sUlpha.tes. 
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G2iI50H + H 2SO, --+ C2HsHS04 + H 20 
Ethyl alcohol Ethyl hydrogen sulphate 

.. hioh are caplble of reacting in three ways. 

(i) When heated alone: 
2C2H sHSO, -+ (C2HshS04 + H 2S04 

Diethyl Bulphate 

(ii) When 8'ulphuric acid i8 in exce88 : 
C2H sHS04 __ C2B, + H 2SO, 

Ethylene 

(#i) When alcohol i8 in exceS8 : 

C2Hs[ifso~"+"itoC2Hs ~ C2HsOCaHs + H 2SO, 
............... -............... Diethyl ether 

Mec:haniSDl 
The mechanism of formation of ethylene nBS been discussed in the 

chapter on Alkenes. Methyl alcohol does not form an alkene on dehydration. 

The mechanism of ether formation may be given as, 

+ 
.. H ! +. 

CHs-CH2-O-H __ CHa -CH2- -O-H 
(from acid) J 

H 
Protonated alcohol 

+ ! 
CR-CHa + H 20 

Carbonium ion produced above reacts with more of alnohol (which is in excess) 
and gets attached to the oxygen. atom (basic). 

C2B S CzHs +, I 
CHs-CH2 + : O-H --+ CR3-·CH2-0-H 

C2H S ! 
I : 

CH3-CH2-0-!-H --+ 
~J) i 

+ 
Protonated ether 

CaHs 
, + 

CH3-C~-O + H 
(regenerated) 

Similar mechanism applies t.o the formation of dimethyl ether (CH3hO 
from Il1ethyl alcohol and H 2S04, 

(5) Action .of Acid halides and Acid anhydrides. Acid 
halides and acid anhydrides react with alcohols forming esters. 

cHscoicr--+---iI\oC2H s __ CHaCOoc2Hs + HCl 
Acetyl chlorIde"'''' .' Ethyl acetate 

CHsCO[ococIi:;"+"''Bloc2H s __ CHaCOOC2Hs + CHsCOOH 
Acetic ani;:ydrlde.......... Ethyl acetate 

The action of acid chlorides on alcohols is a.ccompanied by 
evolution of hydrogen chloride gas and is, therefore, a_ convenient 
test for the presence of OR group in n. molecule. 

(6) Action of Grignard reagents. Alcohols react with a 
Grignard reagent in such a way that the hydrogen of the OR group 
goes with the alkyl radical forming a hydrocarbon. 
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C2H5fMgr+-RO~H 
Ethyimagneiiiiim"iocllde" 

I 
__ ClIH. + Mg/ 

Ethane 'OR 

343 

This reaction may be used to estimate a lower alcohol present 
in inert solvents by collecting and measuring the volume of the 

. gaseOUS hydrocarbon evolved. 

(7) Oxidation of Alcohols. Upon oxidation with a dilu~ 
solution of sodium dichromate and sulphuric acid, primary, second· 
ary, and tertiary alcohols give different products. 

(i) A PRIMARY ALCOHOL is first oxidised to give an aldehyde 
and then an acid, each containing the same number of carbon atotd8. 

H +[0] :f!.~;·-·I 
CHa-LCH ---!' CHa-C-O!Hj_ I I .... , 

H . H 

CHa-C=O +- HIO 

~ 
Ethyl alcohol (Un8table) Acetaldfby~d 

Acetaldehyde still possesses an ondiss.ble hydrogen and thus 
forma acetic acid. 

083-C=0 __ CHa-?=O 

~ bn 
Acetaldehyde Acetic acid -(i.) A SECONDARY ALCOHOL upon oxidation gives a. ketone 

eont&ining as ma.ny carbon a.toms as the alcohol. 

H :<)1:C""·! 
I [0] '·r··· .. ; ! 

CHr-C-OH --+ CHs-C-O!Hi --to CHs-C=O =r RIO 

dHa ' bHa ~..... hRa 
Isopropyl alcohol (Unstable) Acetone 

The ketone has po oxidisable hydrogen and ordinarily it is not 
expected to undergo· further oxidation. However, on vigorous oxi
dation it may yield It mixture of acids, each containing fewer carbon 
atoms than the original alcohol. 

CHa.CO.CH3 + 30 __ CHsCOOH + HCOOH 
ACl'ltoue Acetic acid Formic acid 

(iii) A TERTIARY ALCOHOL having no oxidisable hydrogen 
linked to the hydroxyl.bearing carbon fails to undergo oxidation. 
However, on drastic oxidation a tertiary alcohol may give a'mixture 
of products, mostly t\cids and ketones, each containing les8 carbon 
atoms than the alcohol. 

CHa 
I +12[0] 

2CHa-C-OH __ CHsCOOH + CHaCOCHs + 3CO, + 5H,0 
I Acetic aoid Acetone 
CHs 

tef'. Isobutyl aloohol 
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The direct behaviour of alcohols on oxidation is often used for 
distinguishing them from each other. 

(8) . Catalytic dehydrogenation. When the vapours of 
alcohols are passed over reduced copper at 300°C, primary, second. 
ary, and tertiary alcohols offer a different behaviour. 

(i) Primary alcohols lose hydrogen and yield an aldehyde. 

CHaCH20H --+ CHaCHO + H2 
Eth! I alcohol Acetaldehyde 

(ii) Secondary alcohols lose hydrogen an_d yield a ketone, 
CHa CH3 

'CHOH --+ 'CO + H2 
CHa/ CHa/ 

Isopropyl alcohol Acetone 

(iii) Tertiary alcohols are not dehydrogenated but instead lose a 
molecule of water ¥,pon heating, forming alkenes. Thus: 

OH 
I 

CHa-C-CHa _ CHa-C=CH2 

bH3 bHa 
terl. Isobutyl alcohol 2.Methylpropene 

This reaction can also be used for distinguishing between 
primary, secondary and tertiary·alcohols. 

(9) Dehydration. Alcohols may be dehydrated by passing 
alcohol vapours over a suitable C'l1talyst nt appropriate temperatures, 
or by hcating with sulphuric acid. The ,product of dehydration may 
be an alkene or an ether depending on conditions. Thus: 

~C2H40H - HaO ---. CaHs O.CaHs 
Ethyl nlC'Qhol Diethyl ether 

CaHsOH .:. H20 ---. C1H, 
Ethyl alcohol Ethylene 

The alkl'ne is formed readily in tertil1ry alcohols, while the 
ease of ether forma.tion follows the reverse order. 

The aC'ifl ratalysed dehydration of ethyl. alcohol is believed to 
take plane a!" follc1w~ through .the -formation of a carbonium ion. 

+ 
H ._ 

+ _ CHaCH. + H20 
Carbonium ion 

+ 
CH2=CHa or HaO 

Hydroxonium ion 
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Tests for an OH Group. There are three tests which may be applied 
to detect. the presence of a hydroxyl group in an unknown orgo.nio compound. 
For the~e tests, take the liquid au bstnllcl.l or 0. solution of the solid suhstance in 
an inert solvent such o.s dry ether or benzene. . 

(1) Add to it small pieces of SODIUM METAL. If bubbles of hydrogen are 
given off, the compound contains nn OH group . 

.2ROH + 2Na __. 2RONa + H2 
(.2) Add to it PHOSPHORUS PEN·rACIU.ORIDE. If the mixture becomes 

warm with evolution of hydrogen chloride gas, the given subst811ce is hydroxy
compound. 

ROH + POls __ RCi + POOla + HOI t 
(3) Add acetyl chloride or benzoyl ohlol'ide to the substance. The 

separation of an oily layer of the ester and evolution of HCl gas indicates the 
presence of an OH group. It may bo noted that if the substance weS taken 
in an organic solvent the oily eeter may dissolve in it and thus limiting the test 
to the evolution of HCl gas only. 

DIAGNOSIS OF PRIMARY, SECONDARY AND TERTIARY ALCOHOLS 
The following tests may be applien for distinguishing primary, 

secondary, and tertiary alcohols from one anuther. 

(1) Oxidation Test. The oxidation of a given alcohol and 
identification of the products formed leads to the clue whether the 
alcohol was primary, secondary or tertiary. 

PRIMARY SECONDARY 

CHsCH20H (CHa)aCHOH 

+[0] +[0] 
CH,CHO (CHabCO 
Aldebyde Ketone 

+[0] +[0) 
OHaCOOH CHaCOOH,+ HCOOH 

Acid containing Allids containing 
same number of fewer C-atoms 
C-atoms as thnn original 
original alcohol alcohol 

TERTIARY 

(CHa)aCOH 

QHaCOOH, CHaCOCH3• etc. 
Products containing less 
C.atoms than original 

Rlcohol 

(2) Catalytic dehydrogenation. When the vapours of. an 
alcohol are passed over reduced copp~r nt 300°C, the products formed 
arc indicative of the type of the alcohol. 

PRn.fARY SECONDARY TERTIARY 

-- _ CH3CH20H (CHa)2CHOH (CHa)aCOH 

~ .j. - .j. 
CHaCHO + H2 (CHa)2CO + H2 (CHsl2C:CH2 + HiO 
Aldehyde Ketone Alkene 

(3) Victor Meyer's Test. The test is based on the different 
behaviour of the corresponding nitroalkanes towards nitrous acid. It 
is carried by the following steps : 

(i) The alcohol is first converted into the iodide by treatment with 
cold hydrogen iodide. 

(ii) Thr. iodide is then treated with ,QilVe1' nitrite so as to form the 
nitroalkane. , 

. (iii) The nitroalkane is finally treated with nitrous acid 
\NaN02+H2S04 ) and made alkaline. 
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.s a primary alcohol, 
hol and if there is no 

ad as follows : 

TERTIARY 

RaCOH 
+HI 

RaCI 
+ AgNOs 

RaCNOll 1 HONO 

No reaction 

.n this test advantage is taken 
formation with inorganic acids 

dary > Primary 

whiJe with organic acids the order is ,just the reverse. The difference 
in the rate of esterification of the primary, secondary, and tertiary 
alcohols is so well marked that it gives a clear indication of the type 
of alcohol. ' 

(a) The unknown alcoltol is treated with concentrated hydro
chloVic aeid containing anhY9rous zinc chloride (1 mole: 1 mole) 
and the time of reaction is recorded. The separation of the in
soluble alkyl chloride from the solution illdicates that a reaction,has 
taken place . 

. (i) "' tertiary alcohol reacts i1l1/mediately, 

(ii} u seco~dary alcohol reacts within Jive minutes; and 

(iii) a primary alcohol does not react within five minutes. 

(b) The alcohol under examination is heated for one hour at 
154° in sealed tubes with an equivalent quantity of acetic acid. The 
ester so formed is isolated and the percentage of alcohol converted 
into ester calculated. Approximately 47 per cent of primary, 22 
per cent of secondary, and 1·5 per cent of tertiary alcohol is changed 
to the ester under these conditions. 

• (5) Dehydration Test. When excess of the given alcohol is 
treated with concentrated sulphuric acid, 

a primary alcohol would give ether ve1'y easily, 

a secondary alcohol won't give ether easily, 

and Il tertiary alcohol won't give efher at all, but .alkene. 
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INDIVIDUAL .ALOOHOLS 

METH L ALCOHOL, METHANOL, CH30H 

347 

It occurs in nature in the form of esters. For example, Oil of 
W'l1tergreen is known to contain methyl salicylate. Since methyl 
al~ohol was for~er~y-p~epar~d ~hiefly from wood by a p~~cess known 
as destructive dIstIllatIOn, It IS also called Wood Sptnt· or Wood 
Naphtha. 

Manufacture. Methyl alcohol can· be obtained by the hy
drolysis of methyl iodide ?r methyl ester, and by the action of 
nitrous acid on methylamme. 

For the industrial preparation of methyl alcohol, the following 
methods are available. 

(1) Distillation of Wood. Until recently the. principal source 
of methyl alcohol was the so-caBed wood distillation, actually the 

I)OOR 

r, 
I 
I 
I 
I 
I 
I 
I 

CARRIAGE 
C(}IV1"AINING WOOD - --------.., 

I I 
I I"!/RNACE 1 
~~--- --------, 
L __________ ...J 

Sf TIlING r~lI/( 

Fig. 15'1. Distillation of wood on a. technica.l sca.le. 

decomposition of wood by heat. When wood is heated at tempera
tures between 2500 and 4000 in cast iron chambers, the products 
obtained are: 

(i) A gaseous mi:rture, Wood gas, which consists of R2, OR, 
CO, COl\! O2 and N2 • It ~s used for heating the cast-iron chambers. 

(ii) An aqueous distillate, Pyroligneous acid (Pyro=heat, 
ligneous=of wood). It is composed of 

acetic a.cid 9-10 per cent 
methyl alcohol 1- 2 per cent 

and acetone 0'1-0'5 per cent 
Pyroligneous acid is further treated for the recovery of these 

compounds. 

(iii) A thick black liquid. Wood tar. that separates from the 
aqueou~ d!stillate. 'It contains alkanes, naphthalene, phenols. ~tc. 
Upon dIstIllation it yields a mixture of cresols which is used as a 
preservative of wood. 
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(itl).A solid resid'ue, Wood charcoal,left in the iron chambers. 
It consists chieBy of carbon and is used as a domestic fuel. 

The process of wood distillation can be nicely illustra.ted in the 
laboratory by the apparatus shown in Fig. 15'2. 

Fig. 15·2. Laboratory illuatrhtion of WOJd distillation. 

Recovery of Methyl alcohol from Pyroligneous acid. 
Pyroligneous acid is chieBy a mixture of methyl alcohol, acetic acid, 
and aoetone along with water. It is treated for the recovery of 
methyl aloohol by the .following steps. 

(1) REMOVAL OF AOETIC ACID. Acetio acid is removed by 
treatment of pyroligneous acid with lime and subseqll.ent distillation. 

GA,s 
LIM( 

PYROLIGNEOIIS 
ACIO 

Fig. 15·3. Methyl alcohol from Wood distillation. 

Cor.C/z 
I 

Methyl alcohol and· acetone distil 'Over leaving calcium aoetate in 
the still. Solid calcium aoetate is distilled with concentrated sul· 
phuric acid when crude acetic acid is recovered. 
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i, ,":' (2) REMOVAL OF ACETONE. The distillate consisting of methyl 
itioohol and acetone from step (1) could be. separ~ted by fra;ctional 
d'stillation. To get pure alcohol, the mixture IS treated wIth cal-

.lhro chloride solution when the alcohol is thrown as crystalline 
ba:tJle.4CH30H, leaving be~ind a~etolle. The crystals are separate.d 
. IiUT'deoomposed by heatmg wIth water when methyl alcohol IS 

'~.'OM.,·th6l'. -at~d. This is then distilL~d with quiok lime to remove any 
~t;j;r. WhlOh may be present. 
:t't.'Wi£h her vast forest rcsources India promises a bright future 
f~~e Wood.distillation Industry. At pres.ent the distillation is 
ca.r1:ftid out on some go >d scalo at Bhadrawatl in Mysore. 

'J;~\(2) Fro~ W~ter gas (!)atart Proce~8, 1923). Most of the 
meuh,yl alco~ol III 1!mted States IS now o.btamed from water gas. 
Wa1~l\' ga.s IS a mixture of carbon monOXide and ~ydrog~n made .by 
~irg steam over red-hot coke. The water gas IS ennched Wlt.h 
hY.9.p(>~en and compressed to about ~O? atmosphe~es p!'essure. It IS 

than~'\passed over a catalySt comlstmg ,of basIC zmc chromate, 
4ziiQ,CrOs. at 300'C. The carbon monoxide of the water gas is 
th\ljijf .• (iuced to form methyl alcohol. 
.. , :'/ co + 2Hz --+ CHaOR 

"~:~ ... 'TJ.l~ methyl alcohol so obtained is almost pure. 
\";~:;WA TiR- GAS 

• ~;~\.GfNERATOR ,cOMPRESjOI? 

PURIFIER 

CH3 0H 
N VAPOUR :t ..... 

""'"_ -- ... - _. 

':STEAM 

1-

~ "l~ <::l ... , \.> 
." <.~~" ~ 

~ 
.0 
\J 

REACTION 
CH,50H CHAMBER 

. Fig; ~ 15·4. !lIanufacture of methyl alcohol from Water gas (Flow 8heet) • 

. . This method of producing methyl alcohol has a great future in 
our country. 

(3)· From Natural gas. Methyl alcohol is also prepared on 
the industrial scale from methane obtained from natural gas. 
Methane is mixed with oxygen and passed over n. catalyst under a 
pr68lUre of 100 atmospheres at 2600

• ' 

CH4 + ° _ CH30H 

.Properties. I~. is a ~olourless mobiJe liquid having a specifio 
gra.vIty 0'793 and bOllmg pomt 65°. It has a. sharp wine. like odour 
and, a. ~urning. taste. It is miscible 'Yith water in aU proportions, 
tho mIxmg bemg attended by a oontraction in volume. It is an 
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excellent solvent for several organic substances such as oils, fats, 
shellac, etc. 

Methyl alcohol has an intoxicating effect on the human system 
and is extremely poisonous. When taken internally it gives rise to 
insanity and blindness. 

Chemically it gives aU the general reactions of alcohols. 

Methyl alcohol differs ,from other members of the serieS' in that 
it doe~ not respond to the 'haloform reaction' i.e. it does not react 
with halogens in presence of alkali as it contains no such groups as 

° H CHa-C( or (c)-cLH 
" '-OR 

Tests. (1) Take about half a ml. of methyl alcohol in a test-tube, add 
to it a pinch of s~licylie acid and a faw drops of cone. ~80,. Warm in a 
water·bath for a few minutes and note the characteristic fragrant odour of 
methylll&licylate. 

(2.) Place a. few drops of methyl alcohol in a wide-mouth test-tube. Heat 
a piece of cappel; gauze to redness and drop It in the test.tube. Methyl alcohol 
is olddised to fOl'lnaldehyde which is at once recognised by its charecteristic 
pungent odour. 

(3) Add a small quantity of methyl alcohol to some water contained in a 
test.tube. Heat a spiral of copper wire to redness in the flame of a Bunsen 

burner and plunge it into the solution. Repeat the process several times. To 
the cooled solution add a few drops of a dilute solution of resorcinol and pour 
cone. sulpburic acid down the side of thE> inclined tube so as to form a lower 
layer. At the junction of the liquids would appear a pink ring with a thick whito 
precipitate above it. 

Uses. Methyl alcohol IS used as a source of formaldehyde. 
It is also used as an antifreeze in car radiatorsv s a solvent, as a 
petrol substitute, and for denaturing ethyl alcohol. a 

Constitution. (1) From combustion data and Vap()UT density measure· 
ments it has been shown thllt methyl alcohol has the molecular formula CH40. 

(2) If carboD, oxygen and hydrogen are exerting their normal cova
lenciee of four, two and one in the molecule, the only possible structural formula 
of methyl alcohol it! 

H-!-OH 
I 

H 

(3) The above structure is supported by reactions of methyl alcohol with 
sodium '" "en only one of the four B-atoms is replaced by the metal. 

, CHaOH + Nil. --+ CHaONa + H 

This shows that the position of one H-atom is differerit from the remain
ing three. 

(4) Mathy plcohol reacts with PClo to form methyl chloride. 

CHaO H + PClo --+ CHaCl + POCls + ,HCl 
This again proves that in methyl alcohol molecule one OH is linked wi1h methyl 
group. 



ALIPHATIO ALCOHOLS 351 

(5) The atructural formu,.la of methyl alcohol is finally confirmed by the 
following synthesis from methane. 

, CI2 If AgOH l 
H-C-H ~ H-C-Ci __ H- OH 

t I I 
H .H H 

Methane Methyl chloride Methyl alcohol 

ETHYL ALCOHOL, ETHANOL, CsHpOH 

It is the most important and the earliest known representative 
of the class and is popularly referred to as simply 'alcohol'. It is 
the exhilarating principle of all wines and is thus named the Spirit8 
of wine. Technically it is known as Grain alcohol since it is often 
manufactured from starchy grains. 

Ethyl alcohol is produced in plants and animals by the fermen. 
tation of carbohydrates. Thus it can be detected in traces in plants 
both in the free state and in the form of estel's. In animals it is 
found to be pre~ent in tissues, blood, and urine of diabetic persons. 
It is also present in human brain to the extent of '0025 per cent. 

Manufacture. (1) Ethyl alcohol has been prepared for cen· 
turies by the fermentation of sugars, particularly glucose and sucrose, 
in the presence of yeast. 

Inverta81l 
CuHssOu + H20 --+ CoHuOo + CaHlIOo 
Sucrose Glucose Fructose 

Zyma8e 
C6HnOa -'-00 2CsH50H + 2C02 

Industrial alcohol is prepared from molasses and cheap starchy 
materials such as potatoes, maize and barley. The starch is first 
converted to a sugar which is 
then subjected to the fermenta. 
tion process. 

(2) In Germany large 
quantitie3 of alcohol are now 
produced from saw dust 
(cellulose) by digesting with 
dilute sulphuric acid and steam 
at a. pressure of 6 to 7 atmos. 
pheres. The cellulose is thus 
rapid!y hydrolysed to glucose. 

(CaH lo0 6)", + zHsO --+ xC6H120 6 
Celluloso Glucose 

The resulting sugar solu. 
tion is fermented by yeast 

t 1" . h l' S 1. 11 Fig. 10'5. Yeast - a single celled plant 
neu ra 1smg W1t 1me ( CItro er) whioh grows and multiplies rapidly 
process). under suitable conditions • 

. (3) In America ,alcohol i.s made by the h,!dration'of ethylene 
obtamed from petroleum refiner1es. Ethylene 1S absorbed in suI. 
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d and the resulting ethyl hydrogen sulphate is pas~ed into 
heated. 

CZH 4 + H2S04 --;> C2H5HS04 

C2H5HS04 + H20 ~ CaH60H + H 2SO, . 

,:lentiy, the manufacture of ethyl alcohol has been achieved 
by"lflr:Ct hydration of ethylene obtained by cracking of naphtha. 

(4) In Switzerland alcohol is manufactured by the hydration 
of acetylene to form acetaldehyde and subsequent reduction. 

CReCS: + HIIO ~ CHaCHO 
CHaCHO + HII _ OHaCHaOH 

The acetylene required for the procesS' is made by the action of water 
on calcium carbide. 

From Ethylene. In U.S.A. ethylene gas is obtained in large 
quantities 'by the cracking of naphtha. This is then converted into 
ethyl alcol101 by 'direct hydration in the presence of phosphoric acid 
catalyst. 

H'aPO, 
CHz=CHz + H 20 _ __ CHaCHaOH 

Ca.talyst 

:Ethylene gas and distilled water (1 : 0'6 molar ratio) Ilre pre
heated to 300°0 and then passed under high pressure into the reactor. 
The reactor is a stainless steel vessel containing phosphoric acid 
catalyst. The reaction products are then cooled and passed into the 
scrubber where ethyl alcohol is dissolved in water. The aqueous 
solution of alcohol is sent to the distillation unit to ~t p'llre 
alcohol. 

PRE-HEATED 

COOLER 

WATeR 

SCRUBBER 

ALCOHOL LIQUOR 
FOR DISTILLATION 

Fig. 15·6. Industrial prepara.tion of Ethyl alcohol from ethylene. 

From Molasses. In India most Of the alcohol is prepared 
from molasses which is the mother liquor left after the crystallisation 
of oane sugar from ooncentrated juice. It is a dark coloured thick 
syrupy mass that still contains about fifty per cent of fermentable 
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sugars mostly suorose, glucose and fructose. Thus molasses forms 
an ex~ellent cheap source. of industrial alcohol. Alcohol is made 
from molasses by the followmg steps :-

(l) Dilution. Molasses is first diluted with water to bring 
down the concentration of sugars to about 8 to 10 per cent. Thus 
the usual dilution is five volumes of wa~er to one volume of molasses. 

(2) Addition of amm.onium salts and acidification. Molasses 
usually contains enough nitrogenous matter to act as food for yeast 
during fermentation. If the nitrogen content of the molasses iil poor, 

J,fOlASSf~ WATER 

It 
OllUTlON TAN", • 

CO2 -

'('.<ur TANi( FfRM£NTATION rANK. 

ALCOHOL 
VAPOUR 

ALCOHOL 
95% 

5 TlAM 

Fig. 15·i. Flow.sheet of alcohol manufacture from molasses. 

it may be fortified by the addition of ammonium sulphate or 
ammonium phosphate. 

The dilute solution of molasses is acidified with a small amount 
of sulphuric acid and warmed to 26°. Acidity is favourable to the 
growth of yeast but unfavourable to most otb.er .bacteria. 

(3) Addition of yeast; fermentation. The solution from step (2) 
is received in large 'fermentation tank' and yeast, is added. As the 
yeast grows fermentation occurs, and the temperature is allowed to 
rise to 36°. During the process the liquor froths owing to the 
evolution of carbon dioxide which is colleoted and solidified. While 
the fermentation is in progress, occasionally air is bubbled throlJ.gh 
the liquor to keep the yeast alive and active. After a few days when
the alcohol content rises to 15·18 per cent, the fermentation comes 
to a stop automatically as the yeast cells are then killed. The fer
mented liquor thus obtained is technically called WASH. 
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(4) Distillation of Wash. The wash containing 15-18 per cent 
alcohol and the rest water, is now subjected to fractional distillation. 
Since the boiling points of alcohol and water are not widely different, 
it becomes necessary to use a special device for the purpose. The 
distillation of wash is carried in a unit shown in Fig. 15'7. The 
fractionating column containing shelves fitted with baffle plates 
and tubes enbIes the condensation and distillation to be repeated 
several times so as to yield almost pure alcohol. While the 'spent 
wash' travels down through the tubes, steam \lond alc0401 vapours 
pass IIp. At each shelf, alcohol is vaporised from the wash by 
heating with steam which condenses. The vapours of almost pure 
alcohol from the head of the fractionating column are led to the 
condenser. Distillate containing 90-95 per cent alcohol is called 
Rectified Spirit. 

The production of alcohol from molasses in India during the 
last five years has been almost doubled. However I there is \tcute 
shortage of in4ustrial alcohol at prell_cnt due to extreme shortage in 
supply of molasses. 

TABLE: Production of Alcohol in India 

YEAR 
POWER ALCOHOL RECTIFIED SPIRIT 

(Thou8and Litrea) (Thou8and Litrea) 

1962 49.547 61,243 

1963 25,318 114;415 

1964 1,442 160,702 

1965 815 184,654 

H!66 2,448 188,608 

From Starch. The important raw material containing starch 
are potatoes, rice, maize, barley and other cereals. -Of these, potatoes 
are employed for the manufacture of alcohol. The process involves 
the following steps: 

(1) Liberation of Starch. Potatoes are cut into slices and crush
ed. The crushed mass is then steamed at 140·150° under pressure. 
In this way the cell walls containing starch particles _arc broken a.nd 
starch brought into solution. The resulting solution is called 
MASH. 

, (2) Hydrolysis of Starch into Maltose. The enzyme diastase 
is needed to hydrolyse starch to maltose. It is present in small 
amounts in barley a~d can be developed considerably upon germi. 
nation. For this purpose, barley is steeped in water at a temperature 
of 10·13°0 for a couple of days. This is then taken out and .allowe,l 
to germi~atein dark at about 15°. Barley is then heated to 60° to 
stop germination. The dried and gt'rminated barley is technically 
known as MALT. 
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To the 'mash' - obtained from step (1) is now added'malt'. 
Wit,hin half an hour, diast(tse present in the mll.lt converts the starch 
into maltose. 

Diastase 
2(CsH 120 6)" + nH20 --4< nClzHzzOn 

Starch Ma.ltose 

(3) Fermentation of Maltose to Alcohol. To the Solution of 
tn!l.ltose obtained from the previous step is now a.dded yeast. It 
furnishes the enzymes maltase and zymase. While the forDler con
verts maltose into glucose, the latter enzyme converts glucose into 
a.lcohol. 

Maltase 
C12H220U _ 2CaH 120 r 
Maltose Glucose 

Zymase. 
CaH 120 6 _ 2C2HsOH + 2C02 

(4) Distillalion. The formented liquor or 'wash' obtained 
above is then distilled in the unit 0 escribed before. The product is 
95 per cent alcohol or Rectified Spirit. 

Alternative Method. According to another lllethod starch may be 
hydrolysed to glucose by heating with dilute sulphuric acid. The excess of 
acid is then neutralised with lime and the resulting liquid fermented as descri
bed before. This new method eliminateil the use of mtllt. 

By-products of AlcohollDduatry. The important by-products of alco-
hol manufactured by the fermentation processes are: _ 

(I) Oarbon dioxide. Large quantities of carbon dioxide are evolved 
during fermentation of sugars. It is stored under pres~ure in iron cylinders and 
tned for milking aerated waters or is sold as dry ice. 

• (2) Acetaldehyde. It is present in the more volatile fractions obtained 
durmg alcohol distillation. They are collected and pure acetaldehyde 
recovered. 

(3) FuseE Oil. It is obtained as the last runnings between 1250 and 
14.00. It is a. bri~ht yellow, oily liquid with nauseating odour. It consists o~ a 
mixture of amyl alcohols mainly isoamyl, (CH3hCH.CH2,CHOH. along wlth 
some butyl alcohol. These alcohols are not produced by the fermentation of 
sugars. But rather the veast takes proteins present in the original raw 
material and throws olit these alcohols as non.assimilate products of 
metabolism. 

. Fusel oil is used technically for the preparation of ,amyl acetllte whic~ 
IS e. valuable solvent for varnishes; it is also used in confectionary and frUlt 
essences. Thus fusel oil fetches much higher price than even ethyl al~ohoI. 

(4) Spent Wash. The residual liquor from which ethyl alcohol hilS been 
rflmoved by distillation, is co.lled 'spent wash'. It contains nitrogenous matter 
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originally present in the raw material and is used as fodder for cattle, or for 
watering land to increase its fertility. 

(5) Potassium acid tartarate. Being insoluble in alcohol, it is thrown 
down during the fermentation of grape juice. It is used for the manufacture 
of tartaric acid and Rochelle salt. -

Absolute alcohol. Rectified spirit obtained by the distillation of wash 
contains about 95 per cent ethyl alcohol. Since a mixture of 95'6 per cent 
alcohol with water boils at lower temperature (7S'I°) than the boiling poi nt of 
pure alcohol (78,5°), it is impossible to get an alcohol of higher concentration by 
fractional distillation of rectified spirit. Anhydrous or absolute alcohol can be 
obtained by digesting the recJified spirit over quicklime for several days and 
then distilling. The first and the last runnings are rejected, and the main 
portion of the distillate is 100 per cent or absolute alcohol. 

A modern process is the azelropic distillation of rectified &pirit with ben
zene. When distillation is carried after addition ofa ccrtain amount of benzene, 
at first ternary mixture of water, alcohol and benzene comes over at 65° till all 
the water is thus removed. Then the boiling point rises and. the remaining 
benzene comes over as binary mixture with alcohol at 6So. Finally absolute 
alcohol distils at 7S' 5°. 

Denatured' alcohol. The manufacture and sale of ethyl alcohol is 
government oontrolled. Heavy exoise duty is levied on the sale of alcoholic 
beverages. For industria! purposes alcohol is duty-free. Therefore, the industrial 
alcohol is denatured, by the addition of poisonous substanMs like methyl 
alcohol, acetone or pyridine. A common practice is to add about 4 per cent of 
impure methyl aloohol together with traces of pyridine and some colouring 
matter. The product is often sold in the market undar the name 'Methylated 
Spirit'. In India rectifled spirit is denatured by the additio'n of light cautch
oucine and pyridine bases. Methylated spirit is extensively used for the pre
paration of varnishes, and tinctures Cor external use. 

Power alcohol. In non-petroleum Ilountries alcohol mixed with petrol 
and benzene is now uRed as motor fuel. Alcohol thus lIsed for the generation 
of power is popularly known as 'power alcohol'. Rectified ~pirit alone does not 
mix with petrol, henoe the need of the third ingredient: ether, benzene or 
tetraHne. In 6 country like India with meagre petroleUm resources, the use of 
power alcohol is a dire necessity. We can make large quantities of cheap alcohol 
from molasses which could be used to prepare power alcohol. 

Alcoholic Beverages. When taken internally in small quantitiep. 
alcohol stimulates the human system without any apparent injurious effect, 
However, its continuous use leads to immoderation and induces other vices. 
Already the governments in the various States have schemes of prohibition in 
hand. Anyhow, the fact remains that alcohol is consumed in large quantities 
as alcoholic liquors or beveragell, especially in European countries. 

Alcoholic beverages are of two types: (a) Undisti1led ; and (b) Distilled. 

Undistilled Beverages. These are produced simply by the fermentation 
proces.s from fruit-juice or grains. The beverages prepared from grape-juice or 
other fruit juioes are oalled Wiues. Wines contnining lS~20 per cent alcohol 
and produoed by natural form_entation are called Natural W"nes. Weak natural 
wines are made stronger by adding pure alcohol from outside and are named as 
Fortified Wines. 

Distilled Beverages. If the fermented liquids are distilled, most of the 
alcohol along with other volatile products viz., flavours, essential oils, esters 
and higher alcohols, pass over as disU1late. The distilled liquors have a high 
alcohol content which may go up to 50 per cent or even more. 

The colour, flavour and taste of a particular beverage is largely deter
mined by the-materials employed and the subsoquent t.reatment of the fermen
ted liquor. 
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The description of some of tIle cc,lllmonly used beverages is given in the 
·table below, 

BEVERAGE SOURCE ALCOHOL CONTENT 
PER CENT BY vOLUME 

Ulldistillcd. Bet'el'aye8 : 

ClAret Grupa juice 7 to 13 

Port Grape juice 15 to 24 ( fortified) 

bherry Grape juic!.' III to 2.l (fortified) 

Champagne Gmpe juice S to 10 

Cider Apple juice :I to 6 . 
Beer Barley 3 to 5 • 

. Distilled. Beverages : 

Whiskey Barley - 40 to 50 

Brandy Peeches, apples 
and cherries 40 to 50 

Holland 'Rye 40 
I 

Rum Molasses 45 to 55 

Gin Barley 40 to 45 
... 

. Alcoholometry. A hea.vy tax is levied on alcohol and all alcoholio 
preparations. Thus it is necessary to estimate the percentage of alcohol in a 

, certain sample. Chemical methods of analysis can be employed but these take 
,mneh time. A Rimpler method commonly used consist,q in determining the 

specifio gravity of the sample ,by meanR of n. hydrometer and then finding the 
exaot percentage of alcohol from ready referen.ce tables. The determination of 
the percentage of alcohol goes by the name of alcoholometry. 

In old'days, it WIlS customary to adjudge the alcohol content by pouring 
the 8ample of alcohol on gun powder and then setting fire to it. If the liquor 
contained much alcohol, it burnt away laaving the gun powder dry enough to 
catch fire. On the contrary, if it contained much water, it damped the gun 
powder which now refused to cail'h fire. A sample of spirit which was just strong 
enough to fire the powder, was called proof spirit. Stronger ppirits were called 
'Over proof' (O.P.) and the weaker ones 'Under proof' (U.P.). Proof spirit is 
now leg'llly defined as an aloohol-.water mixture having speoific gravity 0·91976 
at 1IloC, lind oontains 57·1 per cent alcohol by weight. For excise purpose there 
are used speoial typos of hydrometers graduated so as to read direotly the per
centage of alcohol on the scale in terms of proof spirit. The strength of any 
liquor is expressed as degrees O.P. or U.P. 

Properties. (physical). Ethyl alcohol is a colourless mobile 
liquid with n rather pleasant colour and burning taste. It boils 
at 785°, freezes at _114° and ha(> specific gravity 0'789 at 20°. It 
mixes with water in all proporjiions with the evolution of heat and 
a contraction in volume; the maxiruum contraction of 3'7 per cent 
taite's place when 52 volumes of alcohol are ~bted with 48 volumes' 
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of watcr. It is an excellent solvent for fats, resins and many more 
organic substances. It also dissolv~s inorganic substances like 
caustic soda, caustic potash, sulphur, phosphorus, etc. When taken 
orally in small dozes, alc0401 is a good stimulant. It is directly 
absorbed in the blood stream and produces heat owing to oxidation, 
and hence its use as a medicine for contracting cold. If swallowed 
in large a.mounts, it a.cts as a. strong 'poison. 

(Ohemical). Ethyl alcohol responds to all the general reactions 
of the class desQribed before. 

(1) It burns in air with a clear blue flame producing consider-
able heat. . 

c;H60H + 7(0 J __ 2CO, + 3HsO + 328 Cal. 

l2) Sodium and potassium react upon it forming an ethoxide 
and hydrogen. 

2<;HoOH + 2Na. __ 2C2H 50Na + Hi 
Sod. ethoxide 

(3) Alcohol reacts with phosphorus pentachloride yielding ethyl. 
chloride. 

CIHIOH + pelll __ OzHILCI + POCla + HCI 

(4) With organic and inorganic acids, it gives esters. 

C,HIIOH + HCI __. C!HIICI + H20 
Ethyl chloride 

C2HsOH + CH:sCOOH __. CB3COOC2H 6 + H 20 
Ethyl acetate 

Its adion with sulphuric arid has already been discussed urider 
general reactions. 

~5) It reacts with acid chlorides and anhydrid!'ls .to form est~rs 

CHsCOCl + C2BsOH __ CHaCOOC2Hr; + HCl 
Acetyl cl!loride J!;thyl acetate 

(CH3CO)1l0 + C2H sOH __ CHaCOOC2H s + CHaCOOH 
Acetic anhydride Ethyl acetate 

(6) Upon oxidation with sod. dichromate and sulphuric acid, it 
first forms acetaldehyde and then acetic acid. 

° ° CHaCHaOH __ CHaCHO __ CHaCOOII 

(7) By the action of halogens in the presence of a.n alkali, 
. atcohol is converted into chloroform. Thns: 

CH:sCH,OH + Cl2 __ CH3CHO + 2HCI 
Acetaldehyde 

CHaCHO + 3CI2 __. CClaCHO + i3HC1 
Chloral 

CClaCHO+KOH __ CHCla + HCOOK 
Chloroform 

When treated with iodine in the presence of alkali, alcohol is 
converted to iodofor~. 
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(8) In the presenoe of an acid, ethyl alcohol reacts with 
d hyde to form acetal. 

e :············RioC2H s OC2Bs 
CH3CH~0 + i --'). CHsCH( + H:lO 

i HiOC2Hs OC2Hs 
:................ Acetal 
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acetal-

(9) When the vapours of ethyl alcohol are passed over heated 
reduced copper, it splits out a molecule of hydrogen giving acetal-
dehyde. 

CHsCH2,OH --') CHsCHO + H2o 
Acetaldehyde 

Uses. Ethyl alcohol is used: 

(1) as a fuel for lamps and stoves. For the sake of ~JOnvenience 
in transportation, it is converted into solid state (solid alcohol) by 
dispersion in saturated calcium acetate and a little stearic acid; 

(2) as a substitute of petrol in internal combustion engines; 

(3) ad a solvent for drugs, tinctures, oils, perfumes, inks, dyes, 
varnishes, etc. ; 

(4:) as a beverage; 

(5) as a preservative for biological specimens; 

(6) a!j an antifreeze for automobile radiators; 

(7) as a low freezing (F. Pt. -1l7°) and mobile fluid in scienti
fic apparatus such as thermometers and spirit levels; 

(8) as a raw material for. a Ia~ge ~umber of organio compounds 
including ethylene, ether, acetIC aCld, iodoform, chloroform, chloral, 
etc. 

Tests. (1) When warmed with anhydrous sodium acetate and concent
fated sulphuric acid, ethyl alcohol forms ethyl acetate which is easily detected 
by its fruity smell. 

(2) Upon heating gently with sodium dic11romate and sulphuric acid. 
vapours of ace.aldehyde are evolved. These vapours produce a strain of metallic 
silver when a pap,!r dipped m silver nitrate solution is exposed to them. 

(3) To a few drops of alcohol, add some sodium hydroxide solution lind 
then a. solution of iodine in potassium iodide WI a. yelloW colour PQrsists. On 
warming the mixture on a water bo.th. yellow crystals of iodoform having a 
characteristic odour.separate out. This test can be employed for distinguillhing 
ethyl alcohol from methyl alcohol as the latter fails to respond to it. 

Structure. (I) The preliminary analysis lind the vapour density 
determination shows that ethyl alcohol has the molecular formula. C2H oO. Thus 
the two possible structures of alcohol are 

H H 
I I 

lI-C~O-C_H 

I I 
H H 

1 

If f 
H-C-C-OH 

, I 
H H 

II 

(2) Ethyl alcohol rea<;lts with sodium when one of its hydrogen atOms is 
, ~d by an atom of sodium. This shows that one of the hydrogen a.toms is in 

.. _erent state of oombination than the rest. 
"~ 
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(3) Ethyl alcohol also renet!) with FCIII with tho IIboratlon of Rr.l I3lls, 
This llhowo tho presenco of - OR ~roup in it~ molocule. 

From facts (2) and (3) it is clonr that formula II givon nhove is correct 
for ethyl alcohol. Formula I has been onO\7n to ropronant another compound, 
ethyl ether. 

(4) Tho above structure of ethyl alcohol 10 furthor confirmed by it:! oyn. 
thesis from ethyl ~hlorido, 

HH 
__ R-c-LoH 

~~ 
H-h ~-Ci ·+·····AgOH I I ..................... . 

H H 

t AgCI 

Ethyl chloride Ethylnlcohol 
PROPYL ALCOHOLS, PROPANOLS, C3"70H 

Both the propyl alcohob the or. tit'ally pO!:Jihle (\ro kno,",n. 

Propyl nlcoho) , I.Propanol, CR3.C'Rz.cB20R. It occurs in fuoel oii 
from which it ill obtained by fro.ctional dintLllo.tion. It i(l 0. ('ol(lurltz:J liquid, 
b p. 9i~, re~embling othyl alcohol in tanto und odour. It iQ u:l~d ao u. oolvent. 

Isopropyl nlcohol, 2.Propnnol, CHa,CHOROHs' It may bo mnde by 
the cato.lytic redu('tion of aeet,ono. In U.S.A. it is prepared In Inrg'3 amounts 
from propylene obtained by cracking of petroleum during diatillo.tion. Propy. 
lene io absorbed in conccntrnted Ilulphuric r.cid and the ioopropyl hydrogen 
fJulphate thUD produced io treated with otonm. 

OHaCH=CHn + :H2S0. -I> (OHa)nCH.HSO. -
<Icopropyl nydrogen Ilulphate 

(CHa)nCH.RSO" + HoO -.., (OHalaOROH + H280, 
Ir.opropylllloohol 

Icopropyl o,lc~hol ill a colourlo&:lliquid With an odour Ilomewhat hke that 
of a.cetone. It in kno\7n commorcially us Petl'onol. It is o,lno ullod nil a colvent 
in the preparation of p3rfumos, nail polish, and lncquero. It ill aloo used for the 
induotrlnl production of acetone by cnto.lytio dehydrogenntion. 

'BUTYL ALCOHOLS, BUTANOLS, O,HsOH 
Thero aro four inomerio butylalooholll: 
(1) n.Butyl alcohol, I·butanol, OHaCHzCHDCHlOH, b p, 117·. 
(2) Soo. Butyl alcohol, 2·Butafiol, OHaCHllOHOHOH3, b,p. 99·. 
(3) Isobutyl o.loohol, 2.methyl.l.propano I, (OH3)~CHClI nOB, Ill7·. 

(4) Tel". Butyl alcohol, 2.methyl.2.proponol, (OHa13COH. m,p. 25·. 

Of all the butyl alcohol", n-butyl aloohol ill by far the mO:lt important, It 
is prepared indmtrinlly by thEl fermentation of grain, potatoes of mol!l.~3c3 witt. 
Bacillus clostridium acetobutylicum. Tho reoulting mixture of ethyl o.lcohol, 
aoetone Ilnd butyl aloohol ill oopnrated by fraotional diotillntion, In U.S.A, 
butyl o.lcohol in produoed oommoro\n\ly from Metaldehydo by cOndtlUsation e.nd 
lIub:Jequent hydrogenation. 

heat 
20HaOHO ~ OHsOH(OH)CH20HO --j, 

Aldol (-HiD) 

+'2H2 
OBnOH=OH.OHO __ OHnCH20H20HaOH 
Grot(lDaldehyda Butyl alcohol 

n-Butyl cleonol ia C'. cnlourlc!!:lliquid, b.p. 117°. It j[l Il. valuable solvent 
ond ill used far tho toohnu).)l produotion of butyl e03tnto and butyl phthnlc.tc 
both of ~hfah ~ro omployed C'I' I ,:-Iwnt for paint:!. \noquora and ono.moltl, Butyl 
aoet:.to 10 ako In dom~ncl M a fl'ult ( :~;lnCJ. 
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AMYL ALCOHOLS, PENTANOLS, OIlHuOH 
All the eight isomerie amyl aloohols are known. A. mixture of IImyl aloo. 

I' produced commeroiBlly by the ohlorination of pentBnes, obtained from the 
ho 18 fraction of petroleum, Bnd subsequent hydrolysis of the ohio rides with 
laseoUB

• sodium hydroxide. It is sold in ~he market under the name Penta8ol. 
~tueo:ief ingredionts of pentr.!lol arc 2.methyl.l.buto.nol (b.p. 128°) and l-pen-

e f (b P JaR') Another souroo of amyl Bloohol8 is fusel oil whioh contains 
~o 3 ~ethyi.l.butanol (b.p. 132°) and 2 methyl·l-butanol. The lest named :rc!::!I i; of interest M i~ offera the oimplost 00.90 of optioal ioomerism o.nd is, 
therefore, also called aChtl6 amyl alcohol. 

Corolllorcio.l aroyl al60hol ia used in the manufaoture of amyl aoeta.te 
which is en excellent solvent for laoquers. 

UNSATURATED ALCOHOLS 

Unsaturo,tod monohydrio aloohols are of two types acoording 
al the OH is a.tta.ched to 0. carbon which is singly or doubly.linked 
to another ca.rbon. The 3implest represontatives of thene alcohols 
are: 

OHa=OI:I-OH OH2 .. OH-OHnOH 
Vinyl nlcohol Allyl alcohol 

In general, the first type of compounds resemble aromatio phenols 
while the se(.;ond typo resemble aUphatio aloohols. 
VL'IlYL ALCOHOL, OHa"",OEr.Oa 

Alll'1tt\'mpts to prepare vinyl aloohol result in the formation of 
acetaldehydt'. , This is due to the faot that this compound shows 
ket6.enol t[1,11tomrric;m. The vinyl alcohol as soon as it is produced, 
ketonises to form aoetaldehyde. 

OH H () 
I I 11 

H-O=C-H _ H-O-O-H 

~ k 
Vinyl alcohol Aooto.ldebyde 

. Howevel, derivatives of vinyl alcohol suoh as vinyl bromide and' 
vinyl a.cet'att" are g11ite stable. 
ALLYL ALCOHOL, S·P:Q.OPANOL, OH2-OH-OH20H 

It occurs in small quantities in pyroligneous a.cid. 
Preparation. Allyl alcohol is prepared by heating anhydrous 

glycerol with o.bout twice its weight of crystalline oxalic acid to 
about 230". The glyoeryl dioxalate first produoed at once decom. 
poses intI} (;,lrbon dioxide a.nd allyl alcohol. 

CH2.'OH H' 000 OHg-OOO 

I ~,{j."T" I I I 
CR. vn .[1;000 _ OH -000 + 2H10 

~H~O~ .... bHnon 

OHa-OOO 

6H-006 

bHnOH 

Glyoery~l dioxo.lc.to 

OHI 
II 
OR + 20011 

bagOB 
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Allyl alcohol is now manufactured by the hydrolysis of allyl 
chloride obtained by the chlorination of propylene. 

CH2 =CHCHaCI + NaOH ~ CH2=CHCHzOH + NaCI 

Properties. Allyl alcohol is a colourless, mobile liquid, b.p .. 
96" , with a pungent odour. It has a mild lachrymatory effect. It', 
is completely miscible with water, alcohol and ether in all pro
portions. 

The molecule of allyl alcohol contains an ethylenic linkage and 
a primary alcohol group and spows reactions characteristic of these 
groups. 

Reactions of Etbylenic linkage 

(1) Allyl alcohol forms addition compounds with hydrogen 
halogens and hydrogen halides. 

CHz ~ CH2CHaOH + Hz --+ CIfaCHaCHzOH 
I-Propanol 

CHa=CH.CH20H + Bra ~ CHaBr.CHBr.CHaOH 
2, 3-Dibromo_l-propanol 

CHa=CH.CH20H + HBr --+ CHaCHJ3r.CH20H 
2-Bromo-l-propanol 

(2) With ozone it forms the ozonide which on hydrolysis forms 
glycollic aldehyde and formaldehyde. 

Ozonide 

This reaction proves .the structure of'allyl alcohol. 

(6) On careful oxidation with permanganate solution. allyl 
alcohol gives glycerol,. 

. CHz=CHCHaOH + H20 + [OJ ~ CHaOH.CHOH.CHaOH 

Reactions of CHaOH Group 
(4) Allyl alcohol reacts with sodium giving sodium allyla.te. 

CHa=CHCHaOH + Nil. --+ CHa=CHCH20Na + iRa 
Sod. allylate 

(5) It form,S esters with' organic and inorganic acids. 
CHa=CRCHaOH + CRaCOOH --+ CH2=CHCHzOOCCHs + H20 

Allyl acetate 

CH2 =CHCtI20H + HCI --+ CR2=CHCHaCl + H20 
Allyl chloride 

(6) On mild oxidation with ammoniacal silver oxide, allyl 
alcohol is oxidised to acrylic aldehyde and then acrylic acid. 

CH2 : CH.CH20H ~ CH2 : CH.CHO --+ CH2 : CRCOOH 
Allyl alcohol Acrylic aldehyde Acrylic acid 
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Upon oxidation with sodium dichromate and sulphut;ic acid, a 
split at the d.ouble bond may result in the formation of formic acid 
and oxalic aCId. 

Infrared spe<..-tra of Alcohols. ,Strong infrared abs01;ption 
b'ul!ls of primary, secondary and tert1ary ~lcoh?ls occur III the 

, ' 'ons 3200-3630 and 1000-.1410 em I, ThIS belug due to the 
reg l ence of hydroxy group present in them. The complete infra
~~s spectrum' of an alcohol will also show otb-er absorption bands 
d to other structural units present such as C-C and C-H bands. 
T~~e are clearly seen in the infrared spectrum of ethyl alcohol 
given below. 
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Fig. 15'8. Infrared spectrum of Ethyl alcohol. 

QUESTIONS 

1. What do you understand by the term alcohol? Commlint on tl 
ata.tetnent: "Any compound that containp an OR group linked t-o a carb( 
atom is an alcohol." 

2. Describe the general methods of formation of monohyaric aloohc 
taking the synthesis of ethanol and .propanqls for illustration. 

3. Write 'tho structu~1\1 torm}llae of tho-'lsomeric al"ohol8 having 
molecula.r formula C,H100. By what reactions cll.n these compounds 
diatinguished ? 

4. Describe the preparation and properties of lIlethyl 8IcOl'01. Ho, 
h distinguished from ethyl alcohol! 

5. Describe the products of WOOd distillation. How are they isolated 
what a.re the uses to which they are put t What is the scope ohhis'industJ 
b~? . 

6. Give a synthetic xpethod for the preparation 01' mothyl ale 
Why a.t some places it has superseded the w.ood distilla.tion method? 

7. Desoribe the manuf~cture of methyl alcohol. How would you co 
methyl a.lcohol'into : 

(i: propyl alcohol. 
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(it) icopropyl aloohol. 
(Ui) trimoth,Yloarbinol. 
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8. Desoribe the manufaoturo of ·otbyl aloohol. How ill tho oonatitution 
of the substanoe established' 

9. Indioate stages by whioh Btll1'ting from ethyl aloohol you would 
proplll'O (G) Ethylene glyool. (b) Etp.ylene oxide. (0) Isopropyl alcohol, (d) 
Methylamine. (0) 't.Propylamine. and (J) Glyoerol. 

10. Give an aooount of tho manufaoturo of 8looh61 from potatoe,. 
Explain the terms 1 (G) Proof &pirit,. (b) Denaturant. (C) Powor aloohol and 
Cdl Absolute aloohol. 

11. Name and write the formulae of the three different produotll that 
may bo obtained by tho aotion of conoontratod Bulphurio Mid on ethyl o.lcohol 
under different experimental conditiono. Dosoribo. with a diagrom. tho 
laborqtory preparGtion of one of the produotll. 

12. What lIohemo of reactions oan ohlUl30 methyl aloohol into ethyl 
alcohol and ethyl into methyl aloohol. • 

13. You are given two unlabellod liquids whioh are mothllonoland othanol 
How will you proceed to find whieh is whioh ! How far onn you rely on tho 
iod~form test for the identifioation of aloohols , 

14. Give the struoturo.\ formulae. the methods ofpropnration. and the 
distinotivo p:opertiell of the isomeric but.yl nlcoho\s. How would you proeoed to 
oonvert a prImary aloohol illto Dccondnry and tertiary nlooholo ? 

liS. Give ·preparation and propertioo of·GUyl nleohol. Why wall it 110 
named' 

16. De::seribe the mGnufnoture of ethyl nloohol from IItaroh. What is the 
aotion of (G) Chlorine, (b) Hydroohlorio aoid, lind (0) Sodium on ethyl nloohol ? 
Give equations. (Oaloutta B,So •• 1964) 

17. StGrting from ethyl nloohol, give tho mothod of propo.rGtion of (a) 
othylene. (b) ethyl bromide, (0) aeotio Goid Bnd (d) ethyl ether. 

(VenkateswGra B.So.II. 1064) 

18. Desoribe the manufMturo of ethyl aloohol from molGsses. 
What is tho aotion of ethyl aloohol on (a) oonoentrated sulphurio aoid 

(b) Phosphorus pentaohlorido (oj o.oetio aoid , (MarGthwada B.Sc.n, 1964) 
19. Desoribe n method to osthnato th_e number of hydroxyl groupo 

present in an organio oompound. (Nagpur B.So, l1, 19fU) 

20. What io absoluto nloobol' How can it. be prepared from rectified 
·spirit using ben200ne ? How nrc primary. BOoondary and to\·tito.ry nloohol8· dilltin • 
. guiehed from one another' (Ku,ukshetrG B.Se.lI, 1967) 

21. A saturated monohydrio aloohol of the formula- 02H]OO existe in four 
{nomerio forms. Writo tho struotural formulae and nl\me oaoh of them acoording 
to IUPAO system. What will be the expeoted order of reactivities of these 

. toward~ HOI , (~llahabad .B.So.l1. 1967) 
22. What is {ormentntioll'? Give n brief account of.aloobDlio {ermento.tion. 

(Dibrugarh B.So., 1967) 

23. Write, equations. to shaw how the follo'l'l'ing may be prepared from 
ethyl aleohol (G) ethylenie glycol (b) mt'thnno 01) aoetone (d) propionamide. 

(OsmGnia fJ.So., 1968) 

24. Classify the Gleohol!!. How ean you distinguish them from enoh 
other. (Dibrugarh B.Sc., 1968) 

25. DesQribe. giving equations. the method you would use for the 
oonversion of n-propyl aloohol into isopropyl aloohol. (Delhi. B.So., 1966) 
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]ODln'H A. LPJ BEL 
(1847 -1930) 

Frenoh ChomiQ~. BC!lt known Cor hill 
fJtorooehernfcal theory of corbon' oom
poundll. Co.dinooveref of tho cnu~e 
of optlcnl Mtivity with vall't Hoff. 

DIHYDRIC ALCOHOLS: GLYCOLS 

Tho alcoholD oontaining two hydroxy groupo are called dihyd. 
rio:) alcohols or glycol8 (Grock : glycya "'" sweet) oince they have a 
sweet tast.o, Th(.'lY may be derived from alkanes by replacing two 
H.atoms attached to different carbon atomo, by OR groups. rl'huo: 

¥ f OR OR 

H-6-c-H - 2H + 20R _, u-6-.Ln 
~ k ~ ~ 

Ethane Ethnnodlo), 
Ethylene glycol 

A,q a rule dihydric alcohols co.ntainin{l two hydroxy groupd at • 
• ached to the same carbon are 'Un,~table. Th£lY a.t once IJplit out 11 

molecule I"lf W<1ter giving an aldehyde or a ketone. That is why the 
glycol del'i v(1d from .methane is not known. 

H'IOR R, 
I e, ~ /C=O + HaO 

H OR H 
Methylene glycol Formaldehydo 

(Unl1tablsl 
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Glycols take their names from the alkane or the polymethylene 
from which they are formed, Their IUPAC name is alkanedioh_ 
The names of some lower members are given below. 

FORMULA COl\Il\10N NAME IUPAC NAME 

CH20H.CHaOB Ethylene glycol Ethanediol 
CHaOH.CROR.CHs Propylene glycol 1,2-Propanediol 
CHaOH.CHa.CH20H Trimethylene glycol 1,3-Propanediol 

They are designated as a.-glycols, ~.glycols, y-glycols, etc. accord· 
ing as the two OH groups are linked to 1, 2, ; 1, 3- ; or 1, 4-carbon 
atoms. 

The general methods qf formation of glycols are 'analogous to 
those used for monohydric alcohols; here we have only to develop 
two OH groups instead of one. They are colourless viscous liquids 
or solids with a sweet taste. They give all the reactions of mono
hydric alcohols twice over. 

ETHYLENE GLYCOL, 1, 2-Ethanediol, CHaOH.CHaOH 

It is the simplest and the best known member of the class. It 
is often referred to as glycol. 

Preparation. (1) Oxidation of ethylene. Glycol is formed by 
the oxidation of ethylene with potassium permanganate made alka.· 
line with sodium carbonate. 

CHa : CHa + HaO + 0 ~ CHaOH.CHlIOH 
EthY,lene Glvcol 

(2) Hydrolysis of ethylene bromide. In the laboratory glycol 
may be obtained by the hydrolysis of ethylene bromide with aqueous 
sodium carbonate solution. 

CHaBr 
I + 2NaaCOa + 2HaO 

-cHaBl' 
EthyleI).G bromide 

CHaOH 
I + 2NaHCOs + 
CH,OH 
Glycol 

2NaBr 

The l'eagents are heated for several hours in a flask fitted with So reflux 
condensel', until the oily drops of ethylene bromide have disappeared. The re
lIulting solution is evaporated on a water_bath to remove mObt of the water. 
The semi-solid residue is extracted with ether-alcohol mixture, which dipsolves 
glyool leaving behind potassium bromide. After filtration, the glycol is re
covered from the solution by fractional distillation. 

A quick laboratory method of preparing glycol is to donvert 
ethylene' bromide to diacetate which on subsequent hydrolysis with 

. dilute sodium hydroxide solution gives glycol. 
CH2Br CHaO 0 CCHli 
I + 2CHaCOOAg --+ I + 2AgBr 

CH.Br CH,OOCCHa 
Ethylene bromido Glycol diacetnte 

2NaOH --+ 
CHaOH 
I . 
CHsOH 
Glycol 

+ 2CHaCOONa 
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{3) Hydrolysis of ethylene chlorohydrin. Glycol is prepared on 
technical scale by the hydrolysis of ethylene chlorohydrin with 

lime or sodium bicarbonate solution. 

CHaOH CHaOH 
2 I + Ca(OH)a ~ .2 I + CaCl2 

CHaCl CHaOH 
Ethyle~e chlorohydrin Glycol 

Ethylene chlorohydrin required .in the process is made by passing 
ethylene, obtained by the crackmg of petroleum or by the catalytic 
dehydration of ethyl alcohol into aqueous hypochlorous acid. 

CHs ': CHa + RO.Cl ~ CHaOH.CHaCI 

(4) Hydrolysis of ethylene oxide. In a recent. industrial 
method ethylene oxide is produced by the direct combination of e.thy
lene with oxygen at high pressure and tempera-ture in the presence 
of 3 silver catalyst. 

o 
Ag. Cat. /'-.. 

OHz : CHa + l02 ~ CHa-CHa 
Ethylene Ethylene oxide 

The ethylene oxide is then hydrolysed by warming with dilute 
8ulphuric aeid solution. 

o 
/ ...... 

JHa-CHa + HaO· ~ C~OH.CHaOH 
Glycol 

Properties. (Physical). Glycol is a colourless syrupy liquid, 
b.p. 197°, m.p.-115°, sp. gr .. I·IlI at 20°. It has a sweetish taste. 
It is' hygroscopic and is miscible with water and alcohol in all pr~
portions, but dissolves sparingly in ether. It is as toxic as methy I 
alcohol when taken orally. 

(Ohemica~'). The molecule of glycol consists of two priwary 
alcohol groups linked together and hence it shows the chemical 
reactions of prima.ry alcohols twice over. 

(1) AOTION OF . SODIUM. Sodium reacts with glycol forming 
mono- Rnd di-sodhlm glycoJates. 

CHaOR 

bHaOH 
Glyool 

Na CHaONa Nil. CHIONa 
-- I --fo I 
60° ,OHIO~ 170· OH20Na 

MOllo8ocl,ium glyoolote Disodium glycolate 

(21 ACTION' OF PHOSPHO:a.UB PENTAOHLORlDE. Glycol rea.cts 
with phqsphorus penta;ohloride when one. or both -OH groups may 
by replaced by Cl. 

CHaOR.CHaOR + PCl& _ CRaOR.CHaCI + POCla + HCl 
Glycol . Ethylene ohlorohydrin 

CHaOH.CHIOR + 2PCls _ CRaCl.CRaCI + 2POCl3 + 2HCl 
Glycol Ethylene ohIo ride 
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(3) AOTION OF AOID~. AoidD reaot upon glyool to form 'alcohol 
esters' or 'diesters' acoording to oonditione of cxp~riment. 

OH2:OFf + ,H' OOCCHa OR~00CClt8 I .-. - .. --+ I + HgO 
CHaOH OBgOH 
Glyool Glyool rnonQlloetate 

CH200CCB3 CHaOOOCB3 
I r + B 20 
OB~ b"il" +-',H OOCCHa --+ CHIIOOCCHli 

Glycol diacet~to 

Similary, glycol "ca.ots with inorganio acids in two steps. 
OBIlOH HOI OHgCI HOI OHnCI 
I - I --+ I 
OHIIOH J60· OBaOR 20,,)° "C.HeOI 
Glyool Ethylono ohlorohydrin Ethylono chloride 

By trelkting glycol with a mixture of nitric acid and sulphuric 
aoid, ethylene dinitrate is formed. 

ORsOH CHsON01! 
I + 2RNOa --+ I + 2HaO 
CH20B OB!lON09 
Glyool Ethylene dinitrllte 

(4) OXIDA.TION. The oxidation of glycol yiclds a number of 
fJUbstances at:) one or both primary alcohol groups may be oxidised 
to aldehydio or oarboxyl groups. Thus; 

OHaOH 

,/ booH '\ 
Glyoolio acid 

CHaOH ORIIOH CBO OOOR 

bHIlOH --+ 6RO 600R --+ 600H 
Glycol Glycollio" OBO .)'IGlyo~Jic OXGlio uoid 

aldehyde 1.c J / aoid 
OBO 

G110xn.l 

(5) DEllYDRA.TION. (i) When heated with anhydrous zino 
ohloride, glycol forms acetaldehyde. 

I·· .. Hi -b-OH -HaO 

i}!".lr _, 
Glycol 

H 

6-011 
II 
OHa 

Un8table 

H 
I 

~ 0_0 

6Hn 
Aoctaldehyde 

(ii) When heated alone nt 500°, it. gives ethylene oxide. 

OHa -0 fEi: : CHIl " 

6Ha-Ic}.H! --+ JHa/O + RIO 
Glyool Ethylene oxide 

(iii) Upon henting with concentrated sulphurio aoid, glycol is 
oOllverted to dioxane whioh is used as an industrial rJOlvent. 
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BOlH~O-CHllO R 
.. .u •• .'-' 

H,OffgO- CHlIiOH 
'Glyool (2 mOICll) 

(6) DEHYDMGlIlNATION. Glyool is dehydrogenated by lead 
tetra-acetn.tf', forming forma.ldehyde. 

eRnOR.OHIIOR - 2H ---+ 20HlIO 
G'yoo~ Formaldohyde 

Uses, Since glycol forma low freezing mixtures with water (60 
er cent solution freezing nt -49°), it is aold under the nalne Pre· 

~one for uso 0.8 anti·freeze for motor M,r radiatortl and as a. cooling 
liquid in aoroplane motors. It in 0.1130 used: (ll for pr£lv(lnting ice 
formation on o.eropll,\ne wings, (ii) in making low.frC'ezing dynamite. 
( •• ') as a prcflcl'va.tivc, (iv) ns a. dieleotrio in eleotrioal condenserG, and 
(tI) a.1 a st.arting mnter;al for numerous vn.lua.ble compounds: 'nitro· 
glyool'. an cxp]ooive; diglycol oleate, n. rubber; glycol stearate, a 
lubricant for springs; monomethyr ether, a, solvent for oellulose, etc. 

StrQcture. Glyooi hna the molecular formula 02H'OOS' Since it gives 
mono' ant! di"dorivativo~ by the eation of codium, phonphol'U6 pentnohlorido 
eto .• it contnino two OB 8rouPth Therofore, tho two pOs:libJo struotures Ilro : 

Formul~ II ropreeento an unntablo compound 0.0 it oontnirus two (OR) 
groups attaohod to tho Damo carbon. Ronoo formula I rOprc!lont~ 131ycol. It hG3 
been further oonflrmed by the uynthesis of tho oompound from ethylene 
chloride. 

CHaCl OHaOH 
1 + 2AgOR __., d + 2AgOl 
CRaCI RIIOH 

Ethyleno ohlorido Glycol 

Ethylene ehlorohydrin, 2.0hloroet"anaZ, CH~C1.CHtlOH. 
Ethylene ohlorohydrin is made on n. large 80al(.\ by bubbling ethylene 
into aqueous solution of hypochlorous acid (ohlorino water). 

ORg : CR, + ROOI --. ORnOR.OHaCI 

It is also obtained by the nction of hydrogen ohloride on glycoJ a.t 
100° 

Ethylene ohlorohydrin is a liquid, b.p. 130°, miscible in water 
in all proportions. When distilled with a conoentrated alkali solu. 
tion, it yields ethylene oxide. 

It is used as nn intermediate in the technical production 6f 
glycol from ethylene. 

Ethylene oxide, (CHahO. Ethylene oxide is a oyclic ether 
and is isomeric with acet.aldehyde. 

Preparation. Ethylene oxide is prepared by distilling ethylen('t 
cblorohydrin with concentratt'd (laustic l'l'oda solution. 
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CH?OH CHII 
I + NaOH _ I )0 + NaC) + HaO 
CHaCl CHa 

Ethylene chlorohydrin Ethylene oxide 

NDW it is also' prDduced bn a large scale by the direct combina. 
tion of ethylene with oxygen in the presence of a silver catalyst. 

CHa Ag. Cat 002, 
11 + l02 _ I /0 
OH2 . CHI! 

Ethylene Ethylene oxide 

Properties. Ethylene oxide is a gas at ordinary temperature 
and pressure. Liquid substance bDils at 13° and has ethereal smell. 
It is soluble in water, alcohol anci ether. 

Because of the tendency of the three· membered ring to Open 
ethylene .o:xide readily unites with water, alcohols, acids and ammoni~ 
t.o form valuable bifunctional compounds. 

CH2-O H H H HI 
I / + I I I 
CRz OR OCIIHs G.OCCHa NH2 

+ + + + 
CHlIOR CRIIOH CHaOR CHaOR 

bRlloR ~R20CIIH5 bHIIOOCCHa 6R2NH2 
Glycol Glycol mono- Glycol mono- ~-Amino-

ethyl ether acetate ethanol 

As shDwn above, ethylene oxide reacts with ethyl alcohol to 
form glycol monoethyl ether. This is used as a solvent fDr cellulose 
nitrate under the name ·Cellosolve'. Methyl and- butyl alcohols give 
'methyl cellosolve' and 'butyl cello8olve' which are excellent solvents 
for making lacquers. 

Ethylene oxide reacts with Grignard reagents to form addition 
compounds which upon hydrolysis yield primary alcohols. 

CRI! CH3MgI CHa-CHa H20 CR2CRa 
I" - I --. I + MgI.OR 
CH2-O CR2- OM'g! CR20H 

Ethylene oxide Propyl alcohol 

Uses. Ethylene oxide is ~n excellent fumigant and insecticido 
for grain, dried fruits and tobacco'. It is used as the st!trting material 
for industrial sDlvents known as cellosolves. It is also' used for the 
synthesis of primary alcohols. 

TRIHYDRIO ALCOHOLS 

Alcohols containing three OH groups are oalled the trihyclric 
alcDhols. The introduction of the third OH group in the moleoule 
raises the. bDiling point by about 100°, increases the viscosity, and 
makes the a.lcDhDl. more sweE;lt. An increase in the number of -OR 
groups enhances the chances Df hydrDgen bonding and association, 
thereby increasing the boiling points e.g. 

CHa-OHaOH CHgOH-CH20H CHIOH.CROH.CHgOR 
b.pt. 78·5°C b. pt. 197°C b.pt. 290°C 

Chemically, trihydric alcDhols give the reactions Df the OR 
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triplicate. The simplest and the most important member of 
is glycerol. 

r!~UJ:'.n·"-' 
. 1,2, 3_PROPANETRIOL, CaH5(OH)a 

may be theoretically derived from propane by the 
o( one hydrogen atom on each of the C!1rbon atoms in 

10lt~U.l" by a hydroxyl group. 

H H f H_bJ,-C,-H 
h! ~ 
Propane Glycerol 

IUPAC name for it is 1, 2, 3-Propanetriol. The name 
was oriC1inally derived from the word Glyceros, meaning 

. It occu~s in combination with higher organic acids in the 
natural fats and oils. 

P ... ~o~Lration. Glycerol is prepared i.ndustrially mainly from 
methods: 

the Hydrolysis of Fats and Oils. Fats and oils are the 
glycerol with organic acids (mainly palmitic, stearic and 

On hydrolysis they form glycerol and the acids. 

CHs.OOCR OHsOH 

6H.OOCR + SHOH --. bHOH -+ SRCOOH 
I I Fatty acid 
CHs.OOCR OHsOH 
Fat or oil Glycerol 

of fats is carried originally either for soap 
or the produotion of stearic acid needed in the 

, and glycerol is ob~ined as a by-product. 

Gl'vc:e'rol froD1 Soap Manufac:ture. In soap manufacture, the fat is 
with alkali solution. The free fatty acids produced by 

alkali to form solid soap while the glycerol is left in 

_ Glycerol + alkali left + Soap 

Spent lye 

TO PIJ" 

NaCI 

I 
Fig. J6·J. Recovery of glycerol from spent lye. . 
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After the removol of soa.p, the spent lye conta.inins 3 to 5 \lor ()(lnt 
glyoerol is trea.ted for its recoVery. The impurities present in it are procipitatod 
by adding alum and the filtrate oonoentrated by evaporation. Sinoe glyoerol 
deoomposes lnuoh below itD boiling point, the evaporation is carried undor 
vaouum. The conoentrated l!oiution whioh now oontaino about 80 per oent 
glyoerol is treated with anim~ oharooal Bnd purified by distillation with super~ 
heated steam under reduoed prcsoure. The diotillBte ill then eVBporo,ted in 
vacuo until the glycerol has specifio gravity 1·26. 

Glycerol from Ca.ndle Industry. In making oandles from wax, the 
latter ia mixed with a. little steario aoid so that it may not Boiten on heating. 
The steario acid needed for the purpolle io obtained by the hydrolysis of RoUd 
fats Ilal'ried by heating with watllr (or oteBm) under pressure using sulphurio 
aoid as a oatalyst. The solid stearic acid is removed 'Eind the remaining solution 
(Sweet water) after neutralisation is troated for the reoovery of glyoerol as' 
deMribed before. 

(2) By the Fermentation of Sugar. Glycerol is also obtained 
by the fermentation of molasses or sugar in the presence of sodium 
sulphate. 

C~H120G __. CaHs(OH)1l + OHaCHO + COa 
Gluooso Glyoerol Aoetaldehyde 

Sodium sulphite upon hydrolysis yields a.n alkaline medium w}lich 
favours the above course of fermentation. 'rhe yield of glycerol is 
as high au 20-25 per cent. This method was used by Germany 
during war when there was aoute shortage of f~ts. 

(3) Synthetic Glyce1'ol. In Amerioa a method has beell devised 
recently for the manufaoture of glycerol from p:ropylene obtained 
during the oracking of petroleum. Propylene is first ohlorinated at 
5000 to give allyl chloride \vhich upon trea.tment with hypoohlorous 
acid and Bubs!:lquent hydrolysis yields glycerol. 

CHs-CH-CRa + 011 ~ CR2 ... 0H-CH:lC~ + RCI 
Propylene Allyl ohio ride 

CHt ... CH-C:a.CI + HOCI ~ CHnCI.CHOR.CRaCI 
Allylohloride Glyoeryl dichlohydrin 

CHsCl.CROH.CH2Cl + 2NaOR --+' CH20R.OROH.CHaOH+ 2NaCl 
Glyoerol 

In a non.petroleum country like India, the propylene requircd 
for the above synthesis may be obtained from' acetone of the wood 
distillation industry as follows: 

+2R -H,P 
OHaCOOHa __. CH8CHO~OHa -I> CHo-OR"",CHs 
Aootone IDopropyl alcohol Propylene 

P~opertieo. '(Physical). Glycerol is a colourless and odourlesB 
syrupy liquid having a sweet taste. It boils at 2900 with slight de
composition and has a speoifio gravity of 1·26. On cooling glycerol 
forms transparent solid crystals m.p. 17°. It is very hygrosoopio. It 
mixes with water a.nd alcohol in all proportions. but it is insoluble in 
ether. It has a sweet taste. 

(Che'n.~ical). Glycerol molecule is made of two primary alcohol 
groups and one secondnry alcohol group and exhibits the behaviour' 
of these groups. 

OHaOH--CHOH-CIl20R -
Prima.ry Sooondary Primary 
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Thus it giv~s the reactions of the OR gro.up thri?e over. In general, 
the two primary alcohol groups Ilre more reactIve than the second. 
ary alcohol gro.up. 

(1) REAOTION WITH SODIUM. At room temperature sodium 
mE-tal reacts with glycerol forming monoso.dium glycerol ate. 

CHIIOH CHaONo. 

hHOH + No. _ 6HOH +, 17Hll 

bu20R hHaOU 
Glycerol Monosodium glycerolate 

At higher temperatures both the primary alcohoL groups are 
attacked yielding disodium glycerolate. The secondary alcoho.l 
group, however, refuses to react. 

(2) REAOTION WITH PHOSPHORUS PENTAonLORIDE. Glycero.l 
react:! with pho.sphorus pentachloride to form glyceryl trichloride, 
all the tnree OR groups 10 it being replaced by 01 atoms. 

CUllOH 
) 
CHOH + 3PC1

G 
_ 

bHIlOH 

CHaOI 

baOl + 3POCla 

6HaCl 
Glycerol Glycoryl tricblorido 

+ 3RCI 

(3) UEAOTION WITH AOIDS GIVING ESTERS. Glycerol reacts 
with both organio and inorganio aoids forming csters. 

(i) With a'mixture of acetic acid and acetic anhydride, it 
forms the th ree esters : 

CH200COHa CH'J,OOOOHa OHaOOOCHa 

bRon bnOOCCHa ~ROOCOR3 
bRIIOR 6H20H 6H~OOCOR2 

Glyceryl monoacetnte Glyceryl diacetnte Glycel'Yl trincetnte 

(ii, With co.ncentrated hydrochloric acid at 100°, it yields 
chlorohydrins. 

CHnOH 
J +HCl 
OROH. -+ 

bR20R 
Glycerol 

CHaCl 
I +HOI 
OHOH ~ 

bliOH CRsOl 
Glyceryl Glyceryl 

monoehlorobydrin dichlorohydrin 

(iii) Witb nitrio aoid in the presenoe of sulphurIc acid, glycerol 
forms glycoryl triI).itrate, commonly known as nitroglycerine. 

OH20H OHa·O.NOll ' 

bRoH t 3RO.N0I1 _ 6R.O.N02 + 31120 
I Nitrio a.cid I 
CH20R CH~.O.N02 

Glvcerol Glyoervl trinitra.tl' 

(4) REACTION WITH HWRIODIC AOID. The reaction of gly. 
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cerol with hydriodic acid proceeds in several steps forming allyl 
iodide, propylene and isopropyl iodide. 
, (a) Upon warming with concentrated hydriodic acid, it gives 
glyceryl tri-iodide. 

CHaI 
I 

CHaOH 
'1 
CHOH + 3HI ~ CHI + 3HaO 

bH20H 
Glycerol 

dHaI 
Glyceryl tri-iodide 

(UmtciblEl) 

The tri-iodide being unstable at once splits out 
iodine to form allyl iodide. 

CHaI 

bHI 
I 
CH21 

Glyceryl 
tri-iodide 

CHa 
II 

~ CR + Ia 
I 
CHsI 

Allyl iodide 

a molecule of 

(b). When heated with hydriodic acid, allyl iodide first produced 
is reduced to propylene. 

ORa CHa 
II II 
CH +HI ~ CH+la 
I, 1 
CRaI CHa 

Allyl iodide Propylene 

(C) In the presence of excess of hydriodic acid, propylene 
further adds a molecule of hydrogen iodid giving isopropyl iodide. 

CHa CH3 
II I -
CH +HI ~ CHI 
I I 
CHa CHa 

Propylene Isopropyl iodide 

(5) REACTION WITH OXALIC ACID. Glycerol reacts with oxaJic 
acid in two wa.ys. 

(a) Formation of Form1,c acid. When heated with crystalline 
oxalic acid to noo, glycerol yields glycerol monoformate which upon 
hydrolysis forms formic acid and glycerol is regenerated. 

CH20\'H .. ··:HOjoc CHaO.OC.H I ........ + .... I I 
CHOH n:OOCi ---+ CHOB + HaO + cOa I ,......... I 
CHaOR CHaOH 

Glycerol Glycerol monoformate 

CHaO.OC.H CHaOH 

bHOH + HaO __ bHOR + HCOOR 
I I Formic acid 
CHaOR CHaOH 

Glycerol 
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(b) Formation of allyl alcohol. When glycerol is heated with 
oxalio aoid to 230Q

, glycerol dioxalate is produced. It at once de
composes into carbon dioxide and allyl alcohol. 

CHtoTii········Ho!oC CHzOOC . 
i ......... + ....... :. I I I 

OR OiH·······BO!OO __ OR.OOC + 21I20 I ................... I 
ClIsOH C1I20R 
Glycerol Glycerol dioxalate 

ClIa.OOC CR. 
I I n 
CRlI.OOC ---+ CR + 200ll 

bR20R bH20R 
Allyl alcohol 

(6) OXIDATION. The two primary alcohol groups in glycerol 
are capable of being oxidised to the aldehyde and then the ca.rboxYl 
group, while the secondary alcohol group can be oxidised to the 
ca.rbonyl group. Thus glycerol gives riRe to a variety of oxidation 
produots 

CHO 

bHOR __ , 
~ CHaOR 

/ Glyoeraldehyde 

OOOR 

bROR 

bHzOH ~ 
Glyceric acid 

CRsOH 

bRoH 

bailOR 
Glycerol 

'\. 
CR20H 

, ~O 
bHtOH 

COOR 
I 

COOR 

bOOR 

OOOR 

dRoR 
~OOR 

Tawnic acid 

/ 

DihydroxYIl<:atone Mesoxalic acid 
Thus dilute nitrio acid converts glycerol into glyceric acid an9-

tartonic acid, while strong nitric aoid oxidises .it to mainly glyceric 
acid. . 

When glycerol is dropped on solid potassium permanganate. it 
is ignited by the heat of reaction and burns with a blue flame. 

(7) DEHYDRATION. When heated alone or with potassium 
hydrogen sulphate, glycerol eliminates two molecules of water form· 
ing acrolein. 

R 
I 

H- C-Xlii' 
........ I ! . 
,HOl-C-lH : : I ....... . 
r Hl-C-OH .... -.-, I 

H 
Glycerol 

R 
I 

H-C 
-2RlIO II 
-l> C 
heat n 

IJ-OR 

H 
(Unseallii fliwr~ 

eHII 
J __ OR 

CRO 
Acrolein 
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(iii) iII pre" ~,;1 

-': .. " .' .: h;:'Cu ckJ::J ~oill;'t IJoap~\ ancl C(. ',1i·et!u 

: .' ~j '_. f:ol'l dr~ ;r(. I}ut . 

(iv) 80'1 fJ::.t(fi·.'f: ~'-' ... ,,(O(l!j)"bue r,-:',,·,li..1toro , 

(t~) for blJLic~t;~ -: (i.lC tu'1('hillery ouch as watches and clocks; 

{vi} as a pre'jt..r.;~th,t' I<lr fruh~. awl other eat'lblcs which reo 
quire to b{. l,(~pt ill(ji.,t ; 

(t'ii) in mn.hiT g rrir:.tiI'J inkl) .::,nd inl;:f) fvr '1t.lmp pad, ; 

(viii) in the prt.'I'.lmti .. m <.)f qlYC'2rol trinitr.1b ; and 

(IX) all c. st:utinr w.:.t..,Ii .. ,.,l for t:"'Yc21 dl:,vl ~'lfl Fopyl d€ri
vl'tivfJ. 

Strcrttill.'o. ( I) E!CiL,.·· _I:;- on_i;, •. .) c:. u ;.]",bc'Ylcr "eiGht dct.lrmina· 
~ion ... ho>ll.) t!:..::.t gJyl' ,.,'oJ 1. ... .1 th'J molcc-.. lIu £,~ ,_. vb l':JHJO J' 

(2) Wlth uc:-~yl d.lor.d:) jl; lor::::!.J Dlye-',l ~r:.:'Cdo.t9 "i7hi.cb (Jnoull the 
pn:'::;enc!) oithr':) - OH U;vl._:):ll'l tho IDok"u~:-. Tl,'~', tr.!) fY"ID.ll~ of giycero\ 
mo.y bo o:tpr(':::;;d to_; C;:ifl: .. ',OHLo 

\S~ Sine:) tuo -OIl brv\.l)?:J 1mb"d to tl)() L:1.me c'tbcn a.tem form en 
untltable &buctlll" 'I. tho t!:!r:: _, -OR Brau!;'.) in tho [llyccro~ moJo~ .10 oro connect· 
ed t') differont C::::lbcn I!.t~r.....::. 'Ihu!), 1D Gtyc3rol <;70 ho."" 

(4) Suppl"'inf( t,.<> n :: _ ;:ry hyd!"(;JC:l ct' InJ, tho ctructllrul formulo. of 
[tlyc{.;:ol c::'.n lx. --:, ~(.: "'l~:1 

H II If. 
H-6-6-c_H 

bIT !:m ~)H 
(:::1 Tb.::. fc.rm~lr. J" r_" "LOl t J bv tho faot th?t c;ryc .. rol react'! with PCIe; 

to form c;13''C:lrol trkhl ,ride, (;rr::;Cl,CH(Jl.CH~CI. 
(6) 'In:-o ;;bc.y(J (..~! l:'tu~i) of "iy~'~ r()l iil t "nl1rmE'd l,y ito ~;vnthC!ml, 

Synthc-:,iG of Glyc(!!L"ol. U: <:(11)1 tIlr.y be. lJytltht>lloed from 
dE<ment'J by th:-· lvlle ,:; in~; ct. p.; : 

o:',-u· 
ll-_.sLiu 

!I;:';!O<1 [0) 
_ CH;:,CHO --. CJ:l~~Oorr 

H::;::JU(, A -~,;:t~c~y'!!) • .1.1::.\10 ~Q ... 

D:~t£~ li~d. B~804 
__,. CB.;.CO.Crr, -) Ctl;;.CUOt-i (.a:; __,. CH.:_(,H . .c:H~ 

Cc.cGD ! .. c;;.t')n'J. 1 ,')prcI':,y1 o.!.,,-,,"_,,l ~.;c~ P'C-P:fv 

C!3 :i.e. I 
-)0 CH:_)('TICl.\. rltU ~ Cli·(:j l'Ti<: • 'CH,('I 

PropyLuv ChI.".! '~J li,l.)-:~ ~', .t\. ""' .. :.: 
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Nitroglycerine, Glyceryl trinitrate, C3HIi(ON02)8' The 
na.JIle 'nitroglycerine' assigned to this substance is incorrect. lt is a 
triester of glycerol and nitric acid, and hence the proper name 
would be glyceryl trinitrate or simply glyceryl nitrate. 

Preparation. Glycerol nitrate is manufactured by adding 
glycerol slowly to a mixture of nitric acid and sulphuric acid main
tained at 20°. 

OH2iOH H:ON02 OHg.O.NOa 
I i I 

OH iOH + H;ON02 --.. CH.0.NO·2 + 3HzO 

d~I<?~. . ..... ~~ON02 6Ha.().NOa 
Qlycerol Nitric acid Glyceryl nitrate 

After the reaction is complete. the mixture is run into ice. cold water. 
The oily layer of glycerol nitrate that separates at the top is remov
ed. It is washed with water and then with sodium carbonate solution 
t-o remove any acids. It is finally. dried by passing through a mat of 
spongell. 

PropeTtiell. Glyceryl nitrate is a colourless oily liquid lSp. 
GJ'. 1'6) with 8, sweet burning taste. Upon cooling it forms crystals, 
m.p. 132°. It is insoluble in water but dissolves readily in alcohol 
and ether. It is poisonous, its vapour causing violent headache and 
loss of consciousness. 

The most important property of glyceryl nitrate is its explosive 
power. Its molecule having nitrogen fully loaded with <?xygen is 
very sUrlceptible to external shock. When struok a sharp blow, it 
explodes with great violence. The explosion reaction consists of 
int,:,rnal combustion attended by splitting ont of elemental nitrogen. 

4CaHs(NOa)a __ 12002 + 10H20 + 6N: + O2 

TIll' sudden libetation of th~ large volumes of gases in a space 
initblly occupied by the liquid subi;ltance eauses an explosion ivave 
of ,. normous pressure. 

U!5e6. As AN EXl'LOSI\'E. Nitroglycerine was first prepared 
iii 1860 but its use as explosive proved to be dangerous as it-exploded 
aimo'lt whimsically on receiving the slightest shock during transporta
ti{"!n, In 1866 Alfred Nobel discovered that when absorbed in 
'I.:i, ;!guhr', a porous earth, nitroglycerine could be transported with
l!ut risk of explosion. The explosive so prepared was called dyna
mite. Now-a-days the dynamite is made by using adsorbents suoh 
'lei dust or starch in place of kieslguhr and ammonium nitrate (or 
,,) Hum nitrate) is added to ensure complete combustion Qf these 
!U :.tcrialo, Modern explosives such as bla8ting gelatin and cordite 
l nt.:l.ln llitroglycerine mixed with gun· cotton (cellulose nitrate). 
! I.vn.,:,mite io u~ed to shoot oil wells and in buildmg roads, dams and 
11 ~nncls where the removal of rock and earth is required. 

(2) As A MDDICIND. Nitroglycerine is used as a medicine for 
(;\ ,j (ment of heart disee.se, angina pictori8, and also for asthma as it 
,ii' . '1 tli(' blood .es3el'3 end thus relieves blood pressure. 
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Q.UESTIONS 
1. Wha.t do you understa.nd by the term "Polyhydric alcohol" 1 Namll 

and give the formulae of two su(,h substances_ In one case describe how the 
substanco may be prep.e.red in the laboratory. 

2. Give the general methods of formation and properties of glycerol. 
3. Give two ways In which glycol mav be obtained from ethylene 

Describe the reaction by which the following may be obtained from glycol. 
(aJ oxalic acid, (b) succinic acid, (0) 3Cetylene, (d) ethylene chlorobydrin. . 

4. How would you prepMe ethylene oxide a.nd what a.re its ohief 
chemical properties? -

5. (a) Describe how glycerol is recovered from spent-lye. 

(b) How does glycerol react with the following reagents? 

(i) Hydrochloric acid. (ii) bydriodic acid. (iii) sulphuric acid. (itt) nltric 
allid and (v) phosphorus pentaphloride. (AgrQ B.Sc., 1960) 

6. Bow is glycerol obtained from oils? Bow is it synthesised? How 
is it converted into acrolein? (Andhra B.Sc., 1961) 

7. How is glyoerine obtained on a large scale? How can it be synthe
sisod from acetone? What are the actions of: (0) hydl"iodic acid; (b) phos
phorus pentachioriiie ; alld (c) Potassium bisulpnide on glycerine? 

• (Gauhati B.Sc.,1961) 
8. Describ!- the manufaoture of glycerol. Starting from glycerOl how 

would you obtain (a) acrolein; (b) nitroglyoerine; (O) isopropyl iodide; and 
(d) sym-dichloroacetone'1 I Oalcm(a BoSc., 1962) 

9. How is glycerOl manufactured'1 Outline its synthesis from acetiu 
acid. What is the aotion of (a) phosphorus pentabromide ; (b) red phosphorus 
and iodine on glycerol. (Annamalai B.Sc., 1962) 

10. Describe how glycerol IS obtained on a large scale. Mention its 
important uses. What is the actton of: (i) concentrated nitric acid; and (ii) hot 
hydriodi c acid on it ? (V cUlabhbhai Vidyaputh B.Sc., 1962) 

I!. How is glycerol reoovered from spent. Iy<,? Give the rea.otiono of 
glycerol with(a) Hydrochloric acid; (b) Hydriodic aoid! (e) Sulphurio aoid ; 
(d) Nitric acid; and .(11) Oxalio aoid. (Panjab B.Sc., 196B) 

12. Give an account of the total synthesis of glycerol. Starting rrotri 
glycerol indicate .how would you prepare (a) acrolein, (b) acrylio aoid, (c) allyl 
a.lcohol, (d) allyl iodide, (e) glyceric acid and (f ) glycerose. . 

(PUM1lIar B.Sc., 1962) 

13. Gi ve the laboratory and technical method of preparation of glycerine 
and discuss its chemical properties. Starting from glycerine how will you 
prepare (i) acrolein, (ii) allyl alcohol, (iii) q~inoline, (it1) dynamite t 

(Bombay B.Sc., 1968) 

14. How is I;lycerine obtainad on a large scale? What is the oouon of 
Ca) HI 
(b) KHS04 
(c) HNOa and 
(d) Oxalic acid on glycerine? (Alillarh B.Se. II, 1964) 

15. Discuss in details tbe constitution of glycerol and explain its 
reactions With hydrogen iodide and oxalic acid. (Nagput' B.Sc, II, 196d) 

16 How is glycerol manufactured ?What Bre its reactionll with (1) PCls 
(2) dCI (3) KHS04 and (4) a mixture of HN03 and H:lS0t. ? 

How is Its structure determined? (Marathtoada B.Sc. Ill, 19G1) 
17. Give the prepe.l"ahou ilnd usos of the foUouing to) Ethyl ... ·' glycol 

(b) glyoerol. _ (Di1;:rugarr. }J.Se., 1967) 
18. How is gIY'JflT('J mtin ,factnred '! Show by El'luations how the r~llowing 

compol'nds may be JU ('!lTed fr 1m ,~tycerol : (a) AI'~olein, (b) Glycerol trmit.rnto 
(<:) Porll'i!' sl'id. (d) r:r,(l-.. ?l'.>h 'inn. (G(1r1l;!~'I:I'~r B.Sc. II, 1967) 



.A.~l!AT1C .A.LCOHOLS 379 

19. DraW a neat diagram for the man1.l.fscture of glyc~rol, with necessary 
Olents. (Kalyam B.Sc. Hons., 19(7) 

colli 20 Write an account of the manufacture of glycerol from propyLene. 
. • (Pan}ab B.Sc. II, 19(8) 

21. Bow is ethylene glycol prepared in the laboratory? Give its Impor-
t roperties and uses. (Udaipur B.Sc . 19(8) 

tall P 22. Outline the synthesis of glycerol starting from propylene. What 
ns when glycerol is heated with (u) oxalic acid (b) KHS04.' 

}lappa (Osman·ia B.Sc., 19G5) 
23. Dc8crib_e the manufact.ure of gly.cerolllnd give its important chemical 

perties. How 18 Its constitution established? (UjJatn B.Sc., 19(8) 
pro 24. Discuss the constitution of glycerol. Starting with acetylene show 
boW YOli would obtain glycerol. What is the action of the following reagents on 

glycerol? 
\1) Oxali<:> acid (2) conc. Hydriodic acid (3) Xitri c acid. 

(Poona B.Sc., 19(8) 
25. \Vrlte a. short scc-ount of the chemistry of glycerol including the 

method of its manufac-ture and synthesis. (Kurukshetra B.Sc., 19(8) 

26. Give one method for the manufa()ture of glycerol by synt.hemd. 
Explain, giving equations, the action of hydrochloric aC'lrl, oxalic acid 

e.nd'potas~it:ril hydrogen sulphate on glycerol. (Delhi B.Sc., 19(9) 
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(3) Their boiling points are much lower than- those of the 
corresponding alcohols. . . 

(4) Unlike alcohols they are insoluble in water. However, they 
are soluble in alcohol and ether. 

Lower boiling points and lesser solubilities of thiols from those 
of corresponding alcohols may be attributed to a greater hydrogen 
bonding in the latter. 

THIOLS B.PT. 
H.SH _620 

ALCOHOLS 

B.OR 
B.PT. DIFFERENOE 

162 

60 

40 

Sulphur is much less electronegative than oxygen, glvlllg S·H 
bonds ha.ving a. much smaller ionic character than O-H bonds. 
Accordingly thiols form very ~eak H-bonds. 

As the molecular weight increases the difference of b.pt. also 
decreases due to a lesser association in higher alcohols, the reason 
evidently being the greater electron repelling tendency of higher 
alkyl radicals. 

• (5) They are very feeble acids as they contain ionisable hydro
gen, ~H6SH -+ CIIHr,S- + H+. 

CHEMICAL CHARACTERISTICS 

Chemically thioalcohols very closely resemble with alcohols 
the SH group giving all the reactions analogous to those of the OR 
group. They, however, differ from the latter in two respects. 

(i) Aero CHARACTER. Thioalcohols being the derivatives of the weak 
acid H 2S. are weakly acid in character. Thus like other acids they react with. 
alkalis and ~nlt solution forming metallic derivatives. Alcohols. on the other 
hand. are the derivatives of water and are, therefore, neutral. 

(ii) OXIDATION .REACTIOND. Sulphur in thioalcohols is bivalent but it 
has a tendency t;) extend its valen.cy td. four.. Th\4s unlike alcohols, they can be 
o:x:idised when the sulphnr atom adds up two oxygen atoma and sulphonic acids 
are formed. 

The general reactions of tbioalcohols are given below ~ 

(1) Action of Sodium: Like alcohol they re~ct with sodium 
with the evolution of hydrogen. 

2C2H5SH + 2Na __ 2C2H5SNa + HI 
Sod. mercaptide 

(2) Action of Acids and Acid chlorides. Simiiar to alcohols 
they react ,vith acids and acid chlorides forming TmoEsTEBS. 

CHaCOiOlI +'HiSC2Hs 
Acetic iLiiiJ.···· 

CHaCO :ct+"lilsc2R5 
Acetyl chioriti"ii'" 

__ CHSCOSC2HIj + H 20 
Ethyl thioacetate 

__ CH3COSC:!BIi + HC: 

(3) Condensation with Aldehydes nnd ·Ketones. Like 
alcohols, the thioalcohols react with aldehydes to give THIOACETALS. 
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r·-····if!sCaHs 
CBaCH=jO + i 

, HiSCaBs 
Acetaldehyde Thioalcohol 
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I
SCaHIi 

CHaCB, . + B 20 
SCaHIi 

Thioacetal, 
Mercaptol 

Thioalcohols being more reactive than alcohols, also react with 
ketones to give THIOAOETALS. 

r··_·····Hlsc
2
H s 

(CHa)2C=10 + i 
! BiSCaHs 

Acetone '_·······Tiii'oal cohol 

ISC2HS 
----+ (CHahC.... + H20 

'SCaH5 • 

Thioacetal; 
Mercaptol 

Acetone mercaptolon oxidation with potassium permanganate 
gives SULPHONAL which is an important hypnotic. 

'CBa, /S.CaBs CHa, IS02.CaH5 
/C, + 4[0] --+ IC' 

CHa s.CaBs CB3 SOIl·Ca1I5 
Acetone mercaptol SuI phonal 

(4) Formation of Salts. ThlOalcobols dissolve in alkalis 
forming salts called MEROAPTIDES. 

C2B sSH + KOH ----+ C2B sSK + B 20 
Thioalcohol Pot. merca.ptide 

They also react with metallic salts ann oxides forming mer· 
"Captides. 

CH S,······· .... 
2 5,H " 

; + O;Bg 
CaB~Sj~L ....... : 
Mercaptan 

C2HsSla."'''·CHaCOO[, 
; + ! 'Ph 

C2IIsS]H .. CHaCOO( 
Mercaptan Lea.d acetate 

C2B,,!:-
--+ )Bg+ H20 

C2B sS 
Mercury mercaptide 

C2B sS, 
----+ IPb + 2CH3COOR 

CaHsS 
Lead mercaptide 

I 

Alcohols being neutral fail to give the above reactions. 

(5) Oxidation reaction. The behaviour of thioalcohols to· 
wards oxidising agents is radically different from that of the alcohols. 

(i) With a strong o~idising agent like nitric acid, they form 
the corresponding SULPHONIO ACIDP 

o 
CaBs-B-H + 3[0) ----+ C2Hs-~-OH 

.l. 
o 

Ethylsulphonic acid 

(ii) Mild oxidising agents such as hydrogen peroxide or the 
oxygen of air oxidise thioalcohols to DISULPHIDES. 

CsHII• S\H"+"O·"+"HiS.CaHs ~ C2HIIS.S.CaB s + H 20 
.~. • ThioalcohoC ................ Diethyl diaulphide 
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)) LD"rr rr.oopbu>J on mixed .-.it!>. <'omruorcie.l f'::;'/·I·:. ond 
refrigcmtl'1~ flu"i t<) deted [.ny le'1kagl' in pip~ liw::1 The nOI;(; (.nn 
deteClt OD~' p::!zt (Jf dh: IWI_!'r.-.,pb.ri in 50 b·IJ;on [:'..rt 1 cf air. 

(2) Very d;lut·~ .olntion (,f muc::>pt::m:. C"jd m the healmg of 
tic!lufJ a~ I1lpo apf2.:>r.. to k filIi. :Hon of the merc:lpbn1 pr£''1ent 
in bcdy ~~('r(':tioTl' '. -

(3) :lfefl'&l't:mo Ilre u·)rd to prepare d 11lpholl:.11 and othE'r 
oimlIar h"'pnotk:. 

Sn1Fbon..l~ 

Sulphonal r£.prc\ ntu :1.0 important cll'..!'.'1 of hypnotip. Thb is 
prepared by thr r')llden~,.:tion of ac'tone \lith ethyl m('rcapbn fl,nd 
the clUb3equent oxiCbtlOn of t 1lf1 a~etone mel'captol producerl by 
pot:>.Jl'1ium permangang,te. 

(CH.lbCO + 2(12H6~H --. (CH'l'l)C{S02C;:HI»)2 -I- H 20 
A~~wr('-mE'l"c:::lptol - {CH ~)~C(S02.CzH6)2 

f-.;.lplJOIlnl 

Pro-jJ~·tillJ anc rl·. ~ulph()I1U1 form.·, ('()lou i.'l""'!J crY9tals which 
melt at 126' It i"lIJPJ,rill~ly ':olnble in ('old ":.tH but completely 
voluble in hot wat.~. It i, import.:lllt ::ttl i J drr,; for prt1ducing f.1leep. 
Homologuc:J of l.>uIpboLitl. n3mely TRIO'UL AIID TI:TROliAL, have been 
':,ho'Vtn to hE' f>; I'll 1'10'1'1..' eun th ('> h} pnntic's. 

('2FT "'c /iS02C; Hs 

('2H5/ 'e02Cl1FT~ 
Tetronnl 

TIII(JT.THLR OR .\I.J{YL SC'LPHIDF~ 

An th,:, numo implie~, thioethcro are (:thlftl ill whieh th(' OX~ i!pn 
~t(JmG hnl3 been replaced hy that of 'lUlphur. 

- -0 
C:!H!;-O-C:3Hs --. ~H6-C:; - CnB(i 
Dlc~byl ether -+ S F.thyl thioothE'r 

'fhic~thcr[) could o.leo be regarded as dialkyl derjvativt:~ of 
hydro~en r,ulphide jU13t af.l ('thers are thought of M derivl\tivt'l of 
water. 

-2H 
H-S-H __ R-S-R 

+2R Thioeth,r 

ThuD th!(,ether!l fe"fmhle inor~Q,nic <.ulphir!e:1 Q:.ld ere ofhn 
C311ed Dinlliyl oolphideD. However, th(>y differ from inorg::.mj(' '_uI
phide3 in u,:,iv.:; PO:l.·~Gnh'::1ca compound~. 
UE'!['ilIon:::; ;1)1;:' :>nCPA!1.AT!ON 

ll) Bit 0 ... di"tiUalio;!' of alkyl httUd"·~ n·m" jJota.' "tm .', 'J7ph ~r:' •. 
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2CuH sI +- K2S --+ (CnEs):)" +- 2KI 
Etbylcno iodide Ethylone flulphldo 

\2J By the treatment of alkali mercaptides with atkyl halides. 
0::11'5: Br'·:.j:.··}tS'SCzHs _,.... CZH"SC2E s + NIlB~ 

Ethyl bromide····i:rod:: merc:l.ptido Ethyl Bulphide 
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Tho method may also be used for the preparation of mixed 
thioethrrs. 

(3) B'j heating ethers with pho.gphorU8 penta~ulphide. 

5(C2HShO + PlISS ~ 5(CnHslzS + 'PlIOIj 
Diothyl ether Diothyl BuJphide 

(4) By heating certain mercaptide8, when they decompose to 
fOlln an alkyl Gulphide. 

CzH'5'S,' C2H~ 
;Pb ~ /S + PbS 

CIIEs'S CzBs 
Lead mercBptide Diethyl sulphide 

pHYSICAL CHARACTERISnCS 

(I) Thioethers are colourless and vola.tile liquids. 
\CHa)IIS , b.p. 38° ; (CnHs)tS, b.p. 92° 

Dimothyillulphide Diethyilluiphide 

(~) An ordinarily prepared they have a disagreeable odour 
resembling that of thioalcohols. Pure thioethers have an ethereal 
smell uhich h not unpleasant. 

(3) Their boiling points are in general higher than thooe of 
the corr(:.ponding ethers. 

(.1:) They are insoluble in water but soluble in alcohol, ethers 
arid other organic solvents. 

(5) Thoy are neutral in character as they have no ionisable 
hydrog(,D. 

, CHEMICAL CHARACTERISTICS 

. Chemically, thioethers offer a great resemblance to ethera. 
However, the tendency to extend valency is much more prominent 
in sulph ur than in oxygen. Thus thioethers form addition com
pound:3 more readily than do ethers. 

The general 'reactions of thioether are given below. 

(1) Addition of balogenr;. Thioethers add halogens form
ing diho.logen compounds. 

C2H5, Br C2H II, /Br 
s+ I ---+ S 

<J..iH61 Br C::1Ir/ 'Br 
Diethyl Bulpbide Diothyl flUlpbide dibromido 

, (2) Addition of alkyl halides. Just as ethers add a molecule 
of a bydrogen halide forming oxonium derivatives, thioethers form 
BULPHomDI DEBIV AT!l ES. 
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<;RIi Cj!Hs, CaHo +_ 
'/8 + CaBs! __ /S( or (CsR5)sSI 

C2R 6 '. C2H5 "I 
Diethyl sulphide TriethyJsulphonium iodide 

The 8ulphonium iodide reacts with moist silver oxide (AgOH) 
giving triethylsulphonium hydroxide which is So strong base. 

(3) Oxidation reactions. (a) With a mild oxidising agent 
like hydrogen peroxide, thioethers form SULPHOXIDES. 

(C2RS)zS + (0) ~ (CsR~)2S"'O 
Diethyl sulphide Diethyl sulphoxide 

(b) On strong oxidation with concentrated nitric a.cid or per. 
manganate. they form SULl'HONES. 

",0 
(<;Rs}:aS + 2[0] ~ (C2H5l2S~ 

o 
Dlet-hyl sulphide Diethyl sulphone 

The suI phones' are crystalline compounds and axe often used 
for the characterisation of a liquid thioether. 

(4) Hydrolysis with alkalis. When boiled with alkali solu
tion, thioethers' are hydrolysed forming the parent alcohol and 
hydrogen sulphide. 

HO-:Hi 
t;Hs-jS i-CgHl) ~ 2~R50R + R 2S 

,Hi-OR Ethyl alcohOl 

In this respect thioethers resemble esters. The reaction show$ 
that thioethers are the diesters of hl!jdrogen sulphide 

Mustard gas, ~~'. Dichlorodiethyl sulphide, (OlCHt.CH2)2S 

It was used as a 'poison gas' in the World War of 1914- 18. It 
has a faint mustard,like odour and hence its name. 

Preparation. (1) It was originally prepared by the Germans 
from ethylene through several steps: 

HOCl N~S HCl 
CBa: PHI --+ CHaOH.CH2el ~ (CHnOH.CR2)2S ~ (CH2CI.CH2)2S 
Ethylene Mustard gas 

(2) The English and the America.ns prepared it by 3. simpler 
method by passing ethylene into sUlp4ur monochloride. 

CHa 01 01 CR, CH2Cl eHsel 
1I+11+!I~t 1+8 
CRt S-S CH2 CRa-S-CHs 

Ethylene Sulphur MUlltard gas 
monochloride 

Properties. Mustard gas is not a gas but an oily liquid, b.p. 
217°. It however. vaporises when sprinkled by means of bursting 
shella. It produces painful blisters on the skin and has very destruo
tive eifect on the lungs and air passages. It is generally known to 
have a prolonged action, causing death after about four days. 

Chemically mustard gas combines the reactions of an alkyl 
halide and a thioether. 

(1) HYDROLYSIS. The chlorine atoms are readily hydrolysed 
even in aqueous solution, 
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(CJCHaCHa)aS + 2HaO --+ (HOCHaCHs)!lS + 2HCI 
(2) OXIDA'rION. It is easily oxidised with nitric acid and 

hydrogen peroxide to form the sulphoxide'liIIld finally the sufphone. 
+0 +0 

(ClCHaCHs)aS __ (C1CHaCH.)!SO ---7 (CICHaCHa>sSOI 
Sulphoxide SuI phone 

(3) AOTJON OF CHLORINE. Chlorine adds to Bulphur a.nd then 
a. molecule of HCl is eliminated yielding a. product which has no 
poisonous action. 

CICHaCHa" CIa S __ 

ClCHaCHa/ 

Since the products of chlorination and oxidation yield non
poisonous substances, the above reactions are employed to destroy 
mustard gas. The destruction of mustard gas is best accomplished 
by treating the affected region with free chlorine gas or bleaching 
powder 

Q.TJESnONS 

i. What are mercapt&.rul l Give their methods of preparation, proper. 
ties and uses. 

2. How are mercaptans prepared? Give their physical and cbelDioal 
properties. Dt'80ribe the preparation of Bulphone.l and mention its ,uses. 

3. Describe the preparation and reactions bf ethyl mercaptan. 
4. How are thioalcopols and tbiotlthers prepa.red ? nlustrate the state

mel!.t that the chemical be}1aviour of these compounds is due to the tendency 
of divalent sulphur to pass to the tetravalent state. 

5. How wonld you prepare sulphonal and what are its chief chemical 
properties. 

6. How is mustard gas prepared ! Discuss its use 1\3 a poison gas. 
7. (a) What are thioalcohols, and how are they generally prepared.l 

(6) What. is the action ofthe following on thio-ethyl alcohol? 
(i) Merourio chloride, 

and (U) Strong Nit.rio acid. (Kamalak B.Sa., 1960) 
8. How does nitric e.cid and hydrogen peroxide respectively reaot. with: 

(a) ethyl mercaptan and (b) diethyl sulphide 7 
Give the synthesis of suI phonal a.nd mustard gas. (Gujarae B.Sa., 1980) 
9. . Discuss the properties due to - SH in merca'Ptans. . 

(Panjab B.Sc. 11, 1964) 
10. What are meroaptans! Discuss the general methods of their 

preparation, properties and uses. (Nag'PUr B.Sc. II. 1984) 
11. What. are mercaptans t Why ~e they so called f How would you 

prepa.re ethyl mercaptan t Mention some of its characteristic properties. 
(Ja6aZpur B.Sc •• 1984) 
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(2) The IUPAC SYSTEM &llows symmetrical ethers to retain 
their common names because these have become too familiar. 
However, unsymmetrical ethers are af>signed systematic names as 
Allcoxy (RO-) derivatives of hydr.ocarbons. To derive the name .of 
an individual 'member, the larger of the two alkyl groups liIiked to 
oxygen atom determines the name of the parent hydrocarbon. 
Thus: 

I-methoxypropane 

OC2H& 
I 

CHs-CJI-CHa-CHa-CH3 2-ethoxypentane 
(3) cYOLIO ETHERS formed between oxygen and two adjacent 

carbon atoms are known as oxide8 .or epoxy compound8. They are 
either named as the oxides of the corresponding alkenes or as enoxy 
derivatives of the alkanes. Thus: 

/0, 
cRt--CHa Epoxyethane. Ethylene oxide 

/0, 
CHs-CR-CH. 1; 2-Epoxypropane. Propylene oxide 

ISOMERISM 
Ethers displa.y isomerism wlth monohydrIC alcohols and 'also 

amongst themselves. 
(1) Isomerism with alcohols. Each ether has one or more 

isomeric alcohols. Thus: 
ETHER 

CHa-O-CHa 
Dimethyl ether 
CSH6-0-<;B5 
Diethyl ether 

ISOMERIC ALCOHOL 
CHsCH.OH 
Ethyl alcohol 

(i) CHaCHsCR20R 
I-Propanol 

(Ii) CHsCHORCH. 
2-Propanol 

As we go higher in the series the number of alcohols isomeric 
with a particnlar-ether goes on increasing. The isomerism between 
ethers and alcohols is an excellent illustration of functional 
isomeri8m. 

(2) Isomerism amongst themselves - M etameri8m. 
In addition to the usual chain isomerism which the ethers ma.y 

exhibit, they show another type of isomerism due to the different 
distribution of the carb!)n atoms about the oxygen atom. Thus a. 
mixed ether may be isomeric with a simple ether. For examp Ie, the 
formula C4H100 represents the following isomeric ethers. 

CaH&-0-<;H6 Dimothylother 
CHs-O-CHIICH.CHs Methyl propyl ether 

This special type· of isomerism which exists amongst the 
members of the same class of compounds is called met~::nerism. 
It is not limited to ethers but is also shown by ketones, amines, 
esters, etc. 
METHODS OF FORMATION 

Directly or in~·rectly ethers are aiwa.ys formeu from alcohols. 
They C:.1n be cbtained by the following genual methods. 
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(1) Dehydration of alcohols with sulphuric acid. This 
method of formation of ethers is of great practical value. Alcohols 
upon heating with concentrated sulphuric aoid lose a molecule of 
water as foIlows.ghring ethers. 

2C2H&OH ¢ (C:!H&)20 + HaO 
Ethyl a.lcohol Diethyl ether 

The H+ ions fUl'Ilished by sulphurio acid catalyse the above 
reaction. Also, tho sulphuric acid present removes the water 
produced during the rea.ctions and thus shifts the equilibrium to the 
right. 

(2) Passing alcohol vapour over alumina. In rower pri. 
mary alcohols the dehydration may be effected by passing the 
vapours of the alcohol over alumina at 240-·260°. 

!!C2H 60H ~ C2H 50C2H 5 + H 20 
E~hyl alcohol Diethyl ether 

The application of this method to secondary and tertiary' 
alcohols is unsatisfactory owing to the marked tendency of these 
substances to form alkanes under the conditions. 

(3) Action of alkyl halides on alcoholates. Ethers can be 
indirectly obtained from alcohols by first converting them to alcohol. 
ate and then reacting it with an alkyl halide. 

2C2H sOH + 2Na. --+ 2C2li60Na + Hs 
Sod. alcoholate 

C2H 50jNa +" BriCzHs --+ CaH&OC2H 5 + NaBl' 
·····Ethyfbromide Diethyl ether 

By taking a different halide we can get a mixed r:lther by this 
method. 

C2HSO;~F::.±::J~H3 -i C2H 50CH3 + No.1 
Ethyl methyl 

ether 

• This method of preparing ethers first studied by Williamson is 
known ItS Williamson's synthesis. 

(4) Heating alkyl with silver oxide. Simple ethers can 
be obtained by boiling alkyl halides with DRY silver oxide .(AgzO). 
Thus: 

CIIHs" 
~ /0 -I- 2AgI 

C2H S 

Diethyl ether 

It may be Gonsidered a sort of double decomposition taking 
place between the alkyl halide and silver oxide. 

By taking a mixture of two different alkyl halides the method 
can be used for the formation of mixed eth!;?rs. 

(5) Action of at lower halogenated ("c:her with a Grignard 
reagent. 

This is a good method for preparing higher ethers from lower 
members. Thus: 

CHaOCHziCI 1"" BrMg; C2H& 
Monochlor~::···· ... _ .......... . 

dimethyl ether 

~ CH30CH2CzH s + r.lg(Br)Cl 
"i\fet.hyl propyl 

ether 
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CHaOCHalC("+"j3'rMg! C2H 5 ~ CHaOCH2CaH 5 + 
Monochlol'O~' ... Methyl propyl 

dimethyl ether ether 

PHYSICAL CHA1\ACTERISTICS 

(1) Excepting dimethyl ether and methyl ethyl ether both of 
whioh are gases, all ethers are oolourless liquids with pleasant 
odours. 

(2) In ,general lower members of the series are very volatile, 
th~ir boaing points being considerably lower than those of the 
alcohols from which they are IDa-de. 

(3) They are only sughtly soluble in water and being lighter 
form the upper layer when mixed with it. They are, however, free· 
ly solulile in organio sol vents like chloroform, benzene. etC' 

Since ethers have no hydrogen attached with oxygen atom, 
they have no tendency to hydrogen. bonding, Of. alcohols that Lave 
great ·tendency to assooiate. Also the ether molecules are unable to 
form hydrogen bonds with water molecules unlike alcohols. This 
accounts for their inso~ubility in water. 

(4) The specifio gravities and boiling points show a gradual 
increase with increase in molecular weight. 

NAME OF ETHER BOILINO Sl'EOIFIC 
POINT ,GRAVITY 

Dimethyl ether, OHa.O.CHlI 24° ... 
Ethyl rnethyl ether, CHa.a.OaRIi 7'90 0.7260 (0°) . 
Diethyl ether, CaH5.0.O:!H5 35° 0·7135 (20°) 

Methyl propyl ether, OHa.O,CaH7 39° 0·7460 

Et.hyl propyl I'bher, 0sRo.O.CsH7 61° 0'7546 (0°) 

Dipropyl e~her, OsH7.UCaH7 91° 0.7360 (20°) 

(5) Lower ethers act as anaesthetics. 
CHEMICAL CHARACTERISTICS 

The chemical behaviour of ethel's follows from their structure. 
They consist of two alkyl radicals linked to an oxygen atom. 

R-i-o-LRI 
/ ; : 

Alkyl ·Ethereo.l Allty I 
radical o}Cygen radioal 

(i) . At the hydrouarl:ion radicals ethers behave exaobly like alkanes, 
unllergoing halogenation. 

. (i.~) The et~ereat oxygen (linked to two carbons) is inert. However, by 
Vlrt.ue of Its lone paIrS, the oxy~en ato~.oan extend it!! valency to 3 or 4, and 
t~UlI ether~ are capable of formmg addition oompounds with reagents such as 
mmersl acids ·a.nd oxygen. 
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(iii) Unlike a. oarhon-to·oarbon Iinka.ge oarbon-to.oxygen linkage is not 
table Although unaffeoted under ordina.ry oonditione, ether can be ma.de 

~r!e:ct with wa.ter, aoids, ph~sphoru8 penta.ohloride, etc., when one or both 
the oxygen bonds are rupturen. . 

The general reaotions of ethers are given below: 
(1) Inertness Owing to the absenC'e of active groups and 

multiple bonds from their molecules, ethers are oomparatively inert 
substances. The reagents like ammonia, alkalis, dilute acids, and 
metalIio sodium have no action upvn them in cold. They are 
not readily oxidised or redur.ed. 

(Substit1Ltion Reactions of the Alkyl radicals) 

(2) J{alogenation. Under suitable conditions ohlorine and 
bromine react upon ethers to form halogenated products. Thus: 

CHsCH:aOCaH5 i CIa ~ (JHsCHClOCaH& + HO! 
Diethyl ethel' cx-Chlorodiethyl ether 

As a rule, halogen tends to substltute first in the IX-position. 

(Addition Reactions of the 0 "tom) 
(3) Formation of Peroxides. In contact with air or OZOlle, 

ethers form peroxides. 
(CaHs)gO + 0 ~ 

Diethyl ether 
(C2H6).O~O 

Peroxide' 
The formation of peroxides 

and by the absence of moisture. 
is accelerated by ultraviolet light 

(4) Formation of Oxonium salts. Ethers unite with 
strong mineral acids forming salt·like complexes. Thus' 

H 
(C.aH5l20 + HOI ~ (CaHs)aO( 

Diethyl ether Cl 
Oxonium sa.lt 

The formation of these derivatives of ethers is analogom; to me 
formation of ammonium salts from ammonia and acids and hence 
they have been named OXONIUM SALTS. 

H 

C2R 5 ~ ~ x CaR5 + hOi --+ [C2lla ~ ? ~ C2R 6 J+ or 
DitJthyl ether Oxonium eul!; 

Oxonium salts are, in general, stable only at low temperature 
or in high concentrations of the acids. On dilution they dissooiate 
into the original ether and halogen aoid. 

(DecompositIon Rea.ctions involving rupt'u.re of O·to·O linkages) 

(5) Hydrolysis. When boiled witu 'Wa.i>!:lr or treated with 
steam, ethers are decomposed at on~ of the oxygen bonds to form 
alcohols. 

H:-OR 

czHo-ol-caH6 ----+ 2CsH 60R 
Diethyl ether Ethyl alcohol 
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The rate of hydrolysis of ethers is accelerated considerably by 
the presence of acids. 

(6) Action of Phosphorus pentachloride. With hot phos. 
phorus pentachloride, ethers react with cleavage at both the oxygen 
bonds forming alkyl chlorides. 

Clt-PCla-tCl . ~ 2~H5CI + PO CIa 
CzHs:- 0 - [C2Hs Ethyl chloride 

(7) Action of Halogen acids. When treated with hydriodio 
acid in the cold, ethers split to form one molecule of the alcoho~ and 
alkyl halide each. However, if the reaction is carried at high tempera. , 
tures with excess of the halogen acid, simple ethers give an alkyl 
halide and water. Thus; 

CzHs- !~:::.~~~.·:±_!:~ir 
Diethyl ether 

I,-H 
C2H51- 0 - :-C2Hs 

H-1 

--l> C2HsI + CzHsOH 
Ethyl iodide Ethyl alco):101 

Mixed ethers, on the other hand, react with hot hydriodic acid 
yielding mixtures of alkyl halides. Thus: 

I-:R! 
CHa-loi-czHs -

tHiI 
CH31 + H 20 + C2H si 

Methyl Ethyl 
iodide iodide 

Mechanism. The reaction is believed to proceed through 8 carbonium 
ion formation as 

H 
+ I 

R --+ C2H,,-O-CzH s 
+ 

Protonated ether 

The positive charge on the oxygen atom of the. protonated ether induces 
a small positive charge on the carbon adjaccnt to it and ultimately the bond 
cleavage takes place to yieJd a carbonium ion 

H 
I : 

C2Hs-O-:-CHz-CH3 

+: 
+ 

--l> CZH 50H + CH~CH3 
Ethyl 

carbonium IOn 

Carbonium ion i~ susceptible to attack by a nucleophilic reagent (I) 

+ 
CHa-CHz + : I: --+ CHaCHzI 

Ethyl altohol formed above reacts with excess of HI to form Ethyl 
iodide. 

CzH60H + HI __ CzH6I + H20 
The reaction with hot hydroiodic acid and identification of the products 

formed, not only en~bles us to establish the cODstitulion of 0. given ether, but 
also affords an excellent method (ZeUsel's method) for the detection and esti. 
mation of aIkoxy groups (-OR) in a. compound. A known weight of the ether is 
refluxed witb 57 % HI (a constan' boiling mixture). The volatile a.lkyl iodide thus. 
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formed is swept away by a. strel!.m of 002 and the mixture is absorbed in an 
lJlcohoJic solution of AgNOa• The precipitate of silver ioiide formed is filtered, 
washed. dried and weighed. By the law of ell.uivalents we have 

-OR e RI e AgI 

The alkoxyl content (-OR), can be calculated from gravimetric results 
as UBual. 

(8) Action of Sulphuric acid. Cold concentrated sulphuric 
a.cid has no action on ethers except that it dissolves theIll form· 
ing oxonium salts. However, if the solution is heated, the ether is 
decomposed to yield a molecule of the alcohol and alkyl hydrogen 
sulphate. 

H-\HS04 
CaH5-0-:CaH., __ CaHoOH -l- C2HsHS04 

Diethyl ether Ethyl alcohol Ethyl hydrogen sulphate 

With excess of sulphuric acid, the molecule of alcohol produced also 
reacts to form alkyl hydrogen sulphate. 

USES OF ETHERS 

(1) Being charactetised by their general inertness, ethers are 
extensively used as INDIFFERENT SOLVENTS hoth in the laboratory 
and commerce. 

(2) Lower ethers are employed as GENERAL ANAESTHETICS. 
Since they produce intense local cooling when sprayed on skin, 
ethers are also used as LOOAL ANAESTHETIOS for minor surgical 
operations. 

(3) The lower ethers are volatile liquids which on evaporation 
produce low li6ll1peratures. They are, therefore, used as REF.RIGER

ANTS. 

DIMETHYL ETHER, (OH3)20 

This is the first member of the series. 
Preparation. It may be prepared by any of the general 

methods already described. 

(1) Dimethyl ether can be made by heating methyl alcohol 
with concentrated sulphuric acid at 140°. 

2CH30H ¢ (OH3bO + H 20 
Methyl alcohol Dimethyl ether 

The equilibrium is turned to the right by volatilisation of the 
ether produced. 

(2) It can also be made by passing vapour of methyl alcohol 
over a heated catalyst such as thorium oxide or aluminium oxide. 

20Ha0H! -+ (ORahO + H 20 
Methyl alcohol Dimethyl ether 

(3) Dimet!iyl ether is a.lso formed by the reaction,between 
sodium methylate and methyl iodide. 

CHaOiNa +. Ii CHa ..-.-.+ CHsOCHa + NaI 
Sod. miitliyiate----- Dimethyl ether 
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Properties and Uses. It is a gas at ordinary temperature 
a.nd pressure. Liquid dimethyl ether boils at _24°. It is very 
soluble in water, 37 volumes of it dissolving in I volume of water at 
18°, 

It gives all the reaotions characteristio of ethers. 

Dimethyl ether is largely employed as a refrigerant. When used 
for the quick freezing offoodstuff's by direct contact, it lea~es no 
taste or odour. It is also used as a low-temperature solvent. 

DIETHYL ETHER, ETHER, (C2H 5120 

This is the most important reptesentative of this class and is 
often referred to as simply ETHER. From its method of formation 
by heating alcohol with sulphuric acid, diethyl ether was at one time 
named ETHER SULPHURIO. 

Preparation. It is prepared in the laboratory and on a large 
scale by heating ethyl alcohol with concentrated sulphuric acid to 
l40eC. 

2C2H5PH __ (C2H5l20 + H 20 
Ethyl nljJohol Diethyl ether 

The mechanism of the reaction was ~iven by Williamson as 
follows: 

CaEsOH + H 2S04 
Ethyl alcohol 

CaH6[~.~~~·.·.·.:F .. ~ PC2H II 

~ CSH5US04 + H20 
Ethyl hydrogen sulphate. 

~ C2HsOC2H5 + H2S04 

Diethyl ether 

Since sulphuric acid is not used up in the process, it would appear 
that .. ~ small quantity of the acid is enough to convert unlimited 
quantity of alcohol into ether. Hence this method of preparation of 
ether is often referred to as the Williamson's continuous etheri. 
fication process. In actual praGtice, however, it is found that the 
process is not continuous and the reaction comes to a stop unless 
fresh sulphuric acid is added from time to time. This is due to two 
causes: (1) the water formed during etherification dilutes the con· 
centrated sulphuric aoid and (2) a, part of sulphuric acid is lost 011 
account of its oxidising action on alcohol, the acid itself being reo 
duced to sulphurous acid. . . 

According to more reoent views, H+ ions furnished by sulphurio acid 
catalyse tho formation of Ather from alcohol. The original theory of William. 
son postulating-the formation of ethyl hydroeen sulphate as intermediate com· 
pound has been modified. 

Laboratory Preparation. A 500 mi. distillation flask is fitted with 
a. tap funnel and a thermometer. The side.tube of the flask is attnched to a 
long water condenser, the lower end of which is fitted into a filtration flask. 
The side tube of the filtration flask oarries a rubber tubing that leads to the 
floo:. The reooiving flask is kept dipping in ice.cold water. The entire appara
tus IS made leakproof. 

]00 mI. aloohol is ta.ken in the diSlillated flask and an equal volume 
of conc. sulphuric acid is added gradually with shaking and cooling. The flask 
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. fitted up as shown in Fig. 18'1 and is heated on a sand bath 
IS red wire gauze. W~en the temperature rises to about 1400 or an asbest:oa 
covde. tl'l over. Alcohol IS now run In from the tap funnel at the' other b gma 
to IS . t'l same rate at which ether diS I S. H 

Ether obtaine~ .in the reoeiving flask oontains aloohol 

h us acid as impurltlos. It is first shaken with dilute Sad' ' water at suI. 
p uro IUm hydroxide 

J 
Fig. 18'1. Laboratory preparation of Diethyl eth or. 

solution whioh removes sulphurous acid. The ethereal layer is th 
and agitated with a 5% oalcium ohlori'de solution. Thill removes :1 ~oparated 
ethereal layer is then separated again anI! allowed to stand 0 co 01. The 
calcium chloride for drying a.nd distilled. ver anhydrous 

Commercial Method. The plant used for the PUrpose . . 
Fig. 18·2. This' equipment permits the production of an almost unlim'tlSdBhown III 

• I e amount 
NaOH 

SOLUTION ETHER vAPOuR 

ALCOHOL 

ETHER STILL 701l£COHO£ 
RECOVERY TOWER 

Fig. 18'2. Manufacture of Diethyl ether. 
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of other from one oharge of the acid. The ether pot is charged with cono. 
sulphurio aoid and alcohol is then added to it. The mixture is heated by pass
iag steam through coils. The temperature is maintained at abeut 1400 and 
alcohol is slowy run into the ether ·'pot. The vapours issuing from the pot 
consist of ether, alcohol, steam and acid fumes. The latter afe removed by 
passing the vapours throu~h a scrubber down which falls a stream of sodium 
bydroxide solution. 'fbe vapours then pass through a fractionating column 
where aloohol and water are oondensed, while ether vapours escape at the top. 
Aloohol.water miJ!:ture is sent to the alcohol recovery tower. This plant after 
being oharged with sulphurio acid once, can be run continuously for months 
together. 

Properties. It is a colourless highly volatile liquid having a 
rather pleasant odour and a'sweetish burning taste. It boils at 34'60 

and has a specific gravity 0'720 at 15°. The vapour of diethyl ether is 
about two and a half times heavier than air. At 20°, it is soluble in 
water t~ the extent of 7 per c~nt while water dissolves in ether to the 
extent of~ per cent at the same tf'mperature. On inhalation its 
vapours produce general anaesthesia. 

The chemical reactions of di.ethyl ether have already been dis. 
cussed under ihe general treatment. 

lt is highly inflammable and its vapours form explosive mix
tures with air. Ether burns with a clear flame: 

<;H50C2HS + 602 --. 4C02 + oHzO 
Diethyl ether 

Ether dissolves readily in aqueous solution of hydrogen chloride 
forming Dxopium salt. 

In contact with air ether forms the peroxide which is highly. 
explosiv:e. Hence, old ether that has been exposed to air for long 
shQuld never be distilled without the previous removal of peroxide. 

Uses. (1) When rapidly evaporated, ether produces intense 
cooling, and hence its use as a REFRIGERANT. A mixture of ethel; and 
dry ice gives a temperature as low as _770 

. 

(2) Mixed with alcohol, it is used as a petrol substitute under 
~he commercial name NATALITE. . 

(3) Ether is an excellent solvent and is used for extraoting 
organio substances from aqueous solutions. Being immisoible with 
water the ethereal layer can be easily separated and evaporated to 
give b.BCk the organic substance. 

(4) It is an e~cellent inert medium for many organiC reactions 
suoh as the Wurtz-Fittig and the Grignard reactions. 

(5) Ethor is one o'f the best known anaesthetics. It is superior 
to chloroform in that it produces loss of consoiousness without inter
fering muc~ with the function$ of heart and lungs. 

·Structu,,~; ~ 1) The' m&lecular formula of ether has been found to be 
CAH100. 

(2) n does not reaot with sodium and phosphorus pentaobloride in cold. 
Th4li shows th~ absence <:l~ -OH group. 

(3) 1t reactg with hydriodic acid to yield one.moleoule of ethyl alcohol 
and one molecule of ethyl iodide. This proves the presence of two ethyl radi
<mIl. in its molecule. 



(4) Ke~ping in view the above facts, ether can be represented as 
CllH 5- O-Cll:a:& 

(5) The above struoture of e~bar Ja·further supported by the following 
synthesis 

C21I&(jiNa-'+"I1C2Hji __ CaH&.O.CaR/i + No.1 

Sod. etho;id.;·Ethyl iodide 

Diisopropyl ether. (CHsl2CH.O.CH(CHs)2' It is prepa.red on a teohnical 
scale from propene obtained from the cr~c1Hng stillli\ of petroleum. It is brougbt 
in contact with 70 to 85 per cent sulphuric a.cid.at 0°_50° aT.d under pressures 
of 50 to 500 pounds per square inch when a molecule ~f water is added. 

2CHsCH=C~2 + H20 -+ (CRS)2CH.O.CH(CHa)2 
Propene Diisopropyl ether 

Diisopropyl etheris 0. colourless liquid boiling at 68'7°. It has a specific 
gravity of ·7247 at 20°. It it! very slightly soluble in water only 0·2 gTam per 
100 grams. It is inflammable. It gives all the reactions, expected of an ether. 

Diisopropyl ether is useCl In many induStrial processes in place of diethyl 
ether. Its higher boiling point and low sollibility in: water make it superior to 
dieth.yl ether as an extracting agent. Mixed With petrol in a 2 : 3 ratio it gives 
an excellent motor fuel. 

a : {3'-Dichlorodiethyl ether, {CH~CI.CH2)20. It is obtained on the 
commercial scale by the dehydration of ethylene chlorohydrin by treatmedt 
with sulphuric acid at 100°. 

2CHllCI.CH,OH -4 (CH2Ct.QH2120 + H2,O 
It is an excellent solvent and is used for dissolving out oleSnic and 

aromatio impurities from lubrioating oils under the narne Chlorex. 
Divinyl ether, (CII2=CH)20. It is II. typiQa1 un8a.tura.~ed ether. It 

ill prepared by ·the action of alkali upon diohlorodiethyl ether. 

heat 
(CB2CI.CH2 )20 + 2KOH __ 
Diohlorodiethyl 

ether 

(CH2=O~)1I0 + 2KCl + 2HaO 
Divinyl ether 

It. is highly inflammable liquid boiling at 28·3". In ohemical behaviour 
it bears a likeness to both ethylene and etber. It has been found to be a better 
anaesthetio than ether. It is more rapid in produoing a.naesthesia and recovery 
therefrom. 
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Fig. 18·3. Infrared speotrum of Dibutyl ether. 
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Infrared spectra of Ethers. Ethers con taining CHa-O-CHa 
group in their molecule absorb radiations in the region 1060-1150 
cm. -1 as is indicated in thEl Infrared spectrum of Dibutyl ether given 
above. 
COMPAI9S0N OF ETHERS AND ALCOHOLS 

As stated earlier, alcohols nre monoa.lkylwa.ters, while ethers 
are dia.lkylwaters, 

R-O-H Alcohol 
R-O-R Ether 

·Thus alcohols containing OH group react with many reagents just 
like water, ROR. In ethers, the reactive R atom of 1i}le alcohols is 
replaced by relatively stable alkyl group and thus making them 
chemically inert. Rence alcohols and ethers give many similar 
reactions, the latter doing so under more drastic conditiollS. This 
may be illustrated by taking example of ethyl alcohol and diethyl 
ether. 

Physical Properties :-

(1) Sweet alcoho\ic odour. 

(2) Volatile liquid, b.p. 78°. 

(3) Miscible with water . 

. Chetnical Reactions :-

(1) Pleasant ethereal odour. 

(2) Volatile liquid, b.p. 35°. 

(3) Immisoible with water. 

(1) Forms alkonium salts with strong (1) }!'orms oxonium dalts. 
aoids 

(2) Question of hydrolysis does not (2) Hydrolysed to ethanol. 
arise. 

(3) Reacts with cold HI to form 
CaR51, and when beated reduced 
to ethane. 

(3) Forms ethyl iodide and ethanol. 
When heated gives two moleoules 
of ethyl iodide. 

(4) With bot cone. HaSO". gives (4) Gives CaHoRSO, and CaHoOH. 
C2H5HSO" and HaO. 

(5) With PClli it forms ethyl chloride (5) Forms ethyl chloride (2 mole-
and HCl. cules). 

(6) Reacts with sodium to form (6) No action. 
CaR50Na and H2• 

(7) Reacts with acetyl chlodde to form (7) No action. 
ethyl acetate. 

(8) On oxidation yields acetaldehyde. (8) Not easily oxidisell. 

(9) Reacts with eblorine by oxida
tion and by substitution to form 
<1hloral. 

(9) Undergoes ohlorination t.o 
polyha logen derivatives 

give 
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The physical properties of ethyl aloohol and ether, and reao· 
tions (5), (6), (7) and (8) may be used as tests for distinguishing one 
from the other. 

QUESTIONS 

1. What are ethers? How they differ from metallic oxides 1 

2. Give tho general methods of formation and properties of ethers. 

3. How is diethyl ether propared? How and under what conditions 
" does it react with (a) hydriodio aCId, (b) bromine, and (c) phosphorus penta

ohloride? 

4. Describe how diethyl ethel' may be prepat'ed from ethyl alcohol. 
Outline the evidence which es~ablisl}es the constitutional formula of this com· 
pound. 

5. Ethyl alcohol and dimethyl ether have the aame fOl'IDula C2H 60. 
How would you ascertain struotura.l formula of eaoh? Desoribe the aotion of 
rr,so, on ethyl alcohol. 

6. How is divinyl ether prepared? Why is it considered a better 
anaesthetio than ether? • 

7. Write the formulae of the various ether3 having the empirical 
formula C6H 120. State how would you prepare only one of the isomerides and 
outline 0. method for the preparation of the necessary aloohol. 

(Nagpur B.Se., 1957) 

8. How is pure diethyl ether prepared in the laboratory? What is its 
notion on (a) sodium, (b) phosphorus pentachloride in the cord and in the hot, 
(c) hydriodio acid. 

Two oompounds A and B have the molecular formula CaH60. A reaoted 
with hyddodio aoid to give CsH7I. B reacted with hydriodio acid to give methyl 
iodide as one of the produots. Deduoe the probable,struoture of A a.nd R. 

(Rangoon Univ., 1958) 

9. De~cribe the preparation and pur.ifioa.tion of diethyl ether by the 
continuous process. Stattl its properties and uses. How has the structure of 
diethyl ether been ascertained? What n.re mixed ethers' Give examples. 

(Oalcutta B.Sc., 1963) 

10. How is diethyl ethel' prepared? Give its properties and usee. 
(Marthwada B.Sc.ll,_!p63) 

ll. Row is puro diethyl ether prep&red ? State itd important properties. 
How has the structure of diethyl ether been ascertained? (Udaipur B.Sc •• 1969) 
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Thus: 

FORMULA 

HCHO , 
CHsCHO 

CH~CH2CB.O 
CHaCBtCHaCHO 
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COMMON NAn-IE 

Formaldehyde 

Acetaldehyde 

Propionaldehyde 

Butyraldehyde (n-Butyraldehyde) 

CHaCH20H2CH2CHO Valeraldehyde (n-Valeraldebyde) 

In present practice the. prefix n- formerly used in tho name of 
normal {straight chain! aldehydes is dropped. The name of an 
aldehyde (without n-) implies that it is a straight cha.in aldehyde. 

(2) ACCOI:ding .to IUPAC SYSTEM the name of an individual 
aldehydes js derived by dropping the terminal 'e' of the name of 
the corresponding alkane (containing same number of O-atoms) 
and adding the suffix 'al'. Thus: 

FORMULA 

HCHO 

CHsCHO 

CHaCHzCHO 
OHsCH2CH2CHO 

lUP AO NAME 

Methanal, Formaldehyde 

Ethanal, Acetaldehyde 

Propanal 
Butanal 

While naming complex aldehydes the longest carbon chain 
including the -OH=O (formyl group) is selected as the parent 
chain. The carbon atom of the formyl group is numbered 1; and 
other substituents on the chain are assigned positions and named in 
the usual fashion. Since the -OHO group is always at the end 
of the chain at 01, it is unnecessary to speci(y its position in the 
systematic name. Thus: 

ISOMERISM 

CHa 

CH3~HCH2CHO 
" 3 2 1 
S-Methylbutanal 

Br CBa 
I I 

CHaCHCH2CHCHO 
5 "8 2 1 

4-Bromo-2-methylpentanal 

Aldehydes exhibit chain isomerism. They also show functional 
isomerism with ketones. Thus propanal, OHsOH20HO, is isomeric 
with acetone, OH3000Ha. 

Aldehydes exhibit functional isomerism with cyclic ethers. 

CH2, 

Thus acetaldehyde is isomeric with ethylene oxide I /'0. 
CH2 

METHODS OF FORMATION 

The following general methods are available for the prepara
tion of aldehydes. 
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(1) Direct oxidation of primary alcohols. Primaryalco
hols on oxidation by heating with sodium dichromate an(l sulphuric 
acid .form the corresponding aldehydes. 

CHsCH20H + 0 ~ CHsOHO + H20 
Alcohol Acetaldehyde 

Since aldehydes have lower ooiling points than the correspond
ing alcohols, they escape from t4e hot oxidising mixture and are 
thus saved from further oxidation. The abrve reaction is also carried 
by passing the vapours of an aldehyde mixed with air over a heated 
silver catalyst. 

(2) Catalytic dehydrogenation of primary alcohols. When 
vapours of a primary alcohol are passed over a suitable catalyst like 

• reduced copper or silver at hi.gh temperature, the alcohol is dehydro
genated to form an aldehyde. 

Cat. 
CHaCH20H ___. CHaCHO + H2 

Ethyl alcohol 2500 Acetaldehyde 

(3) By passing vapours of a mixture of formic acid with 
another fatty acid, over manganous oxide at 300°. 

(MnO) 3000 

RiCOOH ___. RCHO + CO2 + H 20 
HOO:OH Aldehyde 

(MnO) 3000 

CHsllJOOH ___. OHsOliu + CO. + HIIO 
R'defiOH Acetaldehyde 

(4) Hydrolysis of dihalogen derivatives. The dihalogen 
derivatives containing the groups -OHOIIl or -OHBrl upon hydro
lysis with a mild alkali (baryta, or aqueous suspension of lead 
monoxide) yield aldehydes. Thus: 

, /01 HiOH 
CHaCH ... , + I 

'lCI HioH 
Ethylidene chloride 

OH 
___. CHaCH( + 2HCI 

'OH 
(([nstable) 

OH 
CHaCH( ___. CHaCHO + HIO 

'OH Acetaldehyde 

'This method is not very useful in as much as tnese dihalidcs 
are generally prepared from the aldehydes themselves. 

(5) Distillation of the calcium salt of a fatty acid with 
calcium formate. Aldehydes can be prepared by the dry distilla
tion of equimolecular mixture of the calcium salt of a carboxylic 
acid with calcium formate. 

011aOOOCa/2 + HCOOOa/2 ---. CHaOHO + CaCOa 
Calcium acetate Calcium Acetaldehyde 

formate 
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This method permits the preparation of aldehydes from car
boxylic acids which cannot be reduced directly. 

(6) Reduction of add chlorides. Acid chlorides can be 
redurjld with hydrogen in the presence of palladiu!ll or platinum as 
catalyst (Rosenmund's method). 

o 
OHaO( + Hs 

'01 
ACt'tyl chloride 

o 
CHaOI' + HCI 

:--"H 
Acetaldehyde 

This method is quite useful since carboxylic acids are readily 
accessible compounds. 

, . 
(7) FroID nitriles by Stephen's Reaction. When an alkyl 

nitrile is treated with hydrochloric acid gas an iminochloride is 
formed which on reduction "lith stannous chloride and subsequent 
hydrolysis forms an aldehyde. . 

C1 
OHaQaN + HeL _ OHaC( 

Methyl nitrile NH 
Iminochloride 

01 
CHaC{ + 2H 

'NH 

H 
_ CHaC{ + HCl 

'NH 
Aldimine 

- /H 
CrraC, + NHs 

o 
Acetaldehyde 

(8) Ozonolysis of alkene cOlDpounds. Alkene compounds 
containing the grouping ROB: combine with ozone to form the 
ozonide which on subsequent hydrolysis yields aldehydes. Thus: 

+03 /0" +H:aO 
RCH=CHR' ___, RHO CHR' _ RCHO + R'OHO + H20 2 

Alkene I I Aldehydes 
0-0 
Ozonide 

Zinc dust is added to destroy H20 2 and thus prevent ·further 
oxidation of the aldehydes formed. 

(9) From Grignard :t:eagents. Aldehydes may be prepared 
by allowing an excess of formic ester to interact with a Grignard 
reagent. 

• /Br 
RMgBr + HOOOCaH5 ~ RCHO + Mg 

Grignard Ethyl formate Aldehyde '002H S 

reagent 
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PHYSICAL CHARACTERISTICS 

(I) Formaldehyde the first member of the aldehyde scrtes, is 
as Ilt ordinary temperature while acetaldehyde boils at 21°. The 
~ext mne members of tho straight·ehain series are liQuids ahd the 
.higher members are solids. 

(2) As a rule, aldehydes possess an unpleasant odour but as 
we go up the series the smell becomes mOre and mote fruity so 
much so that the compounds containing 8 to ] 3 carbon atoms are 
used in pr.rfumery. 

(3) The first few .members are freely miscible with water, 
solubility falls rapidly with increase of molecular weight and the 
highcr aldehydcs are completely insoluble. 

Solubility of acetaldohyde in wator is oxplbined by saying that it forms 
n unstable hydrate with water which in turn forma hydrogen bonds with more 

:"ster molecules. The mechanism is as follows: 

+ ~ 
CHa-C-,O 

h 
H 

O-H ... O/ 
I 'H 

CHa- C-H 
I /H 
O-H .. O, 

H 

8+ 8- OH 
H.OH I 
--+ CHa-C- H 

bH 
Hydrate 

(4) Their boiling points and speeifio gravities show a regular 
increase as we ascend the. series. 

ALDEHYDE B.P. °c SP. OR. 

Formaldehyde, HCBO -21 0·815 at _20° 

Acetaldehyde, CHaCHO +20'3 0'783 at 18° 

Propionaldehyde, C2H~CHO 49·3 0·807 at 20° 

n.B~tyraldehyde, C3H7CRO 75·7 0'817 at 20° 

n· Valeraldohydo. C,HeCHO 103·4 0·819 at ll~ 

n.Caprolc aJdohyde. C5Hn CHO 130 0·819 at 15° 

CHEMICAL CHARACTERISTICS 

Chemically, aldehydes form one of the most reactive classes of 
organic compounds. As indicated by the type formula 
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H-H 
+ 

R.O=O 

~ 
Aldehyde 

TEXT·nOOK OF ORGANIC CHEMISTRY 

__ RJ-O, 

J: 
Primary alcohol 

Aldehydes xnay-also be reduced with chemical red~cing agents 
such as sodium amalga.m and dilute acids, or a metal and. acid. 

(it) ADDITION OF WA'l'ER. 

HO-H 
+ R.O ... O· __ 

:h 
Aldehyde 

OH 

R.J-OH 
I 

H 
Hydrate 

In most -cases, the dihydroxy compound is too unstable to be 
isolated. However, the aldehydes which contain at least two halo. 
gen atoms linked to the carbon adjacent to the eHO group yield 
stable hydrates. 

HO-H 
+ 

0130-0=0 

~ 
Chloral 

OH 

ClaO-LOH 

J 
Ohloral hydrate 

Chloral hydrate, though having two -OH groups on O-atom, is unusu. 
ally stable owing to the electron withdrawing properties of the three chlorine 
atom~. This makes possible for the formation of intramolecular bydrogen 
bondlDg and hence the molecule becomes quite stable. 

01 

+ ~ 0. 
CI+C+C=O 

CI H 
I 1+

CI--O-C-O 

3+ 3_ ! H--OH 

+ Cl 
I 

The 

__ CCla- -OR 

1m JI 
Chloral hydrate 

II In 
·atom in compound II is highly positive • 

...-H, 
CI 0 

CI-6-6-H 
I 1 

CI 0 

'H/ 
(Intramolecular H-nonding) 

Aldehydes add alcohok much in the same way as they do in 
water. 
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(iii) ADDITION OF AMMONIA. When an aldehyde dissolved.in 
ether is treated with gaseous ammonia, addition compound known 
as aldehyde ammonia- is precipitated. 

NHa-H NHa 

OHs.O!O --+ CH3.b-OH 

h ~ 
Acetaldehyde Acetaldehyde ammonia 

Mechanism: 

H 
I .. 

CH,-C-O --+ 

H-*~ll 
-..j.~ 

H 

--+ 

+ +H 
--+ 

H 

CHa-Lo 

I 
H--N"-H 

I 
H 

Formaldehyde, however, does not form an aldehyde ammonia. 

The aldehyde ammonias when heated with dilute acids, regene
rate the aldehydes. Thus the formation and decomposition of these 
compounds is used for the isolation of aldehydes. 

(if]) ADDITION OF HYDROGEN OYANIDE. Hydrogen cyanide 
in the presence of a trace of KeN reacts with aldehydes to form 
addition compounds containing a cyanogen radical and a hydroxy 
group. These are hamed cyanohydrins or HYDROXYNITRILES. 

ON-H _ 

+ 
CHs-O=O 

~ 
Acetaldehyde 

ON 

__ OHa-6-0H 
h 

AuetaIdehyJie cyanohydrin 

Mec:hallism. The reaction is initiated by the electrophilio . cyanide ions 
(ON-) furnished by the HON which is a weak acid • 

. HCN oo!a H+ + ON-

The forward reaction is catalysed by a basEt and thus the concentrat.ion 
of cy,anide ions is inoreased. 
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~ Electromerio 
CHa-C", 0 _ 

~ effect 

ON 

CHa-LoB 

! 
+--

CHa-~-Ci 
I 
H 

.a.+CR 
ON 

CHr-h-8 
I 
H 

On hydrolysis with dilute acids the ON group is converted to 
COOH group and hence it Qft'ords a convenient method for the pre. 
paration of hydroltY aoids. 

(tI) ADDITION' 01' SODIUM Bt8ULPHITE. Aldehydes react with 
sodium bisulphite, NaHBO •. to form orystalline compounds known as 
the buulphite compounds 

NaSO,.O--a: NaSO •• O. 

OHs-O:O -+ OB..J-OH 

~ ~ 
Aoetaldebyde Biaulphite oompound 

These compounds are soluble in wa.ter but ipsoluble in satu· 
rated solution of sodium hisulphite. ThuB, 'the reaotion i8 carried by 
shaking the aldehyde with a. saturated sodium hisulphite solution 
when tho aldehyde bipuiphite compotmd is thrown out. 

Since the bisulphitfl compounds are decomposed by war,ming 
with dilute alkalis or acids to give baok the original aldebydes, 
the reaction may be used for the separation and purifioation of 
aldehydes. 

/ 

(vi) ADDITION OF GRIGNARD REAGENTS. Aldehydes 
addition compounds with alkyl magnesium halides which 
hydrolysis yield secondary alcohols. 

R-MgX R 

foim 
upon 

+ I H,O 
-eH,CcO ___ 0HaC-OMgX __ 

~ I 

x + Mgl 
'OB 

H H 
Acetaldehyde Secondary alcohol 

Formaldehyde rencts with n Grignard reagent to form a primary 
alcohol 

~3) RepJacemeDt reactioDs of the carboDyl grQUp. 
Aldehydes react with many reagents to form products in which the 
oxygen of the carbonyl group is replaced by a bivaient group or two 
monovalent.atoms. These reactions are most often accompanied by 
the elimination of a molecule of water. 

fi) REACTION W1TH ALCOHOLS. Aldehydes react with alcohols 
in the presence of bydrogen chloride gas forming acetals. 



Acetaldehyde 

Mec:baJ1l1l1D : 

~r.. 
CB.-C==O 

R 
I 

CBa-C-OB 
+ 
t 

Cs'HI)-9.-H 

Ethyl alcohol 

"if 
_ CHlI-C--OH 

CsHa-b-B 
'+ 

10ciail 

CUaCH, + lIsO 
9CI B a 

Acetal 

f 
_ CBlI-C-OR 
(BOl + 

Hemiacetal 

, 
CBs-c-oc,HII 

+ 

~ 
_ CHs-C-OCIIBa 

c,ltll __ ~-H 
! 

c,B.-~-H + 
The acetals are, in fact, diethers of the hypothetical glycols 

hanng twO OR groupS linked to t}le sa.me ca.rbon. 
(ii) REACTION WITH HYDROXYLAMINE. Aldehydes renct 

readily with hydroxylamine, NR,OH, to form products called AldQ' 

sidle •. 

Acetaldehyde Acetaldosime 
\ Since the oximes are weH.defined crystalline substnncbs, their 
forma.tion affords a good method of identifying aldehydes. 

Meebtdi.
sil

• In thiB reaction the baBic N·atom (having a long pair) 

"l .. ya the major role. 
CBa CRa 
I r.. I -C _0 _ +0-0: --

~ BO-!:J iI 
~ 
9H3 

I 

IJO-N=C + HaO -

it 
Aoetaldo:r.ime 

• 

H CBa 
1+ I -

HO_N-C,-O: , " H H 

1 
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This mechaniem can also be applied to reactions (ii)o (iii) and (ill) given 
below: 

(iii) REACTION WITH PHENYLHYDRAZINE. Aldehydes react 
with phenylhydrazill(,. H 2N.NHPh, yielding crystalline phenyl. 
hydrazooes. 

CH3CH=iO +- Ii~!N.NHPh __ CH~CH=N.NHPh + H 20 
Ar.etaldeliYd·~ 'Pheny lhyd· Acetaldehyde 

rllzine phenyl hydrazone 

Phenylhydrazones are crystalline compounds with c:haract~r. 
istic me-Iting points. Thus the formation of these compounds is 
usually cmployed for the idcntification of aldehydes. 

(iv) REACTION WITH SE:\IICARBAZJDE. Like phenylhydrazine, 
semicarbazide, NH2.CO.NH.NH2 reacts with an aldehyde giving a 
well defined cry,talline compound called semicarbazone. 'rhus: 

CH3CH=;O ~. ·H~:N.NH.CO.NH2 __ CH3CH.'N.NH.CO.NHs + BaO 
Acetl\ldehyde······· .. ~emil'arhazide Acetaldehyde Bomic!lorb\1zt·.le 

Scmicarbazide is a valuable analytical reagent for the identifi. 
cation of aldehydes. 

("0) REACTION WITH PHOSFdORUS PENTACHLCR1DE. Aldchydes 
react with phosphorus pentachloride forming dichloro derivatives, 
the oxygen of the carbonyl group having been replaced by two 
chloride atoms. Thus: 

CH3CH= Jf·:.r··c;i;p!CI li __ CHaCHCI. + POCI3 
Acetaldehyiro················ Ethylidene 

chloride 

This is a useful method for preparing halogen compounds III 

which both the halogen atoms are united to the .same carbon. 
(4) Reactions due to the H atom ofCHO group The 

solitary hydrogen in aldehydes i!l extremely reactive and is easily 
changcd to Oll group. Thus, while aldehydes are capable of oxida· 
tion, they can extract oxygen from the reagents which would be 
consequently reduoJed. 

(i) OXIDATION OF ALDEHYDES. Aldehydes can be reo.dily oxi· 
dised to an acid containing the same number of carbon atcfuJ. 

H /OH 
CH3C(O + 0 -- OHaC,O 

Acetaldehyde Acetio acid 

1'he oxidising agent commonly used is sodium dichroma.te and 
sulphuric acid. 

(U) RE.ACTION WITH AMMONIACAL SILVER NITRATE. Silver 
oxide (Ag20) dissolved in ammonia (ammoniawl silver nitrate) is 1\ 

mild oxidising agent When warmed with an aldehyde it is reduced 
to metallic silver which i~ precipitat,ed as a mirror on the walls of the 
containing vessel. 

H 
CH3C(O + 

Acetaldehyde 

+ 2Ag 
White mirror 
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'This is one of the tests commonly used for the detection of 
a.ldehyde group in organic compounds. 

(iii) REACTION WITII FEHLING'S SOLUTION. Aldehydes also 
reduce cuprio to cuprous salts. Thus an alkaline solution of copper 
hydroxide which contains sodium potassium tartarate to prevent its 
precipitation (Fehling Solution), whon warmed with an aldehyde 
forms a reddish brown precipitate of cuprous oxide . 

. H OH 
CHaC( + 2Cn(OII)2 -. CHaC( + 21IaO + CUIO 

o 0 Brown 
Acotaldehyde Acetic acid 

This is nn excellent test to detect the pres_encc of an aldehyde 

(5) Other reactio~s of aldehydes: 

(i) POLY.MERI5A'f!ON. The lower aldehydes show a marked 
tendency to polymerise forming compounds in which severnl mole· 
cules are linked together through oxygen. Thus: 

(11) Formaldehyde on evaporation forms paraformaldeltyde 

CH,O + CHtO .. etc. --t< CHa-O-CHa O-CH2,-O 

HO H 
ParaCorrnalUohyde 

In paraformaldehYde the number of formaldehyde units that have 
combined varies between 6 and 100, and the end valencies are 
probably hy?rated as shown. 

(b) Formaldehyde and acetaldehyde in contact with sulphuric 
acid yield cyclic trimers. 

H2 
C 

°0° H2C CHa 

o 
TrioxYlllethyl~ne 

o 
H3C.HCOCH-CH3 

o 0 
CH.CHa 

Paraldehyde 

When any of the polymers' described above is treated with a. 
trace of acid an!1 distilled, it depolymeriscll buck to the original 
aldehyde. 

(ti) ALDOL CONDENSATION. In the presence ~f a mild alka.li, 
two molecules of n:n aldehyde unite to produce a molecule of aldol, 
which is both an a.ldehyde a.nd an alcohol.. Thus.: 

OH;c.cn~_:,1I CH2.CHO 
+ , 

CH3-C::O __ CH3-C-OH 

~ h 
Acetaldehyde AI,dol 

. This special type of condensation encountered in aldehydes is called 
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Aldol c::oDdensatioD. If he.ated with a dehydrating agent, 
the aldol molecule loses a molecule of water yielding a.n a.lkene. 
aldehyde. ,. 

iou .. ······· .. ·if! 
··~;~~~~b~.OHO __ CHa.OH ... CH.CHO + RIO 

Aldol Crotomaldehyde 

'Mixed aldols' are produced by the condensation of one aIde. 
hyde with another aldehyde. Thus: 

ORIO + CRaCHO --t CBt(OHiCHsCHO 
Formaldehyde Acetaldehyde Mi:ud aldol 

The mechanism of aldol condensation has all't!a.dy been discuss
ed under <Condensatlon'. 

(iii) REStNIFICATION. When heated with a concentrated alkali. 
Bolution. aldehydes forro dark coloured resinous produots called 
aldehyde resiDS Thus: 

nOHsCHO _ (CH3CHO)" 
Acetnldehyde Reain 

where n is very large. This reaction is given by all aliphatio aIde· 
hydes except forma.ldehyde. 

(if) SoIUli'r'S REACTIOl'I. The red dye magenta when treated 
with sulphur dioxide is converted to a colourless substance. The 
decolorised solution of the dye is ca.!led BchiJJ'8 reagent When an 
aldehyde is added to Schiff's reagent. it restores the intense red 
oolour of the original dye. This constitutes the well· known Schiff'. 
test for the detection of aldehYdes. 

TESTS FOR ALDEHYDEs 

(1) AId'hyde ruin 'fBI. Aldehydos when warmed with a concentratEld 
alkali solution form dark ooloured resins which rise to the surface. Formalde
hvde fails to give ~bi" teat. 

(2l ScMJI'e e,ee. When a dilute solution of aldehyde is added to magenta 
solution deoolorised by sulphur dioxide, the intense red co\ou" of the original dye 
is restored. 

(3) I'ormation 0/ Bieulphit. aompound.. On adding 1-2 m!. of a cold 
I&turated .olutiol1 of IIOdium bisulpbite to about. the same vol lime of aldehyde 
and .haking a crystalline aldehyde sodium bisulphite compound separates. 

(f) l'omuJtion 0/ PhMylA!ldrQ'?~, The caloulated quantities of the alde
hyde (0·5 mI.), phenylhydrazine hydrochloride (0·2 gm.). and sodium acetate 
(O'6p" are diellOlved in water (10 mls.) and warmed on water bath. An oily 
substance ·i. produced, , 

(0) Biltle,. mim>r tee'. Ammonium hydroxide is addt'd dropwise to a ten 
per oent' IOlution of silver nitrate. When the precipitate first formed baa dis-
101ved, the solution is warmed with a little aldehyde solution A shtning silver 
Jnirror is depo~itad on the inner wall o{the test·tube. 

(6) I'dl,."g'e eolution test. A Iitt.le dilute solution of the aldehyde is 
added to Fehling's solution taIc,)n in a test. tube. A reddish brown precipitate 
01 ouproua oxide is thrown down. 

(7) Nilroprullide It8t. Aldehydes prouuce a red (olour with an alkaline 
nit.roprualfde solution. 'This teat is given by formaldehyclo. 
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FORMALDEHYDE. f1§T...@AN4-L. H.CH:O 

It is the first member of the homologous series of aldehydes. 
'!'races of formaldehyde are produced by the incomplete combustion 
of coal. wood, sugar, etc. 

Preparation. (1) By reduction of carbon monoxide. :Form
aldehyde is produced from carbon monoxide and hydrogen when a. 
mixture of +hese gases (water gas) is passed at low pressure through 
an electrio discharge of Imv intensity. 

CO + ,H20 __ CHIO 

(2) By oxidation of methyl alcohol. Large quo.mities of form
aldehyde are prepared by passing a mixture of methyl alcohol 
\,B.pour and air over heated copper or silver. 

2CHaOH + iO. __ 2CH,O + MaO 
Formaldehyde 

A catalyst compoeed of molybdenum trioxide and ferric oxide 
oonverts 95 per cent of methyl alcohol to formaldehyde. 

CH,OH 

AIR CATALYS' 
'''AM8eR 

",ArIA 

A8JOI"rIDN 
rOWEl( 

Fig. 19·1. Manufaoture ofJormalin. 

Since forma.ldehyde is a gas, the product is sold in the market as 
40 per cent aqueous solution under the llll.me FORMALIN. 

(3) It is alBo manufa.otured in U.S.A. by the oontrolled o:lida. 
tion,of methane under pressure. 

Labo..atory Method. Formaldehyde is prepared in the laboratory by 
the oxidation of mothyl alcohol in the presence of" platinum. The apparatu. 
required is shown in Fig, 19'), 
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A round.bottom flask is fitted with a cork through whioh PJIoSS two tuhes 
bent at right angles. One of theBe tubes reaohes the bottom of the fiask and the 
other ends just below the oork. The second tube conneots the flask to the com. 
bustion tube. The other end of the combustion tube is fitted with a tube lead. 
ing into a filtr&tion flask whioh is attaohed to an aspirator or filter pump. 
Abou' 50 ml. of methyl alcohol is put in the round-bottom fiask whioh is then 
placed in warm water. In the meantime the combustion tube is heated. When 

Pl ATINISE D A~BESTO:' 

ItI(7HANOL 

IfPIRIITOR -
WARM WAT£R 

WATFR 

Fig. 19'2. Preparation of formalin by· catalytio oxidation of metbyl aloobol, 

air is sucked in, it is mixed with methyl alcohol vapours and the mixture then 
passes over heated platinised asbestos. Here, the alcohol is oxidised to formal. 
dehyde gas which is di~solved in water contained. in the filtration flaak. 

Properties. (Physical). Formnldeyde is a colourless gas at 
ordinary temperatnre and pressure. It is easily condensed to a 
liquid which boils at - 21° It has a very pungent and perletrating 
odour. It is readily soluble in water In the gaseous state or when 
dissolved in water, formaldehyde is a powerful disinfectant. 

Formaldehyde fonus an unstable hydrate with water. It is deCidedly 
more stable than tho hydrate of acetaldehydu, the laUer being unstable owing 
to the presence of ~ho olectron repelling methyl group. Mechl\nism of hydrate 
formation may bo depicted as 

H (~ 
H-C=O 

I 

H 8+ 8. 
I + ~ H-OH 

H-C-O --+ 

H 
I 

H-C-OH 
I 
OH 
III 

The prcII8nce of n methyl group in place of H.atom w!?uld exert its 
inductive effect (dtctro,~ reprlling) and reduce the magnitude of positive charge 
on C·atom in formula II. (See acetaldehyde). 

Its solubility in wator may be attributed to )lydrogen bonding between 
water and molecules of formaldl3hyde hydrate. 

H 

X
-H" O/ 'H 

H- --H 
I H 
O-H"·O/ 'H 

(Chemical). Structurally. formaldehyde differs from othel' 
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a.ldehydes in that it ha.s a hydrogcn linked t() the -0»0 group 
instead of the alkyl radical. 

Consequently it does not duplicate all of the general reactions 
of the higher aldehydes and is a.ctually more reaotive. The following 
reactions of formaldehyde nre noteworthy. N 

(1) REACTION WITH AMMONIA. Unlike / I "'-
other aldehydes. it (loes not form aldehyde. CH2 "\. 
3IlllJlonia but instead gives.n white crystalline C

1 

H2 I CH2 
compound HEXAMETRYLENETE'rRAMINE. N 

/ "-scuaO + 4NH: - (OH:),N, + 6HaO /CH2. CHz. 
Hexamethylene - " 

tetramine N", /N 
The proposed structural formula for 

the compound is indicated. It ie used in 
medicine as a urinary antiseptic under the' CHI 
name urotropine. IIexametIlylenetetramine 

(2) REAOTION WITH SODIUM HYDROXIDlll. Formaldehycie 
differs from othel' aldehydes IlS it does not form a. resin with dilute 
sodium hydroxide solution. However, when trelttc(l with a concen .. 
trated alkali solution, it undergoes Oannizzaro 'fe4ction. 

ReRO ROOOR 
+ R 20 --+ + 

HORO OH30H 

Actually the free formic acid produced in the reaction as shown above 
would react with sodium hydroxide to form sodium formllte. 

MecbaQUlm: 

n. 
H-C=O --. 

h 
OR H 
I _ 1+-

H-C-o: of C-O: 

OH 
+.:.. +08 r ,_ 

H-C-O:- _ H-C-O. 
~ (Alkali) ~ 

H transfer __. 
OR 
I 

H-C=O. + 
H 
I -

H-C-O: 
h_/~ (Second moltcule) 

I 
H 

Now a proton tra,nsfer from HCOOR molecule bakl'S place, giving for. 
ma.te ion and methyl a,lcohol-

+ 
H 

H-b-OH 
I 

H 
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(3) REAOTION' WITH ALCOHOLS. Like other aldehydes, it reaate 
witll alcohols forming acetals. Thus in 'the presence of hydrogen 
chloridE! a.nd fused calcium chloride, formaldehyde reacts with methyl 
a.lcohol to form methylal. 

R, /OCRs 
-+ /0, + B,O 

R OCBs 
Methylal 

(4) POLYMERISA.'l'ION' I TO SUGARS. When a. dilute solution of 
formaldehyde containing a weak alkali (baryta or lime) is &.llowed to 
stand, there is formed a. mixture of sugars, called FORM03E. The 
sugars are produced through a chain of aldol condensations. Thus: 

o (. 0 0 0 0 OH OH OH OH OH 0 

"' 11\ 11\ 11'\ 11\ II I I I I I II 
H-C H-C H-C H-C H-C H-C - H-C -c -c - C -C - c 

I I I I I I I I I I I I 
H H H H H H HHHHHH 

Formaldehyde (6 moleoules\ Glucoso 

This demonstrates beautifully how formaldehyde formed by 
the reduction of carbon dioxide, CO2 + HaO _ ·CH.O + O~ in 
plants further combines to give sugars by photosynthesis. 

l5) CONDENSATION WITH t>HENOL: Formaldehyde on conden· 
sation with phenol gives artificial resins and plastics which are 
used for making electric equipment under the name BA.KELITE. 

When phenol is refluxed with 40% formaldehyde in presence 
of 0·88 ammonia. (catalyst), an oily liquid separates.. This upon 
heating and l.inally cooling by dropping in water, gives a hard and 
brittle mass known as Bakelite. 

OR OR 
I I 

"·-OU·-O--o~crH'- .. 
• (Bakelite) . 

Uses. Formaldehyde is placed in the market as 40 per cent 
aqueou~ solution under the name 'formalin' and is used as suoh for 
most purposes. 

(1) The vapour of formaldehyde, produoed by tile aotion of 
heat on formalin is used as a disinfeotant. Formalin is used for 
sterilising surgioal instruments. 

(2) Formalin is used for preserving biological and anatomical 
specimens, sinoe it makes the tissue~ hard and insoluble. 



ALDPlRYDE8 AND KETONES 421 

(3) On account of its hardening effect on hide-proteins for
malin is used for tanning. 

,4) Formalin is used in the production of plastics including 
well-known 'Bakelite' which is obt&ined by heating phonol with 
formalin. 

(5) Formalin is used 80S reducing agent for decolorising of 
"at dyes arld also for making mirrors. 

SCract1Ir'e. The moleoular formula or formaldeh,.de is 0Bs0. lithe 
constituting atoms have their normal valenoies, the IItruotUral formula can be 
written in one way only, 

H 
'C=O HI 

The structural formula is supported. by the reaotions of formaldehyde. It 
iI canth·Mad. by the formation of formaldehyde by the dehydrogenation of 
methyl alcohol. 

H-tOIH ---to :a:-b=o + HI 
I I n······· 

Tests. Formaldehyde gives all the general reaotions of aldehydes 
eltcepting N<i. 1 and 6 <iii). It also gives the following epeoiflo test. A freshly 
prepared solution of pyroga.l\ol is mixed with the Bol ution of formaldebyde 8oI1d 
ClO&BII or conoentrated hydroohlorjo aoid is added. In a. few minutes a white 
preoipitate iu formed whioh rapidly turns pink and then deep red. This test is 
not shown by aoetaldehyde. 

ACETALDEHYDE, ETHANAL. CHa.CD : 0 

This is the second member of the series. Being the most impor: 
ta.nt and typical member of the class. it is often referred to as 
simply aldehyde. It is formed as an intermediate compound in the 
alcoholic fermentation of glucose and is ~resent in wines. 

Preparation. (1) Byoxidation of Ethy~ alcohol. Acetalde
hyde is obtained by passing ethyl alcohol vapour mixed with air. 
over a silver catalyst at a. suita.ble temperature. 

2CHaCH,OR + On -.... 2CHaCHO + 2R,O 
Ethyl alcohol Aoetaldehyde 

It ma.y also be prepal:'ed by the oxidation of ethyl alcohol with 
.odium diohromate, and sulphuric acid. 

(2) By passing ethyl alcohol vapour over reduced copper e.t 
250° .... 300°. . 

CRsCR.OH --+ 2CHaCIIQ + Hs 
Ethyl aloohol Aoetaldehyde 

. ,,~. (3) By distilling a mixture of cnJoium acetate and oalcium 
f'ormate in a hard glass test· tube. 

CHaCOO.Ca/2 + HCOO.Ca/2 ---to CHaCHO + CaCOa 
Ca-acetate Co.-formate Aoetaldehyde 

(4) By passing acetylene into warm dilute sulphnrio acid con. 
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taining about 1 per cent or mercuric sulphate (together with n. little 
ferri.c sulphate) 11!:! 11 catalyst. 

CHECH + HliO ____,. CHaCHO 
Acetylene Acetaldehyde 

Laboratory Preparation. Acetaldehyde is prepared in, the laboratory 
hy the oxidation of ethyl aloohol ualag Il mixture of aqueous I!odium dichz:o-

Fig. 19'3. Preparation of acetaldehyde. 

mate oolu,tion and sulphurio Rciet il\th~ ()xidisin~ ngent. The apparatus used 
for the purpolle is fitted ns shown. Fig19'3; • 

A mixture of GO mls. of water and 17 mls. of oonoentrated sulphuric 
acid i'J placed in a distilling .Bask fitted with '!\ tap.funnel and connected to a 
condenser and adapter .. 51) gme. of coarsely powderod sodium dichromate are 
dill80lven in a mlxture of 50 mls. ofwBter and 40 mls. of ethyl alcohol ; the 
solution is put in the Bask Bnd heated gently to boil. The burner iii now put 
out and. the solution from the tap·funnel allowed to fall dropwise. A vigorous 
action takes placo, Bnd the solution in the fla~k turns green owing to the 
formation of chromium sulphate. A rI),ixture of acct!1hlehyde, water and a 
I ittle alcohol distils over, The dist.illate collects in a oonioal fll\sk placed in ice
cold water. The alcohol and most of water is removed by standing O\'er calcium 
ohio ride and redistillation. 

Pure acetaldehyde may be obtailled by receiving the distillate in ether 
and then treat,ing the ether solution wi~h ammonia. The crystals of aldehyde
ammonia which separate aro' driod ,vith filter paper and then distilled with 
dilute sulphurio acid. The aldehyde pneeing over at 21° is collected in ice-oold 
receiver os desoribed before. 

Industrial Preparation. Acetaldehyde is prepared industrially (i) by 
the oxidation of ethyl alcohol with air in t.he prcsence of silver, (U) by the 
catalytio dehydrogonntion of ethyl alcohol, and (iii) by the hydra<;ion of 
acetylene under the inf!\le'nce of mercury snits. 

Properties (Physical). Acetaldehyde is a colourless volatile 
liquid, b.p. 21°. It has a characteristic pungent odour. It is readily 
soluble in water, alcohol, and ether. Its solutions in water, ha.ve an 
~greeahle fruity odour. 
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(Ohemical). The chemical reactions of acetaldehyde have 
been discussed under the general characteristics of aldehydes. A 
brief survey of the same is given below by way of recapitulation. 

(1) CHLORINATION. Acetaldehyde reacts with moist chlorine 
to form chloral. 

CHsOHO + 30J2 __ CClaCHO + 3HOI 
Acetaldehyde- Chloral 

If the chlorination is carried in the presence of an alkali, 
chloral d.ecomposes to give chloroform. 

CClsCHO + NaOH __ CHCls + HOOONa 
Chloral Chloroform 

(2) ADDITION REACTIONS. Acetaldehyde reacts with hydrogen, 
ammonia, hydrogen cyanide, sodium bisulphite aud a Grignard 
reagent by addition at the double bond of the carbonyl group. 

CHs·OH=O 
+ 

H-H -+ CJ;IsCHaOH 
Ethyl a.lcohol 

__ CHsCH(NH
2
)OH 

A.cetaldehyde ammonia 

NC-H __ CH2CH(CN)OH 
Acetaldehyde cyanohydrin 

NaOaS-H -+ CHaOH(SOsNa}OH 
Acetaldehyde bisulphite compound 

CHs -MgI --+ CHsCH(CH:s)OMgl 

The addition compound obtained from Grignard reagent upon 
hydrolysis gives a secondary alcohol. 

I 
CHsCH,CHs)iOMg:(.+:H[OH __ CHaCHOHCHs' + Mg< 

' ................ _, Isopropyl alcohol OH 

(3) REPLACEMENT REAC'DIONS. Acetaldehyde enters into reac· 
tions with alcohol, hydroxylamine, phenylhydrazine, semicarbazide 
and phosphorus pentachloride giving products in which-the 0 atom 
of the ORO group has been replaced by a bivalent or two mono· 
valent groups. 

CHaCH= _0"':;:- llH:OC2Rr; 

+ H 2'NaOH 

+ H 2:NNHPh 

+ H 2:N.NHCONH2 

_ .. ____ :+-.. _.<?~a __ ~~.[Cls 

-' CHaCH(OC2H5l2 + H 20 
Acetal 

_ CHCH: NOH + H20 
Acetaldoxime 

-+ CHsCH: ~ NH.Ph + H 20 
Pheny lhydrazone 

__ CHaCH: N.NHCONH2 + H 20 
Semicarbazone 

__ OHsCHC12 + POCls 
Ethylidene chloride 

(4) OXIDATION. When the vapours of acetaldehyde are mixed 
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with air and passed over vanadiuw pentoxide, acetald~hyde is oxi
dised to acetic aoid. 

CHaCHO + !Og __ CH3COOH 
Aoetaldehyde Aoetio Roid 

This can also be effected ill aqueous solution by sodiuIU dichro
mate and dilute sulphuric acid. 

While acetaldehyde itself is easily oxidised to aoetic acid, it 
reduces Fehling's solution and ammoniacal silver oxide to cuprous 
oxide (red) and silver (mirror) respeotively. 

(5) POLYMERISATION. Acetaldehyde has a marked tendenoy to 
polymerise. 

(i) With a drop of ooncentrated sulphurio aoid, it polymerises 
with explosive violenoe to form paraldehyde. 

OHaCHO --+. (ORsCHO)s 
Aoetaldehyde Paraldo}hyd£-

(U) If hydrogen ohloride is passed through acetnldehyde cool
ed in a freezing mixture, a white precipitate of the metaldehyde is 
produced which like paraldehyde has a oyclie struetur.e. 

4CHaCHO --+ (CHsCHO)41 
Aoetaldehyde Metaldehyde 

(iii) Upon boiling with dilute sodium or potassium hydro~ide 
I!lolution, a yellow insoluble solid (aoetaldehyde resin) is deposited. It 
has a smell of bad apples but its composition is lJl)t clear. 

nCHsOBO __ (CHsOHO)n 
Resin 

. (ifJ) In the presence of aluminium ethyJate, Al(OOaHII)s aoetal-
dehyde polymerises to for~ ethyl aoetate Tischenko Reaction). 

o 
II 

CHs-O-H 0 
+ U 

O=HC-CHa --+ OHa-C-O.CHaCHs 
Acotalqehyde Ethyl acetate 

(2 moles) / 

(6) ALDOL QONDENSATION. In contact with a catalyst like 
sodium carbollate or zino chloride acetaldehyde forms an aldol. 

CHaCHO + CHaCHO __ OH3CH(OH)OHaCHO 
Aldol 

Upon heating, the aldol loses a moleou Ie of water to form oroton
aldehyde. 

CHaOH(OH)CH2CHO __ CHaCH: CH.CHO + H 20 

(7) SOHUl'F'S REAGENT. Acetaldehyde res tOrt'S tho rod colour of 
decolorised magenta solution. 

Uses. (I) Acetaldehyde is used in tho techniclli prC'plll'ation 
of a number of organio compounds hroluding acetic acid, ethyl 
aoetate and n-butyl alcohol. 

(2) It has also been used for the silvering of mmors. 
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(3) Paraldehyde is used in medicino as a hypnotic. 

(4) Metaldebyde, under the name 'meta' is used as a solid fuel 
in small lam JJS. 

Tests (See Tests of ~dchydes). (I; Rosin tost ;, (2) Sohi!f's tost; (3) 
Silver mirror test.; (4) Fehlmg's solution tost; (5) Nltro-prutislde test; and 
(6) Iodoform te8t: Yellow orystals of iodoform are obtained by adding a few 
mls of 10 per cent In solution and a few mls. of sodium hypoohlorlte solution 
to a'queous aoetaldehyde solution in a test. tube. 

Tests 1, G and 6 are not given by formaldehyd~. 

Structure. (1) ~s shown by elementary ana.lysis and moleoula.r weight 
detormination, the molecular formula of acotBJdol:yde is C21J40. 

(2) Tbe rC'duction of ncetaldebyde to ethyl alcohol nnd then ethane 
ihoWB that the two carbon atoms in its moleoule are linked to eaoh other 
directly. 

13) Retaining the normal valenoies of carbon, oxygen and h~'drogen 
(4, 2 and 1 respectively), we CBn write the structural formula of acetalde-
hyde a~ 

or 

('l) Tho struoture I is rulea. out atraightway as aoetaldehyde does not 
give the usual addition rellOtions of an olefinic linkage. 

(5) The structure II is supported by the follow.ing reaotions : 

(el) The action of phosphorus pentllOhloride upon acetaldehyde ;vielda 
etbylidene ohlorlde. CHaCHCI? This indicates the absence of OR group m the 
molecule Bnd oonfirms the presence of 0 linked to ca.rbon alone. . 

(h) The aoliion of ohlorine on acetaldehyde forms ohloml, COla.CRO. 
This shows that three H atoms are linked to one oarbon, while the fourth one is 
attllcllou to the seoond carbon atom which also oarries the 0 atom. 

(C) Acetaldehyde is produoed by the oatalytic dehydrogenation of ethyl 
,alcohol. 

RR 

H-~-Lo:H 
I I I 

H Ii 
Ethyl alcohol 

H R 

H-b-6=o 
~ 

ACflta!dl3hyde 

Chloral, Trich/oroacetaldekyde, CClaOHO 

Its systematic' nl1me would be TRHl.HLOROE'£HANAL. 

Preparation. By DiREOT OHLORINATION OF AC.I!;'!'ALDEHYDE. 
Chloral can be prepared from aoetaldehyd( by direct chlorination in 
the presence of calcium carbonate. 

CEsCRO + 3Cls ---4 COJ3CHO + 3Ue! 
Aoetaldehyde Ohloral 
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Calcium carbonate is needed to neutralise the hydrogen 
chloride produced which would otherwise cause the polymerisation of 
chloral. 

(2) By T"'IE ACTION OF OHLORINE 'ON ALOOHOL. Chloral is 
manufactured on a. large scale by passing chlorine into absolute 
alcohol containing ferric chloride as a catalyst. The alcohol is 
oxidised to ald'ehyde and simultaneously chlorinated. 

CRaCH2011 + 4012 --+ CCl3CHO + 5HCI 
Chloral 

rhe product ot the rcaction is, in fact, the crYstallinp. ah:onol
lata. which on distillation with sulphuric acid yields free chloral. 

H 
CCla.C<O + ~H5HS04 + H 20 

Chloral 

Properties. Chloral is a colourless. oily liquid with a pun. 
gent odour and a sweetish taste, b.p. 98°. It is insoluble in water. 
When taken internally it induces sleep and hence its use as a 
hypnotic. 

Chloral underg.)es the usual reactions of aldehydes. 

(1) ADDITION REACTIONS. Chloral combines with ammonia to 
give chloral.ammoni'l, CCla.CH(OH}NH2; with hydrogen cyanide 
to form chloral cyanohydrin, QCla.CH(OH)CN; and with sodium 
bisulphite to give bisulphite compound, CCI3CH{OH~S03Na. 

(2) OXIDATION. Chloral reduces Fehling's solution to cuprom, 
oxide; and ammoniacal solution of silver oxide to siher. In these 
reactions, chloral is o:)i:irliRed to trichloroacetic acid. 

COla.CHO + 0 --+ CCla.CO~H 

Fuming nitric aCId also affects the above change. 

(3) REDUCTION. When reduced with zinc and hyclrochloric 
aQid, chloral is cunverted to (,l,cetaldehyde. 

CCla.CHO + 6H --+ CHaCHO + 3HCI 

It can also be reducpil at the - CHO group giving trichloroethanol 

(4) REDUCTION WITH ALKALIS Chloral is hydrolysed hy boil· 
ing with aqueous alkali sulutiol1 to form chloroform and a metal 
formate: 

CClaCHO + NaOH --+ CHCI3 + HCOONa 

(5) FORMATION OF HYDItATE. If a small quantity of water is 
added to chloral, colourless crystals of chloral hydrate (m. p. 52°) 
are formed. 
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Chloral bydrate is used as a hypnotIc and is a rare example of 
a stable compound in which two hydroxyl groi11's are attached to 
the same carbon atom. 

(6) POLYMERISATION. In the presence of an acid, chloral 
readily polymerises to a white amorphous solid known as 
rnatach/oral. 

UNSATURATED ALDEHYDES 

Acrolein, Propenat, Acrylic aldehyde, OH2 : OH.OHO. 
This is the simplest and the best known unsa.turated aldehyde. 

It is furmed in small amollnts when fats are over-heated. 

Preparation. Acrolein is prepared by dehydration of glyce
rol by heating with potassium hydrogen sulphate. 

If ...... . 
H-· C-:OH 

I : : 
....... "H: 
lHOi-C-· .... ~ 
: H' r 
i ..... _l-C-OH 

--+ 

~ 
Glycerol 

H H 
I I 

H-C H-C 
n II 
C ---+ H-C 
n I 
C-OH C=O 
I I 
H H 

(Unstable enol) 

or 

CH: 
II 
CH 
I 
CHO 

Acrolein 

Properties. Acrolein is a colourless liquid, b.p. 53°. It has 
an extremely pungent and penetrating odour, and hence its name 
(acP1"=sharp ; oleum = oil). It has a strong irritating action upon 
the eyes and nose, causing watering. 

Acrolein molecule contains an aiken6 linkage and also a ORO 
group. Thus it behaves both-as;tn alkene and as an aldehyde. 

[; (1) Reactinn8 of the Double bond. Acrolein gives the usual 
IldJiuon reactHJtlS at the double bond. Thus: 

CHz=CH.CHO + HCl 

--+ CRz Br CHBr.CHO 
cx[3-Dibrornopropanal 

--4 CHzCI.CHzCHO 
[3.Choloropropanal 

The addition of halogen aeid to acrolein defies Markownikofl"'s 
rule. 

(2) Reactions of the - ORO group. Acrolein gives the usual 
reactions of an aldehyde e.g. reduction, oxidation, polymerisation 
resinification, etc Thus: 
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- CRa=OR.CH20R 
Allyl alcohol 

CH~=OH.OOOR 
Aorylio acid 

It readily polymerises to .11 white solid DlSAORYL. 

Uses. Aorolein is used [ts a WARNING AGENT for any leakage 
in refrigeration with methyl chloride. It was also used as a TEAR 
GAS during the WORLD WAR I. 

Orotonatdebyde. 2-Butenal. CRa.OB:OH.CHO. It is prepared by heat
ing aldol with a little iodine. 

OHa.OR(OH).OH~.CHO --+ OHaOR:CH.CHO + H 20 
Aldol 

Crotonaldehyde is B pungent Bmelling liquid. b.p. 102'2°. It shows the 
rea.ctions of an alkene and an aldehyde. 

Orotonaldehyde is used a8 G solvent. insecticide and denaturant for 
more alcohol. 

2. KETONES 

Ketones are the derivatives of llydl'ocarhons in which the two 
hydrogen atoms on a carbon in the middle of the ohain have been 
repJaced by a bivalent oxygen atom. 

-2R 
CEo.OBa.CHa _ CBs·CO.cHa 

Propane + 0 Acetone 

cHa.OHs.OHIl·CHa ~ CRa.CO.CRa CH3 
Ethyl methyl ketone 

ThuPo keton~s constitute a glass of compounds which are 
oharaoterised by the presence of a carbonyl group (0=0) united to 
two carbon atoms. Such a carbonyl group is oalled a Ketonic 
group. 

Just as aldehydes aro t,he first oxidation products of primary 
aloohols, ketones are the first oxidation producls of secondary alcohols 

OH3 CH3 
'CHOR + 0 _ '-co t HaO 

ORal CH31 
Sec, propyl alcohol A<letone 

Ketones ha.ve a olose struotural similarity to aldehydes and in 
faot they could aptly be regarded as alkyl aldehb·des. 

R 
-H I 
--+ C=O 
+R I 

H 
Ketone 

(Alkyl aldehyde) 

The structura~ similarity bet,veen the tlvo types of compounds 
is reflected in their chemical behaviour. 
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NOMENCLATURE 

Ketones may be represented by the formuJa, 

o 
U 

R-C-R 
Symmetl'lool ketone 

o 
• II 

or R-O-R' 
Unsymmetrical ketone 

429 

They are de~ignat~d as symmetrical ket?ne (simple ketone) or unsym. 
metrical ketone (mIxed ketone) acoordIng as the two alkyl groups 
attached to the carbonyl group (C=O) are identical or different. 

Ketonei'! are named by two systems: 

(1) According to the COMMON SYSTEM, symmetrical ketones 
are named as dialkyl ketones e.g., 

CHsCOOHa Dimethyl ketone (acetone) 

OsH6COO,Hs Dlethyl ketone 

The .... common names of un~:Ytume{rioal or mixed ketones are 
derived by naming the two alkyl groups attached to the DO-group 
as separate words in alphabetio "order and adding the third word 
'ketone'. Thus 

Ethyl methyl ketone 

OH 
vHaOOOH( 3 Isopropyl methyl ketone 

CHa 

(2) According to IUPAC SYSTEM, tho name of a ketone is 
derived by dropping the final 'e' of the name of the parent hydro
carbon and adding the suffix 'one'. In case of ambiguity, the position 
of the carbonyl group (C=O) is indioated by numbering the oarbon 
"hain from the end nearest to it. Thus: 

o o 
(f II 

CHa-C-CHs 
Propanone, 

Acetone 

CHa-C-CH2 -OHa 
Butnnone 

U 
It 

CHa-C-CHi -CHa-CH3 
1 2:3 4 5 

2.Pimtanone 

(No ambiguity) 

o 
It 

CH3-CH2~C-CH2-CH3 
1 2 3 4 5 

:I'Pentanone 

In complex compounds, where prefixing of the positional num
ber to the ketone name gives rise to confusion it is inserted before 
the suffix -one. Thus: 

o 
II 

CH3-C-CH=GH-CH~ 
1 2 3 4 5 

3·Penten-2- )De 
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ISOMERISM 
, 

In addition to chain isomerism. ketone! also show metameri8f11. Thus 
the formula C,H10CO represents the metamel'll 

CHa·CO.CaH? 
Methyl propyl ketone 

C,HI).CO.C2H II 
Diethyl ketone 

Ketones also show fun'.ltional iwmerism with aldehydes and unsaturated 
alcohols. Thus, the formula CaHf)O represents the following compounds. 

CHs.CO.CHa Acetone \. 

CH3.Cl;lz·CHO 

CH2 =CH.CHzOH 

METHODS OF FORMATION 

Propionaldehyde 

Allyl alcohol 

The methods of formation of ketones are analogous to those 
used for aldehydes. 

" (1) Direct oxidation of secondary alcohols. Just as alde· 
hydes are produced by the oxidation of primary alcohols, keton~s 
are obtained by the oxidation of secondary alcohols. 

CHs 
)cHOB + 0 __ 

CHa 

CH3) 
CO + HaO 

CHa 
Isopropyl alcohol Acetone 

(2) Catalytic dehydrogenation of secondary alcohols. 
The vapours of secondary alr.ohols when 'passed over a hot metal 
catalyst such as copper 01 silver at high temperatures, yield ketones. 

eHa)c 
BOB --+ 

CHa" 

/ eo + Hz 
CHa CHa 

Isopropyl alcohol Acetone 

(3) Hydrolysis of dihatogen derivatives. The dihaJogen 
derivatives in which both the halogen atoms are linked to tbe same 
carbon in the middle of the chain, on hydrolysis gives ketones. 

CHa /'Cr"'BtOH CHa" /OH eHa._. 
"C : +: --+ C _ 'CO + H 20 

CHa/ ':el HlOH CH/ 'OB CHa/ 
2, 2-Dicbioropropane (Un8table) Acetone 

(4) Distillation of calcium salts of fatty acids. When the 
calcium salt of a·Jatty acid other than formic acid is heated. the 
cOrresponding ketone is formed. 

CH3CO:0 
. "ea , / 

eHaiCOO 
Calcium acetat,e 

CHa 

CHa 

'-CO + CaC03 / 

Ac~t()ne 



By taking mixture of c:dcium salts of two different aClas 
this method cou~d als? be employed for the production of mixed 
ketones. 

CHaCOOCa./2 + CsB:&COOCIl./2 ---+ CBa.CO,CaBI) + CaCOs 
Ca.l. acetate Cal. propionate Ethyl methyl ketone 

(5) Catalyic decomposition of fatty adds by passing the 
va pours over ma.nganous oxide heated to 300°. 

RCO:O if{ (MnO) R 
, .. ,;.,.,1 300

0 
)CO + COs + HaO 

R,coloR R 
Fatty acid Ketone 

CHaCO:O ~R 

L •• ~.-: ..... 

CHa/coloH 
Acetio acid 

(MnO) 
--+ 
300° 

(6) Hydration of higher alkynes. In the presence of sul
phuric acid and mercury salts, homologues of acetyleUfl add a mole. 
cule of water forming ketones. 

O=HIl 

+ 
CHa-CSiCR ---. 

Propyne 

o 
II 

CHa-C-CHa 
Acetone 

(7) Action of Grignard reagents with acid chlorides. 
Ketones can be synthesised by the addition of Grignard reagents to 
acid chlorides and subsequent hydrolysis of the product. ' 

R-MgI 
R, + 

/
.C=O _ 

Cl 
Acid chloride Ketone 

Obviously, by taking a suitab1e Grignard reagent, the method 
C'l.n also yield a. mixed ketone. ' 

(8) q~onolys.is of alkenes of the type R 2C=CR'a. 

+03 + H20 
RzC~CR/2 _ R2C· O-CR'z _ RaCO + R'sCO + HzOz 

I I' Ketones 
o ---·0 
Ozonide 

(9) Hydrolysis of substituted acetoacetic esters. Alkyl 
derivatives of aoetoacetic ester, CHaCOCHaCOOCzH6, upon hydroly. 
sis with a dilute alkali produce the correspo~ding ketones. Thus: 

H ,0 !R 
CHaCOCHR' CO iOC2H6 _ CHaCOCHzR + CO2 + C2H50R 

Alkylacotoacetic ester Ketone 
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By taking a suitable estcr, almost any ketone could be pre. 
pared by this method. 

PHYSICAL CHARACTERISTICS 

(1) The lower ketones are colourless mobile liquids with a.n 
ethereal, pleasant odour. Higher members are colourless 'solids that 

_are practically odourless 

(2) In volatility ketones lie in. between the cOrl'esponding 
aldehydes and the alcohols, their boiling point being in that order. 

(3) The first few members are freely soluble in water, and the 
middle ones are quite insoluble. Xhese are, however, soluble in 
alcohol and ether. 

(4) The boiling points and specific gravities rise with increase 
in molecular weight. The physical constants of some of the ketones 
are given below: 

-
KETONE B.P SF. G. 

0° 20/4° 

Dimethyl kiitone, CHaCOCHs 56-5 0·792 

Ethyl methyl ketone. CH3COCIlHs 79'6 0·805 

Diethyl !tetone, (C2Hs)2CO 102'7 0·81(1 -
Methyl propyl ketone, CHaCOCaH, 101'7 0·812 

n-Butyl methyl ketone. CHsCOC,H9 127·5 0'830 
/ 

Diamyl ketone, (C5HUl2CO 226·3 0'826 

CHEMICAL CHARACTERISTICS 

Owing to their close structural similarity, ketones behave like 
aldehydes in most respeots. 

R 

6...0 
it 

Aldehyde 

R 

~=O 
k 

Ketone 

Thus both types of compounds give the reactions of one 
hydrocarbon radical and the carbonyl group. The ketones differ 
from the aldehydes as the very reactive hydrogen atom irrthe latter 
has been replaced by a comparatively inert hydrocarbon radical. 
Therefore, the reducing .properties of aldehydes and their ability to 
polymerise are altogether missing in ketones. The general reaotions 
of ketones are described below. 



m Reactions of the alkyl radicals: 

(i) HALOOENATION . HALOFORM REAOTION. The two hydro 
carbon radicals in ketoneH undergo the usual sUbstitution with 
chlOrine and bromine, the halogenation proceeding in tne x-position. 
Thus: 

ROH2COR' + CI2 --+ RCRCtCO.R' + RCI 
Ketone Monoohloroketone 

One or more hydrogen atoms are substituted depending upon 
conditions. 

The halogenation proceeds espeoially rapidly in alkaline solu
tion, but under these conditions decomposition follows. Thus: 

oCI3!'cb:CHs"'+"'N"aO\H --+ CHCla + CH3COONa 
Trichi'oroacetone .. ..... Chloroform 

In alkaline solutions iodine also substitutes re~dily yielding iodoform, 

The aotion of halogens on a ketone in the presence of alkali, 
resulting in the forma.tion of chloroform, bromoform and iodoform 
(Hal%rm Reaction), is given by all methY'l ketones. 

(2) Addition reactions of the carbonyl group. These 
reactions are in most respeots similar to those of the aldehydes. 

(i) ADDITION OF HYDROGEN. In the presence of a metal 
catalyst like nickel or platinum, ketones are reduced with hydrogen 
produoing secondary aloohols. 

H-H 
+ 

CHa-O=O 

~Ha 
Acetone 

Pt H , 
--+ cHa-LoR 

I 
CHa 

Isopropyl alcohol 
(Sec. alcohol) 

I Reduction of ketones in neutral or alkaline tlolution also yields 
ditertiary a.lcohols known as PI:r:ACOLS. • 

(CHa)20=0:a: (OHa)aC- OB 
+1 --10 I 

(OH3)20=0 B (eHaha-OR 
Acetone Pinac61 

(it:) ADDITION OF WATER. Just like aldehydes. they form 
dihydroxy compounds with water. whioh are stable in the case of 
certain halogenated ketones. Thus: 

HO-H 
, + 
COI3-C=0 --+ 

~B3 
Triohloroaoetone 

(iii) ADDITION OF AMMONIA. 
Jng complex compound,s whioh are 
,Ammonins. 

OR 
I 

CCia-O-OR 
I 
OHs 

Hydrate 

They react with ammonia form. 
not comparable with aldehyde-
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NH_t 

NHs-H 
+ 

(CHa)aC=O --... 
Acetone 
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NHs 
I 

(CHa)sO-OF 

(CIIa)sC-ioiC+""iiiCBs-CO-CHa 
····················'(Second mol.) --

NBs 

(CHa)LCHs-Co-CHa + H 20 
Diacetoneamlne 

(iv) ADDiTION OF'-'HYDROOEN CYANIDE. Like aldehydes, ketones 
tuld a Illolecule of hydrogen cyanide forming CYANOHYDRINS which 
upon hydroly~is by heating with coneeEtrated bvdtochlDTic acid yield 
the HYDROXY ACIDS. 

NC-H 
+ 

(CHa12C=O 
Ac~toDe 

CN 
I 

--+ (CH')2C- OB -
Acetone cyanohydrin 

COOH 
I 

(CHa)2.C-OH 
Hydroxy acid 

(v) ADDITION OF SODIUM BISULPHIrE. Ketones react with 
sodium bisulphite giving crystalline BISULPHITE COMPOUNDS from 
which the original compounds can be regenerated by the action of 
dilute adds or alkalis. 

NaS02·0-H 
+ 

CH3-C=O 
I 
CHa 

Acetone 

O.S02Na 
I 

---+ CHs--:-C-OH 
I 
CHa 

Bisulphito (!ompound 

Formation of these bisulphite compounds and their subsequent 
deeomposition is a. good method of purifying lwtOllCS. 

(vi) ADDITION OF GRIGNAUD REAGENTS. 'rhey react with Grig-' 
nard reagents to form addition products which upon hydro1ysis yielrl 
tertiary ,alcohols. Thus: 

CHa-MgI 

+ 
HaC-C=O ---+ 

6Ha 
Acetone 

CHa 
I 

CHa-C-OMgI 
I 

CH3 

CHa 
I 

---+ CH3-C-OH + !\fgI.OH 
I 
CHa 

tert •• B~tyl alcohol 

Mechanism of addition reactions of ketones is similar to that 
of aldehydes. 

(3) Replacement reactions of the carbonyl group: 
\ 

(i) REACTION WITH TBIoALcoHoLs. Unlike aldehydes, ketones 
do not react with alcohols but they undergo condensation with 
alcohols forming THIOACETALS. 

r·"--HSC2H s 
(CH3)2c=1° + ; -+ 

l H:SC2ils 

SC2ils 
(CB3)aC( + H20 

SCllil5 
Acetone ···· .. ··--ifhioa!coho} Thioacetal or Mercaptol 
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(ii) REACTION WITH HYDROXYLAMINE. Ketone.s react with 
hydroxylamine forming ketoximes. 

(CH3)Zc=itj'T'H~'iNOH -+ (CHS)2C=NOH + HaO 
Aceton'e · ....... Hydroxylamine Ketoxime 

(iii) REACTION WITH PHENYLHYDRAZINE. They react with 
phenylhydrazine in a manner similar to aldehydes, giving PHENYL. 

lfYDltAZONES. 

(CHs)aC= !O .... +· .. H~lN.NHPh -+ (CHa)zC=-=N.NHPh + H20 
Acetone . -""'Pheiiylhydra~ine Phenylhyd~azone 

(iv) REACTION WITH SEMICAltBAZIDE. With semicarbazide, 
ketones react to form KETONE SEMIOARBAZONES. 

{CHs)2c=;o"·+···if;IN.NHC9NH2 -+ (CHs)2C:N.NHCONHz + H20 
Acetone .. · .... · .. ·· .. ·· Semicarbazone 

Just as in the case of aldehydes. tl:te formation of oxime, 
phenyl hydrazone a,nd semicarbazone is very helpful in the identifica· 
tion of ketones. 

(v) REACTION WITH PHOS?HORUS PENTACIILORIDE. Ketones 
react with phosphorus pentachloride forming derivatives in which 
the oxygen atom is replaced by two ha.1ogen atoms. 

(CHs)aC=;'O"+"c'i;1>iC1a -+ (CHahCCla + POCla 
Acetone" ..... . ...... 2 .. 2.DichloropropanE' 

(4) Other reactions of ketones. Unlike aldehydes ketones 
do not undergo polymerisation a1;"al1. 

(i) CONDENSATION. Ketones give condensation reactions in 
which two or more molecules may react together, often by the elimi. 
nation of water molecules. Thus: 

(a) On treatment with strong alkali, two molecules of acetone 
relLct to form DIACETONYL ALCOHOL. (OJ. aldol condensation). 

(CHs)zC=O + CHaCOCHa ----+ (CHs)aC(OH)CH2COCHa 
Acetone (2 molecules) Diacetonyl nlcohol 

(b) When saturated with hydrogen chloride gas, acetone yields 
unsaturated ketones 

.............. (HCI) 
(CHa)aC= i'! .... ±.~jCH.CO.CH3 --> (CHa)aC=CH.CO.CHa + H20 

Acetone (2 molecules) Mesityl oxide 

CHa 
I (HCI) 

+ CO -+ 

. I 
{Cl}s)zO=O OHs 
Acetone (3 molecules) 

(CHa)aC=CH 
I 

CO + 2HaO 
I 

(CHs12C=CH 
Phorone 

(c) In the presence of concentrated sulphuric acid, three mole. 
cules of acetone condense together to form M}lSlTYLENE (tri-methyl 
benzene) 
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CHs-CO 

CBs 
I 

OC- CBa 

" CHa 
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CHs 

6 
/, 

HO OH 
II I 

HaC-C C-CHa + 3H20 ,,., 
C 
H 

Mesitylene 

This reaction provides 
.aromatic series. 

a method of passing from aliphatic to 

(ii) OXIDATION. While the aldehydes are oxidised to give 
aoids without any rupture of the molecule, ketones yield aoids by 
deeompositio;) at one of the hydrocarbon radicals. Thus: 

CBa.CO. CHa +- 30 ~ CRsCOOR + HCOOR 
Acotone Acetic acid Formic acid 

In a mixed methyl ketone, the oxidation takes place at the 
carbon atom adjacent to CO group which is poorer in hydrogen, 
(Popoff's Rule). Thus: 

CBsOaCH~CH3 + 30 ---+ CHaCaOR + CHaCOOli 
Ethyl methyl ketone 

This reaction serves to distinguish ketones from aldehydes as 
the former substances are not oxidised by Fehling's solution or 
ammoniacal silver nitrnte solution. The oxidation of ketones can 
only be effected by strong oxidising agents such as chromic acid. 
TESTS FOR KETONES' 

(I) Ketones do not form resins on 'warming with sodium hydroxide. 
(2) They do not give Schiff's test. 
(3) Tbey do not reduce Febling's solution or ammqnincal silver nitrate 

solution. 
l4) Ketones form bisulphite compounda. 

(5) Like aldebydes they form ph~nylhydruzones. o:dmes. and sem lCI1I'

bazones. 
The first three negative tests are. however, given by a.ldehydes and are 

used fo~ distinguishing them from ketones. Teats (4) and (5) ari) shoWJl both 
by aldehydes and ketones but the melting points of the produots are oharac
teristic. 

Acetone, Dimethyl ketone, Propunone, CHs.CO.CHa 
It is the first and the best known member of the homologous 

series of ketones. Aoetone is present in traoes in normal urine but 
in conditionR suoh as diabetes or starvation the amount is largely in. 
creased. It is a produQt of deoomposition of cellulose, and is found 
in wood 8pirit obtained by the dry distillation of wood. 

Preparation. (l) By tho oxidation 6£ isopropyl alcohol with 
sodium dichromate and au lphurio acid. 

C.I:T3.CHOH.OBa + 0 __ CHs.CO.OHa + HaL> 

This is also achieved by passing the vapours of alcohol mixed 'with 
oxyg~n OVOl' zinc oxide at 3200

• 
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Isopropyl alcohol is also converted to acetone on industrial 
scale by the catalytic dehydrogenation. 

(2) By the distillation of calcium acetate. 
(CHsCOO)aCa --+ (CHa)aCO + CaCOa 

Tllis method is used for the preparation of acetone in the laboratory 
and also in industry. 

(3) By passing acetic acid vapour over a copper catalyst at 
300-400°. 

2CHaCOOH --+ (CH3)aCO + CO2 + Hs 
I 

.(4) By passing a mixture of acetylene and steam over a catalyst 
(zinc and magnesium vanadates) at 420°. 

2CH: CH __ CHa'C :CH + C 
Propylone 

CHaC: CH + H20 --. CH3.CO.CHa 
Acetone 

(5) By fermentation of starch or molasses by the bacterium 
Ohostridium acetobutylicum (Weizmann). The starch is converted to 
sugars which undergo further decomposition giving acetone 

3C6H 1a0 6 -~ 204H 90H + (CHa)aCO + 7COa + 4Ha + H 20 
Glucose Butyl It/coho I Acetone 

LABORATORY PREPARATION 

Acetone may be made in the laboratory by heating caloium 
acetate. Place a well ground mixture of 10 grams of each calcium 
acetate and anhydrous sodium ncetate (flux) in a dry hard glass 
test·tube. Fit up the test·tube with a watc llondenser as shown 

r'~ig. 10·4. Preparation of aoetone. 
in Fig. 1 {l·4. To the other end of the oondenser is attached an 
adaptor which goes into tho receiving flask. The mixture in the 
tubo is then heated very carefully at first to avoid oracking, moving 
the flume all the while. Finally heat strongly with full flame until 
a:ll the liquid has ('Orne over. The distillate is shaken with a satu. 
rated solution of sodium bisulphite. Acetone hisuJpbite compound 
that f$eparates is removecl nnd then decomposed by distilling with 
sodium carbonate llolution. The distilhltt' obtahwd at 45-56'0° 
iq dried OVCl' anhydrou,;; dtlorid{'. 
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INDUSTRIAL PREP ARA'rION 
Acetone is prepared .on an industrial scale by (1) Catalytic 

dehydrogenation of isopropyl alcohol obtained from propylene in 
gases formed during the cracking of petroleum; (2) Inte~action of 
acetylene and steam; (3) Fermentation of starch and molasses; (4) 

-Wood distillation, separation from pyroligneous acid, and by heating 
calcium acetate (see methyl alcohol). 

By DEHYDROGENATION OF ISOPROPYL ALCOHOL. Most of the 
acetone at present is manufactured from isopropyl alcohol obtained 
from propene of cracked petroleum. It-is dehydrogenated by passing 
its vapours over heated copper catalyst at 500°C. 

eRa [eu] CH;) 
"/CHOH __ 'C=O + H2 

CH3 !lOO°C CHa/ 
Isopropyl alcohol Acetone 

COPPER 
REACTOR CATALYST 

COOLER 

Fig. 19·5. Industrial preparation of acetone. 

WATER 

SCRUjJBER 

LIQUOR 
FOR DIsrfU.ATION 

. 
Isopropyl aloohol vapour is preheated and passed into a reactor 

packed with a copper catalyst. The reaction being ~ndothermic tne 
temper!Lture is maintained at 500°C. _ The gaseous products from the 
:reactor are passed through a cooler to a water scrubber for the com· 
plete recovery of acetone. The liquor obtained from the scrubber is 
fractionated to give pure acetone. 

Properties (Physical). Acetone is a eolourless liquid, b.p. 
56'5°. It has a characteristic pleasant odour and a pungent sweet 
taste. It mixes with water, a.lcohol and ether in all proportions. 
It is very volatile and inflammable. It has a specific gravity 0·792 
at 20° .. 

Oll.emical. Acetone gives all the general reactions of ketones 
described before. 
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(1) HALOGENATION. Chlorine reacts with acetone giving first 
monochloroacetone, CHzCI.CO.CHa, and ultimately hex:.'l,chloroace
tone, CCla.CO.COIa. Bromine and ioaine react to form ultimately 
CHBrz.CO.CHBrz and CH2I.CO.CH21 respectively. 

(2) OHLOROFORM REAOTION. When acetone is distilled with 
bleaching powder (CaOCI2 =CaO+Clz), which supplies both chlo
rine and alkali, it first forms trichloroacetone which upon hydrolysis 
yields chloroform. 

CHa·CO.CHa + 3Cl2 _ CCls.CO.CHa + 3HCl 
A~etone Trichloroacetone 

CCla.CO.CHa + Ca(OH)2 __ CHCla + CftaCOOH 
Chloroform 

This reaction is used for ·the preparation of chloroform. A 
similar reaction with iodine and alkali gives iodoform. 

(3) ADDITION REACTIONS. Acetone reacts with H.. HCN, 
NaHSOa and Nfl", by addition at the carbonyl group. 

(CHa)2C=O 
+ 

H-H ~ (CHa)2CHOH 
Isopropyl alcohol 

NC-H ~ (CHa)2C(CN)OH 
Acetone cyanohydrin 

NaSO~.O-H -- (CHshC(O.S02Na}OB 
Bisulphite compound 

H2N-H -- (CH:ibC(NHa)·OH 
Acetono ammon ia 

CHa-lUgBr -- (CHa)2C(CHa)·Ol\fgBr 

Acetone·ammonia is formed at - 65°, while at room temnera--. .. "'-

ture acetone reacts with ammOllJa glvmg diacetoneamine, 
(CHa)2C(NH2)OH2.COCHa. The addition compound of a Grignard 
reagent upon hydrolysis yields a tertiary alcohol. 

(C~3)2C(CH3}.OMgBr + H 20 _ (CHa)aC.OH + l\lgOJT.Br 
tert. Butyl alcohol 

(4) REPLACEMENT REAOTIONS. Acetone reacts with NH20Ft, 
NH2.NHPb, NH2·NHCONH2 and PCls whereby the O-atom of CO 
group is replaced. Thus: 

(CHa}zC=\ .. :O .... ++.. H~iNOH 
Hzr·}"TJIPh 

-r H 2\N.NHCONHa 

+ PCla\Clz 
.. , ................... . 

__ (CHs}2C:.N'OH + H 20 . 
Oxime 

__ (CHaI2C:N.NHPh + H 20 
Phenylhydrazone 

_ (CHaI2C:N.NHCONH2 + H 20 
Semicarbazone 

-----+ (CHa)zCCI2 + POCl'a 
2 •. 2.Dichloropropane 
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When reduced, with amalgamated :dno and cone. hydrochloric 
acid, Metone is reduoed to propane (Olemmenslln Reaction). 

CBa.00.OH3 + 2H2 '- ORa.CBa.OHa + H 20 
Acetone Vrop(tne 

(0) OXIDATlON. Acetone upon oxidatIOn with a powerful 
oxidising agent suoh as sodium dichromate and sulphurio acid, gives 
aoetic aoid and carbon dioxide. 

ORs.CO.CBa + 202 --'t OBaCOOR + OO~ + HaO 
Aeetone Acetic !tcld 

Aoetone, however, is not a reducing agent. Thus it neither 
reduces Fehling's solution nor an ammoniacal solution of silver 
nitrate. . . 

(b) CONDENSATION. (a) In the presenoe of an alkaH two 
moleoules of noetone combine to form diacetonyl <llcohol. (b) When 
saturated with dr;y HOI gass it gives mesityl oxide and phorone. (c) 
With cone. sulphurio aoid three molecules of acetone condense to 
form mesitylene. (For details see the general reactions of ketones). 

Uses. (1) It is employed aA a AOLVENT in the manufaoture of 
smolteless powders (Ooratte), celluloid, collodion, paints and varnish 
removers, eto. It is an ingredient of liquid nail polish. 

(2) Aoetone is stored in solution in acetylene under pressure. 

(3) It is used as a RAW MATERJAL for the produotion of iodo. 
form, ohloroform nnd s1tlphonal. 

(4) It is apQssible lngredient of motor fuel beoause it has high 
a.ntinock value. 

TClJt.. Aoetone gives negativG tests with sodium hydroxide, ammoni,,· 
00.1 silver nitrate, Fehling's solution, and Schiff's reagent. 

(1) Ioaoform Teal. If i()dtnc llo1ution be added drop by drop to (l, uolu. 
tton of a.oetone and ammonia. (3 to /.I drops) 0. blMk llreQipltnto of nitrulJon iodldo 
ie formed. On warming iii disPPPl)ars I}nd iodoform 10 obtalnerl, Alwhol daes 
not fotm iodoform in this way. 

(2) NilroPTll8l1id.e or Legal'., Test. Freshly prepof!ld liolutlon of nodium 
nitl'()pruBs{dc (6 dropa) is added to dilute Q.oetone (5 mls.) I\nd llodLum hydroxide 
(1 mI.). A ruby rod oolour is produoed whioh fadas to yellow on standing. 

(3) Indigo Teat. A little o.u\trobenzl.\ldehyde ill dis!lolved in 2 mls. of 
(loetone and the solution stirred into 200 role. Qf watrr containing" little pota.s
slum hydroxide. A blue ool(lur of Indigotin 1'1 produoed. 

Structure. (1) l'he moleouhu formula. of acetolle is CaRGO. 

(2) Unlike nloohole, it does not rel\Clt with sodium, henee the abaenoa of 
on group in tho moleeulo. 

(:;I) Acetone reaoh) with phol'phontll pentlt(!hlol'ido to form 2·diohloro· 
propane, OH3COJ~.CH8 without tho ovoluUon of hydrogen eh!Q~'lde gas, ',Chis 
again shows the absenoe of OIl grQup !tnd the. yresilnoe of 00 group, sinoe the 
o atom of aoetone baa boen replaQod hy two 01 IIotoros. 



(4) From ·tho above ooneidemtiona. tho formula for acetono oa.n 00' 
written as 

o 
II 

CHs-C-CHa 
l6) The struoture of !IOetone is oonfirmed by its modo of formnt..ion by 

the oxida~l()n of i~QPl'op.Yl alcohol. 

CRa 
'/CBOR + 0 

Clls 
Infrared spectra of aldehydes and ketones. The oarbonyl 

groups in saturated aliphatio aldehydes and ketones show strong 
absorption bands in the reglOns 1720-1740 cm-1 and 1700-1725 
(lID'l rospeotlvelY. Infrnred spectrum of aoetone given below 
indicates the various absorption ba.nds. 
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]J'ig. 19·6. lnfr(lfed speotrum ot Aoetone. 

COMPARISON OF ALDEHYDES AND KETONES 

As pointed out before, aldehydes and l{etones bear a marked 
structural similarity 

R-CO-R' Ketones 

R-CO-lI lllnebydeB 

They have R- CO - in common and thus both olasses give the 
reactions of the hydrpcn.rbon radioal R n.nd :> CO group. Aldehydes, 
bowever. nre more reactive and possess reduoing properties which 
are missmg in ketont's. The difference in behaviour is obviously 
due to the faot that the very active hydrogon linked to CO in 
a.ldobydes has been replaced by a comparntively inert alkyl group 
R in ketones. 
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ALDEHYDES 

Points of Resemblance.: 

(1) Undergo halogenation in the 
hydrocarbon radical. 

(2) On reduction give primary al
cohols. 

(3) React with HCN forming cyano
hydrins. 

(4) Reset with NaHS03 giving 
sodium bi9ulphite compounds. 

(5) Give dihalogen derivatives with 
PCls, 0 being replaced by two Cl 
atoms. 

(6) React with NH20H by elimina
tion of a water molecule to form 
Aldo:l;t.me.8. 

(7) React with Ph.N.I::{.NH2 by elimi
nation of a. water molecule to form 
Phen!JlhydrazQnf8. 

Points of Difference : 

(1) React with ammonia to Corm 
aldrhyde-ammonias. 

(2; React with alcohols to form 
acttal8. 

(3) Upon. ~xidation give fatty acids 
contaImng tho slillle number of 
carbon atom~. 

(4) Reduce ammoniacal silVer nitrate 
solution with tht" formation of 
wirror. 
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KETONES 

(1) Undergo halogenation like aldehy
des. 

(2) On reduction give l:IeconJary al
cohols. 

(3) Form cyanohydrins like 
hydes. 

aldo-

(4) Give sodium bislllphite comnounds 
like aldehydes. 

(5) Give dihalogch derivatives 
similar to those obtained from 
aldehydes. 

(6) Form Keto~'!lne8 under similar 
conditions. 

(7) React similarly to forro Phenyl 
hydra%ones. 

(1) Give complex compolmds' instead 
of a.ldehydes ammonias. 

t2) No action. 

(3) OXldised with difficulty giving 
fattv acids containing smaller num
ber of carbon atoms than the 
original ketones. 

(4) Do not reduce ammoniacal silver 
nitrate. 

(5~ Reduce Fehling's solution with (5) Do not roduce Fehling's solution 
the formation of red cuprous 
oxide. 

I (6) Polymerise ree,dily. 

(7) Form brown resinous mass with 
NaOH solution. 

18) Restore pink colour of Schiff's 
reagent. 

(6) Do not polymerise. 

(7) Do not form fARina with NaOH 
solution. 

(8) Do not restore the colour of Schiff's 
reagent. 



ALDEHYDES AND KETONES' 

QUESTIONS 

1. What are !J.ldehydes and ketones? Point out the structural relation
ship between the two types of compounds. 

2. Describe the general methods of formation and pro parties of 
aldehydes. 

3. Describ~ the pr~paration of acetaldehyde. Give its properties anu 
how it reacts with Caustic potash, Ammonia and Potassium cyanide 7 

4. 'How is acetone manufactured? State its properties and uses. 
5. Give the evidence on which the structural formula of acetaldehyde 

is based. Make a brief survey, comparing the reactions of acetaldehyde with 
those of acetone. 

S. Compare and contrast the chemical properties of alipha Lic aldehy
des and ketones. 

7. How is acetone obtained'1 Give an account of its physical proper
ties, and enumerate as ma.ny reactions as you can in which it takes part. In 
what respects does a ketone differ from an aldehyde? 

8. "The behaviour of the first member of the series is usually somewhat 
different from the behaviour of the subsequent members of t·he eeries.' , 

Illustrate this with reforence to formaldehyde and formic acid. 
(Udaipur B.Sc., 1967) 

!I. (a) Describe the laboratory method of preparation of pure acet
aldehyde. 

{b} In what respects does it differ from formaldehyde 7 
(0) Write witb examples, wha.t you know about the reducing 

character of aceta.ldehyde. (Kurukshetra B.Sc •• 1968) 
10. (a) How would you distinguish between a Ketone and an 

Aldehyde 7 
(b) Write> an account of the uses of ethyl acetoacetate in orgamc 

synthesis. (Kurukahetra B.Sc .. 1968) 
II. 'Describe two general methods of preparation .of aliphatic aldehydes. 

Give the reactions of acetaldehyde with (a) phenyl hydruzine (b) Ammonia 
(C) Solution of sodium bisulohide (el) Moist silver o:Kide. Give also the mecha
nism of the above mentioned\ reactions as far as pOlisible . 

. (Jadavpur B.Sc., 1969) 
12. What are the three organic compounds which may be prepared from 

the calcium salts of the fatty acids. Give the distinguishing properties of the 
compounds prepared. (Bangalore B.Sc., .1969) 

13. Cite experimental f,!-cts and give explanation in support of the 
statement that formaldehyde differs more from the rest of the fatty aldehydes 
thalL they differ among each other. (UdaIpur B.Sc., 1969) 

14. Describe the general methods for. the preparation of aldehydes. 
Give those reactions in which acetono differs from acetaldehyde. 

(Jammu &, Kaahmir B.Sc., 1960) 





YLIOACIDS ~ 

The monocarboxylic acids may be regarded as ~he aerivativp.1I 1 
of alkanes in which a hydrogen atom has been replR,ced hy u. 

carboxyl group. Thus: 

-H 
CH, ~ CH3COOR 

MethanB + COOH Acetio Reid 

-H 
JH,CH, __ CHaCHaOOOH 
Ethane + COOH Propionic acid 

In this way, formic acid, the first member of tile homologous series, 
would be derived from hydrogen Hi 

Better still, the fatty aoids could be considered as the third 
oxidation prnducts of alkanes in which tho CHa group has heen 
ultimately converted to carboxyl group. 

/H Ion -2HaO on 
CHaC-H __,. CHaO" OR ~ CHaC( 'n on 0 

Ethane (UnlIable) Acetic Reid 

This view shows correctly that fOl'mill aCId is a llerivative of 
methane. 

The carboxylic acids may also be regarded as the derivative8 
of carbonic acid in whi<1h one (OH) group has been exchanged for 
an alkyl radical. 

no 
'C=O 

Hoi 
Carbonio aoid 

HO 
'C ... O 

n/ 
Carhoxylio acid 

This view is supported by the fact that both carboniC acid 
and carboxylic acids split out carbon dioxidf' readily. 

Tho general formula for fatty acids is C\H2n+1COOH or 
C

n
H 2n0 2• The type formula of these compounds is 

j 

r ~ 
R-C-OH t 

but it is usually written as RCOOH or RC02H in order to use but 
one line of space. 
NOMENCLATURE .~ 

The aliphatic mono~arboxylic acidf:l '.Lrc named in three 
ways: 

(1) The COMMON SYSTEM. Being the earliest known orgamc 
substances, quite a number of them have common or trivial names. 
Such names reflect the natural sources from which the acids were 
first isolated, and do not follow any rule except that they end in 
-ic acid. The common names are now recommended for the first 
few members but the traditional names die hard and are still used 
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for certain higher acids for convenience. The common n~mes of 
some carboxylic acids are listed below: 

HCOOH Fcrmio 80i<i 

CR3COOH 

CHaCH2COOH 

CHaCB2CH,COOH 

CHa 
I 

CRs- CR-COOR 

CRaCR2CH2CH2COOH 

CRa 
I ' 

CHa-CH-CH2-COOH 

Acetic acid 

Propionio acid ~ 

Butyric acid 

Isobutyrio acid 

Valerio acid 

Isova.lerio aoid 

in the common sJstem, Greek letters (IX, (3, y, 8 etc.) are used 
to indicate the position of substituents. The first carbon after the 
coon group is designated as "', the next ~, and so on. Tile 'carbon 
atom in the COOH group is not assigned a letter Thus: 

CRt' 

CH3-CH.-CHs-~H-COOH 
a y Ii a; 

a;-MethJllvalerio Bcid 

(2) According to the IUPAC SYSTEM, the carboxylic acids are 
named as Alkanoic acids (alkane - e + oie acid). 'The systemati~ 
name of an individual acid is derived by deleting the terminal fe' 
from the name of the parent alkane (having same No. of C atoms) 
and adding '-oie acid'. Thus the systematic names of the first 
few members are given below although IUPAC preferred names are 
the common names. 

RCOOH Methanoic acid (Methane - 6 + die acid) 

CHaCOOR Ethanoic acid 

CBaCH2COOH Propanoic acid 

CBaCH!)CH2COOH Butanoic acid 

For naming higher members, we look for the longest carbon chain 
containing the -COOH group. The number of carbon atoms (includ
ing that of COOH group) constituting this chain gives the name of 
the parent alkane. The positions of substituents are assigned by 
numbering the selected chain starting from the carbon of the 
COOH group but it is unnecessary to indicate its position which is 
l',lways 1. Thus: 

C2H5 CH, 

CHa- CH2-.6H-bH-CHz-COOH 
6 I) A 8 .. 1 

.4-Ethyt-S.met.hylhexanoio acid 

The IUPAC SYSTEM also permits ilia naming of {,1)mplex: 
members particularly the cyclic acids as 'Alkanecarboxyiic acids'. 
Tn this scheme, the parent hvdrocarbon is first nam!'·d as if COOH 
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group is absent and then the '-carboxy~ic acid' is added to it. 
Thus: 

CH2-Clf--COOH 
I I Cyclobutanecarboxvlic acid 
CHll-CHll • 

(3) The SUBSTITUTED· ACETIC ACID SYSTEM. The carbo
xylic acids particularly those with branched chains are sometimes 
named as alkyl substituted acetic acids in the same fashion as alcohols 
are named as deriva.tives of carbinol. Thus the derived name of 11 

complex acid wiJ1 be given bv naming the names of alkyl radicals 
attached to the COOH bearing carbon and adding the suffix 
-acetic acid'. Thus, the names of the substituent alkyl groups are 

written as a part of the single word which precedes 'acid' in the 
full name. 

CH3 CzHl) CHs 
I 

CH3-CH-C~COOH 
Isopropylacetic acid 

I 
CHs-CHOOOH 

Ethyl methyl acetic acid 

I 
OHa-C-COOH 

I 
CH3 

Trimethylacetic add 

ISOMERISM 

. Like the alkyl halides and the alcohols, Ill.lIliy acids show both 
position and chain isomerism. 

The fatty acids are also isomeric with esters containing the 
same number of carbon atoms. For example, the formula C3He0 2 

represents 
CH3CH2COOH 
Propionic acid 

METHODS OF FORMATION 

and CHaCOOCH3 
Methyl acetate 

Fatty acids can be obtained by the following methods: 

(1) Oxidation of alcohols and aldehydes, Primaryalco
hols or aldehydes upon oxidation yield fatty acids. Thus: 

• CHsCA20H + 20 __ CH3COOH + H20 
Ethyl alcohol Acetic acid 

.. CH3CHO + ° __ CHaCOOH 
Acetaldehyde 

The oxidat.ion is best done with sodium dichromate and sulphuric 
acid. 

(2) Hydrolysis of esters. Fatty acids are produced by the 
hydrolysis of esters in the presence of a mineral acid. 

RCOOR' + HOH ---+ RCOOH + R'OH 
Ester Acid Alcohol 

This method IS particularly useful for the preparation of 
higher acids from fats, which are the triesters of glycerol. 

(3) Hydrolysis of alkyl cyanides. Alkyl cyanides when 
hydrolysed with mineral acids form monocarboxylic acids. 

RC : N -+ ~H20 + HCI ---'> RCOOH + NHoiCI 
Alk~ I nitrile Acid 
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(4) Hydrolysis of trihalogen derivatives. Trihalogen deri
vatives of alkane.s in which the three ha~ogen atomJ are linked to 
the same oarboll atom upon hydrolysis with an alkali yield fatty 
aoids. Thus, 

Cl 
HoLCl + aHaO 

'01 
, Ihloroform 

OR 
HOe' OR 

'OR -
(5) Reaction between an alkyl halide and the ester of a 

lower halogenated acid. Higher fatty a()ids oan be obtained 6.v 
the action of sodium on a mixture of an alkyl halide and the ester 0'1:' 
a lower halogenated acid. Thus, 

OaHsfc"i '+"2Na' '+"ClfcHaCOOCaH5 __ 
t 40. ~ •• , •• ", •••••••••••• _ ••• '" • 

Ethyl ohIo ride Ethyl ohloroa.cetate 
C,HSCtI2COOOIIHs + H 20 --+ 

CaH&CHaOOOOa Ira +2NaOl 
Ethyl butyrate 

O.a_HGOHgCOOH + OaRGOR 
Butyrio acid Ethyl aloohol 

'rhe resulting ester upon hydrolysis liherates the free higher add. 
This reaotion oan also be carried with silver in place of sodium. 

(6) Reaction of a Grignard reagent with carbon dio:dde. 
The et,hereal solution of a Grignard reagent absorbs oarbon dioxide 
gas forming an addition produot whioh upon treatment with a. dilute 
mineral acid gives a fatty aoid. 

RMgBr + OOil __ ROOOMgBr 
Grignard reagent· Intermedia.te 

ROOOIMgBr'+ 'Hoin -. ROOOH + MgBr.OH ,......................... Acid 

(7) Reaction of carbon mono:dde with alcoholates. At 
high temperature ()arbon monoxide reaots with alkali alcoholates 
iving salt of fatty acids. 

OaR&ONa + CO --i> ClIIIr;COONa 
Sod. alooholate Sod. propionate 

The aoid is libera.ted by reaotion with a mineral "aoid. 
(8) Action of heat on dicarboxylic acids __ The dicarboxylio 

acids of the malonio acid series, in which the two COOIl groups 
arE) linked to the same carbon, upon heating split out a molecule of 
carbon dioxide giving fatty acids. Thus: 

I
OOOR 

OHa'OOOH ---. OHaOOOR + OOg 
"' Aoetio acid 

Malonic aoid 
OOOH 

'RCR / -. ROHaOOOH + 001 
'OOOR Alkylacotio ncid 

Alkylmnlonio acid 
(9) Hydrolysis of alkyl-acetoacetic esters. A variety of 

monocarboxyli() o.oidB can he synthesised by the hydrolysis of suit
able alkyl.aoetoacetio csters with a concentrated solution of alcoholic 
potash. Thus: 



BOIH RioR 
OHaCOICHR.GOOi02Rl; _ OHaeOOR + RCHjlOOOR + CaRsOR 
Alkyla.oetoa.oetio oster Acetio aoid Alkylaoetio Mid 

PHYSIOAL OHARAOTERISTICS 

(1) The lower fatty neids up to 010 are colourless liquids. The 
higher ones are colourless waxy solids. 

(2) The first thl'ee members have a sharp pungent odour. The 
middle ones, 04 to Co, hll.v&an odour of rancid butter. The higher 
members are colourless 

(3) The lower members are very soluble in water but the 
solubility falls rapidly with rise 'of moleoular weight, the acids from 
C10 onward being insoluble. Fa.ttyacids are readily soluble in alcohol 
and ether. 

(4) They dissolvo in water giving weakly aoid solutions, turning 
blue litm.Us red. •. 

ROOOH .¢ ROOO~ + Ii 
As we ascend the series, thA value of dissociation oonstant (KG) de
creases which signifies that acid charaoter weakens. The higher 
members hardly affect litmufl. 

(6) 'The boiling points of fatty acids show a regular inorease 
with inorease of mofenltlar weight. Their melting points are, how
ever, irregular, the even members melting at a higher temperature 
than the odd members whioh follow them. 

. The phYdical constants of some of the normal acids are given in 
the table below : 

ActO 
M.PT. B.PT. Ko xlOt 

°0 °0 

Formio acid, HOOOH S 6 100·8 17·7 

Aoetlc noid, OHaCOOR 16'7 US 108 

Propionic noid, <'nRaCOOH ... ·22 141 1'3 

Butyrio acid, OaH7CpOH -4'7 10'5 1.5 

Valerio aoid, 04HoCOOIl -34-5 187 1·4 

Caproio acid, C&HllCOOR -1·5 202 1·32 

Hoptonlo acid, CeR13000H 10 222 0·3 

Pnlmitic reid, C1r,H31COOH 02 268 

Steario acid, C17HusCOOH 611'3 287 ._ 
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CHEMIOAL CHARACTERISTIOS 

ana 

The molecule of a fatty acid, R.CO.OR, is made of 

(i) a hydrocarbon radical R, 

(H) a carbonyl group 00 J Oarboxyl group. 
l'ii) a hydroxyl group OB 

Thus, the reactions of fatty acids consist of : 

(a) those due to the alkyl radical which undergoes halogenation . 
like the alkanes. 

(b \ those due to tke carbonyl group which is relatively inert and 
does not show the usual aldehyde and ketone reactions. It can, how
ever be reduced to -CR2- group with difficulty. 

(c) those due- to the hydroxyl group which is very reactive and 
can be replaced 'by other atoms or groups. The presence of the car
bonyl group activates the hydroxyl group so that unlike alcohols, 
fatty acids react with alkalis to form salts. 

. (d) those due to the carboxyl group as a whole i.e., the reactions 
in which both the CO and OR groups are involved simultaneously. 
ReactioDs due to the Alkyl Radical 

(1) Halogenation, In the presence of a catalyst such as iodine 
or phosphorus, chlorine and bromine attack the hy drocarbon radical 
forming substituted acids. Thus ': 

CHsCOOH + CJ:! ~ CH2Cl.COOB + BCl 
Acetic acid Monochl6roacetic acid 

In higher acids, halogenation takes place first in the ex-position 
and continues till all the hydrogen atoms are replaced bv halogen 
atoms. 

CHsCH2COOH + Cl2 ~ CBsCHCI.COOH + HCl 
Propionic acid a:-Chloropropionic acid 

(2) Oxidation. With a mild oxidising agent such as hydrogen 
peroxide, the alkyl radical is oxidised in ~he ~-position. 

CHaCH2CH2COOH + 0 ~ CHaCHOHCB2COOH 
Butyric acid ~Bydroltybutyric acid 

ReactioDs due to the Carbonyl Group 

(3) Reduction. The lower fatty acids cannot be reduced 
easily. The higher acids on prolonged heating with hydriodic acid, 
or with hydrogen at high temperature in the presence of,a catalyst, 
form primary alcohols. Thus: 

RCOOR + 2B2 ~ RCH20H + H 20 
Acid Alcohol 

Reactions due to the Hydroxyl Group 
(4) Formation of Salts. The fatty acids react with alkalis 

to form salts. Thus: 
ReOOH + NaOH -- .RCOONa + HIIO 

Acid f:lalt 
2RCOOH + NaaCOa ~ 2RCOONa + H20 .t- COl! 

Acid Salt 
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The reaction with sodium carbonate or sodium bicarbonate is 
attended by effervescence due to the evolution of carbon dioxide gas, 
and is used as a test for the presence' of COOH groun. 

(5) Forma:tion of Esters. When heatea. with alcohols in the' 
presence of a dehydrating agent such as sulphuric acid, the hydro. 
gen of the OH group is replaced by an alkyl' radicA.I resulting in the 
fo.rmation of .an ester. Tbl1s' 

RCOOR + R'OR __ RCOOR' + R,.O 
Acid Alcohol Ester 

(6) Formation of ADhy~ides. Fatty acids when treated 
with a strong dehydrating agent such as phosphorus pentoxide, split 
out one molecule of water from two molecules of acid forming acid 
anhydrides. 

RCOOiR 
... ..! -0+ 

RCOlOH 
Acid 

RCO 
'/0 + HiO 

ROO . 
Acid anhydride 

Acid .anhydrides are also obtained by the reactIon of a fatty acid 
with acid chloride. 

RCOO(ff RCO" 
'0 + HCl 

Rcol 

(7) Formation of Acid clliorides. Fatty acids react with 
pho.sphoru.s pentachloride and ~hionyl chlorid~, 80Cl2, to form acid 
chlorides, the OH group being replaced by 01 atom. 

,_, RCOOH + POls .~ ROOOI + PO CIa + HCl 
Acid Acid chloride 

ROOOR + 80012 ~ ROOOI + 802 + HOI 
Aoid Acid chloride 

(8) ForDlation of' AUlides ~nd Nitriles. When treated 
with fj,mmonia, fatty acids first form the ammonium salts which 
upon heating split out a molecule of water giving acid amides. The 
Of! group of the acid is thus replaced by -NH2grOUP. 

ROOONH, ~ ROONH2 + H20' 
Amm. salt. >\.mide 

If the ammonium salt is heated with phosphorus pentoxide, it 
eliminates two molecules of water forming a nitrile. 

ROOONH, --+ RON + 2H20 
Amm. salt Alkyl nitrile 

1\eactions due to the COOH group as a whole 

(9) Decarbo,!;ylatioD. When the sodium salt of a fatty acid 
is heated with sodalime, it yields an alkane. 

ROOONa. + NaOH ---.. RH + Na200a 
Sod. salt Alkane 

This amounts to the knocking of the carboxyl group by splitting 
out a molecule of carbon dioxIde irom the acid molecule. Hence, 
t.he term 'decarboxylation'. 
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(10) Formation of Aldehydes and Ketones. The dry dia
tillation of caloium salta of fatty acids, exoept formio aoid, yields 
ketones. 

RCOO,Oa. ~ R,/CO.j.. OaCO:l 
RCOO/ R-
Cit!. salt Ketone 

The dry. distillation of a mixture of the oalcium salt of a fatty 
acid with calcium formate, gives an aldehyde. 

• (RCOO)aCa + (HCOO)sOa __ RORO + CaCOa 
Cal. salt Cal. formate Aldehyde 

It has been shown reoently that the \l-bove reaotions (lan be 
carried with free fatty acids in the vapOUl' state in the presenoe of a 
heated catalyst such as manganous oxide 

2RCOOR __ R2CO + H20 + COz 
RCOOR + HOOOH --+ RCHO + H 20 + OOz 

(11) Electrolysis. The solutions of alkah salts offatty aoids 
upon eleotrolysis yield alkanes. 

2RCOONa ~ R.R + 2002 + 2Na 
Alkane 

--+ 2NIlOH + H~ 
The overall reaotion 

oules of aoid as follows. 
implies the decomposition of two mole-

2RCOOH ---') R.R + 2C02 + Ha 
Alkane 

STRUOTURE OF CARBOXYLIC ACIDS 

(1) Fatty aoids when heated with soda.lime are deprived of a 
moleoule of carbon dioxide forming an alkane. 

RoaOH __ EH + 009 

Aoid Alkane 

It is' olear that thQ hydrooarbon radieal R must have been pre,. 
sent in the original acid. 

(2) They react with phosphorus pentaobloridtl giving acid 
ohloride and hydrogen ohloride. 

o a 

" " R-O-OR + POls --+ R-O-C1 + POOls + HCI 
Aoid Aoid ohloride 

Oomparing this reaotion with that of POJ5 on alcohols, we 
argue that, fatty acids all'lo contain a hydroxyl group. 

(3) Fatty a<)ids are obtained from I1hlobydos by oxidation. 

o 
II 

R-C-H + 0 --+ 
Aldehyde 

a 
II 

R-O-OH 
li'tttty noict 
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The reaotion takes place as indicated above since we know that, an 
aldehyde does not give a test of OH while an add does so. Hence 
a carboxylic acid has the struotural formula 

o 
II 

R-C-OH 
ACIDITY AND RESONANCE 

Fatty acids are believed to dissooiate t,o a slIgH extent in 
aqueous solution. 

" RCOOH ¢ RCOO- + H+ 
The strength of an acid depends on the extent of suoh an 

ionisation process. This is measured by the dissociation constant 
Ka of the given acid : 

K = [R.COO-][R+] 
a [R.COOR] 

Dissooiation constants of some of the carboxylic acids and their 
derivatives are given below. 

ACID Ka xl05 ACID DEBIVATIVV.S Ka '< 105 

R -COOR 17·7 F-CHa-COOR 220 
CR~ -COOR 1·85 ci-call-COOH 151) 
C~H5-COOH 1·62 Cla-CR-COOH 5,000 
(J3H7-COOH 1-50 Cls-C-COOH 20,000 

It is olear from the above table that formic acid is stronger 
tha.n all Hcids as the size of alkyl radical inoreases the streilgtb' 
of the acid deoreases. Tho presence of eleoL ,n-donating groups 
makes the loss of proton (H+) more diffioult and the strength of 
acids decreases progressively : 

/0 /(1 10 
H -C'OR ; CHs·+O'OH; QHa-+-OH2+O'OH ; 

On the other hand', if an eleotron withdrawing group is linked 
with the carboxyl group, it facilita tes the loss of a proton and there
fore the acid strength inoreases. FluQroaoetic Mid is stronger than 
ohloroacetio acid since F being mQre eleotronega,tive exerts greater 
induot.ive effeot. Di. and Tri.ohloroacetlo aoids are more aoidio 
than mono·ohlol'oderivativo because they possess more eleotron with· 
drawing 01 atoms I thlls enhancing thl' removal of proton (H+). . 

~ ? ~ ? 
H-C'.+-C-O-H OH-O+O+O+H 

~ Ii 
01 

y ~ t ? 
CH-~C+O+H (ll+O+C+O~H 

+ 01 
t 
01 
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The rela.tive strength of a.cids can, therefore, be examined by 
an inductive mechanism. 

. . /0 ~ 
As appears from the structure of aCIds R-C - OH,. they must 

possess properties of the carbonyl group ()C=O) and behave like 

aldehydes and ketones. It is not so. The presence of - OR group 

modifies the.pr.operties of )00 group which leads to a resonance 

structure. 
I II 

o ~O, 0 
II ~ /J I] R-C-O-+-H-R-C -R-C 

Co, " 0_ 

Thus in the resonance hybrid both C-to-Q bonds in -COOH 
Are similar and stronger than a double bond. The resonance hybrid 
of I and II possesses lower energy contents ('is more stable') than 
either of I and II forms. The stability of this ion (carboxylate) 
due to resonance encourages the 1081::1 of a proton. 

TESTS OF CARBOXYL GROUP 
• A fatty 'acid or any other compound containing a carboxyl group can be 
detected by the following tests :-

(1) In aqueous solution it turns- blue litmus red. 

(2) Upon di>ltillation with soda-lime it will give the inflammable vapoul 
of a hydrocarbon. The residue in the test"tube will produce effervescence when 
treated with dilute hydrochloric aci i. 

(3) With sodium bicarbonate solution, a carboxyl group causes ef'rerve
scence due to the evolution of carbon dioxide. 

• (4) When warmed with alcohol and I)onc. sUlphurio acid, a fatty acid 
forms an ester which is at once detected by'its fruity odour. 

(5) The action of phosphorus pentaohloride upon acids yields aoyl 
chloride!' and hydrochloric acid gas. This test is also ~iven by other bydroxy 
compounds. 

JNDIVIDUAL MONOCAR130XYLlC ACIDS 

FORMIC ACID, METHANOIC ACID, HCOOH 

Formic acid was first obtained in 1670 by the distillation of 
red ants and hence its name (Latin: fOT1nicu$=ant). lt is present; 
'n stings of bees and wasps, as also in histles of nettles. The acid 
is found· in traces in urine and perspiration 

Preparation. Formic ",cid may be obtained by the following 
methods. 

~1} By the oxidation of methyl alcohol or of formaldehyde 
using platinum black. as tl· catalyst. , 

CHaOR 4, I) ~ HCRO + RaO 
Methyl alcohOl Formaldebyde 
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HCHO + 0 __ HCOOH 
Formic acid 

455 

(2) By the hydrolysis of hydrogen cyanide with hydrochloric 
acid 

H.C=N + 2HzO + HOI -+ H.COOH + NH,CI 
Hydrogen cyanide Formic acid 

(3) By the reduction of carbon dioxide in aqueous solutioh 
with hydrogen in the presence of palladium black as a catalyst. 

o 
II 

o 
\I 

HO-C-OH + H2 
Carbonic acid 

--+ H-C-OH + HsO 
Formic acid 

(4) By passing carbon monoxide over sodalime under 8 
atmospheres pressure at 200°. (Industrial) 

NaOH + CO --+ HCOONa 
Sod. formate 

The resulting sodium formate yields free formic acid '''he.n treated 
with dilute sulphuric acid. 

(5) By heating crystalline oxalic acid with glycerol (catalyst) 
to 1200 

COOH heat 
I ---'> HCOOR + CO2 
COOH (glycerol) Formic acid 

Oxalic ucid. 

'fhi" methon is used for the laboratory proparq.tioll of formic acid. 
In actual practice, glycerol is first heated at 120 '. Then a further 
quantity of hydrated oxalic acid (COOH)2.2HzO, is added and the 
temperature is again raised to 1200

• The decomposition of oxalic 
acicl takes place as follows: 

CH20 H + HOrOC.C.OOB I ................. . 120' 

CHOH '_ 
I 

CHaOH 
Glycerol 

CHaO.OC.COOH 
I 

CHzO.OC.COOH 
I 
CHOH 
I 
CHzOH 

Glycerol mono-oxal ate 

CHOH 

CliaO.OC.H 
t _ CHOR + H 20 

I 
CHzOH 

CHzO.OC.R 
I 120' 
CHOR + H0R __ 
I (f!'Om fresh 
CHaOH oxalic acid) 

I 
CRzOH 

Glyrorol mono-formatQ. 

CHzOR 
I 

CHOH + HCOOH 
\ Formic acid 
CHaOR 
Glyc!lrol 

'fhe glycerol set free is used over again. 
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LabOl'atory Preparation. Formio acid is prepared in the laboratory 
by meanl! of the reaction betweon t;llycerol and oxalic add, liB described 
above. 

Flg.20·1. Preparation of aqueous formic acid. 

50 mi. of anhYdrous glycerol and 40 gme. of powdered crystalline OX&lio aoid are 
placed in a distillation tla'* whioh is then fitted with a thermometet' and water
oondenser. The bulb of the thermomoter is dipping in the mixtufO. The filll)k 

, is heated until the thermometer reada 1200 and this temperature Ie maintp,ined 
till the evolution of carbon dioxide, m(\rked by effervescen(1(1, elaok(lPS. Now 
the fillsk is oooied and another 40 gm3. of oxalio aoid m'e I\dded. Thll mixture 
is ugain heated at 120Q when an I\qllClous solution of formic apid oolleots in the 
receiver. 

Anhydl'ouli formic "dd. Tllll nQll6QUS formlo acid obt~ined nb~vC'l l~ 
neutrfl.lised with hmd cllrbona.te. The ~ohlttoll ofll,'p.{\ fnrma.to thus produced la 
filtered and Cl()llOentrlliod to yiold crYlltlllB. The orysta\a of lead fQrml'te p.re 
then chllrged in the inner tube of a. wnl.er·condenset·. One ond of the condllnsor 
ill (lonnected to a 'hydrogen sulphIde generator aud the other end Ie fitted with 
a. Buchner flask guarded with a oaloium ohloride tube. Hydrogen flulphlde is 
allowed to pass through the oondenser while steam is passed through its outer 
jaoket. 

(RCOOl2Pb + H,S 
Lead formate 

. -- 2HCOOH -t- PbS 
Formio acid 

The anhyd.rous formIC aoid oolleoting in the BlIOlmel' flasl~ iii finl1l1y freed from 
dissolved hydrogen flulphicte by distilling over fresh lond formu.te. 

Anhydt'oull formiQ aoid mny ala') ho made by dIstilling a mixture of 
sodium formate and sodium hydrogen sulphate. 

CALCW/"( CHWIUO£ ( 
TUBf 

Fig. 20·2. Propfl.ration of anhydrous formio acid. 
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Properties. Phyaiwl. Formio acid if! {1. coloul'less, hygro
scopio liquid, b.p. 100'8°. It has u. pungont, penetrll,ting odour like 
th,~t of sulphur dioxide. It is misoible in 1\11 proportions with wa.ter, 
.alcohol unt\ ether. It is Vel'y poisonous u.nd raises blisters when 
brought in ~ontact with skin. It has a strong antisl'ptio action. 

Chemical. Formio acid differs oOllslrlerably in ohemical 
behaviO'Ur from the typical fatty ucid sin(.e it>:! moleculo contains a 
lonn H atom in plaoe of tho alkyl radical. Beoauso of this unique 
fe.atUl'e, formic acid has the structure of both a..n acid and an 
aldf'hydo. 

; 0 
II 

H.-C-OH 
aoi('\ 

o 
II 

H-C-OH 
Aldehyde 

Tho ohemical reactiolls of formic acid are in keepillg with the 
abo\'!' structures. 
ReActions due to lone H atom 

(1) OXIDATION. Formic acid (Jail bc readily oxidised to form 
carLon dioxide water. 

o 
II 

H-C--OH 
Formic acid 

(OJ 
o 
II 

HO-C-OH 
Cllrbonio ai~id 

(Unstable) 

Thu'l like nldC'hydos, it rednoC'It-Fehling's solution, ammuniacal sil vor 
nitl'atll solution and potassium permangannte solution. Also, it 
re(1110e8 merclJrir, salts to merourOUB salts. '1'h118: 

2HgCI2 + HCOOH ~ Hg2C12 t 2HCl + CO2 

(2) CONVERSION TO OXALIO AOID. Hodium formate when 
heati'd ILt about :190°, two molecules of it split out the lone H atoms 
It"! hydrog('n gas giving sodium oxalate. 

!}{,COON.t 3900 COONa 
. I _ \ + Hz 
H:UOONo. COONa 

Sod. formate Sod. 9xalnte 

The free oxu.lic acid is obtained by treatment of the l1roduct 
with a dilute mineral aeid, 

Reactions due to OH group 

(3) FornJATIDN 01,' SALTS. Formic !toic) i!; the- strongest of all 
fatty acids It forms salts in tho u"lual way. 

ROOOH + NI\OH ~ .HCOONcl vi. H20 
Formio acid Sod. formate 

(4) FOl\MATION Oli' l'STEHJ;. Formic aeid reacts with alcohols 
to f(jrm l'~t('}'s ou simplo hi.>athlg. 'rhus: 

HCOOH + CH30R ~ HCOOQHa + H20 
Methyl Methyl 
Qlcohol format.} 
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The addition of mineral acid is unnecessary since formic acid itself 
acts as its own catalyst. 

(5) DECOllJ.l'OSITION WITH SULPHURIC ACID. When warmed with 
concentrated sulphuric acid, formic acid decomposes to forill carbon 
monoxide and water. 

'HCOOH _ H20 -I- CO 
Formic acid 

(6) REACTION WITH PClo' Formic acid reacts with phosphorus 
pentachloride forming formyl chloride which being unstable at once 
decompose:J into hydrogen chloride and carbon monoxide. 

HCOOH + PCls _ RCO.CI + POCl 3 + HCI 
Formic acid l'ormyl chloride 

H.CO.CJ _ HCl + CO 

(7) REACTION WITH AMlIWNfA. Ammonia combines with formic 
acid to form ammonium formate which decomposes on heating to 
yield formamide. 

HOOOH + NHa ----> . HCOONH4 
Formic acid Amm. formate 

Heat 
HCOONH4 --'f HCONH2 -I- H 20 

Formamide 

Reactions or COOH Group as a whole 

(8) DECARBOXY'LATION. When heated above 1600
, formic acid 

splits out a molecule of carbon dioxide giving hydrogen gas. 

HCOOH __ H2 + CO2 
Formic acid 

The decarboxylation can also be effect"ed as usual by heating II 
mixture of sodium formate alld sodium hydroxide. 

(9) FORMATION OF ALDEHYDES. Calcium formate when heatet 
alone yields formaldehYde. However, when heated w\th the caloiurr 
salts of other fatty acids it gives higher aldehydes. Thus: 

(HC00)2Ca + (CH3COO)2Ca ---4 CH~CHO + CaCOa 
Cal. formate Cal. acetate Acetaldehyde 

Uses. Formic acid is useu : 
(1)' for the dehydration Df hides, 
(2) as a coagulating agent for rubber latex, 
(3) in medicine as a remedy for gout and neuritis, and 

(4) as a!! acid for dye-baths in textile industry. 

Tests. (I) Formic acid can be detected by its characteristic punger 
odour. 

(2) When warmed with ethyl alcohol a sweet smell of ethyl formlt~e 
noticed. 

(3) It reduces ammonillcal silver nitrate forming a mirror. (Disiincti( 
from aoetic acid). 
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(4) It reduces Ft,hling's solution to a red precipitate of cuprous oxide. 
(Distinctionjrom acetic acia). 

(5) Nitropr!Jsside test. If a solution of formic acid is warmed with 
sodium bisulphite and then treatecl. with sodium nitroprusside, a greenish blue 
colour is produced. (Distinctionjrom acetic acid). . 

(6) If aqueous solution of formic acid is neutrali.;ed with ammonia, it 
reacts with neutral ferric chloridc solution to give a red coloration. On boiling, 
a brown precipitate of basic ferric formate is obtained. 

Structure. (I) Formic !lcid has. b~en found to possess thf molecular 
formula, CH20 2• ' 

(2) The two pO$s_iIJle structural formulas which can be constructed 
according to the valency, requirements of the carbon, hydrogen and oxygen 
atomS are 

(3) Formula I is supporteu by experimental eVidence and represent::! 
the structure of formic acid correctly. 

(a) Formic acid reacts with PClo giving hydrogen chloride 'gas, which 
shows the presence of a hydroxy group. 

(tI) It reduces Fehling's solution and ammoniacal silver nitrate solution 
thus showing the ex istence of an aldehyde group. 

(4) The structure of formic acid is confirmed by its syntl)esis from 
chloroform. 

ICl 
H-C_CI 

'-Cl 
Chloroform 

3H20 OR 
-+ If-Ct OR ----,> 

(alkali) "",OR 
Orthoformic acid 

(Unstable) 

OH 
H-C l + H 20 '0 
Formic fieid 

(5) Physical methods have shown further that the formula of formic acid 
is as follows : 

O-·-···HO 
HCI' "eH 

"OR,.,., . ,0/ 

The association of two molecules is probably responsible for the high 
hoiling point of the acid. The chemistry of the acid, however, remains 
unaffected. 

ACETIC ACID, ETHANOIC ACID, CHaCOOH 

This is the oldest known fatty acid. It occurs in the free 
and the combined state in certain biological fhuds and plant ex
tracts. It is found in fruit juices which have become suur by fermen
tation. It is the chief constituent of vinegar aqd hence its name 
(Latin: aceturn=vinegar). 

Preparation. Acetic acid can be produced by allY of the 
general methods described before. The technicaJ methods of pre
paration are the fermentation of alcoholic liquors, from wood distil
tion indust.ry, and the modern synthetil' processes. 
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(1) ORLEANS PROCBSS. In France, this method is very preva. 
lent and is considerod to be the eusiest and most effeotive means 

ACC TlrYIIIG 
~-"~~wINE 

Fig.2()·3. Orlean's Procoss. 

of oon'Verting wine into vinegar. Acetic bacteria are allowed to grow 
on the surface of wine in a partly filled cask. In due course wino 
gets comforted into vinegar owing to oxidation with nir. 

CHaCHzOH + O2 _ CR3COOH + H 20 
Ethyl ~Ioohol Acctil:' acid 

Vinegar is taken out from the hottom. Tho -cusic is again 
oharged with fresh wIlle and the process ill repentr.d over and Over 
again. The reaction heinl! extremely slow, the out.put of this 
prooe.ss is very lmv hut the vinegar produced is of high grado. 

(2) QUIOK VINEGAR FERlIIENTATION PROOESS. Large quanti. 
tics of vinegar, whioh is in reality 4·-6 per cent ncetic Mi(l, ~re 
obtained from fermented liquorll containing l~ 15 p(lr cent nl('ohol. 
!fhe aqueouH solut.ion of alcohol in contnct with air nnr1 unrler the 
influence of Bacte.rt'ttm ace.ti produces :uletio acid. 

In the Quick Vinegar proc('8.~, large wooden vats fillC'rl with 
basket. work or woad shavings impregnatE',1 with 010 vill('.gnr 
(Bacterium aceti) ar~ URed in series. Tho vats are Jittr.(l with n 
perforated cover and thealcoholi(' soilltirm is introdupcd Itt tlw top of 
the first vat, Ilnd allowed to trickle down till' shit vingl:l. Air ill 
drawn in through tho holes in tl1(' lowcr walls of tho vessel o.ne} 
passes up in tho opposite riirection to the trickling liquiri. The r('n.t 
generated in the oxirlation of alcohol to acetic aeir! mnintu.inH th(' 
tempera.ture I\t about 35° which is favoura.blc to the growth and 
activity of bacteria. 'fho liquor leaving the bottom of each vat i~ 
intr-oduced nt the top of the next vat. The maximum concentration 
of acetic acid ohtained by this methorl ill 10 per cent. The 
process requirE'S 8 to 10 riays for completion. 
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(3) FROM: WOOD DISTILLATION INDUSTRY. Formerly the chief 
source to produce glacial or pure acetic acid was l1yroligneo'u8 acid 

AIR OUTLET 

Fig. 20'4. Preparation of vinegar. 

obtained from tho dry distillation of wood. It is a dilute aqueous 
solution containing about 10 per oent of ucetio acid along with II. 
littll' ml'thyl alcohol and aoetone. Acetic a.cid is removed from it 
by treatment with lime and distilling off methyl aloohol and ,teotono. 
The aqueous solution of cilicium e.cetate left behind il1 evaporated 
in iron pans and the residue distilled with <loncentrated sulphurio 
acid. Tho distillAte consists of 70·75 per cent Ilcetio Mid. '£0 get 
pure or gla.cial acetic acid, the strong acetic acid solution is neutra· 
lised with sodium hydroxide and evaporated. The crystals of 
sodium acetate thus obtained are heated to expeJ the water. The 
anhydrous sodium n.cetate in finally distilled with concentrated Gul. 
phuric aoid to yield pllre aceti(' uoid. 

(4) MODERN SYNTHETIC ME'I':UODS. Most acetic acid is now 
manufactured from acetylene. Acetylene is bUbbled through a 
dilute solution of s\llphuric aoid containing mercurio sulphate, when 
acotaldehyde is obtained. The vapours of acotaldohyde ure then 
mixed with air and passed over manganese acetat(, at about 60°C. 

CHsCH f H 20 _ CH3CHO 
Acetylene Acetaldehyde 

2CBaOHO + O2 ---+ 2CHaCOOH 
Acetic acid 



462 TEXT· BOOK OF ORGANIC CHEMISTRY 

Synthetic acetic acid is also made from ethyl alcohol by the 
oxidation of i.ts vapours with air over a metal catalyst. 

ACETVlENE 
GENERATOR 

REACTION 
TOHIER 

OXIOArlON 
CHAMBER 

WAoSU 
GASO 

ACETIC 
ACfO 

Fig. 20·5. Manufacture of acetic acid from acetyleno. 

Propertie!i!. Ph?J8ical. Acetic acid is a colourless liquid with 
Il sharp 'vinegar odour' and sour taste, b.p. 118'1°, sp. gr. l'Ots at 
O"C. When cooled sufficiently, it forms 'ice.like' crystals which melt 
at 16'7°. Hence the pure anhydrous acid is uS\lally called glacial 
acetic acid (Glacial= of ice). It has a. corrosive action on the skin 
and caUS($ blisters. It 'is miscible with water, alcohol and ether in 
all proportions, the solution in water being attended by a contraction 
of volume and liberation of heat. It dissolves sulphur, iodine, and 
many organic substancE;il. 

Ohemic.al. Acetic acid is a typical fatty acid and gives all the 
general rcaetions of the class. 

(8) Action of cMorine. Chlorine reac1s with acetic acid in the 
presence of a catalyst (1, S or P) giving mono., di-, and trichloro
acetic acicl 

". 

CI. CI CI2 
CH3COaH _ CH:C1COj!H ~ CBClzCOtH --I CClsCOzH 

(2) Formation of salts. It reacts with oxides, hydroxides aticI 
carbonates to form acetates. 

CHaCOOH + NaOH --. CHaCOONn + H 20 
Sod. acetate 

__ 2CH3COONH4 + H20 + CO2 
Amm. acetate 

(3) Formation of cllter8. It rencts with alcohols to fOfm esters. 
Thus: 

CHaCOOH + C2HsOH ¢ CHaCOOC2H, + H20 
Ethyl nlt:ohol Ethyl acetate 

The reaCtion is reversihle ancI is ratalysed by strong mineral 
acids. 

(4) Formafion (If U1IIi!ldride. When the va }lOUrS of acetic acid 
arc passed over II heated phosphate catalyst, it yields acetic all
hydridE:' 
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(5) Action with POl&. It reacts with phosphorus penta
cilloride vigorously forming acetyl chloride with th~ evolution of HOI 
gas. 

OH3COOH + POls __ CHaCOCI + POCla + RCI 
Acetyl chloride 

(6) Formation of nmide. 
heating to form acetamide. 

Ammonium acetate decomposcs on 

CH3(,OO~HJ CHaCONH2 + H 20 
Acetamide 

(7) j)ecolJ7posifio1]. of Na-8alt. 
with soda-lime yields methane. 

Sodium acetltte when heated 

CHaCOONa + NaOH -~ CH, + NasCOa 
Methane 

(8) Decomposition of Oa-salt. Oh,!cillm ane.tate decomposes 
upon heating giving acetone. 

(CHaCOO)2Ca. -- (OHahCO + CaCOa 
Acetone 

(9) Electrolysis. The electrolysis of a solution of potassium 
acetate form" ethane. 

2CHaCOONa. __ Calie + 2C02 + 2N.l 
Ethane 

Uses. Acetic acid is used: 

(I) as a labonttory reagent, and as a solvent for carrying 
reaetions since it remains un attacked by oxidising and reducing 
agent~ ; 

(2) as a table vinegar, and also in the preparation of comli-
menta; 

(3) for coagulating rubber latex ; 
(4) for curing meat and fish; 

(5) in meclicines as a local irritant; 
(6) for the procluction of cellulose acetate required for making 

photographic film and the rayon lmowr. as Oelanese • 
(7) for the manufacture of acetates, acetone, and esters; 

ethyl acetate and amyl acetate being used as solvents in lacquer 
inciustry. 

Tests. (1) Tho free acid has a charMteristic odour. 

(2) If ferric chloride solution is added to a sohltion of acetic acid neut
~nlised by ammonia, or by sodium hydroxide, a deep red coloration appoars. 
On boiling tho solution tho red colour is replacerl by a brown precipitlite of 
bu@ic ferric acetate. 

(3) If a little acetic acid is warmed with a small quantity of alcohol and 
a. few drops of sulphuric acid for a minute, the, fruity odour of ethyl acetate is 
noticed. 

(4\ Cacodyl test. If 1\ little acetic acid is neutralised with potasRinm 
hydroxido solution ancl evaporated to rlrym· ... s nnel tho rcsidue heated with n 

, small quantity of arsenious oxide, an extremely ~lau8oating odour of {,Ilcodyl 
"oxi(l", (CH3.As.CH3)20, is' produced. (Di8tinction frcm formic acid). 
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.(5) Acetic acid does not reduce ammoniacal silver oxide or 
Fehllng's solution. (Distinction from formic acid). 

Structure. (1} The empirical formula of acetic acid as determined by 
elementary analysis is OH~O. The mole-uuill.r weight based on the silve)' salt 
method is 60. -Then molol)ular formula ia, therefore, 02H,09' . 
. (2) Acetic acid is pl'oduoed easily by the direct oxidation of aC!ltaldehyde. 

The chanQ:e can be visualised to take place na followlI : 

o 0 
II +0 II 

CH2-C-H __ OHa-C-OH 

It shows that the molecule of the aold contains a cMbonyl group on one hand 
and a hydroxyl group on the other. '.\hls is supported by the reac.tionl'! given 
below:-

(i) The reaction of the acid with sodium hydroxide forming sodium for
mate in which one H atom hos been replaced by a sodium atom, indicates that 
the H atom of OR group is iOilisable and hence different than the other three H 
atoms in the molecule. 

(ii) Prolonged action of acetic acid with chlorine gives trichloroacetic 
acid in which three H atoms of the methyl group have been replaoed by 01 
atoms while the fourth H atom remains intact. 

l 

(3) The structure of acetio acid is! finalty oonfil'med by its synthesis 
from sodium methide Bnd carbon dioxide. 

o 
II 
0=0 0 
+ II 

OHa-Na __..... OHa-C-ONa 
(4) Recent investigations have @hown that acetic acid is bimeric owing 

to all6oointion as follows: 
O .... ··HO 

OHaC( leCHa 
oI'i ...... O 

In a solvent like bem:ene the association is oomplete when the acid has 
been shown to have molecuhtr weight 60. 

PROPIONIC ACID, PRO'PANOIC ACID, C2H5COOH 

Propionic acid occurs in amn.II amounts in acetic acid obtained 
from the WOO!} distilla.tion industry. 

Preparation. Propionic acid may be prepared: (1) by the 
hydrolysis of ethyl oyanide, (2) by the oxidation of n.propyl alcohol 
with sodium di6hromate and sulphuric acid"al1d (3) by the reduction 
of lactic acid witH concentrated hydriodic acid. It is made on a 
10rge scale by heating carbon monoxide and ethyl alcohol in the 
presenco of 0. catalyst. 

02HSOH + CO __ C2B&COOH 
Ethyl alcohol Propionio acid 

Properties. Propronic acid is an oily liquid, b.p. 151°. It 
resembles acetic acid in properties. Chlorination of propionic acid 
gives a.chloropropionic acid, OH3CHC'l.COOH. 

BUTYRIC ACID, CHa·(CH2l2·COOH 
Butyric nclr} occurs in butter as glyceryl ester. The freo acid 

is prcst'nt in ro.ncld butter nnd in perspiro.tion. 



Preparation. Butyric acid is made> on a large scale (1) by the 
oxidation of n.bntyl alcohol Ilnd (2) by the fermentation of lactic 
acid, glucose or starch. The fermelltation of glucose may be carried 
by adding rOllcid cheese to its aqueous solution. The ferm.ents 
butyric bacilli and lactw uflcilli present in cheese, bring about the 
followjJ)g chnngt'.c; : 

--+ !!C3HoOa 
Lnctio ncid 

--+ CH~CH2CH2COOB + 2C02 + 2Hz 
Butyl·to Mid 

Sour milk contains lactio acid which oan be converted to butyric acid 
by this method. 

Properties. Butyric acid is a rancid-smelling liquid, b.p. 
L63·5°. It shows the usual [('aotions of the fatty acids. It is some· 
titnes used in tho tanning industry for rleliming of hides. 
ISOBUTYRIC ACID, (CHalsCH,COOS 

Isobutyrio acid occurs in the. free state in locust- bean and as 
methyl ester in croton oil. 

Prep~ration. Isobutyric acid is prepared: (1) by the oxidation 
of isobutyl alcohoI, and (2) from isopropyl alcohol by the following 
steps. • 

HI KCN B~O 
(CH3)2CHbH _ (CHahCm ~ (CHal2CH.CN _ iCBa),CHCOOH 

Iaopropyl!llcohol Isobutyrio aoid 

Properties. Isobutyrio acid is a colourless oily liquid, b.p. 
154'5" It is sparingly soluble in wMor. Unlike the normal aOld, it 
is easily oxidised to aoetone. or a,oetio acid and carbonio aoid. 

HIGHER FATTY AOIDS 

PALMITIC ACID, C16Ha1COOH, AND STEARIC ACID, C17H3SCOOH 

These acids occur as glyoerol esters in natural fats from whioh 
they are prepared by hydrolysis with superheated· steam. Palmitio 
acid takes its name from Palm oil and stearic acid from Stear, 
meaning tallow. 

Palmitio acid and at~aric aoid are oolourless waxy solids whioh 
molt at 62° and 60'3" respeotively. They are insoluble in water and 
soluble in alcohol a~ld ether. Their salts are SOaps. The acids are 
mixed with wax used for making candles. 

Both noills havo normal struoturtl~-

UNSA'rURATgD M:ONOOARDOXYLIC ACIDS 

Unsaturated monooarboxylic aoids are the carboxy derivatives 
of alkanes. Thus: ' 

Cllll ,..CH2 
Ethylene 

CHaCH ... CHz 
PrOPYlene 

-H 
- -10 CHa"",CH.COOB' 

+cQa Acrylin Mid 

__ CHaCH ... CH.COOH 
Crotonic !lcid 
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The earliest known member of this class is oleic acid, 
CHalCH,)1CH=CH{ CH2)7COOH 

ACRYLIC ACID, CH2:HC.COOH 
Acrylic acid is carboxyethylene and is the simplest member _of 

the class. Its name is derived from acrolein, the corresponding 
aldehyde. 

Preparation. Acrylic acid may be prepared ~ 

(1) By heating bromopropionic acid with ,alcoholic potash, 
• CH2BrOH2COOH + KOHale _ OH2:OHCO_OH + KBr + H 20 

{3.Bromopropionic acid 

(2) By treating 0(, ~-dibromopropionic acid with ~inc, 
OB:BrCHBrCOOH + Zn _ CHa:CHCOOH + ZnBra 

(3) By distilling f).hydroxypropionio acid, 
CH1_QHGHaCOOH _ CH2:CHCOOH + H~ 

(4) By oxidation of acrolein with silver oxide, 
CBSlCH.CHO + 0 _ CH2:CHCOOH 

(5) From ethylene chlorohydrin by the following steps: 
KCN H 20 

HO.CH2CHllCl ~ HO.CHaCH2CN _ CH2:CH'COOH 

Properties. Acrylic acid is a colourless liquid, b.p. 142°, 
baving a pungent odour like that of acetic acid. It is miscible with 
water in all proportions. It is a stronger acid than acetic acid. 

Acrylic acid behaves both as an alkene and as a fatty acid. 

(1) With nascent hydrogen it is reduced to propionic acid, 
CH2:CH.COOH + 2H _ CH30HaCOOH 

Propionic acid 

(2) With chlorine and bromine it forms addition prQducts. 
Thus: 

CH2:CHCOOH + Bra ~ CHlIBr.CHBr.COOH 
ct, [3-dibromopropionic acid 

(3) With halogen acids, it yields ".halogen acid. Thus: 
OH2:CHCOOH' + HI __ CH:lICH2COOH 

[3-iodopropionic acid 

The addition defies Markownikoff's rule, the halogen linliing with 
the ~-carbon. 

(4) Upon oxidation with dilute potassium permangan:ate solu
tion, it; gives glyceric acid which' on vigorous oxidation decomposes 
to oxalic acid. . 

CH2:CHCOPH + H 20 + 0 --+ CH20H.CHOH.COOH 
Glyceric acid 

(5) OIl standing it at once polymerises to a solid. 
(6) At the carboxyl group it forms salts, esters and acid halides. 
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Crotonic acid, CH3CH:CH.COOH. 
which are geometrical isomers. 

Crotonio a.oids exists in two "forms 

CHa-C- H 
II 

H-C-COOH 
Crotonio acid 

(trans form) 

H-C-CHs 
D 

H-O-COOH 
Isocrotonic acid 

.(cisJorm) 

Ordinary crotonic acid is the trans isomer. It occurs as glyceryl esters 
in croton oil from which it takes its name. It is best prepared by heating 
malonio acid with paraldehyde anli aoetio anhydride. 

/COOH 
CHaCH:C" + HaO 

COOH 

COOH 
CHsCH:C/ ---. CH.cm: eHeOOH + C02 

'COOH Crotonic aoid 

It is a colourless, crystalline solid, m.p. 72°. Upon reduction with zinc dust and 
sulphuric acid, it ia oonverted to n-butyric acid. When carefully oxidised with 
nitrio acid, it forms oxalic acid and acetio acid. 

Isocrotonic acid is prepared by heating p-hydroxyglutaric acid under 
reduced pressure. It is a colourless liquid, b.p. 1'72". It'is transformed to 
crotpnic acid when heated to 10° in a sealef;l tube. 

OLEIC ACID, 'CH3(CH2hCH=CH(C~hCOO"H 

It occurs abundantly as glyceryl esters in many natural oils and 
fats. Olive oil, cocoanut oil, almond oil, linseed oil, etc. also contain 
oleic acid. 

Preparation. Oleic acid is prepared by the hydrolysis of fatty 
oils with an alkali. These oils upon hydrolysis yield a mixture 
of the sodium salts of oleic acid, palmitic acid and stearic acid. These 
are converted into lead salts which are then treated with ether. 
Ether dissolves lead oleate only leaving behind lead"palmitate and 
lead stearate. Lead oleate so obtained is decomposed by the action 
of a mineral acid when free oleic acid is produced. -

Properties. Oleic acid is a colourless and odourless liquid 
which boils at 286°. When cooled it soliqifies to form crystals melt
ing at 140

• It is insoluble in water. In air it rapidly becomes yellow 
due to oxidation and h··.comes rancid. 

Oleic acid gives all the reactions of an unsaturated acid. It 
undergoes an interesting transformation when treated with nitrous 
acid, a crystalline compound ELAlDIO ACID (m. p. 44 2°) being formed. 
This compound is a geometrical isomer of oleic acid. . 

The following reactions prove the Constitution of Oleic acid: 

(1) It anus a. molecule of bromine forming dibromosteario acid. 

C17H 33COOH + Br2 ~ C17H33Br2COOH 

This indioates the presenoe of a double bond in the moleoule. 
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(2) With llasoent hydrogen, oleio acid is converted into stearlo auid 
whioh is known to have a. etrnight-ohain structure, 

C17H33COOH + 2~ ---+ CRs(CH2haCOOH 
Oleio Iloid· Stelll'iC) acid 

This reaction oonfirms the presenco of 11 double bond and also ahows 
that like stearic acid. oloio acid contains a norma.l chain of oar bon atoms. 

(3) On careful oxidation with (lilute permflngl1nati), oJeio lioid yields a 
mixture (Jf two aoida. 

CHs(CH217COOH und HOOC(CH217COOH 
Pelargonio acid Azelaio' aoid 

each of whioh oontains nine carbon a.toms. As unsaturated. oompounds break by 
oxidation at the double bond, it is obviou~ that oleic aoid contains the double 
union in thtl middle of the ohain, Henoe, the struotural formula of oleic acid 
would be 

OIl3(OHahCH = OH(CH2hCOOI! 

(4) The structure of oleio acid is further confirmed by treatment with 
ozone. The ozomdll of the llC)id yields th e following aldehydes when decomposed 
with water and zinc. . 

CHa(ClIahCHO 
Pelargonio alttehyde 

OHO(CH2l7CHO 
Azel6io aldehyde 

Oleio aoid is used in the manufttctul'e of I!oap$ and fol' xliling wool 
before spinning, 

QUESTIONS 

1. What. are fatty acids? Justify their derivation from water, hydro. 
carbons 6nd carbonio acid. 

2. Desoribe the general metfiods of preparation and properties of 
monooarboxylio acid. 

3. On what grounds h6B the oonolusion been drnwn that the moloQular 
formula. of the fatty acids oontain the grouping -COOH? Summarise the 
methods by whioh the grouping can be Introduoed into aliphMio hydrooarbons. 

4. "Formic acid behaves both as an aldehyde and as an acid." Illustrate 
and explain. 

5. How would you propal'e a spr.oim(lf\ 9f fOI mio acid In the laboratory? 
State the ohemioal properties of the acid and ahow that they agree with the 
formula usually assigned to it. ' 

6. How ia formiC) acid preplU'od' in the laboratory as well as on a large 
soale ? Give its impol,'tant reaotlons and testa. 

7. Formic aoid differs llIore from the fast of the fatty Iwide than they 
differ frOm eaoh other. What facta can you cite in support of thiB statemOht ? 
What explanation of it can be given? 

8. How ill noetlo 60id prapared eor.n.Mroially ? How \vonld, you pre. 
pal'e Metia aoid from (a) ethyl (licohol (b) methyl nlcohol. ali.d (0) acetyl 
chloride? How would Y9U deolde the structure of aoetio acid? 

Il. Write the structural formula of 01010 add. Deaoriba tho reactions 
which lead .to ita adoption. How is thia fiold prepared oommeroially ? 

1Q. Indioate how propionio Mid (Jould be rOllvartod into: 

(a) pl'opionyl ohloride, (b) propionio anhydride, (0) «.ohloropropionill 
auld, (al propionaldehyde, (e)iaotic aold (f) diethyl ketone, (g) ,,·putyrio (loid 
and (h) aoetaldehyde. (Agra B.Sc., 1(60) 
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11. (a) What are the general methods of obtaining carboxylic acids t 

(b) Sta.te how .acetic a.cid mn.y be converted into (i) anetaldebyde, 
(ii) malonic acid, (iii) aminoacetic acid, (iv) nitl'ometharre. 

(Panjah B.Se" 1961) 

12. What are fatty acids 1 Give nn example. How ill acetic aoid pre
pared? Starting from the acetic acid how can you prepare (a) acetyl chloride, 
(b) aoetic anhydride, (c) acetamide. (Dibrugarh. B.Sc" 1967) 

13. Write a. note Oll 'Relative' strength of acetio acid and trichloracetio 
acid in terms of induotive qffeot (explana.tion is required). 

(Panjab B.So. II, 1968) 

14, Give two different methods for the preparation of aliphatio mono
carboxylic acids sta.rting from an alkyl halide. How the aoid amides and esters 
are prepared? (Jadal/pur B.So., 1968) 

15. Describe the preparation of pure formic acid and state its proper-
ties. How does it differ from acetic aoid ? (Ujjain B.Sc., 1968) 

16. How is acetio acid obtained on a large soale? How oan it be 
convorted into (a) monochloroaoetic aoid (b) 60etyl ohloride (0) aoetio anhydride 
(a) acetamide (II) methylamin6 and (J) ethyl acetate. (Madurai B.Se., 1968) 

17. How is formic acid obtained in the laboratory? Mention its important 
rea!)tions. In what respects formic aoid differs from acetic acid? 

{Jammu & Kash.ll),ir B.Se.11969) 
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Dicarboxylic Acids 

I TnOMAS l\lIDGLEY, JR. 

(1889-1944) 
American: known for his studies in 
various tvpes of fuels and for the 
development of anti-knock agents 
including tetraethyllead. Midgley 
p~oduced the orgn~ic chloro-fluo. 
ride compounds, widely used as 

. refrigerants. 

As the name implies, the dicarboxylic acids contain two 
carboxylic groups in th_eir molecules. Of these most important are 
the straight-chain acids with the COOH groups at the terminal 
carbon atoms. The general formula for the series of normal 
dicarboxylie acids may be written as (CH2h(COOHh, where n for 
the first member is zero. The acids arc generally known by their 
common names which are derived from the origin or method of 
formation. 

ACID FORMULA l'II.P. °C 

Oxalic acid HOOC.COOH 187 
Malonio aeid HOOC(CH2)COOH 135 
Sucoinic acid HOOC(CH2 )2COOH 185 
Glutaric acid HOOC(CH2)aCOOH 97·5 
Adipio acid HOOC(CH2)4COOH 151 
Prinielic a.cid HOOC(CH2)5COOH )0:, 
Suberic acid HOOC(CH2)6COOH 142 
Azelaic acid HOGO(CH2)7COOH lOG 
Sebacio acid HOOO(CH2)sCOOH 131 

470 
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METHODS OF PREPARATION 

Th_,e methods of preparation of dicarboxylic acids are ana
logous to those used for fatty acids, only we have to develop two 
COOH groups instead of one .. 

(1) By the oxidation of diprimary glycols or hydroxy acids. 
Thus: 

CHaOH COOR 
I + 40 ~ I + 2H20 
CR20R COOR 

Ethylene glycol Oxalic acid 

CH20R COOH 
I + 20 ~ b + H 20 
COOR OOR 

Glycollic acid Oxalic acid 

(2) By the hydrolysis of dicyanides or cyano-flltty acids. 
CRaCN CR2COOR 
I + 4H20 -- I -I- ~NH3 
COOH COOR 

Cyanoacetio acid Malonic acid 
CH2CN . CH2COOH 
I + 2HaO ~ \ 
CODR tOOH 

Cyanoacetic acid Malonic acid 

This provides a method of obtaining dicarboxylic acids from 
alkenes as follows. Thus: 

Br2 KCN Hydrol. 
CaH4 ~ oaH4Brl! ~ C2H4(CN)a ~ C2H4(COaH)a . 

Ethylene Dibromide Dicyanide Succinic acid 

(3) By the action of precipitated silver on halogen. substituted 
fatty acids. 

,·Y·.OH2CH2COOH CHaCH2COOH 
~ ~ + 2Ag __ I + 2AgI 
[ I ~CH2lJH2COOH CH2CH2COOH 
~:todopropionic acid Adipic acid 

(4) By the reduction of unsaturated dicarboxylic aCIds. 
CRCOOH CHaCOOR 
II +H2 ~ 1 
CHCOOH CHaCOOR 

Fumari!) acid Succinic acid 

(5) By the electrolysis of salts of acid-esters of lower dicar
boxylic acids. 

K 00CiCHaCOOC2Rs CH2COOC2H s 
i ~ 2K + 2C02 + 1 

K. OOCjCH2COOC2H 5 CH2COOC2H s 
Pot. ethyl malonate Diethyl succinate 

(6) From Grignard reagents of dihalo.alkanes by reacti6n with 
carbon dioxide and subsequent hydrolysis. 

CB2Br Mg CBaMgBr CO2 CH2COaMgBr 
I ~I --I 
CRaBr CHaMgBr CHaC02MgBr 

Ethylene bromide 

H 20 CHaCOaR 
~I 

CRaCOaR 
Succinic acid 
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(7) By the action of dihalo-alkanes with Bodio malonic ester 
and subsequent hydrolysis. 

CHz iB·z,":Nii.PH(COOCzHs)z 
1:+: ---P 
c~;Br Na\CR(COOCzH sl2 

1, 2-Dibromoeth~~~"""S'odio malonIc ester 
H 20 CH2CH(COOH)z heat 

-- I ,~
CH2CH(COOH)z 

PHYSICAL CHARACTERISTICS 

CHzCH2COOH 
I + 2C02 
CB 2CHzCOOR 
Adipic acid 

(1) The dicatboxylic acids are crystalline solids, their melting 
points being much higher than the corresponding fatty acids. 

(2) They dissolve readily in water but the solubility falls ap
preciably with rise of molecular weight 

(3) Their solubilities and melting points show an interesting 
alternation. ~ An acid with an even nnmber of C atoms invariably 
has a much higher melting point and is much more soluble than 
the following acid containing an odd number. This is attributed to 
the fact that the carbon chains are arranged in zig-zag fashion 
(Fig. 211) and the COOH groups at the ends lie o~ the same side in 
odd· numbered acids and on the opposite sides in even-numbered 
acids. 

Fig_ 2)-1. Arrangement of carbon chains in odd and even numbered acids. 

- (4) They ionise in two steps apd are much stron1;Ser than the 
fatty acids. Thus: 

HOOC.CUz.COOR 
Malonic acid 

- + 
HOOC CHz.COO + B 

(')OC.CHzCOO + ~ 
Malonate ion 
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CHEMICAL CHARACTERISTICS 

The chemical reactions of dicarboxylic acids are mainly govern· 
ed by the reactiYity of the carboxyl groups. The behaviour of 
oxalic acid differs from that of the rest. of the members in certain 
respects since its molecule has no hydrocarbon chain and consists of 
two COOH groups only. 

{I) Replacement reactions of COOH group. The dicar. 
boxylic acids show the usual reactions of the caruoxylic group twice 
over. Thus, they form two series of derivatives according as one or 
both carboxyl groups react. For illustration, oxalie acid forms the 
following dl.'rivu,tives: . 

COONtl COOC2Hr, 

,bOOB booH 
Acid ~)fl. "lCalate Acid ethvi oxalate 

COCl 
I 

COOH 
(unknown) 

CONBa 

bOOH 
Oxamio acid 

OOONa COOC~H& COCi CONHa 

600Na 600caHv 60Cl dONHa 
Sod. oxalate Ethyl oxalate Oxalyl chloride Oxamide, 

(2)' Action of' heat. The action of heat on dicarboxylic acids 
is particularly interesting. 

U) Oxalic acid and malonic acid split out a molecule of carbon 
dioxide yielding fatty acids. 

heat 
B obci.cOOH ~ KCOOH ..l- CO2 

6iaii~ acid Formic RCI(! 

heat 
H;'06CjCH2COOH 

_ 
CH3COOH + CO2 

'Ma.lonic acid Acetic acid 

As a general rule, whenever two carboxyl qroup-s are. linked to 
the same carbon. one of them is ?'emot'fJd upon heating, 

(ii) Succinic acid and glutaric acid eliminate It molecule of 
water and form cyclic anhydrides. (Ba,eyel"s Strain theory), 

CH2-COOH 
I 

CHz-COOH 
Snccinio acid 

CH2-COOH 
HaC / 

"eHn-COOH 
Glutaric acid 

heat CHJ-CO, 
-_ I 0 + H 20 

CHz-CO/ 
Succinic nnhydridll 

(iii) The action of heat on bight'r members from adipic acid 
onward does nl)t cause any decomposition. 

, , (3) Decomposition of Ca-salts, The calcium ;;alts of higher 
"'carboxylic acids when distilled yield cyclic ketones 
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CH2-CH2COO" distil CH2-CH2 
, Ca --I> I 'CO + C .. (,03 

CHa-CH2COO / CH2-CH2/ 
Calcium adipate Cyclopentanone 

/CH2-CHa-COQ, distil / CH2-CH2, 
H 2C, /Ca _ H 2C, /CO + CaOOa 

CH2-CH2-COO CHa-CH2 
Calcium pimelate • Cyclohexanone 

TJle c.altJium salts of sebacic and azelaic acids also form cycH 
ketones but the yield is poor. 

(4) Oxidation. In general, the dicarboxylic acids. are stabl 
to oxidising agents. Oxalic acid is, however, oxidised with acidifie, 
potassium permanganate solution. 

COOH l{Mn04/H~04 
1 + 0 ~ CO2 + HIP 
COOH 

Oxalic acid 

INDIVIDUAL MEMBERS 

OXALIC ACID, (COOHhl.2HzO 

The acid has long been known, as it is widely distributed iJ 
the p1ant kingdom. It occurs as notassium hydrogen oxalate in thl 
wood sorrel (Oxalis ocetosella). rhubarb and tobacco. CalciuD 
oxalate has been found in lichens and ferns. Ammonium oxalate i, 
present in urine. 

Preparation. Oxalic acid may be produced by the oxidatiOl 
(Jf glycol and also by the hydrolysis of cyanogen. The followin~ 
methods are commonly employed for its preparation 

(I) In the laboratory oxalic acid is made conveniently by th( 
oxidation of cane sugar tsucrose) with nitric acid. ThE 
-CHOH.CHOH- units present in sucrose molecule are split out 
and oxidised to oxalic acid. The reaction is I!occompanied by copious 
nitrous fumes and the preparation is, therefore, carried in a fume 
chamber. 

(2) Oxalic acid is now obtained on a large scale by heating 
sodium formate to 3900 

HOOONa 3900 COONa 

~ H2 + c'OONn HCOONa a 

Sod. formate Sod. oxalate 

The sodium oxalate thus formed is dissolved in water and calcium 
chloride solution is allded to it. Calcium oxalate which is thrown 
out of solution is filtered and heated with a rel1uisite Cluantity of 
dilute sulphuric ncid. The calcium sulphate thus precipitated i 
filtered out leaving oxalic acid in solution. '1'he solution is coneen 
trated by evaporation to form cryst.alR of oxalic acid. 

(3) Oxalic acid is also obtained by the direct combination 
carbon dioxide with metallic sodium at 3600 

2002 + 2Na _ Ns
2
C

2
0

4 
S"d, oxalate 
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(4) Formerly the acid was prepared commercially by heatinr: 
saw dust (cellulose) at 240-2459 with a concen.trated solution of 
sodium hydroxide. The sodium ox'\late thus produced was extract. 
ed with water and lime added to It. The precipitated calcium oxa
late was finally trt'ated with sulphurIC acid in order to obtain oxalic 
acid. This method is now obsolete 

Laboratory Preparation. 30 gm. of coarsely powdered cane sugar are 
placed in a flat-bottom flask. 150 ml. of concentrated nitric acid is added to it 
and the flask is warmed on a water-bath As soon as reaction starts (marked 
by evolution of brown fumes) the flask i~ moved to a wooden block. When 
the evolution of brown fumef,'has ceased the contents of the flask are transfer
red to a chin& dish. The dish is heated ~n a water-bath until th .. bulk of the 
solution is reduced to 25 ml. The concentrated solution is now cooled in ice 
water when C1:ystals of oxalio acid separate. These are removed at the pump 
and recrystalhsed from hot water, and finally dried between pads of filter paper. 

f>'roper~es. Physical. Oxalic acid forms colourless prismatic 
crystals with two molecules of water of crystallisation. The melting 
point of the hydrated acid is 101·5° ; that of the anhydrous acid is 
1895°. The crystals of oxalic acid show efflorescence in air and the 
hydrated acid becomes anhydrous when carefully heated at 150°. It 
is solUble in water and alcohol but almost insoluble in ether. It is 

. an active poison 

Ohemical. Oxalic acid consists of two'COOH groups in direct 
union. It gives the usual replacement reactions of carboxyl group 
twice over. Also, the acid gives some peculiar reaction which 

, involves the rupture 9f the weakened linkage between the two highly 
$ oxidised carbon atoms. 

! (1) Replacement reactions. Oxalic acid forms two series of 
::isalts, esters, chlorides and amides according as one or both COOH 
'Igroups react. (See general reactions) . 
.;->\: 

~ 

~ (2) Action oJ' heat. When heated alone, oxalic acid decom . 
. , pOl;es abdve its melting point, giving formic acid and carbon dioxide. 

heat 

,':;'~ 

ROOC.COOlI --. RCO,OH + CO
2 Oxalic acid Formic acid 

;t'. (3) Action with glycerol. Oxalic acid reacts with glycerol to 
'mm formic acid or allyl alcohol depending upon experimental 

nditions. (See glycerol). 

(4) Action with H2S04. When ht'ated with concentrated sui. 
uric acid, it gives a mixture of carbon dioxide, carbon monoxide 
d steam. 

HOOC.COOH --+ H 20 + CO2 + CO 
Oxalic acid 

·s reaction may be used to prepare carbo!. monoxide in the labo 
"ry. 
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(5) Oxidation. in aqueous solution at 60n in the presence of 
dilute sulphuric acid, oxalic acid is oxidised by potassium permanga. 
nate to carbon dioxide and water. 

2KMn04 + 5H2C20 4 + 3H2S04 ~ K 2SOJ + 2~lnS04 + 10C02 + 8H20 
Oxalic acid 

Since this reaction is quantitative and oxalic acid is an easily 
purified solid, the substance is used in volumf'tric analysis for stan. 
dardizing potassium permanganate solutions. 

(6) Redu.ction. Oxalic acid is reduced by nascent hydrogt;n to 
6lycollic acid. 

CH20H coon 
I 
COOH 

+ 4H ~ I + H 20 
COOH 

Oxalic acid Glycollic acid 

It is a rare inst<tnce where COOH is reducer! easily. 

Uses Oxalic acid if; used: 

(1) for removing ink stains and for blf'aching straw for hats, 
since it reduces ferric compounds to more soLuble ferrous salts; 

(2) as a mordant in dyeing and calico printing; 

(3) as a standard subst~nce in volumetric titrations ; 

(4) as ferrous oxalate in photographic developers; 

(5) as potassium ferri oxalate, K3l?e(~04)3l for platinum prints 
in photography; and . 

(6) for the preparation of allyl alcohol and formic acid in the 
lahora.tory. 

Tests for Oxalic acid. (1) Warm a little oxalic acid in a test· tube 
with concentrated sulphuric acid ; carbon monoxide and carbon dioxide ill 
evolved without any charring. (Di8tinctionfrom lartaric acid). 

(2) Add dropwiso potassium permanganate solution of oxalic acid acidi
fied with sulphuric acid; the pink colour is discharged with the evolution of 
carbon dioxide ga.s. 

(3) Add calcium chloride solution to neutral solution of oxalic acid; a 
white precipitate of calcium oxalate is obtained which is insoluble in acetic 
acid. ' 

(4) Add ammonillcal solution of silver nitrate to a. neutral solution of 
oxalic acid, no mirror is formed on warming. (Di8tinction from tartaric acid. 

MALONIC ACID, CH2(COOH)2 

The acid occurs as calcium salt in sugar beet .. 

PreparatiQn. Malonic acid is prepared from chloroacetic acid 
by treating with potassium cyanide to give cyanoacetic acid, and 
subsequent hydrolysis. 

CH2 / 
CI KCN /CN 

--+ CHl!, 
Hydrol. /COOH __ CH 

"COOH 
ChlorolWetic acid 

IJOOH 
Cyanoacetic acid 

2"COOH 
Malonic acid 
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Properties ~'lalonic acid crystallises in large plates melting 
at 130-135° with decomposition. Upon heating it splits out a mole. 
cule of carbon dioxide, forming acetic acid. When heated with 
phosphorus pentoxide, it eliminates two molecules of water giving a 
highly unsaturated and very reactive substance, carbon suboxide. 

'if "cH{ 
"1 "T" 

O=C-.C ('=0 ~ o=c=o=c=o + 2HzO 
! 1 Carbon Bubo:ltide 

:ti"o····tf 

The carhon !>llboxide readily combines with water to give back 
mg,lonic acid, and with ethyl alcohol to form diethyl malonate. 

l\Ialonic arid exhibits the normal behaviour of dicarboxylic 
acius in forming salt!:> and esters. Its diet-hyl ester (malonic ester) 
is a valuable reagem m organic synthesis. 

SUCCINIC ACID, HOOC.CH2.CHz.COOH 

SucciniC' acid was tirst obtained as a product of the distillation 
of the fOSSil resin amber and hence its name (Latin: succinum= 
amber). It occurs widely in nature in numerous plants and unripe 
fruits. It IS produced in small amount during the alcoholic fermen. 
tation ot sugar. 

Preparation. (1) Succinic acid is prepared from ethylene 
bromide by treatmg with potassium cyanide and subsequent hydro. 
lysIs of the resulting ethylene cyanide. 

CHzBr KCN CHzCN Hydrol CHzOOOH 

bH2COOH 
Succinic acid 

6HzBr --+ bHzCN ~ 
Ethylene bromide Ethyl cyanide 

(2) It is obtained industrially by the' catalytic reduction 
of maleic acid. 

CHCOOH 
II 
CHOOOH 

Maleic acid 

Cat. CHaCOOH 
+ Hz --+ I 

CH2COOR 
Succinic acid 

Succinic acid can also be synthesised with the help of malonic 
ester synthesis. (See malo:r:lC acid). 

Properties. Succinic acid forms white m.onoclinic prisms, 
m.p. 115°. Its-solubility in water is lower than that of oxalic acid, 
one part of the acid dfssolving in 20 parts ofwat.er. , 

(1) It reacts with alkalis to form !'al ts, with phoSphoru's 
pentachloride to form succinyl chlorjde, and with alcohol to form 
esters. 

C:rI2COOCzH S 

bIltCOOC2H5 
Ethvl succinate 
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(2) When heated above the melting point, it forms succinic 
anhydride. 

CH2.COOH Heat CH2 CO" 
I --. I 0 + H 20 
CH2.COOH CH2.CO/ 

Succinio acid Succinic anhydride 

The anhydride reacts with ammonia to form succinimide, 

CH2.CO" CH2'CO" 
I /0 + NH3 -- I /NH + H 20 

CH2·CO CH2·CO 
Succinimide 

(3) The electrolysis of a strong solution of its potassium salt 
gives ethylene. The succinate ions furnished by the salt are 
discharged on the anode with consequent decomposition as follows: 

CH2COO Anode CH2COO CHz 
I -+ ---+ II + 2CO 
CH 2COO CH~COO CH2 

Succinate ion (Un8table) Ethylene 

Uses. Succinic acid is used in the perfume and dye industries, 
and also in medicine. It is employed as a standard substance in 
volumetric analysis. 

UNSATURATED DICARBOXYLIC ACIDS 

The two simplest and the most important unsaturated dicar
boxy lic acids are 

H-C-COOH 
II 

HOOC-C-H 
Fumaric acid 

H-C-COOH 
II 

H-C-COOH 
Maleic acid 

They form the best known case of geometrical isomerism (see 
page 114). FumariC' acid is the trans isomer, while maleic acid is the 
cis isomer. 

FUMARIC ACID 

Fumaric acid occurs in many moulds and the sap of a plant 
Fumaria officinalis, whence its name. 

Preparation. (1) It is formed by heating malic acid a~ 1500 

for a long time. 

heat 
ii ........ ~! 

HOOC.CH-clHcOOH __ HOOO.HC=CH.COOH + H 20 
Malic acid Fuma.ric acid 

(2) It is also obtained by the treatment of monobromo. 
succinic acid with alcoholic potash. 

i¥::::·.·:.~:i·i 
HOOC CH-CH.COOH + KOHalc ---+ HOOC.CH=CH.COOH+KBr+H20 
Monobromo-succinic acid Fumaric acid 
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Properties, When crystallised from hot water, fumaric acid 
forms small colourless prisms, m.p. 287°. It is sparingly solubl~ in 
cold water. . 

ChemICally fumaric acid gives the reactions of an alkene and 
also of a dibasic acid. 

(1) On reduction with sodium amalgam, it forms succinic 
acid. 

HOOC.CH= CH.COOH + H2 --+ HOOC.CH2-CH2COOH 
Fumaric acid Succinic acid 

It also forms addition products with Br2, HBr, etc. 

(2) On mild oxidation with potassium permanganate, it yields 
racemic tartario acid. 

ROOC.CR=CH.COOH + R 20 + Oc. --+ ROOC.CR(OH).CR(OR)COOR 
Fumaric acid dl-tartaric acid 

(3) At the carboxylic groups it forms salts and esters. 

CRCOONa CHCOOCzHs 

CRCOONa 
Sodium fumarate 

CRCOOCzRs 
Ethyl fumarate 

(4) When heated at, 200°, it yields maleic anhydride. 
MALEIC ACID 

It does not o'ccur in nature. It is obtained. from malic acid 
by rapid heatJing to 200" and subsequent treatment of the resulting 
maleic anhydride with water,. It is produced commercially by the 
oxidation' of benzene with air at 450° using vanadium pentoxide 
as a catalyst. 

H 
C /, 

lie CR v20, 
II I + O2 ~ 

HC CR 450· 
,/ 

C 
H 

Benzene MaleiC' anhydride 

Properties. Maleic acid crystallises m large prisms, m.p. 
135° It is freely soluble in cold water. The chemical properties of 
the acid are parallel to those of fumaric acid. [t forms salts and 
esters; sodium maleate and ethyl maleate. Upon reduction it yields 
succinic acid. When oxidised with dilute potassium permanganate, 
it forms meso-tartaric acid (Of. fumaric acid). When heated alone 
(or with acetyl chlor~de) above 200°, it gives maleic anhydride. 

H-C-COOH heat H-C-CO 
II --+ II "0 + H 20 

H-C-COOH H-C-CO / 
Maleic aCId is converted to fumaric acid by heating at 2000 in 

a sealed tube, or l>y trea.ment with cold mineral acids. 
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QUESTIONS 
1. Nama the :first nine normal chain dicarboxylic acids. What conven. 

tions are followed in naminJt Bubstltuted acids of this series? 
2. Describe the· general methods of preparation and properties of o.li

pha.tic dicarboxyllc acids. How do you explain the alternation in some of their 
physical constants? 

3. 'Write notes on the action of heat on dicarboxylic acids and. on their 
calcium "nits. 

4. How does oxahc acid occur in nature? How is it prepared on a large 
scale? Deduce its constitutional formula. 

5. How IS oxalic acid obtained from carbon monoxide? How may 
oxalic acid De converted into formiC' aCid, carbon monoxide, cyanogen, and di
methyl oxalate ? 

6. How is malonic acid synthesised? Describe the action of heat on the 
acid. 

7. Describe the preparation and properties of succinic acid. How are 
succinic, mauc and tartaric acids related to one another? 

8. How is oxahc aCid prepared trom ta) saw dust and (b) carbon 
monoxide? State the action of (i) heat, (ii) concentrated sulphuric acid, (iii) 
acidi:fied potassium J:lermanganate and (iv) glycerol. 

(Panja& B.Sc. 11, 1965) 
9. Describe briefly the preparation of maleic and fumaric acids. Discuss 

their isomerism. ,(Aligarh B.Sc.II, 196'1) 
'10. GIVe the general methods of the preparation ot auphatic saturated 

dicarboxylic aCids. What is the action of heat on the dicarboxylic acids where 
the two- oarboxylic groups are separated by none, one, two and three carbon 
atoms? Give the mdustriai methods of preparation of and the chemical reac
tions of oxalic acid. (Marathwada B.Sc., 1968) 

11. Discuss the chemistry of simple dicarboxyhc acids. 
(Viswa Bhnrati B.Sc., 1969) 

12. How is oxalic acid prepared on a commerCial sCllle? What is the 
action of- , 

(a) urea (0) acidified KMn04 (c) POlo on oxalic acid. 
. (Kurukshetra B.Sc., .19(9) 
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Substltuted 

Acids 

MICHAEL FARADAY 
11791-18(7) 

English. Although best known as a 
Physicist, he did important work in the 
field of organic chemistry. He prepared 
ethylene iodide, organic chlorides; pro
ved the isomerism of ethyl one and buty-, 
lene ; extracted benzene from oil gas. 

They are the derivatives of organic acids in which one or more 
H·atoms of the alkyl radical have been substituted by other atoms 
or groups such as 01, OR, NH2, etc. Thus acetic acid forms the fol
lowing substItuted acids. 

Cl.CH2COOH Chloroacetic acid 
HO.CH2COOH Hydroxyacetic acid 
H 2N.CH 2COOH Aminoacetic acid, etc. 

The substituted aCIds are called Chloro, Hydroxy-, Amino. 
acids, etc. after the name of the su bsti tuent. According to the Greek 
letter system the higher members are designated as ex, !=l, y or a 
according to the position of the substituent on the carbon chain. 

a y ~ IX 

C-C-C-C-COOH 

Thus, the three mono·hydro:s:v butyric acids are named as follows: 
CHaCH2CHOH.COOH ex-Hydroxvbutvric acid 
CHaCHOH.CH2.COOH ~-Hydroxybutyric acid 
CH20H.CH2.CH2.COOH y-Hydroxybutyric acid 

481 
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The IUPAC names of substituted carboxylic acids are derived 
by prefixing the number of the carbon carrying the substituent 
group, the carbon of the COOH being designated as No. 1. Thus: 

ClCH2COOB. 

CH3CHCOOH 
I 
Cl 

CHaCH2COOH 

J)H 

IUPAC NAME 
Chloroscetic sci d, or 
Chloroethanoic acid 
2-chloropropionic acid, or 
2-chloropTopo.noic aci9, 

3-hydroxypropionic acid 
3-hydroxypropanoic. acid 

CH2CH2CHaCOOH 4·aminobutanoic acid 
I 

NH2 

1. HALOGEN-SUBS'!:ITUTED ACIDS 

They are o.er'ived from acids by substituting one or more H
atoms of the hydrocarbon radical by CI, Br or I atoms. Thus acetic 
acid forms three chIoro-derivative!> 

CH2CI.COOH CHCI2.COOH CCla.COOH 
MOIlochloroscetic acid. Dichloroacetic acid Trichloroacetic acid 

Methods of Preparation. (1) Direct Halogenation. The 0(

chloro and bromo acids can be obtained directly by the action of 
halogens on acids. Thus: 

CH3COOH + CI2 --+ CH2CICOOH + Hel 
Acetic sci'd Chloroacetic acid 

CH3CH2COOH + Cia --+ CHaCBCI.COOH + HCI 
Propionic acid 2.Chloropropionic acid 

The reaction is facilitated by heat or by addition of a catalyst 
(lor Pl. 

lodo acid!:' are generally obtained by the reaction of a .:hloro 
or bromo acid with potassium iodide 

CH2CI.COOH + KI ~ CH2I.COOH + KtJI 
Chloroacet.ic acid Iodoacetic acid 

Acids above acetic acid are IJalogenated with great difficulty. There
fore, the acid is first converted to acid halide which is readily halogenated and 
then the COOH group is restored by hydrolysis. (Hell.Volhard·Zelinsky 
Method). 

Thus: 
PBrs Br2 H 20 

CSH7COOH --. CaH7.COBr --> C?B.r,cHBrCOBr ~ C2H 5·CHBr.COOH 
Butyric acid' 2-Bromobutyric acid ct-Bromobutyric acid 

(2) Action of hydrogen halide or phosphorus halide on a ky
drox_y acid. 

CH3.CHOHJCOOH + HBr ~ CHs.DHBr.COOH + H20 
Lact.ic acid 2-Bromopropionic acid 

(3) Direct addition of hydrogt:1t hali,ies to unsaturated acids. 

CH2=CH.COOH + HBr ~ CH2Br.CH2CODH 
Acrylic a.:id 3-Bromopropionic acid 
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This method yields ~ and y halogenated acids. 

(4) lIulogenation oj monoalkgt maionio acids. The ~-chloro 
and.~-bromo acids can be prepared conveniently by the halogena
tion of a monoalkyl acid and subsequent heating. 

/
COOH Br2 /COOH heat 

ROH ---+ RCBr --Jo RCRBr.COOR + COs 
'COOR 'COOR 2-Bromo acid 

Alkylmalotlic acid 

General Properties. Physical. Halogen.substituted acids 
are colourless liquids or solids at room temperature. They dissolve 
in water giving strongly acidic solutions. They are very much 
stronger acids than the parent fatty acids. The influence of halo
gens in regard to the strength of the substituted acid is in the order 
Cl>Br>I and it also depends on the number and position of 
halogen atoms present. The trichloroacetic acid is about 20 times 
as strong as dichloroacetic acid and the latter is five times as strong 
as monochloroacetic acid. 

Ohemical. The halogen-substituted acids give reactions of 
alkyl halides on one hand and of the carboxylic acids on the other. 
Thus at the COOR group they form salts, esters, chlorides and anhy
drides ; while the halogen atom can easily be exchanged for OR, 
NH~, CN and other groups. 

The behaviour of halogenated acids on treatment with aqueous 
alkalis is particularly interesting inasmuch as it depends upon the 
position of the halogen in the molecule. 

(i) ~.Halogen acids hydrolyse to form hydroxy acids. 
CRaCl.COOR + R~O ---+ CR20R.COOH -+- HCl 

Chloroacetic acid Glycollic acid 

(ii) ~.Halogen acids split out a molecule ofhalogeu halide giving 
unsaturated acids. 

CHaCl.CHsCOOH ---+ CH2.CH.COOH + HOI 
~-Chloropropionic Acrylic acid 

acid 

(iii) y- and ~,Halogen acids firstform the corresponding hydroxy 
acid which then eliminates It molecule of water yielding internal 
es ter called lactone. (See action of heat on hydroxy acids.) 

CICHs.CH2.CH2.COOH ---+ CH2.CH2.CH2.CO + HCl 
y.Chlorobuiyric acid I b 

Lactone 

The higher halogen acids form hydroxy acids. 
MONOCHLOROACETIC ACID, CHsC1.COOH 

Preparation. (1) Monochloroacetic acid is prepared on a 
technical scale by passing chlorine into glacial acetic acid at 100° in 
the presence of red phosphorus. 

(Red P) 
CH3COOR + CIs ---+ 
Acetic acid 100° 

CH2CJ.COOH + HCl 
Chloroacetic 

acid 



484 TEXT-BOOK OF ORGANIO CHEMISTRY 

(2) It is also prepared industrially by the hydrolysis. of tri
chloroethylene (which is obtained by warming 'Westron' with milk 
of lime), by agitating it with 90 per cent conc. sulphuric acid. 

Cl Cl Cl CI 
I, . Cone. H 2S04 I I 

H-C=C-Cl + H 20 ~ H-C-C-Cl 
I, 1, 2-Triehloroethylene I I 

H OH 

CI CI CIOH CI 

H-6-6-Cl 

ir bH 
Hydro!. 

H-Lb-OH 
I I 

_ H_6-.:c"0 + H
2
0 

I 'OH 
Ii OH H 

Chloacetic acid 

Properties. Monochloroacetic acid is a crystalline solid, m.p. 
G:?o. It is soluble in water and has corrosive action on the skin. 
L'pon hydrolysis with aqueous alkalis, it yields glycollic acid. 

CH2Cl.COOH + H 20 _ CH20H.COOH + HCl 
Chloroacetic acid Glycollic acid 

It reacts with a concentrated aqueous solution of ammonia to 
form aminoacetic acid. 

CH2Cl.COOR + 2Ntl.a _ CHaNR2.COOR + NH,Cl 
Chloroacetic acid Aminoacetic acid 

Monochloroacetic acid i" used in the synthesis of indigo. 
Dichloroacetic acid, CROI2.OOOH. It is best prepared by heating 

('hloral hydrate with potassium cyanide in aqueous solution. The potassium 
cyanide helps in splitting out ROI from the molecule of chloral hydrate yielding 
the unstable enol which readily ketonises to dichloroa<!etic acid. 

Cl OR Cl OR 
I I KCNoQ I I 

CI-C-C-OR ~ Ol--C=C-OR 
I I (Unstable) 

lOI li~ 
Chlor'aT"hydrate 

Cl 
I 0 

CI-C-C" 
I 'OH 

R 
Dichloroacetic acid 

Dichloroacetic acid is a colourless liquid, b.p. 194° It is soluble in 
water and upon hydrolysis by boiling with water it gives glyoxylic acid. 

Hydro!. 
CHC12COOH _ CH(OR)2.COOR _ CHO.COOH + H

2
0 

(Unstable) Glyoxylic acid 
Trichloroacetic acid, CCla.COOH. It is prepared by oxidising cMoral 

with concentrated nitric acid. 

COla.CHO + 0 _ CCla.COOR 
Trichloroacetaldehyde Trichloroacetic 

acid 

. ~richloroac~tic acid i!! a c?iourJess crystalline solid, m p. 57°. When 
bOiled With water, It deC'omposes mto chloroform and carbon dioxide. 

CClaCOOH -.... CHCla + CO2 
Trichloroacetic Chloroform 

acid 

The eas.:> with which C-to·C linkage is broken here is due to the 
fact that it is weakened being heavily loaded with electronegative 
atoms. 



SUBSTITUTED ACIDS 485 

2-. HYDROXy-FATTY ACIDS 

They are derived from the fatty acids by replacing a hydrogen 
of the hydrocarbon radical by a hydroxy group. They are na:n;ed 
by prefixing 'hydroxy' to the name of the parent acid. The posl.tlOn 
of the OR group is denot.ed by the letters (1., ~, Y and a as described 
before. Thus: 

CH20H.COOH Hydroxyacctic acid (glycollic acid) 
CH2,CHOH.COOH cr:-H¢roxypropionic acid ~lactic acid) 
CH20H.CHz.COOH ~-Hydroxypropionic acid (hydracrylic acid) 

Methods of preparation. (1) By heating halogen substituted 
acids with water. 

CHzCl.COOH + H20 --+ CH20H.COOH -+ HCI 
Chloroacctic acid Glycollic acid 

(2) By the action of nit.rous acid (sodium nitrite and dilute 
mineral acid) on amino acids. 

CH2NH2.COOH + HNOz ~ CH20H.COOH + N2 + H 20 
Aminoacotic Ilcid 

(3) By reactions of hydrogen cyanide with an aldehyde or a 
keton~ forming a cyanohydrin and subsequent hydrolysis. . 

CHs'\, +HCN CHa.... 10H HydroJ. CHa, 10H 
C=O --+ 'C ---+ C HI H/ ~CN HI ~COOH 

Acctalaehydo cr:-Hydroxypropionic acid 

(4) By the oxidation of glycols containing one primary alcohol 
grouping. 

CH20H.CB20H + 20 -~ CH20H.COOH + H 20 
Glycol Glycollic acid 

(5) By the reduction of aldehydic or ketonic acids. 

CHs.CO.COOH + 2H ---+ CHaCHOH.COOH 
Pyruvic acid cr:-Hydrox',uropionic acid 

General Properties. (Physical). The hydroxy acids are 
colourless crystalline solids or syrupy liquids. Their melting and 
boiling points are much higher than those of the parent fatty acids. 
They are extremely soluble in water but less so in alcohol and ether.' 
They are stronger acids than the corresponding fatty acids. 

(Ohemical). The hydroxy-fatty acids respond to the usual 
reactions of the carboxyl group and the alcoholic OR group. Thus, 
at the COOH group they react to form salts, esters, amides and acid 
chlorides ; while at the OR group they underg!)· oxidation, form 
metallic derivatives, esters, and chlorides. The OR and CO OR 
groups may also react together to form esters. The action of heat 
upon hydroxy acids is of speciai interest as it yieldS different 
products depending upon the relative positions ot the two functional 
groups in the molecule. 



- 486 TEXT-BOOK OF ORGANIC CHE~IISTRY 

(1) !X-Hydroxy acids form cyclic diesl-ers by rea('tIOn between 
COOH and OH groups of two different molecules. 

CH90!:Fi·········IiO\oC CH
2
-O-CO 

1.·······················1-.1 +2H2.0 
co :OiI········HiOH,C CO-O-bH 

. _ ••.........•.•. ~ 2 
Glycollic acid Glycollide 

Lactic acid yields an analogous nyclic diester, lact·ide. 

(2) ~.Hydroxy acids undergo dehydration by splitting out OH 
and H froro adjacent carbon atoms, giving unsaturat~d acids. 

\?.'f.~ ......... ::::~) 
. I I 
CHaCB--CH--:CO~H -- CHa.CH=CH.COOH + H20 
~-Hydroxybutyrlc aCid Crotonic acid 

(3) y- and a-Hydroxy acids form cyclic esters or 'lactones' by 
losing a water moleoule between the COOH and OH groups of the 
same molecule. 

, 
CH2·CH2·CH2.CO 

:&iI·················Hih --

CH2·CH2.CH2·CO 

I b 
"'(-Hydroxybutyric acid Butyrolactone 

GLYCOLLIC ACID, HYDROXYACETIC ACID, CHzOH.COOH 

It is the simplest hydroxy acid known and occurs in unripe 
grapes, sugarcane and tomato. It is generally made by heating the 
aqueous solution of chloroaoetic acid with barium carbonate. Tech
nically it is prepared by the electrolytic reduction of oxalic acid. 

ROOC.COOR + 4H __ CHlIOR.COOR + R 20 
Oxalic acid Rydroxyacetic acid 

Properties. When crystallised from water, it forms colourless 
netldles, m.p. 79°. It is readily soluble in water, alcohol and ether. 
It gives the reactions of a primary aloohol and of an acid. Upon 
oxidation it first forms glyoxalic acid and then oxalic acid. 

CHIOH CHO COOH 

bO~H ~ tOOH -- dOOR 
Glycollic acid Glyoxalic acid Oxalic acid 

When heated above its melting point, it yields glycollide. 

LACTIC ACID, (l,HYDROXYPROPIONIC ACID, CRa.CHOR.COOH 

Lactic acid is the main constituent of milk that has gone sour 
and hence its name (Latin, lac=milk). It is found in blood and 
muscle tissue of human body, where it is formed by t,he decom
position of glycogen, (C6H1oOS)n. This reaction furnishes energy 
needed for muscular work. The latic acid produced in muscles is 
then reconverted into glycogen during rest. 

Lactic acid molecule contains an asymmetric carbon atom alld exhibits 
optical isomerism. Ordinary lactic acid is the rp,cemic mixture. Dextro-Iactic 
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acid or Sarcolactic acid (Surx meaningJlesh) is obtained from fatigued muscles 
by (>xtrnction with solvent!!. Laevolactic acid is prepared l'y the fermentation of 
lactose, glucose or sucroso under the influence of B. acid ilaevolatiei. 

Preparation. Lactic acid may be obtained: 

(1) By hydrolysis of IX chloropropionic acid. 
CH3.OBOI.COOH + HOH ~ OHa.OnOH.COOH + HOI 

(X-Ohloropropionic acid a-Hydroxypropionic acid 

(2) By hydrolysis of acetaldehyde. cyanohydrin. 

OHa" +HON OHa" /ON Hydrol. OHa, /OOOH 

/
C=O __ /C -. IC' 

IT H 'OH 1I OH 
Acetaldehyde Cyanobydrin ]~actic.acid 

(3) By oxidation of propylene glycol. 
(H20+O) 0 

OHa·CH= OH2 --t CHa.CHOH.CHzOH __ Oll3·CHOH.COOH 
Propylene Propylene glycol Lactic acid 

(4) By lactic fermentation of sugar. Lactic !tcid is obtained on 
the technical scale by the fermentation of sugars (molasses) on 
treatment with sour milk which contains B. acidi laevalactici. The 
-l£lYIDl:m"\:at1tm pYocl':el\'i'I ue'i'lt 11) l)\yutn\ so\utlou at ?>'1 0

• 

C12HzzOll + H 20 -- C6H120 6 + C6H1Z06 
Sucrose Glucose Fructoso 

COH 120 G ~ 20Ha CROH.COO:S: 
Lactic acid 

In actual practice a dilute solution of molasses is treated with 
sour milk in the presence of powdered chalk (ct\>lcium carbonate). 
The lactic acid as soon as it is produced combines with calcium car. 
bonate forming sparingly soluble calcium lactate. This is filtered 
off and treated with dilute Fulphuric acid. The Iv.ctic acid set free 
in aqueous solution is recovered by distillation in vacuo. 

Lactic acid is also made from starch by first hydrolysing it to 
sugars and then carrying on fermentation as described above. 

Properties. (Physical). Pure lactic acid is a colourless, crys-' 
talline solid, m.p. 18°. At ordinary temperature it is a syrupy liquid. 
It has a sour taste and is miscible in aU proportions with water, 
alcohol and ether. 

(Chemical). Lac~ic acid is at once a fatty acid and a seco.n
daryalcohol. Thus it gives the following reaction@ : 

(1) FORMATION OF SALTS AND ESTERS. Laotic acid is a mono
basic acid and thus forms metallic salts and esters. 

OHa.CHOR.COONa CHa.CHOH.COOC2H s 
.Sodium lactate Ethyl lactate 

(2) ACTION OF HEAT. When the acid is heated under ordinary 
pressure, it forms a lactide. 

CH3.CHorfi Holoc 
\ 1 ••• · ......... • 

co !?~::::~ 'OH~.CH5 
Laotic acid 

(2 molecules) 

beat CHa.CH-O-OO 

-- : I + 2HtO 
0C-0-HO.CH3 

Laotide 



488 TEXT·UOOl{. 011' OllQANlO OHEMISTRY 

(3) AO'l'tON W1TH H 2S04• When heatt'd to 1300 with dilute 
sulphurio lIaid, laotio aoid deoomposes to yield al,lotaldehyde and 
formio aoid. 

• 130' 
ORa.OHOH,COOH ........, OH;,OHO + HOOOR 

La.ctio aoid Ao~taldllhyde FQfllUO acid 

If heated with conoentrated sulphurio aoid. the de<lomposition 
takes pla()e as above but the formio aoid is deGomposed further to 
CO and H~O. (Pest). 

(4) AOTION W1TH P015• Both the OR and OOOR groups' are 
attacked by pllOsphorus pentaohloride forming laotyl ohloride. 

ORB.OHOH.COOH + 21'015 __ CRlIOHOl.QOQI t llPOCla + 2ROl 
Laotb noid Laotylohloride 

(5) OXIDATIQ:N. Upon oxidation with potassium permanga. 
nate solution. lll.Otio aoid yields pyruvio aoid. 

ORs.OHOll.COOH + 0 ~ ORa.OO.COOll + RIO 
Laotic agld , Pyruvio acid 

(6) AOTION WITH HI. When laotio aoid ia boiled with con· 
centrated aqueous solution of hydrogen iodide, it is reduoed to 
propionio aoid. 

ORa.CHOH.COOH + HJ 
La.ctlc aoid 

----) ORa·OHf.COOH + RaO 
tt.Iodopropionio 

acid 
CBs.eIll.COOll + HI -+ OHa. CHa.COOH + 12 

Propionio ~cid 

(7) IOPoll'onM RE.A.QTION. Like other orgb.nio compounds (lon· 
tllini:ng the group CII3.0HOH~J laotio aoid also forms iodoform 
when tl,'en.ted with iodine and alkali. (Pest). 

e 

Uses. Laotio Mid is uaed as a mordant for dyeing wool; for 
deUming of hides in tanning: Ilnd as acidulant in. candles. Its 
salta: calcium lactate Ilnd iron la:ota.te are used in medioine to make 
up the defioienoy of oaloium and iron in the body. Ita eaters~ 
ethyl and butyll!\otate~are omployed as solvents in the plastic 
industry. 

HydracryUc acid, ~·li ydrq;!)YllrQPlonic acid. OHu0H.OlIa.COOH. It 
roilY be pf(lpared by the hydrolysis of ~·Qhloropropionia Mid with moist silver 
Qxide, 

'cHaOl,OB~,OOOH + AgOH ~ OHaOH.OHa.COOH + AgCI 
I1'Qh IQfOpropiqnlo 

aoid 

or by the &etiQU QfpQt~8Si\lm oYllnide on othyhmc ohlQrohydrin anrll!ubsequent 
hydrolyaili. .. 

OHIIOH ~ON 
I -+ 
OHaOI 

Hydro!. 
-----) 

PTQPt'#f~. Hydra(ll'ylia "'old ia I} thick syrupy liquid fil\~ give!! the 
U8Uall'IlIICtiona of OR aud eOOH Rl'QUPII. When neMed alone, 01' with dilute 
aulphurio Mid, it aplltij out a moleoule of wilter gtving aorylio &tid. 

QBaOR.OHa.COOH ........ OH,,,.,CH.COOB + R,O 
Ac:cylio ncid 



Upon Qxid8;tivn with ohrQII\lo 8;l)id, bydT!Hlf3lio add yi~ld8 JUI\h.mio aoid, 

ORIOn.OH •• OOOH + 2(0] ~ lIOOO.OUe.OOOR +- HeO 
Malonillaal{l, 

SOME HYDllO~Y·l'Or.YllASlO .t\CIPS 

MAl.IC AOID, MONOHVDRQXYSUCCINIO AOU) 

Malic aoid was first iaol(l.ted by Soheelo (1786) from unripo 
apples fl.nd henoe ita name (Latin. muuh,m=o.pplo). It 0;1110 OQQura 
in grapes and berriof3 of the mountain !l.ah. 

Prepara dOD. (I) Ma.lio aoid is lreat pl'epa.red from unripe 
mountain· ash b(lrrios by extraQtion with boiling wat~r. 

(2) It may be obtained by tho treatment of bromoauooinlo 
ll.\lid with moist silver QxiLle. 

Br.CHCOOH HO.OHOOOll 

bH~OOOH + AgOH --+ 6a
a
Qoolt + AgBr 

Monobromosuccinic acid Malic acid 

(3) It is prepared technically by heating maleic acid (obta.ined 
from benzene) with dilute sulphuric acid or oaustic soda solution. 

OHOOOR 
II 
CHCOOH 
Maleic acid 

(4) It may also be made by the partial reduction of tartaric 
acid with hydriodic acid. 

CH(OH)COOH 
I + 2HI --+ 
OHlOIl)COOH 
Tartar!c acid 

CH(OH)COOH 
I + H,O + I~ 
O1I2COOR 
Mahcacid 

Properties. (Pl~y8ical). Owing to the presence of an asym. 
metrio oarbon atom in the molecule, malic aoid exhibits optioal iso. 
merism. 

Ho-b*-coaH , 
eHlCOOE! 

The acid obtained froIn n""tural souroes is laevo.rotatol,'Y ; the 
aQid prepared by synt4etic methods is racemic mi;xture while the 
acid made by reduction of d. tartaric aold with hydriodio aQid is 
dextrorotatory. 

Both dextro (l.nd laevo malic aoids forIn <}olourless oryata.ls 
melting at 100°. The dl.aoid nelts at 130°. Malio aoid is soluble 
in water and alcohol. 

(Ohernical). Malio aoid is a.t Qnoe a secondary II-Ioohol and a 
dicarboxylio aoid. 
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(1) When reduced with hydriodic acid, it yields succinic acid 

CHOH.COOH CH2COOH 
I + 2HI __ I + H 20 + J 2 
CH2COOH -CHzCOOH 
Malic acid Succinic acid 

(2) On regulated oxidation it is convertcd into oxal.ncetic 
acid. 

CO.COOH CHOH.COOH 

6H2COOH 
Malic acid 

+ [0] __ r + H 20 
OHzCOOH 

Oxal-bcetic acid 

(3) When heated, malic acid splits out a molecule of water 
forming fumaric acid and maleic acid. 

i I:i:O'-CH.COOH heat CR.COOH 
! ~ I -- II + H 20 
L ... ~: -CH.COOH CH.COuH 

Uses. Malic acid is used as a purgative in medi-cine and also· 
as a remedy for sore· throat. It is hlso used as a substitute of citric 
acid in beverages. 

TARTARIC ACID, DIHYDROXYUCCINIC ACID 

It is the classical example of a compound having two asym
metric carbon atoms: 

*CH(OH)COOH 

*CH(OH)COOH 

Thus it exhibits the phenomenon of optical i.somerism and exists in 
four forms: dextro, ]aevo, meso and racemic. Ordinary natural acid 
is the dextro variety. 

Tartaric acid occurs in grapes, tamarind and other fruits either 
free or as potassium acid salt. During the later stages of fermen· 
tation of grape juice to wine, the potassium tartarate is thrown out 
as a brown crust, known as argol or tartar. In 1769 Scheele first 
isolated tartaric acid from argo! and even today it continues to be 
the chief source of industrial acid. 

Preparation. Argol which is crude potassium acid tartarate, 
is dissolved in boiling water and the solution is nearly neutralised 
with milk of lime. The potassium acid tartarate reacts with lime 
to form normal potassium tartarate and insoluble calcium tartarate. 
The calcium tartarate is separated by filtration, and calcium ehlo. 
ride is then added to the filtra te when the normal potn.ssium salt is 
also precipitated as calcium tartarate. 

CH(OH)COOK CH(OH)COOK CI:l(OH)COO, 
2 . + Ca(OH)2 ---+ I + Ca+ 2HaO 

CH(OH)COOH CH(OH}COOK CH(OH)COO/ 
·Pot. tartnrate Cal. tartarnte 

CH(OH)COOK 
I + aCI2 --
CH(OH)COOK 

CH(OH)COO, 
I Cn. + 2KCl 
CH(OH)COO I ~ 
Cal. tartnrate 
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The calcium tartarate obtained in the two steps is washed with 
water and treated with calculated quantity of dilute sulphuric acid 
which precipitates calcium sulphate and liberates tartaric acid in 
solution. The calcium sulphate is removed by filtration.and the 
solution of tartnric acid is concentrated and crystallised., 

Properties (Physical). Dextra tartaric ncid crystallises in 
large monoclinic prisms without any water of crystallisation. It 
melts at 167-170°. Itis readily soluhle in alcohol but insoluble in 
ether. The solution in water is extremely sour and is dextro
rotatory. However, upon heating, the solution is rendered optically 
inactive owing to racemisation. 

(Chemical). Tartaric acid is at once a dicarboxylic acid and 
also a disecondary alcohol. 

(1) As a dibasic acid it forms acid and normal salts and esters. 
Two of its important salts are: 

CH(OH)COONa CH(OH)COO(SbO) 

~H(OH}COOK bH(OH)COOK 
Sod. pot. tartarnte Pot. antimonyl tartarate 

(Rochelle sa.lt) (Ta.rtar emetic) 

(2) Action of heat. When heated above its melting point, 
tartaric acid split.s out a molecule of water and forms anhydritIe. 

CH(OH)COOH CH(OH)CO" 
I ~ I 0 + H 20 
CH(OH)COOH CH(OH)CO/ 
Tartaric acid Tartaric anhydride 

On strong heating, the acid is decomposed into free carbon 
and a variety of other compounds. When heated with concentrated 
sulphuric acid, it rleposits carbon rapidly and a mixture of CO, CO2 

and 802 is evolved. 

(3) Reduction with H 1. As an alcohol, tartaric acid is redu,ced 
by warming with concentrated hydrioclic acid, first forming malic 
acid then &uccinic acid. 

CHOH.COOH 

bHOH.COOH 
Tartaric acid 

CH2COOH 

CHzCOOR 
+ 2HI ~ 6HOH.COOH + H 20 + III 

l\Ialic acid 

CH2COOH 
I + 2HI -- I + H 20 + III 
CHOH.COOH CH2COOH 

H ydroxysuccinic 
, acid 

Succinic acid 

(4) Oridation. Tartaric acid is very sensitive to' oxidising 
gents and gives a silver mirror when warmed with ammoniacal 
ilvcr nitrate. On oxidation with hydrogen peroxide it forms 
dhydroxy maleic acid. 

H-C(OH)COOH 
I 

H-C(OH)COOH 
Tartaric acid 

C(OR,COOH 
n 
C(OH)COOH 

Dihydroxymaleic 
acid 
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Wit!l strong oXidising agents, tartaric acid is converted to 
oxalic acid, 

(5) F(Jr'm(1t~o'n of complexe8, Like other pOlyhydroxy com
pounds, tartaric !told provents t~e precipitation of. hydroxides of 
~MV,Y ~etala o~mg to the ~ormatlOn of soluble complex salts, The 
Fell,ltn(J B 8oluhon contnlntng cOpper Bulphate, Rochelle salt and 
SOdlUlll hydroxide relllli.lns clear, as the insoluble copper hydl'oxide 
first . formed goes into solution owing to the formatioh of the 
oomplex, 

Cu /o,ltCd,COONa 

'O.R ,COOK 
Fehling rengtmt (!omplex 

Uses, Tartaric ucid and its salts are used in mcdioine and 
industry, 

(1) Tartaric acid is used as uoidulant in making sweet dl'inlm 
(Sharbut8) , 

(2) SeidUt::; powder used us II. lo.xative, contains tartario acid in 
a. white wrapper aud a mixture of Rochello Mit nud sodium bieur· 
bono.te in the blue wrapper, When the powdt'rs nre dissolved in 
wa.ter separately and mixed, carbon dioxide gus is evolvod 

(3) Baking pOWdei'8 contain potn"j Lim aoid tartatate and 
sodium bioarbonate, When mixed with dough, thoy form cnrbon 
rlioxido during the baking proccas, This lends to all open texture jon 
breads and cak!.'!!, 

(4) Sodium potneaium tartarato is all'1o used ill tho communi· 
cations industry (miorophone or,vstals) nnd In mu.ldng of mirrors. 

(5) Fehling's st)lution (Jolltninlng sodium potassium tartarnte is 
used for detMting reducing ngt'l1ts e,g., nldehydes, 

(6) 1'artlLt' eIDetic, potassium antimonyl tartll.rat(l, whl?t1 adm:. 
nistered orally causes no.uS(lu. and votniting, It has, thcreforo, be on 
used as all olimintillt for poiflons takett into the stomach, It is also 
used as n. mordll.nt in dyeing und ctdico printing, 

Tests, (1) Tartario Mid chars rapidly when hllntl!d iii n tOHt-tuho And 
emits fin odour of burnt !lugnr, 

(2) upon henting with ooncentrnted sulphurio acid, it cha.rs with the 
ovolution of 00, OOu, SOg, . 

(3) A noutrnl nqueoul! solution ur ttL1'tUdl' ntlid when wnrtnOlI wllh 
IUfiliiotilnenl solution of silver nltruto. furms Ii. shining ttunot .. 

(4) Whrh ('111!.1ilttn ohlorldo is Addu\[ to a Mutrul ~oll1tion of tartndll 
acid, a white prccipitato of calcium tartaruto j~ obtRitled willeh dlsBol,:es. III 

sodium hydroxido. On boiling the solution tho preoipitate reappoars. (D!8tHtC
tion from Oxalic acid). 

(5) If tartaric Reid is mixed with a little ferrous sulphnte solytion, nnd 
.. fow drops 0(. hydrogen peroxide are added, nnd the el!:oeSI! of sodium hydr
vxide, a deep violet colour is produced. 

Structure. (1) As shown hy elementary nnalysis ami the determina
tion of moleculal' woight by the sih'or salt method, the molecular formula of 
tartario aoid Is C4HaOo' 
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(ll) It forms two sO!'io!! of salts and osiers (Mid and normal) and thus 
the moleoule contalnB two COOH groups. Further, siflt'e tartarlo acid does not. 
split out; n. molecule of carbon dioxide on lIentlng, the two cnrbox~l groups aro 
hnked to different onrbon niome. 

(8) Its ethyl ester roMts with ncnUc nnhydl'lde to form dincotyl derl· 
vativo which I!hOW9 tho presontJe of two on groups in tho molecule. Obviously 
these are linked to dlllrrent ('urbon ntolna nl! tnrtntlo ncM Ie quite a stnblo 
compound. 

(4) 'rnklng into oonsidoration tho ahove (Mts iho formula of tartario 
acid could be WI'litcn nil 

HO,...OH-OOOH 
I 

ltO oIt-Coon 
l:l) Tin .. ottudure oC tartario Aold 19 horno out by the fnct that it forms 

euccinio acid upon reduction With hydriodlo Mid. It hall boon further confirm. 
od by tho following synthesis frum glyool. 

('IriOa 0 cim RON OH(OH)ON HuO OH(OII)OOOH 
I _ - I ----+ I_ -+ I . _ 
('tr20R OHO CH(OH)ON OH(OR)COOa 
Glycol 1)ln\(lehyde m.oynnohydrin Tartnrio ncid 

CITRIC ACID, 2, HYDROXYPROPANE-l, 2, 3.TRIOARBOXLIO ACID 

Citrio arid occurs in runny fruits, especill.Uy unripe fruits of the 
citrus family (I.Y., lemon!'!, (lulgal:s and oranges. Lemon juice con. 
tains 7-10 per cent of t'itric add. 

Preparation. (1) In Italy citric noid is prepnred in large 
quantities from culled fruits (lelllOnfl) by (')ttrlloting the juice, boiling 
to C'oltgulate the protl'in Bubstanoe':! and neutl'alising with calcium 
oarbonato. 'rhe preoipitated oalolum oitrnte is oolleoted by filtration 
and tiet'otnpo~l'l1 with the cn.loulnted quantity of dilute Bulphuric 
acid. The oalr-ium sull'hllte thus precipiMted is removed by filtra' 
t\on and the solution of oitric Mid evaporated to orystn.msation. 

(2) In 1923, C.S.A. introduced IL new method ofproduoing 
citt'i(' acid by the mould fermentntion of carbohydrates. A dilute 
solution of molasses is ferment en by using oertain moulds (citrotny· 
cetl.'8). The mCt'hnui!!lttl. of this peouliar reactiOl1 is not yet cleaf. 
In U.S.A., England nnd Japan all the oitrio acid is now manufaotu
fed by this method. This method is also particularly suitable for 
India on nccount of huge qnnntities of molasses availnble from sugar 
mills. 

Properties. (PhY$ioal). Citrio acid forms large prismatic 
crystals containing one mole('ule of water of orystallisation. The 
hydrated acid loses its wnter of crystallisation when heated at 1300 

and then melts at 153°. Citric acid is not optioally aotive as it 
contuins no asymmetric ('arbon atom. It is readily solUble in water 
(lnd alcohol bllt is sparingly soluMe in ether. 

(Chemical). Citric acid is a hydroxy tribasic acid. The pasi-' 
tion of the OIl group is ex. with respeot to one COOH and ~ with 
respect to the others. ThuB it behaves both as an ec.hydroxy a.cid 
and II. ~.hydroxy aoid. 
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(1) It forms three seriel! of salts and esters. Thus: 
CHaCOOK CHaCOOK CH 2COOK 

~(OH)COOH 6(OH)COOH ~(OH)COOK 
I I I 

CHzCOOH CH 2COOK CHaCO OK 
Mono-potassium citrate Di-potassium citrate Tri.potassium citrate 

(2) It, re.~t.s with acetic anhydride to form monoacetyl 
derivative. ,-

CH.COOH CHaCOOH 
I I ~ 

C(OH)COOH + (CHaCO)20 --+ 
I 

C(0.COCH3)COOH + CH3COOH 
I 

CHaCOOH 
Citric acid 

CHzCOOH 
l'IIonoacetyl-citric acid 

(3) The alcoholic OR group is reduced by the action of hydri-
odic acid giving Tticarballylic acid. 

CHaCOOH CHaCOOH 
I I 

C(OH)COOH + 2H1 --+ CHCOOH + H 20 + 12 
I I 

CHa.COOH CHzCOOH 
Citric acid TricarbaUylic acid 

(4) When heated to 150°, nitric acid splits out a molecule of 
water to form aconitic acid (OJ. ~.hydroxy acid). 

CHa.COOH CH.COOH 
I 1500 II 
C(OH)COOH --+ C.COOH + HzO 

~H2.CQOH dHzCOOH 
Citric acid Aconitic acid 

(5) When heated with concentrated sulphuric acid, it yields 
acetone dicarboxylic acid (Of. lX.hydroxy acids). 

CHa.COOH . CHa.COOH 
I Conc. H 2S04 ; 

C(OH)COOH --+ CO + CO + HaO 
I heat I 
CHzCOOH CHaCOOH 
Citric acid Acetone dicarboxylic 

acid 

Uses. (I) Citric acid is \Ised for making lemonades and as a 
mordant in dyeing. 

(2) Sodium citrate is added" to milk given to babies a'! it 
prevents the curdling of milk in stomach and makes it more 
digestible. 

(3) Magnesium citrate is used in medicine as an antacid and 
laxative. 

(4) Ferric ammonium citrate on exposure to sunlight changes 
to ferrous salt and is, therefore, used in m3king blue· print paper. 

(5) Citric acid esters (tributyl citrate) are good plasticizers for 
lacquers and varnishes. 
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Tests. (1) Upon heating in a test tube, citric acid melts with out 
charring. However, on prolonged heating, cha.rring occurs a.nd irritating tumes 
are evolved. (Disti'YIctionfrom tart(lric aCid). 

(2) When heated with concentrated sulphuric acid, citric acid is decom
posed evolving carbon monoxide which burns with a blue flame at the mouth of 
the test tube. After some time tho decomposition proceeds with evolution of 
carbon dioxide and the blue flame goes out. . 

(3) When calcium chloride is addea. to a neutral solution of citric acid, 
no precipitate is produced. However, on boiling the liquid, a. white precipitat, 
of calcium citrate insoluble in potassium hydroxide is obtained. (Di8tinction 
from tartaric acid). 

Structure and Synthesis. (1) The molecular formula of citric acid is 
C6Hs0 7• 

(2) It forms three series of snlts and esters; hcnce it is a tribasic acid 
and contains three COOH groups in the molE-cules. Further since it does not 
split out a molecule of carbon dioxide 011 heating, no two COOH groups are 
linked to the same carbon in the molecule. 

(3) Citric acid forms a mono-acetyl derivati\'e '1\ ith acetic anhydride 
and, therefore, contains one OH group. 

(4) From the above considerations it is clear that citric aeid can have 
one of lhe following formula. : 

HO-HC-COOH 
I 

HC-COOH 
I 

H 20-COOH 
I 

H2C-COOH 

Ho-b-cOOH 
I 

H2C-COOH 
II 

(5) Citric acid can be syntllssised from glycerol by the following scheme; 

CH20H CH2Cl 
I HCl I 

CHOH ---+ CHOH 

~H20H dH2Cl 
Glycerol ex, y-Dichloroglycerol 

CH2(JI 
I KCN 

C(OH)CN __ 

I 
CHzCl 

Dichlor0acetone 
cyanohydrin 

CH2CN 

C(OH)CN 

dH2CN 
Dicyanoacetorie 

cyanohydrin 

0 -
CH2CI 
I HCN 
CO --I 
CHzCI 

ex, y-Dichloroacetons 

CH2COOH 
I 

C(OH)COOH 
I 
CH2COOH 

Citric acid 

Since the product of synthesis is identica.l with natural citric acid the 
structufo II fOf the acid is confirmed. 

3. AMINO ACIDS 

They are fatty acids in which a hydrogen of the hydrocarbon 
radical is replaced by --NH2 group. They are designated as, IX, ~, Y 
or a·amino acids according to the position of the NH2 group in the 
molecule. Thus: 

CH2NH2·COOH 
CH2·CHNH2·COOH 
CH2NHz·CH2COOH 

The amino acids are of 

Amin';acetic acid 
a-Aminopropionic acid 
I?>-Aminopropionic acid, etc. 

considerable importance m Bio-
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chomistry as many of them are produ()ed by tho hydrolysis of pro
teins. 

Preparation. Q(,·Amino acids can be prepared: 

(1) By the action of ammonia on halogen substituted acids. 
CH2Cl.COOH + NH3 ~ CH,'N1I •. oo6H + HCI 

Chloroacetio Bcld AmlnOllcetlo Rold 

(2) By the treatment of halogen.substituted acids with potas 
.Hum phthalimide and subsequent hydrolysis of the product. (Gab. 
riel .synthesi8). 

O
/CO,- O/CO 

~NK+ClCHBCOOC2HG __ /"NCHaCOOOQH6+KCI 
,/ Chloro.ethyl acetate ~ , 

co CO 

Pot. pltthlllimide 

0/00
, O/COOH 

, +NHa·ORu(:lOOlt 
/N.CHaCOOCaHg + aHaO --+ Arnln?nco. +OatrlJon 

, I ~... tio acId 
00 . 'OO@ 

(3) By reaction between an aldehyde alld hydrogen cyanide in 
the presence of ammonia and hydrolysis of the amino-nitrile hilS 
formeci. (Streker'88ynthesi8). . 

H, HeN H,c/on 
H/ C""O + -4 HI "ON 

Forma.ldehyde Oyallohydrin 

H, < OIt H, . /NHg 

1 0 + NHB - /0,- + HaO 
H ON H 'ON 

Al'ninooynnlde 

H /NRi 
'0 + NHa 

HI. 'COOH 
Aminoaoetic !Lcld 

In actual praotice the synthesis is carried in one operation by 
troating the aldehyde with a mixture of o.lUmonium ohloride and 
potassium cyanido in aqueous solution. Thus HON antl NIta for tho 
-reaotion and alka.li for hydrolysis nre produced in the reaction 
mixture. 

KON + HaO _. HCN + KOH 
KOll + NH"Cl ---+ KOI + NtIs + lIBO 

(4) By the formation 
and their reduotion. 

ClIO 
I + NHaOH 
cooiI 

Glyox~ lio acid 

of oximCB of aldehydiC or ketonio acids 

Ca:NOR 
I . + RaO 
Coon 
OXime 
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OHINOH 
I + 4H 
COOIl 

CHa.NHg 
~ I + HaO 

COOH 
Aminoaoetio aoid 
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General Properties. (Physical). The amino acids are colour
less, crystn.llinc substancos having high malting points. Most of the 
amino acids are sweet In taste. They are soluble in wat~r and insolu
ble in alcohol and ether. Their aqueous solutions are neutral to 
litmus. Alltheso properties aro indicative of their so.lt-like nature, 
This ia oxpla.ined by the Ju.oli that tho Mid and thi') basio group being 
present in tho sarno moleoulo. amino aoids form an 'internal salt' 
formula or 'Zwitter ion'. Thus: 

- + + H 2NCHg.dOOH ¢ H gNOH2.COO + H ~ RaNOH2.COO 
. Glycine . Zwitter ion 

Except glycine, they are all optically active. 

(Clwmicat). The ohemical bohn.vipur of amino aoids is a blond 
of thd't or the prilllal'y amines and of the fatty acids. However, the 
reaotivity of eQ('h functiotlal group is suppressed by the presence of 
tht\ I)t.h{'r. 

(I) At thfl rOOH group they form salts, esters, acid chlorides 
Iwd amides. Thus glycine yields the following derivatives: 

NHa·OHg.CaONa 
Snit 

NHa·CHg.COOCgH5 
Ester 

NIt~.(,Hg.caCl NHa.CHu.CONHu 
At'id chloride Amidll 

(2) At the nlnino group, the u.mino noitIs bohave lilto primary 
nminG":!. Thus the'y react with strong ut}td, +·0 form salts i olin be 
alkylntE'll tLtlt1l1('yh~tcd . 

• HOOC.OHIlNHg + BOI 
GlYCIne 

HOOO.CH2NHu + 06H5COCl 
Glycine Benzoyl 

chloride 

HOOC.OHgNHgHCl 
Glyolne hydrochloride 

HOOO.OHuNHC008It~ + HOI 
Bellzo.yi glyoino 

'rhey renct with nitrous acid to form hydroxy noids. 
ONOH 

+ 
llg N CllgCOOH -- H 20 r N2 + OHuOH.COOH 

AmilHlllcotic Mid Ifyd'roxynceti(1 ncltl 

(3) Ac'fIo':-< O},' REA'I". The behaviour of amino acids 011 heating 
is analogous to that of the hydroxy acids. 

(i) a-amino acids lose two molecules of ~ater between two 
molr('ulcs of the acid and form cyclic diamides. 

CH2.NHZ HOOC CH2-NH-CO 
+ I ~ I I + 2H20 

COOH H2NCH2 CO--NH~OH2 
Amlnoacetio ncid Dhunide 

(2 molecules) 
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(ii) ".amino acids split out a molecule of ammonia and yield 
unsaturated acids. 

i~H;""H~ 
·T·········r· 
CH2-CHCOOH 

~.Aminopropionic acid 

(iii)' y. and ~·amino acids lose,a. 
internal anhydrides called lactams. 

CHz : CR. COOH + NH3 
Acrylic acid 

molecule of water forming 

HNiH ' HorcO HN---CO 
f'" I --+ I I + H 20 
CH3. CH2.CH2 CHz.CH2·CH2 

y.Aminobutyric acid "(.Butyrolactam 

GLYCINE, AMINOACETIC ACID, CII2.NH2.COOH 

, It is the simplest amino acid known Since it has a sweet 
taste and was first isolated by the hydrolysis of glue, it is commonly 
named as glycine or glycocoll (Greek, glycys=sweet; colla=glue). It 
occurs in urine of horse as hippuric acid (hippos=horse) or benzoyl. 
glycine from which it can be obtained by hydrolysis with hydro. 
chloric acid. 

CeHsCO.NHCH2COOH + H20 --+ C6lisCOOH + NH2CHzCOOH 
Benzoylglycine Ben'!;oic acid Glycine 

Preparation. Glycine can be synthesised by various methods 
used for the preparation of amino 'acids. In the laboratory it is 
generally obtained by dissolving chloroacetic acid in liquor ammonia 
at room temperature. 

CHzCI.COOH + 2NH3 --+ CH2NH2.COOH + NH4Cl 
Chloroacetic acid Aminoacetic acid 

The resulting solution is treated with 
blue solution of copper.glycine is produced. 

• 2CH2NH2.COOH + Cu(OH)2 ---> 
Glycine 

cupric hydroxide when a deep. 

ICR2NHz.COOhCu + 2H20 
Copper glycino 

The solution is filtered and crystallised to give deep blue needles of 
copper.glycine. These are dissolved in water and hydrogen sulphide is passed 
through the solution. 

(CH2NH2.COO)zCu + H 2S --+ 2CH2NH.COQH + CuS 
Copper glycine , Glycine 

The precipitate of cupric sulphide is filtered off and the solution 
crystallised to yield glycine. 

Properties. Glycine forms white crystals, m.p. 235°. It is 
very soluble in water but insoluble in alcohol and ether. Its aqueous 
solutions are neutral to litmus. 

Chemically it behaves both as an acid and as a primary 
amine. 

(1) A:l\lPHOTE~IC 9HARACTER. Glycine forms salts with alkalis 
and hydrochlorides with hydrochloric acid. 

CHzNH2·COOH + NaOH --+ CH2NH2.COONa + H 20 
Glycine Sodium amino 

CHzNHz.COOH + HCI 
Glycine 

acetate 

--+ RCI.NH2CHzCOOH 
GlYCine hydrochloride 
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Both the acid and the basic group being present in the same 
molecule, it also forms an internal salt or Zwitter ion. 

+ -
NHzOH2COOH ¢ NHaCHaCOO 

Glycine Zwitter ion 

(2) ACTION OF HEAT. Two molecules of glycine condense to 
form an anhydride. 

CH2-NHa HOOC heat CHa-NH-CO 
I + I ~ I ,+ 2HzO 

COOH H2N--CH2 CO-NH- CHa 
Glycine (2 molecules) Glycine anhydride 

(3) DEOARBOXYLATION. When heated with sodalime, it splits 
out it molec:ule of carbon dioxide yielding methylamine. 

NHzCH2000H + CaO ~ CHaNHa + CaCOa 
Glycine Methylamine 

(4) ACTION WITH NITROUS ACID. Nitrous acid decomposes 
glycine to form glycollic acid with the evolution of nitrogen gas. 

NHaCH2.COOH + HO.NO __ HO.CH2COOH + Na + H 20 
Aminoacetic acid Glycollic acid . 

(5) AOTION WITH FORMALDEHYDE. 
of glycine is treated with an excess of 
yields methylene glycine. 

When an aqueous solution 
formal,dehycl.e solution, it 

CH2i()"+"H~!NCH2000H ~ CHa:NOHaCOOH + H 20 
Formaldehyde······ Glycine Methylene glyoine 

Benzaldehyde reacts similarly with glycine. 

Uses. (I) .Glycine is utilized in the body for detoxification 
of substances; thus it combines with benzoic acid to form benzoyl. 
glycine which is eliminated in urine. 

(2) It is used_in medicine for the treatment of certain muscular 
disorders. 

(3) It is also employed for the manufacture of resins and 
varnishes. 

QUESTIONS 

1. What are substituted acids? How are they named 'f 

2. Deacribe tho methods of preparation of halogenated acids. What 
is the action of alka.lis on these acids ? 

3. Describe the genera} methods of synthesis of hydroxy acids. Survey 
their physical and.chemical characters. 

. 4.. Describe the charaoteristio behaviour of a., ~,y.hydroxy acids and 
ammo aCids. , 

5. How is laotio aoid obtained in the laboratory? Give an account of 
"the action of heat on a., ~, y.hydroxy acids. 

6. How oan you prepare lactic acid 1 What res.ctions show that it ill 
both an alcohol and an acid? Explain the iso~erism of laotio aoid. 
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7. Row is oitri!l Mid obtained from lemOll julc:a' Write aultable reo 
aotions to Qhow thllt. ib contains; (alone hydfOXyl group. (b) three oarboxyl 
groups. How are citrates dlstinguiabed from oxalatep- ? 

(Kurukllhe1ra B.Sc. Il, 1967) 

8. How is t&rtario acid obtained from nature' How can you prep&fO 
from tartaric acid: (a) malio I\('id I (b) meso.tartario aoid. and (0) suroini" aold. 

(Kalyani B.So. Hans •• 1967) 

9. What hsppens when the following are heated: 
(I) ~.bydroxy isobutyric acid. 

(ii) ~.methyl. y.hydro~ valerio aoid. 
(m) S.hydroxy.hQxanoio aQid , 

(Panjab 11.S". 11, 19ff?) 

10 What. happens when (X (alpha). ~ (beta) and ~. (gamma) amino and 
hydroxy aoidll are h!!ated separately. (Ucl(l'ipur B.Se, 11. 1967) 

11. How many iaomera (tre possible for the following oompounds , Give 
the struotures of the respective geometrical and optical isomers. 

(i) Laotic acid (ii) Orotonio acid 
(iii) Tartario acid (iv) 2-Butene. 

(Jodavpur B.Se •• 1968) 

12. Give an acoount of methods a.vailable for the synthesis of IX

amino acids. Taking glycine as an example. discl_~sS in brief the ohemioal 
cha,raoteristics. Explain the action of heat on IX', ~- and "(- amino acids 
separately. (Ujjam B.Sc., 1968) 

13. What ar!! amino acids? How are these synthesieed. Show their 
relation to polypeptides. (Banaras B.Se .• 1968) 

14. Disouss the analytical and synthetic evidenoes that led to the 
structure of citrio acid. (Utkal B.So., 1968) 

Iii. Desoribe tpe methods available for the prepllrlltion of the hydroxy 
acids. Give an account of the more important properti~s of these .compounds. 

. (Vt8Wa Bh"rt~ B.Sc., 1969) 

. 16. What are hydroxy a(lids Ilnd how are they prep,,~ed. Taking lactic 
aCid as an example des(lrlb\l the important chemical propertH_l s. H_OW_ will ynu 

destinguish (x, ~ and y hydro1'Y acids? (Udaipur B.Sc., 1969) 

17. Give an account of the prepan~tion of (x, ~, and y hydroxy aoida. 
How are the~e distinguished from one another·? (BombQY B,Se •• 11169) 

18. How is citric acid prepared? What are its llses? ]){SOU8S its 
constitution. (Mlerut· B.Se .• 1969) 

19. What are amino aoids 1 Disou~s their importanoe. How are the 
following amin.o acids synthesised? (a) Glycine (b) Alanine (0) Tyrosin!!. 

, (Behrampur B.Se., 1969) 

20. Bow is tartario acid pl.'opafed synthetioally and what are its 
important reaotions ? Disouss the stereoisomerism of tal't&l'ic acid. 

(Trtbhuvan B.Sc., 1969) 
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Acid Derivatives 

ROBERT W.E. VON BUNSEN 
(1811-1899) 

German. Prolific work; in the field of 
analytical ohemiatry. His work wlth 
cacodyl and its compQunda was out· 
Rtanding. lIe developed me,ny pieoes 
of apparatus uSQd in the organic 

, laboratory. 

The group of compounds derived from a.cids by replaoement 
of the -H, -OH, or;=.O of the oa.rbo.xyl group by other atoms 
or groups are called acid derivatives. They are aoid halides, aoid 
anhydrides, acid estC'rs, acid amides and nitriles. These olasses of 
oompounds differ widely in properties but show ono re!l.()tion in 
common, i.e., on simple hydrolysis all acid derivatives yield free car
boxylic aoids. 

L AOID HALIDES 

AQid halides are tho dertvatives of a.oide in which the - OR of 
tho -COOH group has beon replaoed by tJ:lo hll.logen atom. 

o 0 
II -OR II 

;R.....Q-OH ..,.""". R ... C-X 
Acid +X Acid ha.lide 

The aoid chlorides are by far the most important· of the acid 
halides and will be disoussed in detail. They have the type formulll> 

501 



502 TEXT-BOOK OF ORGANIC CHEMISTRY 

o 
R-C/ or 

'Cl 
RCOCI 

and contain the grouping -0001. 
The acid ha.lides are named after the parent acids. The ending 

-ic acid is replaced by -yl halide. Thus: 
PARENT ACID . ACID HALIDE 

Formic acid, HCOOH 
Acetic acid, CHaCOOH 

Similarly acetyl chloride 
(IUPAO) after ethanoic acid. 
METHODS OF PREPARATION 

Formyl chloride, HCOCI 
Acetyl chloride, CHaCOCI "-

could be named aE etharlOyl chloride 

(1) ACTION OF POla AND' pels ON ACIDS. Acid chlorides may 
be obtained by the action of phosphorus trichloride or phosphorus 
pentachlo~ide; on acids or 'their salts which are cheaper. 

3CHaCOOH + POla ~ 3CHaCOCl + HaPOa 
Acetic acid Acetyl chloride 

CHaCOOH + PCls ~ CHaOOCI + POCla + HCI 
(2) ACTION OF SOOl2 ON ACIDS. Sometimes acid halides are 

prepared by the actio~ of thionyl chloride on acids. 
CHaCH2COOH + 80C~ ~ CHaCH2COCl + 802 + HCI 
Propionic acid Propionyl chloride 

This method is superior to the first one in asmuch as the by
products being gases escape leaving the acid chloride in the pu~e 
state .. 

GENERAL PROPERTIES 

(Physical). The lower acyl chlorides are colourless, pungent 
smelling liquids; the higher members are colourless solids. They 
fume )vhen exposed to moist air. They are insoluble in water but 
slowly dissolve in it by reason of hydrolysis. 

(Ohemical). The chlorine atom linked to the acyl group is 
much more loosely held than in alkyl chlorides and can be readily 
replaced by other atoms or groups. Therefore, acid chlorides are 
excellent reagents to introduce ROO- or acyl group in other molecules 
(acylation). 

(1) The acid chlorides arer readily hydrolysed with water to 
form the parent acid and hydrogen chloride. 

CHacolcf '+' HiOH ~ CHaCOOH + HCI .................. \ 
Acetyl chloride Acetic acid 

The lower members ~eact vigorously. 
Mechanism: 

CO (6 . 0 
II _ ~~ II 

CH 3-C + OH - CH3- - OH - CH3-C-OH + C! I '-1--

Cl Cl 
(from water) (acid) 
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(2) They react with alcohols to form esters. 
CHaCO 'C(+"j{ OC2HS __ CHaCOOC

2
H

5 
+ HCl 

Acetaldehyde Ethyl alcohol Ethyl acetate 

Mechanism: 

('"0 

'-11 
CH3-C + 0- CH3 

• 1 I 
Cl .1-1 

_. 
o , 

CH3-C-O-
I _J __ 

Cl. H 

+ 

(3) They react with ammonia to form amides and with primarY 
and secondary amines giving N-substituted amides. • 

CH3CO~CI+H:NH2 -~ CH3CONH2 + Hel 
Acetyl chloride ....... . Acetamide 

CHsCOCI -:- H2NR __ CHaCO.NBR + RCI 
P-amine N-alkylacetamide 

(4) They react with sodium salts of the fatty acids to form 
acid anhydrides. 

CHacodi -j- Nil OOG.eHa ~ (CHaCO)20 + NaCI 
Acetyl chloride' . Sod. acetate Acetic anhydride 

(5) When reduced with hydrogen in the presence of finely 
divided palladium as catalyst, acyl chlorides are reduced to alde
h.)ltles. 

GH:;CQQI + H2 
Acetyl chloride 

---4 CHaCHO + 
Acetaldehyde 

HCI 

(6) They react with Grignard reagents to produce ketones. 

CR3CO!C~ + IMgiC2Hs ~ CHaCOCG2Hs + MgI.CI 
Acctvl ohlorido .. Etliylmagnesium Ethyl methyl 

• . iodide ketone 

(7) They react w'ith aromatic hydrocarbons in the presence of 
nnhydrolls aluminium chloride to form aromatic ketones (Friedel
Grafts rtaction). 

CsHs + CICOCH3 
Benzene 'Acetyl 

ohlorlde 

--+ C6HsCOCH3 + Hei 
Acetophenone 
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FORMYL CHLORIDE, METHANOYL CHLORIDE. HCOCI 

Formyl chloride is the first member of the class. It is not 
known to exist at ordinary temperature. There is evidenc~ of its 
existence at low temperatures (_80°). A mixture of carbon mono
xide and hydrogen chloride. however, behaves as formyl chloride in 
certain reactions. 

)C=O + HCI 

Carbon monoxide 
-- H, 

/
C=O 

cr 
Formyl chloride 

ACETYL CHLORIDE. ETHANOYL CHLORIDE, CHscoel 

Acetyl chloride is the most important acyl halide. According 
to the accepted abbreviation of acetyl group lis' Ac', the formula of 
acetyl chloride may be written as Ace!. 

Preparation. Acetyl chloride is prepared by the action of 
phosphorus trichloride on glacial acetic acid. 

3CHaCOOH + PCla -- 3CHaCOCI + HsPOa 

A distillation flask (250 m].) is filtl'd with a tap funnel and connected 
to water-pondenser leading to a receiver guarded by a. calcium ohloride tube 
to exclude moisture. (Fig. 23·1).50 gm. ofgla.oial aoetio acid are placed in the 
distillation flask which is cooled by immersion in cold water. Then 40 gm 
(25 mi.) of phosphorus trichloride are added dropwise from the tap-funnel. 
When all has been added, the flask is warmed on a water bath to 40_50°. As 

Fig. 23'1. Preparation of acetyl chloride. 

the evolution of hydrogen chloride slackens. the temperature is raised to boiling. 
The acetyl ohloride that distils over is collected in the receiver cooled by ice 
water. It is again purified by distilling from the reoeiver flask in the usual 
way. The fraction distilling between 50° and 54° is collected. 
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Note. The preps'ration should be carried m fume-cupboard all large 
volume of hydrogen chloride gas is evolved during the reaction. 

Properties. Acetyl chloride is a colourless pungent-smelling 
liquid, b.p. 52°. It is soluble in ethel' u,nd chloroform. It fumes in 
moist air due to the formation of hydrogen chloride through 
hydrolysis. 

The chemical reactions of acetyl chloride have been mentipned 
under the general treatment of acyl halides. Thus it reacts with 
alcohols, ammonia, amines etc., in the usual way replacing hydrogen 
atoms by acetyl groups (Acetylation). 

ROR + CHsCOCI ......-... CH3COOR + HCl 
Alcohol Acetyl chloride Est,er 

RNH2 + CHsCOCI ~ RNH.COCHa + RCl 
'\mine Acetyl chloride Acetylamine 

Uses. Acetyl chloride is largely used as an acetylating agent, 
i.e., for introducing acetyl group in organic compounds. It is also 
used to detect the presence of OR .groups in organic ll101ecuies and 
to estimate their number. 

2. ACID ANHYDRIDES 

When two molecules ot an organic acid lose a molecule of 
water between the two OR groups, the derivative formed is called 
the acid anhydride. 

o 0 o 0 
II ................. II II II 

R- C-OR + RO;-C-R ---l- R-C-O-C-R + H 20 
(2 molecui"Eis'(){acid) Acid .anhydride 

Thus in acid anhydrides we have two acyl groups 
connected through an oxygen bridge. They have the 

I~CO-O-OCR (W lRCO)20 

(RCO-) 
formula 

Acid anhydrides are named after the acids from which they 
are dl'lrived by substituting 'anhydride' for ·acid'. Thus the anhydride 
of acetic acid is called aC'etic a.nhydridc 'Or ethanoic anhydride 
(IUPAC). 

2CHaCOOH --. (CHsC0120 + H20 
Acetic Acid Acetic anhydride 

Similarly the anhydride derived from prdpionic acid is ('alled 
propionic anhydride or propanoic anhydride, (CRaCH2C0)20. 

The acid anhydrides could also be regarded as acyl olfides just 
.al;! -ethers are thought of as alkyl oxides. Thus acetic anhydride may 
be called acetyl ox,ide since it contains two acetyl grqups linked to 
the oxide oxygen. 

The anhydrides are termed 'simple' or 'mixed' according as the 
two acyl groups attached to the oxide oxygLn are same or different. 
However, only the simple anhydrides are of interest and will be 
discussed here. 
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METHODS OF PREPARATION 

(1) The acid anhydrides are generally prepared by reaction. 
between an acid chloride and the salt of a fatty acid. 

CHaCO'CC+"N'ii.;OOCCHa ~ (CHaCO)20 + NaCl 
Acet.yl chloride' , ... Sod. acetattl Acetic anhydride 

By taking the salt and acid chloride of different acids, this 
method could be used to prepare mixed .:tnhydrides. 

RCOCI + R COORa --'+ RCO.O.COR' + NaCl 
Acid chloride Sod. salt Anhydride 

(Mixed) 

(2) The .higher anhydrides can also be obtained by distilling 
fatt}"acids with acetic anhydride. 

2RCOOH + (CHal:O)20 ;¢ (RCOhO + 2CHaCOOH 
Acid Acetic anhydride Anhydride 

The removal of the more volatile acetic acid by distillation, 
forces the equilibrium to the right and thus the fatty acid, is com
pletely convertpd into the anhydride. 

GENERAL PROPERTIES 

(Physical). Excepting formic anhydride, which is unstable, 
the lower members of the series are colourless mobile liquids with a 
sharp pungent oDour. The higher members are odollrless and 
crystalline solids. They are only slightly soluble in water but 
dissolve in organic .solvents like alcohol and ether. The anhydrides 
are someWhat more volatile than the acids from which they are 
derived. 

(Ohemical). The acid anhydrides give reactions analogous to 
those of'acyl chlQrides whid, are also in reality the mixed anhy. 
drides of carboxylic acids and hydrogen chloride. Thus they react 
with the same reagents as the acid chlorides but with less vigour. 

(I) Acid anhydrides are hydrolysed with water to form the 
original acids. 

CHaCO [O.CdORa + H:OH ~ 2CHaCO.OH 
Acetic anhydi·Jde .......... · .. · Acetic acid 

(2) They react with alcohols to form esters. 

CHsCO!O.COCH3 + HioC2H s -~ CHSCOOC2HS + CHaCOOH 
AcetIC a~hydride fithyl alcohol Ethyl acetate , 

(:~) They react with ammonia to form amides. 

CH3CO .6~cO'bH3 + HiNH2 ~ uH3CONH2 + CHaCOOH 
AcetiC a~hydride' ..: Ii ~etamide 

(4) They react with amine!" to form N-substituted amides. 

cHaco:6~cocIis ·-.t-"lfHNR ~ CHaCONHR + CHaCOOH 
Acetic an·hyiiri'do· .. · .. · ~ mine N, alkylacetoJl'ide 
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(5) They react with dry hydrogen chloride to form acyl chlo. 
rides. 

CH3co(o:c6cH~"+"'H;CI 
Acetic aiihydride············, 

~ CH3COCl + CHaCOOH 
Acetyl 
chloride 

{6) They also react with phosphorus pentachloride to form acyl 
chlorides. 

CI~PCI3t CI 
'+ : 

CHaCO: ~O- ! CaCHa 
AceJ;ic anhydride 

--. 2CHaCOCI + POCla 
Acetyl chloride 

Like the acid chlol"lde.s, the acid anhvdrides are also used as 
acylating reagents. However, only half· the molecule of acid 
anhydride is used in acylation, the other half beIng converted to the 
acid. 

ACETIC ANHYI)RIDE, ETHANOIC ANHYDRIDE, (CHaCOhO 

It is the most important acid anhydride. 

Prep~ratjon. Acet.ic anhydride is prepared: 

(1) By distillmg a mixture of anhydrous sodium acetate and 
acetyl chloride. . 

CHaCOO\Naj +- CH3COlCl\ _ (CR3CO)20 + 
Sod acetnt~ ..... Acetyl chl~'~'id~ Acetic anhydride 

NaCI 

(2) By passing chlorine into a mixture of sodium acetate aJld 
sulphur dichloride and distilling. (Commercial). 

8CH3COONa + SCI2 + 2CI2 ----t 4(CHaC0)20 + SNaCI + Na2S04 
Sod. acet·ate Acet.ic 

anhydride 

(3) By passing acetylene into glacial acetic aciJ in the presence 
of mercuric slliphate as catalyst and distilling the resulting ethyli. 
dene acetate, (CommerC1'al). 

H-O.OCCHs 2+ 

HC!CH Hg IO.OCCHa 
----0 CHaCR, 

+ O. OCCH3 
H-O.OCCH3 Ethylidene acetate 

heal 
---!o CHaCHO + (CH3COhO 

Acetic 
anhydride 

Laboratory Preparation. 55 gm. of powdered sodium acctate are 
placed in a 250 mI. distilling flask cooled in ice-water. 40 gm. of acetyl chlo
rIde are placed in a tap-funnel which jg fittEld into the neck of the distilling 
flask .. The acetyl chloride is slowly run on to the sodim.n acetate, and the 
flask IS shaken after each addition. The distilling flask IS then connected to 
'In air-condenser, and heated with a Bunsen flame. The distillato of crude 
acetic anhydride is repistilled using an air-condenser when the pure anhydr'idt 
is obtained. 

Properties. Acetic anhydride is a colourless, neutral liquid, 
b.p. 139°, with a sharp pungent odour. It. is sparingly soluble in 
cold ~ater but readily soluhle in ether and benzenc. It undergoes 
reactIOns similar to thoae of Rcetyl chloride. although less vigorously 
in most cases. Thus it reacts with Water to form acetic acid; with 
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alconol to iorm etlJyl acetate; with ammonia to form acetamide i 
and with aniline to form acetanilide. 

CH,CO- 01 -'. C7H; 

Hi-OH 1--' 
H!-OC2H S .'__' 

H~-NH2 :_ 

Hf-NHC6H 5 f_ ............................. 

2CHaCOOH 
Acetic aoid 
CH3COO~H5 + CHaCOOH 
Ethyl acetate 
CHaCONH2 + CHaCOOH 
Acetamide 
CHaCO.NHCsH5 + CHaCOOH 

Acetanilide 

Uses. Acetic anhydride is used: (1) as an acetylating agent; 
(2) in the preparation of some medicines (Q8pirin); (3) fo~ the 
manufacture of atetate rayon fmm cotton. 

3. AuID AMlDES 

Acid aDlides are the derivatives of acids in which the OR of 
the carboxyl group is replaced by the amino group, -NRa• 

o 
R-C/ 

'OH 
Acid 

-OH o 
R-C/ 

'NH2 
Acid amide 

Amides have the type formula ROONH2 and characterised by the 
presence of tje amido group, - OONR2• 

, Amides may be regarded as derivatives of ammonia in 
which one H·atom of ammonia molecule .is replaced by acyl group, 
ROO-

-H 
NHs _ RCONH2 

Ammonia + RCO Acid amide 

Amides are commonly named after the parent acid by putting 
the suffix .amide instead of -ic acid. Thus: 

HCONHa 
CHaCONHa 

Formamide 

Acetamide 

The 1 UPAC name of an amide is derived from the name of the 
parent acid by substituting the suffix -amide for -oic acid. Thus 
IQrmamide (derived from methanoic acid) is named as methanamide 
and acetamide (derived from ethanoic acid) il1 named as ethan
amide .. 

METHODS OF PREPARATION 

(1) By heating ammonium salts. Ammonium salts of fatty acids 
upon strong heating lose a molecule of water to form amides. 

R.CO.ONH4 __ R.CO.NH2 + H20 
Amm. salt .Amide 
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(2) By ammonolysis oj acid derivatives. Acid chlorides, anhy
drides and esters react with concentrated ammonia solution at 
ordinary temperature to form amides. 

RCOCI + NH3 --l RCONH2 + HOI 
Acid chloride Amide 

(ROO)1I0 + NH3 __ RCONH2 + ROOOH 
Acid anhydride 

RCqOR' + NH3 __ RCONH2 + R/OH 
Ester 

The free acids produced in the above reactions, however, combine 
with excess of ammonia to give ammonium salts. 

(3) By partial hydrolysis of alkyl cyanides. Ant)'l -cyanides 
when shaken with cold concentrated hydrochloric acid, add Ii, mole
cule of water an~ yield amides. 

0=H2 

+ 
R.C=N --+ RCO.NH2 

Alkyl cyanide Acid amide 

The complete hydrolysis of alkyl cyanides will, however, yield am
monium salt of the corresponding fatty acid. 

GENERAL PROPERTIES 

(Physical). With the exception of formamide, all the amides 
are colourless crystalline solids. Their boiling points are consider
ably higher than those of the parent. a cids. Lower amides dissolve 
in water giving neutral solutions. 

Acid amides possess quite high boiling points because they are 
capable of formipg strong intermolecular hydrogen bonds. Owing 
to this linkage between the H atom and a highly electronegative 
N-atom the nydrogeri bond forming' nature is much pronounced 
here. They also form 'co-associated'molecules with water, acc{)unting 
for their solubility in water. 

R 
H - I 
I . /0, .•• 0 N-H .. 0 N-H ... 

,/ I 
C H 
I 
R 

Cnt'lrmolecuiar hydrogen bonding 

R 

II ~ 
I ,,"-... 

... 0 N-H ... O~ H .•. O· N-.t1 .... 0-H ... 

V ~ J J 
~ 

Hydrogen bonding with water. 
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(Ohemical). (I) A ltbough amides are neutral to litmus, they 
behave af' weak acids or weak bases. Thus they form salts with 
acias ·and yield metallic derivatives with mercuric oxide. 

CHaCONH2 + HCl -
Acetamide 

2CH3CONH2 + HgO, ---4 

CH3CONH2HCl 
Sail; 

(CH3CONH)2H g + H 20 
Mercury acetamide 

However, the salts produced are unstable and are at once decom
posed by water to give back the. amides. 

(2) On boiling with water, amides are hydrolysed to form th~ 
parent acid and ammonia. 

CH3CO jNH2" ·+····iI10H ~ CHaCOOH +- NHa 
AcetamIde .. ·· ........ Acetic acid 

The hydrolysis takes place rapidly in the presence of acids and far 
more rapidly in the presence of alkalis. 

(3) Amid~s react with nitrous acid to form acids, nitrogen and 
water. 

HO:N,O 
RCO:NH2 ~ RCOOH + N2 + H 20 

Amide Acid 

(4) Amides are reduced w t.h sodium ,and alcohol yieldmg pri
mary amides. 

CHaCONH3 + 2Hz ~ CHaCH2NH2 +- H 20 
Acetamide Ethylamine 

(5) When heated with phosphorus pentoxide, amides split .out 
a molecule of water to form alkyl cyanides . 

........... Q ...... . 
11 . 

CHa-C-N »2 --l' CHa-CEON + H 20 
Acetamide Methyl cyanide 

(6) When a mixture of amide, bromine and sodium hydroxide. 
is heated, a primary amine is formed (Hofmann's reaction). 

RCONHz + BI."2 ~ RCONHBr + HBr 
Amide Mopobromo-amide 

o 
" R-C-N-Br 

~ 

o 
II ~HBr 

Br:-C-N-R ~ R.N: C : 0 
1 I Alkyl i30cyanate .:.. .......... i! 

RNi_?~.r+·Hi?lH ---+ RNH2 + CO2 
Amine 

The resulting amine has one carbon atom less than the original 
amide. Hence this reaction is often employed for shortening a 
carbon chain in organic molecules. 

Since amides arc high-melting crystalline solids, they are often 
prepared from acids and amines as characteristic derivatives for their 
identification. 
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Mechanism: 

The reaction proceeds via a ~umber of intermediates as ~ro
mamide R.CO.NH.Br, pot. bromarntde [R.CO.NBr]-K+ and t8o
cyanatc R.N =C=O, which have been isolated. The sequence of 
their formation may be represented as 

o II 0 Br 0 

R-~-N/ lk2 R-~-~: ~~!~ [R-~-N-0sr ]Kt 
'-...... 'H H : 

Amide l\1onobromamide Pot. bromamide 

H 0 ' 
/ KOH II 

K,COJ + R-LN ~ C=N-R-
- ""-

H 
, Amine Isocyanate 

Structure of Amides. The amphoteric character of amides is explained 
satisfactorily by thl' fact that they exist III tautomeric forms 

o 
II 

R-C-NH2 
Keto form 

OR 
, 

R-C=NR 
Enol form 

The keto form behaves (1,S u. weak base, while the enol form is capable 
of forming metallic derivativ,es. . 

ACETAMIDE, ETHANAMIDE, CHaCONH2 

It is the most important amide. 

Preparation Acetamide is prepared by heating amp10nium 
acetate. 

CH3COONR4 __ CHaCONR2 + H 20 
Amm. acetate Acetamide' 

In actual practice it is convenient to start with ammonium carbo
nate and glacial acetic acid. The excess of acetic acid used .retards 
the side-reaction in which ammonium acetate is decomposed to form 
acetic acid and ammonia. 

18 gm. of powdered ammonium carbonate is gradually added to 60 m!. of 
glacial acetic acid in I). 250 mI. round-bottomed flask. When effervescence has 
ceased, a long air-condenser is fitted to the flask and the contents boiled for 
about 4 hours. The resulting mixture is then quickly transferred to a distilling 
flask fitted with a thermometer and an air-condenser for distillation. When the 
teD:lperature reaches ,215°, the receiver is changed. The distillate obtained upon 
cooling solidifies to a colourless, crystalline mass which is practically purE' acet
amide. This is further purified by crysta.llising from acetone 

Properties. Acetamide forms long colourless needles, m.p. 
8~o, b.p. 223°. It has often a smoll of mice owing to impurities but 
when purified by crystallising from acetone it is colourless. It is 
soluble in water and alcohol. 
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Acetamide upon hydrolysis with sodium hydroxide gives 
sodium acetate and ammonia. (Test) 

/ 

CH3CONH2 + NIlOH --+ CHaCOONa + NHa 
Acetamide Sod. acetate 

It undergyes Hofmann reaction to form methylamine. 

Br2' NaOH 
CHaCONH2 --+ CHaNH2 
Acetamide Methylamine 

Other J,'eactions of acetamide have been mentioned above. 

QUESTIONS 

1. Wha.t are a.ci~ ha.lides and anhydrides, and acid amides t Write the 
type formula of each class. 

,2. De~cribe the general methods of preparation, propertieaand uses of 
acid chlorides. Point out the difference in the reactivity of the halogen atom of 
acid halides and that of alkyl halides. . 

3. Descrive with essential praclical details the preparation of acetyl 
chloridein the laboratory? What are its main properties and uses? 

4. Starting from acetic, acid, outline the preps ration of acetyl chloride 
and acetic anhydride. How do thel!.e substances reset with (a) ethyl alcohol, 
(b) ammonia. and (e) water? 

5. What are amides? Compare and contrast their chemical behaviour 
with that of primary amines. 

6. How is acetamide prepared? How would you hydrolyse it and test 
for the produots formed ? -

7. Describe two methods for the preparation of acetamide. What is 
the action on acetamide of (a) nitrous acid, (b) bromine and sodium hydroxide, 
and (c) phosphorus pentoxide t 

8. What classes of substance!! are obtained when the 'hydroxyl group 
in (a) a primary ID(lDohydric alcohol, (b) a monobasic organic acid is replaced by 
the group NH2? Name and give a brief account of the preparation of the 
Nfl! compounds from any such alcohol and acid you may choose. 

D._ Describe a convenient method of making acetic anhydride in the 
laboratory. In whatimportant particulars does it differ from ethyl aceta te ? . 
How would you obtain a specimen of pure etllyl acetate from anhydride. 

J O. What is t,he difference in reactivity of the chlorine atom present in 
acetyl chloride and chloroacetic acid ,1 

11. A substl\nce of the formula C4HI004 yields on IIocetylation with acetic 
anhydride a derivative oitha formul.a 91~H1808' How many hydroxyl groups 
are present in the substances? What, IS Its proba.ble structure? 

12. Write'Out'equBtions to describe the action, if any, of acetyl chloride 
on any five of the followi.ng compounds separately; - I 

(a) ,Dlmet,bylamine. 

1M Methylamine. 

(c) Ullnzoic acid; 
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(d) Tertiary butyl alcohol. 

(e) Benzophenone. 

(/) Phenol. 

(g) Methyl alcohol. 
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(Rajasthan B.Se., 1956) 

13. How would you prepare acetyl chloride in the laboratory? What 
happens when acetyl chloride.reacts with Ca) reducing agent, (b) methyl ethyl
amine, (c) sodium propionate, and (d) isopropyl alcohol? _ 

M~ntion its importance as a reagent. (Bihar B.Se •• 1906 Supp.) 

14. Describe the laboratory preparation of acetic anhydride. How does 
acetic anhydride react with ~a) methyl alcohol; (b) aniline; (c) succinic 'lC'id; 
and (d) glucose? Give equatIOns. (Gauhati B.Se., 1961) 

15. What methods are available for the preparation of acetamide? 
What is the action of (al caustic soda, (b) phosphorus pentoxide, (c) bromine 
and caustic soda, (d) nitrous acid on acetamide? (Rangoon B.Se., 1962) 
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METHODS OF PREPARATJON 

(1) Esterification. Esters are usually prepared by heating a. 
mixture of the acid and alcohol in the presence of con!lentrated suI. 
phuric acid or hydrogen chloride gas. 

RCOOH + HOR' ¢ RCOOR' + H2U 
Acid Ester 

The mineral acid accelerates the rate of ester formation by removing 
the waterJormed (Law of Mass Action) and by furnishing H+ ions 
which act as catalyst. 

Esterification can also be carried by p,assing wmixture of 
vapours of acid and alcohol over an oxide catalyst (Thoria, Th02) 

at 300°. 
(2) Alcoholysis of Acid chlorides. Esters are obt~ined conveni· 

ently and rapidly by the action of acid chlorides with alcohols. 

Rcol Ci"+""lii -+ RCOOR' -I- HCI 
Acid chloride ..... :AIdohol Ester 

(3) Silver salt method. Silver salts of acids react with alkyl 
halides to form este~s. 

RCOO !Ag .. + .... IiR' __ RCOOR' + AgI 
Silver salt·· .... Aikyi"iodide Ester 

The method is employed whore direct esterification is low or ineffi. 
cent. 

(4) Oondensation of alflehydes. El'lters can be prepared by the 
condensation of aldehydes in the presence of aluminium ethylate 
A1tCzH5}3' (Tishchenko reaction). 

RCO-H 
+ 0= HCR __ RCOOCH2R 

(2.molecules Ester 
of aldehyde) 

(5) With diazomethane. Methyl esters are prepared very 
conveniently by the treatment of an acid with etherea1 solution of . 
diazomet.hane. 

RCOOH + CH2N2 ---4 RCOOCH3 + N2 
Acid Dinzomethane Met1Jyl ester 

PHYSICAL CHARACTERISTICS 

(1) The lower esters of carboxylic acids are neutral colourless 
liquids having flpecinc pleasant odours. Higher members are odour
less crystalline solitls. 

(2) The boiling points of methyl and ethyl esters are lower 
than those of correspondmg acids. 

(3) They are in gent;lral lighter than and fnsoluble in water. 
All estE'rs are soluble in organic solvents. 

(4) Many esters are excellent solvents for other organio 
substances. 
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CHEMICAL CHAR~CTERISTICS 
Structurally esters stand midway between ethers and anhy

drides. 
R-O-R RCO-O-R RCO-O-OCR 

Ether Ester Anhydride 

In ethers the central oxygen atom is joined to two alkyl 
groups, in anhydrides to two acyl ~roups, while in esters to one 
alkyl group and one acyl group. Thus esters are more reactive 
than esters but less so th!tn anhydrides and show rC:1ctions of both 
classes. 

(1) Hydrolysis. Esters are slowly decomposed by water to 
form the parent acid and alcohol. 

RcoXiR';-'+"I{!OH ¢ RCOOH + R'OH 
Est~r""""""""'- Acid 

The rate of hydrolysis is mut'h accelerated by the presence of 
acids or alkalis .. When hydrolysis is carried with an alkali. it takes 
place far more rapidly than acid hydrolysis. While the alkali acts 
as a catalyst, it also fixes the acid produced forming salts and thus 
retards the oackwaru reaction. Since the alkali salts of the higher 
acids are soaps, alkaline hyq.rolysis of esters in general is known as 
Saponification. 

(~) Reduction. Esters are reduced by sodium and alcohol or 
by hydrogen in the presence of copper chromite as catalyst to form 
alcohols. 

RCOOR' + 4H -+ RCH20H + R'AT-I 
Acid Alcohols 

(3) Ammonolysis. Esters react with ammonia to form amides 
and alcohols. 

ReOOR + NHs -+ RCONH2 + ROH 
Ester Acid amide Alcohol 

(4) Alcoholysis. By treatment with alcohols a higher alcohol 
residue can be replaced by a lower alcohol residue. 

RCOOC2Hs + CHaOH ¢ RCOOCHs + CgRSOH-
Ethyl ester Methyl Me~hyl ester Alcohol 

alcohol 

This change takes place quickly by heat and iu the presence of 
a catalyst. 

(5) Action of POls. Esters are decomposed by phosphorus 
pentachloride to form an acid chloride and an alkyl chloride . 

USES OE ESTERS 

. Ct: PCl3 iCI, 
RCO:-O-:R ~ 

Betel' 
RCOCt + POCla -I- R/CI 
Acid Alkyl 

chloride chloride 

(1) Esters are used. for making artificial flavours and essences 
e.g., methyl butyrate - pineapple; isoamyl acetate - banana oil; 
isoamyl valerate - apples; octyl acetate - oranges etc. 

(2) They are very widely used as solvents for making paints, 
lacquers and as p'lasticisers. 
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(3) Amyl aceta.te is used as an odour bl)it in grass hoppers 
poison. 
ETHYL ACETATE, ETHYL ETHANOATE, CH3COOC2Hs 

It is the ethyl ester of acetic acid and is a typical member of 
the class. 

Preparation. Ethyl acetate is made bn a large scale and also 
in the laboratory by heating acetic acid and ethyl alcohol in the 
presence of sulphuric acid. 

CH3COOH + HOC2H s _ CHaCOOC2Hs + 'H20 

50 m1. of ethyl a.lcollol a.re placed in II. distilling flask and equal volume 
of concentrated sulphuric aCId is run into it with Ifonstant shaking. The 

.(C:'C2 Hs OH + CH,sCOOH 

Fig. 24·1. Preparation of ethyl acetate. 

distilling flask is fitted with a. tap-funnel and conn.ecte.c1 to a water (!OndenRer 
(see Fig. ~4~1)_ A few pieces of unglazect procelain are introduced into the flask 
which is then heated i:n an oil bath ulltil the temporo,tllro rea.ches 140°. A 
mixtur~ of eq't.."t ,'olllmes '9f Ileetia acid. and aloohol. (IOn mt, each) i~ now 
gradnl}lly uddp~l from- the t(l.r-fuimoi .at about the same r_!l:t.~·ns the liquid 
distils over· Into the tflceiver. 'fho;> distii.Il1tion is c.oiltil~'led for S minutes after 
the adnition of t·}]e acetic l1C1n,.\nd. o,.I('ohol ·inixt.tIro has. becm c.ompleted. The 
distillate is placed in 'It separatIng tunnel nnet ~hal~en \vith sodil)rn carbonate 
solution to remDve {lcinE', 11 nd then w.ith It sat'Qrated solution of calcium ~hloride 
to rflmO\'O alcohol. The rower !\queOl.J::l laycr:- is rejected in ~wo operations and 
finally the othyl acetate layer is trans(erred to 0. small flask containing fused 
calcium chloride. It is allowed to st-and with oc<;asionA.1 shaking for {l.bout 30 
minutes. The liquid is tben filtercd und distilled and. the fraction coming 
over between 74° and 79° is collected. 
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Properties. (Physical). Ethyl acetate is a colourless liquid, 
b.p. 7lo

, having a characteristic odour of bad apples. It is sparingly 
soluble in water, and is miscible with organic solvents in all pro. 
llortions. 

(Chemical). Ethyl acetate gives all general reactions of esters: 

(1) On heating with water in the presence of strong acids or 
alkalis, it is hydrolysed to form acetic acid and ethyl alcohol. 

cHSCOOC2H 5 + HOH ._,,__ CRaCOOH + C2,HoOH 
Ethyl acetate Acetic acid Ethyl ~lcohol 

(2) It reacts wIth ammonia forming a·cetaniide and ethyl 
alcohol 

CHaCOO~H5 + NHa _ CHaCONHa + C2H 50H 
Ethyl acetate Acetamide Ethyl alcohol 

(3) It is decomposed by phosphorus pentachloride to form 
acetyl chloride and ethyl chloride. 

CHaCOOCaH5 + PCIl) ---+ CHaCOCI + CaHoCI + POCla 
Etbyl acetate Acetyl 

chloride 

(4) On reduction with sodium and boiling alcohol, it is con. 
verted to ethyl alcohol. 

CHacOOC2Ho + 4H ---+ 2C2HliOJl 
Ethyl acetate Ethyl alcohol 

(5) On warming with sodium metal it undergoes condensation 
between two molecules giving ethyl acetoacetate. 
CHaCO 662H5'~FH!CH2COO~H5 ---+ CHaCOCH2COOC2H 5 + C2H liOH 
Ethyl acetste .. ···(ihnolecules) Ethyl acetoacetate 

Uses. Ethyl acetate is used in the preparation of artificial 
fruit essences and as a solvent in making smokeless powders. It is 
also employed as a solvent in the ebullioscopic method for deter. 
mining molecular weights. , 

What are waxes? 

Waxes are the eaters of higher fatty aoids and long.chain monohydric 
alcohols. They are widely distributed in plants and a.nimals where they often 
serve as protective agents. 

Bees·wax, myr.icyZ palmitate, C15HalCOOC18H33' It is the ester of pal. 
mitic acid and cetyl alcohol, CSOH 810H. It is obtained from the honeycomb of 
the bee. 

Suptl::,maceti, cetyZ'palmitate, C15H31COOCaoH81' It is the ester of pal
mitic acid and cetyl alcohol. It is 1\ crystalline wax obtained from sperm oil, 
which comes from the head of the sperm whale. 

Carnauba walt, myricyl cerotate. C25H&1'CO0 CaoH81' It is thE'~ster of 
myricyl alcohol and c.erotic acid, C25H51COOH. It is obtained from the leaves 
of Brazilian palm. 

WaxE>& are of considerable practical va.lue and are used for making 
boot polishes, electri cal insulators, water.proofings, cosmetics, candles, 
matches, gramophone records, carbon papers, etc. 
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ESTERS OF INORGANIC AOIDS 

The inorganic acids also form esters by replacement of one or 
more H atoms by alkyl groups. Thus: 

-H 
HNOs --+ C2H 5NOs 

Nitric acid +C2Hs Ethyl nitrato 

A dibasic acid like sulphuric acid gi ves rise to two series of 
esters accordinr: as one or both the H-atoms in its molecule are 
replaced by alkyl groups. Thus: 

C2H 5HSO, (C2B s)zSO, 
Ethyl hydrogen sulphate Diethyl sulphate 

(Acid ester) (Normal cster) 

Esters Df halogen acids are known as alkyl halides but are 
exceptional in that they do not contain oxygen. 

, The esters of inorganic acids are named like salts, the name of 
the alkyl group beina substituted for that of the metallic atom. 
They can be prepared by methods analogous to those used for esters 
of organic acids. Upon hydrolysis they yield the parent acid and 
alcohol. 

ETHYL HYDROGEN SULPHATE, CzH~HSO, 

It is the aoid ester of sulphuric acid and is also named as ethyl 
8ulphuric acid. 

Preparation. (1) It is _prepared. by heating ethyl alcohol 
with an excess of concentrated sulphurio acid at 100° .. 

acid. 

C2H 5 bit "+ BIHSO, _ C2H5HSO, + H 20 
Ethyl a:i~oiiof Ethyl bydrogen 

sulphate 

(2) It is also obtained by the action of ethylene with sulphurio 

OH2=CH2 + R.HS04 _ C2H 5HSO, 
Ethylene 

Properties. Ethyl hydrogen sulphate is an oily liquid with 
a strong acid reaction. It is readily soluble in water. It cannot be 
distilled with decomposition. 

Chemically, ethyl hydrogen sulphate behaves both as an acid 
and as an ester. Thus it decomposes carbonates liberating carbon 
clioxide, and wh{'n hydrolysed by boiling water it yields ethyl 
alcohol and sulphuric aoid. 

C2H&:'Hs04 '.f H OR _ 02HoOH + H 2S04 
, ., ,.' Ethyl alcohol 

It also shows the following peculiar reactions: 

(1) When heated alone,. it gives di€lthvl sulphate. 

2 C2a:6HS 0, ~ (CraHl\)2S04 -I- BuSO, 
Diethyl sulphate 
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(2) When heated with excess of sulphuric acid af 160°, it yields 
ethylene. 

CsH5HSO, --+ CsH, + HsSO, 
Ethylene 

(3) When heated with ethyl alcohol at 140°, it fOrT1lS dleihyl 
ether. 

C2I:f5:HS6~"~ Ii;ocsHo .....-+ C2HsOCtB$ of H2SO, 
...................... DiethyJ ether-

Ethyl hydrogen sulphate<is frequently used for the preparl,ltion 
of ethyl derivatives as like alkyl halides it ~eadily enters into double 
decomposition reactions with many teagents. 

DIMETHYL SULPHATE, (CHa)2S0, 

It is the most important ester of sulphurio acid since it is a 
va.luable methylating agent. 

Preparation. (1) Dimethyl sulphate is prepared by heating 
methyl alcohol with concentrated sulphuric acid and then distilling 
the product (l\f-ethyl h.ydrogen sulph.ate) under re-.duood pressure. 

CHaOF[ + H2SO, ~ CHaHSO, + RaO . 
Methyl Methyl hydrogen 
alcohol sulpha~e 

2CHaHSO, --+ (CHs)aSO, + H 2SO, 
Dimethyl sulphate 

(2) it may be prepared by heating methyl iodide with silver 
Bulpho.te. 

2CHsI + Ag,.SO, --+ (CHs)sSO, + 2AgI 
Methyl Dimethyl 
iodide Bulphate 

(3) It is also produced technically by passing sulphur trioxide 
into cllOled methyl alcohol. 

CHaO H" ........ , l' 0 CHaO, ;r 0 
+ 0 =S':. ---+ /S':. + H 20 

CHaO H 0 CHaO 0 
Methyl alcohQj·.... Dimethyl sulphate 

Properties. Di}l1ethyl sulphate is a heavy, colourless liquid, 
b.p. 188°, without any odou-t, It is immiscible with water. It causes 
inflammation of the skin and is extremely poisonous. Its vapours if 
inhaled, destroy lungs, cause paralysis and often prove fatal. 

Dimothyl SUlphate is a typical ester and on boiling with alkalis 
forms methyl alcohol and sodium sulphate. 

(CH3hSO, + 2NnOH --+ 20HaOR + Na2S04 
Dimethyl su,\phato • Methyl alcohol 

it reacts 'vith hydroxy and amino compounds to form the 
corre3ponding methyl dl'rivntives. Thus: 

RO H "+"CHaSO~ CHa ~ ROCHa + CHaHSO 
AlcohoY"'mroethy'i sulphate Alkyl,methyl ether ' 
R:t>.TJI2 + CHs'S04CHa ~ RNHCHa + CH3HSO" 

Amine Alkylmothyl amine 
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'Hence, it is commonly used for the methylation (intr.oduction of 
methyl group) of alcohols, phenols and amines. 
DJETHYL SULPHATE, (C2H5)2504 

Diethyl sulphate may be prepared by the same methods as dimethyl sul
phate. It is obtained industrially by passing ethylene into cold concentrated 
sulphuric acid. 

2CaH4 + H2S04 -- (CllHo)IlS04 

methyl sUlphate is a beavy colourless liquid, b'.p. 208°. It is alljO 
poieonous. It is used for introducing ethyl groups into compounds containing 
hydrolcy and amino groups. ' 

ETHYL NITRATE, C2Hs.0.N02 

It is the most important alkyl nitrate. 

- Preparation. (1) It is prepared by the action of concentrated 
nitric acid on ethyl alcohol in the presence of urea. 

~H5: oiC+-"i{O.NOz ___; ~H50.N02 + H 20 
Ethyl alcohoi'''---''' Ethyl nitrate 

(2) It is also obtained by heating ethyl iodide with silver 
nitrate. 

C2H 5ff"··+····A·glo.No2 .~ CIHs.O.N02 + AgI 
Ethyl iodide· .. ·.......... Ethyl nitrate 

Properties. Ethyl nitrate is a colourless pleasant smelling 
liquid, b.p. 88°. It is heavier than water in which it is practically 
insoluble. 

Upon boiling with water, it is hydrolysed to form ~thyl alcohol 
and nitric acid. 

ClIHs.O.NO: + HOH __ C2HsOH + HO.NOz 
Ethyl nitrate Ethyl alcob.>l Nitrio acid 

When reduced with tin and hydrochloric acid, it forms hyd
roxylamine and ethyl alcohol. 

CllHsO.NOll + 6H __ ClIHsOH + NH20H + H20 
Ethyl nhrate Hydroxylamine 

a'he above reactlOn shows clearly that in ethyl nitrate 
molecule. the ethyl group is linked to nitrogen through an oxygen 
atom. 

*' ETHYL NITIUTE, CtBr,O.N:O 

Of the csters of nitrous add, ethyl nitrite is by far the most 
important. It is isomeric with ni~roethane. 

PreparatiPIl. Ethyl nitri~e is p~e1?ared by the distilIati~n of 
a mixture of ethyl alcohol, sodIUm mtnte, a.nd concentrated sul
phuric acid. 

CllHsfofC+"HioNB -- ~H5·0.N:O + HaO 
Ethyl aloohol' .... ·.. Ethyl nitrite 
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It is also obtained by the action of nitrogen trio~ide (nitrous 
anhydride) on ethyl alcohol. 

2<;HIiOH + N.Oa --+ 2C2H IiO.N:O + H 20 
Ethyl alcohol Ethyl nitrite 

Properties. Ethyl nitrite is usually gaseous at ordinary tem
perature. Upon cooling it becomes a colourless liqui~, b.p. 17°, 
ha,ving a. characteristic smell of apples. ~t is soluble in water. 

". Ethyl nitrite is easily hydrolysed in the presence of alkali giv. 
ing ethyl alcohol and nitrous acid. 

<;Hs!O:N:O"'+"'EiPH -- CzRsOH + BO.N:O 
Ethyfii·itrite .. ·· .. ···· Ethyl alcohol 'Nitrous acid 

" " . When reduced with tin and hydrochloric acid, ethyl nitrite is 
'decomposed forming eth;rl alcohol and hydroxylamine. 
, . CIl'B'IiO-Nc:O + 6H __., CZH50H + NHa + HIIO 

Ethyl nitrite Ethyl alcohol 

,The above reaction furnishes evidence that in ethyl nitrite 
·molecule. the ethyl group is not directly linked to the nitrogen 
bu~ through an oxygen atom. 

:, : . Uses. (1) Ethyl nitrite accelerates the pulse and lowers the 
blood .pi:essure and is, therefore, used as medicine·Jor the treatment 
of asthma and heart diseases. (2) It breaks down easily to yield 
nitrous acid and hence its use as a source of nitrous acid in organip 
synthesis. 

AMYL NITRiTE, CGHu.O.NO 

1" .~., It i~ p~p8red by beating a mixture of amyl alcohol, .sodium nitrite and 
ooncentrated sulphllric acid. It is B yellow volatile liquid having a. plea.eant 
oaoUr.·, Like ethyl nitrite it is used 8S a ",ource of nitrous acid in organio syn_ 
theais and for the treatment of astbma. and heart. troubles. 

NlTBOALKABES 

. " They are the derivatives of alkanes in which one hydrogen 
atom is replaced by n. nitro group, NO... Thus: 

. -H 
CH, _ CHaNO. 

'. 'Ml"th8ne +NOg Nitromethane 

As a class these compounds are also called aliphatic nitro-compounds 
in distinction to analogous aromatio compounds. 

NOMENCLATURE 

The nitroalkanes are named by prefixing 'nitro' to the name 
of the paJ:ent hydrocarbon: 

CiH5NOll Nitroethane 
C.H,NOg Nitropropane 

~'They are further distinguished as primary, secondary and tertiary 
.'nitro.compounds ilccording as the nitro group is linked to a. primary. 
;~ ii'econdary or a tertiary carbon atom. 
: .... ~,. 



5024 TEX~(Jun OF I")RGANIO OHEMISTRY 

,~ 
R- ,ih--ti'Oa 

1 
R 

Pr_imary Secoll¢aru Tertiary 

According to the IUPAC system, position of t.he nitro group is mcH. 
cated by a number. 

1· Nitropropane 
2.Nitropropane 

'SOMERISM. 

Besides chain and position isomerism, 
til)nal isomerism with alkyl nitrites 

nitroalkanes sllOW func. 

R-N.l° 
\10 

Nitro.compound 

R-O-N=O 

Nitrite 

Thus mtromethane, CHa.NOz, is isomerio 
CB.a.O.NO. 

METHODS OF PREPARATION 

with Illethyl nitrite 

(1) By the direct action of fuming nitric acid on higher 
alkane!:!. . 

CORl4 + HO.N02 _ CeHl3·NOa + HaO-
n·Hexane Nitrohexane 

Until fairly recently this method was more or less of academic 
interest only. Now It has b\'.come possible to carry the nitration 
of even the lowest alkanes in the vapour phus13 at hlgb temperature. 
Since the lower hydrocarbons are available in large amounts from 
petroleum distiUation, this method is being used in the \J.S.A. for 
the technical production of nitromethane, nttroethane and nitro. 
propanes. 

(2) By the action of silver nitrite on alkyl iodides. 

C2R5I + AgNO, ~ CsHsN02 + AgI 
Ethyl iodide Nitroethane 

In thIS method some ieomerio alkyl nitrite is also obtained but. 
it can he removed easily by fractlonal distillation. 

(3) By heating an aqueous solution of sodium nitrite with an 
at-halogenated carboxylic acid. 

CH2Cl.COOH + NaNOa ~ CH2N02COQH + NaCI 
Chloroacetic acid Nitruacetic acid 

QH2N02COOR _ CHaNOa + COa 
Nitromethane 

GENERAL CHARACTEIUSTICS 
(Physical). Nitroalkanes 

liquids. Their boiling points 
'ninrltes. 

are colourless pleasant-smelling 
are much higher than the isomeric 

CRa·N02 
CRa.O.NO 

b.p. 1010 

b.p. -12· 
C2ITo·NOs 
CaHs·O.NO 
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They are Rpartngly soluble in water giving neutral solutions. 
(Ohemical). An a rule the N02 group aotivates the H ato~ 

which are attached to the same carbon atom and hence nitroalkanes 
show many interesting reactions. 

(1) REDUCTION. When reduced with tin and hydrochlorio 
acid, they form primnry amines. 

C2HsNOz + 6H ---+> ~H5.NH2 + 2H20' 
Nitroothane Ethylamino 

Howovcr, on reduction in a neutral medium (zinc dust a.nd 
NH4Cl solution), they yield the hydroxylamine. 

CaH&NOz + 4H ~ CzHs.NHOH + H20 
Nitroethane Etbylhydroxyl-

amIno 

(2) HYDROLYSIS. When boiled with hydrochloric acid, alkanes 
are hydrolysed to form a carboxylic acid and hydroxylamine. 

CHaCH2N02 + H 20 ~ CHaCOOH + NH20H 
Nitroothane Acetio acid Hydroxylamine 

(3) ACTION WITH ALKALIS. Primary and secondary nitro
compounds form salts and I!ore, therefore, aoidic in character. This 
is due to tautomerism. 

I II 
H 
I ,,0 /OH 

R-C -N, ¢ R-C""N, 
,"0 I "0 
H H 

Pseudo acid "-ci-form 
The form I is called the pseudo-acid while form II is known as 

the ad-form. The ac~-form dissolves in alkalis to form salts. 

OR ox~ 
RCH;N(O + Na:OH --. nCH:N(o -:- H20 

Salt 

The tertiary nitro-compounds having no hydrogen atom linked 
to IX-corbon ate' incapable of forming salts. 

(4) ACTION WITH 1tALOGENS, Primary and secondary nitro
compounds are- readily halogenated in the presence of alkali only in 
the IX-position, Thus:. 

oRa.NO. + aCra --+ CC.13.NOa + tHCl 
Nitrolnethane Chloropicr in 

Chloropicrin is now manufactured by this method. 

(5) ACTION WInI NITBOUS ACID. ($] Primary nitro· compounds 
react with nitrous acid to form nitrolic acids whicll dissolve in 
sodium hydroxide solutioil producing red solutions. 

:"ff·················, 
R.C;~~H + Ol-N.oH --+ 

'-NO~············' 
Nitroalkano 

R.C/
N

•
OH + HaO 

'-NOs 
Nitrolio acid 
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(ii) Secondary nitro.compounds react with nitrous acid t() 
form pseudo·nitroles which dissolves in sodium hydroxide to give 
blue solutions. 

R !H"······+····"HO: -NO R NO 
'C/)······················;··; _ '-C/ + H

2
0 

R/ 'N02 R / 'N02 
Sec. nitroalkane Pseudo-nitrole 

(iii) Tertiary nitro· compounds fail to react with '1itrous acid 
since they have no (I.-hydrogen atom. 

The above reactions of nitro alkanes with nitrous acid form the 
basis of Victor Meyer's test for the distinction between primary, 
secondary and tertiary alcohols. 

(6)' CONDENSATION WITH ALDEHYDES. Owing to the presence 
of the active (I..hydrogen, nitroalkanes undergo condensation with 
aldehydes. Thus: 

Rpno + CH3.N02 -... RCH(OH)CH2.N02 
Aldehyde Nitromethane Hydroxy-nitroalkaIl6 

This condensation is similar to aldol condensation. 
USES OF NITROALKANES 

(I) Since they are lessinflammablo and less toxio, nitro· alkane!; 
are now finding wide application as industrial solvents e.g, for oils, 
fats, shellac, rubber and cellulose derivatives. 

(2) Their reaction with nitrous acid forms the basis of the 
Victor Meyer's test for the distinction of primary,. secondary and 
tertiary alcohols. 

How to distinguish between Nitroalkanes and Alkyl Nitrites, The: 
nitroalkanes may be distinguished from the alkyl nitrites by the following 
reactions: 

(1) On reduction nitroalkanes are converted into primary umines, while 
alkyl nitrites yield an alcohol and ammonia. 

CHa.N02 + OH ___. CH3.NH2 + 2H20 
N;.tromethane Methyl amine 

CHa.O.NO + OH ---+ CHa.OB + NHs + H 20 
Methyl nitrite AIethyla1cohoi 

(2) Nitroalkanes are not decomposed by the action of all'~lis, while. 
alkyl nitrites like other esters are hydrolysed to form an alcohol and an alkali 
nitrite, 

. CH~.O.NO 
Methyl nitrlt3 

CHaNO! _ 'No action, simply dissolves 
Nitromethane 

+ NaOH __ CHaOH + NaNOa 
Methyl aloohol 

QUESTIONS 

1. What are .esters? How do they differ from salts? 

2. What is all ester? Mention the gener.ll principles to be observed 
in t.he prl'parHtion of these compot.mds, und the natut'S and properties of esters 
as a class. 
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3. Describe two methods for preparing esters. How do esters react with 
(a) water, (b) aqueous caustic soda, (C) concentrated ammonia'? 

4 Describe the prepallation of ethyl acetate in the laboratory. Discuss 
the conditions for the optimum yield of the product., 

5. Give the preparation, properties and uses of Methyl sulphate, Ethyl 
nitrite, and Ethyl nitrate. 

6. What are alipha~ic nitro-compounds? How will you distmguish 
between ethyl nitrate and mtroethane ~ 

7. Give an account of the methods of Rreparation, properties an d reac
tions of aliphatic nitro.compounds? ,How would you distinguish between a 
primary, a secondary and a tertIary Ultro-compound. 

S. DioCuss the isomerism of nitro-compounds with alkyl nitrites. Give 
reactions which point to the difference in the structure of two types of deri_ 
vatives. 

9. 'What are the important properties of ethyl acetate? Write a note 
on its constitution, (Madra8 B.Se., 1955) 

10. Describe the prepaNtion and uses of dimethyl sulphate. 
(Madra8 B.Sc., 1955) 

11. Describe the preparation and chief properties of nitro-paraffins. 
What. other alkyl derivatives of nitrous acid are known and in what respects 
do they differ from nit.ro paraffius ? (Andhra B.Sc., 1955) 

12. Describe how you would distinguish between: 

(a) 'Nitroethane and ethyf nitrite. 
(b) Ethyl cyanide and ethy! isoeyanide. 
(c) Ethyl alcohol and dimethyl ether 
How do you account for the differences in their behaviour? 

- (Bihar B.Sc., 1955) 

13. Describe the modern method of preparing nitro-paraffins. With 
the help of suitable examples explain their important chemical properties . 

• (Venkate8wara B.Sc. II, 1964) 
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(tI) CHa-O-OC.HS _ 

bHII-co-oczHs 
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C - + (tli) zHI)O + H _ CzHI)OH 

Properties. (PhY8ical). Acetoacetic ester is a colourless, 
pleasant smelling liquid, b.p. 181°. It is sparingly soluble in,water 
but dissolves readily in alcohol and ether. It is neutral to litmus. 

(Chemical). Acetoacetic ester i!ontains a keto group and an 
ester group and gives reactions of both. 

Acetoacetic ester molecule contains a very reactive methylene 
group (-CHz-). The two hydrogen atoms of the methylene group 
can be readily replaced by sodium. The unexpected reactivity of 
these hydrogens may be attributed to the fact that central methylene 
group is flanked by two highly activating carbonyl groups which 
maJre the C-H linkage very weak thus facilitating the proton 
release in presence of a polar J:eagent. 

H 

(! ~ +~., ,CaRsO _ ±_ 
CHa-C+CH+C- OCzRo .:.......... CHs.CO.CH.OO.OOIlHs + H 

The anion produced above, is considerably stabilized by 
resonance 

o 0 
I H 

CHa-O=OH-O--Oo.Hs 
o 0 
II I 

_ OHa-C-OH= C-OO.Hs 

The anion produced above, at once forms So sodio-derivative 
with Na+. 

Its important reactions are: 

(I) REDUOTION. When reduced with sodium amalgam, it 
forms ~-hydroxybutyric ester. 

OHsCO.OH20000ZHs + 2H _ OHs.OHOH.OHnOOOO,H5 
Acetoacetio ester ~.Hydroxybutyrio ester 

(2) KETONIO HYDROLYSIS. When boil"ld with dilute acids 
(sulphuric acid), the ester group is hydrolysed and at the Same time 
split out from the molecule resulting in tho formation of acetone. 

H:-:OH 
OH3000H,100010.Hs _ OHaOOOHil + OOs + OzHsOH 

Acetoaoetic acid Acetone 

The reaction is so called because So ketone is the chief 
product. 
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The ketone formed is. always found 1;6 contain the CHaCO
Phosphoric acid is a very good catalyst for ketonic hydro

r;~i~P~nd the yield of ketone is raised up to 95 per cent. 

Mecballislll : 
The mechanism of this reaction is still uncertain but iIi all 

probability the carbonyl group )C=O, facilitates -the removal of 

COs as 

(3) AC1l>. HYDROL~SI~. When treated with concentrated 
alkali (alcoholIo potash), It]S hydrolysed at the ester group and at 
the same time the acetyl group at the other end is detached from 
the molecule resulting in the formation of two molecules of acetic 
acid. 

HOH H,OH 
CHa.CO'CH2COO:C2Hs ---+ CHaCOOH + CH~COOH + ~H60H 

Acetoacetio ester Acetio aoid Ethyl alcohol 

This reaction is so called because an acid is the chief product. 

(4) FORMATION OF SODIO DERIVATIVE. When trea.ted with 
sodium ethoxide, it forms sodioacetoacetic ester. 

OH 

CHaCO.CH2COOC2Hs _ CHs.b: CH.COO~H5 
Acetoacetic ester Enolio form 

CHa·C{OH).CH.COO~H5 + C2H 50Na 

---+ CHa.C(ONs}: CHC00CaHi + ~HJOH 
Sodioaoetoacetic ester 

Sodioacetoacetic ester is further utilised to synthesise a 
variety of ketones and acids. It is best expressed by the enolic 
formula but for the sak{l of simplioity we will henceforth write it as 

CHaCO.CHNs.COOOsHIi 

Synthetic Applications. Being a very rea<:tive substance 
acetoacetic ester enters into reaction with many reagents to form a 
variety of organic compounds. The term acetoacetic ester 
synthesis is applied to such reactions. 

(1) ALKYLACETOACETIO ESTERS. The sodioacetoacetic ester 
when reacted with alkyl halides yields an alkylacetoacetic ester. 
Thus : 
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, ...... 
Ril I 

CHaCO.CHjNa[COOCzH5 
SodioHcetoacetio cster 
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R 

CHsco.6H.COOCIIH 6 -I- NaI 
Alkyl-acetoacetio ester 

The monosubstituted deriva.tive obtained above still contains 
a replaceable H atom which can be substituted by Na by treatment 
with sodium ethoxide. The sodioderivative thus obtained upon 
reaction with a suitable alkyl halide (R'l) would give a dialkyl. 
acetoacetio ~ster OHaCO.CRR' .COOOaHs. 

Mechanism: 

The sodioderivative forms a carbanion where Rl attaoks by 
SNa mechanism. 

OHa-C-O 
+ I_~ ~ 
NIlBe: R--I 

CHs-C=O 

--+ BLR +:1 

bOOCaH 6 
I 
COOCaBr; 

(2) KETONES. Like acetoacetio ester, its alkyl derivatives 
obtained in reaction (1) when boiled with di~ute sulphuric aci~\:~ 
undergo ketonic hydrolysis yielding ketones. Thus: 

H--IOH 
CHsCO.CRRi.COOICaH& 
Alkylncetoaoetio ester 

HI-'OH 
CHaCO.CRR'i COO IC2B6 

Dialkylacetoacetio ester 

-- CHaCOCHaR +. CO2 -I- CaRGOR 
Ketone Ethyl alcohol 

R 
-- CHsCOBC( -I- CO~ + CaHsOB 

Ketone R' Ethyl alcohol 

(3) FATTY ACIDS. Like acetoacetio ester, its alkyl derivatives 
when treated with a concentrated alkali, undergo acid hydrolysis and 
yield fatty acids. 

HOR B:OR 
CHaCO CHR.COO.jC2B 5 
Alkylacetoacetic eater 

BO.B H,OH 
CBsCO.lCRR'.COO.)CaBs 
Dialkyla.cetoacetic cster 

__ CBsCOOn + RCR2COOH + CRBGOR 
Acetio acid Alkylacetlo acid 

R 
--.. CBsCOOn + '/CHCOOH + CaR50H 

R' If 

Dialkylnoetio acid 

(4) DIOARBOXYLIO ACIDS. They may he prepared by the inter. 
action of sodioacetoacf'tio estcr and a halogen-substituted ester, 
followed by acid hydrolysis. Thus. reaction with ethyl chloro· 
acetate would yield sucoinic acid. 
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CHaCo.CH,Na! C000zH s --+ 

~Cl lCHaCOOCaH6 

HOH HOH 
CHa co CH.COO;CaH 5 ~ 

l'RaCOO CaHI) 
HiOH 

633 

(5) r~H:\_\TURATED ACIDS. Acetoacetic ester undergoes con
d sation with aldehydes and ~etones to form produots whioh upon 
o~d In'dn,I-,,:"is yield unsaturated acids. Thus: 

:tCI • -

Cli3COC H~"COOC2H5 

CHaCH"" 9,_. i 

lIO:H ROH 
CHscoe,COO:GaH!) ~ CHsCOOH + CHs.CH:CH.OOOH + CIIHI)OH 

I' Orotonio acid 
ORseH 

(G) HIGHER ALKANEs. Acetoacetio ester and its a.lkyl deri. 
va.tives 011 electrolytio reduction yield higher alkanes. Thus: 

CHs.CO.CHa.COOCaHIi + 109 --t CHa.OHa·CHa.CHs + 2HaO + CaR&OR 
AC(ltoM{>ti~ ester n-Butane 

CHs.CO.CHR.COOC',:!H5 + loll --+ CHsOHa.CHR,CHs + 2HaO + OaR&OH 
AlkylacptQlIC',tic ester ~!A)kylbutane 

(7) Rl!iO COMPOUNDS. Acetoacetic ester has a continuous chain 
of four carbon atoms with two functional groups and hence enters 
into reach!'n with many reagents to form stable ring oompounds. 
-For example, with urea it forms methyl uracil whioh is an inter· 
mediate in the synthesis of urio acid 

NH H .... l'i.'6(j~·b -c=o NH-CO 

60" .. ; ....... '" dH ~ cio 6H + CaH60H + H
2
0 

~H:H""""HO - J.CHa ~H-C.CH8 
Utes ... " Acetoacetic ester Methyl uracil 

,enolie) 

FhRt'CTt'RE OF' ACE'l'OACETW ESTER. The chemical properties. 
of acetoacctic ester for long presented a difficulty since they could 
not be explained in terms of one struotural formula Aftel' thorough 
investigation it was suggested that ordinary acetoacetic ester was an 
equilibrium mixture of two forms: 

OB: 

CB:a.CO.CH2COOC2H lI ~ cBs.6=OH.COOCaHII 
Keto form Enol form 
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and each of these forms could at once be converted to the other. 
This particular type of tautomerism between a keto form and enol 
form was termed as keto enol tautomer~sm. A chemical reagent 
that reacts with one form will upset the equilibrium in the direction 
of that form, so that the substance appeared to react as 100 per cent 
keto form or 100 per cent enol form. . 

The existence of the above equilibrium in acetoacetic ester is 
supported by its reactions. 

~EACTIONS SUPPO:B.TING THE KETO FORM. (1) Acetoacetic ester 
forms addition compounds with hydrocyanic acid and forms oxime 
with hydroxylamine. 

(2) On reduction the ketonic CO is converted to CROH and it 
gives ~.hydroxybutyric acid. 

(3) On ketonic hydrolysis it yields acetone which p'roves the 
presence of a ketonic CO in the original molecule. 

REAOTIONS SUPPORTING THE. ENOL FORM. (1) Acetoacetic ester 
when treated with acetyl chloride forms an acetyl derivative which 
proves the presence of an OR group in the molecule. 

(2) It gives deep red coloration with ferric chloride and hence 
contains th.e structure C=C-OR which is characteristic of phenols. 

(3) It adds a molecule of bromine to form a dibromide which 
shows the presence of an alkene linkage in the molecule. 

SEPARATION OF THE KETO ANn ENOL FORMS. Guided by the 
above considerations regarding the structure of acetoacetic ester, 
Knorr (1911) succeeded in separating the keto and enol forms. The 
pure keto form of the esteI: was obtained by cooling ordinary aceto. 
acetic ester to -780 and then extracting with organic sQlvents. The 
enol form was prepared by treating . sodioacetoacetic ,ester with dry 
hydrogen chloride gas llot _78°; Knorr found that the two forms so 
obtained had characteristic properties. 

KETO FORM ENOL FORM 

(i) Long colourless needles, (i) Colourless oil. liquid boils 
m.p. _39°. at _78° .. 

(ii) Refractive index, 1·4225 (ii) Refractive index, 1'4430. 

(iii) Gives no coloration with 
ferric chloride and does not react with with 

(iii) GiV!!S deep red coloratio'n 
ferric chloride and combines 

bromine. with bromine. 

The separation of the keto and enol forms of anetoacetic ester 
proved beyond doubt that it was an equilibrium mixture of these 
forms. From a measurement of the refractive index of the two 
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forms and that of ordinary acetoacetic ester, Knorr was able to 
show that the latter consisted of 92 per cent of'the keto form and 
8 per cent of the enol f9rID . 

MALONIC ESTER, CH2(COOC2H 6)z 

It is the diethyl ester of malonic acid, CH2(COOC2Hsh. Its 
full name is diethyl malonate although it is commonly referr~d to as 
malonic ester. It is a most valuable reagent for the synthesls of So 

variety of organic acids. 
Preparation. Malonic ester is prepared from chloroacetic 

acid by first converting it to cyanoacetic acid and then passing 
hydrogen chloride gas into a solution of cyanoacetic acid and ethyl 
alcohol. 

01 
H2C/ + KON 

"COOH 
Ohloroacetic acid 

ON 
H 20/ + KOI 

'OOOR 
Cyanoacetio acid 

/OOOR 
H20, + NH"Ci 

OOOR 
Malonio acid 

COOH /COOC2Hs 
1{_IC( + 2C2HsOH --+ H20, + 2H:aO 

OOOH OOOC:aHs 
Malonio ester 

Properti~s. (Physical). Malonic ester is a colourless liquid 
with a pleasant fruity odour. It boils at f99° and is sparingly solu
ble in water. 

(Ohemical). In malonic ester molecule we have a methylene 
group joined to an ester group on either side. 

As in acetoacetic ester the H -atoms of methylene group 
(-CH2-) here also have been sandwiched between two electron
attracting carbonyl groups. It, therefore, becomes extrem~ly reac
tive and readily fOrIDS sodio-derivatives with sodium ethoxide 

- + 
(C2HsONa). 
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According to an older view, the forma.tion of sodioma.lonic 
ester proceeds through the formation of an enol just as in acetoacetic 
ester, but for convenience we would use the above simple formula 
in our discussion. 

Malonic ester Synthesis. Like acetoacetic ester, malonic 
ester is an excellent synthetic reagent. All syntheses carried by 
means of malonic ester are termed malonic ester synthe8is. This is 
chiefly based on two reactions . 

. (a) One or both the H atoms of the methylene group can be 
replaced by sodium by the action of sodium ethoxide forming : 

/ COOCZH 6 / COOC2H 6 
NaHC Na2C, 

'COOCaHIj COOC2H 6 
Sodiomalonic ester Disocliomalonic ester 

(b)_ The derivatives of malonic ester in which the two COOH 
groups are linked to the same carbon split out a molecule of carbon 
dioxide when heated just above its melting point which results in 
the removal of one carbonyl group. 

'-C/COOH hea~ 
/ 'COOH - )CH.COOB + COli 

The following classes of compounds ca'n be synthesised with 
the help of malonic ester. 

(1) FATTY ACIDS. Sodiomalonic ester reacts with alkyl halides 
to form alkylmalonic esters which upon hydrolysis and heating 
yield fatty acids. Thus n.butyric acid can be obtained as follows: 

Hydrol. 
----+
Heat 

~ C.If6CB(COOCzH6)a ___ C2H 6CHaCOOH + COli 
n-Butyric acid 

Starting with sodio-alkyl-malonic ester and by repeating the 
above steps we can synthesise dialkylacetic acids, R20H.COOH. 
Thus dimethylacetic acid can be obtained as below: 

CH3\'Cj:'''Na!CII(COOC2Hs)1l __ CHaCH(COOCaH&)a ............................. 
C2H50Na 

CHaCH(COOCaH 5)2 __ CHaNa.C(COOC2H&)a 

CHaI Hydrol. 
___ (OB3)aC(COOCzHc;)z __ (CH3)aCHCOOH 

& heat Dimethylacetio acid 

(2) DrCARB.OXYLIC ACIDS. (i) Sodiomalonic ester on 'treatment 
with iodine forms a tetracarboxylic ester, which upon hydrolysis and 
heating yields succinic acid. 

j:Na,CH(COOC2H6): 
:I2 : 

1.::::~}CH(COOCaH5)B 

-2Nd CH(COOC2H5l2 

-- 6H(COOCaH 5): 

Hydrol. CH(COOH)a Heat 
I 

OH(QOOH). 

CHaCOOH 

6HaCOOH + 2C02 
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(U) Higher dicarboxylic acids can be obtained by reacting 
8odiomalonic ester with alkylene dihalides having ha.logen atoms at 
the ends of the carbon chain. Thus: 

cHzIBr········N'BjCH(COOC1Hfj)a - 2NaBr 

I I + : -
CHaiBr Na!CH(COOC2H 6)z 

H;;i~~z:········CHz.CH(COOH12 
--+ I 

CHs·CH(COOH)a 

heat 

CHz.CH(COOCaHfj)S 
I 

CHz·CH(COOCzHfj)a 
CHz·CHz·COOH 
I . 

CHz·CHs.COOH 
Adipio acid 

(iii) Dicarboxylic acids can also be prepared by reacting sodio
malonic ester with halogen substituted esters such as chloroethyl 
acetate. 

jNaiCH(COOCIlH 6)z 
! ! + 
; .. ~~JCH2COOC2H5 

Hydrol. CH(COOH)z 
--+ I 

CHzCOOH 

-NaCI 

Heat 

CH(COOCI H 5Is 
I 
CHaCOO<'zH6 

CHICOOH 
I + COz 

CHzCOOH 
Succinic acid 

(3) CYCLIC CARBOXYLIC ACIDS. Disodiomalonic ester reacts 
\fith straight chain dihalides to form cyclic acid. Thus: 

CHlIf1j·r············ \ --2NaBr CHz, 

bRz!.~~.::..~~\C(COOCIH6)Z --+ JH
a

/
C

(COOCIIH 5l. 

H ydrol. CHI heat CHa 
--+ I )C(COOH)1I _ I '/CHCOOH + CO. 

ClIa CHz 
Trimethylene carboxylic 

acid 

(4) !UNSATURATED ACIDS. Malonic ester condenses with alde
hydes and ketones in the presence of organic bases (pyridine) to 
form unsaturated acids. Thus: 

-HzO 
CH3CHi9.::+:::~~!C(COOCalIfj)2 _ CHsCH:C(COOCaHfjlz 

Hydrol. 
CHaCH:C(COOH)z 

Heat 
--+ CHaCH:CHCOOH + CO2 

Crotonio acid 

(5) AMINO ACIDS. Malonic ester is first converted to acyl
aminomalonic ester by first treating with nitrous acid and then 
zinc, acetic acid and acetic anhydride. 

COOCaH5 COOCZH6 COOCZHfj 

I HONO I . Reduction I 
CHz _ CH.NO _ CH.NHCOCHs 
I -H20 I Acetylation I 
CO<?C2H& COOCZH& , COOCzHfj 

Malomo ester 

The product is hydrolysed and heated to yield the amino acid 
COO'{IlHfj cooa COOH 
I \: Hydrol. I Heat 1 

- CH.NHCOCHa _ CH.NHz --+ CHz·NHIl 
I I Aminoacetio acid 
COOCaHfj COOH 
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(6) MALONYL UREA. Like acetoacetic ester, malonic ester is 
al~o capable of forming heterocyclic compounds. Thus it reacts 
wIth urea to form malonyl urea or Barbituric acid. 

NH~ItH6(ja(FOC . NH-CO 60 ........ ~ ....... : Ims ---+ 60 tks + 2C
2
H

s
OH 

I , ............. , I I I 
NHiH HsCsO :oc NH-CO 
Urea·····MaioIiio estl'r Barbiturio acid 

(7) KETO ACIDS. Sodiomalonic ester when treated with an 
acid chloride yields a. keto acid. 

CHaCOCI + NaCH.(COOCsRsls ---+ CHa.CO.CH(COOC2Hsh 
Aoetyl chloride 

Hydrol. 
CHaCO.CH(COOCsHs)s ---+ CHsCO.CH(COOH)z + 2C2H sOH 

+2H.O 
heat 

CHaCO.CH(COOH)2 _ CHaCO.CHsCOOH + CO2 
Acetoacetic acid 

QUESTIONS 

A. ACETOACETIC ESTER 

1. How is ethyl acetoacetate prepared 7 What is the mechanism of its 
{ormation 7 Outline its principal synthetio applications. . 

2. Discuss fully the constitution of acetoacetic eEter. How would you 
use it to synthesise (a) methyl ethyl ketone, (b) propionic acid, (0) valerie acid? 

3. Discuss the mechanism of the formation of acetoacetic ester. Start-
ing with acetoacetic e~ter indicate the steps involved in the preparation of : 

(a) methyl n-butyl ketone, CHaCO(CH2)3CHa 
(b) n.butyric acid, CHaCH2CH2COOH 
(0) n:-propyletbyJacetic acid, CHaCHzOH2CH{CsHs)COOH. 

4. (a) How is ethyl acetoacetate prepared t Discuss the mechanism of 
its formation. 

(b) What product- are formed :!\,hen-
(i) Sodium ethyl acetoacetate is treated with iodine and the product hy-

drolysed, . 
(U) How can you synthesise methyl isopropyl ketone from ethyl aceto-

acetate 1 . 
5. Discuss the constitution of Acetoacetic ester. and explain Tauto

merism with reference to this compound. 
6. How will you prepare (i) methyl ethyl ketone, (ii) methylRcetic acid, 

{rom ethyl acetoacetate 1 (.-lllahabad B.Sc.II, 1967) 
'1. How is etbyl acetoacetate prepareu 1 Discuss its constitution. How 

will you obtain the following compounds by the use of acetoacetic ester: 
(a) methyl propyl ketone, 
(b) crotonic acid, 
(C) methyl uracil, 
(d) succinic acid? (Udaipur B.Sc.11, 1967) 
8. Describe the synthetic uses of acetoacetic ester. What is the 

evidence that it exists in two isomeric forms f (Udaipur B.Se., 1969) 
9. Explain the difference between ta.utomerism and resonance. Give 

some ·synthetio applications of aoetoacetio ester. (Panjab B.Sc., 1969) 
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10 Establish the structure at acetoacetic ester. How can it be used for 
'h p~r.~ion of methyl ethyl ketone and alpha-methyl butyric acid? 

t • pre (Delhi B.Sc., 1969) 

B. MALONro ESTER 

l. How is ethyl malonate prepared f Outline its applications in organic 

synthesis. 
2. How is malonic ester prepared? Show how the following compounds 

be prepared by means of the malonic ester svnthesis: (i) butyric acid, (i:,:r dimethyl acetir acid. (iii) succinic acid. • 
3. HoW can you 8OI!Ount for the great synthetic value of compounds 

oontaining active methylene group? How can you prepare:-

(a) dimethylacetic acid from diethyl malonate ; 

(b) methyl ethyl ketone from ethyl acetoacetate; 

(c) succinic acid from diethyl malonate: 

(d) propionic acid from ethyl acetoacetll'~ ? 

4. Describe the preparation, properties and uses of Malonic ester. 
(Kut"ukshett"a, B.Sc. II, 1967) 

5. What is a reactive methylene ~r~up ? D~scribe the synthetic appli
cations of anyone of the compounds contamlng this group. 

(Gorakhpur B.Sc., 1968) 

6. Illustrate with suitable examples the use of diethyl malonate in 
organio ester. (Oamo,nio, B.Sc., 1968) 

7. Describe. the preparation, properties and @yntbetio applications of 
malonic ester. (Maro,thwo,do, B.Sc., 1967) 

8. How is malonic ester prepared 1 Starting from this compound how 
would you prepare the following :-

(1) Propionic Reid 
(4) Succinic acid 

(3) 
(4) 

Cinnamic acid 
Barbiturio acid. 

(Ujjo,in B.Sc., 1968) 

9. How is malonic ester prepared 1 Give its synthetic uses. 
(Poona B.Sc., 1968) 

10. Describe the preparation of malonic ester. How will you convert 
it into :-

(a) Phenyl acetic acid (b) Cinnamie aoid 
(c) Succinio aoid (d) Barbituric acid. (Bombay B.Sc., 1968) 

11. Outline the ir .... portant synthetic applications of (a) Ethyl malonate 
(II) Ethyl acetoacetate. (Viswo, Bhat"aei B.Sc., 1969) 
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Fats, Oils and 

Soaps 

WHAT ARE FATS AND OILS? 

PAUL SABATIER 
(1854-1941) 

French Chemist. He won the N9lT?=e) 
Prize in 1912 for his work on catalyt;:.1,?i9 
hydrogenation of hydroca.rbons o,:Clt:> d 

other organic compounds. I 

Fats and oils are. the triesters of glycerol with long eha.j.~ 
organic acids, chiefly palmitic acid (C1sH31COOH), stearic aci-df:i 
(C17HssCOOH), and oleic acid (C17HaaCOOH). The triesters ofH 
glycerol-are commonly named as glycerides. Glycerides are said ~ 
be 'simple' or 'mixed' according as all the three acid radicals i-nni 
combinat.ion with the glycerol molecule are the same or different. 

CHlIO.OC.R CHlIO.OC.R 

JH.O.OC.R 6H.O.OC.R' 

JH2.0.0C.R !JH2.0.0C.R* 
Simple glyoeride Mixed glyceride 

Originally it was believed that fata and oils are the mixtures of1f 
simple glycerides : I 

CHlI.O.OC.C15.H31 CH2.0.0C,C17H35 CH2.O OC.C17Hs3 
I I I 

OH.O.OC.CuH31 CH.O.OO.Ct7H85 . CH.O.OC,C17H33 
I I I I 

cHa.o.OC.Ct5H31 CH20.OO.Ct7Hs5 CHa·O.OC,C17Hs3 
Tripalmitin Tristearin Triolein 
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Recent researches have, however, shown that all natural fats 
d oil!.! invariably consist of mixtures of 'mixed glycerides'. For 

an ample, l((,1"d is a mixture of the oleo'palmito.stearin, palmito· 
~stearin, stearo-dipalmitin and palmito-diolein. 

The terms ·fat' and 'oil' .. The natural stuff consisting of 
glycerol esters which is a solid at room temperature is commonly 
called a fat and the one that is liquid is called an oil. The two 

~ termS are purely conventional since the same substance may be a fat 
'Jl one climate and an oil in another. Thus ghee is a 'fat' in winter 
!.nd 'oil' in summer. Chemically the so-called fats contain relatively 
large proportion') of combined stearic acid (m.p. 60°) and palmitio 
acid (m.p. 6~0) and, therefore, melt at a higher temperature than 
'oillj' whioh contain a large proportion of oleio acid (m.p. 14°). 
OCCURRENCE AND IMPORTANCE 

Oils and fats occur widely spread in the animal and vegetable 
kingdom. In plants, they are present chiefly in seeds and form 
reserves for germination of embryo. In animals, fats are found in 
deposits under the skin and in muscles, and act as food reserves in 
time of hunger. . 

Fats are not only essential in human diet but I1lso play impor
tant roles in many industrial processes. They are used as such in 
foodstuffs, paints, varnishes, polishes, cosmetics, lubricants, etc. They 
are also used for the manufacture of soaps, candles, explosives, plas
tics and a host of other useful products. 
EXTRACTION AND REFINING 

The fats and oils are extracted from the neutral products by 
$ree operations: 

(1) Rendering. This consists in chopping off the tissues con
taining fat and heating them dry or with water until the fat is 
melted and can be removed. 

(2) PrefJsing. Oils are obtained from seeds by crushing 
bet,!\,een rollers and then pressing in a hydraulic press. The pressed 
cake is used as fodder for milking oat tie. 

(3) Solvent Extraction. It is often applied to the residue of 
8. pressing process and ensures complete removal of fat or oil. 
Solvents used include carbon disulphide, petroleum ether and 
benzene. 

After separation by the above methods, the crude oil is 
.treated with a little alkali to remove the free acids together with 
colloidal impurities. The oil is then bleached by agitation with 
Plaster of Paris and animal charcoal at 70_80°. It is finally 
deodorised with steam. 
PROPERTIES OF FATS 

(Physical). (1) Oils and fats are liquids or solids having no 
odour or taste in the pure state. 

(2) They are lighter than and insoluble in water and, there-
fore, form the upper layer when mixed with i.t. . 

(3) They are freely soluble in· organio solvents like ether, 
~cetone, ohloroform and benzene. 
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(4) They readily form emulsions when agitated with water in 
the presence of soap, gelatin or other emulsifiers. 

(Ohemical). Oils and fats show the usual hydrolytic reactions 
of esters. Since the oleic acid radical pres en t in them contains 
,ethylenic linkage, they also give addition and oxidation reactions. 

(1) Hydrolysis. Fats are hydrolysed by heating with water 
alone, or in the presence of acids to form glycerol and the free 
organic acids. 

CH2[b6bR . H~OH ~H20H RCOOH 

CH :OOCR' + H:OH _ CHOH + R/COOH 

~fTJCOOR' H:OI:l bHaoH R"COOH 
F·at; .. ·········· .. ······Water Glycerol Acids 

In the presence of alkalis, however, the free organic acids first 
produced are neutralised forming salts (soap). 

(2) Hydrogenation. It is carried by passing hydrogen gas 
under pressure into the liquid fat or oil having a fine suspension of 
nickel which acts as a catalyst. The oleic acid radical adds a 
molecule of hydrogen at the double bond and is thus converted to 
the stearic acid radical. 'rhis raises the melting point of the oil which 
hardens or solidifies. Thus : 

CH2, OOC.{CH2l?CH = CH{CH217CHa CH2.00C,C17H35 
I +3H2 I 
CHOOC.{CB2)7CH=CH{CU2hCHa ____ CH.OOC,C17H 35 

6U2,OOC(CH217CH= CH(CB2hCHa 6H2.00C,C17H35 
Triolein (m.p. _17°) 'rristearin (m.p. 60°) 

The hydrogenation or 'hardening of oils' is used for the manu
facture of Vegetable ghee or 'margarine' .. Hardened oils are also 
extensively used for making soaps and candles. 

(3) Hydrogenolysis. If excess of hydrogen be passed through 
an oil or fat, it is split into glycerol and higher aliphatic alcohols. 
Thus triolein forms octadecyl alcohol and glycerol. 

CH2.00C,C17H35 CHaOH 

~m'OOC'C17H35 + 6H2 -+ bHOH + .3C17H3sCHaOH 
I I Octadecyl alcohol 
CHa.OOC,C17H35 CHaOH . 

Tristearin Glycerol 

This reaction which involves the splitting of the fat by hydro
gen is termed hydrogenolysis, 

(4) Drying. Certain fatty oilS- (Linseed oil) when exposed to 
air in thin layers are slowly convertetl to hard and elastic coatings. 
This process is called drying and is the basis of the paint and var
n'ish industry.* The chemistry of drying which essentially involves 

*Paints. They are made by suspanding a suitable pigment in linseed 
oil and adding turpentine oil to thin it and thus permit an even and easy 
coating. In drying, turpentine evaporates immediately and linseed oil dries 
in a couple of days leavi'ng a hard water-insolui"le coating. 

Varnishes. Best type of varnishes contain both linseed oil and a resin 
dissolved in a suitable solvent. The drying of the oil gives a tough film to which 
the resin adds gloss. "Spirit Varnishe8" contain only resin e.g., shellac, 
dissolved in alcohol. They dry quickly but the film la<lks toughness and tends 
to CI"Il.('k. Varnisilcl'I coloured by dye or pigment are known as lacquers. 
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oxidation and polymerisation at the double 'bonds, is extremely com
plicated and obscure. 

(5) Rancidification. Fats tend to spoil on storage and often 
develop unpleasant smell and tas~e in c~mtact with air and. ~o.istu:re. 
The chemical changcs accompanymg this process of ranctdiftcatwn 
'nvolve oxidation and hydrolysis. Thc hydrolysis of thc fat produces 
~ower fatty acids and the oxidation at the double bonds yields aide-

. hydes. The acidt; and aldehydes thus produced are largely respon
sible for bad. odour. _Pure fats can be stored for long periods by 
exclusion of au' and mOIsture. 
MANUFACTURE OF 'VEGETABLE GHEE' 

:Fatty oils are usually unpalatable and cannot be used as such 
in food products.- When they are hydrogenated in the presence of 
nickel, the unsaturated oleic acid radical' in their molecule is con
verted to stearic acid radical. This change is accompanied by 
hardening of the oil which turns into solid fat. 

Ni·Cat 
C3Hs(OOCC17H33la + 3H2 --'> C3Hs(OOCC17H3sla 
Olein (liquid oil) Stearin (8olidfat) 

The process of hydrogenation of the oil improves its colour, odour 
and taste and is, therefore, used for the preparation of 'vegetable 
ghee' or 'margarine. 

The simplest type of hy
drogenator consists of an iron 
tank provided with a steam coil 
for heating purposes. The oil is 
admitted in the tank and the' 
nickel catalyst is suspended in 
it. It is then heated by passing 
steam through the coil and hy-
drogen is introduced at the bot
tom. The unreacted .hydrogen 
is collected and used again. The 
oil is kept in circulation by means 
of a pump. When' the desired 
constituency has reached, the 
molten fat is sent to the filter press 
where the catalyst is removed. The 
product is white odourless solid 
which resembles ~ghee' in app;~ar· 
ance. It is commonly called 'artifi
cial' or 'vegetable' ghee. In India 
vegetable ghee is being prepared 
in large quantities from cotton 
seed oil (Kotogem), and coconut oil 
and ground-nut oil (Dalda). 

ANALYSIS OF OILS AND FATS 

I o 
0-

. STeAM 

~ 
lJ 

Fig, 26'1. Manufacture of vegetable 
ghee from oils. 

The industrial value of a particular fat depends on its com
position and purity. It may contain free acids and adulterated 
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non-fatty impurities. A number of physical and chemical tests have 
been devised to evaluate a given fat. The usual physical constants 
that are determined are melting point, specific gravity and refractive 
index. The fat is then subjected to tbe following quantitative 
chemical tests. 

(1) Acid Value. It is the number of milligrams of potassium 
hydroxide required to neutralise 1 gram of the oil or fat. The acid 

. value of a fat is determined by dissolving a weighed quantity of it 
in alcohol and titrating the solution against standard alkali using 
phenolphthalein as indicator. It tells the amount of free fatty acid 
present in a fat. I 

(2) Saponification Value. It is the number of milligram8 
of pofas8ium hydroxide required to completely saponify 1 gram of the 
oil or fat. The saponification value can be determined by re£luxing 
a weighed quantity of the fat with excess of standard alcoholic 
potash solution, and then titrating the unused alkali against a stan
dard acid. 

The saponification value of a fat is of great importance as it 
gives an estimate of the non· fatty impurities. It also tells the 
amount of alkali that would be actually required by the fat for its 
conversion to soap. 

(3) Iodine Value. It is the number of gram8 of iodine that com· 
bine with 100 grams of oil or fat. It is determined by Hubl'a method 
-by treating a carbon tetrachloride solution of a weighed amount of 
the fat. with a solution of iodine and mercuric chloride in alcohol. 
The unused iodine is titrated against standard thiosulphate 
solution. 

The iodine value of an oil or fat indicates the proportion of 
unsaturated acid radical present in it. It is of great importance in 
characterising individual fats and also for finding their sl,1itability as 
soap materials. 

(4) Reichert-Meissl Value. It is the number of mls. of 0'1 N 
potassium hydroxide 80lution required to neutra-li8e the volatile acids 
obtained by the di8tillation of 6 grams of fat. The Reichert-Meissl 
Value gives an estimate of the lower steam· volatile fatty acids pre. 
sent in a fa,t. 
WHAT ARE SOAPS 7 

Soaps are the alkali salts of higher fatty acids. They are main· 
tained by the hydrolysis of fats and oils with sodium hydroxide or 
potassium hydroxide. Thus: 

CHa;ooc:<j~~H;l"""""""i;ra: OR CH:aOH 
I : : I 
CR iOOC.C15Hsl + Na:OH --+ CnOH + 3C15H 31COONa 
I : : I Sod. palmitate 
CH:aiOOC,C15H31 Na'OR CHaOH (Soap) 

Trip·aimitin .. ····~·····so(Ciiydroxide Glycerol 

The common toilet soaps are the sodium soaps prepared from 
fatty oils. The soaps prepared from solid fats are relatively hard 
and are used as household soaps. 
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The sodium soaps in general possess a hard consistency and are 
termed' hard soaps. The potassium soaps which are softer and 
more soluble are callcd soft soaps. These are used for special pUr. 
poses e.g., shaving sticks, shaving cream and shampoo . 
.. ANUFACTURE OF SOAP . 

In India the main source of toilet soaps is coconut oil which is 
available in large amounts in South India. Palm oil, cotton seed 
oil ground-nut oil 'and olive oil are also used. In actual praotice, 
m~ure of hardened oils or solid fats and fatty oils are employed in 
8Oap.makin~, the blend being chosen to meet the expected require· 
ments. 

Soap may be prepared either by boiling the fat with sodium 
hydroxide solution (Hot Process) or by mixiilg them thoroughly in 
cold when tbe reaction proceeds slowly (Oold Procesp ). The hot 
'Proeess is mostly employed for making toilet soaps, while the cold 
process is generally used for 'household' or washing soaps. 

Hot Process. The mltnufaqture of soap by the hot process is 
carried by the following steps:-

(1) BOILING. The operation of boiling the fat with sodium 
hydrmcide solution (soda lye) is carried in an iron tank {soap kettle) 
ha.ving at the bottom closed steam· coils for indirect heating and 
perforated or open steam·coils for direct heating. 

l Yl OIL SOAP 

~~ 

PUMP CRUTCHER 

t 
SPFNT LYE 

Fig. 26·2. Manufaoture of Soap (Hot PrOCll88). 

The mblten fat or oil is run into the soap kettle and appro
priate quantity of 80da lye is added. The oontents of the kettle 
are boiled by passing steam through the open.eoit and thus kept in 
t good state of agitation all the time. Alkali is maintained in slight 
excess, more of it being added jf necessary. The fat is thus saponi. 
fied t.o the extent of .about S{) per cent. 
, Fat + Soda lye' -+ Glycerol + Soap 

. (2) SA.LTING OUT. The mixture of soa.p, glycerol and lye 
,resulting from step (1) is heated by closed steam coils and salt ill 
fA·" 
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added to it. The soap being insoluble in salt solution (common ion 
effect) is thrown out and floats to the surface as a curdy mass. The 
aqueous layer containiug glycerol ("sweet waters") is run off and 
sent to the glycerol recovery plant. The soap left in the kettle is 
again boiled with fresh soda lye for completing the saponification 
and the spent lye run off. Finally, the soap is boiled with water to 
wash away any alkali and allowed to settle. 

(3) FnnsHING. The upper layer of soap obtained from step 
(2) is drawn off from the kettle. It is then pumped to a steam jacket
ed tank fitted with a mechanical stirrer (crutcher). Here soap is 
thoroughly mixed with glycerol till it becomes homogeneous. It is 
finally drawn out into frames and solidified. The solid soap is dried 
by means of hot air and milled with perfumes and colour to thin 
shavings, which arc stamped into cakes. 

Cold Process. The molten fat or oil is mixed with the 
required amount of soda lye in the \ crutcher (see Fig. 26·3). The 
saponification is allowed t.o take place in cold with mechanical 
stirring. The process is continued till the soap begins to set. At this 
stage, it is drawn out and allowed to solidify in frames. This solid 
soap is cut into bars which are finally dried and sold as washing 
80ap. 

(jf the two processes of soap.making described ahove, the lwt 
process is decidedly superior. It is more economical anf1 yields the 
purest stuff, all impurities and excess of alkali being completely reo 
moved. The glycerol, which is an important by.product can also 
be recovered in this method. 

Modern Continuous Process. In a recently developed 
process (Ittner Proces8). the hydrolysis of fat is carried with water 

WATER 

FArry ACIDS 

TO GLYCEROL 
RECOVERY 

SOAP 

PUMP 

CAllSTIC 
SODA 

Fig. 26·3. Flow8heet for continuolls soap-making process. 

under pressure and at elevated temperatures in the presence of 
lime or zinc oxide (catalyst). Hot water is fed into the hydrolyser 
near the top and fat near the bottom. The hydrolysis is rapid and 
complete. The fatty acids t.hus produced rise to the surface and are 
drawn out at the top, while the glycerol is removed in water 
leaving at the bottom. The fatty acids are then pumped to another 
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vessel (neutraliser) where they a.re neutralised with caustic soda, or 
the ch.eaper soda ash to form soap. 

In another process (Twitchell process), the hydrolysiR is effect
ed by means of a catalyst consisting of dilute sulphuric acid and 
aromatic suI phonic acids. 

The hot process of making soap is being gradually replaced by 
the newer processe~ described above which are continuous and hence 
more economical and easily controlled. 

CleaDsmg ActioD of Soap. The dirt on the skin or clothes is I!ticking 
1I'i~h the help of greasy matter. When rubbed with soap and water, it is easily 
washcd,away. The action of soap is twofold: (i) It emnlsifies the grease and 
thus loosens the dirt particles: (ii) Soap forms a colliodal solution in water and 
thus removes dirt by adsorption on its particles. 

Oil 01' Fat Soda lye (XS) 

I. BOILING 

II. SALTING OUT 

1 
Sweet water 

(To Glycerol recovery) 

1 
Spent lye 

/ i 
Washings 

m. FmISHING 

Boileq. (Open 8team coil) 

Glycerol ;- Soap 

lHeated (Closed 8team coil) 

NaCl added 

Impure Soap layer 
+ 

Sweet water 

j 
Impure Soap 

1'~'" 'ye addod ; boilod 

Soap + Exoess lye 

1 BoU" with _to, 

Pure Boap 

1 Glyooro', 00'= & P,d"m. ,dd,d 

Soap milled and 
stamped into cakes 

FLOWSHEET OF SOAP MANUFAOTURE (HOT PROCESS) 
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QUESTIONS 

1. W}la~ are fats or oils 1 What products are formed whel_l they are 
saponified 7 

2. Give an accouut o~ the general properties of fats and oils with 
speci~l reference to hydrolysis, ranoidity hardening and drying. 

3. In what respects do fats differ from oils 7 Indicate the industrial 
importance of natural produots. 

4. Write a short essay on fats and oils. 

oils. 
6. ~rite explanatory notes on: Saponifioation and iodine values of 

6. What do yo~ know about the ohem ioal nature of oils, fats and 
waxest Wt:ite a short essay on the hydrogenation of vegeta,ble oils. 

7. What are iodine value and Saponifioation value' Disou8s the 
principles underlying the mlmufacture of sonp. 

(Jammu & K,suhmir B. Sc., le60) 

8. What is the chemical nature of oils and fat. 7 Explain the signi-
fioance of:- < 

(a) Acid value; 
(b) Saponification value ;< and 
(0) Iodine value. ( Venkateswara B.So .. 1962) 

9. Write an essay on the chemistry and industrial uses of fats and oils. 
(Goralchpur B. Sc., 1962) 

10. What are oilH and fats' Discuss their important industrial appli-
cations 1 . (Marathwada B. So. Ill, 1963) 

11. Write a short note on hydrogenation of oils. 
(AUgarh B.Sc. II, 1981) 

12. What are soaps 1 Describe the manufacture of toilet loap. 
(Venkate6wara B.Sc. 1I,1961) 

13. Write an essay on the chemistry of fats ond oils. 
(Oeylon B.Se., 1968) 
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A mines 

AUGUS.T w. VON HOFMANN 
(1818-1892) 

German. He worked chiefly with the 
amines; triphenylmethane dyes. iBonitriles 
and must ard oils. Students are familiar 
with his method of preparation of amine!!. 

Amines are the derivatives of ammonia in whioh one or more 
H·a.toms have been replaoed by a.lkyl groups. They are designated 
as primary, seoondary and tertiary amines according as one, two or 
three hydrogen atoms in ammonia moleoule ha;ve' been replaced by 
a.lkyl groups. 

H-l-H 
Ammonia 

~ 
CHa-N- H 
Methylamine 

(Primary) 

CHa 
I 

CHa-N- R 
Dimethylamine 

(Secondary) 

CRa 

CRa-~-CRa 
Trimethylamine 

(Tertiary) 

The type formulae of the three olasses of amines and their 
oharacteristic groups are given below: 
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CLASS TYPE FORMULA CHARACTERISTIC GROUP 

H 
Primary amine R-N/ "H Qr RNHII -NHI '. 

(AminI! group) 

.Secondary amine 
R, 

RINH R/NH or 
"NH / 

(Imino group) 
R 

~N Tertiary amine R~N or RaN 
R/ / 

(Nitrile group) 

In adrlition to amines there are known such derivatives in 
which all the four hydrogen atoms of the ammonium radical have 
been replaced by alkyl groups. These are called Tetra-alkylam
moDium salts or Quaternary ammonium salts. Thus: 

[
H'N/HJ+i [CHa'N/CH3J+i [CHa'N/CHaJ+OH 
H/ 'H CH/ 'CHa CHa/ 'CHs 

Ammonium iodide Tetramethylammonium Tetramethylammonium 
iodide hydroxide 

Like ammonia, aliphatic amine~ive alkaline reactions. They 
are, in fact, the inorganic bases, while alcohols although containing 
OR groups like the inorganic bases, are neutral substances. 
NOMENOLATURE 

.Amines are named either by the Common System or the 
IUPAC System. 

(1) The COMMON SYSTEM of naming this class of compounds 
is to call them alkyl-substituted ammonias, though the word 
'ammonia' is contracted to 'a.mine'. Thus the three types of 
amines are named as 

R R 
I I 

R-NHII R-N-H R-N-R 
Alkylamine Dialkylamine Trialkylamine 
(Primary) (Secondary amine) (Tertiary amine) 

The secondary and tertiary amines are designated as '8ymmetrical' 
,(simple) or 'unsymmetrical' (mixed) according a8 the alkyl radicals 
bonded to.N atom are identical or different. 

R R' 
I I 

R-N-H R-N-H 
Symmetrical or Unsymmetrical or 

secondary amine mixed secondary amine 

The common name of an individual amine is a one word-name 
which is obtained by naming the alkyl radica,}s attached to N atom 
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in alphabetic order and adding the suffix. amine. In secondary and 
tertiary amines if the same &.lkyl radical is bonded to N atom twice 
or thrice, the prefix di- or tri- is placed before the name of the 
alky 1 radical. Thus: 

CZH 6NH2 
Ethylamine 

OaHo 
I 

C2H 6-NH 
Diethylamine 

CH3 ClIHI) 

CZlJ5-*H C2H 6-:&-C2H 5 
Ethylmethylamine Triethylamine 

(2) According to the IUPAC SYSTEM, the common names 
are permissible for lower members. The primary amines are named 
as alkylamines (R-NHz) and the functional group -NHs is 
symbolised by the ending 'amine'. If necessary, the carbon chain 
bearing the amine group (-NH2) i;; numbered starting from the end 
nearer this group. 

CH3 

I 
CHsCH2CHaCHsNHz CH3-CH-CHa-CHz-NHz 
4321 4:1 2 1 

I-Butylamine S-Met hyl-l-butylamino 

The mixed secondary and tertiary amines are as.,')igned IUPAC 
names by regarding them as N-alkyl substituted derivatives of the 
basic primary amine with the largest (or most complex) alkyl 
radical bonded to nitrogen atom. The remaining alkyl radicals 
with N-prefixes are named in alphabetical order and joined to the 
name of the basic amine as suffix. Tho letter N prefixed to the 
name of an alkyl radical indicates that it is directly attaohed to 
nitrogen. Thus: 

CHa 
I 

CHa-CH2-NHll CHa-CHa-NH 
Ethylamine N-Methylethylamine 
(Primary) (Secondary) 

Here the secondary amine is derived from ethylamine by substitut
ing met.hyl radical for H of NHll• The two alkyl radicals attached to 
N are ethyl (C2Hs-) and methyl (OHa-) of which Qbviously the 
former is larger; hence the basic amine is ethylamine. By joining tho 
name of th? smaller methyl radical with prefix N, to the name of 
the basic amine we get full name N-metbylcthylamine. Similarly, 

CHs CHa 
I I 

CHaCH2CH2NC2H5 CH3-N -CHaCHzCH3 
N-Ethyl-N-Methylpropylamine . N, N-Dimethylpropylami1'\e 

In poly functional compounds, the functional groups of primary, 
secondary and tertiary amines viz., -NHa (amino), -NHR 
(alkylamino), -NRa (dialkylamino) respectively are named as 
substituents. For example, 

NHa 

CHa-bH-CH2-COOH 
4 3 2 1 

3-amino-I-butartoio acid 
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N(CHs). 

CBa-CB2_JB-CBa-OB 
4 S 2 1 

2.djmethylamino.}.blltanol 

ISO~IlISM 

(1) Amines show cham isomerism due to different contltitution 
of the. alkyl groups: 

CBsCB.CHaCH2 ,NB. 
n·Blltylamine 

CHa, 

I OB.CH •. NH. 
CHa Isobutylamine 

(2) Primarya.mines show position isomerism due to different 
location of the amino group on the ca.rbon chain. 

NH2 
I 

CHa-CR-CBs 
2-Aminopropane 

CHa·CBll·CBI·NB. 
I.Aminopropane 

(3) Primary and secondary amines exhibit metamerism which 
arises from different alkyl groups attached to the centra.l. N·atom. 
Thus I 

CsHa-.. CBI ,- ' 
'NH 'NH 

CIIBG! . C3R?1 
Diethylamine Methylpropylamine 

(4) Amines also show another interesting type of isomerism 
when the samo molecular formula may sto.nd for a primary, a 
secondary and a tertiary amine. Thus CaHaN represents 

CHa, CBa, 
CBsCH2CH2NH2 NH CBa - N 

Propylamino ceHs I CH31 
Ethylmetbylamine Trimethylamine 

METHODS OF FORMATION 

The general methods of formation of amines may be classified. 
Cl.tl follows: 

(i) Methods yieldi1!g mix'ures of amines, 

(U) Method3 for Primary amines, 

(iii) Method8 for Secondary amilles, aud 

(iv) Method8 for Tertiary amines. 

Methods yielding mixtures of Amines 

(1) Ammonolysis of Alkyl halides (Hofmann Synthesi8) , 
When an alkyl halide is heated with an alcoholio solution of a.mmonia 
in a 8e~led tube, a mixture of primary, secondary and tertiary 
amines along with the quaternary salt is obtained. Thus: 

CB8I.f::±::~~NH2 __ CHaNHla + HI 
Methyl iodide Ammonia Methylamine 

on NUl + CBsI __ (CHs)zNH + HI 
Dimethylamine 
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(OHS)zNH + CHa1 

(OHabN + CHa1 

__ (OHa)sN + HI 
Trimothylamine 

--+ (CBs),NI 
Totramothylammonium 

io<\i!)o 
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The amines, however, at once react with tho halogen halide produced 
in the process to form addition salts: CHaNHz.HI; (CHa)2NH.HI ; 
(CHa)aN.HI. Thus in actual practice the resulting mixture consists 
of different amine salts and the quaternary salt. ~rhis is then 
treated with caustic soda and distilled in steam. The primary, 
secondary and tertiary amines pass over, while tho quaternary salt 
which is stable to caustic alkali is left behind. 

Mechanism: 

The reaction proceC'ds in the following manner which involves 
Ilo neutral nucleophilic nitrogen (having a lone pair of electrons). 
Here, ethyl-ammonium iodide salt. is produced first. 

n.t 
CHlI-CH2-I 

r 
H-N-H 

I 
H 

[

CH
a-

OH
2 ] 1+ 1-

H-N-H 
I 
II 

F.thyl-ammonium iodide 

Nitrogen atom of ammonia molecule donates the lone pair of I 

electrons to the carbon atom attaohNl ~ith the halogen and a cova· 
lent bond is established botween nitrogen and carbon. Since the lone 
pair is now equally f:hared by Nand C, nitrogen losing half of the 
control acquires a positive charge. Further, in pres(,l1ce of e~c('ss 
of ammonia, there takes place a proton ·relea.,e as : 

II 
1+ 

ClIa-CH2-N-H 

k 
Proton release --to NBs 

H 
I + 

CBa-CH2-N : + H 

~ 
Ethyl-ammoniUln ion Ethylnmlu(I (Primary) 

When ethyl iodide is in excess, a subsequent reaction occurs by 
the same mechanism and the primary amine produced above 
supplies the necessary lone pn.ir of electrons. 

r OHs-ORa ] 

l U ..... *::.H I 

JaR6 
Diet,hyl.ammonium iodide 
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t Proton release 
CaH5-N - CaH 5 --h to NB3 

Diethyl-ammonium ion 

CaH6-N-CaH5 + it 
I 

B 
Diethylamin') 

(Secondary) 

Secondary amine- having a lon2 pair at the N atom, reacts with 
tinct. h1!1' molecule of ethyl iodide. 

Protoll ~eleaB!3'·· :I-
__ CaH5-N-CaH5 + H 

to NHa I 
C:lHlI 

Triethylamine 
(Tertiary ) 

. The tertiary amine is also nucleophilic and can further react 
with ethyl iodide to form tetraethyl. ammonium iodide. 

~ 
CHs -CHg-I 

T 

Since it does not contain an N-H bond, it cannot lose a. 
proton to ammonia and hence is the final produpt. 

(2) Ammonolysis of Alcohols. An alcohol and ammonia 
n.re heated together at 300-4;000 under pressure in the presence of 
a catalyst together (Al20 a, ThOa) when directly a mixture of primary, 
secondary and tertiary amines is obtained. Thus: 

CR8\2~:::E:~.lNH:I --
Methyl alcohol .Ammonia 

CRaNHg + CRaOR -4 

CHaNH, + HBO 
:Methylamine 

(CBs)gNR + RaO 
Dimethyl amine 

(CHS)2NH + CRsOR __ (CHs)sN + HgO 
Trimethylamine 

The primary amines may be obtained as the main product by 
using a large excess of ammonia. 
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Methods of formation of Primary Amines 

(1) lteduction of Nitroalkanes. Primary amines arfl 
obtained by reducing nitroalkanes with tin and hydrochloric acid, 
or with hydrogen and nickel catalyst. Thus: 

C2H5NOll + 3Ha ---+ CzH 5NHa + 2l{.O 
Nitroethane Ethylamine 

This method is becoming increasIngly important· as more 
nitroalkanes are being made available by the vapour phase nitration 
of alkanes. . 

(2) Reduction of Cyanides and Oximes. Alkyi c,yanides 
and oximes of aldehydes and ketones on reduction with sodiuPl and 
alcohol give primary.amines. 

CHaCsN + 4[H] 
Methyl cyanide 

H 2H!H. 
CEaCH=N!OH 
Acetaldoxime 

---+ CHs·CHIl·NHIl 
Ethylamine 

--+ CHaCH2NHa + H20 
Ethylamine 

(3) Hydrolysis of Isocyanates. Primary amines can also 
be prepared by the hydrolysis of alkyl isocyanate~ with ~austio 
potash. 

;---........ · ... ·.K6jH 

CHa·N=;C=O + i --+ CHs.Nfl! + KaCOa 
! KOIH MethylRmine 
,·· .. •·• .. · .. • .. ········1 Methyl isooyanate 

This method is not very useful on account of the inaccessibi
lity of the alkyl isocyanates. 

(4) Hofmann's Hypobromite Method (Hofmann, 1881). 
Primary amines are most conveniently prepared by treating t® 
acid amidcs with bromine and alkali (hypobromite). The overall 
reaction invol vcs the. splitting out of the carbonyl group oft he acid 
a.mide as carbon dioxide and thus converting it into amine. 

R.CO.NUI + NaBrO --+ fRNHs + CO2 + NaBr 
Amide Sod. hypo- Amine 

bromite 

The above reaction, in fact, takes place by the following 
steps: 

(i) Bromine r,eacts with the acid amide to form monODromo
amide. 

o 
I( 

R-C-N-H + Brll 

k 
Amid~ 

o 
II 

--+ R-C-N-Br + HBr 

~ 
Monobromo-amide 
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(ii) The alkyl group and 
tions (Ille to an isomeric change. 

o 

bromine atom then exchange posi. 

o 
II R_C_N_Br _ 

}f 
U 

Rr-C-N-R 

~ 
(iii) The product of step (i'i) splits out a molecule of hydrogen 

bromide ill tht' presence of alkali. 
. 0 

II 
Br:-.C-N-R _ O=C=N-R + HBr 

. I Isocyanate 
..... '''i'! 

(iv) The isocyanate is finally hydrolysed to form the amine. 

. N'lOH 
R.N=;C=O + __ R.NHII + NsaCOa 

NIlO H P~Amine' 

Hofmann's method is very useful for preparing lower primary 
amines only, since amides with more than seven carbon atoms ill 
the chain give mainly the alkyl cyanides. The method is particu. 
larly important as it offers a means of converting the easily available 
fatty acids into amines. It also affords a method of descending a 
homologous series. 

(5) Gabriel's PhthaUmide Method (Gabriel, 1887). This 
method consists in the treatment of potassium phthalimide with 
alkyl halide to form alkylphthalimide which on .hydrolysis with 
hydrochlorio aoid gives a primary amine. 

Q/CO
'\. 

, /NK + RI 

CO 
~Eium phthalimide 

O
/CO"-

, /NR + KI 

CO 
Alkylphtha.1imide 

ICO, :· .. · .. · .. · .... '· .......... R~OH o '-'NR + ! __, 
~ 'CO/: ......................... ~JOH 0

1 coon 

+ RNHa 

'COOH 
Phthalic acid 

This is one of ~he best methods for the preparation of primary 
amines. 

MechaDism : 

The reaotion involves the same type of nucleophilio attaok 
by potassium phthalimide on alkyl halide as was discussed .in the 
OQ.S6 of reaction batween NH~ and ethyl iodiqe. 
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O_CO 
'\. .. 
/N-CsHa 

-co 

CHa-OHI 

O-CO,- I +--
)N + KI 

-CO .. 

+ 2KOH 
100· -O_COO-

, + 2K'+ 
-cOO-

+ NH2CtHli 
Ethylamine 

557 

(6) Decarboxylation of amino acids. This is carried by 
heating the amino acid with barium oxide, or by contact with putre
fying blJ.cteria. 

CHaNH2COOH -. CH3NHs + C0 2 
,Glyoine Methylamillo 

~ 7) From Grignard reagents. Primary I1mines can also be 
pr,epareu by reaction bl)tween 11 Grlgnard reagent and c}11oroamine. 
CI.NHs. 

R !At;;x '+"oii-NHs _ RNHs + M'gX.CI 
chioramine P-Amine 

Methods of Preparation of Secondary Amines 

(1) By hpating a primary amine with the caleulatt.'d amount of 
alkyl halide. 

RNH2 + RX ~ RaNR + HX 
P-Amlne Alkyl halide S-Amlne 

(2) Hydrolysis of JI.Nitroso-dialkylanilines, Aniline is 
heated with the appropriate alkyl halide and tho produot is then 
treated with llitrous acid. The p.nitroso-dialkylaniline thus obtltin. 
ed on boiling with sodium hydroxide yields a secondary amine. 

ONH2 ~ r-\NR2 ~s ONONRs ' 
Aniline Di~line p-Nitroso.dia1kylaniline 

ONO:~~::±::~jOR -- ONOOF + RaNR 

l'-Nitrosophenol 

This is an excellent method for the' prepartlotion of secondary 
amines. 

(3) Hydrolys;s of dialkylcy,.namides. A pure secondary 
amine can be obtnineu by the hydrolysis of a dialkylcyan~mide 
which has been previously derived by the action of alkyl halIde on 
sodium cyanamide. 

NsaN.ON + 2RX __ RuN.CN + 2Na~ 
Sod. oyanamide Dialkyloyanamide 
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R2N.CN+2H20 --+ R2NH + CO2 + NRs 
S-Amine 

(4) By reduction of alkyl isocyanide with nascent hydrogen. 

R.N~C + 4rH] ---. R.NH.CHs 
Isooyanide Methylalkylilmine 

This method is of academic interest only and yields methylalkyl 
amine. 

Methods of Preparation of Tertiary Amines 

(1) By heating an alcoholic solution of ammonia with the 
calculated am(Juni of the alkyl halide. 

3RI + NB3 -_ RaN + 3RT 
Alkyli6didc> 'f-Amine 

(2) They are best prepared by hrating the corresponding 
quaternary ammonium hydroxide which is conveniently obtained 
by the action of moist silver 0xide on the quaternary iodide. 

(CB~)4N.I + AgOH --+ (CHs),N.OH + AgI 
Tetramethylammonium Tetmm~thylammonium 

iodide hydroxido 

heat 
- (CRs)aN + ORsOH 

Trimethylumine 

SEPARATION OF MIXTURES OF AMINES 

When the mixtllre contains the three amine salts. and the 
quaterna ry salt, it is first. distilll d witl". potassi um hydroxide solu. 
tion. The three amines set free from their salts distil over. The 
quaternary salt however, remains unchanged by alkali and being 
non· volatile is left behind. The distillate which consist of a. mix. 
tUl,'e of the primary, se~ondary and tertiary amines may now be 
separated by the following methods. 

(1) Fractional distillation. The amines can be separated 
by fractional distillation sinc~ their boiliI~g points·are fairly different. 
However, the success of this mt-thod is mainly due to the high effi· 
ciency -of the modern industrial fractionating, apparatus which .per
mits almost complete st'paration of the amint:s. 

In the laboratory, the chemica] methods Of separation are 
generally employed. . 

(2) HofJ.llartn's Method. (Action of Ethyl oxalate). The 
mixture of art\ines is heated with ethyl oxalate, when -

(i) the primary amine forms a. dialkyl oxamide whioh is a. 
crystalline solid. -

'CONHR. 
....0.4 I + 2CjH60H 

CONBR 
Dialkyl oxamide 

(SolidI 
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<ii) the secondary amine forms a. dialkyloxamic ester, which 
is I),~ oily liquid. 

CO;O~H~"+"HiNRI CONRa 
bo'~~;~"'"'''''' . ~ 6oo<;'R& + CaBtOR 

Ethylo:ula.te Dialkyl oxamia eater 
(liquid) 

The second ester group does not react, posSibly due to 'steric 
hindrance' • 

(iii) the tertiary amine doe8 not react at all. 
The reaction mixture is now fractiotmlly distilled.. '&_. 

tiary a.min~ distils over and forms the first fraction. This is toflowed 
by dialkyl oxamic ester which forms the secopd fraction. The 
dialkyl oxamide remains behind in the flask. 

The dialkyloxamide a.nd the dialkyl o~a'mtc 'iellter separated as 
above are hydrolysed with alkali to regenerate "the amine which is 
distilled off. 

OOOH 
\ + 'l1\.1U11l 
COOR P-AIhine 

~O !.~~~~~~:f~.~~~~:OR _ fOOH
, + RaNll + <;HsOH 

co l?~~~~ .. ± .. ~iOR COOR 'S-Amine 

. (3) ~iDsberg s Method. (Action of aromatic 8ulphonyl 
chloride J. The mixture of amines is treated with benzenc sulphonyl 
chloride, CaHsSOaCl, and made alkaline with potassium hydroxide. 

(~) the primary amine forms alkyl sulphonamide. 

CaR5sos1c;i":t"':H1HNR --'-+ C6HsSOs.NHR + HOI 
···· .... ···P:Amine Alkyl sulphonamide 

Tbis dissolvcs in potassium hydroxide, due to the formation of the 
potassium salt of the enolic sulphonamide. 

(ii) the secondary amine forms dialkyl sulphonamide. 

CeH&SOllici"+"H)NR2 ~ CeHsSOz.NRz + HCI 
· ........ ·ir~AmiIie Dialkylsulphonamide 

rhis is insoluble in potassium hydroxide, since it has no replace. 
~ble hydrogen atom attached to the nitrogen atom and is incapable 
:>f forming the enol form. 

(iii) the tertiary amine does not react with benzenesulphonyl 
MUoride . 

. Tb~ resulting· alka.line sol'!ltion is distilled when 'the tertiary 
t.inimt1?8.tses over and the remaining mixture is filtered; the filtrate 
on a.cidi6cation gives the sulphonamide of.the primary amine, while 
the' sou'd residue ~s the sulphonamide of the secondary amine. 
th~ tW()i sulphonamides thus isolated are hydrolysed with hydro. 
eric Mid to regen.erate the individual amines' which a:re distilled 
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__ C'IIGSO.OH + RNB, 
Benzenesuiphonio P. Amine 

acid 

O,HfjSO,\NR;'"+ii!OH --. C,HfiSO.H + R,NM 
•................... S. Amine 

In modern pra.ctice benzenesulphonyl ohloride has been replaced by 
p.toluenesulphonyl ohloride, CHS.C8H,.SOaCl. 

PHYSIOAL CHARACTERISTICS 

(1) The lower am;nefS are colourless gases or volatile liquids 
having a powerful fishy and ammoniacal odoriJ:o. The'highest memo 
bers are colourless solids. .. 

(2) 'l'hey are all ligh.ter than water. 

(3) The lower roemb~rs are very soluble iu water but the solu
bility falls with the increase of moleoular weight. 

(4) The boiling points of amines show a gra.dual rise with the 
increase of molecular weight. 

CHEMICAL CHARACTERISTICS 

The molecules of primary, .secondary and tertiary amines a.re 
made of ], 2 or 3 alkyl groups' linked. to a .trivalent nitrogen atbm 
carrying 2, 1 or no II atoUl8 respectively. . 

(i) The alkyl groups a.re comparatively stable and do not give 
substitution reaotions. 

~ii) Just like the N·atom of ammonia molecule, the central N
atom of amines has a. lone pair of electrons and can extend its 
valency to five (4 covalent and one electrovalent). Then amines 
form compounds with water and acids that are anaJogous to ammo
nium salts. 

The amines thus aot as bases (having a lone pair and proton 
acceptor) Rnd their basic character follows the order : 

tertiary > secondary > primary, 

The increase in strength of amines is due w increased number of 
electron. repelling alkyl radicals in the molecule. 

a 
~ .. 
a~ 
R 
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The repulsive a.ction of alkyl radicals enhances the availability 
of the electron pair for bonding with a proton. 

H 
, ,,/H + 1+ 
R-N + H __ R-N-H 'H I Base Proton H 

(iii) The hydrogon atoms direotly attached to the N-atom are 
very reactive and can easily be replaced by other atoms or groups. 

Owing to the difference in their structural fornlUlae, the three 
types of amines show many characteristic reactions. 

REACTIONS GIVEN BY ALL CLARS'F.S OF AMINES 

(1) Action with Water; formation of alDmoniulD bases. 
All the three classes of amines dissolve in water giving distinctly 
alkaline solution9. Just n.s ammonia reacts with a. molecule of water 
to form ammonium hydroxide, amines react with water to form 
alkylammonium hydroxides. Thus: 

CHaNfis + H 20 __ CHaNHaOH 
Methyillmine MethylBmmonium 

hydroxide 

__ (CHahINHIOH 
Dimethylammoniuffi 

hydroxide 

(CHslaN + H 20 __ (CEIs)sNHOH 
Trimethylamine TrimetbylammoniuTn 

hydroxide 

The alkylat:nmonium hydroxides ionise in water andJurnish 
OR ions. 

In general, amines are stronger bases than alnmonia, their ' 
strength being in the order: Tertiary > Secondary > Prima1·Y. 

(2) Action with Acids j formation of salts. Aminea com. 
bine with acids to form salts. ThUll methylamine reacts with hydro
chlorio acid to form methylammonium chloride. 

CHaNHs + HCI __ (CHaNHs]+cl 
• Methyla.mine MethylBmmonium 

chloride 

These salts are often written as amine hydrochlorides, amine 
".u~phates, otc. . 

CHaW •• HCI Methylam~!le hydrooblol"ide 

[(OHi)aNH11.HaSO_J Dimethyiamine sulphatE! 
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The amine salts are Imitable in water and regenerate the amine 
on treatment with a strong base such as NaOH. The salt with 
chloropropionic acid is used for the determination ,of molecular 
weights of amines. 

(3) . Action with Alkyl halides. A primary aOline reacts with 
an alkyl h8.li~e to form a secondary amine, and. a secondary amine 
reacts with it to form a tertiary amine. 

CHaNHa :1- CHal _ (CBa)aNH + m 
Dim:ethyla~e 

(CHa):NH + OHaI ~ (ORa)aN + m 
Trimethylamine 

A tertiary amine oombines with a molecule of alkyl halide to 
form a quaternary ammonium halide. 

(cHa)aN + CHal ---+ (CHa).NI 
TrimeLhylamiDe Q; ammo iodide 

Thus for its conversion to the quaternary salt, a primary 
amine will need. three molecules of the alkyl halide; it secondary 
amine two molecules; and a tertia.ry amine only one molecule. By 
experimentally determining the amount of the alkyl halide actuaUy 
used for the conversion of a given amine to the quaternary salt, we 
canknow its 'class'. 

REAOTIONS GIVEN BY PRIMARY AND SECONDARY AMINES 

(4) Action with Acid chlorides; acy1auon. Primary and 
secondary amines react. with an aoio chloride (or acid anhydride) to 
give acyl derivatives in which a bydrogen atoIthof the amino-group 
is replaced by an acyl radical (acylation). Thus: 

OHaNHz + CIO(;CIIa _ OH~H.OCC?a . + HOI 
}lethylllmme Acetyl chloride Acetylmethylamine 

(CHahiNH + CIOCCH3 ~ (CHa)zN.OCOHs + Hoi 
DimeLhylamin6 Ac.letyJdimethylamine 

Primary amine::; (having two available hydrogens) can yield a 
diacyl derivative but under forcing conditions. Tertiary amines 
having no available H atom do not react with acyl chlorides and 
are thus at once distinguisbed from primary and secondary amines. 

The monoacetyl derivath'es of primary and secondary amines 
are well-defined crystalline substances and are often used to charac
terise j.he amines. 

(5) Action with Nitrous acid. Primary and secondary 
arnines both react with nitrous acid but in a-different fashion. 

(iJ Primary amines having two available H atoDls, react with 
nitrous aoid to form primary alcohols with the evolution of nitrogen 
(Test). 



-------------------------uvu _____ 
CRs.N=N.OR + RIO 
Draw hydroxide 

(Un8table) 

CRs.N =£N:OR --+ CHaOR + Nt 

The overall reaction may he written os : 
CBaNB~ + RONO --+ CRaOR + N 2 + H20 

MethylamIne Mothyl alcohol 

(ii) SecOndary amines having only one available H atom react 
with nitrous acid to form nitro80amines. 

(CRaltN' ;U .. ···+· .. ·HOfNO __ (CH312N.NO + H20 ..... _ .............. I 
Dixnethylamjn& Dimethylnitrosoamine 

Nitrosoamines are yellow oils. When warmed with a little phe
nol and a few arops of concentrated llulphuric acid, they produce-a 
green solution which on making n.lkaline with sodium hydroxide 
solution, tums deep blue or violet The reaction (Liebermann's 
reaction) is used as a test for the secondary amines. 

(iii) Tertiary amines with. no available H atoms fail to give a 
replac~ment reaction with nitrous acid ; they simply form an addi-
tion salt, RaN .HNOz· . 

. The different behaviour of nitrous acid with the three cla,sses 
of amines is used for distinguishing between them. 

(6) Action ·with Grignard reagents. Primary and secon. 
dary aminea react with Grignard reagents to form hydrocarbons. 

RNHB·"+·"C.B:~MgI __ CR. + RNH.l\1g1 
····'Methyr~agnesium 

iodide 

RaN i:L±::~:!!~!MgI --+ CR, + RaN.MgI 

REAOTIONS GlVEN BY PRIMARY AMINES ONLY 

(7) Carbylamine reaction. Primary anllncs form carbyl. 
amines or isocyanides when warmed with chloroform arid alcoholic 
potash . 

. lif·······ci:, /;6ii 
CHaN( + jC'i 1 + 3KOR -- CH3·N:C + 3riCl + 3H20 

i~ ......... 9.~: . ;?!i Methyl isooyanide 

The isocyanide th us produced has extremely unpleasant ollour and 
hence- this reaction is an excellent test for primary amine", Second. 
ary and tertiary 11m ines do not give this reaction. 
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(8) Mustard oil reaction. Primary amines form isothio
cyanates or 'mustard oils' when warmed with carbon disulphide_and 
merouric chloride. 

HgOla 
---+ R.N: 0 : S + HaS 

Mustard oil 

The isothiooyanate thus produced bas a pungent 'mustard-like' 
odour \\hich can be easily recognised. Hence thie rea.ction is also 
used as a test for primary amines. 

REAOTIONS GIVEN BY TERTIARY AMINES ONLY 

(9) Oxidation. A tertiary amine on mild oxidation with 
hydrogen peroxide forms the amine oxide. Thus: 

(OHa)sN: + 0: ---+ (OHs)aN,..O 
Trimethylamine '" Trimethylamine oxide 

Here the trivalent N atom co-ordinates with an oxygen atom and 
extends its valency to four. 

METHYLAMINE, CHaNHa 

It is the simplest amine known. It is formed during the dry 
distillation of wood and bones. 

Preparation. (1) Methylamine is best prepared in the labo· 
ratory by the a.ction of caustic potash on acetamide (Hofmann'8 
hypobromite reaction). 

CHsCONH:I + Br, + 4l{OH ---+ CHsNHa + .2KBr + KaCOa + .28aO 
Acetamid& Methyl amino 

(2) By heating ammonium chloride with two equivalents of 
formaldehyde (formalin) (INDUtiTRIAL). The ammonia produced 
QY dissociation of Ilmmouium chloride reacts with two molecules of 
formaldehyde as follows: 

NHs + OHslO ·+··HCHO! ---+ OHaNHs + HOOOH 
Ammonia Forma:idohyd~ Methylamine 

(2 molee) 

(3) By passing a mixture of the vapours of methyl alcohol and 
ammonia over heated alumina. The dimethylamine and trimethyl. 
ami~e produced along with methylamine arc removed by fractional 
distillation (Industrial). 

OHalOH + B,NHg ....._ CHaNHs + H20 
Methyl 81~hoi' Ammonia Methylamine 
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Laboratory Preparation. Set up the apparatul! a8 shown in Fig. 27·1. 
Place 20 grams aoete-mitle and 18 mls. bromine in the flask and t hen add 200 
mls. of 1() per cent caustio pot8llh solu
tion gradually with cooling and shaking 
till the reaction mixture beoomes deep 
yellow. A strong solution of' caustio 
potash (50 gmlJ. in 100 mls.) is warmed 
and introduced through the tap-funnel 
and t,he reaotion minure carefully 
beated to 70°. When the yeUow colour 
is oompletely disoharged, the contents 
of the 'tlllollk are distilled and the oon-
densed methylamine passing over 
oolleots in dilute hydroohlorio acid. 
The ditillation ill discontinued when 
the liquid coming over is no more basic 
to litmllll. The liquid in the receiver 
is evaporated on a water-bath to get 
Bolid methylamine hydrochloride. If 
required the free amine can be recover
ed from it by distillation with the 
alkali. . 

Properties. (PhY8ical). Me· 
thylamine is a colourless gas ... with 
ammonia·like but fishy odour. 
Upon cooling it condenses to a 
liquid which' boils at 6'5°. It is 
exoeedingly soluble in water giving 
alkaline solution. 

(Ohemical). Chemically, it 
behaves ap a typical primary 
amine and gives all the general 
reactions described before. It 

BROMO
ACETAMIDE 

Fig. 27·1. Preparation of 
met.hylamine. 

burns in air with a yellow flame. It oombinea with hydrochlorio 
acid to form methylammonium chloride which is hygroscopio in 
nature. 

Z1IJlihylamine is used as a refrigerant. 

Ethylamine, <;H,NHB• Ethylamine is t.he seoond member of the 
homologous series of primary amines. It is produoed by the putrefact.ion of 
yeallt and Hour. 

Preparation. (1) Ethylamine is oommonly prepared by the aotion of 
ethyl chloride with exoe!ls of alcoholic ammonia. 

<;H5C1 + NB3 ~ ~H6NHa + BCl 

(2) By passing a mixture of ethylene and ammonia over heated oatalyst. 

H-NHa 
+ 

CB,=CHt --. CHsCHaNHt 

Propertie •. Ethylamine is a colourless liquid, b.p. 19°. It hlloll ammoniaw 
like odour and a bitter taste. It is highly soluble in water 1>11d burns with a 
181101'1 flame. It gives all the chemical rellot.ions of a ptimary amine. It 

, reacts with bleaoring powder to form N-diohlotoethylamine, o,BIiNCla• 

L 
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DIMETHYLAMlNE, (CH3)aNH 

It occurs in small quantities in PerulJiltn guano and pyrolig. 
neous acid. 

Preparation. (1) It can be prepared in a pure sta.te by the 
hydrolysis of p.ni1rosodiomethylaniline with caustic soda solution. 

OND N(CH;Y~"'+"'H!OH ~ ONO· OH. + (CH3~H 
. . .... ........ ..... Dimethylamine 

pam trosodiomothy lamme 

(2) By heating ammonium chloride V<,th four equiva.lents of 
formaldehyde (formalin). The ammonia dissocJated from NH"CI 
reacts with four moleeules of formaldehy~e as follov.1S : 

/ H cR216 ·······:ffc·ao; /CHa 
HN,- + : + : ~ HN + 2HCOOH 

"'H CH2:O HCHO: "-CRa 
Ammonia. Foriiiiii"deiiiiIEi···· Dimethylamine 

(4 molecules) 

Properties. Dimethylamine is a colourless gas having 
ammolliacal odour. On cooling it condenses to a liquid boiling 
at 7°. 

Chemically, it behaves as a typical secondary amine. Thus 
on treatment with nitrous acid it gives the oily nitrosodimethyl. 
amine. 

(GBahNJI"'+'''FiOjNO ~ (GRahN.NO + H20 
; . 
.................. NitroBodiomethyl_ 

amine 

Dim~thylamine is used for dehairing hides. 

TRIMETHYLAMINE, (CHa)3N 

It is the simplest tertiary amine. If occurs in beet-sugar 
molasses and excreta of fish. 

Preparation. (1) Trimethylamine is prepared by heating 
a mixture of ammonium chloride and paraforma\dehyde. 

CR!'O .... ·:HeRO; /CHs 
CH 2 0 + HGHO: ---'> ~- GHs + SRCOOH 
CH2 0 HCHOi ,,"CRs 

/lmmollia "Formai'dehyue Trimethylamine 
(5 molecules) 

(2) It is obtained on a large ~cale by th~ destructive distilla.· 
tion of bret sugar molasses. 

Properties. Trimethylamine is It colourless gas (b.p. 3'5~) 
having ammoniacal-fishy odour. Upon heatin'g t.nder pressure, It 
decomposes to form methyl chloride. 

(CHa)aN + 4HCl ~ SCRaCI + NH4Cl 
·Trimethylamine Methyl chlorido 
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Trimethylamine i~ used as a source of industr iBl m~thyl 
chloride. 
QUATERNARY AMMONIUM COMPOUNDS 

Tetraalkylammonium halideo. They are p':epared lather 
by 'treating ammonia with excess of an alkyl haliile or by direct 
action between a tertiary amille and the alkyl halide. ' 

. (CRslaN . + CHaI --+ [(CHa},Nl r 
TnmetbylsJlUne . Tetmmetbyhmmonium 

iodiL'.e 

They are white crystalline compounds. They are soluble in 
wa.ter in which they are completely dissocia.ted. 

[(CHa1,NJI - [(CH31,~J+ + I 

On heating they decompose to fO'rm a tertiary amine and an 
alkyl halide. . :' 

[(CH~)~N1I -- (CRs)!)N + CRsI 
Trimet}lylamihe 

Tetraalkylammoniu:ll1 hydroxides. They are obtained by 
the action of moist silver oxide '(AgOR) on a tetraalkylammonium 
halide. Thus: 

[(CHal4NJI + AgOH __ [(CHa)4NjOH + AgI 
Tetramethylammonium 

hydroxide 

T~traalkylammonium hydroxides are white deliquescent 
crystalline solids. They absorb carbon dioxide from the atmos
phere, forming carbonftte!l. 'FI!e.y are Ilecomposed by heat; only 
tetramethylammonium l\y,ti1:O--xnro splits out a molecule of.·methyl 
aleoholltUd forms a tertiary amine. 

(CHa),N.OB -- (c:E13)sN + CHsOH 
Trimethy lamin-e 

Other tetraalkylammonium hydroxides.givE' an alkene l).nd water. 
(.C~.N.oR --. (CtHII)aN + C'~H4 + RIO 

'Xrie1ihylBmine . 
They are. very soluble in water and are as strong bases 118 

!lodiUID hydroxide-ol" potassium hydroxide. Theil' aqueous solutions 
precipitate the hydroxide of the heavy metals hom solutions of 
their salts. They.ar~pletely ionised in solutions and have the 
structure . 

[
R'N/RJ+ OR 
R/ 'R 

On the other hanc;l, the mono-, di- und tri-a1kylammonium 
hydroxides formed by ~he combination of prImary, secondary and 
tertiary amine respectively, are weak bases. l\; is due to this fact 
that these compounds are not wholly ionised. tmd mostly exist as 
non-i.onised hydroxides. Thus: 

[
ClIH 5

" / H J+ 
CsHa/N"C,Hs 0 ~ 

Trietbylammonium hydroxide 



568 TEXT-BOOK OF ORGANIO OHEMISTRY 

DISTINCTION BETWEEN THREE CL,~SSES OF AMINES 
The primary, secondary and tertiary aroines can be distingu

ished from each other by noting the differences in their properties 
and reactions. 

PRIMARY 

(1) Bailie character:
Their aqueous solutions 
arl! ba.sic to litmus. 

{2} Action of alkyl 
halides :-
They oombine with 3 
moleCUles of halide to 
from quaternary salt. 

• (3) Action of acyl 
halides :-

SECONDARY 

They are more basio 
than prima ry amines. 

Combine with 2 mole
cules of halide to form 
quaternary salt • 

TERTIARY 

They are more basic 
~ban secondary amines. 

Combine with one mole
cule of' halide to form 
quaternary salt. 

They form mono- and 
al!>o diacetyl derivatives. 

. Form monoaoetyl deri- No action. 
'vatives only. 

(') Action of nitrous 
add :-
They form primary alco
hols with evolution oj 
nitrogen. 

(IS) Carbylamlne reac
tion :-
When warmed with 

. chloroform and aloo
bolio potash, they give 
the obnoxious smell of 
oarbylamine. 

(6) Mustard 011 reac
deD:-

Form yellow oily nitroso
amines which when 
warmed with phenol 
and sulphuric aoid, and 
then alkalified, give a 
deep blue colour. No' 
nitrogen i8 evolved. 

No aotion. 

When warmed with No action. 
oarbon disulphide and 
merourio ohloride, mUll' 
tBIcl-like smell is given. 

Form addition Ealts only. 

No aotion . 

No action. 

Note: The reaotions 4, 5 and 6 given above are commonly 
irged as tests for the three classes of amines. 
GOING UP AND DOWN A HOMOLOGOUS SERIES 

The reactions of amines furnish methods of converting an 
alipha.tic compound int()- its higher or lower homologue. 

Stepping up a Series. Adding of one c1.rbon atom-"steppillg 
up" in a homoJogot1'~ series can be accomp1ished bv the scheme 
given below:- . 

KCN Red. PIa 
CHaOR _,..... CHal --+ CHaCN _ 

Methllllgi 



.Alternative scheme :-
lU, KON Hydrol. 

CHaOH --+ CHal --+ OHsON --+ CHsCO.H 
Methanol 

__ OH,eRO 
Reil. 
.:.._. CHsOHsOH 

Ethanol 
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·Stepping dowD a Series. Removal of one carbonfttom
"stepping down" -in a homologous series can be accomplisbed by 
the following soheme. 

Oxid. heat Br/KOH BNO. 
CJIaCH,OH ---. CHaCO.H --+ CHaCONH, ---t .QUaNHa __. CHsOH 

Eth·anol NH, salt Methanol 

Alternative scheme :-

Oxid. NaOH/CuO . Cl. 
CRaCHaOH ---t CHsCOaH __ CH.--+ 
Ethanol ' hea' 

Aq.KOH 
CHaC1 __ ORaOH 

Methanol 

The schemes shown above run from 'alcohol to alcohol' but 
they also indicate the methods of a'lcending and descending from 
'alkyl halide to alkyl halide' > and from 'amine to amine'. 

Q,tfflSTIONS 

1. What are amines' How would you classify tllem f What are the 
various methods of their preparation f Indicllote their charaoteristic reactiOtUl. 

2. What are primary, secondary and tertiary ammes t Describe tbe 
preparation and chemical properties of aromatio amines and show in what 
respeots they differ from aliphatic 8mines. 

3. How· wauld you distinguish between a primary, a seoondary and a 
tertiary amine f 

Describe the preparation and properties of tetramethylammoniwn 
hydroxide. What happens when it is heated f Write equations, 

4. Write notes on: Carbylamine reaction, Mu&taro Oil reaction, and 
Schotten-Baumann reaction. 

5. How are aromes prepared? Give their chemical properties. How do 
you distinguish the various kinds of amines ? 

6. Give an account of the pro;(lerties of the primarv, secondary and 
tertiary amines. Discns!! how you would dlstinguish between the three classes of 
amine •. 

7. Write down the structural fonnulae and give the names of four 
.mlnes ha.vini the molecl,llar fQrmula C6H IIN. and desoribe how anyone of them 
may be prepared. By what. reactions could they be distinguished' 

8. How w}ll you convert: 

(i) a· primary int!> a seoon dary amine, 

(ii) a secondary into 1\ tertiary amine, 

(iii) a lower into a higher amine, and 

(itl) a higher into a lower amine. 

9. What Ilre amines? Give formulae for two plimary, two secondary 
and one tertiary aUphatic amine, and name them. 

Desoribe \he method employed in separating these ammes ooouning 
,together in 6. mixture. (Vikt-am B.Se.II, 1963) 
~ 10. What are amines P How would you distinguish amoDg primary 
rcondary and tt1rliary amjnes f (Marat4wacla B.Sc.1I, 1963; 
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. 11- What are amines! How would you classify and 'separate them! 
Give the m.ethods of their preparation and characteristic reactions. 

(Poona B.Sc. JII, 1963) 
l2. What are amines? How are they classified 7· How can the diffet'ent 

classes be distinguished and separated from 0I1e another! 
(Aligarh' B.Sc. 11,19(11) 

~3. Give the different methods available ilr the prepa.ra.tion of aliph&tic 
amines. How is the separation t>f primllry. secondary and tertiary aroines 
effected; (Poona B.Se. 11. 1964) 

14. How would you separate a mixture of n.propyJa.~ne. diethylamine 
and triethylamine? (Panjab B.Sc. II. 11164) 

15, How do you distinguish between primary. lecondary and tertia~ 
arnines. t Describe a method of separation of primary, seCOl1dary and tertiary 
amines from a mixture containing all of them. (Sambalj')Ur B.Se .• 196) 

16. Give examples of primary, second,ny and teft1iary amines and 
disouss the action of (a) nitrous acid; and (b) methyl iodide on them. 

(Viswa Bha7'uti B.Sc., 196il) 
17. Describe methods of synthesis of primary alkyl amints and discuss 

their chemical reactions. (Mamthwaaa B.Se .. 19(9) 
18. What do you understand by the term priruary, secondaryaud 

tertiary amines? De2:!e.ibe at least one rr.ethod by which the primary a.mine 
MU be distinguished from .. secondary amine. How will you (onven et.byl 
amine into methylamine? (Ja~ th Ka8hmir B.Sc., 11169) 

19. (a) How can primury, secondarv and tertiary amines be di8tinguiBh. 
ed using nitruus acid ? 

(b) How will you proceed to 8eparate a mixture containing ethyl ahiohoJ, 
,thylamine and ace~aldehyde ~ (T,.ibhuuan B.Se., 1969) 
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(2) By heating a solution containing copper s~lph~~ and 
sodium cyanide. 

CuSO, + 2NaON --+ Cu(ON)a + NasSO, 
2Cu(ON)a --+ OUS(CNIII + ~N. . 

Oyanogen 

(3) By heating ammonium oxalate or oxamide, with phos
phorus pentoxide 

COONH, -2H,O CONlta -2H.O ON 

bO()N"B4 -+ JON~. --+ IN 
Amrn.'q_:lIi)~· Oxamide Cyanogen 

This method of .formation proves the oonstitution of cyanogen. 
Properties. (PhyBicai). Cyanogen is a colourless gas with 

pungent "mell recalling that of bitter a.lmonds. Liquid cyanogen 
boils at _21'4°. It is soluble in water and is extremely pisonous. 

(Ohemical). Cyanogen bums with a bluish-red flame. When 
hydrolysed with concentrated hydrochlorio aoid, it is converted first 
to oxamide and then to ammonium oxala.te. 

HIl='p O=H. 0 0 0 0 
+ . + nil. +2HIlO a n 

NI!IC--'-NaN --+ H2N-O-C-NH. --+ H,NO-~ONH, 
Cyanogen Oxamide Amm. oxalate ~ 

On reduction with tin and hydrochloric acid it yielU~ ethylene 
dianrllle. 

CaN ca.Na. 
I + 811 -+ I 
(jI!lN .. (JUaNa, 

Cyanogen Eth~lene dlflmine 

When heated, it polymerises to a. brown amorphous powder 
. called 'para cyanogen' . 
UYDR'OGEN CYANIDE, HYDROCYANIC ACID, HCN 

Hydrogen cyanide w~s first discovered by Scheele (1782) who 
obtainlld it by the ~drolysis of the gulcoside amygdalin present in 
bitter almonds. 

acid '\. 
CII!I.H870UN + 2U,O __ BON + OaBIiCBO + 2CsHlIOs 
Amygdalin < Benzaldehyde Gluoooo 

It .also occurs in the lea.ves of 'certain tropi~l plantlf and in the 
kernel pf some fruits (peach, plum, cherry). It is a weak a.cid and 
hen~ its na.me. is 'hydrocyanic acid' or prussic acid. 

Preparation. (1) Hydrogen oyanide is prepared most con
vefilently in the laboratory by adding concentrated sulphuric a.oid to 
a IIQlution of sodium cyanide. 

NaCN + BaSO, --+ H.CN + NaBBO, 

(2) It is prepared technically by passing trimethylamine 
(d~rived from beet-sugar molasses) through fire-cla.y tubes heated 
to 1000°. . 

(cas IaN __ HON + 2CH. 
Tr imethflamine 
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(3) Two recently developed mdustrial methods are: 
500-7000 

CO + NHa __ HON + H20 
AI,Oa 
10000 

lINHs + 30. + 20H, __ 2HON + 6lI20 
Methane Pt. 

(4) It may also be obtained by heating ammonium formate, or 
formamide, with phosphorus pentoxide. 

-HaO -H20 
HCOONH, --+ RCONH2 __ HON 

Amm. formate FormBmide Hydrogen 
oyanide 

This mode of formation shows that hydrogen cyanide is the nttrile 
of formic acid (jormonitrile). 

Properties. (Physical). Hydrogen cyanide is a colourless 
volatile liquid, b.p. 26°. It has (\ peculiar Elmen like that of bitter 
almonds. It is miscible in all proportions with water, alcohol 
nnd ether. It is a deadly and quick.acting poison, 005 gram being 
fatal dose. Its action is said to be due to its adsorption on red 
blood corpuec1~s which at once fail to funct ion as 'oxygen. carrier' 
during rellpiration. 

(V.emical). Hydrogen cl'anide vapours burn in air with a. 
violet Bame. Its im portant reactions are : 

(1) HYDROLYSIS. When hydrolysed by inorganic acids; it 
first forms formamido and then formic acid. 

O=Ha 0 • 0 
+ II +HaO II 

H-OeN __ B-C-NR. __ H- C-OH + NHa 
Hydrogen cyanide FormBmi(le Formio acid 

In this reaction -ON group is converted to -COOH group 
and hence it is often employed for the introduction .01 carboxyl 
group in organic compounds. 

(2) REACTION. On reduction with nascent hydrogen it forms 
methylamine. 

O,Hr.OH/Na 
H -OaN + 4[H] --+ CRaNBs 

Hydrogen cya.nide Mothylamino 

MethylAmine is obtained industrjally by passing I]. mi~ture of 
the vn,pours <>f HON and HI over a metallic catalyst at 200-300°. 

(3) FORMATION OF CYANOHyDRINS. It reacts with aldehydes 
and ketones to form cyanohydrins which are important synthetio 
intermediates. . 

NO-H 
+ 

R-C=O 
1 

,H 
Aldehyde 

ON 
I 

~ R-C-OH 
I 

H 
Cyanohydrin 
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.(4) FORMATION OF SALTS, Hydrogen cyanide is. 3 very weak 
acid, murh weaker'than ca'&bo:dic acid, and forms sa.lts known no 
oyankles. 

HeN + NaOH __ NilCN + BaO 
Bod. cyanide ' 

Modiu~ qyanido (or potassium cyanTcle) reacts with alkyl halides to 
form alkyl cyanides or nitrile~. \ 

&1 + IWN ~ RON 0+. K1 
Alkyl iodide Alkyl oyanide 

(5) CYANOGE~ CHLORIDE.. Ths ~gcn ef BON ea.u f= 
replaced by the,a~ ofch.Wrine on aodi'wn .. mae. to bm cya
nogen chloride. 

NaW + CI2 ----+ NaCI +'Ol.,...CN . 
cYl)no~ ohloride 

Cyanogen chkui:de is valna.bm in syIlthesiB. 

Us~s, Hyd.rogen cyanide is used a:s a rumiga~t t'pj;~~e8tropl!g 
rats and JDsects. ~ In the metal1url!yof gold and sIlver; m electro .. 
pJating baths; and as II. reagent:n organic synthesis where forma
tiOJ:\ of e.yanohydrin is an inte~mediate step. 

Structure of Hydrogen cyanide. The for:nati~ of hydrogen cyanide 
by dehydration of formamide shows that it has·the structure H-CaN. 

Q ... -.-
II : 

H-C-NiH~ __ H-CsK + H 20 
Formamide 

(2) On thE> other hllnd, its formation by heating a mixture of ammonia, 
chloroform and potaBBium hydroxide .indicates that its structure i .. H-N=C. 

/ff········C'I< /cl': . 
H-N ... : + i/C ... j : + 3KOH __ H- N=C + 3KCl + 3H20 

'oH Cll "lH : 
Alnmonia .... ·· .. Chlorofo~·;i;-

But acc.ording to tho electronic theory of valenL'Y, H-N =C is an unstable 
structure and it should be written as H -N~C. 

(:l) Thel'efor<" it has belln suggested that hydrogen cyanide is a tauto
meric Bubtltanc.e lind consists of h\"o forms in equilibrium. 

II-CaN ¢ H-N=fC 
Hydrogen isocyanide 

I~ "'exists entirely ss HeN fOrm, while BNC form is pre~ent only in traces. 

. The existence of the two form~ in hydrogen cyanide has "been proved by 
eltlUirlnation of its Raman spectrum which consis~'of two bonds, one corres
ponding to that of alkyl cyanide (R-CaN) and the other corresponding to 
that shown by isocyallides (R-N=fC), H.owever the second bond is extJ.:emely 
feeble indicating tbat only O'5G_Jl_er !:flnt_Qf 9le i~cyanide form la, present. 

Al$YL CYA.NtDES OR NITRILES, R-CeN 

Being the al1"yl derivatives of hydrogen cyanide, they an 
Jla..med 8S alkyt cyanide.9. They arc also re~erred to as acicl nitrile8, 
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&inca like- othem acid deriYlltiveif they form aoids on hydrQQrsis. 
Thus methyl cyanide. CHaCN, is also named as ace'onitrile as it 
gives acetic aoid when hydrolysed. 

Methods '01 Paitaration. (1) Alkyl cyanides are more con. 
veniently prepared by'fleating potassium oyanide with alkyl halides 
in dilute alcoholic solutions. . . 

CH31f"_j:"'K1CN ~ CHaON + KI · .. ·· .... ···-1 Methyl iodide . Met.hyl C?yonide 

f1) By treating amides and aldoximes with strong dehydrating 
agmts (P1I06 or SO.OJ.). 

9 ........ . 
n' ; 

. CH3'-0-N]HII __ CHa-O.N + HaO 
Acetomide Methyl oyanid9 

1I ·T ...... ·:! 
OHa-O=N:OH __ CHa-:-C5N + HIO 
Acetaldo~ime 

This mode of formation proves the structure of alkyl.eyanides. 
(3) A newer industrial method COD~ists in passing a mixture 

of the vapours of a,' carboxylic acid an'l ammonia over heated 
alumina at 5QO° 

.R-o(IO .... ;· .. ~1~N __ R-CeN + 2HaO 
lOB Hi ' Alkyl cyanide 

Aoid .. · ...... · .. A.mmonia 

(4) By the action of Grigno.rd reagents with cyanogen 
chloride: 

R)Wgcr"+"cf!-CN __ RON + MgOlli' 
.. ··· ........ ····Cyanogen 

chloride 

G~neral Properties. (PhY8ical). The lower alkyl cyanides 
(up i~) C141 are colourless liqu~ds having a peculiar but not unplea. 
sant odour. Tho higher members are crystalline solids. They are 
moderately solublt" in water but their solubility falls with the 
increase of molecular weight. They are readily soluble in organi'o 
solvents. They are much less poisonous than hydrogen cyanide. 

(Olu~mical). Like the acetylenio Jinkage, the CN triple bond 
in alkyl cyauides is capable of numerous addition reactions. The 
important reacHone of alkyl oyanides are given below: 

(1) HYDROLYSIS. Alky'l cyanides when hydrolysed by acids 
or alkalis are converted to the corrl'sponding cnrboxylic acids 
tbrouiZh the intermedi~ttl formation of an nmide. 

O=H. 0 
+. U 

OB'a-O!:!N __ CH3-C-NB. 
Methyl cyanide Acetamide 

o 0 
" ................. W 

OH3-0-i~~2:BiOH -- CH3-~-·OH + NB3 
Acotamide .Acetic acid 



576 TEXT·nOOK OF OlWANIO OlllllMISTay 

If carried out with alkaline hydrogen peroxide, the hydrolysis 
may be halted at the amide stage. 
Mechanism: 

(2) REDUOTlON. Un reduction with sodium and alcohol, they 
give primary amines. (Mendius reaction). 

CHa-CaN + 4[H] ~ CHaCH2NHa 
Methyl cyanide Ethylnmine 

_ (3) STEPHEN'S REAOTIQN. Alkyl cyanides undergo Stephen's 
reaction to form aldehydes. . 

2(H] H 20 
R-C;aN __ R-CH=NH __ RCHO + NBs 

Alkyl cyanide SnCI2/HCI Aldimine Aldehyde 
(4) Acliion with G.R. They react with Grignard reagents to 

form ketones. 

R-MgB'r . R R 

R-C~N ..... ~ R-~H=MgBr ~ R-6=o.+ MgBr.NH, 
Alkyl cyanide Ketone' 

ALKYL ISOCYANIDES. OR CARBYLAMINES. R_N~C 
They are isomeric with alkyl cyanides and are derived from 

hydrogen isocyanide, H-N ... C, They are also calledisonitriles or. 
carbylamines since they could be thought of as derivatives of 
primary amine~ in which the H atoms of NHa group are replaced by 
a carbon. 

Methods or Preparation. (1) By heating a mixture of 
primary amine and chloroform ~vith alcoholic potash (Oarbylamine 
reaction). 

iil·············ci"! ,if' 
CHa-N( + i'/c( j + 31WH __ CHa-NC+3KCI+3HaO 

'\H eli >01 i Methyl 
Methylamiue .. · ...... · .. Chloroform isocyanide 

This mode of format~on fhows that the alkyl radical in iso. 
cyanides is directly liked to N atom. . 

(2) By the action of an alkyl halide on silver cyanide. 
<;H61 + AgCN ~ CaH6NC + AgI 

Ethyl iodide Ethyl isonitrile 
A small amount of the isomeric cyanide is also formed, 
General Properties. (Physical). Alkyl isocyanides are 

colourless volatile liquiol with extremely unpleasant odour. Their 
boiling points are loo\<. than the isomeric cyanides. They are 
only slightly soluble in water and are more poisonous .than, the 
cyanides. 
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(Ohemical). Isocyanides are very reaotive I3Qbstances and give 
the following reactions :-

(1) HYDROLYSIS. They are hydrolysed by dilute acids to form 
Ii. primary amine and formic acid. They m'e not hydrolysed by 
alkalis. 

f"" ·······}iolH 
CHa-N-+fC + i 

.j HOiH 
Methyl iaocyanJd';"·' ........ . 

CRs-NH, -h HOOOR 
.l\l!3thylamine Formio acid 

(OJ. CRsCN + 2H,O ____. CHaCOOH + NHs) 

(2) ,REDUO'l'lON. When reduced \vith nascent hydrogen, o~ 
with hydrogen in the presence of nickel, isocyanides give secondary 
amines in which one or the alkyl groups is always. methyl group. 

,CHs-N::?;C + 4H _ CHa-NH-GHa 
lIIet.hyl isoeyanide Dimethylamine 

(OJ. CRsCN + 4H _ CHaCRaNH2) 

(3) On heating for somo time a.t 250°, they a.re converted to 
the isomeric cyanides. 

R.NC --. R.CN 
Alkyl isooyanide Alky I cyanide 

It shows that alkyl cyanides are more stable than fsocyanides. 
(4) They readily combine with a. number of substances .. 

RNC + 0 --. RNOO 
Isocyanates 

HNC + S --. RNCS 
Isothiooyanates 

RNC + Cl~ _ RNCCI, 

These reactions favour the formula R-N =0< 'for isocyanides. 
The isocyallides can be distinguished from the isomeric 

cyanides by their r~pub~ivo odour and rea.otions (1) and (2) given 
abovo. 

CYANIC ACID, HN ... C=O 

Cyanic acid is a t;)'lltoLU3ric sub3t:Lllce u.n.! oxi:!t:; in two forms: 
HO-CeN ¢ HN=C=O 
Cyaoic aoid IsocY,aoio acid 

Ordina.ry liquid oyanic acid .is entirely the iso-forUl, which 
fact is supported by its Raman spectrum. :Yloreo.ver, the alkyl 
derivatives of the iso-form only are kn J\vn. 

Preparatio·D. Urea on distillation gives cyanuric acid, 
(HNCO)a, which when heated dcoompose~ to oya.nic acid .. 

3CO(NIIa)2 _ (HNCO)a + 3NHa 
Urea Cyanuric acili 

(HNCO)2 -. 3lINCO 
Cyanioacid 
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Ptoperties. Cyanic acid is a. colourless, ver., volatile Jiqui? 
which ia' stable only below 00-, It bas a. smell hke tha.t of acetIc 
acid. It is a very strong acid and causes blillters «;>u the skin. 

Above 0°, cyanic Mid at once forms the trilJolymcrs cyanuric 
acid. ft,lld cyameUde. Aqueous· bolutions of the acid are rapidly 
hydrolysed to give carbon dioxide and ammonia.. 

HN =i 0:;;';0+0 lis __ NHa + 00. 

With hydrazjn'~;'"ii'gi~es seinicarbazide. 

OO=-NH 
+. 

NHs.NH-H __ NHa.NH.OONH. 
Hydrazine Semi carbazide 

ALKYL IS~CYANATES. R.N:C:O 

~he alkyl derivatives of iso-form of cyanic acid are known as 
alkul isocyanates. 

Methods of Preparation. (1) Dy heating alkyl halides with 
silver cyanate. . 

OHal + AgeNO --. CHaNOO + AgI 
Methyl . Methyl 
iodide iaocyane.te 

(~) By tbe aotion of carbonyl chloride on primary amilles. 

(
fa .. ·······cr, 

B-N i + ! 0-0 __ R-N=C=O + '2HCl 
. • iH- Cl/ Alkyl iBOOyanate 

P •• mine'·' .. · .. ·· .. ···· 

T~ mode of formation proves tbe structure of isocyanates. 

Gelle~1 Properties. Alkyl isocyanates al'e volatile liquids 
~j1h exreecilngly pungent odours. - When impure, they tend to 
polymerise to tri mers. 

'" . 

On hydrolysis wi'th albUs, they are decomposed to form a 
primary amine. Thus: 

.. ·y .. _· ...... NaOili 
OHa-N ...10=0 + 'I' --,:+ CHaNH, + NaaOOa l ........... }f.~? H Met.hyillomine 

_ . 'fhey,combine with ammouia. and ah:ohols to give deriva.tives 
pf urea and uretha.ne" NH2COOCtH~, respectively. 

H-NH, 
+ 

OllaN ... CO ---. OHaNH.CO.N!l2 
Metnyl iaocyanates Methyl Uri!!!. 

H-OO.H;. 
+ 

. C}(llN~CO ---. 
Mtlthyl isocyanate 

(JHaN H.00002H, 
Methyl urethime 



<t11ESTIONS 

1. Give the prepB ration and (!roperties of cyanogen. Mention two of 
its imp.ortllDt reaction8. 

2. Describe the impdrtant methods of preparing hydrogel'l cyanide. 
What ilappcn8 when it il l)ydrolysed by acids, and reduced with nllotCent. h7dro
gen! Write its Itructllr!ll (ormuln. . 

3. Give the general JJleth0d8 of preparation and reactIons or alkyl 
cyanide8. 

4. What are alkyl iaocyanido8! How do the, differ from alkyl 
cY(lnides? 

5. -~Iako a comparison betwe!ln tho following pairs of compounds 68 
regard8 their- mode of preparation and their' reaction. :-l\fethyl cyanide and 
Methyl·isocyanide. 

6. Describe the characteristic reactions of the following pupa: 
-ON, -- CB,OR. -NUt. -OB, and ... ORO 

7. How ill hydrocyanic acid prepared 1 What are ita important 
properties! Describe the action of hydrolyzing and reducing agents upon 
HUN. 

8. What lue oyallidea tUiU ieocyanides 7 110'" are they obtai nod ! 
What are the-products formed when 

(0) boiling alkaline solution; 
(6) hot dil. lnineral auid ; 
(c) hydrogen in presence of nickel, react witoP them' 

O. How is acetonitrile prepared? What are it. important propertIes! 
(Maarall B.Se., 19,55) 

10. How ~re alkyl cyanides and isooyanides Ptfpare.d!f How cnn these 
two he distinguished from one another f' Givo'equlltio!)S. . _ 

, (Alldr£tl.lAad B.Se., 1951) 
11. ,Describe the methoda for the preparation of all~tl cyanides anu 

ilOoyanidee. Describe their Ploporties and disousat.hl!ir sttUetpre. 
(Pmtjllb B.Se., 1960) 

12. DiscuSll critically .the !!tructural fOl'ltlulae of alkyl cya.nides and 
alkyl isoeyanid<ls. Bow CRn these claues of "Compounds be . prepared and Qlli
tinguished f (.P~dfIG B.Se., 1962) 

13. Desoribe the general methods fQr the P"tmntl6n of alkyl iso. 
cyanides. Discuss their oonatitution tlI}d properties. (Ptlkill~n B.Sr~. 1968) 
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,CARBONYL CHLORIDE, COC12 

CarLonyl chlorirlc is the <Iiaeid chloride of carbonic acid. It 
is popularly known as phosgene (Gk. phos =light; L. genere=born). 
Aince Davy dhlCovered it in 1812 by exposing a mixture of cn.rbon 
monoxide and chlorine to light. 

Preparation. (1) Cn.rbonyl chloride- is prepared on a large 
scale uy the action of carbon monoxide on chlorine in the pre~ence 
of activated charcoal (catalyst) ·at 200°. 

C,20r)" 
CO t- CI 2 ~ COCI2 

Carbonyl ohlori de 

(2) It is ahlO formcd by the oxidation of chloroform in air and 
light. 

CHCla + ° __ COCII + HOI 
Chloroform 

Properties, Carbonyl chloride is a colourless gas (b. p. 80~) 
having an odour resrmbling that of new·mown hay. It is highly 
poisonous. It readily dissolves in benzenc and toluene. 

Carbonyl chloride gives all the react ions typicn I of acid chlo. 
rides. Thus: 

(1) Hydrolysis. It is slowly decomposed by water to form 
carbon dioxide and hydrogen chloride. . 

:Cj"· ···"itOH OH 
O=C( +: __ 2HCI + 0=0/ __ COs + HsO 

01 HOH 'OH 
Carbonyl chloride (UnBtable) 

(2) AlcoholY8i8. It reacts with alcohols to form esters known 
&s chloroformates. Thus: 

cl.eo :ci"'+··1'toC.H6 __ Cl.COOC!H5 + HCI 
(ezCUB) .... ·"·Etil'yl alcohol Ethyl chloroformate 

However. with excess of alcohol and in the presenoe or pyri
dine it yields a diester. 

/CC' .... ·BIOC2H& 10CsDa 
0-=0" +! --. O_C-. + 2HC) 

CI H,OCaH6 'OCaR5 
.. ,·· .... ·Ethyl alcohol Ethyl carbonate 

(3) Ammonolysts. It reaots with ammonia to form urea.. 

INH, ° -C, + 21iICI 
NHI 

Urea 

o_C{!cr .... ; 'HINHI 

",CI H:NH, 
···Xmmonia 

With primary or secondary amines, carbonyl chloride givel 
substituted urea.s. 
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Uses_ Carbonyl ohloride has been used as a war gao. It in 
employed for the prepara.tion of Miohler's ketone which is an 
important dye intermediate. In general cltroonyl chloride is used 
in organic synthesis'for the intrl?duction of the carbonate radical 
in other subst,·mce:il. 

Chloroformic acid, Ohloroca';bonic .&eid, 01.00.0B. It is the mono-acid 
chloride of carbomc ·acid. It is uqstuble but its estors are known. They are 
prepared by the action of eXC688 of curbonyl chloride with alcohols as des
cribed above. Ethyl chloroform ate is a colourless liquid, b.p. 94:0 • It behavea 
chemically both 85 an acid chloride and 88 an ester. It reacts with ammonia 
to form ulLthane. It is used for the synthesis of othyl el3ters by aotion with 
Grisnard reagents. 

El'HYL CARBON~TE, (C2.H~O)ICO 

It is a typioa.l carbonate ester. It is prepared by heating 
carbonyl chloride with excess of ethyl alcohol in the presence of 
pyridine. 

0001s + 2OtH,oB --+ CO(OCaBlla + 2HCl 
Ethyl carbonate 

It can also be obtained by boiling silver carbonate with ethyl 
iodide. 

Ag.CQa + 2C.lJIiI --+ (C,H5)jCOa + 2AgI 
Ethyl carbonate • 

Ethyl carbonate is a colourless, sweet.smelling liquid, b.p. 
) 26°. It is insoluble in water but g~adually reacts with it to form 
alcohol nnd carbon dioxide. 

/0;Cs"tI;;········H01B 
0=0,- i + i 

..... Oi('-H HO!R • :~~ I; .. 
Ethyl carl)oniiiii'· ....... . 

OR 
--+ 2C,H50B + O ... C/ 

Ethyl alcohol 'OB 

It is used for the introduction of - CO,.R group in. organic 
compounds. 

Carbamic acid, AminoJormic acid, N H,COOH. It is tho ~mide 
of carbonio acid. It duos not exist in stable condition but its.sal til· 9:tld esters 
are known. 

Ammonium carbamate, NB2CO.ONH4• It 1£1' pl'.etJM'ed by the dirs<lt 
cOplbinatioll of dry' ammonia and iarboll dioxide. 

2NHa + ·OO~ __. K~.OO,ONH4 

. h is a white crystalline solid, vel'Y soluble ill water. W.hli'n warme~ 
with water, it $Yield. ammonium carbolluto. 

NH1COONH, + B 20 --+ (NH,O)aCO 

" Urethanes. The oaters of carbamic acid are known 6S urethanell. 'l'he 
ethyl ester of the ael-l 01" 'urethane' is prepared by the aotion of ammonia on 
ethyl chloroformate. 

B1Njll":t"'ci!COOCaHIi --+ NBIl.COOC,H. + BOl 
Ammoiilii······· . Urethane 

UrethaJle is a crystalline solid, m.p. 609, (t il suluble in water. aloohol 
and eiher. It is a valuable hypnotio. 
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UREA, CARBAMIDE, NH~.CO.NH2 

It is the diamidc of carbonic acid or carbamide. In 1773 Roulle 
for the first time isolated urea from urine and hence its name. Urea 
is the chief vehicle of nitrogen excretion in man and mammal!, being 
formed by decomposition of prot~ins and excreted in urine. It was 
tho first organic compound to be synthesised, from an inQrganic 
source (Wohler, 1828) and was of historical importance in over
throwing the 'Vital force theory'. 

Preparation. (1) F1'Om Urine. Concentrated urine is mixed 
with a hot solution of oxalic acid. The sparingly soluble nrea 
oxalate, 2CO(NH2)I.H2C20" separates as crystals which are 
filtered off. These are then boiled with an aqueous suspension of 
calcium carbonate, which liberates urea and throws down insoluble 
caleium oxalate. The calcium o){alate is removed by Hltration ana 
tho solution of ltfea is evaporated to dryness on a water-bath. The 
resi!lue is finally recrystallised from alcohol to give· pure crystalline 
urea. 

(2) lVohler'$ synthesis. Wohler synthesised urea first by heat
ing a solution of potassium cyanate and ammonium sulphate. The 
reaction takes place in two steps : 

2KCNO \- (NH,)2S0, ~ T\~S04 + 2NH.CNO 
Amm. cyanate· 

NH,.CNO ~ NH2.CO.NH2 
Urea. 

This method is of historical interest only. 

. (3) In the .Iaboratory urea can be prepared readily by the 
actIOn of ammOl1la on carbonyl chloride. 

/iCC"if"!NH2 /NH2 
O=C i +: ~ O=C + 2HCI 

'101 H:NH~ 'NH 
.............. 2 

Carbonyl chloride Urea 

(4) A recent method of the manufacture of urcll. consist!! in 
allowing liquid ammonia and liquid carbon dioxide to react to form 
ammonium carbonate which on heating ta 1500 under preS!lUre yields 
urea. 
HtN-H 

+ 
0"",0=0 

(5) Urea is A.hlO prepared in'dufltrially by the partial hydrolysis 
of cyanamide in feebly acid solution. 

O-Hi 0 
+ U 

H1.N.CeN ~ NH.-C-NH2 

CyanamidEl Uri'a 
The old method of muking urea by hydrolysis of calcium 

cyanamide is now obsolete. 
Properties. (Physical).' Uraa forms long- colourless needles, 

m.p. 133°. It is very soluble in water and aleohol, but insoluble in 
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ether. Its aqueous solutions are neutral to litmus. It has a cooling 
taste. 

(Chemical). Urea giyes the usual reactions of a c.liamide, since 
its molecule consists of two amide groups, the CO. group being held 
in common. But the single carboxyl group is not able to suppress 
completely the basic character of both the amino groups. Therefore, 
in certain respects, NH2CONH2• a~so behaves like amines. 

(1) ACTION OF HEAT. When urea is heated gently, two mole· 
cules of it split out a molecule ofnmmonia to form Biuret. 

NH2CO.NHij:'f·+··N"If~;CO.NR2 --+ NHII.CO.NH.CO.NRa + NHiI 
Urea ({m;:ieoiii~s) Biuret 

When dissolvcc.l in dilute "odium hydroxide solution and treated with 
a drop of copper sulphate solution, a violet coloration is proc.luced 
(Biuret reaclion). This roaction is given by lire a and all other com· 
pounds containing the gl'OUpillg -CO.NH2' 

(2) FOR:.\lATION Ol? SAL'l'S. Urfa behaves as a monoacid base 
anc.l forms well·dofinr>d crystalline s~lt8 with acids slIoh as nitric acid 
and oxalic acid. 

NHa.CO.NH2.HN03 2CO(NH212.H2C20, 
Urea..llitrate . Urea oxnl!tle 

(3) HYDROLYSIS. Like other nmi<les 1I1'('1t is hy<lrol~'sed by 
boiling with Brids cr alkalis. 

~N"iI~ .... B!OH 
o=c/, + i --+ 2NHs 

"NH2 HiOH 
Urea Unstable 

or CO(NII2l2 + 2H20 --+ 2NHa + CO. + HaO 

The enzyme urease (outainable from soynueans) also causes 
the' above cLange qUllntitatively. The ammonia evohed .<,an be 
easily estimated ,olllllletrically and hence this reaction is u!>erl for 
the accurate determination of urea in solutions. 

(4) ACTION OF NITROUS AClD. Urra is decomposed by nitrous 
acid with liberation of nitrogen. 

HO-·N:O 
HalNi-CO-;N;R, __ 3H20 + 2N2 + CO2 
°iN-OH' . 

This reaction is employec.l to destruy nitrous a.ciri In analytical 
works. 

(5) A 0'1'1 ON OF ALKALINE HYI'OBROlltl'rE. When treated with 
alkaline solution of potassium or sod ium hypobromite, Ilrea is oxi· 
dised to form carbon dioxide, nitrogen anti water. 

SNIlHrO --+ 3NnBr + 30 
Sod. hypobromite 

0: 20 
l NB, 

O=CI/' -- CO2 t N, + 2H~O 
'-N,H, 
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The excess of alkali dissol ves carbon dioxide, leaving the only 
gaseous product nitrogen whirh can be collected and measured. 
Thus, this reaction is also used for the estimation of urea. 

(6) ACTION OF AOID OHLORIDES. Acid chlorides and acid 
anhydrides react with urea to form acid derivatives known as 
ureides. Thus: 

CH3COiCi "+'''H\NHCO~H2 _ CH'3CO.N ffCONH 2 + HCI 
Acetyl chio·ride...... Urea Acetylurell 

Here urea acts as all. amine. 
(7) AOTION WITH HVDRAZINE. Urea reacts with hydraziDe to 

form semicarbazide which is used as a reagent for the identification 
of aldehydes and ketones. 

NH2CO!NHi"+':i:! iNH.NH2 --. NH2CONH.NH2 + NH2 
Urel\ .. ·· ...... · .. ··· .. ··Hydrazine Semicarba'loide 

(8) FORnrA'l'lON OF RING C6:MPOUNDS. Urea reacts with many 
ot,her compounds to fotom cyclic nreide~. Thus °with malonic ester 
it gives malonyl urea or barbituric acid. 

N HJiH Hs<:j~blOC NIt-CO 
I '. '. .' I I I 

CO + CH2 --+ CO CHi + 202H oOH 
I ...... ........ I I I 
NRiH HoCIO: 00 NIt - CO 

Uroa. · .. · .. ·Miiio;;io ester Ba.rbiturio acid 

Uses. Urea is userl : (1) as u fertilizer; (2) for making form
aldehyde-urea plastics whirh are light and unhrealutble (in medi
cine as diuretio anel for mllJdng barbiturates which are excellent 
hypnotics; (4) as a stabiliser for explosive (nitrocellulose); and 
(5) for making hydrazine by aotion with sodium hypoohlorite 
(Hofmann's reaction). 

Tellts. (1) Upon heating with sodium hydroxide ~olution, urea pro
duces a.mmonla. 

(2) On adding sodium nitrite to a. solution of urea in dilute hydro
ohlorio aoid: IIitrogen is given out. 

(3) On dry heating urea in a test-tube, ammonia is evolved. 
Tho residue is dissolved nnd the iolution alkalified with a. few drops of 

sodium hydroxide. then dilute copper Bulphate solution is added to it. A 
violet colour shows the presenoe of urea. (Biuret teat). 

(') On addition of nitrio arid to a ooncentrated aolution of urea, white 
orystalline urea nitrate separates. • 

Structure. (1) The molecular formulA. of urell has been 
determined to be CON2H,. . 

(2) Its synthesis from carbonyl ohloride and ammonia indi
oa.tes that urea. has the symmetrical dia.mide formula. 

/ldl" .. · ........ Ei:NHa INHI 
0".0" +; --+ 0-0" + 2HOI 

101 H1NH. ....NH. 
Carbonyl chloridi; .... Xmmonia Urea 

This is further oonfirmed since urea upon hydrolysis forms 
ammonia. 

(3) Urea combines with one molecule of 
oblotio 'looid to form salts, whioh shows that 

nitric aoid or hydro
it is a mODoacid base. 
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This behaviour is incompatible with the amide formula. since amides 
do not form salts with aci.ds. Furthermore, a peculiar feature of 
urea salts is that only one molecule of monobasic acid is present 
e.g., CO(NH2)s.HCI. . 

(.4) To explain away point (3) Chatta.way proposed another 
structure for urea : 

NH 
HO-C( 

NH~ 

Since the imido group, = NH, is strongly basic, the above 
formula ('an yield salts with one molecule of monobasic acid: 

~NH.HCI 
HO--C' 

'NHs . 
(5) The Raman speotrum of urea shows the presence of 

-C=N group in urelt molecule, while X.ray examination of its 
crystals points to th~ symmetrical amide formula. 

(6) In view of the conflioting evidence ~t appears that urea is 
a tautomeric substance and consists of two forms in equilibrium. 

NHs NH 
o=c( ~ HO-C( 

NH. NHa 
(Keto form) (Enolforrn) 

Now it ,is believed that urea is a resonance hybrid: 

+ + 
H 2?\,C/ NHs HsN'C/NH2 

6 _... b-
Both the nitrogen atoms are identical in the hybrid molecule. 
Further, the negatively charged oxygen atom is capable of co. 
ordinating with one proton (H+) and thus forming 'monoacid 
saltil'. The resonance of urea explains satisfactorily its dual 
behaviour. ' 

Estimation of Urea. The estimation of urea in urine or in 
other physiological specimens can be done by two methods. 

().Ol 

0-02 

Fiy.29·1. Doemu8 
Hinds Ureometer. 

(1) HYPOBROMITE METHOD. In this 
method urea is decomposed by means of 
alkaline sodium hypobromite solution (Bee 
reaction 5 of urea) and the volume of 
nitrogen evolved measured. 

The estimation is carried in an apparatus 
known as Ureometer (Fig. 29'1). The large cent~l 
tube is tilled with freshly prepared hypobromite 
solution (lOg NaOH/25 mls. H aO+25 I?ls •. Bra), 
while the sample of urine ~nder exammatlO~ IS 

put in the narrow side·tube. Now 1. mi. !,f urme 
is introduced into the large tube by openmg the 
ta.p. Nitrogen Ltlgins to be evolved. When the 
decomposition is complete, the v?lume of gas 
collected is read off. The wide tube IS 80 graduat. 
ed as to give directly the weight of urea per ml. 
of the sample uf urine. 

The hypobromite method is not 
strictly accur&te. 
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(2) UREASE METHOD. This is the modern method of estima
tion of urea. Here urea is hydrolysed by the enzyme urease (see 
reaction 3 of urea) and the ammonia evolved determined volumetri
cally. 

The apparatus for the purpose consists of three washing test-tubes as 
shown in Fig. 292. The test-tube A contains water which removes any-ammonia 
from the air drawn through 
the apparatus 25 mls of urine. 
5 grams of powdered soyabean A.IR 
and a lit.tle liquid paraffin (10 __ 
prevent frothing) is placed III 

the t;e"t-tube B which is warm
ed by immersion in hot water. 
After allowing the mixture to 
stand for 15 minutes, a. current 
of air ill aspirated from A to 
C. The ammonia evolved in 
test.tube B is t.hus Fwept into 
the test-tube C whero it is 
absorbed in the standaru acid. 
This is continued for an hour. 
Then I) grams of potassium 
carbonate are added to the 
test-tube B in order to decom
pose any ammonium carbo

A 

WATER nate formed in it. The am
monia produced is again con
veyed to test-tube C by a 
current of air Bnd absorbed Fig. 29'2. 

HOT WATER 

STANDARD 
ACID 

Estimation of urea by the Urease 
mothod. in the acid. Finally the appa-

ratus is disconnected.and the \ 
acid back-titrated agaillst stand.nd alkali in order to know the amount of 
ammonia evolved during the reaction. Knowing the amount of ammonia, we 
can at once calculate the amount of urea present in 25 ml~.of urine with the 
help of the equation, 

CO(NH2l2 + H 20 - CO2 + 2NHa 
UI'oa Ammonia' 

The Urease method of 'estimation of urea is convenient and 
accurate as compared -to the hypobromite method. 

Thiourea, Thioc(lbl'.imide, (NHal2C:S, It is prepared by a. method 
similar to Wohler's synthe£iB of urea, by henting ammonillm thiooya.nate at 
170°. 

H2=S 
+ 

NeC·NHs -
Cyanamide 

NH2·CS.NH2 
Thiourea 

S 
II 

NHaC.NHa 

Properties. Thiourea is a white (,rystalline solid, m.p. 180°, It i. 
moderately soluble in water. When heated with dilute acids or alkalis, it is 
hydrolysed 

H-IOH! 
NHg-lCS i-NHa - 2NHs + COa + HIS 

lHOj-H 
On oxidation with alkaline permanganate, thi,ourea .reverts to urea. 

HIN.... HaN .... 
'CS + [0] __ 'CO + S 

HBN/ H1N/ 
Thiourea Urel\ 
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Uses. Thiourea. is used to protect wool and furs from pests. It is 
also used in making plastics and as a reagent for the (>stimation oflead and 
cadmium. 

QUESTIONS 
I. Describe the preparation and propertiel of oarbonyl ohloride. 

Mention the chief uses of the compound. 
t. Why urea is called carbamide 1 Desoribe the products obtnined by 

the action of followil.g reagents on urea: 
(a) Nitrous acid; (b) Caustic sodn ; ond (0) Bromine in caustic Boda. 
3. Give an account of the constitution and distinguishing properties of 

urea. How would you prepare 8 specimon of this substance (a) synthetically, 
(b) from a natural sourco r 

4. Describe Wohler's synthesis of urea. Write I)qu~tiOll~. Explain the 
changes which are induced in uroa by (a) heat, \b) nitrous acid, (0) aqueous 
alkalis, (d) nitric acid. (Gauhati B.Sc., 1955) 

o. How is ure8 manufactured 1 Discuss the ('onstitlltion assigned to 
the compound. What is the action of (il nitrous acid, (iij alkaline hypo. 
bromite, nnd (iii) malonic oster on urea. . (NagpuT B.Se .• 1957) 

6. How is urea prcpared commerci~lIy' How will you tlirect its 
prefl!enoe f Discuss alBo thc constitution of urea. (RaJaBthan B.Se., 1959) 

7. How is urea mnnufaotured 1 Describe thc action of (a) beat, 
(b) nitrou!l acid, (e) malonic ester on urea. 

0·4 '1m. of a eample of impure urea on treatment with alkaline sodium 
bypobromite gave 112·U c.c. c.f nitrog('n at N.T.P. Calculate the purity ofthe 
urea. (.4n8w~T 75%1 (Delhi B.Se., 1960) 

8. Discuss the oonstitution of Uric acid. Give its syuthesis from urea 
and ethyl cyanoacet,lI~e. Show tile inter.relation~hip that exists amongst tbe 
membBrs of tho purine group. (8ardar Vallabhblwi ];J.Se., 1961) 

9. Discuss fully the oonstitut.ion of Uric acid. (Patna B.Se., 1961) 
10. How,s urea oUained on a large 8calo? State its important usell. 

How does it react with (a) SoJium hydroxido, (bl Nitric aciel, (c) Nitroull acid 
and (d) alkaline hypochlorito l (Kalyani B.Se. II; 196'1) 



Aliphatic Diazo 
Compounds 

HOMER ADKINS 
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American. Hie main interest was 
in the fielda of the <mtalysi& and or
ganio synthosis. Co·author of both 
text and laboratory ma.nua.l of or. 
ga.nic chern istry . Professor of 
Chemistry in the University of 

Wisconllin. 

TLe aliphatic diazo compounds are characterised by the pre. 
aence of the group> ONI. The type formul~ for these compounds 
is R2CN2 • 

DIAZOMETHANE, CHzNz 

, It is the simplest and the best known representative of the 
--tlass. 

Preparation. Diazomethane is obtained in excellent yield by 
distilling N.nitrosomethylurea with aqueous potassium hydroxide. 
The N.nitrosomethylurea needed for the reaction is produced by 
adding sodium nitrite to an aqueous solution of methylamine hydro. 
chloride containing urea (Arndt alld Amende, 1930). I 

heat 
NHa.CO.NBiIt "+ 'CiiI8ii( CBs --+ 

Urea. . MethYiii·mmonium. 
chloride 

689 

NH •. CO.NH.CHa + NH.Cl 
N.Methylurea 
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NH2·CO.NH.CHa + HONO ~ NH1.CO.N{NO}.CHB + HaO 
Nitrous acid N.Nitrosomethylurea 

NHa.CO.N{NO}.CHa + KOH __ CHaN. + KCNO + 2HaO 
Diazomllthane 

Properties. Diazometha.ne is a yeUO\'V, highly toxic gas. 
Liquid substance boils at _24°. It i8 neu~ral and soluble in ether. 
Since it explodes even in the gaseolls state at low temperatures, it 
is handled in ether solution "for carrying vilrious synthetic reactions. 

Diazomcthanc is all ullstabl~ but very reactive compound. It 
decomposes readily as .indicated below: 

eH;Na ~ eHa: + N2 

The methylene group thus produced as intermediate poly. 
merizes to give higher alkanes, -(CHa)",-. Diazomethane gives two 
types of synthetic reactions : 

(i) in which ni trogen is lost; a ud 

(ii) in which nitrog~n ill retained. 

Reactions in whJch N2 is lost 

..... 

Diazomethanc reacts with a substallce containing an active H 
atom to form its methyl derivative which iii} accompanied by eVolu. 
tion of nitrogen gas. Thus: 

Hel + CHaN! ---+ CH3Cl + Na 
Diazomethanll Methyl chloride 

ROB + CHaNa ---+ R.O.CHs + Nt 
Alcohol Methyl ether 

RNHa + CHaNa ---+ R.NH.CH3 + N. 
Amine Methyl amipe 

RCHO + CHaNI ---+ R.CO.CKa + N2 
Aldehyde Methyl ketone 

RCOOH + CHINa ---+ RCOOCH3 + Nt 
Acid Methyl ester 

RCONH2 + CHaN. ---+ RCONHCHa + Nt 
Amide N.Methyiamide 

Obviously diazomethane is It very useful methylating agent. 

Aldel-ydes and ketones also react with diazomethane to form 
ethylene oxide derivatives. Th1.!s: 

o /" ROHO + CHaNI ~ RCR-OH2 
Aldehyde 

o /, 
RCOR + CHaNa ~ RsO-CHa; 
Ketone 

Reac&lons in which Na I. retained 

(i) Diazomethane reaots with acid chlorides (aliphatic or a.ro· 
matic to form diazoketone., which upon wa.rming with Wfl.ter in the 
pt~8ence of a silver catalyst give carboxylic aoids. 
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R.eOel + 20H2N. --. R.CO.CHN. + CH3CI + Na 
A'Jid chloride Diazomethane Diazoketone 

Ag. cat. 
R.CO.CRN, + H 20 --. R.CHa.COOR + N2 

Higher acid 

591 

Since the acid produced contains one carbon more than the 
original acid, it provides an excellent method to convert a given 
acid into the next higher homologue. 

(2) Formation oj II eterocyclic compounds. Diazomethane adds 
on ethylene and acetylene to form pyrazoline and pyrazole rellpec. 
tively. 

CH2 
II -t CHaN2 --+ 
CH2 

Ethylene Diazomethallo 

CH.--CH 

bHI lr 
'\. / 

N 
H 

Pyrazoline 

CR CH-CU 
fil + CH!lN2 ~ a II 
CH CH N 

Acetylene DiB70methane V 
Ei: 

Pyrazole 

(3) Reduction. When rcduced with sodium amalgam, diazo. 
methane gives methylhydrazinp. 

CHaN. + 4H --+ CH,.NH.NB. 
Diazomethane Metbyl hydrazine 

Structure. The two structural formulae suggested for diazo
methane are : 

N 
HaC( n CHa=NeN 

~N 

(Curtiull. IS81l) (Angeli, 1907) 

Boersh (1935) has shown by electron diffraotion studies that 
the diazomethan0 molecule is linear. It - is hest represented as· 8. 

resonance hybrid. 

+ - - + 
~H.=~=~: _ ?,H.-N!!I5N: 

DIAZOACETlC ESTER, ETHYL DIAZOACETATE, CHN •• COOCaH6 
It (lan be pr~pared conveniently by reaotion between cooled 

solutions of the hydrochloride of ethyl glycine and sodium nitrite. 
C1NHa CBsCOOCaHr; + NaNO. --. CHN •. COOC.H. + NaCl + 2H.O 

Ethyl glycine Die.~oacetio eater 
hydroehlorido 

Properties. Diazoacetio ester is a yellow oil, b:p. 141°. It is 
insoluble in water but soluble in alcohol and ether. Its chemical 
reactions are exactly similar to those of diazomethane. 

Diazoacetic ester is a relatively unstable suhstl,mce. It under. 
goes decomposition slowly at ordinary temperatures but on heating 
tho decomposition takes place explosively: 
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Reactions in which Na i. los' 
Diazoacetio ester reuets with substances containing a.n a.ctive 

H.atom but less vigorously than Jiazomethane. Thus: 
(COllO, HCI) 

lIOI + NaOlICOOOaII6 ---. CHaCI.COOC2Ht; + Na 
Dio.zoacetio ester (warm) Ethylohlo'l'o(lootate 

(DiI.lICI) 
HOB + NaOBCOOC.II6 --jo CHaOH.COOC2B a + Na 

Ron + NIlCHOOOCaHs 
Alcohol 

ReOOH + NaCliCOOCaH5 
Acid 

II + N,CHCOOC2IIs 

(boil) Ethylglycollate 
__ R.O.OnCOOCI)H6 + Na 

Ethyl alkoxyaoetate 
RCO.O.GHz.COOOaH6- + NJ 
Ethyl aoylglyooUate 

CHI2COOC2H 6 + N. 
Ethyl diiodoacetote 

On heating a solution of uiazoacetic ester in ligroin in presence 
of a copper powder catalyst, die1.hyl fumarate is produced. 

2NaCHCOOOzH& -- 0zHoOOCCH=CHCOOCaH. + 2NlI 
DiazoRcetio ester Diethyl fumarate 

Reactionll in which Na is retained 

(1) FORMATION OF 'HETEROOYOLIC COMPOUNDS. Diazoacetio 
ester adds on ethylene and acetylene to form heterocyclic carboxylic 
esters. 

OH2 
II 
CH, 

CHa-C.COaCIHs 
+ NiCHCOOC2H& --" II 

Ethylene 
CHa N 

"N I 
II 

Ethyl pyrozoline.S-carboxylate 
OH-O.COOOaHs OR 

III 
OR 

+ NaCHCOOC2H5 --+ II " 
OH N 

Acetylene "II 
H 

Ethyl pyrazole-3-ollrboxylate 

(2) REDUCTION. Upon reuuction with zinc nnd acetic a.cid, 
diazoacetio ester forms ammonia and glycine ester. N, +2H HN 

II / CH.OOOO.II6 -- I '/CH COOC2H 5 
K liN. 
DiAzoacetic eator Et.hyl hydrazic a.cetate 

+4R 
--jo HsN.CH2COOC9H fi + NH3 

Ethyl glycine estef 
QUESTIONS 

I. What are alipha.tic diazo compounds r Write the type formula of 
this class of compounds. 

2. Describe the synthetic reactions of diazo methane with speciRI refer
ence to methylation. 

3. Diat'U88 brietly the usee of diszomothane 6a an organic reagent. 
(Ceylon B.Sc., 1068) 

4. Describe the prepe.ration and reactiolls of diazo methane. Discuss 
Ita Iltructure (KurukBhctro B.So., 19(9) 
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Cycloalkanes 

M. GOMBERG 
(1866 -1947) 

American. Worked with Baeyer and 
with Victor Meyer ; he synthflsised 
tetraphenylmethane. Later obtaine.d 
triphenylmethyl as a result of hIs 
work on synthesis of hexapbenyl. 
ethane; was for many years Professor 
ofOrganio Chemistry at the Miohigan 

University. 
So far we have studied the open-chain carbon compounds only. 

There are a large number of compounds known which contain rings 
of carbon atoms and yet bear a close resemblance to the aliphatic 
compounds in behaviour. These are known as alicyclic compounds 
(ali, from aliphatic+cyclic = nlicyclic). 

There are a variety of aJicyclio compounds known but we will 
discuss in this chapter the saturated alicyclic hydrocarbons only. 

THE C"iOLOALKANES 

The saturated alicyclic hydrocarbons are named as cycloalkanes 
or cycloparaJfins. Since they contain a number of methylene groups 
joined together to form 3 ring, they are also named as the poly
methylenes, the number of carbon atoms comprising the ring being 
indicated by a. Greek or Latin prefix. For example, 

. . /CHa CHa-CHa I CHa-CHa) 
CHa, I I I CHa, . OH. 

CHa CHs-CHli CHa-CHa 
Cyolopropane, Cyolobutane, Cyolohexano. 
Trimethylene Tetramethylene Hexamethylene 
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Cyc10alkanes have the general formula CnH2,. whioh is the 
same as for alkanes. They do not contain a double bond and yet 
have two hydrogen atoms less than the corresponding open-chl;\in 
alkanes as a consequence of the ring structure. 

Five and six-membered rycloalkanes occur, in natural petro
leum .and are often referred to as naphthene8. 
METHODS OF FORMATION 

bycloalkanes can be prepared by the following general 
methode :-

{I} Action of sodium on dibromoalkanes (Freund's 
method): The dibromoalkanes having the bromine atoms a.t the 
termi~al carbon atoms when treated with sodium (or zinc) form 
cycloalkanes. Thus: ........................ \ 

/CH,:Br l CH, 
caa, l + 2Nai --+ ca2( I + 2NaBr 

CH2,Br ~ 'CB
2 

1, 8.DibrolQoprop·a~·~·""·"· Cyolopropane 

This method ie really an extension of Wurtz reaetion. 
(2} Beating of cyclic Ca. salts. When the caloium salts of 

certain higher dicarboxylic acids of the oxalic acid series are dis
tilled, cyclio ketone! are obtained which on Clemmensen reduotion 
yield cycloalkanes. 

rHlI.CH2.COO'Ca ~ ?Hz.CBa,CO + CaCO. 
CHa.CHa.COO/ CHa.CHal 
Calcium adipate Cyolopentanone 

CHi-CHs, Zn/Hg CHa-CHa 
I ICO + 4{H) --+ I )OBI + RsO 
ca.-CH. HCI ClIa- CHi 
CyclQpentanone Cyolopentane 

Cyclopropane Call1lOt be pr<'pared by this method. 
(3) Internal acetoacetic ester condensation (Dieckmann's 

method). The esters of adipic, pimelic and suberic acids when treat
ed with sodium undergo intramolecular aoetoacetic ester conden. 
sa.tion and form cyclic ketones which on reduotion yield the corres
ponding cycloalkanes. Thus: 

.............. , \ 
cr:I~-CHa-coi OCIlHIi~ No. _ OBIt-CHs" Hydrol. 
I ...... , .... .' .............. ; --+ I /CO --+ 
CH.-CH, Ha:COOCaH5 (-CaH50R) ClIt-CR 

Diethyl adipate I 
0000.13'6 

(4) Catalytic hydrogenation. Cycloalkanes on be obtained 
bv the catalytic hydrogenation of the corresponding unsaturated 
hydrocarbons. 

Thus, benzene on reduction with hydrogen in the presence of 
niokel forms cyclohexane; . 
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/CU~QH, Ni, 180· /OH.-CB" 
BC, .fCR + aHa --. BeC,nT2' ICB, 

CU-CR "Dt-CH, 
Benzene Cyolobe~ane 

PHYSICAL CHARACTERISTICS 

(1) Excepting the first t\VO members whioh a.re gases at ordi
nary temperature, cycloalkanes are colourleslilliquids having pleasani 
odours. , 

(2) They boil 10-20" high or than the corresponding open
chain a.U,anes. 

(3) They aro insoluble ill water bu~ soluble in alcohol and 
ether. 

(4) The boiling pOillt~ show a gradual riso with the incteM~ 
of molecular weight as shown below. 

CYCLO.\.LKANE BOILING POINT DENSITY 

Cyclopropa. ne, CaH. -32° -
Cyclobutane, C,R, 18° 0·7030 

Cyclopentane, C~HIO 500 0·Q542O 

Cyolohexane, O,H12 81° 0'77920 

Oy cloheptane. 07H14 1Ho 0.81020 

Oyolooctan e, C.RI. 1510 0'83910 

OHEMICAL OHARACTERISTICS 

Cycloalkanes have saturated molecules o.nu, therefore, give 
substitution reactions like the alkanes. On the other hnnd, the 
lower members form addition compounds readily, since their rings 
being under strain tend to open like a double hondo Thus cyolo. 
alkanes behave both like the alkanes and also like the al1wnes. 

The more important reactions of cyoloalkanes are given below : 

(1) Substitution reactions. Cycloalkanes undergo substitu. 
tion by chlorine and bromine in diffused daylight. to form the 
respective halog~n compounds. 'l'hus: 

OH2·CH2 ICHt.cal, 
H2C/ ' )0.82 + Br, --+ HaC, /CH13r + UBr. 

"-CHa.CHa CH,. CB2 
Cyclohexane Monobromooyclohexane 

Cyclopropane, however, undergoes addition instead of substitution. 

(2) Addition reactions. Cyclopropane and cyclobutane react 
with halogt'Ds. halogen halides, sulphuric acid. etc. to form a.ddition 
compounds "'ith ring fission. Thus: 

CHa Br 

HaCt' + I --'CHli Br 

/OHaBr 
RaC, 

CHaBr 
Cyolopropane 1. a.Dibromopropane 
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CBa-CHli B. CHlI-CRa 

6R2-~H2 + ± ~ ~HIl-CHliI 
Cyclobutano n-Butyl iodide 

Higher members react with difficulty. 
(3) Catalytic reduction. When mixed with hydrogen, and 

passed over heated nickel, cycloaU,anes are converted into the 
<;lorresponding open-chain saturated hydrocarbons. Thus: 

CBa SU· 
RlIC! I + Ha ~ CRs.CBa.CBs 

'CHa Ni Propane 
Cyclopropane 

Similarly, cyclobutane yields n·butane at 120°, and cyclopen
tane yields n-pentane at 300°. The rise in temperature of the reaction 
with the size of the ring shows their increasing stability. The higher 
cycloalkanes are not attacked by hydrogen in the presence of nickel. 

(4) Oxidation. Unlike alkanes, cycloalkanes do not react 
with aqueous permanganate. However, upon oxidation with 
alkaline permanganate they ale converted into dicarboxylic acids 
with ring fission. 

CRlI·CHa·CRlI 
I \ + 5£0) ~ 
CBlI.CBs·CHli 
Cyclo)lexane 

RELATIVE STABILTY 

CHlI.CHlI.COOH 

6Ra.CHa.COOH 
Adipic acid 

• 

The stability of a given. cycloalkane is indicated by its 
tendency of ring fission. Cycloprope.ne readily reacts with bromine 
to form open.chain addition compound and is least stable. 
Cyclobutane does not form addition compound with bromine at 
ordinary temperature but reacts with hydrogen iodide with the 
opening of the ring, thus showing that it is more stable than cyclo
propane. Cyclopentane and cyclohexane, however, react with 
bromine to form substitution products, the ring remaining intact. 
This shows that these hydrocarbons are very stable. 

The relative stability of cycloalkanes is clearly indicated.by 
the temperature of ring fission by catalytic hydrogenation: 

Cyclopropane Cyclobutane Cyclopentane 
80° 120° 3000 

Cyclopropane ring is ruptured at the lowest temperature, and 
is least stable. Cyclobutane and cyclopentane rings are progressively 
more stable as indicated by higher temperatures of reaction. The 
higher cycloalkanes are all very stable as they do not undergo 
catalytic hydrogenation. 

As is clear from above, the stability of cycloalkanes increases 
with the size of tho ring upto cyclopentane and from cyclohexane -
on all hydrocarbons are quite stable. These stability relationships 
have been explained under Baeyer's Strain Th'eory. 

INDIVIDUAL MEMBERS 

Cyclopropane, T,.imethylen€, CaBG' Cyclopropa.ne is prepa.red commer
_:ially by boiling 1, 3·diodopropane with zino dust and alcohol. In actual 
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praotice a mixture of 1, 3.diohloropropane, sodium iodide, anhydrous sodium 
carbonate, zino dust and alcohol is boiled to yield tbe hydrocarbon. 

Properties, Cyclopropane is a colourless gas having a pungent, sweetish 
odour. In diffused daylight it undergoes substitution with chlorino to form 
monnchloropropane. In sunlight it adds bromine giving I, 3.dibromopropane, 
and it reaots with hydrogen iodide yielding propyl iodide. When passed through 
a red hot tube, it, is converted into propane. It. is not attacked by cold 
potassium permanganate solution. 

Cycloprop,me is a general anaesthetio of great merit. J n very low concen
trations it can produce insensibility to pain without unconsciousness. How
ever, it suff~l's from the disadvantage of forming explosive mixtures with air. 

Cyclobutane, Tetramethylene, C,Hs' Cyolobutane is prepared by the 
reduction of cyclobutane with hydrogen in presence of nickel at 100°. It is a. 
colourless gas at ordinary temperature, b.p. 13°. 

Cyolobutane is muoh more stable than oyolopropane. Thus it reaots 
witb qhlorine or bromine by substitution. It is not attacked by hydrogen 
bromide but reaots with hydrogen iodide to form n-butyl iodide. On hydrogena
tion at 120· it yields buhne. Potassium permanganate has no aotion on 
oyolobutane. 

Cyclopentane, Pentamethylene, C5H IO ' Cyclopentane oocurs in 
Caucasian and American petroleum. It is prepared by the aotion of 1, 6· 
dibromopropalie with zinc, and also by the Clem mens en reduotion of oyclopen
tanone. It is a colourless mobile liquid, b.p. 50°. In light it reacts with bromine 
to form br,)mooyclopentane. On catalytio hydrogenation at 300°, it undergoes 
ring fission, giving n-pentane. 
. Cyclohexane, Hf!:Camethylene. CaR I2• Cyclohexane occurs in larj!e 

quantities in C~ucasian. and Galacia., petroleum. It is prepared industrially 
by the catalytIC reduotlOn of benzeIl'': at 200°. 

Cyolohexane is colourless liquid, b.p. ) 8°. In light it undergoes substi
tUtion reaotion with both bromine and ohlorine. On having with alkaline 
potassium permanganate it is decomposed into adipio aoid. When heated to a 
high temperature with platinum, it yields benzene. 

1. 
tbe olass. 

QUESTIONS 
What are cycloalkanes? Assign names to the first seven members of 

2. What are the various methods available for the synthesis of 
polymethylenes 7. • 

3. Desorlbe the general reactions of alkanes and show how tbey 
resemble with alkanes, and also with alkenes. 

4. Give the general methods available for the preparation of carbocyolio 
compounds. Give a brief desoription of Baeyer's Strain Theory and its 
applications. 

5. Describe general methods of preparation of cyoloparaffins. Write a 
short note on their order of stability. (Madras B.Sc., 19(0) 

6. How cnn cyolo-alkanes be obtained? How far does the stability of 
such ring systems, depend on the number of carbon atoms present in the ring? 

(Panjab B.Sc. SuppZ.,19(2) 
7. Describe general methods of preparation and chemical reactions of 

cycloparaffins. Explain the theories of strain and strainless rings. 
(Karachi B.Sc. Subs., 19(3) 

8. Desorihe the different methods of preparing polymethylenes. What 
is Baeyer's Strain theory? _ (Poona B.Sc. III, 19(4) 

9. Describe any four methods for the synthesis of oycloalkanes. 
Give a brief account of their general properties. How will you account for 
the gradation in the' properties of various cycloalkanes 7 

(Vallabhbhai B.Sc. III, 19(4) 
. 10. Give general methods for the preparation of cycloparaffins. How 

will you account for their relatively high stability? 
(Jammu and Ka8hmir B.Sc., 19(7) 

11. What are oyclo·alkanes and how would you correlate their stability 
" .and molecular structure? Give the general methods for preparation of these 
r~QOmpou nds. (Banaras B.Sc. II, 19(7) 





Ureides are beautifully crystalline compounds. They are 
hyclrolys~d by alkl\li'l to form the pan'ut acid and urea. The cyclic 
ureides are acidic owing to enolisation a.nd hence they form metallic 
salts. Many of them are excellent drugs. 

BARBITURIC ACID, MALONYLUREA 

I t is an important cyclic ureide and is best prepared by the 
ondellsation of malonic estel' wit h urea in the presence of sodium 
hoxide. 

coocsI4 'R i ~H I ..................... , 
CH2 + CO----,> 
I ................... 1 
CO i9E~~~ .... !I .. JNli 

,Ualonic estor Urea Bnrbituric add 

Barhitllric acid is 11 colourless crystalline solid, m.p. 2450 I 
n warming with alkalis it is decomposed into malonic acid and . 

HO-iR 
CO -'NR 
i " 

CII2 CO 
I 1 

CO-.NB 
HO-oR 

Barbituric a<,id 

COUH 
I __ CH

2 
.J_ 

bOOR 
Malonic acid 

NBs 

do 
I 
NH2 
Urea 

It is 5trongly aoidic since the .CH2 - flanked by two carboxy groups 
readily gives the enolie form. Thus barbituric aci(l reacts with 
sodium hydroxide to form the sodium salt. 

CO-Nil 

6Hz ~o 
1 I 
CO-NH 

Barbiiuric acid 

CO-NH 
I 1 

¢ CR CO 
n I 

HO-C-NR 
:Monenol 

Barbituric acid and its C.alkyl derivative~ are used in medicine 
as hypnotics and sedatives. Its formation was llsed by- FiRcher in tho 
synthesis of uric acid. 

VBRONAL, BARBUTONE, C.DIETHYLBARBITURIC ACID 

It i~ prepared by condensing di thylm fllon ic {"ster wit h ur~a. 

Ditthylmalonio est.er Urea. Veronal 

Veronal iF! a colourless, crystalline comp{)und. m.p. Hll It i!'l 

'~~, (. 
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one of the most commonly used hypnotics.of the pres~Dt ~ime. To 
some extent it is also used as sedative and in ,anaesthesia. 

Phenobarbital or Luminal, O.Phenylethylbarbiturio' aotd; is 
another. impQrtant hypnotic of this class. . 

THE PURINES 

Unc acid and other closely related compounds f:orm a. groqp 
of complex (lycllc ureides. * They are all derived from tlte sa.me 
parent substance -Purine' and are, therefore, named as purines. 

IN=OH 

I 61 fH 
tOH 60_N 

II all' >~H 
aN_O-N 

Purine , 

Purine is a colourless solid, m.p. 216·2oJ. 7°. It is highly soluble 
in water and has both acidic and basic properties. For the purpose 
of naming its derivatives, the skeleton of purine is numbered as 
shown above. Uric acid and caffeine are by far'the most important 
of the purines. 

URIC AVID, 2,6,l4.TRIHYDROXYPURINE, C5H,OgN, 

Urio acid is so named as it was first isolated by Soheele (1776) 
from human urine. It is formed in the body of man by the degrada. 
tion of certain proteins. Normally only traces of it are present in 
the blood, and small quantities are excreted in urine. Owing to its 
small solubility, any temporary excess of uric acid in the .blood 
deposits in the jn.ints (gout) or in the tissues (rheumati8m). It may 
sometimes accumulate in the bladder or the kidneys, forming stones. 

Uric acid IS the chief constituent of the excreta of birds an<~ 
reptiles. 'Guano' WhICh is .the excreta of certain sea birds, is an 
excellent source of uric acid. 

Preparation. Uric acid may be obtained from human urine 
or Guc.tno in which it is present mostly as ammonium salt. 

(1) From Urine. Uric acid may be isolated from human urine 
b? concentrating it and adding concentrated hydrochloric acid. The 
crystals of uric acid separate- on standing. 

(2) From Guano. Uric .wid is prepared on a large scale from 
the oxcremeIit~ ('1 birds ami snakes (guano) . . Tht1 dry excrement is 
powdeTed . and boiled with sodium hydroxide solution, until t~e 

,- --.. PI&Ti1\~ "'~V be t\ollSht of Q~ evcUc'diureides since they could be con
Sidll.rf J .. , bvilt. frol'l\ to mol.tulu of ur~4 Clllel ollt. of 8 dicarboxylic ~id. 
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ewlu.tion' df aJDlllonia. ceases. The hot solution of sodium urate thus 
obtainedis'then filtered and poured into hydrochloric aoid. 

Na-ura.t6 + HOl --+ Urio soid + NaCJ 

The uric acid: separates as a fine orystalline mass. on allowing the 
solution to stand in cold. It is filtered and dr:ied in air. 

Properties. Uric acid is a white, crystalline solid having no 
iaste or smell. It decomposes when heated, so that it has no melting 
point. It is very difficultly soluble in water and is insoluble in alcohol 
and ether. 

Uric acid behaves as a weak dibasic acid owing to enolisation, 
the a·atoms in positions 3 and 9 ~eing replaced by metallic atoms. 

HN--CO 
11 6

1 
OC2 50-NH II 

I I 7 "'-CO 
13 " / HN-C-NH 

9 

Uric-acid 

Its salts are called urates. The sodium ammonium urates are 
liparingly soluble hut those of litmus are freely soluble. Thltt is 
why 'lithia ted water' is often used lis a remedy in cases of rheu
matism and gout to secure the elimination ofnric acid. 

When uric acid .is evaporated to dryness with nitric acid, it 
leaves a yellow residlle which dissolves in ammonia to produce a 
purple. red colour owing to- the formation of murexide (Murexide 
Reaction). 

BN-CO CO-NH 
I I I 

00 O-N .. O 00 
I II , j I 

HN-0.ONH4 CO-Nfl 
Murexide 

Structure. (1) Uric acid has been shown to possess the 
tormula C6H~N,,03' 

(2) Upon moderate oxidation with nitrIC acid, it hreaks ,up into 
alloxan and urea. 

CsB4N"Os ,+ (H20 + 0) ---.. N~H4CO + C4H2NaO" 
Uric acid Rree. Alloxan 

(~) "('racing baCk the above reaction, we can theoretically 
derive the structtlraJ (orm~la of tlcic acid by· eliminating (H~O + 0) 
from ontl molecule of urea and one molecule of alloxan. 

NH;.-CU NH-CO 
I 1, .... , ...... """NH H 0 0 I I 
cO G!O Hi " {~2 + 1 GO a-NH, 

*H-d 10 + HjNH/
cO 

--4- ~T:I- ~_ Nfl/CO 
Alloxan .... ,,"" .. · .. urea Uric acid 
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(4) 'The a.bove formula. of uric acid, first suggested by Mediaus 
in 1870. is in perfect accord with its behaviour on oxida.tion forming 
allantoiu and parabanic acido 

NH-l~go NR2 

CO-NH" RNO, I I KMn04 
__ co iCi:':':'::':N"iI -- ho CO-NR 

I I -"CO I "CO 
CO-NR/ 

Parabanic acid 
I 1 n ;CO 
NlI-lc-NH' 

Uric acid 

NH-CH-NHI 
Allantoin 

The .dotted lines indicate the points of attack in the two caseB". 

(5) Uric °acid reacts with phosphorus oxych1oride to form a 
trichloro.derivative as if it had three hydroxy groups in the molecule. 
Also, we know that it behaves as a weak acid although it has no 
carboxyl group. Therefore, we Buppo,e that uric acid exhibits keto-
enol tautomerism. 

NR-CO 
I I 

CO C-NH, 
I II ,CO 
NH-C-NH/ 

Koto form 

N=C.OH 
I I 

oF> RO.C C-NH, 
; n n /O.OH 

N-C--N 
Enol form 

(2, 6, S.Trihydro:qJPurif'le) 

From the'study of the absorption spectrum of uric aoid, it has been 
concluded that the keto form greatly predominate~ in this 
equilibrium. ° 

(g) Synthesis The.structure of uric acifl is finally confirmed 
by its synth~sis which has been accomplished in many ways. 

(i) Beherena and Roosen Synthesis (1887) : 

NMs 

60 
I 
NH, 

""Urea 

heat 
--+ 

HIiC,OOC NH-CO 
I heat 60 I HNOa 

+ CH --+ ~H --+ 
n I II 

HO.O.CHa NH-C~ORa 
Acetoacetio eater Methyl uracil 

(enolio) 

NH-CO NR-CO 
I I Reduction I I 
to C.NOa . __ do o(tNH:a 

~H-1JH bH-~R 
Nitrouracil Aminouracil 

Bromine 
water __. 
+0 

NH--OO 
I co 

I 
C.NOli 

I U 
NH-C.COOR 

Nitroura.cilic acid 

RN(), --
NH-CO 

do d.OR 

k-~o 
Rydroxyut'acil 

NH-OO 

do d-WR, 
I n CO 
NH-C_NH/ 

Vrio aoid· 

The product of the _syntohe$i. "as found to b. identi~l with the 
naturnl uric ttcid 
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(ii) Fischer's- Synthesis (1897) :-
H iiC200C ~H-CO 

+ 
I heat 

CR\! _ 
·1 -2C'.IHr,OII 

H6CaOOC 

do dHa 
I I 
NH-,CO 

Barbituric acid Malonio ester 

NH-CO 
+RONO I I Reduction 

---+ CO CRNO _ 
-H20 \ I 

NR-CO 
Violuric acid 

NR-CO 
I I 

CO CR .. -NHt 

kH-JO 
Uramil 

NH-CO NH-CO 
+O=C_N-H I I RCI, ma' I I 

,603 

---+ CO CH'-NH __ CO C-NH 

(KOON + H 20) kx_bR_HN)CO -RiO k_~~NH)CO 
'Psoudouric acid Uric acid 

Tests of Uric acid. (1) Uric acid reduoes Fohling's solution. 
(2~ It. deco\oril;es ~\',id ()'I': lI.\k-a.line selutiou or pet\l,\!II,i~\m perma.uge.natJ:I 
(3) Murexide Te3'. Add a few drops of cone. nitrio amd to a. little urio 

acid placed in a china dish, evaporate to dryness on G water-bath a.nd add 
,dilute ammonia. An intense purple oolour in dicates uric aoid. 

XANTHINE, 2,6-DIHYJ>ROXYPURINE, CsH,OzN" 

. This important purine deriva.tive i~ present in the blQod a.nd 
IS excreted in urine. It also occurs in tea leavos,and sprouting 
seedlings. 

Preparation, Xanthine may be prepm:.ed from 2,.6, 8·trichlo· 
ropurine obtained by the action of POCI3 on urio acid. 

NFC:CI N=C.OCaH6 

I I C.RDONa I I 
CI.C C--NH, ~ R,CaO.C C_;NH, 
~_~ __ N/C.CI ~_~_N/C.CI 

2:6:8.tricllloropurine 

HI -Red. 

N""C.OR 
I l . 

HO.C O-NH, 
n n /CB 
N-C-N 

Xanthine 
(2, 6.dihyilroXYPlirine) 

Properties. Xanthine crystallises well. It is diijicultly 
80luble in water. Chemically it resembles urio acid and forms salts 
with alkalis, and also with hydrochlorio a.nd nitric acids. Thus 
xanthine exists in two tautomArio forms. (: 

N -0 Oll NlI-OO 

Ro.6 LNB, ¢ 60 L~ 
I II ""CB I n ,1tla 
N~N NH-O--N 
binollorm Keto form 
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CAFFEINE, 1,3,7-TRIMETHYLXANTHINE, CsHlo9aN, 

Oaffeine occurs in different plants all of which a.re sOlirces of 
stimuJap.ts; It is present ,ih dried tea leaves to the extent of 5 
per .cent, in ,coffee (1.2%),and in kola nutl3. (1-;2%-'" It is also called 
theJ.De. 

"reparation., (4 From 'TM leaf}es~ Caffeine' is prepared from 
da~aged tea leaves..hy extraction with boiling water when a solu
tiOn containmg caffeine, proteins and tannin is obtained. The hot 
solution is filtered and treated with basio lea.d acetate in order to 
precipitate proteins. and tannin. The precipitate is filtered off and 
the solution is treated with sulphudc acid to remove any excess of 
lea.d. The resulting. solution is ~ecoloris('d with animal c4arcoa.Land 
caffeine extracted from it with chloroform. The chloroform is 
d~stiI1ed off and the residue of caffeine crystallised from wa.ter. Most 
of' the caffe.ine ,of commerce is made by this method. 

(2) Fro.m Urie aeid. Caffeine is also manufactured from urio 
acid a.s follows. Urio acid is treated with. methyl iodide in alkaline 
sQlution to form tetramethyl.uric acid., This on heating with POCla 
gives chloro·caffein~ w.h'oh, on red,uction with hascent hydrogen 
yields caft'eine. 

CRs.N-CO 
CHs! 1 I CHa POCla __ COC-N __ 

(KOR) I H )CO heat 
CRa·N-C-N 

R 

CBs 
Tetramethyl uric acid 

CHaN-CO 
I I CHa 

CO C-N, 
I n /CR 

OHaN- C- N 
Caffaine 

Properties. Caffeine crystallises in beautiful colourless 
needles with one molecule of water of crystallisation; m p, 2350

• l,t 
is sparingly soluble in cold water and alcohoL It subljmes 'Il.n· 
changed when/heated and has a faintly bitter taste. It is a very 
weak base and forms salt!! with strong acids, the citrate and hydro. 
chloride b~ing commonly used in medi'cine. When administered 
internally, <ul,ff.eine and it£? saltii stimulate the heart a'nd the nc=ves, 
and also aot as diur.etic. 

·Wt:. ta.ke c.am~ine when we drink tea or coffee. This is why 
th!:,se bever{Lgtls reUe'V() fatigu,e and quicken the brai·n. However, 
their excesr:llve use is harmful to digestion. 

Adenine, 6I-aminQPurine, It, occurs in tlie free state in tea, sugar beets, 
bOpS, yeast, bacten.a, muscles and urine.' It is obtained on 'a fairly large scale 
from tea-extrao.l;,amI molasses. 

Adenine is a:coloiJrless Sl)lid, m.p. 360°. It is highly soluble.,in watel' 
but ·dissolves in minelal aoids and alkalis, forming .. dts. 
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Guanine, 2-amino.6.hydro~purine. It occurs along with adenine in 
many plants and in the organs of animals. The Bcales and akin of fish and 
reptiles consist of this purine. 

. Guani~e is a colourless solid. It is almost insoluble in water and alcohol 
but dissolves In acids and alkalis, forming salts. 

Theobrom.ine, 3, 7-aiMet(lylxanthine. It occurs in cocoa bean to the 
extent of 2 per cent. It is whHe,crystlliline solid, m.p. 851°, having a slightly 
bitter taste. It dissolves rearlily in hot water. H is used in medicme a~ 
diuretic. 

Hypoxanthine 6-hydroxypurine. This purine, also named as 8arkine, 
is prest.I'L in mUliocle6, spletln, hver and pancreas. Hypoxanthine is a crystalline 
powder which decomposes at 150° without melting. It is slightly soluble in 
water but uu,l;ulvc!; ill alkalis owing to salt formation. 

Q.UESTIONS 

I. What are ureides? Give briefly their methods of preparation and 
propertic!!. 

2. Give the preparation and uses of veronal. 
3. De,cribe by m~aD8 of structural formulae how veronal is prepared. 
~. How dObs uric acid occur in nature, and how would you ,isolate it 

and establish its. constitution? What relationship exists between uric acid, 
xanthine, and caffeine ? 

5. Discuss the constitution of uric acid and describe one of ita synthesis. 
Show its relationship to caffeine Bnd theobromine. 

6. How has the constitution of uric acid been determined? Describe 
anyone synthesill of uri{l Aciti. Write ilown the formuhl- of Xanthine and 
Caffeine. 

7. How will you prepare caffeine from tea leaves and uric acid 7 \Vh.at 
is the chief use of caffeine? 

8. Ho.w is urio acid obtained? Discuss its 
relationship to caffeine. 

1'. Discuss the evidence both analytical and 
structure of caffeine is based. 

10. How would you prepare caffeine 7 What 

chemistry and show ita 
(Banara8 B.Sc. III. 1967) 
synthetical 01). which the 
(Bombay B.Se. III, 1967) 
are its chief uses r 

(Panjab B.Sc. Ill, 1968) 
n. What are ureides and purines? How are they related 7 What is 

the action of nitric acid on uric acid 7 Show the relationship of uric acid to 
caffeine. (Saura8ht'l'a B.Sc., 1968) 

12. How is uTic acid obtained? Disouss its chemistry and show its 
relationship to caffeine. (Banara8 B.Sc., 1968) 

13. Row is uric acid converted into:
(a) Purine. 
(b) Adenine, 

(c) Guanine. 

l~. Discuss the constitution of urio acid. 
caff'eine ? 

(Banaolore B.Sc., 1959) 
How is it con"~rteJ into 

(Bombay B.Sc .. 1969 
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, Carbohydrates 

EMIL FISCHER 
(1852-1919) 

German chemist;. He did memorable 
work in connection with the structure of 
augars. Later he extended his researoh 
work to purines including caffeine and 
uric acid. He discovered phenylhydrazine. 

~' c"arbohydmtes constitute an important class of organio sub
stances which are derived from plants. Thcy include glucose, oane 
sugar, cellulose, starch etc. Carbohydrates are an important food 
factor and form thc major part of our diet. Our clothing, wooden 
furniture, paper, card-board, fuel are all carlrohydrate stuff. We 
consume large amounts of carbohydrates in makin~ synthetic fibres, 
photogtaphic films~ plastics, lacquers, explosivell and other ·useful 
materials. 
DEFINmCN OF THE TE&M ~OARBOHYDRATE' 

< • \.,.1 . 
(.,arbohydnttes are the co mpounds of 0, Hand O. The .last 

two named elements are generally present in the ratio of 2 Ito 1, as 
in water. Therefore,.tha compounds of this class could be represent
ed by the goneral formWa O .. (HllO),,· For example, we can write 
glucose (OolI120.) as C.(H20)'1; cane sugar (C12HuOu ) as 
On (R,O)u ; and so on. FClt' this reason, French named, them 805 
oarbohydtatoi (hydratu 0/ carbon). 
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However, the nama carbohydra.te is a. misnomer. While the 
inorganic hydra.tes oontain loosely combined water, the compounds 
of this olass conta.in no water molecule" as suoh. They are, in faot, 
polyhydroxy aldehydes or ketones and it is a sheer coincidence that 
Hand 0 are present in the ratio of 2 to 1. Now there are carbohy
drates (rhamnose) (CsR 120a) known in which the ratio of Hand 0 
is different. And then, it is also noteworthy that compounds suoh as 
formaldehyde (OH,O) and lactio aoid (C3RGOs) which even though 
')onforming to the formula C .. (R20)1I are not carbohydrates .. 

The term carbohydrate has lost its original significance a.nd 
is now used ·in a very wide sense a.s ,the class name for all sugars, 
starches, cellulose lind structurally related compounds. Wo may, 
therefore, define carbohydrates 8S polyhydl'oxy aJ,d,eAyilu or ketones, 
or 8ubstances that yield thMe on hydroly8i8. 

OCCURRENC~ 
Carbolydrates are formed in nature by ,the reduction of carbon 

dioxide by living plants with the aid of green pigment chlorophyll. 
The ovcra.1l reaction is . 

nCO. + nHQO + Energy _ (CH20)n+nOll 

The energy for the purpose is obtained fro'm sunlight. Thus nature 
manufactures huge quant:ties of carbohydrates in the form of 
tiss~es of pla.nts. The various processes of the fixa.tion of COa by 
photosynthesis and its return to the atmosphere is briefly'depicted 
below. 

{QUlI8RIUAI 
COlIN 
WATER .----, 

__ --ll{tJUJTRIAL USEOf-Mll{fRAl FUElS""'_' ---...... 

f 

rDIRUTCOM8USTION·l 

I rAN''-'SVl 
Y-C:::::~:J" °

1
" PlANTJ --

L ANIMAL RESPIRATlPI{---., 

PEAT; 
COAL. 
OIL 

ANIMAL. ______ -' 
:nssU.£5 

DECIIY OF ANIMALS --.J' 

Fiit. 88·1. Bioohemica.1 CarboIl.dioxide oyole. 

The most familia.r natural sugar sucrose is industrially obta.in
ed from sugar cane and sugar beets. More than 50 million tons 
of this sugar are obtained every year from natural sources. Glucoce 
and Fructose are. also among many other naturally occurring 
augars. 
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CLASSIFICATION 
Carbohydrates have Ibeen divided into the following classes 

according to thcir complexity and behaviour On hydrolysis. 

(i) The Monosaccharides" which are the simplest "arbohy. 
drates and cannot be hydrolysed e,g., glucose and fructose, C6HlIlOe. 

(2) The Oligosaccharides, which I),re built of· a definite num
ber of monosaccharide molecules. that are split up on hydrolysis. 
They include: 

(i) The Di8accharides, yielding two monosaccharide molecules 
on hydrolysis, e.g., cane sugar, c,,2H220U, 

(ii) The Trisaccharides, yielding three Monosaccharide mole. 
culeE on liydrolysis e.g., raffinose, ClsH32010; and so on. 

(3) The Polysaccharides, which are built of a large but 
indefinite number of monosaccharide molecule!! that are split up on 
hyd't'olysis e.g., starch, (COH 100 6)n' . 

The monosaccharides and oligosaccharides are. soluble crystal
line sub$td.nces having a sweet taste and are collectively known as 
sugars. Polysaccharides, on the other hand, are insoluble amor
phous substances.and are, therefore, called non-sugars. 

[ 

AZdosea 
M ofUl,aechGridea-

Ketoses 

Carbohydrates- . [DiSaccharides 
OZigoaacchariilea-

- Trisaccharides 

SugaTS 

Polysaccharides ... Non-sugars 

MONOSACCHARIDES 

Monosaccharides are all polyhydroxy aldehydes or ketones. 
The aldehydic sugars are called aldoses, ~.·hile the ketonic sugars 
are known as ketoses. The aldoses and ketoses are divided into 
sub-classes according to the ilumber of carbon atoms present in the 
molecule. Thus, we have aldobioses, aldotrioses, aldotetroses, aldo
pentoses, aldohexoses, ketohexoses etc. 

For example, 

ORC.CH20H 
OCH.CHOH.CH20H 

OHO.CBOH.CBOH.CHOH.CH20H 
OHC.CBOH.CHOH.CHOH.CHOH.CH20H 
CH20H.CO.CHOH.CHOH.CHo.H.CH20H 

The monbsaccho,rides that Qccur in 
toses, aldehoxoses or ketohexoses. 

glycollic aldehyde is aldobio86 
glyceric aldelJyde is (lldotriose 
arabinosll is aldopento$e 

glucose is aldohexose 
,fruotose is ketohexof : 

nature are chiefly '1)dopen 
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GENERAL PROPERTIES 

(Physical). Monosaccharides are colourless neutral substances 
baving a sweet taste. They do not crystallise very well. On heat· 
ing they become brown and ohar without melting. They are readily 
soluble in water, sparingly sc;>luble in alcohol and insoluble in ether. 

(Ohemical). Aldoses and ketoses give all the rea.ctions of aIde· 
hydes and ketones respectively, along with those of polyhydroxy 
alcohols. They also show certain characteristic reactions depending 
en the presence of the aldehydic or t~e ketonic group, and the OR 
groups in the same molecule. The more important reactions of 
monosaccharides are given below. 

( 1) Acetylation. Monosaccharides undergo acetylation when 
heated with acetic anhydride and a little anhydrous zinc chloride. 
Thus glucose land fructose form penta· acetyl derivatives. 

CSH 70(OH)5 t- 5{CH3CO)20 _ C~70(OO(;C.H:I)5 + 50HaCOOH 
Glucose, or Acetic anhydride Fenta-acetyl' 

Fructose derivative 

(2) Formation of gtucosides. Pentoses and hexoses wilen 
heated with alcohols in the presence of hydrogen chloride ~orm 
ethers known as glucoside!J. Thus gl'ucose and fructose react with 
methyl alcohol to give methylglucosid.e and methyl fructoside respec· 
tively. 

CaH1io5'Oft":+"H'iOCH3 ~ CSHllOGOCHa +H20 
Glucose oj:················· Mrthylglucoside 
Fructose or fruotoside 

As we will study later on this reaction gives a clue of the 
existence of a ring structure in these sugars. 

(3) ForlJ1fltion of salts. Monosaccharides are very feebly 
acidic and react with lime to form calcium salts. The glucose and 
fructose form calcium glucosate (soluble) and calcium fructosate 
(insoluble) respectively. 

CaHllOs!Ufi···:t···H;Ca.OH --+ C.aHuOGO.CaOH + HIiO 
Glucose--' ,....... . Lime Cil.lcium glucosate 

The calcium glucosate is decomposed by pas.smg carbon dioxide 
through the solution, thus regenerating glucose. 'rhis reaction can, 
therefore, be employed for the separation of glucose and fructose. 

(4) Reduction. When monosaccharides are reduced with 
sodium amalgam in aqueous solution, they take up two H·atoms'at 
the CO group and form poly hydroxy alcohols. Thus glucose yields 
sorbltol, while fructose yields two isomeric alcohols: sorbitol and 
mannitol. 
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. (5) Oxidation. Aldoses on oxidation fonn monoca.rboxylic 
acids or dicarboxylic acids containing the s_ame ntll}1ber of carbon 
atoms, while ketoses oxidise to yield acids witlt a s~aller number of 
carbon atoms. Thus glucose on mild oxidation with bromine ",ater 
forms gluconic acid. ~ 

[0] , 
CHsOH.(CROH),.OHO ~ OHlIOH.(CHOH)".OOOH 

Glucose - Gluconic acid 

With' concentrated nitric acid, however, it is oxidised at both 
terminal groups a.nd forins saccharic acid. . 

. [OJ 
OHlIOH.{CROH)4.0HO ~ HOOO.(OHOH),.COOH 

Glucose Saccharic acid 

Fructose remains unattacked' by mild oxidising agents, but 
when oxidised with concentratec1nitric acid it yields glycollic acid 
and c,artaric acid by.clea..vage at the ('A) group. 

o (0] . 
OH20H.(OHOH)s·CO.OH20H ~ HOOC(CHOH)zCOOH + ROOO.OH20R 

Fructose ~['artaric acid Glycollic acid 

Therefore, glucose and fructose both are reducing sugars. 
They reduce Fehling's solution and ammoniacalsilvernitrate solution. 

_ (6) Formation of Cyanohydrins, Monosaccharides add a 
molecule of hydrogen cyanide forming cyanohydrins. Thus: 

011 
0112011.(011011)4.0HO + HON ~ 011a011 (CHOH),OH / 

Glucose Glucose cyanobydrin "ON 

011 ON 
,/ 

C112011.(OHOH)3.CO.CHaOH + HON -+ OH20H.(CHOH)3.0.CHz011 
Fructose Fructose oyanohydrin 

(7) Formation of Oxim.es·. Monosaccharides react with 
hydroxylamine to form. the oximes by splitting out a molecule of 
water. 

Thu!'!: 

011aOH.(CHOH)4.0no + NH20H ---. CH~OH.(CHOHj4.CH:NOH +~ H20 
GlUcose Gluoose oxime 

N.OH 
. . n 

CHzOH.(C1l0H)4.CO.CH20H + NH20H -+ CH20H(CB;OR),.C.CH20H 
• Fructos!;, Fructose oxime 

• (8) Fonnadon of OsazoJies. Monosaccharides when treated 
with phenylhy~drazine form phenylhydrazones. However on warmr 
ing with excess of phenylhydrazine they yield diphenylhydrazones 
which are known as osazones. According to _the mechanism suggest-

. ed by Fischer, a.-p'henylhydrazone is first produced and then the 
hydroxyl group adjacen:V'tQ,. t4e original aldehyde or the ketonic 
group, is mcidised to a carbonyl group adjacent to the original
aldehyde or the ketonic group 0 is oxidised to a carbonyl group by 



OABBOHYDRATES 611 

a second molecule of phenylhydrazine which is reduced to aniline 
and ammonia. The carbonyl group thus produced now reacts with 
a third molecule of phenylhydrazine to yield the osazone. For 
example, .glucose forms glucosazone as follows. 

CH:N.NRCaRs 

clHOH 

CHO 

6HOH 
I 

(CHOH)s 
+ C6HSNH.NH2 --+ I + HIO 

Phenylhydrazine (CHOH)s 

~H20H 
Glucose 

CH:N.NHCsHs 

bHOH 

clH20H 
Glucose phenylhydrazone 

QH:N.NHC6~5 

do 
I + CGg5~H.NH2 ~ 

(CHOHls 
I +C6H5~TH2 + NHs 

(OHOH)s 

6H20H JR20H 

CH:N.NHC6H s 

6:N.NHCaH q 

(bROH)3 

JH20R 
Glucosazone-

Similarly fruotose forms !ructosazone. 

CHaOH 

60 C6HSNH.NH2 

(bROIl)3 ---

CH20H 
I 
C:N.NHCsHs 
I . 

(CHOH)3 
I 

CHO 
I 

CsHsNH.NHll. C:N.NHCsHs 

-- (bHOH)s 

bHlloH 
Frulltose 

CHiOH · 
Fructose pbenylh:ydrazone 

~H20H 

CH:N.NH.C6Hs 
I 

CaH 6NH.NHg C:N.NRC6Hs 
~ I 

(CHOH)a 

dH20H 
Fructosazone 

It is found that the osazones obtained from glucose and 
fructose are identical. Since the two sugars form: the same osazone, 
their structure differs Dnly in respect of two carbon atoms which 
take part in the formation of the osazone. 

Osazones are yellow crystalline solids having sharp mfllting 
points. Their formation is used to characterise the sugars. 
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Mechanism: 

It'ischer's mechanism cannot be considered to be true because 
phenylhydrazine is a powerful reducing agent; this is the only reac
tion in which it behaves ns an oxidising agent converting -OHOH-

group in glucose to )0=0 ; and -OH20H group in fructose to 

-OHO (second step). 
Weygard (1940) suggested the following ,mechanism : 
Glucose: 

CHO 
I Cf,H",.NH.Nllz 
CHOH 

Fructose: 

CH20H 
I . 
C=O 
I . , 

CH-N. NHC6HS 

~_H = 
, '-.. 
\ OH 

C6H5·~H.NH2 
---+ 

(-H20) 

CGHD·NH.NHs -(-NBal 

CoH5·NH.NB2 -(""';:8'110) 

CB =N.NH.CoH5 
I . 
<;'=N.NH.CeHs + NBs 

:1 

CH=NH 

~=N.NH,C6H6 
I , 
CH=N.NH.CGH5 
I 
~=N.NH.CGB5 
i 

(9) Lobry de Bruyn.van Ekenstein rearrangement (1890). 
On warming with concentrated alkali, sugars first turn yellow, then 
brown and filially resinify. In the presence of dilute tl.lkali or 

. amines, sugars undergo a pe'Culiar rearrangement yielding a mixture 
of Isomeric sngars. Thus D-glucose when warmed with dilute sodium 
hydroxide, forms a mixture nf D-glucose, D-mannose, and D
fru~1X)ge. The same mixture is (iotained if tn_e starting material is 
D'.fructose or D-mannosc 



OABBOHYDRATES 

CHO 
I 

H-C-OR 

(bHOH):J ¢ 

clHsOH 
D·Gluoose 

(2 moleoules) 

CHO 

Ho-b-H 
I + 

(CROR)a 

clH20H 
D.Msnnose 

CHaOH 

~O 
I 

(CROH)s 

bHaOH 
D-Fructose 

613 

Ithas been suggested that the a.bove rearrangement occurs through 
I, 2.enolisation. Topper (1951) suggests that there are two geometri
cal isomerio enediol intermediates. both being capable of changing 
into fructose. 

H 

H-6Jb:~ 
..d 

.. .. 
H C-O-H 

! 

H 
I 
C-O-H 
II :: 
C-O-H 

D(+)-Glucose l,2.enediol 
H 

r lI-d-o:_H 
\.I~· 

CHO 
I, 

H-C-OR 

C=O: 

D ( - )-Fruotose 

CHO 

ebRoR)s .= 

Ho-LH 
(~JHOH)3 
6RaOH 

D-Mannose 
bRaOR 

D-Glucose 
'(2 molecuills) 

+ 

n{ + }-MsDnose 

CHaOR 
I 

CO 
I . 

(CHOR)3 
I 

(CRaOR ) 
D·Fructose 

The same mixture is obtained when D·mannose or p.fructose is 
treated with dilute alkali. This indicates the reversible nature of 
the reaction. . \ 

(10) Fermentation. Many naturaHy occurring sugars e.g., 
glucose and fructose undergo fermentation in the presen~ce of yeast to 
form ethyl alcohol and carbon dIOxide. 

C6H120 G --.. 2CaR GOR + 2C02 
Glucose Ethyl alcohol 

All monosaccharides .capnot be fermented. 

MUTUAL TRANSFORMATIONS 

Having studied the general reactions of monosaccharides, we 
now proceed to discuss their mutual transformations which are of 
much theul'~lcal and practical interel;!t. 
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(1) Conversion of a lower into a higher aldose. An 
aldose may be converted into its next higher aldose by means of 
Kiliani's synthesis. Thus a pentose when reacted with hydrogen 
cyanide gives the cyanohydrin .. The latter upon hydrolysis forms a 
polyhydroxy acid with one more C atom than the original sugar. 
T~is rearlily splits out a molecule of water when a y-Iactone is 
obtained which on reduction with sodium amalgam in slig~tly acidic 
solution is converted into aldohexose. 

CN Co.o.l! CO~ 
CBo. 

CRo. dRo.R 
I ~Ro.H . ~Ho.H CHo.R 

l I 
JHo.H bHo.n CRo.H CHo.R 

yH:J 1 HON I ' Hydrol. 1 -H2O. 2R 
bHo.H CHo.H __ .JRo.H --+ CHo.B --+ CH --+ 

bHo.H bRo.R bRo.H 6Ro.R bRo.H 

'6nOH 6R ao.H ' I 
bHao.H bHso.H .2 CH2o.R 

Aldopentose Cyanohydrin y-J.a.ctone Aldohexose 

(2) Conversion ofa higher into a lower aldose. A higher 
aldol1~ can. be converted to its next lower memb1}r by Wohl's 
method. The aldose is treated with hydroxylamine to give the 
mdme. The latter is heated with a.cetic anhydride, where it. is 
dehydrated to the nitrile and also acetJlated at the OR groups. The 
Ilcetyl derivative~ thus obtained is then warmed with ammoniacal 
silver oxidej which removes the acetyl groups (CHaCO = Ac) by 
hydrolysis and splits out a molecule of hydrogen cyanide to yield an 
aldose having one carbon atom less than the original sugar. 

Thus: 
CHo. CH:N.o.B CN 

dHOB NH2o.H dHOH AC2o. 
I ...... 

CBU! H-HON CHo. 
1 --+, --+ 

(CHUd)s (CHOH)s 
1 • --+ I 

(CHo.H)s (CHo.R)a 

bH2o.H 6H2o.H bR2o.H 6H2o.H 
Aldopentose 

(arabinose) 
Aldohexo!'e 

(glucose) 

(3) Conversion of an aldose into·a ketose. ,The aldose is 
warmed with excess of phenylhydrazine ·to get the osazone. T~is 
on hydrolysis' ith hydrochloric acid forms 080ne which on reductIOn 
with zinc and act'Gic acid is converted to the ketose (CHO is reduced 
in preference to CO) which is isomeric with the original aldose. Thus, 
glucose may be trallBformed into fructose as follows. 

CHo., CH=:N'.NHCaHs CHo 
I PhNR.N Ha 1 , 2Hao. I [H] 

CHo.H --+ C='N.NBCoB5 --+ co. --+ 
1 heat 1 I 

(CHo.H)a (CHo.H}a (CHo.H)3 
1 I 1 
CHao.H CRto.H CH(o.R 
Glucose Glucosazone Glucosone 

CI!2o.H 

do. 

(bHo.H)s 

bRlIo.R 
Fructose 
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(4) Conversion of a ketose into an aldose. The ketose is 
first reduced to the corresponding polyhydric alcohol. The latter is 
oxidised to a mOIibcarboxy lic acid which on warming splits out a 
molecule of water to form the y-lactone. This on reduction with 
sodium amalgam in slightly acid solution, is converted into an aldose 
which is isomeric with the original sugar. 

Thus fructose can be transformed into glucose as follows: 

CHiOH CR20H COOH C0::l CHO 
I I I I 1 

CO CHOH' CHoa CHOH CHOR 
I I I I 0 I 
CHOH [H) cnon [0] CHOH heat cnon I [H) CHOH 
1 ~I -+1 -+ I ----+1 
CHOH CHOH CHOH (-H20, CH CHOH 

bnoH 6HOH bHoH bHoH b.OH 
I I I I I. 
CHIIOH CHzOH CRlpa CRaOH CHIIOn 
Fructose y_Lactone Glucose 

(5) Epim.erisation. Aldoses which produce the same osa
zones must have identical configurations on all their asymmetric 
carbon atoms except IX-carbon about which the R and OR groups 
are arranged in the reverse order. For example, 

CHO CHO 
I. I 

HO-C-H H-C-OH 
I I 

H-C-OH H-C-OR 

H-6'_OH HJ'-OH 
I I 

CHaOH CH20H 
o( -)-Arabinose 0(-)-Ribose 

Such sugars are known as Epim.ers. 
Fischer (1890) changed an aldose into its epimer via the 

aldonic acid. The aldonic acid was heated with pyridine (or quino. 
lin'e) , whereupon it was converted into an equilibrium mixture of 
the original acid and its epimeric acid. These were separated, and 
the epimeric acid lactone reduced to an aldose. The mechanism of 
the reaction takes place via the ellol form e,g., epimerisation of 
glucose into mannose: • 

CHO 
I 

H-C-OH 
I Br2/H20 

HO-C-H _ 

I 
H-C-OH 

I 
H-c-on 

bH20H 
o·Glucose 

COOH 
I 

H-C-OH 
I Pyridine 

HO-C-H ~ 
I 

H-C-OH 

H C-OH 

bR20H 
Gluconic acid 

r 

L 

C/OH "'I 
n'OH 
C-OH 
I 

HO-C-H 
I 

H-C-OH 
I 

H-C-OH 
I 
CHgOH J 

enol form 
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OOOH 

Ho-LH 
I Heat 

RO-C-H __ 
I (H20) 

H-C-OH 

H-b-OH 

CO~ 

HO-J-H I 

RO-t-
R r 

H-

n-LoH 

CRO 

Ho-6-H 
Na/Rg d 
~ HO--H 

Reduction I 
R-C-OH 

I 
H-C-OR 

I 
CHzOH 

Mannoic acid 

I 
CRsOH 

"(-Lactone 
bHzon 

CRO 

R-LoR 

CRO 

~ RO-v-H 

.... ! .................................................. !. 
Identical 

CONFIGURATION OF MONOSACCHARIDES 

D-Mannose 

, 

Of the monosaccharides, aldoses are by far of greater importance 
than ketoses and will be discussed in some detail. Fischer investi. 
gated the configuration of monosaccharides in the light of new ideas 
of stereo. chemistry proposed independently by Le Bel and van't 
Hoff. It was also known that a molecu]~ containing an asymmetric 
carbon atom could exist as optically' active isomers which differ only 
in the arrangement of groups in space (configuratien). The number 
of optically active isomers is equal to 2", where n is the number of 
dissimilar asymmetric carbons. 

Glycollic aldehyde, CH20H.CHO, is the simplest aldose. It 
has no asymmetric carbon atom in the molecule and so does not 
show optical isomerism. Thus there is no configurational problem 
and we have only one form of glycollic aldehyde. 

* Glyceraldehyde, CH20R.CHOH.CHO, is an aldotriose. Its 
molecule c.ontains one, asymmetric carbon atom (*) and, therefore, 
exists in two optically active forms. 

When the groups attached to the asymmetric carbon atom are 
considered to be at the vertices of a regular tetrahedron, the two 
possible arrangements (optically active) are: 

CHO 

CHZOH 
III 
CRO 
I 

R-C-OH 

c\H 20H 

CHO 

CHzOH 
III 

CRO 
I 

HO-C-H 

6H20H 

H 
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Tetroses, CH20H.CHOH.CHOH.CHO. They contain two 
asymmetric Cltrbon atoms n;nd can exis.t in four optically active 
forms. Fischer proposed plani.\,r formula for tetroses (and higher 
sugars also) by considering that the lower edges of the trahedra 
constituting the carbon chain aU lay in a straight linc in the plane of 
the paper as 

CH CHO 

II II 

CliP" iii . CIfPI! 
III 

CHPH 
III 

CH2vH 
III 

CBO CHO CHO CHO 
I I 

Ho-6-H 
f 

H--C-OH HO -C-H H-C-OH 
I I I I 

H-C-OR HO -C-R II-C OR HO-C-H 
I I I i 
c1I2OH CR20H Cli2()H CR20H 

(a) (b) (c) (a) 

Fischer originally differentiated. between the enantiomorphic 
pairs (mirror images) by using the symbols d· and l- for dextrorota
tory and ,Iacvorotatory forms. But Rosanoff soon after replaced 
this system of nomenclature by proposing that a sugar having -OH 
group on the bottom asymmetric carbon atom towards the right of 
the carbon chain should be called o·sugar and the one having -OR 
group to the left as A-sugar. These symbols were changed in favour 
of D· and L- respectively and are almost universally accepted now. 
Thus (a) and (b) forms of tetroses belong respectively to D- and L
types. They are also called D-Erythrose and L-Threose; (e) and 
(d) will correspondingly have D.Threoso and L.Erythrose as their 
names. However it must be olea.rly undllrstood that D- and L- have 
nothing to do with the direction of rotation which of course, may be 
mentioned by enclosing the sign of rotation within brackets as (+) 
or ( -, ), wherever necessary. 

The above convention of representing the projection formulae 
of sugar molecules is often abbreviated as follows. The R·atoms in 
~he~e may be omitted or the. -on group position may alone be 
mdicated by a short line. Thus D-Erythrose may be represented as 

CBO CBO CRO 
I 

H-C-OH 
I 

R-C OR 
I 
CH20H 

D-Erythrose 
(Projection) 

--OR 

--OR 

CH20R 
H-atoms 
omitted 

CR20H 
-OR groups J 

shown 
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Pentoses,. CH20H.CHOH.CHOH.CHOH.CHO. They contain 
three asymmetric carbon atoms and can exist in eight optically 
active forms. They correspond to the D- and L- forms of the four 
known pentoses : ribose, arabinose, xylose and lyxose. The qonfigura
tions of the D-f\Jrms of the sugars a·re given below. 

CHO CHO CHO CHO 

~ 1 { ~ 
I I 

CHzOH C~OH CH20H CHpH 
D-Ribose D_Arabinose D-Xylose D-Lyxose 

The physical and chemical properties of aldopentoses conform 
to the general properties ()f monosaccharides. However, they do 
not undergo fermentation. 

Hexoses , CH20H.CHOH.CHOH.CHOH.CHOH.CHO. They 
contain four asymmetric carbon atoms and can exist in sixteen 
forms, which of course, correspond to the D- and L- forms of the 
eight known aldohexoses. These are -: glucnse, m1lnnose, galactose, 
allose, altrose, gulose, talose. 

Of all hexoses, D-glucose and D-fructose are the only sugars 
which occur in the free state. We will confine ourselves to their 
study. 

GLUCOSE, GRAPE SUGAR, DEXTROSE, CaH120 6 

Glucose is by far the most important monosaccharirle. It occurs 
in most sweet fruits and in honey. Ripe grapes contain as much as 
20-30 per cent of glucose, hence its name grape sugar. In small 
amounts it is a normal constituent of human blood and urine. The 
udne of diabetic persons may contain glucose to the extent 8-10 
per cent. In the combillf~ll form it occurs in cane sllgar and other 
polysaccharilles. 

Preparation. (1) By HYDROLYSIS OF CA~E SUGAR. In the 
laboratory glucose may be prepared by the hydrolysis' of cane sugar 
(sucrose) with dilute hydrochloric acid in alcohol solution. 

C12H2Z011 + H 20 ~ CSH120S + C 6H 120 e 
Sucrose Glucose Fructose 

On cooling the resulting solution, glucose being almost insoluble in 
alcohol separates out leaving fructose in solution. 

(2) By HYDROLYSIS OF STAROH. Glucose is obtained indus
trially by the hydrolysis of starch (corn stftreh, potato starch) by 
heating with very dilute sulphuric acid. 

(C6H 120 6)n + nII20 ~ nC6H 120 6 
~tarch Glucose 
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CONFIGURATION OF ALDOSES 

r' 
CH20H 

-D (+ )-Glyceraldehyde 

/ 

"" CHO CHO 

~ t 
CH'pH CHzOH 

D( +) -Erythrose D( -) -Threose 

/ -"-.." / "\. 

r fO fO fO 
CH:PH CIf:10H CH20H CHPH 

D( - ) -Rilose D( --'I -Arabinose D( + ).XyloSE> D( -) -Lyxoae 

/\ 1\ /\ /\ r fO {O'fO {HO ro {O fO 
CH10H CH20H CH20H CI:iPH CH20H CHPH CHzO CH10H 

D( +) D( +) D( +) lJ( + ) D( -) D( - ) D( + ) D( +) 
.Allose -Alt.rose -Gluco~e -Maunose -Gulose -Idose -Galaclose -Talose 
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The resulting solution is neutralised with calcium carbonate, 
and the precipitated calcium salts are filtered .off. The filtrate is 
dec.ol.orised with animal charcoal and then concentrated in vacuum 
pans until the glucose crystallises. 

(3) By HYDROLYSIS OF CELLULOSE. Another cheap and potent 
source of glucose is wood cellulose, (C6H]oOs)", which.on hydr.olysis 
with dilute mineral acid yields glucose. The details of the pro· 
cedure are the same as in the manufacture of glucose from starch. 
This method is now being used t.o pr.oduce gluc.ose for p.ower 
alc.ohol. 

Pr~perties. (Physical). Glucose is a colourless crystalline 
solid, m.p. 146°. The m.onohxdrate which crystallises from cold 
water melts .at 86°. It is v~ry-Soluble in water (84 g. per lOO g) but 
sparingly soluble in alcohol, and insoluble in ether. It is approxi. 
mately three·f.ourths as sweet as cane sugar. Naturally occurring 
glucose is optically active and its solution is dextro·rotat.ory (hence 
its name dextro.se). 

(Ohemical). Glucose behaves as a pentahydr.oxy aldehyde 
and gives all the rea otions .of monosaccharides. 

Glurose 

+ {CH3CO)20 
+Ca(OH)2 

+CH30H 

+H 

+0 

..J..HCN 
+NH20H 
+Ph.NHNHz 

+Dil.NItOH 
+Yea8t 

__ PentaacotyJ gluco~e 
__ Calcium glucosate 
Hel 
--. Methyl gluco.~ide 

Nu/Hg 
__ SorbItol 
Br2/H'I.D 
-- Gluconio acid 

(HN03 ) 
__ Saccharic acid 
__ Glucose cyanohydrin 
__ Glucose oXime 
~ Glucose hydrazonE" 
excess 
__ Glucosazone (m.p. 205') 
-". Glucqse+MllllDose + Fructose 
__ Ethyl alcohol. 

GlucoFje .on boiling with 
hydroxymethylfurfural. 

dilute hydr.ochl.oric a.cid forms 

CHOH-CHOH CH·- CR 
I I __ 11- n + 3H20 

HOHaC.CHOR OHOH.CHO HOH2C.C C.CHO 
Glucose "0/ 

Hydroxymethylfurfural 

Uses. Glucose is used: (1) as a food for invalids; (2) as a 
sweetening agent in making candy, syrups, (jams and pharmaceuti. 
cal preparations; (3) in preserves; (4) as·a reducing agent in 
silvering of mirrors and to convert indigo blue to indigo white in 
vat dyeing; (5) for making vinegar and wine by fermentation, all 
als.o in the form of m.olasses, f.or alcohol manufacture; (6) as a 
starting material for the industrial ~ynthesis .of vitmin C. 
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Tests. (1) Dry heating. Heat a little glucose in a dry 
test-tube. It melts and turns brown, giving a smell of burnt sugar, 
and finally leaves It black-residue of carbon. 

(2) Gonc. H2S04 • Warm a little glucose with concentrated 
sulp!1Uric acid. A puffy mass of carbon is produced. 

(3) Molisch's Test. Add two drops of a 20 per cent solution 
of ex-naphthol in alcohol to ·5 mls. of a dilute solution of glucose. 
Then pour carefully concentrated sulphuric acid along the side of 
the test-tube so as to get a lower layer of the acid. A beautiful 
violet colour is produced at the junction of the two liquids. 

(4) Sodium Hydroxide Solution. Take 0'0 gm. of glucose and 
5 mls. of dilute sodium hydroxide solution in a test tube. Boil the 
contents. It turns first yellow and then brown, and a smell of 
ca:ramel is gi vcn. 

(5) Silv,er .Mirrol' Test. Warm glucose with ammoniacal silver. 
nitrate solution. Silver mirror is produced. . 

(6) Fehling's Solution. Warm glucose with Fehling's solution. 
A red precipitate is obtained. 

(7) Osazone formation. Dissolve 1 gill of glucose in 5 mls. of 
water and add a solution of 2 mls. of phenylhydrazine in 2 mls. of 
glacial acetic acid. Heat the test-tube containing the mixture in 
a water-bath for about 16 minute3. A yellow precipitate of 
glucosazone (m.p. 205°) is formed. 

STRUCTURE OF D( + )-GLUCOSE 

Glucose is the most widely occurring sugar in nature and is 
dextrorotatory in character. Its structure is established by the 
following steps. 

(A) Open-chain formula. (1) The elementary analysis and 
molecular weight determination has given the molecular formula 
OaH120e to glucose. 

(2) Presence of five -OH groups is indicated by its reaction with 
acetic anhydride when it yields penta-acetyl derivative. These must 
be linked to different carbon atoms, since the compound containing 
two hydroxyl groups on a single carbon atom will be unstable. 

(3) Glucose reduces Fehling's and ammoniacal silver nitrate 
solutions, forms cyanohydrin with HON, and can be hydrogenated 
to sorbitol by only one molecule of hydrogen. These reactions 
indicate the presence of -OHO group in the molecule. 

(4) On mild oxidation with bromine water, glucose is converted 
to gluconic acid which when reduced witb excess of HI yields 
n-hexanoic acid. 

[0] 
c,RU 0 5CHO ---. CaRllOsCOOH 

Glucose Gluconic acid 

[H] 
-. CH3·(CHa),COOH 

n-HexBnoic 
acid 

This clearly shows the presence of an aldehydic group at·the 
end of the chain. 
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(5) That all the carbon atoms are forming an unbranched chain 
is proved by the fact that glucose on strong reduction with hydrio 
dic acid (converting all -OH groups into -H) is changed into 
n-Hexane. 

(6) From above considerations, it follows that the open-chain 
formula of glucose may be represented as -

HHHHHH 

H-6--~~-6-J_-L)J=o 
I I I I I I 

OH OH OH OH OH 6H 

(B) Configu_ration. Having known the open-chain structure 
of glucose, we proceed to dertermine the arrangement of Hand OH 
groups about the four asymmetric carbon' atoms present in the 
molecule. 

(1) D.Arabinose by Kiliani's synthesis gives D-glucose and 
D-mannose. Thus, theoretically, the configurations of the two 
hexoses can be derived by creating a new -OROH- belo!" the 
OHO group in the structure of D-arabinose. This can be done in 
two ways according as H is towards the left or towards the right_ 

CllO CHO 

CHO H- -OH HO--H 

HO-· -H +CHOH HO-~H HO- -H 
~ 

H- -OH H-1-OH H--OH 

H--OH H-1-OH H-I-OH 

CH20H CH20H CH20H 
A B 

'------y-----' 
D-GIucose and D-Mannose 

Therefore, D-glucose has the configuration 'A or B. 
(2) By Kiliani's synthesis D-glucose yields two heptose~ whi?h 

on oxidation form_ one meso (inactive) and one active dibaslc sOld. 
This is possible only if D-glucose has the configuration A. The 
formula B would, however, give two dibasic acids both of which are 
active. 

Possiple dibasic acids from A Possible dibasic acids from B 

COOH aOOH aOOH COOH 
I 

HO- -H H--OH H·- -HO HO- -H 
I 

H--OH H- -OH HO- -H HO- -H 

HO_l..LH HO- -H HO- -H HO- -H I 
H-I-Oll H-1-OH H- -OH H--OH 

H--orr H- -OH H--,- -OH ll-I-OH I I 
aOOH COOH OOH .aOOH 1 

MeBO Active Active Active 
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(0) Ring str~cture: (1) Fischer observed that n-glucose 
reacts with methyl alcohol to fo~m methylglucoside which gives 
negative test for the ORO group. He explained this reaction by 
assuming the presence of a stable five-membered (y-oxide) ring in 
glucose (Baeyer's theory). 

lCBO ·CHOH 

,tHOH ~ 
CHOCH. 

I I _ 
CHOH CHOH 0 + CHaOH 

{~ 
CHOH 0 + H.O 

31 I 1--
I:HOn CH J.H I 
I I 

~CHOH CHOH 
1 I 

~CH.OH CH.OH 
Glucose 

I 
CHOH 

~H.OH 
MethylglucosiQe 

(2) It may be noted that by ring formation, the I·ca.rbon in 
glucose has become asymmetric. Ren~e if Fischer's assumption was 
correct, two isomeric methylglucosides should be possible. 

H-F)' 
(ex.o-methilglucoside) 

HaCO-C:-H n 
(~·o·methyfglucoside) 

Actually two m~thylglucosides, ex.D.methylglucDside and ~.D-methyl. 
glucoside have been isolated. Therefore there should exist the two 
corresponding forms of glucose. 

HO-C-H 

I'y 
(13·0· glucose) 

(3) Hirst found that tetramethylgucosiq.e on oxidation with 
nitric acid yields trimethoxyglutaric acid which was possible only if 
glucose has a six-membered (a·oxide) ring. 

CHOH CHOC~ 

~ ~ 
bHOH 0 CHOCI4 0 

tHOH I ?HOCHa I 
CH____j CH----~ 

[01 --
CH.OCH, 

COON 
I 

CHOCH, 
I 

CHOCH, 
I 
CHOCH) 
I 
COOH I 

CH,OH 
Glucose Tetramethyl o-gJucoside Trimetl)oxyglutaric acid 
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(4) Taking into consideration that D.glucose readily ~ives the 
reactions of a free-CHO group, it is argued that it exists as the 
equilibrium mixture : 

CHO 

I 
(CHOH). 
I 

CHOH 
I 

CHaOH 

H-C-OH 

(~ 
CH--O 
I 

CHlOH 
c:t- D· glucose 

HO-C-H 

+ (~ ~~~~)~. 
CH-O 
r "-
CH 10H 
Il-D-glucose 

The two forms of D-glucose* have been actually isolated and 
the validity of the above equilibrium has been proved from a study 
of the phenomenon ot mutarotation. ThE' significance of the ring 
structure of glucose may be clearly understood by writing the 
formulae of IX-and ~.D-glucose as haxagons with complete configu
rations. 

The six-membered oxygen-containing ring present in these 
formulae is called a pyr(.lllo~e ring, and the two forms of n-glucose 
are often spoken Of IX· and ~-D-glucopyranose. 

CHzOH 

H 

cr.o-g)ucpse (Ciajorm) ~'D-glucose ('1'ra"8 form) 

MUTAROTATION 

A freshly prepared aqueous solution of D-glucose has a specific 
rotation of + 113°, which gradually falls on standing to a value of 
+52°. This phenomenon of change in rotation first noticed by 
Dubruntfaut (1895), is termed mutarotation (Latin ; muio=to 0 

change). 

Tarnet (1858) 'Prepared two isomeric form'! of gluco:le: (1) 
IX-D.gluco~e, specific rotation ;+-113°; and (2) ~ D-glucose, speciful 
rotation + 19°. It was observed that both these forms showed 

*et-D- glucose, m.p. 146°, is obtained by crystallising glucose from cold 
alcohol. ~'D-glucoEe. m.p. 148-lfO·, is prepared by crystallising glucose fI:om 
pyridine. 
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mutarotation, the rotation of the oc-form falling and that of the 
~-form' rising to the same constant value of +52°. Obviously, 
oc- and I'-forms arc intercon.v~rt~ble, so that the value of +52° 
corrcspunds to the state of eqUlhbrmm between the two forms. 

IX-D.Glucose ¢ ~-D.Glucose 
+1130 +620 +190 

Ordinary D-glucosc is chiefly the ex-form. This gradually 
changes into the ~-form till an equilibrium mixture is obtained 
which has the specific rotation +52°. The aged solution of glucose 
contains approximately 38 per cent of the ('I-form and 62 per cent of 
the ~-form. ' 

According to Lowry (t925), mutarotation of the either form 
of glucose takes place through the formation of an open-chain 
aldehydrol as follows: 

H OH H OH H OH 
"'-C/ "C/ . "'-C/ 

(J::::l HzO I'oH H.O ~ __" _. ,- ,-

jH I 
.(CHOH)3 (CHOHh 0 
I ~H 'I 1HOH 

I 
CH20H CH,OH CHaOH a-form aldrhydrol ~-rorm 

The phenomenon of mutarotation is not peculiar to glucose 
only, and is shown by most of the simple sngars. 

FRUCTOSE, FRUIT SUGAR, LEVULOSE, CeH120 e 
It is present in the free statc along with glucose ill honey and 

in many fruits, hence the name fruit 8ugar. In the combined form 
it occurs in cane sugar, and in the polysacchn,ride inulin which is 
obtained frqm certain plants (dalhia, artichoke, etc.) .• 

Preparation. (I) FROllI CANE SUGAR. Fructose may be pre
pared in the laboratory by the hydrolysis of cane sugar (8UCI'08C) 

with dilute sulphuric acid. 
C12H22011 + H 20 ---+ CeHaOe + CeH120 e 

I::\uorose Fruotose Glucose 

When the hydrolysis is complete, the excess of sulphuric acid 
is neutralised with barium carbonate aud the filtrate concentrated. 
It is cooled in ice and then calcium hydroxide is added to precipi
tate calcium fructosate, the calcium glucosate forllled remaining in 
solution. The calcium fructosate is removed by filtration and con: 
verted to fructos", by passing carbon dioxide through its suspension 
in water. 

CeHuOIj.a.Ca.OH + COli --. CeH120 6 + CaCOa 
Calcium fructosate Fructose 

The liberated fructose solution is freed from calcium carbonate by 
filtratidn and evaporated to a syrup. On addition of a crystal of • 
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fructose to the syrup (seeding) crystallisation sets in. The crop of 
crystals thus obtained is purified by recrystallisation from alcohQl. 

(2) FROM INULIN. Fructose is best prepared by the hydrolysis 
of inulin with dilute sulphuric acid. (Industrial). 

(C6H 100 6)n + nH20 ---+ nCSH120 e 
Inulin Fructose 

The resulting solution is neutralised with barium hydroxide and the 
precipitated barium sulphate removed by filtration. The solution 
thus obtained is concentrated under reduced pressure to yicld the 
crystals of fructose. 

This method is, superior to the first one as it directly yields 
pure fructose. 

Properties. (PllY8ical). Fructose is a colourless crystalline 
solid, m.p. 105° with decomposition. It is about one and three
fourth times as sweet as cane sugar and, in fact, is the sweetest of 
nIl the sugars. It is very soluble in water but sparingly so in alcohol 
and insoluble in ether. Fructose is laevorotatory, hence its name 
levulose. It exhibitd mutarotation and the final value. of specific 
rotatipn is - 1)3°. -

(Chemical). Chemically fructosl.' behaves as a l)Cntahydroxy 
ketone. In most respects its reactions resemble with those of 
glucose. (See general reaction8 of mon08accharides). 

Frl1~to~e 

f + (CHaCO)zO ~ Pentaacetyl fructose 
+ Ca(OH)2 ---+ Calcium fructosate (insoluble) 

(HOZ) ...... 
+ CHaOH 

+H 
+0 

+ HeN 
+ NH20H 
t PhNH.NH2 

---+ Methyl fructoside 
Na/llg 
___. Sorbitol + mannitol 

Br2/H20 
---+ No action 
HNOa 
--------l> Tartaric acid + Glycollic acid 
--> Fructose cyanohydrin 
__ Fructoso oxime 
~ Fructose hydrazone 

exceS8 
__ Fructosazone (m,p. 20liO) 
heat 

+ ViI. lI:aOH ---+ Glucose + lIfannose + Fructose + Yeast __ Ethyl alcohol 

Fructose differs from ordinary ketones in that it reduces 
Fehling's solution and a!}1nloniacal silver nitrate solution like 
glucose. This is on account of thc readily oxidisable grouping 
-CO CH20H present in the molecule. 

,,' Uses. Fructose is used as It sweetening agent in eonfeetionary 
aud as a substitute of cane sugar for diabetic persons. 

Tests. (I) Fructose reduces Fehling's solution and ammonia.'calsilver 
nitnte I!olution. 

(2) It gives Molisch's test. 
(3) It forms the same osazone (m.p. 205°) as obtained from glucose. 
(4) It gives a. brownish red precipitate by beating With a little resor

cillol ill hydrochloric acid. (Selivanojf'8'teat). 
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STRUCTURE OF FRUCTOSE 

(iI.) Open-chain forDlula. (i) The elementary analysis and 
the molecular weight determination has given the formula CaH 120. 
to fructosc. 

(2) It forms a pentaacetyl derivativc and hcnce contains five 
OH groups. Frllctose being a stable compound, all the OH groups 
must be linked to oljfferent carbons. 

(3) \Vhen reduced with sodium amalgam, it furms' a mixture 
of hexahydric alc(JllOls which on complete reduction with hydrogen 
iodide yield 2.iodoLexane, CHa.CHI.CHa.CH2.CHa.CHa. This shows 
the presence of a normal six-carbon chain in the molecule. 

(4) Fructose forms a phenylhy<.lrazone and, therefore, it also 
contains a carbonyl group -CO-. . 

(5) On oxidation it givcs a mixture of tartaric acid (C4 ) and 
glycollic acid (C2). This reaction is characteristio of ketones and 
shows that the car-oonyl group is present next to one of the end 
carbon atoms I)f the chain. 

(6) From the above considerations, we can construct the mole
cule of fructose as follows: 

CHaOH.CO~CHOH.CHOH.CHOli.CHaOH 
i 

The dotted line indicatcs where the break occurs on oxidation. 
(7) The ketonic formula of fructose is established by the fact 

that it explainer! very satisfactorily-
(a) The formation of its reduction products (sorbitol and 

mannitol) by action with sodium amalgam anCl water. These 
alcohols are isomeric in character diffcring only ill configuration. 

I reduction I I 
c=o __ H-C-OH + HO-C-H 
I J I 

I II 

(b) The reaction with hyJrocyanic acid gl Vlllg cyanohydrin 
/which on hydrolysis gives the corresponding acid. The acid on 
reduction with HI gives «.methyl caproic acid. 

CHsOH CH20H CHaOH CHa 

I I/OH hydrolysis I/OH 12HI cl/ H 
C=O i: HCN ~ C '\ ~ C" ~ " I i CN I COOH I COOH 

(CHOHla (CHOHl3 (CHOHla (CH2la 
I I I I 
CH20H CHaOH CHaOH CHa 
Fructose Fructose cyano- a'methyl 

bydrin caproic acid 

(B) Configuration. The configuration of fructose follows 
froiu the fact that it forms the same osazone as obtained from 
glucos~. Hence, the two sngars differ only in respect of the two 
carbons involved in osazone formation aud the rest of the molQcule 
iii identical. Thus: 
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CHO 

H--OH 

········lIO::.:.: _::H 

H--OH 

H--OH 

................. H~?~. 
D-Ol.ucOSEl 

TEX'f-BOol{ 01<' OlWANJO CliEM1s'1'R"Y 

EO::"" =if""········· 

H--OH 

H--OH 

C~OH 
................................... __ h •••• 

1)- Fructose 

(0) Ring structure. n.Fructose also exhibits mutarotation 
and, therefore, it is expected, to exist in two forms. Hence it is 
assumed that lil,e glucose it has a.oxide ring in the molecule. 

Thus: 

CH,OH 
I co 

I 
CHOH 
I 

(CHOH)a 
I 

CH:OH 

\ 
These forms are also called cr.-n.fruciopyranose a.nd ~-n.fructopyra-
nose, 

H 

OH H 

cx-n-frllotopyranose ~'D-fructopyranose 

n.]i'rnctoE'P is also Imown to exist as y form, which has It five
m~mbered 'OX\O\' ring alHl is called ~-n-fructofur8.nosu. "f-Fructose is 
known as a constitnent of sucrose molecule. 

OH H 
y-fructose 
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COMPARATIVE STUDY OF GLUCOSE AND FRUCTOSE 

Glucose is an aldehydic hexahyrlric alcohol, while fructose is a 
ketonic hexahydric alcohol. 

,/ 

CHO.CHOH!CHOH.CHOH.CHOH.CH20H 
CH2~:>H.CO!CHOH.CHOH.CHOH.CH20H 

Different: Same 

Glucose 
Fructose 

, 

As indicated above two-third molecule of the compounds is 
same and hence they show many common reactions. The difference 
in their behaviour is due to the different stl."ucture in respect of the 
first two carbon atoms. 

GLUCOSE 

, 
Points of ReseD1blaDce : 

(1) With acetic allhyd'ride, glucose 
forms a penta-acetyl derivative. 

(2) With methanol (and HCI) gives 
methyl glucoside, CGHUOs.OCHs. 

(3) With HON, forms cyanohydrin. 

(4) Forms oxime with NH20H. 

(5) When heated with phonylhydra
zine, forms glucosnzone. 

(6) On fermentation \}'ith yeast gives 
alcohol and COa• 

(7) Reduces Fehling's solution anll 
ammoniacal silver nitrate. 

Polats of difference: 

(1) Glucose is dextro-rotatory. 

(2) Reacts with lime to form calcium 
glucosate, C&H120&.CaO, which 
is soluble in water. 

(3) On reduction gives sorbitol. 

(4) On oxidation forms gluconic acid 
which contains the same number 
of carbon atoms as glucose. 

(5) Forms 0. brown resinous mass 
with warm NaOH solution. 

FRUCTOSE 

(1) Also reacts ~ith ncetic anhydride 
to form penta-acetyl derivative. 

(2) Alp) forms similar product, methyl 
fructoside, C6HnOs.OCH3 • 

(3) Also forms .cyanohydrin. 

(4) Also forms oxime. 

(5) Forms exaetly identical osazone. 

(6) Also forms alcohol and CO2 by 
fermentation. 

(7) Also reduces Fehling's solution 
and ammoniacal silver nitrate 
solution. 

(1) Fructose is laevorotatory. 

(2) Forms calciulll fructoeate. 
C6H 120 6.CaO, but it is insoluble in 
water. 

(3) Gives a Illixture of sorbitol and 
mannitol. 

(4) Gives 0. mixture of glycollio acid 
and tartaric acid, each containing 
less carbon atoms than fructose. 

(6) Does not form 0. resin with NaO,H 
solution. 

Tests. The tests (4) to (7) for glucose are shown by fruct?se 
as well. It can be distinguished from glucose by the followmg 
tests. 



630 TEXT-nOOK OF ORGANIC CHEMISTRY 

(1) Selivanoff's Test. To 5 mls. of a solution of resorcinol 
in dilute hydrochloric acid, add 1 ml. of It dilute solution of fructose 
and boil. A red colour or precipitate is obtainc(l. _ 

(;:;) Furfural Test. To 1 m!. of a-dilute solution of fructose, 
add 1 ml. of I % solution of o;-lHtphthol in alcohol and 6 mls. of 
hydrochloric acid. Heat to boil. A violet colour is produced. 

DISACCJTAIUDES 

Just as a monosaccharide reacts with methyl alcohol to form 
methylglycoside it may unite ,with anot.her monosaccharide (same 
or different) by elimination of wuter molecule to form a disaccha
ride. 

CaH110.;\OH"·*·:.H:O.0aHllO~ ----+ CaHU05.0.C(jHl106 + H 20 
Disucchnride 

In all known uisacchnridps, glucose forms one unit, while. the 
other unit ma.y be a 11ent(1Se or a hexose, an aldose or a ketose. 
The three disnccharides which orclll' in liatnre are sucrose, lactose 
and maltose. 
SUCROSE, CANE SUGAR, CU H220 11 

Sucrose is by far the D?-ost important disaccharide which is 
widely distributed in plants, especially in sugar C~ttle (15 to 20%), 
sugar beet (12 to 15%) and sugar mapple (2 to 3%). It is also 
present in small quantities in ripe fruits sllch as pine-appl(', apricot, 
banan'1, mango, almonds, etc. and also in honey. 

Manufacture. The two important sonrces of commercial 
lugar are sugar cane n,nd sugar beet. The 'cn,ne' is a tr('piral crop, 
while the 'beet' grows in temperate climat(·~. In India. and Java, 
sugar ie mostly obtainc<l from tho cane. The process consists of the 
following steps: 

(i) Extmclion of lhe juice; 
(ii) Purification oj the juice; 
(iii) Concentwtiun and c1'ystallisation ; and 
(iv) Separatwn and drying oj cr?l,~tals. 

(1) Extraction of the Jllice. 'rhe freshly-cut* cane is shred
ded and passed through It series of roller mills to squeeze 'out the 
juice. The crushed cane as it leaves the first mill is sprayed with 

I water to ensure complete extraction. ~'he cellulosic ma.tcrial left is 
called bagasse. It is w~ed as fnel under Loilcl's and (l.lso jn tho mallll;
facture of the insulating material kllown tiS .celotex. 

The juice Is extracted from be('i,l by cutting them'into slices and by 
soaking these in hot water. The sugar ,Iin'uses out into the water, while the 
colloidal constituents roml1in 1:ehind. 'This process of 'extraotion' is carried in a 
battery of iron tanks. the o'Ct.ractinll b<3il\r; dono 01\ cOtmto'l" O\l1:rent p1:inciple. 

(2) Purification of the Juice. The raw jllice contains 15 to 
20 per cent of :mnrose anl1 much impurity whiuh includes organic 
acids (oxalic and citr;c acids), JIlineral phosphates, proteins and 
colloidal colouring m.L'ttnr. It is purified by the opcrat.ions shown 
in Fig. 33'2. 

'"If the out. capo be allowed to stand, rapid hydrolysis sets in which resulta 
in the convt:lrsJon .of cl1no sugar into unorystallisable glucose and fructose. 
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(i) DEFECATION. The juice is at once run into tanks heated 
by stearn and "treated with 2-3 per cent limd. This operation called 
defecation remov;es free 'organic acids and phosphates as insoluble 
calcium salts. Thc proteins and the colloidal colouring matter is 
also thrown out of solution as thick scum a,ppearing on the surface. 
The precipitated calcium salts and the scum are remove,d by fUtra
tipnthrough canvas .. 

(ii) CARBONA'tiON. The juice after 'defecation' contains excess 
of lime and soluble calcium sucmte. Carbon dioxide is then passed 
through it. This process known as 'carbonrtlion' removes the excess 
of lime and also decomposes c.alcium sncrate to give back sugar. 

<;zH2Z0 11.3CaO + 3802 ~ C12H220U + 3CaCOs 
Calcium Bucr!lte Sucruse 

Calcium carboI;latc is mtcred off. 
(iii) SULPHITATION. The carbonated juice is treated with 

sulphur di.oxide. This operation, which is referred to as 8ulphitalion, 
completes the neutralisation of lime and the decomposition of 
calcium sucrate. In addition the colour of the juice is bleached. 
The clarified juice is filtered :to remove precipitated calcium 
sulphite. 

In some countries the juice is also removed by passing it 
through a bed of anin:al charcoal or norit (acth'ated coconut 
charcoal). 

(3) Concentration and Crystallisation. 'The clarified juice 
is then concentrated by boiling under r('(hlced presiure in 'l1t1lltiple 

STEAM 5 TEAM 

JlJlC£ JUICE JUICE 

TO EXHAlJST PUMP 

,.. 
70 CRYSTALlISINv 

TANI( 

Fig. 33·3. The multiplo ofi'ect evaporators. 

effe<;t' evapora.tors. In these, the steam produced in the first eva
porator is used to boil the juice in the second kept at a. lower pres
sure, tho) bteam produced ill the >,econd being again employed to 
boil the jllice in the third maintained at a still lower pressure, and 
eo on. 

The concentratld juice is fhwlly pafsecl to the 'vaCUUDl pans' 
where further evaporation reduces the water ron tent 10 6-8 per 
cent. Here partial aeparation of sugar crystals takes place. The 
contentl:l of th(} pan (ma88eC~$i!e) are discharged into the crystallising 
:='nk 'l7here crystals grew Bnd form a tl1ick ·crop'. 
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(4) Separation an~ Drying o~ cryst~Js. The massecuite is 
then charged into centrIfugal machmes (Fig. 33'4) by means of 
whieh ~ ngar ('rvstals are sepa· 
rated from the mother 
liquor. The crystals are here SUGAR C~Y5TAl5 
sprinkled with a little water + MOTHER I.IQI/OR WIRE 

to wash away any impurities t I GeU 
sticking to their surface. The I I 
crystals are finally dri.ed by I; -- - - - - --; 

h h 10 "1 dropping throng a c lillney I~ Q gOI 
or a revolving cylinder where I 0 00 

f O~<) _.) ~ODOI they meet a cnrrent 0 hot ,,~'- D,fJ 
air coming up. The sugar I / ~ 
thus obtained is about 96 per ........_ I 
cent pure. For further puri. SUGAR OI5CHAR-G-ED-~' \ 
fication it may be dissolved 8Y LIFTING THEHOOO H 
in hot water and recrystal. MOLASSES 

lised. 0.;." Fig. 33·4. Centrifugal maohine. 

The mother liquor (1nOlas8e~) qbtained after the removal of 
crystals contain much sucrose and may be concentrated further to 
get a fre~h crop of crystals. In modern practice, however, it is con· 
sidered more economical to ferment the molasses straightway and 
obtain a.lcohoI. It co~tains 55-80 per cent of sugar, mostly un
crystallisable glncoile and fructose, and is an excellent raw material 
for the manufacture of alcohol. 

Sugar Industry in India. Tho sugar indue try is one of the 
major industries of India. With the improvement in the quality of 
sugarcane and the setting up of more sugar fact6ries in the country 
tho Union Government has succeeded in stepping up the annual 
production of sugar to almost double of what it was ten years back. 
The biggest sugar producing State is the Uttar Pradesh and then 
come Bihar and i\Iysore in order of annual production. 

STA'rE-WISE PRODUCTION OF SUGAR (TONNEs) IN INDIA 

1953-54 1961-62 
Uttar Pradesh 558,900 2,203,531 
Bihar 146,300 358,677 
Madras 71,700 116,161 
Gujarat 33,861 
Punjab 16,700 90,592 
Madhya Pradesh 30,948 
MysorQ 137,753 

Properties. (PhY8ical). Sucrose forms large four-sided pris
matic crystals, m.p. 186°. Lea.ving fructose, it is the sweetest of 
the sugars. At room temperature it is soluble in about one·third 
of its weight of water, but it is only sparingly soluble in alcohol. 
It is dextrorotatory, its specific rotation being + 66'5°. It does not 
undergo mutarotation. 

(Ohem£cal). Sucrose molecule is made of one glucose unit and 
one fpuctoso unit. It giv~s the following rea,ctions : 
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(I) AOTION OF HEAT. When heated to 200°, sucrose loses 
water forming a brown, syrupy mass called caramel with .n, charac
teristic flavour, which is used for colouring rum, vinegar and many 
food.stuffs. At higher temperatures, sucrose chars to tdmost pure 
carbon an(l gives vapour of acetone, acetic acid, et('. 

(2) HYDROLYSIS. When boiled with dilute mineral acids, or 
treated with enzyme invertase (yeast), sucrose is hydrolysed to yield 
an equimnJecular mixture of glucose and fructmlP. 

C,2H220n + H 20 ~ CeH 120 6 + C6H 12"06 
Sucrose GlucoRe Fructose 

Sucrose is dextrorotatory (+ 66'5°), while the resulting solution of 
D-glucose (+53°) and D-fruetose (92'3°) is naturally laevorotatory. 
Since the hydrolysis of sucrose is accompanied hy a reversal of 
rotation, it is termed the inversion awl the product is c,dled 'invert 
&ugar'. The invert sugar is a little bweetcr than SHcrose. 

(3) OXIDATION. When oxidised wit h cOllceutmteo nitric ncirl, 
sucrose is oxidisecl to oxalic acid. 

C12H 22()Jl + 1)02 ~ 6(COOR)2 + 5H20 
Oxalic acid 

(4) AC'TWN WI'l'H 112S04. Concentrated sulphuric acid c11ars, 
suorose with t.he evolution of carbon dioxide and sulphur dioxide. 

CI9H220 n + [H2S04] --t l2C + llHzO 
C + 2HzS04 --+ CO2 + 2S02 + 2H20 

(5) FORMATION OF SUCRATRs. Sucrose is slightly acidic and 
reacts with the hydroxide of calcium, strontintn and barium to form 
sucrates, Thus:' 

C1zH 220 U + 3Ca(OH}a ......._ C12H 220 U .3CaO + 3HzO 
Calcium sucrate 

Theso compounds are decomposed when cl'lrbon dioxide is 
passed through thllir aqueous suspensions. The formation of 
strontinm sucrate is used for the recovery of sucrose from molasses. 

(6) AOETYLATION. When boiled with ucetic. anhydride and 
fused sodium acetate, sucrose yields the ocfaacetate. This f!hows 
that its molecule contains only eight free OR groups. 

(7) FERr.1ENTATION. Aqueous solutions of sucrose when 
fermentcd with yeast, give alcohol and carbon dioxide. The enzyme 
inverta8e first converts it into glucose and fructose. These sugars 
are then decomposed by the enzyme zym'lse to yield alcohol and 
carbon ·dioxide. 

In.lJerta8e 

Zym48e 

C6TTU0 6 + 'CaHU0 6 
GIIlf'08e Fructose 

CaRuOa ___.. 2C2H 60H + 2002 
Ethyl aloohol 

Uses. Sucrose is used; (1) as a food and sweetening agent in 
candies, syrups, etc. ; (2) as a preservative for fruit products (jams, 
squttshes) ; (3) for laboratory preparation of oxalic acid; (4) for 
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manufacture of sucrose octaacctu,te WlllCh is employed to denature 

I hoI to render paper transparent and oil.repellant, and to make a co . 
anhydrous adhes!ves .. 

Tests. (1) On dry heating it chars giving a characteristic 
smell. 

12) When heated with concentrated sulphurio acid,.it chars 
linn givr'! out CO2 and S02 gases. 

(~) Rec;ponc1s to Molisch's test. (Se.e Tests of glucose). 

(4) Boil the sucrose :=;ol~tio? with R: few drops of dilnte hydro. 
chlorIC' acid, and add Fehlmg s solutIOn. A red ppt. of cuprous 
oxidf' iq forJllrd. RlH'rosr .does ~o~ r~duce Fehling's solucon with· 
out fir"t hoiling it with aC'1(1. (D18hnctwn fr~m glucose and fructose). 

(5) 8ucros(' octtHlcetate Jnrlts at 67~. 

SuC'roqe also gives the Selivanoff's Test and 'Furfural Test' 
:,hown by fructose. It differs from glucose and fructose i.l not 
forming an osazone ; and it does not tnrn brown when heated with 
sodium hyrlroxide solution. 

Structure. (1) Sucrose upon. hydrolysis with dilute aoids 
gives one molecule of D-gluC'ose and one molecule of D-fruotose. 

C, U220 n + H20 ~ C6H 120 0 + C6HnOs 
lIer086 Glucose Frnotose 

This il1d cn.tes that 8UC'J'osn is the anhydride of glucose a~d 
fructose. 

(2) Sucrose does not reduce Fehling's solution and does not 
form an oxim.c or ogazone. ThL> shows that neither the aldehyde 
group of gluC'oRE.' nor the ketonic group of fructose is free ill sllcrose 
and thilt the two simple sugars are linked at these groupfl. -

(3) On complete mcthylation sucrose yields an oetamcthyl 
derivative ,\ hirh on hyrlrolysis givell 2, 3, 4, 6-tet.ramethyl' glucose 
and 1, 3 4, 6-tetrarneihylfructose. 

I

--CH- OR 

, ~HOCH3 
° CHOCHa 

LfHOC
.R3 

CH 
I 
CHaOCHs 

2, 3,4, u-tetramethylglucose 

CH200Ha 

Ho-6---, 
I 

CHOCI1:, 

CHOCHa 

bH-O -
I 

CHILOCHs 
I, 3, 4,6.tetramethylfructos8 

Therefore, the glucose unit has a six·membered (~-oxide) ring, 
while the fructose unit IJas a five.membered (yooxide) ring, Also, 
the two sugars must be linked at the location of OR groups which 
have appeared after hydrolysis. Thus taking into consideration the 
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configurations of D-giucose and D. fructose units, the structure of 
sucrose can be written as : 

OR OnzO,H 

I?H~O--f~ 
o OHOH OHOH I 

LfHOH 
Ve°a r 

OR CR 

I I 
OR20H OH

2
0H 

(Glucose unit) (Fructoseunit) 

The killeticg of hydrolysis and the optical rotation of sucrose 
affords strong evidence tllut sucrose is an !X-D-glucoside and ~-D
fructoside. Both the structure and configuration of sucrose a.re 
shown in the fOllowing formula. 

H OH 

HOH,VO~~ 
O~~HPH 

OH H 

«-n-glucopyranose 
~-n-fructofurnanose 

(r-fructose) 

It may be noted that during the hydrolysis of sucrose, the 
~-D-fructofuranose produced first is converted to ~-D-fructopyranose. 
LACTOSE, MILK SUGAR, Cl~22011 

Laotose ocours in the milk of mamma,IB to the extent of 2 to 5 per cent. 
It is prepl!lored commercially from cow's milk by removing fat and proteins from 
it and then evaporating tho whoy to crystallisation. 

Properties. Laotose is a white crystalline solid, m.p. 2030 with decom. 
position. It is only about one-eighth as sweet as suorose and one.tenth as 
I!oluble in water. It is dextrorotatory and undergoes mutarotation. Laotose 
reduoes Fehling's solution ; forms an oxime and osazone. On hydrolysis with 
dilute acids by the enzyme lacta8e, it yields one moleoule of D-glucose and one 
moleoule of D-galactose. Its structure has been shown to be 

OROR OR 

16HOH I bH::l 
o I 0 I 0 

L fH.:__j ~H:J0 
CR OHOR 
I I 

OH OR 
I I 
OR20R OH

2
0R 

(Glucole unit) (Fructose unit) 
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Useo. Lactose is Ilicd (1) liS an ingredient of infant foods; o.ud (2) a:J C 

medium for homoaopathio and bioohemic medicines. 

POLYSACCHARIDES 

STARCH, (COH 100 5)., 

'I'he starch molecule is built of a large number of Ct..glucose 
ring units linked together by oxygen atoms. Its chemical uP,me is 
amylum. 

l:>ta.rch is widely distributed in green plants, mail.ly in seeds 
and roots where it forms a reverse food supply, The chief commer
cicl sources of sta.rch are cereals, rice and potatoes, Starf'h occurs 

WHEAT rvtAIZE BARI.{Y 

RYE lacE POTATO 

8~AN PEA 

Fig. 33 5. Staroh granules. 

III the form of granules, which vary in shape and size dopf'nding on 
the source. 
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Manufacture. Starch is made commercially from wheat, 
maize and rice. The grains are first soaked in water to soften the 

CORN H20 

1 ( 1 

CRUSHER 

Fig. 33·(;_ Manufacture of sf aruh. 

crust. These are 
then crushed so 
as to break the 
cell walls contain. 
ing starch. The 
pulp thus obtain· 
ell is carried by 
a stream of water 
on to a fine siev:e. 
The starch passes 
down in the form 
of a milky liquid, 
lea ving behind the 
cell tissues which 
are 'used as fodder. 
The turbulent li

quid containing starch is allowed to settle ann starch separated by 
decan'tation. This is' filially dried. 

Properties. Starch is, a white amorphous substance having 
no taste or pdour. It is insoluble in \\"atpr UJ1t on boiling the 
granules burst giving a colloidal sll"p0nsioll, which may set to a 
translucent paste. The starch solutions and paste are dextro· 
rotatory. 

(1) Shrch gives a deep blue colollr with iodille solution and is 
used as indicator for iodometric titrations. ' 

(2) When boiled with dilute mineral acids, it is first converted 
into a gummy mass called dextrin, which on further heating gives 
glucose. The so-called soluble starch is made by digesting starch 
with dilute hydrochloric acid and washing thc solid with water, and 
then with ammonia. The solid powder thus obtained gives a clear 
dispersion when dillsolved in water. 

(3) In the presence of the enzyme diastase, starch is converted 
into uialto;;;e. This is an important step ill the manufacture of 
alcohol from "larch. 

Uses. :::lturch is used as food; as indicator; for making 
adhesive pastes; for sizing paper; for stilftluing linen in laundries; 
and as a source of glucosy and alcohol. 

MALTOSE, MALT SUGAR, ClzH2Z011 

It. is ·produced by the hydrulYi:lis of i:ltarchy food· stuffs (po
tatoes an'~ grains) by acids or the enzyme diastase present in malt. 

Maltose forms white needles, Ill.p. 160-165°. It is very wluble 
in water. It is. about one-third as swtoet as sucrose. It is dextro
rotatory and undergoes mutarotation. Maltose reduces Fehling's 
solution, forms an oxime and osazone. On hydrolysis with hydro-
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chloric acid, or the enzyme rlwlla/je, it forms two mulecules of 
glucose, Its structure has been shown to be : 

CHOH c~ 

I bHOH ~~HOH 'I 
o I ,0 I 0 

fHOH 
I ~H0:J CH~ CHOB 

1 I 
GH OR 
I I 
CR20H CH20n 

(glucose unit.) (glucoRo unit) 

Maltose is UECt! in the prqHlfulion of inra lit foods and malted 
milk. 
CELLULOSE, (C6H 100 S)", 

The molecule of celJulo<;e COlJ"ists of 11 l'hain of about 200 ~. 
glucose ring nnit·s, 

Cellulose is tho fil'rolis materia! \\ iJieh lends rigidity ant! 
support to the plant ~trnctllf(', The tibras of cl'tton, flax, hemp 

. and woot! are 1',Lrgcly cellulose. Cotton alHl wood arc the chief 
sources of cellulose, Cotton is almost pUl'C eellulose, while wood 
also contains lignin, a substance whose chemical nature is Bot yet 
known, anu other materials, 

Preparation. (I) From Cotton. Absolutely pure {)r 
'stanuard' cellulose is obtained from cotton by the extraction of 
fats and waxes with an organic solvent, It is theu treated with 
alkali and sodium hypochlorite to bJeach and to remove other 
impurities. 

(2) F1'om TV ood, In prcpiH'ation of celluhse for paper making, 
wood chips are eODkcd with sodium or calcium bi;mlphite, or caustic 
soda. to rcmove lignin, resin,;, etc. It is then bleach cd with calcium 
or sodium hypochlorite, To g('t very pure cellulose, gums are also 
extracted from the product by extraction with organic' solvents, 

Properties. (,('l!ulo~e is a colourles~ filn'()us suhstance. It 
is insoluble in water and most organic solvents but dissolves in 
Schweitzer's reagent which is ammoniacal cupric hydroxill.e. On 
prolonged boiling with dilute acids, cellulose is con'ierice} into 
glucose. Like thQ sugars, it shows the reactions of an alcohol, 
forming esters. 

Uses. Cellulose is used directly in making paper ,and cloth. 
It is also converted into sevcral useful materials by treatlPent with 
chemical reagents, 

Nitrocellulose. A Illixture of nitric acid •. and 8ulphurit acid reacts 
with cellulose giving 'nitre.cellulose' which ill, in fa(.t, celluloso llitrate. 'rhe 
product contlliniug 13 per Ct'nt or more is used aB II high explosiv~ under the 
name gun-cotton. , 

Celluloid. 'I'he pourly 11ltrated cellulose when heated With campbor 
under pressure gives a transpuront, plastio mass which can be moul!ied to any 
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form while hot. This is known as celluloid and is IIse(1 for making toys, bangle:s 
and other articles of decoration. ' 

Collodion. It is a 3 to 5 p.er cent solution of cellulose nitrates in three 
. parts of ether and one part of alcohol. 

Mercerized Cotton. When treated with strong alkali, cellulose swells 
?,nd becomes translucent. This process of improving the appearance of cotton 
111 called Mereerization after the name of its inventor, Mercer. 

Parchment Paper. It is obtained wlllln pure celluloso Aheots are for a 
while treated with dilute sulphuric acid, washed Bnd dried. The parchment 
paper is tough and translucent. 

Rayon, Artificial Silk. It is the name used for filaments of cellluiose 
which resemble silk in appearance. Iformerly, rayon was obtained by dissolving 

Fig. 33·7: 

TWIS TINt:; cellulose in ammoniacal cupric hydro-
riHfEL xide and forcing the solution througb 
~ fine jets into dilute sulphuric acid. 
• Tho acid rQmoves the solvent and 

Preparation of rayon. 

coagulates tho cellulose. 

Tho modern proccss (Viscose 
J> or-esB) cOllsist.s in digesting cellulose 
with strong caustic solution and 
then adding some carbon i:lisulphide 
Rolution. The pale yellow, jelly-like 
mass thus obtained is c.alled Viscose. 
It is forced through fine jets into 
,lilute sulphuric acid, when a silken 
thread of cellulose is deV"eloped. 

Celanese. The hydroxyl groups 
of cellulose when treatu(l with acctic anhydride and a little sulphuric Bcid, 
form cellulose triacetate. ] t is soluble in acetone and other solvents and is 
used for making films, lacquers and rayon. 'J'he rayon prer ated from it IS called 
celan~Be. 

QUESTIONS 

1. What are carbohydrates? Why they are so called and wbat are 
their general properties 7 How would you convert one into its lower or higber 
analogue 1 

2. How hR,ve the carbohydrates been classifiod? Mention the charac
teristic properties of eaC'h clasll. 

3. Classify carbohydrates. Ifow do you obtain glucose? Discuss the 
action of phenylhydrazine on this compound. 

4. What nr'3 monosaccharides? MentIon their important properties 
How is glucosazOllfl preplltred t How would you show that glucose and 
fructose give identil'al osazolles? How cnn glucose be transtormed into 
fructo~e ? 

5.. Describe tho classification of carbohydrates. What is the experi
mental evidence to show that glucose contains an aldehyde jZfOUP and fructose 
a ketone group 7 How is, glucose com'erted into fru(·t080 and vice verBa? 

6. 'What are carbohydrates? How are they C'!nssi£led? Discuss the 
constitutiol). of glucosc. 

7. ~xplain thc cqnstitution of glucose. Disouss the optical a.ctivity 
associated with it. (Kurukshetra B.Sc. Ill, 1967} 

8. What are carbohydrates? How are they classified 1 Give evidende 
on which t~e cyclic structurEl of glucose is based. How ca.n glucose be convert
ed into fruc~oso? Explain, gidng equations, the reactions involved. 

, (Allahabad B.Se. II, 1967) 
9. :piscuss the structure of glucose? How will you convert glucose 

into fructose and vice verBa? (Indore B,Se. II, 1967) 
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10. Establish the structure of glucose. 
(Kalyani B.Se. Hana., 1967) 

11. Discuss the constitution of glucose with specitll reference to the ring 
struct1lre. (Panjab B.Sc. 111, 1967) 

12. Describe the manufacture of sucrose from sugar-beet. How does 
sucroso react with (a) lime water; (b) acetic anhydride; (c) yeast; (Il) conc. 
HNOa ; and (e) conc. and hot H 2S04 ? (Panjab B.Sc. 11.1, 1968) 

13. How may glucose be prepared from starch? Discuss the structure 
of glucc.::0, giving expel'imell~al evidez;tco in support of it. Why was the open 
chain structure for ghlcose dIscarded m favour of a cyclic one? 

(Ujjain B.Sc., 1968) 
14. Discuss the constitution of D-glucoso. How will you con.vert it into 

(a) i)·fructose and (b) D·arabinose 7 (Bombay B.Se., 1968) 
15. Dincuss the methods of methylation of carbohydrates. Show how 

this helps in determining the size of the ring in D·glucose. 
, (Sa'Ura8htra B.Sc., 1968) 

16. Gi.-e the classification of carbohydrates. Discuss the constitution 
of glucoso. (Aligarh B.Sc., 1968) 

17. How do you determine the constitution of glucose? Give evidences 
tJ support that glucose has a ring structure. (Allahabad B.Sc., 1968) 

18. Show by reactions how it is possible to transform 
(a) an aldopentose into an aldohexose. 
I,b\ ,an aldohexose into'an aldopentose. 
(c) an aldohexose into a ketohexose. 

(Juduvpur B.Sc., 1969) 
19. State how pure maltose is prepared. Describe its important 

rc!':.ctions. (Vi8Wa Bharti B.Sc., 1969) 
2'J. What are carbohydrates? How are these cl&8Sified? How is glucose 

obtained? Discuss briefly its properties. How is glucose converted to fructose 
and fructose to glucose? (Panjab B.Se., 1969) 

21. How are carbohydrates classified 1 Compare and contrast the pro-
perties of glucose and fructose. ,(Vankateswara B.Sc., 1969) 

22. Discuss the structure a.nd configuration of glucoso and fructose and 
explain their optical properties. (Kurukshetra B.Sc., 1969) 

23. How can you convert an aldose into a ketose and vice versa? 
(Udaipur B.Sc., 1969) 

24. Discuss the evidence in support of the pyranose oxide ring structure 
in D.glucose. (Berhamp'Ur B,Sc., 1969) 

25. Discuss the evidence on which the structure of sucrose is based. 
(Madurai B.Sc., 1969) 

26. Discuss evidence in support of the constitution of fructose. How 
can fructose be COllverted into glucose and glucose into fructose r 

(Tribhuvan B.Sc., 1969) 
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Protein.~ 

L"'lTRODUCTION 

HENRY GILMAN 
(1893- , American) 

Edilnr of the well-known recent 
advanced. treatise of organic chemistry. 
:Main work 011 I!ynthesis and the study 
of reaction menhanisms. He has 
researched with oJ'ganometallic com
pounds and with furan derivatives. 
Now professor of organio chemistry 
in Iowa State College. 

The proteins are a class of complex organic compounds 
which are made ofC, H, 0 and N, and which yield amino 
acids upon hydrolysis. They occur very widely in all plants and 
anim,tls. AU lldng matter is ultimat~ly built of tiny units known 
as cells which [Ire the basis of life, and proteins are an esse·ntial 
ul'':ltituent of tile jelly.like protoplasm of these cells. Thus on 
account 01 their primary importance for life, this class of compounds 
were named proteins (;\Iuldcr, 1838) from the Greek word 'proteois', 
meaning of tlte f£rst order. 

About 19 per cent of the animal body consists of proteins. 
Thus skin, muscles, tissues, hair, finger nails and blood all are 

642 
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mostly of proteinous composition.· Leather and natural fabrics 
such as silk and wood are huilt; of protehiS. In plants, proteins 
chiefly occur in seeds, the legumes, cereals and nuts being the richest 
&ources. 

Proteins, like carbohydrates and fats, are an important food 
factor. They are required for the growth of animal body for that 
means building of Hew cells. They are abo needed for the main
tenance of animal body by replacement of proteins lost by the wear 
and tear of organs and tissues. Therefore, animal foods like meat, 
eg<Ys, milk, and cheese, and vegetable stuffs like cereals and dals, 
which contain large proportions of proteins, form an essential part of 
our diet. 

Plants arc the ultimate source of all proteins, wllich are 
synthesised by them from such simple substances a.s carbon 
dioxide (from air), nitrates (from wil), a.nd water. When plants 
are eaten by an animal, the plant proteins are hydrolysed by 
enzymes in the process of digestion, producing amino acids. These 
amino acids are then absorbed by the bhod and carried to the 
tissues where they are re.synthesised to give the required animal 
protein .. 
COMPOSITION AND MOLECULAR WEIGHTS 

All proteins are made of carbon, hydrogen, oxygen and 
nitrogen. Most proteins also contain sulphur, while a few contain 
phosphorus, iron, copper and iodine as well. Although proteins 
differ widely in phySical and chemical properties, as also in 
molecular .size and physiologica.l behaviour, it is remarkable that 
their percentage composition falls in narrow range mentioned 
below. 

ELEMENT PERCENTAGE 

Carbon 50 to 55 
Hydrogen 0'5 to 7'3 
Oxygen 20 to 24 
Nitrogen 15 to 18 
Sulphur 0'4 to 2'0 

Phopphorus 0·1 to 1·0 

Metal Tra(,es 

Proteins have such large molecules that it is !lot at all easy to 
determine their molecular weights with appreciable degree of correct. 
ness but all .methods indicate very high values. For illustration 
some typical approximute values are given below. I 

'PROTEIN ApPRox. MOL. WEIGHT 

l£gg alb'umin 
Haemoglobin 
Casein 
Urease (an enzyme) 
Bushy stunt VU-UB 

(a plaI1t virul) 

45,000 
68,000 

190,000 
480,000 

10,600,000 
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STRUCTURE OF PROTEINS , 
The structure of porteins was first elucidated by the German 

ohemist Emil Fischer in 1900. He pointed out that prvtdll rook· 
cules are made of a large number of amnia acid molecules hooked 
to each other in long chains. The eOOH group of one molecule of 
amino acid, HaN.CHR.eOOH, reacts with the NHs group of 
another molecule, splitting out water in the process. Thus two 
molecules of the amino acid unite as follows. 

B2N.OHR.GO.:Oi(:j.:f(NH.OHR.OOOH~H2N.CHR.CO.NH.CHR.COOH+H20 
(X.Amino ao1cr ...... "" Dipeptide . 

The substance obtained is known as dipeptide and the group, 
-CONH-, produced in its molecule is termed \L 'peptide bond'. It 
may be noted that a. dipeptide also contains a free NHs group and 
a free eOOH group, so that more amino acid molecules can be 
linked to it to yield a long chain substance containing many peptide 
bonds. This is called a polypeptide 'or proteill and may be reo 
presen ted as 

H2N.CHR.CO.(NH.CHR.CO)~.NH.CHR.COOH 
Protein 

Fischer synthesised a folypeptide made up of 15 glycine, 
CH2NHaCOOH, and 3 leucine, C,Hg.CH(NH2).COOH units. This 
polypeptide, with a formula 04SHS0019N18. resemblcd with proteins 
in many respects. 

With 24 differ~nt amino acids known, there are enormous 
number of theoretical waSs in which we Qan construct large protein 
molecules and' this accounts for the wide variety of proteins occur
ring in nature. Now it has been established that althougb the 
ba.sic structure of proteius depends on amino acid residues held by 
peptide bonds, other type of 'cross bonds' also come into being in 
the formation of complex protein molecules. Therefore, it is not 
surprising that human ingenuity with all iis vastness has not gone 
very far in tbe matter of determination oftbe exact structure 'of any 
natural protein. 

HOW PROTEINS ARE CLASSIFIED? 

Natural prot'eins are divided inio two main ~)asses : (1) Simple 
Proteins, whicll consist of amino acid units only; and (2) Oonjugated 
Proteins, which contain other components in addition to. amino acid 
units. 

Simple proteins obtained by the chemical decomposition of 
natural proteins effected (by enzymes, aeids or alkalis) are termed 
Derived Pr.oteins. 

Simple Proteins. Since the exact structure of individual 
proteins is unknown, the further classification of simple proteins 
into smaller groups is arbitrary and is based on their BolubHity and 
precipitation characteristics. They have been sub·divided a{3 
follows. 
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Cr,ASS CIIARACTERTSTICS EXAMPLES & SOURCES 

(i) Albuxninll Soluble in water; SCI1'um albumin (in blood), 
Coagulated by heat; Lactalbumin (in milk), 
Precipitated by ammo Ovalbumin (in eggs). 

sulphate. 

(ii) Globulins Insoluble in water; In blood serum & tissues, 
Soluble in 5% NaCl. seeds and nuts. 

(Ut) Glutelins Insoluble in water; In. cereal seeds. 
Soluble in dilute acids & 

alkalis. 

tiv) Histones Soluble in water; In a.nimal tissues. 
Insoluble in alkalis. 

(v) Prolamines Insoluble in water; Zein (in corn). 
Soluble in 79-80% alcohol. 

(vi) Protmnines Soluble in water; In ripe fish sperm. 
Insoluble in alcohol; 
Not coa.gulated by heat. , 

(vii) Scler?pr?te- Insoluble in wa.ter ; Keratina (in hair, nail & 
ins (album$no1d8) Soluble in conc. acids & horn). 

alkalis. Oollagen (in skin and bones) 
Fibrein (silk). . 

Conjugated Proteins. These con tam ammo aCId umts com
bined with one or more additional groups of non-protein nature 
which are termed prosthetic groups (Greek; prosthesis=an 
addition). The conjugated proteins are subdivided according to 
the nature of the prosthetic group present in them. 

PnOSTHETIC GROUP 
CLASS NAME PRESENT OCCURRENCE & EXAMPLES 

(i) GlycoproteulR, 
Mucins 

Carbohydrate In mucous like-fl ui ds of 
animals and in egg white. 

(ii) Nuoleoproteins Nucloic acid In nucleus of all oells. 

(iii) Phosph<?pro. Phosphoric acid In case of milk and in egg 
teins yolk. 

(iv) Chromoproteins Contain a metal Haemoglobin (in blood) ; 
(coloured pro- (Fe, Mg, Cu, Co, Mn) Chlorophyll (in plants) ; 
teins) , .and a prosthetio Hemooyanin (in blood of 

group, especially a invertebrates); pigmented ani-
pyrrole derivative. mal fibres as blaok wool and 

hair. 

HOW ARE PROTEINS PREPARED? 

As pointed out earlier, it has not been possible to synthesise 
n'atural proteins so far. Therefore, when needed they a.re alwa.ys 
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obtained from natural sources. The animal tissues or plant seeds 
containing a protein arc treated ~ith water, dilute acid, dilute 
alkali, or salt solution so as to dissolve out the protein. To the 
extract thus obtained i:i added a suitable reagent (ammonium sul
phate, magnesium sulphate or aloohl)l) which woulel precipitate the 
required protein. In case of a number of proteins present together, 
the indiyidual proteins arc separa,ted by fractional precipitation 
carried by using different concentrations of salt solution. 
GENERAL CHARACTERISTICS 

(Physical). Proteins belonging to different classes show 
marked differences in theIr physical behaviour. However, the 
general phYF<i(,dl properties ·of proteins may be summarised as 
follows: . 

(1) The majority of proteins are non-volatile, colourless and 
tasteless amorphous solids having no definite melting and boiling 
points. When in pure fot'm, some of them are crystalline. 

(2) AS!1 rule, they do not form true solutions in water, alcoho
and ether but dissolve in dilute salt solution, dilute acids an(1 
all,mlis. A few proteins such as those in skin, hair, bones, etc., are 
completely insolu ble. 

(3) Their molecules being large, proteins readily form colloidal
solutions in water and do not diffuse through parthment or animal 
membranes. Some proteirls (gelatin, egg albumin) produce thick 
opalescent sols with water which form gels upon cooling. 

(4) Solutions of proteins are optically active, being in almost 
all cases laevorotatory.-

(5) Coagulation. When heated or treated with. strong 
mineral acids, colloidal proteins are coagulated and caIUlOt be 
brought ba.ck to the colloidal form. This proress which involves 
loss of many of the original physical properties (solubility, physiolo
gical nction etc.) of the proteins is termed denaturation. For 
example, egg albumin is denatured when egg is cooked. Denaturing 
Jllay also occur when a protein remains in contact with water or 
alcohol for a long time. Heavy metal salts (copper sulphate, 
merouric chloride) and certain acids suoh as picric acid, tannic acid 
also denature proteins. 'J'hus picric acid" and tannic acid solutions 
are used for the tre'ltment of burns, bcc,tUse they coagulate body 
proteins to form a proteotive coating. Egg white is used as an 
antidote for poisoning by a heavy metal as the latter is removed by 
adsorption in ~he ooagulated stnff which is thrown out of the 
stomach by vomiting. 

The proteins are also precipitn.tcd or 'salted out' from their 
oolloidal Gohltions LJ the addition of inorganic salts such as sodium 
sulpl1ate and sodium chloride, as also by water soluble. organic 
liquids..like alcohol and acetone. However, the precipitate thus 
prOAu,cEu can be obtained back in the colloidal form by the addition 
of excess of original solvent. 

(Ohemical). As pointed out earlier, protein molecules are built 
~f chains of ,,-amino acids hooked to e~ch other through peptide 
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boods. Thorllfore, we can visualise the chemical hehaviour of 
protein~ from the f:trnctural formula of a clipeptitle which could be 
look('(lllpon as It 'miniature protoin'. 

H 0 H 

HsN- b-~-NH-Lc06H 
I I 
R R 

(Dipeptide) 
Thus proteins like amino acids contain free amino und carboxyl 

groups and give the reactions of both. In addition, they are easily 
hydrolysed tq forlll the parent amino acids· by cleavage at the pep
tide bonds which are \1 l'llk spots ill the molecule. 'rho important 
reaetiolls ofamines ar" given helow. 

(1) Formation of Salts. Siilce proteins contain the basio 
-NH2 IZroup os well as the aoidic -COOR group. they are ampho
teric in character. Thus they combine '''lith both acids and b~ses to 
form salts. For example, cast'in in milk exi!'lts ao ~ It of calcium. 

(2) Hydrolysis. The proteins can he hydr.olysed by acids, 
by alkalis or by onzytnes, to yield thc component amino aclds. This 
is the rcverse proces!; of the formation of protcif!s by union of amino 
acid molecules involving the eliluination of water. The hydrolysis 
of proteins may be demonst.·l1ted by taking example of dipeptide 
which would take up water and split into two amino acid molcc,ules. 

HO-H 
+ 

B 2N.CHR-CO-NILCHR.CO(JH .~ 2HsN.CHR.COOH 
Dipeptide Amino aoid 

In actual practice, the hyorolysis of natural Himplo proteins 
takes place gradnally.in a number of steps, the final c1egrRdation 
prorlucts being amino acids. 

Proteins .-+ Proteoses _. Poptones _. Portides ... Amillo acids 

The exact number and nature of Hmino acids obtained from a 
particula.r amino gives clue to its strllcture. About 24 diffcl'ont 
amino acids have been so far isolated as produots of protein 
hydrolysis. 

(3) Oxidation. Proteins may be oxidised by burning 01' by 
bacteria ill decay and putrefaction, yielding a varict.y of products _' .• 
nitrog~n, amines, carbon dioxide, water .... depending. on conditione. 
The bad smell produced during putrefaction of dead animals is 
largely duo to th-3 formation of amines and othC'r nit.rogen . products 
by the ba('terial oxidation of body proteins. 

(4) Colour Reactions. (Test8 for Protein8). Proteins arc 
detected by spoc;fic coluur reactions which they give with certain 
reagent:'!. These colour tests arc. in faet, due to the presence of 
definite groups in t.ho protdll molee-Illo anc1 may not be ehown hya 
particular a.mine if the group concerned is absent in it. Therefore, 
a given substnnn' is nllt declarrd to be a protein unless it rC'l':!ponds 
to majority of tllc' r{llollf tests. Tho typical ofthes€' art' : 
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(1) YELLOW COLOUR WITH NITRIC ACID (Xanthoproteic test). A 
protein solution OIl warming with nitric: acid turns yellow. On 
making it alkaline with ammonia, the colour deepens to orange. 
The yellow stains on fingers whilc working with nitric acid are 
caused due to this reaction. 

This test is specific for proteins containing tryosine and 
tryptophane (amino acids having benzene ring), the yellow colour 
produced being oue to nitration of the aromatic ring. 

(2) VIOLET COLOUR WITH ALKALINE COPPER SULPHATE (Biuret 
test). When a dilute solution of copper sulphate is added to a pro
tein solution which 11ad been made alkaline with. sodium hydroxide, 
reddish violet colour develops. 

This tCf't is due to the presence of at least two -NH-CO
groups in prokins as in biuret (see under reactions of ~trea). 

(3) RED COLOUIt WITH l\lERVcRY DISSOLVED IN NITRIC ACID 
(Millon's test). The ~lillon's ren~ent (mercurous and mercuric 
nitrates dissolved in nitric acid), when added to solution, of Jl, protein 
produces a white precipit3.te which turns brick-red on boiling. 

This test is due to a llhenblic -OR group present in the 
protein 'molecule. 

(4) YIOLET·COLOUR WITH GLYOXALIC ACID (Hopkins-Cole reac
tion). Whcn concentratcd sulphuric acid is added along the side of 
-the test-tube containing a. solution of protein mixed with a little 
glyoxalic acid, a bluish-violet colour is obtained. 

This tCilt is specific of proteins contailllng the amino acid 
tryptophane. 
USES OF PROTEINS 

(1) As food. Many proteins arc used as foods. The egg 
albumin, casein, cereal proteins, muscle proteins are some examples 
of such proteins. 

(2) A.s text£les. Natural fibres such as wood and silk are 
proteins. Synthetic fibrcs made from proteins (casein, soya bean 
proteins) which resemble with natnml silk and wool, are now avail. 
able in t.he market. 

(a) {.fa control physiological activity Proteins are extremely 
usefull,s they control various physiological processes in the animal 
lJody. For example, oxygen and carbon dioxide a~e carried in the 
blood by haemoglobin. Hormones (secretions of ductless -glands) 
which determine the sex of a living being and perform other such 
important functions in the body, are 111'oteins. 

(4) A.s enzymes. All known enzymes are proteins, The 
enzymes are catalysts with specific action and bring about useful 
changes in organic substances. Thus zymase from yeast can cause 
the decomposition of glucose to ethyl alcohol and carbon dioxide, 
while diastase converts starch to maltose /l.nd invertase changes 
sugar to glucose and fructose. All such reactions are of great 
theoretical and industrial importance. 
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(5) As virusl!s. Certain organic agents causing diseas!3s are 
known as viruses, which are proteins. Viruses can (lause sIDn.l1pox, 
ir ... tiucnza, rabies, etc. But like ordinary proteins they ('an be 
denatureu. If such a denatured protein is introduced in the body 
of an animal, it rejuvenates and multiplies and causes imr.iumty 
from the disease of the original virus. 

(6\ In inchlstry. Several proteins are used for industrial pur
pO')es Gelatin, in photographic fhms and in making animal glues; 
Ca~i~ in adhesivei such as glues,. in pail\ts and as basis of certain 
plastic~; soya bean protein in plastics for automobile fittings. 
Lea.r.her and felt are proteinaceous substances of great use in 
industry. 

Q.UESTIONS 

J. Define the term 'Proteins'. Describe the occurrence and importance 
of this class of compollnds. 

2. Mention "(;h" average composition of proteins. What is the order of 
their molecular weights? 

3. Write whau you know about the structure of proteins and explain 
oJearly the tbrms-'peptide bond' or ·polypeptide'. 

4. Give briefly the classification of natural proteins giving exampl~::;. 
5. Explain whILt you understand by Ii) Simple proteins, and (it) Con

jugated proteins. Illustrate by two examples in each case. 
6. How are proteins isolated from nILtural sourOI'l!"j Can they be 

synthesised in the laboratory! 
7. Give the general physical characters of the dass of compounds known 

as proteins. 
8. 'Write notes on : (i) Hydrolysis IUlcll (ii) Colour reactions Qf prot'lins. 
!l. Give an I\Ccount of the clRSSlficlLtion of proteiJ).S ILnd describe the 

important methods for the synthesis of (X-amino acids. (Banarll8 B.Sc. 111, 1J67) 
10. Give an accouht of the structure and configuration of proteins. 

(Oeylon B.Se., 11167) 
11. Describe hoW the constituent amino acids have been isolated from 

proteins. Give ~hrec metho_ds by whic~ amino acids are synthesised T How 
art! the amino aends present ill the protem molecule? (Bombay B.Sc., 1969) 

12. (.l ;ve an aecount of the classification of proteins. In what respects 
do they 'I"~semble and diff€'r from polypeptides? Write a !lote on biuret test. 

(Bangalore B.Sc., 1969) 
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H,PDoLPn .FITTO 
(183i'i-1910) 

Gorman Scient,jAt. Ho i;: note(\ for 
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particularly for tIlt' l'('aotioll which 
li('l\l'S his lll\m~, :He discov61'O<l phf'II' 

nnthl'en(1 ill ~nal.1al', 
MEANING OF THE TERM -AROMATIC' 

Besicks the aliphatic compounds, there iH a group of organic 
compounds which are known as the 'aromatic compounds'. The 
aromatic componmls differ sharply in behaviour from the aliphatic 
cOlllpnnnds. They wo;Iro originally so named since most of them 
(oil of wilitergrcen, bitter almond oil, turpentine oil, oil nf cloves, 
etc) then known possessed a pleasant odonr (Greek: aroma = 
fragrant smell). Lator it, "as reaTi'lcd that the chief (iistinctioll 
hetween . the aliphatic and the so-calleri l1;.1'omatio compounds is 
rca!ly a struotmal olle rather than of odour, The aliphatio 
oompounds pos~ess an open.ehain st:rlldure, while the aromatic 
ones have it pe{'u1i!tr six.cnrLJon ntom ring a.s is present in benzene, 
Thus, the t.el'm 'aromatic compounds' hils been now adopted to 
covel' benzene (wd (Ill 8f1'uclnrally related compouncl$ which hat'e a 
behaviour totally rliJferent JI'om thai oj aliphatic comp01J,1ul.~. 

1;;iO 
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Like tho aliphatic componnds, aromatic componn<ll'1 include 
h dr r rhons hydroxy derivatives (alcohols, phenols)" ethers, 
afde~~v~es, k~tones, cnrbm~ylic acids, .amilles eto: \Ye will stmly 
t,hesl' clJ.Ssc~ of compounds 111 the followmg chaptrrs. 

Aromatic cf)mponnds nre obtained from the animal an.d I 

v<: rcta;lle sources. By far the richest sO]Jrce of these compounds .IS 

cO;I-tar. In recent years petroleum has also bec0!lle a p~ten~la~ 
of aromatic hydrocarbons since by 'catalytiC oychzatlOn 

source l' t 1 '1 ' normal hexane and related higher homo ogues lire con Vel' e< eMI) 
into benzen0 hytlrocarhons. 
COAL AS A SOURCE OF AROMATIC COMPOUNDS 

Co&.1 i~ the remains of vogotable matter which was buried under 
the earth abont 51)0 million yeaIs ago. Under tho infiu0ll{'C' (,f 
great pressure and heat it lost moisture and decomposed by t~e 
elimination of the gases, hydrogen and oxygen. Tho. plant materIal 
waS' originally essentiall~' oell'110se, (~8Hlo~5)n but wlth the loss of 
hydrogen and oXygen It became rICher III (larhon, Ilnd was tlll1"! 
oonverted to coal. 

Coals are classified by their carbon cont('nt as follows: 

(i) A nfhl'acites are high g.rado coals, their carbon content 
being 90 to 95 p( r cent. 

(il) Bit11,minoU8 Oo(ds contain 70 to 90 per cent Carl)on and are 
next in quality. 

(iii) Lignites 01' Soft Brown GO(t[.y /tre (i0 to 75 per cent carbon. 
These are tbe lowest grade coals. 

In addition to carbon, coals contain hydrogcn, oxygen 
nitrogen, and sulphur. The fundamental structure of coal is an 
aromatic nucleus mittie of upto thirty benzene rings fused together 
having aliphatic side·chains. Hydrogen is pres!'nt in the side
chains. 

Carbonization of Coal. As alreq,dy mentioned, eoal is 
composed of complex aromatic compounds admixed wi tIl varying 
quantities of free carbon. On thermal decomposition or carboniza
tion, It yields a variety of chemicals. But th~ chief purpose of 
oarbonization of coal is the industrial pruduction of GOltl gu.s, 
metallurgical coke, or smokeless fuel. 'rhe chcmieal'! a1'(' r(1oovercd, 
as by-product.s. 

The method employed for the carbonization of coal depends on 
whet.her Goal gas, or metallurgical coke is the main product required. 

(1) High-tem~1'((tw'e Goking: It is carried at about 1000°C' 
when a large proportion of coal gas is produced. 

(2) Low.tempemt1tl'C Gokin-g : It is carried at about 600'C and 
yields a greater proportion of metallurgical fuel. 

The similar range of products are formed by both the abQv(' 
methods but the proportions ar.d types are difT.flrent, 
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H~gh.temperature carbonization- Manufacture of Coal 
gas. When coal is heated at 1000-1300°0 in iron retorts out of 
contact with air (De8tructive Di8tillation), the complex aromlttio 
compounds pI'esent in it are decomposed to gi're the following 
produets. 

(i) GAS. The gas coming from the retorts comprises coal gas 
(H2' OH4, CO); ammllnia, carbon dioxide, nitrogen which are 
accompanied by low molocular weight liquid aromatic hydrocarLons 
and volatile tarry matter. The gaseous fraction amounts to 
20 per cent of t.ho coal cai·bonized. It is first passed through cooled 
pipes when tar and ammonia liquor condense~. The gas is then 
washed in watcr and is thus freed from ammonia. Then the gas is 
passed through a tower where it comes in contact with 'creosote oil' 
'Which readily dissolves the benzene hydrocarbons present in the gas 
and on subsequent distillation yields 'benzol'. The remaining gas is 
finally passed through layers I)f lime and ferric oxide (not shown in 
Fig. 35'1) to remove carbon dioxide and hydrogen sulphide, and 
distributed to th€ town through pipe-lines as coal gas. 

CONDENSER 

Fig. 35·1. Manufacture of Coal-gas. 

Ammonia liquor and sulphur (recovered from H 2S) are com
monly useu to :manufacture ammonium sulphate fertilizer. 

(ii) BENZOL. As described above, this is removed from the 
gaseous fraction by scrubbing with a high-boiling oil (creosote oil). 
Benzol is recovered from the oil by distillation, aud the oil is re-used. 
The product which may amount to 5 gallons per ton of co~l 
carbonized, is a rich source of benzene, toluene, xylenes, etc. It IS 

refined with coal-tar fractions. 

(iii) GOAL·T AR. It IS a black viscous liquid condensed out 
of the gas leaving the retort ur· cok" oven. It is the chief product 
obtained from coal which is a sourCt: of many uomatic compounds 
-hydrocarbons, phenols and bases. 

Coal-tar is about I) per cent of the coal carbonized, or ahout 
~() gallons l)('r ton. 
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(i'v) rOKE. As a; resl~lt of high-temperature carbonization, 
alpnt 70 ]:lcr cent of coal is )e~t i.n the retort or coke, ovcn as coke. 
It is mainly use(~ as fuel, and III Iron and steel manufacture. About 

COAL 

Distilled a.t 1000-1:100° t\nd 
volatile products nir-cool~d 

UN GONDEN'SED 
GASES 

UNDIHHOLVElD 
-GASES 

I 

(CondOllsate) 
TAIt & A!\L\lONIA LlQL'OR 

.\Ml\lONJA 
LIQUOH 

Washed with CTcosote oil and 
distilled 

Il\Il'URE 
COAL GAS 

(CO. CH4• H 2• CO2, £2S) 

Passed over 
Fe203 and CaO 

COAL GAS 
(CO + CH4) 

(Distillate) 
LIGHT OIL 

FLOWSHEE'r OF COAL GAS MANUFAC'l'URE 
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10 per oent of coke is used for· making ohe~icals) water gas for 
ammonia and methanol. It is also used for the industdal prtJduc.tion 
and caloium carbide.for acetylene. 

Lo~. T~mperatu.re .Carbonization. Reoen tly low-tempera
bur.e carbolllzation. or 'Cbkimg has ';lome to be important. This prooess 
is carried at 60(lcC for tho prod\lotion of slrrokeless domestic fuel 
'OoaUte'. 'l'he produots obtained are similar to those in high
tempera.ture oarhonization l)ut the proportions and typo are 
different 

(i) G<A.S .. 'fhe glL:i produced amounts to 6 per cent of the coal 
oarbonilled. It~. calorifio value, is nearly double of the gas obtained 
in the high-tempernturo procoss. This is on account of higher 
hydrocarbon proportion (60 per cent). For the samo reason, the 
gas is 0. suitable ";011rco of ohemicals. 

('i.i).Oll(iDE 8PIRITS. Thi>l is formed 5 gallons per ton of coal 
carbonized and corresponds to benzol from high temperature process. 
It is reooV:QZ:~ 1 from ga3 by scrubbing tho high-boiling oil. It contains 
aliphatio hytLrocarbons to the extent of 75%. It is refined with 
'light oil' fraction of eOItI-tar, and placed in the market ail 'motor 
spirit' 

(iii) LOIV·TEJfP ERATU RE 'PAR. Five per cent or more of 
coal Oar'bonizeu it:! converted into low-t('mper~ture tar., It may 
amount' to 20 gallOll'3 per ton. Its Ulain ingredients are alkanes and 
naphthe:u;l, The tar on fractionation yields light oil, middle oil, 
and neavy oil which arc further tufined. for motor spirit, diesel fuel, 
and fuel oil usc. 

(iV) OOKE. This amoun~s to about 75 ller cent of t,he coal 
carbonir.ed. It is u"ed u.s domestic smokeless fuel-'Conlite'. 

Coal-tar Distillation. Coal-tar is now the principal source 
of over :.lOO aroDlatic.compounds of which the more important are: 

Hydrocarbons: TIpnzono, toluono, xylones, nl1phtlll\\ono, anthraoono. 

Phen.ols : Phunel, croso\s. 

Bailie nitrogen compounds: Pyridine (CSH6N), quinolino (C9H1~)' 

These components ar~ soparated from coal· tar by fr?-ctional distillu.
t,io..... The crudo tar IS first freed from water, whIch would cause 
bumping in tho initlru stages of distillation, by slow heating and then· 
distilled. The o.ctual distillation is ca.rried in a large wrought.iron , 
still fitted inside with a steam-pipe and heatecl. below by fire. The 
still-head is connected with a long condensing worm immersad in 
water. Towards the end of the process, steam is passed into the 
still to pre\7ent the caking of' the residue. From the worm the 
cO}ldensed products arc cOll(luctod into different receiver!>. 'fhe 
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'cuts' taken in tho usual technical distillation of tar are listed in the 
table below : 

STEAM 
l 

TAR_f -

FURNACE. 

IRON 
STILl 

DISTIll ATE· 

CONDE NS[I? 

Fig. 3.;·2. :Qistillntion of Coal. tar ......... 

FRACTIO~ D1STtLI.ATIOI'I CalEF 
(cut) TE~IPERATUllE °C ·SP. GR. CONSTl'l'UENTS 

(1) lAght oil Up to 170 0·9 Benzene, toluene,. 
xylellos, nnphtl)a. 
lono, anthracene. 

(2) .Middle oil 171)-230 O·I.to 1'02 Phonol, naphthaleno. 
(3) Hp.atiy oil 230--270 '·02 to 1·1 Cresols, phenol. 
(4) AnthraceTl6 oil 270 -360 1-1 Anthraoene. 

~ 

Each fraction is worked and separated into its constituents. 
Fi1'st Fraction, Light oil (up to 170°). It is so named because 

it is lighter than water. It contains benzene, toluene. xylenes nlong 
with somo phenol and basic substances such I1S pyridino. The light 
oil is washed with concentrated sulphuric acid to remove the bases 
and thou with souium hydroxide which removes the phenol and 
excess acid. The oil thus purified is fractionall.V distilled and the 
following thrce constituents are collected. 

NAME OF FRACTI,ON TE.Ml'ERA'L'URE RANGE CHIE~' CONSTITUENTS 

"!l0% bonzol" "Gp to BO° Benz'lllo, toluonolllld xylone. 
"50% bonzol" 110 to 1400 Bonzene, toluene ancl xylene. 
Solvent naphthG or i40 to 1700 Xylene, mcsitylono, etc. 
Benzine 

All the three fractions are used under their comm·eT'Cial "names as 
motor fuel, solvents, and for dry. cleaning. 90% benzol is fraction. 
ated again to yield benzeno (b.p. 80'4%), toluene (b.p. llOO) and 
xylene (b.p. 140°). 

Second Fraction, Middle oil (1 iO ..... 2300). 'I'he fraction collected 
in between the light oil and 'tho heavy oil is named as the Middle 
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oil. It consists chiefly 9f ~naphthalene and ca.rbolic acid, hence its 
name carbolic oil. On cooling it deposits crystals of naphthalene 
leaving behind crude liquid carbo!!.c acid. Naphthalene is purified 
by treatment with sodium hydrcxide and then with dilute sulphurio 
acid, and it is finally sublimed. The crude carbolic acid is agitated 
with sodium hydroXide solution which dissolves phenols. The 
solution is run off and treated with dilute sulphuric acid to recover 
free phe.nols which on distillation yield crystals of ca.rholic acid. 
Naphthalene is used for-making dyes, drugs and explosives; phenol 
is employed for making dyes, disinfectants, explosives bakelite, etc. 

Third Fraction, Heavy oil (230_270°). It is heavier than 
water alld is, therefore, nam::d as Heavy oil. Its chief ingredients 
are carbolic acid and cresol. It is not purified further and is used 
as much under the name of Creosote oil, for the preservation of 
timber and for making disinfectants. 

Fourth Fraction, Anthracene oil, (2';0-360°). It bears this 
llame because its chief ingredient is anthracene. Since the oil shows 
green fluorescence, it is also called Green oil. On cooling, it 
deposits crystals of anthracene which is a starting material for 
alizarin dyes. 

Residue in the sfill, Pitch. It is run out from the still whire 
hot. It contains 92-£l40/0 of ca.rbon and is used for making tarred 
paper, for roofing, for road.surfacing, for preparing varniepes and 
for making acid.resisting stoneware. 

A complete summary of coal· tar distillation products is given 
on page 656. 

Coal·tar industry 10 {ndia. Our country OlJl·UPIQ"; the ninth position 
in the world in respect of the annual pI'oduction of coul. There are numerous 
coal fiohts, the more important amongst" theso being located at Jharia, 
Raniganj, Bokaro, Giri<lih. Karanpura and Assam. The curbonisation of coal 
is being carried out &t sev6Ta! places near the coal fields mainly for the manu· 
facture of coke needed for tho iron and stefll industry. The Tata Iron arii 
Steel Co. Ltd. at Jamshedpur is the biggest conpern having nne of the larges 
single coking plants iT' the world. Reoently thls company has !lIse installed I 

benzol recovery r1ant. . 

rilliato India pl'o(iucetl about 10,000 tons of coal-tar annually whic 
was mostly consumed -Cor road.surfacing. and there WaS hanUy any concer 
carrying out the distillation of coal·tar on a reasonable scale. The ooai.1;: 
industry received an impetus during the last World War when the annu 
productions were recorlied OS : Naphthalene 600 tons; Phenol 5(1 tons; Crese 
100 tOllS; Benzeno 20 lakh tons; Toluene 4·5 l<lkh gallons; a.nd Solve 
naphtha 1 lakh gallons. Taking into consideration the huge imports of t 
coal.tar distillation products tLt present, the Union Govot"nment is encouralYi 
the industry in tho cOillltry and it is n.nticipated that in dlto OOlt1'se it will attE 
the ~ecessary importance. 

QUESTIONS 

1. Dis('(lss fully the si~nificance of tho torin 'oromatic'. Whn.t is 
fUllliall1llutal (lijforenco betweoll tho nliplmtio u.n.! tho ;l.l'omatic compounds 1 

2. \Vlm!; iii tho OOlUl)c.\iition of Dtltll·t·u· '{ How it!; importunt con. 
nents al'e isolated? 
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3. Amplify the statement: "The blM~ obnoxious coal·tar is the parent 
of beautiful dyes, fragrant perfumes, useful drll\1S a.nd exJ\losives. " 

4. Write wha.t you know a\>cut the meth"d of coal-ta.r di.9tillation and 
the different fraotions obtained. 

5. Give a brief a<ClCtn:mt of the products 6~tain.ed by the deatructive 
distillation of coal. How o.re t.he import-ant componlfnts of coal separated t 

6. What important ahemicals are found in co,al-t£'D t Describe in detail 
how you would obtain one liquid and one solid compotl'-ent fi'QIn it. 

7 \ Describe the destructive distillation of coal,-,llrld lIame the important 
commercJ~1 products obtained {rom coa.l-tar. (Mara 'hwada B.Sc, Ill. 1963) 

8. Statting from coa.l-tar crudes, how would yo~ l,roceed to prepare 
(a) Dimethylaniline, (b) Acetophenone, (c) Aspirin,aud (cZ) .3ulphanilio aoid ? 

«(\lalcutta B.Se., 1964) 

!). How is. pure benzene isolated from coal·tar ~ (lla.naras B.Se., 196B) 

10'., JDesoribe coa.l·tar distilla.tion. .Give important lIsef> of various pro. 
ducts obtamed. (Pan.;ab B.Sc., 1969) 
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Benzene and its 

'lolnologues 

F.A. KEKO'Ll~ 
(I S2lJ -18tJ7) 

He started his career as II ~tudeut 
of ar()hitectul'U ,\t the "Ul1iversity of 
Giessen. Lawr he turned II Chemist. 
While Professor in Ghl'nt in 1858, be 
doveloped hill theory of the Struc. 

ture 0' Benzene. 

The lUU ,t irupurLaut hy\lroi.J1,ruons of this series. ar0 uenzene 
U6HS ; toluene, CBH, CH:~; xylene,. C6H i .(CHa)2; and mositylene 
06Ha(CH3)3 'l'hey have the general formula C"H2".fl and are highly 
unsat.urated. Howe fPJ', owing to their peculiar cyclic stmcture, 
they behave like sJ.turlted hydrocarbons and yield substitution 
products readily. 

Benzene and its h.omologucs. occur chiefly in coal· tar and coal 
gas. 'rhey are also found to be present in petroleum which was 
fOrmerly thought of as a mixture of aliphatio oompounds only. 
NOMENCLATURE 

The nl),turalll1Lme of the parent hydro.~arbon is benzene which 
has tho structural formula: 

659 
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often written 'as o 
Other hydrocarbons of the series are to be regarded as the alkyl 
derivatives of benzene. They are called by their natural names or 
ma.y be named as al1.:yl benzene8. Thus: 

6~CH' 
Toluene; Methylbenzene Ethylbellzene Isopropylbenz6nu 

In highbr b'dmologues of benzene having two or more alkyl groups 
on the1lCnzene ring, the positions of the alkyl groups are indicated. 
by n-nmbering the corners of the ring as 1, 2, 3, 4 etc. in a clockwise 
direction. Thus: 

CHa 

O· 
CH:l 

t, 2.uimethyl 1; 3-dimothyl- 1, 4.dimothyl. 1, 3, 5.trimethyl. 
benzoYl<" benzone benzene benzene 

(o·Xylone) (m.Xylene) (p.Xylone) (i'.losityiene) 

In the above. hydrocarbons the six-cnrbon·atom benzene ring 
is called the benzene nucleus and the alkyl groups attached to it 
as side·chains. Further the positions 1, 2; 1, 3; and 1, 4 
respectively are referred to as ortho, meta and para. The termi
nology is foUo\\ cd up while naming all derivatives of benzene. 

The group" of radicals resulting from aromatic hydrocarbons 
by removal of H·atollls arc called aryl radicals. The radicalfl 
corresponding to benzene and toluene are given below ; ~ 

RADICAL NAME RADICAL NAME 

CGHlS- Phenyl or Ph CoHsCH2- Benzyl 
CsH,,< Phellylene CsHr,cH< S~nzal 
CHa·C6H,,- Tolyl 

C6H5C~ Bonzol 
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METHODS OF FORMATION 

While the lowpr benzene hyd' I).rbons are isolated from coal. 
tar, the higher members may he synthes~sed by the following 
methoci:::. 

(l) Polymerisation,. o.f acetylenes. Benzene and many of 
its hqn'(Jlogues are produced by pasEing the vapour of the corres· 
ponding acet~Tlenic hydrocarbon through a red hot tube (500°). 
Thus: 

3C:~: _. CIB. 
Al'et)llene Denzen~ 

CH, 

~c 
He 

CH,C 
~C 

'H 
Methylecetylene 

--
('H. 

~(:, 
HC CH 

I ft 
J,-f.C.\~/ CCH 

C 
n 

M eel t y latl~ 

This met,hod is of academic interest as it affords a means of 
synthesisi~g bp.~zene from elements, as also of passing from aliphatic 
to aromatIC senes. 

(2) Wurtz-Fittig reaction (1864). 'fhe honiologues of ben
zeDe can be obtained by the action of sodium metal on a mixture of 
alkyl and aryl halides in ether fOlution. Thus: 

• CoHs;Br"+"2Na"+''S'r:C2Hs ~ C6Hs~C2Rs + 2NaBr 
BromobenZene"" ." ..... .... Ethylbenzene 

This method is, in fact, an extension of Wurtz reaction for the 
preparation of alk:tnes. 

(3) Friedel-Crafts reaction. The homologues of benzene 
C~T\ be best prep::tred by the action of an alkyl haJide on benzene 
in ~he pres('nce of anhydrous aluminium chloride as a catalyst. 
rrhns : 

C6Hs.CHa + CHaCl 
Toluene 

__ CSHs.C2HS + Het 
Ethylbenzene 

-. CsH,(CHa), + HCl 
Xylene 

By this rea,ction all the hydrogen atoms of the benzene 
nucleus may be Huccessively replaced by alkyl radicals. With the 
various alKyl halicles, the ease of reaction is in the order: chloride> 
bromide>iodide 

(4) Decarboxylation of aromatic acids. Benzene and its 
homologues can be prepared by heating the sodium salts of an 
aromatic carboxylic acid with soda-lime. 

caHr,(doONi\"'+'''NaO:H __ CoRa + N"'2COs 
Sod. bf'uzoa;to _.... , 
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CsH,(CH3)COONa. + NnOH _ CoRsOHa -+ Na2003 
Sod. toJuate 

Thh method is 1),1"!alogous to the preparation of alkanes by 
decarboxylation of fd.tty acids. It was employed for obtaining the 
first thiophene free sample o~ benzene. 

(i» Removal of oxygen from phenols, When distilled with 
zit!~ dust, phenols are converted to the parent hydrocarbons. 

Thus: 
C6H 4(OH)CH3 + Zn --+ C6HS.CH3 -r ZnO 

Cresol Toluene 

(6) Clemmensen reduction of ketones (Clemmensen, 
1.913). Higher homologucs of benzene can "\:>e prepared particula~}y 
easily by the reduction of aromatic.aliphatic ketones with zmc 
amalgam and hydrochloric acid. 

0GHIICOOH3 + 4[H] --+ CGH SCH2CH3 + H 20 
Acetophenono Ethylbenzene 

The ketone needed for the purpose may be prepared from 
benzene by Friedel.Crafts reaction. 

(7) From Grignard reagents. The homologue'S of beDzen~ 
can be synthesieed by nction of an alkyl halide (or alkyl sulphate) 
on phenylmagnesium bromide. 

COB5 MgBr + :8Ti02H5 ~ 06Hs.02Hr; + MgBra 
........ ".............. Ethylbenzene 

/ 

(8) Hydrolysis of sulpbonic acids. Benzene and its homo. 
logues Call be produced from s{!lphonic acids by boiling them with 
dilute hydrochloric or sulphuric acid under pressure. 

C6H5:S0aH + HO H ~ 06Ha + H 2S04 
Bonzencsulphouic acid 

This method 18 helpful for the separation of ben~eJle hydro. 
carbons from aliphatic hydrocarbons \vhich do not undergo sulpho. 
nat ion under similar conditions .. 

• (0) Reduction of diazonium salts. Diazonium salts when 
treated with alcohol, yield the corresponding hydrocarbons. Thus: 

o 
C6HfiN2Gl + OHaCH'2()H ----j. OsH6 + N 2+ HOI + OHaCHO 

(10) Cyclization. Benzene and its hOinologues are now pre. 
pared by passing the vapour of long.chain alkanes, derived from 
petroleum, over a chromium catalyst (CrgOa supported on A120 3) at 
500°, Thus: 
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Similarly on-heptane and n;;octane yield toluene and a.xylene 
respectively. 
PHYSICAL CHARACTERISTICS 

(1) Benzene and its homologues are colourless, mobile liquids 
having a characteristic odour. 

(2) They are lighter than and in~oluble in water but ~re mis
cible in all proportions with organic solvents such as alcohol, ether, 
petrol, etc. 

(3) They dissolve fats and many other organic substances 
which are insoluble in water. 

(4) Their boiling points show a gradual rise with increasing 
molecular weight. 

B. PT. B.PT. 
Benzene, CBHS 80'40 o-Xylene, CaH.(CHa)! 1440 

Toluene, CaHs.CR3 110' m-Xylene, C6H.(CHa)z 1390 

Ethylbenzene, CaH5.CZHS 1360 p-XyIAne, C6H,(CHa)z 138·f)0 
Propyl benzene, CsRs.CaH7 1590 Mesitylene, CSH 3(CHs), 1650 

(5) They have a pronounced' toxic character, the continued 
breathing of their vapOllrs being attended with danger. 

CHEMICAL CHARAPTERISTICS 

Benzene contains a six·carbon·atom ring baving three double 
bonds in the altfrnate positions, while its homologues contain oTie 
or more alkyl ~roups attached to a benzene ring. Owing to its 
unusal stability, the benzene ring gives ~ variety of substitution 
reactions, and more readily than do the alk~nes. The double bonds 
of the benzene ring form addition compounds very reluctantly. Any 
alkyl groups linked to the benzene ring give the usual substitution 
reactions with halogens, and are readily attacked by oxidising 
agents. 

(1) Halogenation. Benzene and its homologues undergo 
halogenation with chlorine I,tild bromine either in the benzene 
nucleus or in the side-chain depending upon conditions. 

(i) In dark and in the presence of a halogen carrier (FeCIa, 
AlOIa, 12), they react with chlorine to form nuclear halogen deriva. 
th'es. Thus: 

CSlT6 + Cl2 ~ CsRoCl + HCII' 
BenZHle ChiorobenZCll6 

H3C.CSlIS + Cl2 ~ HaC.CsH4.Cl + HCl 
Toluene 0- & p-chlorotoluene 

(ii) When ch16rine is passed into boiling toluene, it attacks the 
side-chain and the hydrogen atoms of the methyl group are success
ively replaced. 
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Iodine has no direct action on the aromatic hydrocarbons un-
less with the addition of iodie acid or nitric a~id. • 

(2) Nitration. When treated with concentrated nitrio acid, 
or better with a mixture of nitric aoid and sulphuric acid, thcy 
undergo substitution in the benzene fing yielding nitro compounds. 

Thus: 
CeH{ii""::j.:··HO iNOIl ---+ CaHaNOs + H20 

Benzeiio····· .... ······ . Nitrobenzene 

HsC.CeH5 + HONOll ---+ HaC.CeR".NOt + HaO 
1:"oluene 0- &; p-Nitrotoluene 

By using fuming nitric acid at higb temperature, it is possible 
to introduce two or three N02 groups in the benzene ring. 

(3) Sulphonation. The benzene hydrocarbons are rea.dily 
sulphona.ted ill the benzene nucleus by heating with concentrated 
sulphuric aoid. Thus: 

CeR&!B:"'+"HO\SOsH --+ ceH6.S0aH + H 20 
Benzen·e···_··· .. ······· Benzenesulphonio 

acid 

By using fuming sulphuric acid, we can introduce a seoond 
suI phonic acid group in the benzene nuo]eus. 

(4) Friedel-Crafts reaction. This useful reaction was dis
covered by the French chemist Friedel and his American collabora
tor Crafts in 1877. They showed that benzene and other aromatic 
hydrocarbons react with an alkyl halide in the presence of anhy
drous aluminium chloride to form alkylated hydroca.rbons. 

Thus: 
AlCI3 

CaRs + RCI --+ CSH6R + HOI 
Bemt.ene Alkyl ohloride Alky!benzene 

During later years, this reaction has been extended in scope 
by varying the aliphatic reagent. Thus at present, Friedel·Crafts 
reaction may be staten to be a very general reaction taking pla.ce 
between an aromatio hydrooarbon and an aliphatic reagE}nt, which 
may be a halogen derivative, acyl halide, acid anhydride, aloohol or 
an alkene, in the presence of anhydrous aluminium chloride as a 
catalyst. Other less effective catalysts which may be employed in 
place of aluminium chloride are .FcCI3. SnC] •• ZnCI. and BFa. The 
importance of the reaction wIll be realised by the application for the 
synthesis of a large variety ofhromatio compounds. 

(a) Hydrocarbon8 : 

CaHo + CBaCI 
Benzene 

CH,.CeRa + CHsCI 
Toluene 

CaRa + C2RlIOR 
Alcohol 

AICI3 
---+ CaRII.CHa + HOI 

Toluene 
__ OHS.C6H,.CHs + BCl 

Xylene 

---+ OaH~.CaHIL + ~O 
Ethylbenzene 
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CeHe + ClIH, --+ CaH5,C2HIi 
Ethylene Etllylbonlo:ene 

(b) Ketones: 

AlOia 
CeRo + CICOCHs --+ COH5COOHa + HOI 

Acetyl ohloride Acetophenone 

CsHo + CICOCeHs ~ CaB6COC6H, + BOI 
Benzoyl chloride Benzophenone 

CoHo + (CHaClItCO)aO ~ CsHIiCOCH,CHa + CHaCHaOOOH 
Propionio anhydride Ethyl phenyl ketone 

(c) Aldehydes: 
AlCla 

CeH, + (HOI + CO) ~ CoHsORO + nCI 
Benzaldehyde 

(d) Oarboxylic acids: 
AICla 

C6H6 + CO. --+ CsHsCOOH 
Benzoic ackl 

(e) Acid chlorides: 
AICla 

CeHs + ClCOCI __ CaHliCOCl + lICI 
Carbonyl Benzoyl 
chloride ohloride 

( .f) Acid amide~ : 
AICla 

CaHs + ClCONHIl ~ CsH&CONHIl + Hel 
Chlorofonnamide Bon1.!l.mide 

(g) Phenols : 

AICla 
2CaIJe + O2 --+ 2CaB50H 

Phenol 

(5) Mercuration. Aromatic hydrocarbons when heated with 
mercuric acetate undergo 'mercuration' whereby a hydrogen atom of 
t~le benzene nucleus is replaced by -Hg.O.OC.CH3' Thus: 

CoHo + Hg(0.OC.CHs12 --+, CoHs·Rg.O.OC.CHa + CHaCOOH 
Merouric Metate Aoetoxymerouribenzeno 

Mercuration is as charaoteristic of aromatic hydrocarbons as 
halogena.tion and nitration. Since the mercury atom directly 
linked with carbon can be readily replaced by other elements, this 
reaction is now becoming increasingly important as a synthetio 
lI)ethod as well as serving for the preparation of valuable mercu.rial 
drugs. 

(6) Oxidation, Benzene is very stable to oxidising agents 
and is not attaelterl by hot chromic acid, a.lka.line potassium 
permanganate or dilute nitric acid. The homologues' of benzene 
having an a.liphatic side. chain are, however, oxidised by the' a.bove 
reagents when the entire side-chain i8 converted fo a cf&1'boxyl group. 

CeHo.CHa + 30 ---+ CaH5COOP: + H 20 
Toluene 

CeRo.CRsCR, + 60 ........ CoH~COOB + CO, + 2R,0 
-Ethyl benzene 
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OCH
3 + 60 ~ OCOOH + 2H

2
0 

CH3 COOH 

o-XyJene Phthalic acid 
The above reactions also point to the stability of the benzene ring 
which survives oxidation. 

(7) Addition reactions. (i) Hydrogenation. On catalytic 
~ydrogenati()n with nickel, benzene and its homologues add three 

'molecules of hydrogen to form hexahydro compounds, Thus: 

CHz 
I"\_ 

CHz CHz 

JHz JHz "'I CH2 

O· + 3Hz 

BENZCNE CYCLOHfXAN£ 

(ii) Addition of halogens, In bright sunlight amI in the 
absence of a eataly:;t, benzene Il,na its homologues aad three mole
cules of chlorine or bromine to form hexahalocyclohexane. 

Thus: 

a 
I 

/C~ 

o CI-CH CH-ct 

+ 3 Clz- I \ 
C~-CH CH-Cl 

"'/ CH \b 
Benzenehexachloride 

(iii) OZl)nide formation: Tb.e aromatic hydrocarbons form 
ozonides by audition of one ozono molecule at each double bond of 
the benzone ring, Thus: 

o + 30, - 03~' 
.. ~ 

Ben1lene triozonicle 
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INDIVIDUAL lVb~Mn}l;RS 

BENZENE. C6R6 
, Benzene is the simplest hydrocarbon which heads the series 

of aromatic hydrocarbons. It was first isolated by Faraday (1825) 
from oil condensed in cylinders containing compressed illuminating 
gas. In 1845 Hofmann pointed out its presence in coal. tar which 
is still the main souree of benzene. It is also present -in coal gas 
and occurs in certain na tuml petroleu ms. Its commercial name is 
'benzol'. 

Benzene. is an exceedingly important compound not only 
because it is the parent of all aromatic compounds but because 
numerous of these are actually prepared from it. 

Preparation. Benzene can be produced by the general 
methods 1,4,5, 8 and 10. However, the two important sources of 
commercial benzene are light oil and coal ga·,. . 

(1) From Light oil. The light oil is washed successively with 
concentrated sulphuric acid an(l sodium hydroxide solution 
which removes respectively .the basic 
(pyridine) and acid (phenol) impuri. 
ties. The oil is finally washed 
with water, dried and distilled. 
The fraction passing up, to llO° 
'90% benzol' contains about 70 per 
cent of benzene and the rest 
toluene and some thiophene (C4H 1S, 
b.p. 82°). Benzene is recovered from 
it by refractionatiol1, the fraction 
collected between 80.820 being a 
most pure benzene. It, howev:er, 
contains thiophene which may be reo 
moved by repeated treatment with 
cold sulphuric acid. The crude 
benzene is redistilled. 

(2) From Coal gas. Coal gas 
contains large amoun ts of benzene 
and some toluene. It is passed 
through towers in which high.boiling 
creosote oil is sprayed from the top. 

CR.EOSOr! 
OIL 

-,----i_ -

~ 
c.rU(lSOTE. Oil + {)/S50LV[() 

BENZENE & TOlllENE 

Fig. 36·1. Recovery of benzene 
fro m coal gas. 

Both benzene and toluene dissolve in the oil frum whie.h they are 
recovered by steam·distillation. The mixture of ben~.me a!1d toluene 
thus obtained is fractionally distilled to yield pure benzene. 

Laboratorr PreplI;ration. Be~zene can be prepared conveniently in the 
labora.tory by heatmg a mIxture of sodIUm and sodalime. 

'C6H~:~~~~~:::+,::~~:~'(H ~ CsHs + N~COa 
. Sod. be.nzoate Benzene 

Place a mixture of sodium benzoate (20 g) and Boda.lime (30 g) in a 
round-bottomed flask fitted with thermometer and a delivery tube connected to 
a water· condenser. As the flask is heated, benzone·wator mixture collects in the 
~eceiver placed below the other ond of tho watel"·conde.!1ser. The benzene layer 
18 separated with tht;! help ,of a tap.fumlel, dded over CI~lcium chloride and 
purified by redistillation. 
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Properties. (Physical). Benzene is a colourless highly reo 
fractive, mobile liquid, m.p. 5·4°, b.p. 80'4°, sp. gr. 0'8799 at 20°. It 
bas a burni.ng taste and a peculiar odour which is not unpleasant. It 
is insoluble in water but is miscible with ether, alcohol and petrol 
in all proportions. It readily dis~olves fats, resins, sulphur and 
iodine. Benzene is highly inflammable and burns with a smoky, 
luminous flame which is indicative of its high carbon content. 

(Ohemical). ';I.'he molecule of benzene is composed of a six. 
carbon ring with three double bonds in alternate positions, and 
having one II-atom on each carbon. It undergoes a variety of 
substitution reactions more comfortably than do the alkanes, which 
is due to the extremely stable structure of the benzene ring. Un. 
like the double bonds of alkenes, the double bonds of benzene ring 
are rather inert and give addition reactions reluctantly. 

(1) OXIDATION. Ordinary oxidising agents as potassium per. 
manganate and chromic. acid haye no effect on benzene. However, 
when oxidised by air ill the presence of heated vanadium pentoxido 
(V,06), it is converted to maleic anhydride. . 

H 
/C, 

HC CH 
/CO 

II I + 9[0] ---+ 
HC eH 

He " II /0 + 2CO, + 2H.0 

'C/ 
11 

Denzene 

HC 

'co 
Maleic anhydride 

This reaction has been recently employed for the manufacture 
of maleic acid. 
Substitution Reactions 

(2) HALOGENATION. Chlorine and bromine react with benzene 
in the presence of a catalyst (12, FeCla, AlBra) forming substitution 
products. Thus: 

CaHa + Cis - CaHsCI + HCl 
Monoohlorobenzene 

C6B 50l + CI2 --+ CsH,CI2 + HCl 
0.- & p·Diohlorobenzene 

and so forth till the six H.atoms are replaced by chlorine. Iodine 
does not react under simile,r conditions. 

(3) NITRATION. Concentrated nitric acid, or better a mixture 
of nitric acid Stnd sulphuric acid, converts benzene to nitrobenzene. 

, CeRe + RONO, __ CeR5N02 + H 20 

Fuming nitric acid at high temperature yields m·dinitrobenzene, 
while a mixture of fumipg nitric and sulphuric acids gives 1, 3, 5· 
trinitrobenzene. 

(4) SULPlIONATION. When heated with concentrated sulphuric 
acid, benzene is converted to benzene sulphonic acid. 

CaHG + HO.SOaR ---+ CGHsSOaH + H 20 
By using fuming sulphuric acid, we get m-benzenedisulphonic acid. 

(5) FRIEDEL-CRAFTS REACTION. In the presence of anhydrous 
aluminium chloride, b~nzene re{Lcts with alkyl halides, alkenes, acyl-
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halides, a mixture of HCI and CO, CO2, COOI2, CIOONHII, Oa, etc. 
to form a. variety of produc~s. 

+ CHaCI --+ CaHo.CHa + HOl 
+ CsH, _ CeH'5·C9B II 
+ CHaCOCl ~ CeH5COCHa + HCl 

CeHe + HCI + CO ---+ CeH5CHO + HCI 
+ CO2 ---+ CeHoCOOH 
+ COCI, ---+ CeH5COCl + HCI 
+ CICONHII _ CeHsCONHa + HCI 
+ O2 ---+ CeHoOH 

(6) l\1EROURATION. Benzene is readily mercuratcd by heating 
with mercuric acetate in alcoholic Eolution, to form phenyl meroury 
acetate, or acetoxymercuribenzene. 

CeHe + Hg(O.OC.CHah --+ CeH5.Hg.0.OC.CHa + CHaCOOH 
. Phenylmercury aceta.te 

Addition Reactions 

(7) HYDROGENATION. On catalytic hydrogenation with nickel 
at 180°_200°, benzene adds three molecules of hydrogen and is 
converted to cyclohexanc, CaHta• 

(8) ADDITION OF HALOGEN. In bright sunlight, and in the 
absence of a catalyst, benzene reacts with chlorine and bromine to 
form benz.mehexachloride, CeHeOl~, and benzene hexabromide, 
OeHeBra, respectively the former of which is a. powerfuL insecticide 
and is sold under the name Gammexane or 606. 

(9) OZONIDE FOIUUTlON. With ozone, benzene yields a tr~. 
ozonide which on hydrolysis yields glyoxal. 

+3H,0 
OeHe + 303 ""---t CeHs(Oa)s __ aORO.CHO + 3H20 Z 

Benzeno Bonzene triozonido Glyoxa.l 

Uses. Benzene is used: (1) as a solvent for the extraction of 
filts and oils; (2) for dry. cleaning wo~llen clothes; (3) DS motor 
fuel along with petrol j (4) as a starting m!literial in the synthesis of 
various derivatives for preparation of dyes, drugs, plastics, perfumes, 
explosives, etc. ; and (5) for the manufacture of maleic acid by 
catalyeic oxidation. 
STRUCTURE OF BENZENE , 

(1) Molecular formula. Elementary analYSIS and mole. 
cular-weight determination shows that the molecular formula of 
benzene is CsHs. Comparison of this formula with that of the 
corresponding saturated hydrocarbon hexane, 06Hu, at once suggests 
that benzene is a highly unsaturated compound. Thus. the six 
carbon atoms in its ~olecule may be prcsented to be linked by 
double or triple bonds so as to form u. straight chain or a closed 
s~~ . 

(2) Open. chain stl'ucture untenable. 
possibly represented by straight.chain formula 
and triple bonds, such as 

Benzene could be. 
containing double 

HOeC ."CHt-CHt-CeCH 
R 2C ... CH-C;;aC-OH=CHs 

(Dipropurgyl) 
(Divinylacetylene) 
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Both these compounds Ilre known. Unlike benzene, tbey nrc easily 
oxidised and form addition products readily. Therefore, any straight.. 
chain structures a,s giv~n abov~ are incompatible with the behaviour 
of benzene. 

(3) Evidence in favour of ring formula. (i) Catalytic 
hydrogenation (If benzene yields cyclohexan<: which is identical 
with the product synthesised by the action of zinc on 1, 6·dibromo-
hexane. . 

OHa 
I "-

H 20 CH2 

HJ ~H2Br 
"-CH2Br 

1, 6-Dibromohexanc 

Zn 
---+ 

This indirates that the six carbon atoms of benzene are joined in a 
ring. 

(ii) Benzene forms one and only one monosubstitution product. 
Thus there is but one chlol'oben:l.cne and one nitrobenzene known. 
This is possible jf benzene molecule is made of a symmetrical ring of 
six carbons each of ·which carries a hydrogen atom. For the time 
being, neglecting the fourth valency of carbon atom, we can repre
sent benzene as follows: 

0 
H 
I 

0 0 H-C/~C-H 0 I I 
0 0 H-~/C-H 

0 H 

III the last forlllula, one CH is understood to be occupying 
each vacant corner of the hexagon. 

(iii) Benzene froms three di- and three tri.subBtitution pro
ducts for similar substituents

t 
which is again explained on the basis 

of the ring formula. Since the posltions 2 nnd 6 ; 3 and 5 of the 
mono· substitution product C6H6X are identical there are only three 
different H atoms (2, 3, 4) the replacement of which would yield 
three. disu ostitution products. 

x 

() 



BENZENE AND rfS HOMOLOGUES (i7 i 

Proceeding similarly it can be shown that the above disubstitution 
products upon introduction of a third X in the ring would give in 
all three trisubstitution products. 

(iv) Now physical methods such as X.ray crystal a~d electron
diffraction measurements on benzene and its derivatives have proved 
beyond doubt that benzene has a ring structure. 

Fig. 36·2. Visible proof of the hexagoljnl arrange
ment of carbon atoms in the benzene riug. It is 
a photograph of a molecule of hexamothy1 
benzene, C6(CH3)6' based on X-ray diffraction. 

,Tho black spots are carbon atoms. Obviously 
the inner hexagon is the bmlZene ring while the 
outer spots represont the earbon~ of tho six-methyl 
groups linked to the carbon atoms of the formor. 
Hydrogen atoms of methyl groups ure too small 
to diffraet X-l'ays and hence do not show up in the 

picture. 

(4) Bond structure of benzen~. In the above ring formula 
of benzene the fourth valency of all the six carbon atoms was left 
unaccounted for. For the disposition of the fourth valency of each 

o 
1 

Koku\o's formul& 
(1865) 

n. ill 
Diagonal formi'l" Centric formula of' 

of Claua Armstrong anti Baeyer 
(1867) (l8B7) 
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carbon .consistent with the behaviour of benzene, many alternative 
arrangements were suggested from time to time by different 
workers. Of these we mention the three important ones. In 
formulae II and III the fourth valency of carbon atoms is directed 
towa,rds the centre of the hexagon. Such molecules should be able 
to 'combine chemical1y with a hexavalent atom Jike that of sulphur. 
Since no su{'h reaction between benzene and sulphur is known to 
take place, the formulae II and III are ruled out. 

(5) Facts that support Kekule's formula. (i) Benzene 
combin('s with three molecules of hydrogen and of chlorine to form 
respectively cyclohexane, CsHu. and benzenehexachloride, CeReCls. 
This proves the pruf>ence of three double bond~ in the'ring. 

(ii) Benzene forms a triozonide "hich on hydrolysis yields 
three molecules of glyoxal. 

O-~' ~o, 
Bentene 

0, 
Trlo2.on,de 

3H,O - OHC 
I 

OHC 

C~O 

"eHO 

CHO 
/ 
eHO 

Glyoxal 

+3H,O. 

" This confirms the presence of double bonds in alternate positions in . 
the benzene ring. ' • 

. (ii) Three molecule" of acetylene polymerise to form benzene 
which may be viflualised to take place as follows. 

H H 

HC ~ C~C'H Hr(C'r Ilr)· 
\ ...... -

HC ,~CH He _/CH 
'-....c 

H H 

(6) Objections to Kekule's formula. The two main objec. 
tions levelled against Kekule's formula are: 

(i) It admits the formation of two ortho di,9ubstitution products 
for similar 8'1lbstituwts. Thus two o-dibromobenzenes possible would 
"be: " 
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However, actually only one dibromobenzene is known. Kekule 
replied this objection by proposing that the double bonds in benzene 
ring were continuously oscillating back and forth between two adja
cent positions thus 

o 0 
Since the positions of the double bonds were n':lt fiKed,.the question' 
of formation of two dibromobenzenes did not arise. 

(ii) It represents benzene as a highly un8at'4rated oompound, 
while it aotually behave8 like a 8Q,turated one, jor'ming 8ubstitution 
oompounds readily. Many attempts hav~ been lUade to meet this 
objection, including the proposed formulae of BaeYer and Claus. In 
1809 'Thiele applied his theory of partial valency and pointed out 
that in benzene we have a system of conjugated double bonds with 
no ends, and hence all partial valencies are neutra,Used. Thus, the 
double bonds of benzene are not able to enter into addition reac
tions and hence the hydrocarbon becomes predominantly saturated 
in behaviour. Howevet:, Thiele's formula of benzene was open to 
objection since cyClooctatetrene having analogous qtructure behaves 
like alkenes and lacks aromatic character. 

C'-, 

C/~\ 
/ C 

( I II 
'c C 
'/) C- ... ' 

H 

.,f"C" 
HC CH 

J \I 
HC CH 

II I 
HC" 4 CH 

C~· 

H 

Thiele's formula. for benzene Oyclooctli.tetrene 

(iii) From thermochemical data it is observed that "the heat 
of hydrogenation'" of benzene is much lower tl~an expected from 
Kekule'8 formula." C~clohexene (having only Oue double bond) 
has heat of hydrogenatIOn of 28'6 k .. cals and cyclohexadiene (two 
double bonds) should have a value tWIce as large. Accordingly the 
heat of hydrogenation for Kekule's structure of beIlzene (hexatriene) 
should be thrice as large as that of cyclohexene i.e., 3 x.28'6=85·8 
k,cal/mole. The actual observed values of heats of l:J.ytlrogenation are 
given below. 

OH2 

I " H2C CR 
I II +R, --

HaC OR 

" I CHz 
Cyclohexene 

+ ~S'3 k. ca.ls. 

·Heat.of hydrogenation is defined a.s the qua.ntity of heat evolved when 
one mole of an unsatprated compound is hydrogenated. 
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CHa 
/ "'-

HaC CH 
I II + 2Hz 

HC OR 

'CH/ 
Cyolohexadiene 
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CHII 
/ '\. 

litC CHJ 
1 l' + 55-4 k. oaIs. 

Hile CHa 

" / CH, 
Cyclohexane 

CHa 

/ " CsHe + 3Ha --+ HaC CHII 
Benzene I I + 49'8 k. cais. 

HIlC CHa 

" / CHa 
Cyclohexane 

It is, therefore, clear from the data given above that the heat 
of hydrogenation of 'real' benzene is 36 k. cal/mole less than the 
expected value for Kekule's structure of benzene. This discrepancy 
cannot be accounted for considering the Kekule structure of 
benzene as cyclohexatriene. 

(7) Present-day position regarding the structure of 
benzene. 

_ Kekule's suggestion that the double bonds i; the benzene ring 
a.re continuously oscilla.ting back and forth between two adjacent 
positions (dynamic equilibrium), meets the first objection satis
factorily-

i) 

H-C'VC- H 

I 
H 

However, Kekule's formula still fails to explain the second and 
third objections since benzene is still depicted as an unsaturated 
substance with three double bonds. 

Spectroscopic data, X-ray and electron diffraction studies 
dhow more light on the problem. Accordingly, it is known that all 
the sjx C atoms are arranged as a regular hexagon (angle 120°) in 
one plane and all the carbon-to-carbon bonds are equivalent in 
length (1'397 A) which is intermediate between that of C-C bond 
(1'54 A) and C=C bond (1-33 A). Hence there are no longer 
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s~ort bonds in benz.ene structure as erroneously thought of by 
Kekule. 

Resonance Structure. According to the resonance concept, 
~ benzene molecule is regarded a 'resonance hybrid' of a number of 

canonical forms such as : 
T 

00w000 
I. II TIl IV V , VI 

i and II are Kekule structures, III, IV and V are Dewar 
structures, while there may be many dipolar forms such as structure 
VI. Kekul*! structures contribute over 80 per cent to explain the 
character of the benzene molecule. Since in the resonance hybrid 
of benzene. the carbon-carbon bonds are of equivalent lengths it is 
much more stabler than any of ,the canonical forms. The ~dded 
stability of benzene ring is due to its resonance stabilisation energy 
which is 39 k. cal/mole. , 

Hayman and Wibaut (1939) showed that the products of 
ozonolysis of a-xylene agree with the existence of the two forms : 

0:: and 0:: 
thereby establishing the truth of resonance structure of benzene 
molecule. 

Orbital Model of Benzene.. '.fhe molecular orbital theory 
provides, probably the fullest descrIptIOn of the benzene ring. From 

H 

~/-- . H 1,0· ~ 120 

"\XlK/H 

I ' 
c 1 

H/" / "\ c 1i 

I 
H 

Fig. 36·3. Bond angles in benzene skeleton. 
spectroscopic studies and X-ray analysis, it is known that all the 
C-C-C and C-C-H bond angles are equal to 1200 and the 
carbon atoms are arranged as a regular hexagon lying in one plane. 
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Therefore, it stands to reason that, each of the six carbon aton:.s is 
in a state of Sp2 hybridisation (trigonal h,ybridisation) i.e., it posses
ses three Sp2 hybrid orbitals inclined at an angle of 1200 and a 
fourth p orbital disposed perpendicularly ~o the plalle of Sp2 orbitals. 

---- _,. 
/ 

/ 

Fig. 36·4. sp2 hybrids in carbon leaving a pure p orbital. 

Two Sp2 orbitals on each of the six carbon atoms are utilised 
in overlapping orbitals on two adjacent carbon atoms to form a 
bonds. The third Sp2 orbital is used in forming a bond with hydrogen 
atom. The a skeleton of benzene is shown below. 

Fig. 36·5. The formation of a skeleton of benzene. 

It may be noted that there remains an unused p.orbital on -
each carbon atom disposed at right angles to the plane of the ring. 

Fig. 36'6. An unpaired 'p' orbital on each carbon atom. 

It can be used fol' ~ bond fOfmation. The situation may be illus
trated as above in Fig. 36'6. 

~. 
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From the geometry of the molecule it is quite clear that p 
orbitals on carbon atoms can overlap in two ways. The p orbitals 

1 , 

8 

Ii , 

Fig. 36·7 (a) Fig. 36·7 (b) 

of carbons 1 and 2, 3 and 4, and 5 and 6 will overlap to form three 
dicentric 'It molecular orbitals, Fig. 36'7 (a). At the same time, 
three dicentric 'It M.Os can also be formed if the p orbitals of 
carbons 2 and 3, 4 and 5 and 6' and 1 overlap, Fig. 36'7 (b). The 
molecules resulting from these two modes of orbital 'overlap are 
quite analogous to the two Kekule structures. However, actually 
each p orbital overlaps its two neighbours equally thus resulting in 
the formation of continuous 'It molecular orbital with six electrons 
in it, encompassing all the six carbon atoms of the ring. ,This 'It 

M.O. is, therefore, polycentric and electrons in it are very much 
delocalised just as was the case with Butadiene. The 'It M.O. com
pri~es two doughnut shaped lobes, one lying above and the other 
below the plane of atomic nuclei as shown in Fig. 36,8. 

Fig. 36·8. The delocalized If oribal in benzene. 

In fact. the delocalised 'It M.O. represents three localised 'It 

M.Os. The energy of th6' six delocali8ed 'It eleotrons is less than that 
, of the three pairs of localised 'It electrons. Thus delocaliBation 

stabili8es the benzene molecule and its orbital structure, with conti
nuous tubular 1C orbitals sandwiching the 6·c'arbon atom ring, stands 
confirmed. 
TOLUENE, METHYLBENZENE, PHENYLMETHANE, 06H5OO3 

Toluene is the simplest homologue of benzene. It takes its 
na.me from Tolu balsam from which it was first obtained by distilla-
tion. Its industrial name is 'toluol'. ' 

Preparation. Tolq,ene is prepared industrially from the 'light 
, oil' fraction of coal-tar, and also from coal gas by methods already 
, . desoribed under benze~e. The mixture of benzene and toluene 
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firial1y obtained is fractionally distilled to yield toluene. Recently 
considerable quantities of toluene have been obtained by cyclization 
of n-heptane and by isolation from certain varieties of petroleum. 

Toluene can be prepared in the laboratory : (I) By Friedel
Crafts reaction. 

AlCJ, 
CaRs + CH3Cl __ CaR lICR3 + HCI 

Benzene Methyl Toluene 
chloride 

and (2) by Wurtz-Fittig reaction. 

(in ether) 
CeHaBr + CR3Br + 2Na ----+ CRR a.eR3 + 2NaBr 

Bromoben2'ene Methyl Toluene 
bromide 

Properties. (PhY8ical). Toluene is a colourless, mobile liquid, 
b.p. 11 0°, m.p. -95", sp. gr. 0'867 at 20". It has an odour similar 
to that of benzene. It, is insoluble in water, but is miscible in all 
proportions with a!cohol, ether and petroleum. It has a high co
efficient of expansion. It is a good solvent for many organic sub
stances. 

(Ohemical). The molecule of toluene is made of a phenyl group 
linked with a methyl group. Thus, it combines the behaviour of 
benzene and methane. However, the methyl group is readily 
attacked by oxidising agents since it is connected to the negative 
phenyl group. 

(I) HA.LOGENATION. Chlorine and bromine substitute either 
in the benzene ring or in the sid,e-chain depending on conditions. 
Thus: (a) In the presence of a catalyst (12, FeCI3) chlorine forms 
0- and p-chlorotoluenes and (b) At boiling point, chlorine reacts 
with toluene giving benzyl chloride,' benzal chloride and benzo
trichloride. 

+ 
CRa o 

Toluene 

o-Chlorotoluene 

CHllCl 

"' ••• b.p. 0 Cia 
~ 

Benzyl 
chloride 

6' 
Cl 

p-Chlorotoluene 

CRCla 

0 Cia ---
Benzal 

COls 

0 
BeDzo-

chloride trichloride 

(2) NITRATION. A mixture of nitric acid and sulphur~c a?id 
nitrates toluene to form 0- and p-nitrotoluenea. Further ultratlOn 
yields di- and tri-nitro derivatives. 
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HNOa f" N02 .~ RNOs NOs O
CR, oCR3 oCR3 oCRa 

(H~4)~ + ~ I Fti~g·~ 
Toluene NOs NOs 

o-Nitrotoluene ,,-Nitro- 2,4-Dinitro-
toluene toluene 

CRa 

~O,N()o, 

N02 
Trinitro
toluene 
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(3) l::)ULFHONA.T10N. Hot sulphuric acid sulphonates toluene 
to 0- an p-toluenesulphonic acids. 

CHs CHa CHa 

O~· OSO'H+ 0 
Toluene o_To)uenesulphonio SOaH 

aQid 1l-To1uenesulphonio acid 

(4) OXIDATION. (i) Oxidising agents such as dilute nitric 
acid, potassium permanganate and chromic acid convert toluene into 
benzoic acid. 

C6RSCRs + 3[0) ~ CoRsCOOR + R."O 
Toluene Benzoic acid 

(ii) A mild oxidising 'agent like chromyl chloride (CrOaC1a) 
converts toluene to benzaldehyde (Etard's reaction). 

CaH sCH.3 + 2[0] ~ C6HsCHO + H20 
Toluene Benzaldehyde 

U!;es. Toluene is used: (1) for dry-cleaning; (2) as a solvent 
and diluent for lacquers; (3) for blending petrol; (4: as a start.ing 
material f6r the manufacture of certain dyes and drugs, as also for 
nitro toluene (explosive), saccharin, benzaldehyde, benzoic acid etc. 

XYLENES: DIMETH YLBENZENES, C6H4(CHa)a 

They ~re the next homologues of benzene and ·are isomeric with 
ethylbenzene, C6B5.CaBs. 

CHa ClIa 

OCH, 
o-Xylene, 

o 
ClIa 

tn-Xylene, ".xylene, 
1, 2-dimethylbenzene 1, 3-dimethylbenzene 1, 4-dimet;hylbenzene 

, 
All the three xylenes are present in coal-tar, the meta compound 
predominating. 

Preparation. A mixture of xylenes 'xylol' is obtained by 
fractiona.ting "50 per cent benzol" between \38-142.°. It contains 
about 60 per cent of m-xylene along with some 0- and p.isomers. 
Individual xylenes cannot be llwlated as their boiling points are too 
close together. Therefore, if a pure xylene is desired, it is generally 

~ prep ared by synthesis from other compounds. 
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(1) . The ·three xylenes can be obtained by treating the corres. 
ponding bl"omotoluenes with methyl iodide and sodium (Wur!= 
Fittig 1"eaction). Thus 

0~ C~ 

()B' + 'No + C1l,1 ~ Oca, +NoB, + NAl 
a-Bromot oluen,e o.Xylone 

(2) When methyl chloride is passed into benzene, (or toluene) 
in the presence of anhydrous aluminium chloride, m.xylene admixed 
{"ith a little p~:xylene is produced (Friedel.Crafts reaction). 

OHa 

, () + 2CHaCI ~la 0 + 2HCl 

" .~ OH3 

m.Xylene 

(3) m-xylene can be prepared by partial oxidation of mesity. 
lene to form mflsitylenic acid and subsequent distillation with soda. 
lime. 

CH3 CBa 

[0] --. ·O~. I NaO~aO 
HPOC ~ CHa fLea' 
Mes~tylenio acid 

Oca, 
m-Xylene 

Properties. The three xylenes are colourless, mobile liquids 
having rathel pleasant odours. Their boiling points are: o.xylene 
142° ; m.xylene 13.9° ; p.xylene 138'5°. 

The xylenes form substitution products much In the same way 
as toluene. On oxida,tion with dilute nitric acid or potassium per. 
manganate thtly are Gonverted in the first place to toluic acids and 
then to phthalic aQids. Thus: 

O
IJB

a 
tOJ O' COOH [OJ OICOOH 

CB3 ~ '~. CHa ~ ~ COOH 
o-Xylene c-Toluio aoid Phthalic aoid 

Uses. Xylol is used as a solvent and diluent for making 
lacquers, o-Xyl"E'ne is employed for the manufacture of Vitamin 
B2, and m.xyleno for making 'Xylene muslc'. The amino derivatives 
of xylene find u~e in the dye-stuff industry. 

Mesilylene 1, J, 5-11'rimethylbenzene. C6Ha(CHa)3. Mesitylene OCCUIl 
in coal-tal' I)nd i~ p :epo.Ted by distilling a.oetone with sulphuric acid, or by the 
polymerisation of oropyne in thc presence of sulphurio aoid. 

Properhea. Mesitylene is a colourless pleasant smelling liquid, b.p. 
~f\5°. On oxidatidn with dilute nitric a.cid .. the three methyl groups al'e success· 
IVel, couverted to oR.rboxylic acid groups. forming 
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CHa 

a,caOOR 
Mesitylenic acid 

CHa 

aooc()cOOH 
Uvitic acid 

COOH 

HOO(]COOB 
Triroesic acid 
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Thes~ acids produce m-xylene, toluene and benzene resp6(ltively on heating with 
sodahroe. 

Cyniene, Methylisopropylbenzene, CH3.C6H4.CH(CH3)2' Cymene occurs 
in oil of thyme and oil of eucalyptus. It may- be prepared by heating camphor 
with phosphorus pentoxide, or by heating turpentine ..,il with sulphuric aciJ. 
It has been synthesised by the action of sodium on p-promoisopropylbenzene 
and methyl iodide, which proves its constItution. 

CR:!, 0 CHa 0 
)CH ;1 Br + 2Na + CHaI--+ )CH ~ CHo + NaBr+NaI 

CHa CHa 
p_Bromoisopropylbenzene I Cymeno 

r . 
Styrene, Phenylethylene, Vinylbenzene, CsHs.CH:CHa• Styrene OCCUnt"Ul 

" coar-tar and in the plant Storax (hence its name). It can be prepared oon,.o
niently in the laburatory by heating cinnamic acid with a little hydroquinOl 
which prevents polymerisation. 

3000 

C6H's.CH=CH.COOH ~ 
Cinl;lamic acid 

C6l]:5CR=IJH2 + CO2 
Styrene 

Styrene is manufactured by tho catalytic dehydrogenation of ethyl 
benzene, previously obtained by the alkylation of benzene with ethylene. 

AICI3 AlaOa 
CsHs + CH2=CH2 · --+ C6Hs.CHaCHa ---+ C6H S·CH=CHlI + Ha 

. Ethylbenzene 7000 Styrene 

Properties. Styreno is a colourless liquid, b.p. 145~. It behaves like 
ethylene and forms addition products in the side-chain-. 

catalyst 
- C6H sCH2CHa 

Ethylbenzene 

--+ C6H 5CHBr.CH2Br 
Styrene dibroroide 

On oxidation styrene is converted to benzoic acid. On standing or 
heating it polymerises readily to solid ·metastyrene'. Styrene is used for 
m'!.king plastic and rubber. 

MECHANISM OF SUBSTITUTION IN BENZENE RING 

The main feature of benzene ring is the delocalised sextet of 
n electrons as described abovt;l. Benzene ring, therefore, serves 
as a. sou~ce of electro?s and can readily react with compounds 
defiCIent III electrons t.e., Electrophile8 (E+). In other words, 
benzene undergoes ElectrophiIic substitution while the nucleophilic 
reagents will be repelled by benzene ring. A high and uniform 
tl~ctron density in the bel).zene ring offers electrons to electrophiles 
for bond formation at any carbon atom. 

-t:: Electrop~jlic substitution in benzene is believed to take place 
first form~tlOn ~f an unstable pgsitive ip.termediate which readily 

- 8 a proton to gIve the substitution product. . 
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Substitution product 
Resonance hybrid 

or 
Intermediate compoUl'ld 

+ /E 
In forming the carbonium ion C6H s" ' two of the six 'It elect· _ H 

rons of the benzene ring are donated to the electropbile. to form a new 
bond and the remaining four 7t' electrons are delocalised over 5 
carbon atoms. It involves a loss of delocalisation or resonance 
energy and restricts' the freedom of electronR rendering 
the system unsta.bI~. The intermediate compound 
then reverts to benzenoid character by expelling a 
proton in step (ii) and thus regaining the resonance 
energy lost in step ti). As discussed a bove the inter. 
mediate compound-is, in fact, a resonance hybrid of the 
three structures. 

We will now proceed to apply these general principles of 
substitution to explain the mechanism of bromination, nitration, 
sulphonatipn and Friedel·Crafts reaction of benzene. 

(a) 8romiilation. Bromine. in presence of catalyst AlBr3, 
supplies the necessary electrophile Br+ for substitution. 

Br 

: Br : Br : + Al : Br 

Br 
Catalyst 

[ 

Br ]. Heterolysis t. ". 
"¢ : Br + Br : AI : Br 

Octet of AI.. .. 
completed Br 

Base 

The Br+ ion formecl by heterolytic fission of Br--Br, attacks 

+ /H 
benzene to form the intermediate CeHs, which loses a proton 

'Br 
bromo benzene. The proton is accepted by the base 

+ 
(H) to give 
[AlBr4]- . 
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o +Br 

+ 

Intermediate Bromobenzene 

::!-
H -I- (AI Broil --+ A.lBra + HBr 

(D) Nitration. This reaction is broug4t about by the elec
+ 

trophile N02 (mtromium ion), which is produced in th~ nitrating 
mixture (HN03 + H 2S04) as shown below 

+ _ /0 + 
H HS04 + EIu-N --+ O=N=O + RSO, + H 20 

"'0 NitroniuIn 
cation 

+ 
The N02 cation reacts with benzene to form the intermediate 

.vhich loses a proton to the anion HSO,. 

O &
H 

• ",. , . NO? 
+ NO~ __ ':.,+) . -

.. 

. .,. 
-H 

Nitrobenzene 

+ -H + I1S04 --+ H2S04 

Ie) Sulphonation. It is believed that the electrophilic reo 
agent in this case is sulphur trioxide (80a) which is produced by the 
reaction 

+ 
2H2SO" oF HaO + SOa + HSO, 

Sulphur trioxlde is a. resonance hybrid of many canonical furpts 
of which the following dipolar form predominates. 

o 
U ... ..,.._ 

+8-0 or S02-0 
II 
o 

The sulphur lil.·lUXlde reacts with benzllne to form the interme--
date which losef:; a proton to the negative oxygen atom of S0 3' 

o 
l:lenzenesuIphc.mJo. !''liR( 
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(d) Friedel-Crafts reaction. In Friedel-Oraits· reaction the 
hydrogen of the benzene ring is replaced by an alkyl radical (R-) 
or an acyl radical (RCO -) in the presence of AlOIa as catalyst. 

O AlCla O~-R + RCI --. + HCI 
Alkyl 
chloride -' 

Benzene 

0+ RCOCI 
Acyl 

chloride 

Substituted 
benzene 

Alcl3 O_CO_R 
--. +HCI 

-' 
Benzene Aromatic ketone 

The mechanism ,of alkylation may be explained by taking 
example of formation of toluene (OeRs.OHa) by the action of methyl 
chloride on henzene. Here the electrophile is a positively charged 
methyl group produced by the influence of the anhydrous alumin
ium catalyst 'in the same way as the formation of a positively charged 
bromine atom in bromination. 

;. -
CHa-Cl + AICla _ CH3[AICI,] 

Complex 
The positively charged methyl group, known as a carbonium 

ion, attacks the henzene ring to form an unstable intermediate which 
then loses a pro"Gon. 

Unsta.ble Intermediate Toluene 

+ -
H + AlOl, --+ HCI + AlOIa 

In acylation of benzene to fq{-m a ketone, the acid chloride 
. - + 

(say CHaCOCI) reacts with AlOIa to t9rm.the acylium ion [R-O=O] 
which acts as electrophile. The acyhum IOn then attacks the. benzene 
molecule to give an intermediate which loses a proton to YIeld the 
corresponding ketone. 

+ -
CHaCOCI + AlOia ---+ CHaCO +- AICI, 

Acylium ion 

+ " _ eOCH, O @t ... H+O-
+ CH,C(} - (~) COCRt --...1!._ "I 
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It may be noted that the mechanism of mon'l)suhl'ltitutions des. 
cribed aboye is true not only for benzene but for 11.11 aromatic com. 
pounds containing a benzene ring. 

QUESTIONS 

1. D!3l!cribe the general methods of synthesis and important reactions 
of benzene ",nd its ,homologues. 

~. Compare the chemical properties of the a; kene, alkanes and the 
aromatlll hydrocarbon!,!, illllBtrating, your answer by l'eference to methane. 
ethylene and benzene. ' 

. 3. How can ,you locate a side chain on ,the pel zene ilUcleus 1 You are 
gl.ven three unlabelled bottles containing benzen€' t"\uene Il 1 o-xylene. How 
wlll you proceed 'to find whioh is. which! 

4. Descnbe ill- det~il the aotiQn of ha.logens on 'benze,nil and toluene. 

5 •. How does benzene differ'from an aliphatic hydrocarbon? Discuss 
the constltution of the benzene molecule. (D ibruqarh B.Sc. III, 1967) 

6. Write notes on the following :_ 

(a) Nuclear and side-cha.in Halogenat: -

(b) Friedl)l_Crafts rooction. 

(e) Mechanism of Nitration. 

7'. Write notes on the (oHowing :_ 

la) Friedel-Crafts reaction. 

(b) Reimer Tiemann Reaction. 

(e) 8andmeytlr Reaotion. 

tAgra iI.Se. Ill, 1907) 

(Allahabad B.Sc. II, 1967) 

8; Discuss the constitution of benzene. What are the merits and 
demerits of various formulae 8,Ilsigm;d to it. VI!hat are tho modern views about 
its structure 1 ' {Panjah B.Se. III. 196B} 

9. Starting from benzene, how will ~'ou synthesise the following? In 
each case, give. the reaction involV'eo ' 

Toluene, Aniline, Benzoplienone, Iodobenzene and Benzoic aoid. 
, (Tribhuwan 1l.Se.J968) 

10. Starting from 'benzene how ar" the following prepared; (a) ,P-nitro
phenol (b) Benzamide (e) m-nitroaniline fd) Azo-bllnzene. 

. , (Osmama B.Sc.~ 1968) 

11. What are the diatfnctior.B between aJipbatili and aromatic com
pounds? Discuss with examples, HC',w is pure benzene obtained? 

(Dibrugarh B.Se., 19(8) 

12. Explain the term "a·'amat~city". What is meRI}t by electrQphilic 
substitut,ion? Illustrate yonr an''!wer With reference to reactlOns of benzone 

(AUgarh B.Se., 19(8) 

13. "Aromatic compoutlls- origina.lIJ presolltud II. prohl,em to O~gar-ic 
Chemists because, although trey did possess doublo bonds, they ?,ld n,;,t dlsplay 
the typical reactions of unsat')'.ated compounds such as olefinss.' DlIlCUSq the 
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sta.tement briefly in terms of modern theory, and illustra.te the difference 
between aromatic compounds and oJefines by comparing the reactions of benzene 
and ethylene with respect to the following reagents: (a) Hydrogen bromide; 
(b) Chlorine; (e) Concentrated sulphuric acid 

With all reactions indicate conditions required. (Oeylon B.Se., 1968) 
14. (a) Discuss what is meant by aromatic character. 

fb) Outline the isolation of benzene from coal.tar. 
(Vi8wa-Bharati B.l'k, 1969) 

15. State the evidence on which the constitution of benzene is 
based. What are the modem views about its constitution 

~VanketBhtDara B.Sc., 1969} 

16. State the evidence on which the constitution of benzene is based, 
Give modern views on this subject. (Panjab B.Sc., 1969) 

17. How would you isolate a pure sample of benzene from the light oil 
fraction of coal-tar distillation. What happens when benzene if! 

(i) Sulphonated; (ii) Chlorinated; (iii) Treated with methyl chloride 
in the presence of anhydrous aluminium chloride! (Kuf'Ukshetra B.Sc., 1969) 
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.Thus there IS known only one ohlorobenzene, one bromobenzene. 
and one nitrobenzene . 

. Isomerism of disubstitution products. With the intro
duotion of a second substituent in the benzene ring isomerism 
appears. In the formula of the monosubstitution product CaHIiX. 
the positions 2 and 6 ; 3 and 5 are identical. Thus the replacement 
of H atoms in positions 2. 3 and 4 by a substituent X will give 
three different disubstitution products. • 

x 

+X --H 

Ortho
(1, 2) 

Meta
(1, 3) 

Para
(1, 4) 

It is convenient to 'designata these derIvativeiil as ortho (0.). metl 
(m-). and para (p-) according as the two substituents are .occupying 
adjacent, alternate, or opposite positions on the ring. Another way 
of naming them would be by indicating the number of the positions 
occupied by the substituted groups of the benzene ring. Actually, 
three dichlorobenzenes, three dibronlobenzenes and three dinitro
benzenes are known to exist. Thus: 

01 01 

001 o 
o-Dichlorobenzene, 

I, 2-diohlorobenzene. 
m.Diohlorobenzene, 

1; 3-dichlorobenzene, 

01 
ll-D~ohlorobenzene, 

1, 4-diohlorobenzene. 

Even when the two substituents ate different. three and only 
three isomeric disubstitution products are p08sible. Thus. toluene 
yields only three phlorotoluenes. 

d~ 0:, 
o-Ohlorotoluene m~Chlor6tolu(lne 

CHa o 
Cl 

p-Chlorotoluene 

I~omerism of trisubstituiio~ products. In each of the 
·three isomeric disubstitution products (Miho. meta, pa,.a) having the 
formula. CeH 4Xz there are still four vacant cornerS for further sub
stitution, Thus, in forming a tdsubstiiution product CeH3Xa-. the 
third substituent X can be iI1troduced in any of these positions. 

0) Iil. the ortho isomer; the positions 3 and 6 ; 4, and 5 are 
identical. Therefolie, it can .giv-e two trjsubstitution derivativ_ 
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Ortho I II 

(2) In the meta isomer, the positions 4 and 6 are identioal 
and therefore, the three different positions 2, 4 and 5 are available 
for introducing the third substituent. Thus it can give three trisub. 
stitution derivatives. 

x 

Meta In IY V 

(3) In the para isomer, a.ll the rema.ining four positions 2, 3, 5 
and 6 are identiaal and hence it can give only one trisubstitution 
derivative. 

x 

+X -+H 

Para VI 
Of the six trisubstituted. ~rivatives (I to VI), 'I and III ; II, 

IV and VI are identical. Therefore, in all three trisubstitution pro
duots are possible. 

X 

OX 

X 

Vicinal 
(I, 2, 3-) 

x 

Ox 
X 

Asymmetrical 
(I, 2, 4-) 

x 

X OX 

Symmetrica I 
(1, 3, Jj-) 

They are often named by indicating the positions of the substituellts 
on the benzene ring, or sometimes by calling them as vicinal (vic-), 
1t!1~Tmmetrical (as-) and symmetrical (8') isomers .respectively. ~hus 

~ there are known only three trichlorobenzenes which may bo wntten 
b· \ 
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CI 

OCI 

CI 

vic. trichioro henzcno, 
1, 2, 3-trichloro

benzene 
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Gl oel 
CI 

a·1-trichloro l.onz(·.n fl. 
I, 2, 4-tl'ichlol'obenzone 

Cl o C[ CI 

8-trichlorobollzene, 
1, 2, ii-triohlol'o

bellll'ene 

We have seen above that for similar ;.;uhstituents, only three 
isomeric 1risubstitution products are possible. Proceeding in the 
.3ame manner, it can be proved tlmt if only two .of the three substi· 
tuents are i(lentieal, six isomers are possible and if all the three 
Bubstituents are different the number of isomers is ten. Furtbet· it 
is interesting to note that with the entry of four similar substitucnts 
in. the benzene ring, the number of isomer" is again three, and when 
five H.atoms are replaced by similar groups there is only one penta
sub3titution product possible. 
ORIENTATION 

We have seen that di- aTjd higher substitution products of 
benzene exist in i~omeric forms. Given an unknown isomer, it is 
often necessary to deterpline the position of substituents on the 
benzene ring. The process of a~signment of positions on the benzene 
ring is known as orientation (Orient, to determine position of). There 
are two important methods of orientation. 

(1) Korner's Absolute Method. Korner (1875) ga.ve an 
elegant method for the orientation of disubstitution products of 
benzene. It. is based 011 the tflPorv that when a third substituent is 
introduced in a disubstitntorl deriv~ative CSH4X2' the o-isomer gives 
rise to two pro(luct~, 111-isomer to three, and p-isomer to olle trisub
stitution product only. Thus the position of substituents in an un
known disubstitution cd1llpo1.tnri can be determined by converting it into 
tri,~ub8tituHon products and then-establishing their number by analysis. 
If it yield;; one tl'i'lubstitntion product, it was para compound; if it 
yields two, it was ortho ; and if three it was meta. 

Korner applied his metho~ to tho orientation of isomeric 
dibromobenzenes. He brominated each isomer separately to form 
tribromobenzenes. One dibromobenzene (m.p. 89°) gave only one 
tribromobenzene nnd was, therefore, labelled as 1)(I,ra.; another 
(m.p. '2°) gave two t['ibromobenzenes' and was Qi·t!60 ; \Lnd the third 
(m.p. _7°) gave three and was meta compound. 

The Korni>l"s method of orientation is theoretically ahsolute 
(idecrl) but in actual practice there is considerable difficulty in the 
separation and identification of the trisubstitution products. Some· 
time.s, an isomer may be formed in very small amount and may 
escape detection. In view of thc other easier methods of orientatiol) 
now availablc, Korner's method no longer enjoys an important 
position. . 

The converse of Korner's metnod appears t,o ue morc practICal 
i.e., one substituent of the isomeric trisubstitution pr()(lul'ts is 
removed. A disubstitutioll compound thus obtained from ~hrcc 
tris'ubstitution proauct& will be meta; the Qne obtained from two 
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trisubstitution products will be Ol;tho; while that obtained from 
only one trisubstitution products will be para, Griess (1874) heated 
eaoh of the six known diaminobenzoic acids with sodalime and thus 
obtained thl'ee phenylenediamines; three acids gave the same 
diamine which was, therefore, m-isomer; two acids gave another 
rliamine which -.vas, therefore, a,isomer; and one acid gave ope 
diamille which was, therefore, the p-isomer. 

(2) The Indirect Method. At present time the orientation 
of benzene deri vati ves is usually done by the so-called Indirect 
method, In this methoJ, the positions of substituents in an unknown 
compound are determined indirectly by a study of its reactions, 
or by cOllverting it into or synthesising from a substance of known 
orientation 

(a) By a stw,ly of reactim18. Of the three benzenedicarooxylic 
aClds, phthalic acid, isophthalic acid, terephthalic acid, the first 
named acid only gives anhydride on heating. Obviously phthalio 
acid must be the a-isomer as the two carboxylic groups in it being 
nearest readily split out a water molecule to form anhydride. 

COOH 

OOOOR 

COOR OCOOH 
Ph thalic acid IsophthaHc Mid 

OOOR 

o 
OOOR 

Torephthalic acid 

The COOR groups are too far to reu,ct togethe~ 

(b) By synthesi8ing from a compound of known orientation. Of 
the three isomeric xylenes the one that boils at 1390 can be formed 
by partial oxidation ofmesity1ene to mesitylenic acid and then heat
ing the latter compound with sodalime. 

CHs _ CHa 

O [0] 0 NaOB/OaO 

H3C CBa --+ HOOC ~ OHa ~ 
l\Iesitylenfl 1\Iesitylenio acid 

Since in mesitylene the three methyl groups are meta to each 
other, the ,removal of one of them by the above method leaves the 
remaining two groups intact in the meta position, Therefore the 
xylene thus produced is the m·isomer. 

(c) By conversion into a compound of known orientation. Of the' 
xylenes the one that boils at 14!" OIl oxidation forms a dicarboxylic 
acid (phthalic acid) which O~l heating yields anhydride. 

0:: ~ 0:: ~ a)o + B,O 

(b.p. 144°) (Phthalic acid) Anhydride 
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10 ;pK 

kL-;--:---~ 
_ with sodailfue;- -- ::.:::: __ . 
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b. particular xylene must be .hat t 18 

11 give the complete orientation 
~:o~er (b.p. 139°) j~ i?e~tifie~ by 

lJe o-isomer (b.p. 144) IS IdentIfied 
;; while the third that boils at 1380 

tsed on the assumption that the atoms 
)uml retain or exchange their posi~ions 
r orientation. This, however, may not 

_ce the interpretation of results always 
For example, Q-, m-, p-bromobenzene 

ihydroxybtnzene (resordnol) on fusion 

OF SUBSTITUENTS-ELEClTRONIC INTER-

Substitution is the most characteristic type of reaction of 
aromatic compounds. It involves the replacement of a hydrogen 
atom in tl~e ring by another atom or group. It occurs at definite 
positions with respect to substituents already pres em on the benzene 
nucleus The new group (A) may enter the ring at positions ortho, 
and para, or meta to the group (X) already present. 

X 

O_A 
para 

Which position on the benzen;e ring, will the new entrant 
actually occupy. is a pertinent questiqn. It has been fottnd experi
mentally tb.o.t the nature of the substituent (X) mainly determines 
the position of the new substituent on the benzlme ring and also 
governs the ea-se of substitution. It is also an established experimen
tal fact that when the sellond group (A) enters the benzene nucleus 
the chief product is either a mixture of ortho and para isomers, o~ 
the meta isomer. 
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x 

A 

"X + 

+A 

A m-

A 
P-:-
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In simple words the substitution in benzene ring can either be 
0- & p- or meta. 'rh.e substituents (X) alrea.dy present on the benzene 
ring are, therefore, of tWQ types (i) Orth ') para directing groups 
(class I\ ; (ii) meta-directing groups (Illass II). 

Class I : -OR, -OR. -SR, -SR. -NH2• -NHR. -NR,io -NHOOR 
-NeN. -CRt. -CHaR, -OR3• -CRtCl. -CHsOH, -CHgNHI • -CH20N. 
-CHsCOOH, -CR=CH-OOOR. -CeH6' -F. -C1. -Br, -I. 

Class D: -SOaH. -NOg. -OOOH. -CO OR. -COCI. -COR. 
+ + :!-- + 

~COOOOH. -ON -CCla -NHs, -NHaR, NHBs, NRa, -CHO. 
The direcf,ive influence of substituents described above can be 

interpreted in terms of the modern electronic concept. There are 
three types of substitution reaotions of benzenoid hydrooarbons. 

Electrophilic Substitution~. The main feature of benzene 
ring is the deloc.1ised sextet of 7e electrons as was desoribed under 
the 'orbital stru.~ture of benzene'. Benzene ring. thei·efore. serves as 
a source of electrons and can readily.react with compqunds deficient 
in electrons or electrophiles (E+). A high eleotron density in the 
benzene ring cauaes eleetrophilio substitution. The entering eleotro
phile will' be atta.ched to a carbon atom in the ring where electron 
density is greater. 

MECHA.NI$M OF ELEOTaOPHILIO SUBSTITUTION. Eleotrophilic 
substitution invl)ivel! the following two steps: 

(1) 

Intermediate compo1.iJld 
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Tho eJectrophilo attacks the benzene ring to form an inter-
+ E 

mediate compound involving a carbonium ton C6H5(H In forming 

a carbonium ion, two of the six 'It electrons -of benzene ring are 
donated to the electrophile to form (I, new bond find the remaining 
four 'It electrons are delocalised over 5 carbon atoms. This alsQ 
leaves a delocalised positive charge on these five carbons: ~he 
formation of intermediate compound involves a loss of delocahsatlOn 
or resonance energy rendering the system unstable. The 
intermediate compound then reverts to benzenoid charac- (1-E 
tel' by expelling a proton in step (2) and thus regarning;" H 
the rcsonance energy lost in step (1). The intermediate : + 
compound is, in fact the resonance hybrid of the three ',._J 
structures shown below: 

(J
E 

, 

~ 

Since- the electron density is uniform throughout the benzene 
ring, the incoming electrophile (E+) has no preferential choice and 
will'occuPY any position. However, the presence of a substituent 
(X) on the benzene ring disturbs its uniform density which increases 
at specific positions relu.tlve to others, thus producing 'charged 
centres' on the ring. Now tho incoming electrophile (E+) would 
naturally get attached to the carbon atom possessing highest electron 
density or the 'negative charge centre'. This relative increase of elec
tron density takes place either on {he ortho- and para-positions, or 
on the meta-position. 

The type of electronic disturbance caused by the snbstituent 
(X) will depend upon its natur~ whether it 'withdraws' electrons 
from the ring or 'pumps' electrons into it. 

Ortho.parn Direction. Let us consider the substituent 
-CR3, -NH2• -OH etc. of clas!" I to be present on the ring. 
The -CRa ~oup increases el~ctron density on the benzene ring as 
a whole, pArticularly on the 0-' and p-positions due to its electron 
repelling nature. This eauses negative charge-centres on these 
positions as shown nt page 695. 
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The incoming electrophilic substituent (E+) is, therefore,. 
directed towards 0- and p-positions. 

The electron a ttracting or repelling power of an atom or group 
in: the benzene ring alone does not determine the position taken up 
by a new entrant. An important characteristic of' ortho and para 
directing substituents is that their 'key atom' has at least one lone 
pair of electrons e.g., 

-O-R -CI: 

(1 lone p&ir) (2 lone pairs) (3 lone pairs) 

The lone pair on tIle 'key atom' can get conjugated with 1t 

electrons of the ring giving rise to the resonance structures as shown 
below: 

C:~"l 

D 
•• 

D 

/" 
+ o. 

II" 

-0 
+NH, 

II 

-0 
a . 

•• 
+01: 

-0 

+NHI +NH, 
II II 

(Y , 0-
.. 

+CJ: + CI: 

" 6-() 
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It is interesting to note. that the eler-tron density has been 
increased on the 0- and p-positions only, making these positions 
susceptible to attack by electrophilic reagents. 

Ohlorine atom is different in that it has a pronounced inductiv:e 
effect, withdrawing electrons from the benzene ring. However, the 
presence' of 3 lone paira of electrons simultaneously produces a 
mesomeric effect whioh opposes the induotive effect. Further a 
strong eleotromerio effect is caused in the benzene ring in the 
presence of the electrophilio attaoking reagent (E+) whioh raises the 
electron density on ortho- and para. positions. But this rise of eleo
tron density is muoh smaller as oompared to that produced by other 
groups suoh as -NH2 , -OR, -ORa. Oonsequently, further sub· 
stitution (say nitration) of chlorobenzene is difficult. 

We have already discussed the mechanism of electrophilio 
substitution. Following the same lines, we will now proceed to 
sbow that 0- and p- derivatives arc the ohief products of substitu. 
tion when an eleotrophile E+ attacks OaHoX (where X is a substi. 
tuent belonging to olass I). In the monosubstItuted product CeR6X, 
tlie eleotrophile :Jj1+ can possibly enter into the o~, p- or m··position. 
Thus: 

Case I -(S+enters Ortho-positions ) 

Case Il- (S+ cntcts para -poSlt1on J 

+Q-Q-Q -Q+ 
SHE H E H E H 

Q 
E 

Case III -(E+ enters meta-position) 
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It is the resonance hybrid in each of the above cases that 10se8 
a proton and gives rise to the 0·, p-, and m·disubstituted products 
respectively-. 

6-E 

. E 

In ortho and para substitutions above, four resonance struc· 
tures are formed ill both cases, whereas meta isomer forms three 
resonance structures only. We know that larger the number of 
resonance structures possible for a substance, the stabler it is. 
Therefore, the o· and p-substitution products (giving larger number 
of resonance structures) are produced predominantly. 

Meta Direction. A substituent iluch as -OOla, -NOll> 
-OOOR etc. of Olass II, withdraws electrons from the benzene 
ring thus reducing electron density on the latter. .The o· and p
positions to tpe substituent acquire a positive charge. This U8.tu-

,rally implies a high electron density on the meta position. Hence 
the.e~ectrophilrc substitution takea place predominantly on the me'a· 
posItIon. Let us take the example of substitution in benzene ring 
with the substituent -OOls. • 

H.ere the electrophilic attack is at the meta. pO<lition. The 
reso~atlDg structures in case of meta directing -NO: and -COOH 

: ~e gIven on palle 69S. 
Ii q 
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Nluobenzene 

Benzoic acid 

Meohanism of an electrophiHo attaok on ni~robenzene at the 
meta position is shown below. 

Nucleophilic Substitutions. Benzene ring has already 80 
sextet of ~ eleotrons. Therefore, the nucleOphilic substituents do not 
enter the ring readily. Nuoleophilio substitution of hydrogen in ben
z~ne ring is not very oommon. It is encountered only when the 
benzene ring contains eleotron attraoting groups. 

Nu: + H: !CeH,X --+ Nu C.H.X + H: 
Sinoe- nucleophilio' reagents are either anions or neutral mole

cules with free p-ele.otrons, they will attack positions that are defi
cient in electrons. . The cbarged centres of benzene, therefore, will 
gehave oppositely in nuoleophilio substitution than in eleotrophilic 
sub9titution, In tQe fore$oing disoqssion, we' 1180ve seen thQ.t a m-
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directing group, when present in the benzene ring, creates a defi
eieucy of electrons in the 0- and p-positions producing positive charge 
centres. 'rhese are thus rendered susceptible to attack by,nucleo
philic reagents. 

Let us consider the resonance structures of benzaldehyde with 
a view to determining -the position of the incoming group. 

+ 
The positive charge lies at 0- and p-positions only, while 

m-position has relatively high electron density. Nucleophilic attack, 
therefore, takes place at the 0- and p-positions. 

Mechanism of Nucleophilic tmbstitution of benzaldehyde: 

CHO N* CHO Nu/-6 H~U -H ND 
and 

Intermediate o-substituted 
compound compound 

Intermediate 
compcund 

eHO 

o 
Nu 

p-substituted 
product 

Free Radical Substitution (Homolytic substitution). 
During this type of substitution of benzene ring, it is attacked by a 
free radical (R). 

- . 
R + H·I.CaR 5 ~ R-CaRr; + R 

Since the attacking free radicals are neutral species, polar 
effeets do not influence the substitution reactions here. Majority of 
these reactions involve substitution by an aryl radical with the 
formation of bi aryls. A few sources of aryl radicals are: 

(COH6COzh ~ 2CI;HI)C02 ---+ 2CaH5 + 2COll 
'1enzoyl peroxiue Phenyl free radical 
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+ -
CGHGN~CI ---io C6Hr.-N=N-OH 

Benzonediazonium 
chloride 

The presence of substituent (X) in the benzene ring has much 
omaller effect in aromatic homolytic substitutions than in the other 
type of aromatic substitutions. Both electron withdrawing and elec· 
tron-donating groups (class I and II) on the benzene ring have a very 
mild tendency to dtrect the incoming substituents to the ortho posi
~ion because of two readily available ortho positions. p- and m
lSomers are also formed. 

f 
+ o 

x 

_:x\ 
HlJ 

Ph stands for phenyl free radical. These are mainly of theore
tical interest rather than of practical importance. 

RelJltive effectiveness of groups. The relative effectiveness of differ
ent o-p-directing groups can be judged by the result of competition between I 

two groups located on the same benzene ring. Thus in p-aminophenol substitu
tion oocurl preferably in the position ortho to NH2 whioh is, therefore. mOl'e 
powerful than OR croup. In this way it has been established that NR2 and 
OH groups are the most powerful of all 07P-directing groups. 

(Substitution occurs all indicated by arrows) 

The metll .• directing influence of a grou.p can be measured by noting the 
yiold of the m-isomer produoed by further substitution. Thus: 

COOH COOR '0 Ni~ionO 
~ ~ 80% 

As indioated above, the yields of m-nitro derivatives in the two cases 
are 93 per cent and 80 per cent respeotively. Hence, N02 group is more power
ful than COOH group. The otder of effectivenoss of Bome important m-direct. 
ing groups is given below: 

NOi > SOsH > CHO > COOR > CONH2 

Directive inBuence in polysubstituted compounds. The course of 
further Bubstitution in a polysubstituted compound is determined by the oom
bined effect of .11 the sllbntituents. Thu8 in 0- lind p-nitrophenol!l, the OR and 
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N08 add up each other's effect Bnd the Dubstitution takee pIsco as indioated by 
arrows. In mesitylene the Q.direoting influenoe of two methyl groups end tho 
p-directing influence of the third reinforoe at one position and fUrther subltitu
tioD i9 guided as shown below : 

OH ovo
•
m 

NOa 
p-Nitrophenol 

RULES OF ORIENTATION 

+ Q, Q,P 

H.COCH, 
eHa 

lI1esityiene 

The t'f~gularities of substitutIOns observed have been used by 
certain work('r:s to frame 8et rules \yith the help of which one could' 
'predict the orientation (arrangement) of benzene derivatives. AL
though these rilles are more or le~~ empirical in nature, they have 
proved fairly accurate in most cases. Two important rules-of 
orientation are; 

( 1) Crum RtQwn-Gibson Rule ; and 

{2} H",y,m,:rk Illi1lgworth Rule. 
Crultl Brown-Gibson Rule (l897). According to this rule, 

if a Group .Y ffJrms a compou.nd HX which can be dil'eclly oxidised to 
HO.X, then X will. direct a new incoming group to the meta position 
other~uise to {Jr1ho a/1d para positions. For example, 

DIRECTIVE 
X HX HOX INFLUENCE 

NOli HNOa HO.NO, Meta 
NitrouB acid Nitric acid. 

CHa H.CHa nO·CHa Ortho-para 
Methane Methyl alcohol; not 

formecl by direct oxidation 

I:>OaH H.EOaH no.SOaH Meta 
Sulphurous aoid Sulphuric aCid 

CI Hel HO.CI Ortho-para , Hypochlorous acid; ?lot 
formed by direct 

oxidation 

The Crum Brown.Gibs.on Rule applies to most cases but excep
tions are known. The OR group forms HOH (water) which is 
oxidised to HO.OH (hydrogen peroxide) by ultraviolet rays; there
fore, OH group should be m.directing while actually it is o.p.direct
ing. In fact, the meaning of the words 'direct oxidation' are vague 
and need clarification. 

Hammick-Illingworth Rule (1930). It statel! that: 

If in the benzene derivative C6H,,-XY, Y is in a later group oj 
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the periodic table than X, or if being in the same group, Y is of lower 
atomic weight than X, then a .!econd atom or group entering the 
benzene nucleus will go to the meta position; in all other cases when 
Y is in an 'earlier group, or if there i~ no Y, it goes to 0- and p-posi
tions. The rule may be illustrated by the examples given below. 

CO~lPOUND X AND ITS Y AND ITS DIRECTIVE 

GROUP GROUP INFLUENCE 

CeRo·NOIl N 0 Meta 
GroupV Group Y[ 

CeR o·80eR 8 0 
Group VI Group VI Meta 
At. Wt. 32 At. Wt. 16 

CaRG.NRt N II Ortho·para 
Group V Group I 

CaRo·Cl Cl - Ortho-para 
Group VII 

Of all the rules of orientation, the Hammic~- Illingworth rule 
is the most satisfactory. It is superior to Crum-Brown's rule as it 
applied to all ca;;es withoub any' nota;ble exception. 

QUESTIONS 

1, \Vho.t type of isomerism you cnme across in benzene derivatives? 
Show from theoretic'al con:;iderations that benzene Clan form three di- and three 
tri-substitution products for siloilar substituents. 

2. Describe tl.e methods of orientation of disubstituted products of 
benzene. 

3. Explai[! one method of determining the position of the substituents 
in the di.ubstitutioll productd of benzene. 

4. Give on account of the lOethods available for finding out the rela
tive positions of substituents in a disubstitute(i Benzene derivative. 

;i. Write a note on orientation in the Lenzone ring. How would you 
apply Korner's method to orientate the three chlorotoluenes ? . 

6. Write au e.say on "directive influence of substituents on fllrther 
substitution on benzene ring". 

7. Give a monosubstituted benzene del'ivative. How far are we in a 
position to foretell the ol'ientat!on of a second snbstituellt ? 

8. Write an account of the mechanism of aromatic substitution ~ith 
reference to electrophilic, nucleophilic and free radICal meehanislllH. 

(Poona B.Se., 1964) 

9. Write what you know of aromatic substitutions and discu8B the 
theory of directing infiuorlco in the benzene ring based on the modern elect~onic 
theory of valency. (NagpuT B.Sc., 1964) 

10. Write a note on the directive influence of groups in aromatic substi-
tution giving suitable examples. (Allahabad B.Sc. 11, 1967) 

II. Wh~t is meant by the term 'Orientation ~? Write an account of the 
methods of orientation. 



ISOMERISM AND ORIENTATION OF BlilNZENE DERIVATIVES 70:3 

Write down the formulae of the six: di-aminobenzoic a.cids and explain 
the significance of tho results obtained on decarboxylation of the acids. 

(Banaras B.Sc. II,1967) 

12. Describe the rules governing the substitution in mono and disubsti
tuted benzene. Dlustrate your answel' with suitable examples. 

(Marathwada B.Se •• 1968) 

13. State reasons for the following facts :-

groups. 

14. 
examples. 

15. 

(a) -NH2' -?CHs. -NH.COCHa and -Cl are ortho-para orienting 

(b) -C02H, -NOz are. m-directing groups. (Jadavpur B.Sc., 1969} 
State the Rules regarding aromatic substitutions with suitable 

(Viswa Bhcttti B.Sc., 1969) 
Write an essay on the orientation in the benzene ring. 

(Marathwada B.Se., 1969) 

16. Describe rules that help .vou to predict the nature of the disubsti
tution products formed when a monosubstitution benzene derivative is treated 
with somo reagent. What products will be formed when : 

(i) toluene is sulphonated, (ii) benzenesiIlphonic aoid is brominated, 
(iii) ben7.ald~hyde is nitnl.ted R.nd (iv) phenol is treated with hromine wa.ter? 

(2'riblwvan B.Sc., 1969) 



38 
Aromatic Halogen 

COlnpounds 

JAMES M. CRAFT 
(1839':""'1897) 

.American chemist. He developed the 
well-known. Friedl-Craft reaction. 
lIe also worked on organic com
pounds of silicon and the density of 

halogens at hlgh temperatures. 

Aromatic halogen comtJounds are of three types: (1) Addition 
compounds which are obtained by addition of halogens at the double 
bonds of the benzene nucleus, e.g., benzene hexaohloride, C6HeCIe ; 

. (2) N1tclear substitution products in which the halogen is 
attached direotly to the benzene nucleus, e g., chlorobenzene, 
CSH5Cl; and 

(3) Side-chain 8ubstitution products in which the halogen is 
attached to the side-chain, e.g., benzyl chloride, CSH5CH1Cl. 

1. ADDITION COMPOUNDS 

When benzene is treated with chlorine or bromine in the 
presence of sunlight, it forms benzeiJebexachloride, CeH6CI6, and 
benzenehexabromide, CoHeBre, respectively. Thus: 

704 
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o • Sunlight 
+ 3Cla --

CRCI 
/, . 

CIHC CBCl 

Benzene 

I I 
CIHC CHOl 

'-../ 
CHCI 

Benzenehexachloride 

705 

Benzenehexachloride, Hexachlorohexane can exist in eight 
possible stereoisomeric forms due to different a rrangements of Hand 
or on opposite sides of the benzene ring. Of these, the one known 
as y.isomer is a powerful imectici de which acts more quickly than 
D.D.T. Thus, the product obtained by the action of chlorine on 
benzene in the presenco of ultraviolent light, containing 12-14 per 
cent of the "(-isomer is sold as inseotioide under the name Gam
mexane, or 666. 

2. NUCI,EAR HALOGEN DERIVATIVES 

These compounds are obtained by the substitution of one or 
more ,hydrogen atoms of the benzene nucleus by halogen atoms. 
Thus, benzene and toluene form the following monochloro 
derivatives: 

Cl CHa CHs CHs 

0 001 

001 0 
OJ Chlorobenzene o-Chlorotol uene m-Chlorotoluene p-Chlorotoluene 

In the nuciear halogen derivatives, we have an aromatic radical 
linked with a halogen and hence they are name(l 11.1:) Aryl halides. 

METHODS OF FORMATION 

The nuclear halogen derivatives of benzene and its homologues 
may be prepared by the following methods: 

~ 

(1) Direct halogenation. Chloro and bromo derivatives can 
be obtained conveniently by the direct action of chlorine and bro. 
mine on the hydrocarbons in the presence of a catalyst (I, Fe or AI) 
at room- temperature. Thus: 

Fe 
CeRe + CI2 --i CeBIiCl + HCI 

Benzene Chlorobenzene 

Fe 
CoHs·CHs + Br2 __ CHs.CeH4.Br + HBr 
Toluene 0-, p-bromotoluene 

If excess of halogen is used, the dihalo derivatives are formed. 
lodo compound:; are produced in good yield by the action of 

iodine on benzene hydrocarbons in the presence of iodic aoid or 
nitric acid. Thus: 
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5CGH, + 21, + HIOs __ 5C6H 61 + SUllO 
.1odic acid Iodobenzeno 

(2) Action of phosphorus penta chloride on phenols. 
Aromatic cl;110ro derivatives are obtained by the treatment of phenols 
with phosphorus pentachloride. Thus: I 

C6H bOR + PClo ~ CaHsCI + POCla + Hcr 
Phenol Chlorobenzene 

The yield is rather poor. 

(3) Decomposition of diazonium salts. Nuclear halogen 
derivatives are prepared most· satisfactorily by running the acid 
solution of a dJazonium salt into a solution of cuprous halide dis
solved in the corresponding halogen aeid. The diazonium salt thus 
decomposes to yield the respective halogen derivative. 

CU2CI2 
C6HI)N2Cl ~ 06B bCI + N2 

Benzenediazonium Chlorobenzene 
chloride 

HBr CuZBr2 
IIC6H5N2Cl . ---+ C6H 5N 2Br - C 6H 5Br + N2 

Bromobenzene 

lodo compounds arc obtained by the direct action with potas. 
sium iodide, the prl'sence of copper 8aits being unnecesEary. 

Kl 
C6HI)N2CI -- C6H 5N2l ~ C6HDl + Nil 

lodobenzene 

This method is particuially important for the preparation of 
iodo compounds which cannot be prepared by any 9ther method. 
Also, the method is useful for introducing a halogen atom at a, parti
cular point in the benzene nucleus. 

(4) Decarboxylation of halogenated acids. The sodium 
salt of a halogenated ac~d when heated with soda-lime yields the 
corresponding halogen derivative. Thus: 

CSH4Br.COONa + NaOH ~ C6HsEr + Na2COa 
Bromobenzcno 

(5) Action of hypo~romous acid. Bromo compuunds can 
be obtaine~ by treatment ot the hydrocarbons with aqueous hypo-
bromous aCId. . 

c6He + HOHr ~ C6HDBr + H 20 
,. 

PHYSICAL CHARACTERISTICS 

(1) Nuclear halogen derivatives are colourless oils or crystal
line solids having an agreeable odour. 
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(2) Tbey are insoluble in water a.nd soluble in organio solvents 
like alcohol and ether. 

(3) They are aU heavier than water: 

(4) The boiling points and specifio gravities rise gradually as 
we pass chloro to iodo-compounds. Thus: 

Chlorobonzene, CoHoOl 

BrolDobenzenei CoHr;Br 

Iodobellzene, CoR!)I 

CHEMICAL CHARACTERISTICS 

B. PT. SP. GR. AT 0° 
1·128 

1·517 

1·857 

The molecule of a nuclear halogen derivative is made of (a) a 
hydroca.rbon radical, and (b) one or more _ balQgen atoms. The 
hydrocarbon radical gives the usual substitution reactions of the 
benzene hydrocarbons. The halogen atoms are very firmly attached 
to the benzene nucleus and cannot be easily replaced by nucleophiles 
such as OB:, eN, NH~ etc. This is explained as due to the tendenoy 
of the halogen atom to share its lone pai~of electrons with benzene 
and acquire some double bond character. The halogen atom is 
thus more strongly held with the ring' due to shortening of the 
halogen-carbon linka.ge. The transference of the lone pair also 
produces resonance. thereby increasing the stability of the compound. 
The jlituation in chlorobenzene is represented as 

•• + •• of' •• + 
CI: Cl: Cl: 

6 .~. ·6-
Thus aryl halides differ very much from the alkyl halides 

which readily undergo nucleophilio substitution reactions. HO'wever, 
they resemble in properties wit~ vinyl ~alides rll!e to similarity in 
their structure. In aryl and vmyl ha.hdes the halogen atom is 
linked with a carbon which is attached to another carbon with a 
double bond. 

The nuclear halogen derivatives, however, give the following 
reactions : 

(1) Replacement by OH. NH2 and eN. The halogen of the 
nuc1'eus cannot be replaced by OH, NH, and CN by aqueous sodium 
hydroxide, alcoholic ammonia or potassium cyanide. However, 
under special conditiolls these replacements may be effected. 

Thus: 
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(i) Chlorob,enzene when heated with aqueous sodium hydro. 
xide under pressure at 300°, gives phenol. 

CaHliCl + NaOH ~ CaH60H + NaOI 

(ii) Chlorobenzene when heated with aqueous ammonia. in the 
presence of cuprous oxide at 2uO" u der pressure, gives aniline, 

Pressure . ' 
2CsHr.Cl + 2NHa + CUaO ~ 2CeH5NHI + 2CuCl + HaO 

2000 

(iii) Bromobenzene when heated with copper cyanide in the 
preseQce of pyridine, give~ phenyl cyanide. 

Pyridine 
CoHr.Br + CuCN ~ CsHr.CN + CuBr 

2000 

(2) Reduction. Wilen reduced with sodium amalgam and 
aqueous alcohol in the presence of alkali, aryl halides are converted' 
into the parent hydrocarbon. 

C6H5OI + 2[HJ ~ CoHo + HOI 

(3) Wurtz.Fittig reaction. Aryl halides give Wurtz.Flittig 
reaction. Thus a mixture of phenyl bromide and methyl bromide 
when treateq with sodium in ether solution forms toluene. 

06H6!~,~.·.::F.·.~~~,:i:·.~.~lOH8 -- CflHr..CHa + 2NaBr 
Toluene 

Meclumism' : 

The mechanism of the Wurtz-Fittig reaction may be either 
ionic or free radical, though the former appears more likely. 

I. Ionic mechanism. 

(i) 
- + CeHIiBr + 2Na __ CoHr.Ne + NaBr 

(ii) 
- + 

('GliliNa + CHsBr ---.. CeH5-CHa + NltBr 

CHaBr + 2NB 
- + __ CHaNa + NaBr 

.- + 
(itl) CH~NB + CHaBr --+ CHa-CHa + NBBr 

- + 
(tI) CHaNa + COHI)Br --+ CaRIi.CHa + NaBr 

II. Free radical mechanism. 

2CeH 6 --+ CoRo-CeRr. 

CHaBr + NB ~ Cll'a + NeBr 

2CHs --+ CHa-OHa 

. . 
CaRli + CHa ~ C,ali-CH. 
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(4) Ullmann reaction. Ullmann discovered that the action 
of copper powder 0n aryl iodides at elevated temperl\.ture J!eadily 
gives diphenyl. 

01~::+:::i??:::+':}iO -- 0-0+CUI2 

Diphenyl Iodobenzeno 

Such a condensation o~ two aryl radicals cannot be done smoothly 
by the action of sodium on aryl palides. 

(5) Gl"ignard reaction. Like alkyl halides, aryl halides react 
with magnesium dissolved in ether to form Grignard reagents. 

Thus: 
CsHsBr + Mg ~ CsHaMgBr 
Ph(>nyl Phenylmtl3J1('tlium 
bromide bromide 

INDIVIDUAL MEMBERS 

CHLOROBENZENE, PHEN}'L CHLORIDE, C6R s01 

Chlorobenzene is prepared by passing chlorine through benzene 
in the presence of a catalyst (FeCIa, 12), It is produced industrially 
by pa.-e-eing ?o 'ID)xtule of ben'l.ene Vapour, n1r and hydrogen Ch\oIide 
over a copper chloride catalyst (Raschig process), 

Calla + HOI + 1011 ~ CaHsCl +' H20 
Laboratory Prep!lrati~D. Chlorobenzene is prepared most convonient

ly in the laboratory by the decomposition of benzenediap;onium chloride in tho 
presence of cuprous chlorIde solution. 

CusCla , 
C6H&NIICI ~ C2HsOl + Na 

10 grams of cuprous chloride is dissolved in 100 mi. roncentrated hydro
chloric acid ond tho solution placed in a round bottomed flQ.llk attacbed to a 
reflux condenser fitted with a tap-funnel. 20 lJraUlD ~niline III diawtised in the 
manner deooribed later and put in the tap-funnel. The flask is now heated. to 
60° on water-bath and the diazo polution ie allowed to run slowly down the 
condenser jmo the ouprous chloride solution. Wheh the whole of it bas been 
llodded the flask is heated again on the boiling water-both for about 30 minutes 
to oomplete the reaction. The flask ~s the~ detach(ld from the condenoer and 
its contents are Bteum-distilled. The ·oily liquid (chlofobonzene) is separated 
from water in the distillate, dried over calcium chloride, filtered and distilled 
uBing o.n air-condenser. 

Properties. Chlorobenzene is a colourless, _pleasant. smelling 
liquid, b.p. 132°. It is insoluble in water and soluble in alcohol 
and ether. It is volatile in steam, It gives all reactions characteristio 
of nuclear halogen derivatives. 

Pressure 
+ Aq.NaOH ~ CGHIIOH + NaCI 

200· 

+ .,dq. NH8 

+ CuCN 

+ 2[H] 

+ CRsBr 
+ U~ 

CuaO 
~ CeHSNH2 + HOI 

~ C.HIiCN + CuCI 
Na/Hg 
- CeH6 + HCI 

aq·CaHllOR + 2Na ~ CaHIiCHl, + NaB .. + NaCl 
~ • CellGMgvl 
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When heated with, chloral in the pr,esence of concentrated 
sulphuric acid, chlorobenzene forms D.D.T. 

fI·Dichloro-Diphenyl-Trichloroethane 
(D.D.T) 

D.D.T. is a solid (m.p. 109-110°) ; it is a powerful insecticide. 
Uses. Chlorobenzene is used for the manufacture of phenol 

aniline and D.D.T. ' 

BROMOBENZENE, PHENYL BROMIDE, C6H5Br 

Bromobenzene is readily made by adding bromine to benzene 
in the presence of iron filings. 

Fe 
(16Bs + Br2 __ C6H6Br + HEr 

The apparatus llsed for the 
purpose is shown in Fig. 38·1. Benzene 
(25 g) is placed in a conical flask and 
two clean iron nails are dropped into 
it. The flask is immersed in ice-water 
bath and the condenser fixed firmly. 
Bromine (55 g) is poured from another 
flask which has been kept. well corked, 
down the condenser. The exit tube is 
at once attached to the upper end of 
the condenser. When the reaction is 
complete, the dark layer of bromoben. 
zene is sepa.rated by means of a 
separating funnel a.nd washed weh with 
water and dilute sodium hydroxide 
solution successively. The colourless 
bromobenzene is then dried over anhy. 
drous calcium chloride and fractionated. 

Bromobenzene is a colour
lesR liquid, b.p. 156°. It closely 
resembles chlorobenzene in be
haviour and gives analogous reo 
actions. It forms the Grignard 

Fig. 38-1. Preparation of bromo benzene· reagent, C.H5~gBr, which is !J. 
valuable synthetIc reagent. 

lODOBENZENE, PHENYL IODIDE, C6Bsi 

Iodobenzene is most conveniently prepared by the direct 
action of potassium iodide on benzenediazonium chloride without 
the use of a catalyst. 
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CaBsN2Cl + KI --"-+ CaRlil- + N2 + KCI 

Aniline (15 mls.) is·4iazotisedas- de.scribed later o;t- ~o t.he col~ diazo 
IIOlution is then lidded a. concentrated eodl1?-m: or potaSSIUm Iodide (3.) .g. per 
115 mls. water) with shaking. The mixtur~ Jll·ailowed t.o sta!ld for 10 mlDutes 
and is then heated over the boiling w:ater.bath for -2Ci mmutes. T~o c~u~e 
iodobeDZ('n.e is now present at the bot~om _or the ~ask as 8 d~rk 011. • • 1$ 
separated by sioam-dis.tillatioD, washed wIth dIluto sodium hydroXide solutlOD, 
dried and distilled. 

Properties. lodobenze.ne is a. colou~l()s.s liquid, ~~p. 188°. On 
exposure to light it turns palQ.y'elIow. l.t 19 lDs?luble III wate~ and 
volatile in steam. The chemlC:aJ· behe,Vlollr .of lOdobenzene IS, fOT 

the mO:lt part, closely similar to tha.t of chl?fObenzen:e ?-nd bromo. 
benzene Rowever, it also rea.cts wIth chlorme to form IOdobenzene 
dichloride. 

/01 + CIa --+ CGRs!, 
Cl 

J.odobenzene dichloride 

Iodobenz.ene dichloride when treate(l with sodium hydroxide 
solution gives iodosobenzene which on boiling with water yieldL 
iodoxybem:erie. 

CaRoICI:! + 2NaOH --"-+ CeRsTO + 2NaCI + H 20 
Iodosollenzene 

2C6B:sIO ~ CeHi;IOa + CaBs! 
Iodoxy benzene 

Both iodosobenzene and iodoxybenzene when heated explode with. 
out melting. 

CHLOROTOLUENES, TOLYL CHLORIDES, CHa.C6H".CI 

o· and p.chlorotoluen~s are prepared by chlorinating toluene 
in the presence of iodine or iron. All tbe three isomeric toluenes 
are, however, oftl1n obtained ftom the corresponding toluidines by 
Sandmeyer's reaction. Thus: 

CBa CHa CH2 

0u,NaNO,:. HOI (j,0I c~ 001 + N, 
m·Toluidine m~Chlorotoluene 

Properties. Chlorotolumes are heavy, colourless liquids, 
b.pts. : ortho 15(,)", meta 162°, para 162°. They are immiscible with 
water. In chemioal behaviour they closely resemble chlorobenzene. 
On oxidation with alkaline potassium permanganate, they form the 
correspondiIlg chl,)rohenzoic acids. This reaction is often used to 
distinguish chlorotoluenes from the isomeric lJenzyl chloride. 

/CHa (0] /COOH 
C6H4,Cl -~ CGH'\Cl 

Chlorotoluene Chlorobenzoic acid 
[0) 

CaRf)CH201 --+ 06Hf)COOH 
Benzyl chloride Benzoic acid 
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3. SIDE-OHAIN HALOGEN DERIVATIVES 

These compounds are, in fact, aryl-suhstituted alkyl halides and 
behaye like.tlHl parent alkyl halides. 

-H 
CHaCI --. C6H sCH201 

+C6Hs Benzyl ohlorlde 

Tlie ha10"en atom is even more reactive than in the corresponding 
<> 

alkyl hal ides. 

The side-chain halogen derivatives can be obtained by the 
direct action of chlorine and bromine on homologues of benzene. 
They are also formed by the action of phosphorus halidl>s (POlf)) on 
the corresponding oxyg~ted compounds. 

BENZYL CHLORIDE, C6H 60H2Cl 

Benzyl chloride is a-typical example Qf a compound in which 
the halogen is present in the side-chain. It is isomeric with the 
three chlorotoluenes blft differs from them widely in many respects. 

-
BOILING 
TOll/ENf 

m 

Preparation. (1) DIREOT OHLORINATION 
OF TOLUENE. Benzyl chloride is prepared con
veniently by passing chlorine into boiling 
toluene in sunlight till' the theoretical increase 
in weight is reached. 

C6HsCHa + CI2 • -+ C6H&CH2CI + HCl 
Benzyl chloride 

A weighed quantity of toluene placed in a 
round bottomed flllsk fitted with Il reflux condenser 
and a deliv~ry tube (8ep. Fig. 3S·2). The flask is 
heated on a sand-bath while axposeu to strong sun
light. A stream of dry ohlorine is then passed into 
the boiling toluene by means of a delivery tube until 
tho tlJeOl'etical increa~e in weight has taken place. 
The be_nzyl chloride in the product is isolated by 
fra,rtioual distillation, 

(2) ORLOROMETHYLATION OF BENZENE. 
It may be prepared by heating benzene with 
formalin and hydrochloric acid in the presence 
of zinc chloride. 

Fig •. 3S'2. Preparation (3) AOTION OF POls ON BMZYL ALOOHOL. 
of benzyl chloride. It is also produced by the action of phos

phorus pentachloridc on benzyl alcohol. 

C6B6CHzOH + pels --+ l...ijH5CH2Cl + POCls + RCI 

Properties. (Physical). Bflnzyl ohloride is a colourless un
pltJasant smelling liquid. b.p. 170°. It is insoluble in water, but is 
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miscible with most organic solvent'!. Its vapours have an irritating 
action on eyes and nose, causing flow of tears. 

(Chemical). (.l) REPLA~EMENT REACTIONS. fhe .chlorine atom' 
of benzyl chloride ca~ be easIly re~)laced by other atoms or groups 
like the one present III ethyl chlorIde. Thus: 

I 
+ Aq KOH ---+ CaH&CH20H + KCl 

• Benzyl alcohol' 

('6H5CH2CI ++ AAzQc·.KNCHN3 = 1!6~V~~!id: KOI 
-~ CaH sCH2NH2 + HCI 

Benzylamine 
+ CHaCOQAg ___. CHsCOOCH2CaH 5 + 

Benzyl aoetate 
AgCl 

In fact, the chlorine atom in benzyl cliloride is m9re reactive' 
than in ethyl chlorirle. The rp"Iona,nce stabilisation of the residua.l 

+ -carbonium ion C6HsCfT~, h:ft after the removal of Cl ion helps in 
the easy removal of at 

, -

o~1 -+6'CI 
+ 

(2) WURTZ-FITTIG REACTION. Upon treatment with sodium 
metal, it gives 'dibenzyl, 

2C6HsCH2CI + 2Na ---+ C6H5CH2CaH5 + 2NaCI 
Dibenzyl 

(3) OXIDA'rION. When oxidised with dilute nitric acid, the 
side-chain along with the halogen is converted to carboxyl group 
forming benzoic acid. 

[OJ 
C6H sCH2CI _\ CaHt>COOH + HCI 

Benzoic acid 

On mild oxidation with cupric nitratA, it gives benzaldehyde. 
CeRoCHaCl + _ 0 _ CaH6CHO + HCI 

(4) SUBSTITUTION REACTIONS. Benzyl chloride can bc nitrated 
and sulphonated in the benzene nucleus just like toluene. 

Thus : 
CH2CI CHaCI CHIICl 

0 + HNOs ~ON~ + 0 + HaO 

Benzyl Q-NitrobenzyJ 
NO •. 

p.Nitrobenzyl 
chloride ohlorid(l obloride 
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Benzyl chloride also gives Friedel-Crafts reaction and the 
Grignard reaction. 

Uses. Benzyl chloride is used for the introduction of benzyl 
group in organic c~mpounds. It is (he starting material for the 
manufacture ot bCllZyl alcohol, benzylamfne and benzaldehyde. 

BENZAL CHLORIDE, BENZILIDENE .CHLORIDE, C~H6CHCl2 

BanzaI p.hloride may be prepared.: (1) By pa$sing chlorine 
into boiling t.oluene until the required weight increase takes place, 
(Oommercial). 

C6RSCRs + 2CI2 --+ C6R sCRCI! + 2HCI 

(2) By the action of phosphorus pentachloride on benzal
dehyde. 

Properties. Bonzal chloride is a co]o~rless liquid, b.p. 207°. 
It lacks the lachrymatory propcrty that benzyl chloride possesses. 
When heated with calcium hydroxide ~olution, it is hydrolysed to 
benzaldehyde and is used industri<1l!y for the purpose. 

, ~ci ·······liIOH OR 
CeRsCH( ~ .J. j --+ 2HCl + CoRsCH( . _ CoBIICBO + ~O 

" f?~ ......... ~iOH Un8tabls OR Benzaldehyde 

BENZOTRICHLORIDE. PHENYLCHLOROFORM, C6H5CCla 

It is prepared by passing chlorine into boiling toluene till no 
further increase in weight takes place. 

CoRDCBa + 3CI2 --+ ·CeHsCCls · + 3HCl 

Properties. Benzoirichloride is a colourless liquid, b.p. 214°. 
Due to the presence of the nflgatille phenyl group, halogen ato.ms 
are more reactive than in chloroform. Thus when boiled with cal. 
cium hydroxide solution it is hydfol)'sed to benzoic acid; it is used 
industrially for the purpose. 

,-_ .............. : OR 
/Cl HiOH /OR / 

CoR~C~:Cl + B:OR _ 3HCl + CoRsC,"" OR --+ CsHsC,O + 
'lC) BiOH 'OR 

Benzotflchiorlde (Unstabls) (BenzOic acid) 

COMPARISON OF SIDE.CHAIN AND NUCLEAR DERIVATIVES 

The properties of the side-chain halogen derivatives are very 
much different from those of the nuclear derivatives. 'the former 
closely resemble the alkyl halides in behaviour but possess a, pungent 
odour 1J,nd are la\lhry;matory. ·In general, the nuclear halogen 
derivatives are much leBs reactive than the side-chain derivatives, 
since the halogen in thell:l is very t.i~htly attached to the benzem' 
nucleus. 
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SIDE-CHAIN DERIVATIVES NUCLEAR DEBt VAnna 

Points o~ Difference !-

(1) Pungent smelling,; 
matory. 

Iachey- (I) Agreeable odour; not Iachry-

(2) Renct with aqueous alkali ana 
!llcoholio ammonia to form the respec
tive alcohols and aIniIiIlS. 

(3) Give' Friedel-Crafts. reaction. 

(4) On. oxidation with alkaline. per
mangan'ate, .the halogen "is knocked 
from the m6leclile. 

P.oislts of, Resemblance :. 

-matory. 

(2) No action with aqueous alkali 
or'alCoholic ammonia. 

(3)' Do not give Friedel-Crafts 
reaction. 

(4) On similar oxidation. the 
halog13n remains attached to the ben
zene "flcilins. 

(I) Participate 
reaction. 

in Wurtz-Fittig (t) Also participllte in Wurtz-Fittig 
teactlon. 

(2) Form Grignard,reagents. (2) Also form Grignard reagents. 

(3) On rl:)duotion with .nascent (3) Also reduce with nascent 
hydrogen form. the parent hydro~ hydrogen to form the parent hydro-
carbons. carbons. 

(4) Give substitution reactions in (4) Give sll:bstitution real'tions in 
the benzene nucleus, in ortho and ,·the b,enzene nucleu.~ in ortho and .para. 
pa)."a positidnfl. positionl)-. 

QUESTIONS 

1. Describe the three types of aromatio halogen deriyatives, giving two 
examples of each type. 

2. Give the general methods of introducing a halogen atom in the 
bentene nucleus and the side-chain. 

3. Describe the general methods of prep(\ration and properties of 
nnclear halogen derivatives. -

4. Disouss,in detail the products obtained by the reaction of chlorine 
on toluene, and ·indioate their industrial impQrtance. • 

6. How does chlorine act upon t.oluene under differcnt conditions 1 
Indicate how benzyl alC9hoi, benza1clehyde,an'd, benzoic acid are obtained from 
ohlorination products of tpluene. GivEi. equaiions. 

6. Mention the coIiditioilB under whith chlorine reaots with toluene 
and give formulae Df the compounds formed. Ho w would these products of 
reaction be g~nerally diatinlluished cr.om one another f 

. 7. Haw is iodobell,Zen:e pI'~Par.cd? COmpare and contrast the prope~-
tIes of lodobenzene with Ehose of ethyl iodide. 
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8. Write-the graphIc .fonnulae of the isomeric halogen compounds 
having the molecular formula C7H 7Cl. What are the chief differences in their 
Ghemical behaviour on which you would' rely in order to dis~inguish between 
;hem. 

9. How may themonochloro derivatives of fonnula C,H7C1 qe preRared 
from toluene? Compare the properties of chlorine ntom in the compounds 
prepared. 

10. Describe the conditions under which Ducleo.r and side-chain halo· 
genation of an orjrllnic hydrocarbon is effeete(l. Give an account of the general 
reactions of these two types of halogen derivath'eR and point out their differ
ences. (Allahabad B.Sc., 1961) 

11. Starting from toluene, now would you obtain benzyl chloride, banzaI 
chloride and henzotrichloride 7 Give equations. 

How does benzyl chloride differ from (aJ cbI"orotolueneR and (b) ben:r.oyl 
chloride t (Dibrugarh B.Sc., 1967) 

12. Give methods of introducing 0. halogen group in· {a} tlle nucleus 
{b) the side-chain of an aromatic hydrocl\rbon. Describe both physical lind 
chemical properties to illustrate the differences hetween the compounds formed. 

(Kuruk8"etm B.Sc., 19691 
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Sulphonic Acids 

V.N. IPATlEIIF 
(lR61- , American) 

His cllief interest lies in high pressurtl 
catalytic reactions, in which he has 
made significant contributions both in 
theory 8nd practioe. Author of book 
'Catalytio Reactiolls at High Pressures 

and Tempera.tures'. 

They are the derivativ(·s of hydrocarbons in which one or more 
H.atoms of the n1tclCU.3 have been replaced by the sulphonic acid 
groups. 

o 
t 

-IS-OR or 

t 
TInts: 

o 
Benzene 

CHa 

o 
Toluene 

~ o,a 
Benzenesulphonic aoid 

CBs 

~ t::)SO,H 

o· Tol uenesul phon ic acid 

717 

or -SOaR 

SOaH 

080,8 
tn-Bonz.enesulphonic acid 

6 
SOaH 

p.Toll1enos~Jphonic acid 
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Sulphonic acids could a.lso be regarded as deri.yatives of 
sulphuric aci4 in which one OIl group has been replaced by an 
aryl group. 

HO,S'''O -~~ C,HS-"'S?i O 

HO/ \(0 +CeHJj Hoi ~O 
Sulphurio a.cid Benzer;esulphonio acid 

:rhus aromatic 8ulpnonic 8.(lids ~re strong acids 'like sulphuric acid 
aqd give many similar reactions. 

~ODS OF FORMATION 

The pm cess of introdUcing a suI phonic acid group in the 
benzene nucleus is called Sulphonation. It may be carried by the 
following methods : 

(1) Action or Sulphuric acid. .An aromatic hydrocarbon 
When heated with concentrated sulphuric add 'forms the respective 
sulphonic acid. Thus: . 

C6HI),H.'·:+"·B.O"isOaR ~. boRs.SOaR + H 20 
Benzo~;~""'"'~''''' , ~lrenzenesulphonio acid 

The reaction is reverSible and the accumulation of water 
retards it. Therefore, t9 get the maximum yield Of sulphonio acid, 
tho water may be removed ,as ·steam by carrying the reaction at high 
temperature (1.70-1S()O). ' 

(2) Action ~r Ftaming sulphuric acid. Fuming sulphurlo 
acid (oleum), which oontains about 70 per cent dissolved sulphur 
trioxide, is I) mor,e drastic sulphonating agent tha.n concentrated 
sulphuric acid. 'the dissolved sulphur trioxide combines w,ith water 
to form 8ulphuric acid and'thus enhances the rate of reaction. Fum
ing sulphuric acid is, therefore. emp.oyed to introduce two or three 
aulphonic aoid groups i~ tp.e b'enzene nucleus. 

SOaR SOaR 

o. 
F'~'O ~ ~ l'iear OaH ROAI' SOaR 

Bemtane ~B6nz'enedisulpllonio aoid •• B'enzenetrisu1pbonic acid. 

Mor~ ~hrm three 6ulphonic acid groups cannot be introduced 
in the benzeJr!J IlltCleu8. ' 

Silver SUlphate, merourio .su1phate and iodine act as catalysts 
for su1phonation. 

(3) Action of chlorosulphonic acid. Aromatic hydrocar~ 
bo~s :when treated with equimolecular quantity of chlorosulphonic 
acId In carbon tetrach10ride solution readily yield sulphonic acids, 

Thus: 

CtlHb\.H"'+"'~~S03H ---? C6HI).SOaH + Hel 
Benzene Chlorosulpnonic Benzene 8uiphonic 

aoid a.cid 
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No water is produced in the reaction and the HOI gas escapes 
from solution leaving pure sulphonic acid. -. 

Isolation of Sulpbonic acids.. The isolation of sulphonio acids from 
the sulphonating mix~ure is ~ually diffic\il~ .because they are highly soluble in 
water and non-volatile. ThUi may be done by tW9 ~ethods. 

(11 By. -Salting .oui' • . ~e sulpho~ating mix~ure is :UD.into a saturated 
lIolution of sodium ohioride WhICh throws out crystallUle soiliwn·sulphonate. 

OsHoSOaH + NaCI --4. 06HoS0-3~a + HOI 
SodJ~ Bwphonate 

(2) Byjorming soluble Pb-Bolt. The sulphonating; mixtUre is.diluted and 
neutralised with lead carbonato. The e:icces" of sulphl,irlc ucid is reniov;ed as 
insoluble lead sulphate and filtered. The :filtrate· iJQntaiuingJhe 80iuule barium 
sulphonate is decomposed with hydrogen sulphide. filtered and the filtra.te eva
porated to dryness under reduced pres~uJ.:e-

A detailed mechamsm of sulphonation reactions has already 
heen explained under benzene 
PHYSICAL OIb\.RACTERlSTICS 

Cl) Aromatic sl,dphonic acids are crystalline .. non-volatile 
solids. They are hygroscopic and tend to form syrups .in·milist air. 

(2) They ha;ve seldom a definite melting point and gradually 
decompose \vhen heated above :WO°. 

(3) They are highly soluble in watcJ;'. 

(4) They are strong· acids, intermediate between HOI and 
H2SO,. 
CHEMICAL CH/dlACTElUSTICS 

In aromatic 8ulphomc acids, the sulpho.nic acid 1-'adi.caJ is not 
very tightly attached tq the benzene nucleus and it:. can be readily. 
replaced by .other atonis or groups. giving a ·vari~ty \:if c.ompounds. 
The sulphonio a¢id l'(i.dical;.-S~.OH. E!hOws'a~log(:iuB beha'Vio.ur 
to. that of carboxyl grolip, "7,QO.OH; and fo.rms .similar derivative,s .. 

The proton releasing tendenoy (aoidic character) ·o.f benzene 
sulphonic acid molecUle is very mllQh. enhanced to the presence 
of a )lighly clec-tron attrll,cting group, which displaces the eJectron.s 
a.s: 

o 
i 1 ~ 

H:-+- o--s-~-;'o 

o , 
0=5-0 

+ ___._,.. H + 

f· 

Benzonesul phonic acid Proton Sulphonate ion 

Moreover the benzene sulphonate.iOlds y;cry ll;luch .stabiliseo. 
by rcso.nance. 
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Reactions of the SOaOH group 
(1) Formation of Salts. Sulphonic acids react with alkalis 

to form salts known as suI phonates. 
C

8
B 5S02.0H + NaOH ~ C8B oSOz.ONa + HtO 

Benzenesulphonic acid Sodium benzene 
. sulphonate 

Their alkall.metal salts are readily soluble in water. 
(2) Formation of Esters. When heated with alcohols, they 

form esters. Thus: 
08H5S0a.O\l:C+'·HO:CaHI --+ C6H5Soa.OC2H6 + H 20 

' •• ''''.'.'.' •• 1 ' 
F .. nzenesulphollic acid Ethyl bOllzenesulphonate 

III actual practice, this reaction is never used for the pre~'L' 
tion of esters of sulphonie acids. 

(3) Formatlon of Sulphonyl chlorides. They -i·tlact with 
phosphor'ls pentachloride to forlD fnilphonyl chloridc~ 'the Oll of 
sulphonic acid heing replaced by Cl atom. Thus' 

C8B6Soa.H + PCI5 ~ CsH5s0aCI + P9Cla + HCI 
Benzenesu' phonic. Benzenesul phony I 

'n.cid cbloride 

The sUlpl10nyl chloride bellnves, lOw the acid chlorides of 
carboxylic acids ;·they react with umwonia to giye sulphonamides 
which have definite melting points auJ are used for identifying suI· 

phonic acids. 
(4) Formation of Sulphones. Sulphonic acids react with 

hydrocarbons to form sui'phones whioh are neutral substanoes. 

Thus: 
CsBr.s(),!OfCt."lilc.H6 _-+ CsH6S0aC6H5..j. HaO 

~nzePA' Diphenylsulphone 

Sulphones lIre Iormed as secondary pr~ducts during sulphona. 
tion of hydrocar1)ons. ' 
Reactions in ,.:blch SOan gro~p is replaced 

(5) Desulphonation. When sulphonic acids aN heated to a 
high t~l!lperature with water, o~ :with ~ol'ltions of hydrochloric acid 
Qr !.I1lJ

p
huric acid, the SOsR group IS replaced by H atom to forill 

thp/\)arent hydro.~a~?ons. ~hus: ~ c
a
H

6
,::;03li + HOB __,. CsHa + H 21::l04 

1'he sp1itti~g"'~~t' '~f "s~lphonio aci£! group from the benzene 

nucleus 'is termed desu.lphonatwn. 
(6) For.mation of. Phenols. When sodiu!" Slliphonates are 

fused with sodium hvdro~1(\e. they form pheno18. l'b.us: 
Fuse 

CaH5fi!!OaN~:::±,::~~'lOH --+ CaH5
0H + NazSO, 

Sod. benzenesuiphonate Phenol 
(7) Formation ~r. Nitriles. ~h~n sodium Bulphonates an 

fused with sodium cyamdo, they form mtrlles. Thus: 
Fuso 

C R
5

. SO~Na.·":~ Nii.;CN - CuHsCN + NaaSO, 
4) , ...................... . Phenyl lli~rile 
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The nitriles upon hydrl)lysis yield carboxylic acids. 

(8) Formati~m of Carboxylic acids. When sodium sulpho
nates are fused wIth sodium formate, they form carboxylic a.cids 
straightway. Thus: 

........................... Fuse 
CsHsiSOsNa- + H;COONa _ C6HsCOONa + NaHSOa 

················ .... ···iSod. formate Sod. benzoate 

(9) Formation of Amines. When sodium sulphonates are 
fused with sodamide, they form aromatic amines. Thus: 

CeHs,SOsNa.· +":N:a:;NHIl _ C6HsNHa + NaaSOa ............................. Aniline 

(10) Formation of Thiophenols. When potassium sulpho_ 
nates are fused with potassium hydrogen sulphide, they form thio
phenols. 

Thus : 
CeHs1s6;it"+"R\SH _ CeHsSH + KaS03 

Pot. benzenesulphono.ta ...... · Thiophenol 

In addition to the above reactions, sUlphonic aoids give the 
usual substitution reactions in the benzene nucleus with difficulty 
when the incoming group occllpies the meta position. 

INDIVIDUAL MEMBERS 

BENZENESULP80NIC ACID, C68 5SOs8 
It is a typical and the most important member of the class. It 

was first prepared by MitscherJich in 1934. It is found in the waste 
products of metabolism. 

Preparation. (1) Benzenesulphonic acid is readily prepared 
by heating benzene with concentrated sulphuric acid at 80~. 

SOO 
C6H6 + H2SO. _ CeHsS03H + .H20 

Benzenesulphomc 
acid . 

. \ 

A mixture of benzene (l part) and concentrated sulphuric acid (2 parts) 
is placed in ll. round-bottomed flask fitted with a reflux condenser. It is heated 
on a sand· bath till the whole of hen zone has dissolve{l. The resulting mixture 
is poured into a strong solution of sodium chloride when sodium benzenesul· 
phonate separates. This is used as such for most purposes. 

If pure benzenesulphonio acid is required, the sulphonating lllixture i: 
diluted and neutralised with ledd. carbonate. The precipitate of lead Bulphat< 
is filtered. The filtra.te cQntaining lead benzeMsulphonate is decomposed b' 
pa,ssing HzS, filtered and the filtrate concentrated to crystallisation. ' 

(2) Benzenesulphonic acid may also be obtained by the actiO! 
of chlorosulphonic acid on benzene: 

C6HbC+"CiiSOaH ~ CeHsS03H, + HCI 
Benzene· .. · .......... 

Properties. (Physical). Benzenesulphonic acid. crystallise. 
from water forming colourless leaflets containing llH20. Tl: 
hydra.ted compound melts at 46°. It is very. hygroscopic and forrr 
a. syrupy liquid when exposed to moist air. It is highly soluble j 
water and the solution Fs strongly acidic (about as strong all sulphuI 
a.cid). 
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- (Ohemical). In b~ilzenesulph0!lic aoid the SOaH group is 
r~ther loosely ~ttached to the benzene'ring and oa.n l>e replaoed . by 
other atoms or grOll,pS ... The sulphonic :~cid group,· ~O~,OR·. exliibits 
analogous beh~vi(lUr to th~t of COOK group' and fOi.'IDS similar 
derivatives. 

The reactions of .benzenesulphoni(} acid have been discussed 
under t\le general treatment. of sulphonio aCids. A pUlDJl3.ll.ry of 
these is,givl<m below for recapitulatiori~ 

Reactio7is oj.BOafl group .~ 

. Sod •. betizen6sulphonate 

[ 

+ NaOII ---t. q,lIIISO!i.ONe. +. 'Rllo 

C
6
B:t).80s,OII + ~HliOII ~ C6iI6SOzOCjHji + ~20 

Ethyl. benzenesul phona.te 
+ PCllj --+- d6Hr.S02C1 + 1>.0013 + HO.I 

. .Benzenesulphonyl chloride 

Reactions· in. which ,BOsH Ur()UP is replaced ; ~ 

CoH6S0aH 
or 

C6HDSO~Na 

H~t 
+ HOH ~ ClilIs + H~S04 

·Ewe 
+ NilOlI ~ C.:§.I!:sOR + NB.:ISOa 

Phenol 
J!'u;stJ 

+ NltCN ~ DaHiON + N~SOa 
Phenyl- nillrile 

FUIe 
+ ReOONs .._. C.RiCOON'S. + NallSOa 

Sod.· benzoate 
Fwe 

+ NaNHz 
Reactions o!benzene nucleus ; 

+ RNO. 

+ Cia 

SOaH 

(HaSO,) '0' _ .. +~O 
. NOSI 

m..l::rit'robenzene_ 
sulphonio aoid 

/ 

SOsH 

O. +HaO 
SOaR 

Benzene m-diauJphonio 
aCld_ 

0: +HCI 

m.Chlorobenzenellwphonic 
a.oid 

\Jses. .Ben_\I;oneaulpho-nio a~id is the starting mate.rial for the 
preparatl::>n of many benzene. d~riv8.tives, It is an. important 
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inteI'illooiate in the manufaeture of oer~ain . dyes and drugs. It !8 
also used as a catalyst for the. prepara~lOn of ole fines and . eth~rs ; It 
has the advanta.ge of not oausmg charrmg as does sulphurIc aCid. 

Benzeneslllphonyl chlolide, CsIIjiSOaCI 

Preparation. (~) n may ,be obtained .by heating sodium 
benzenesulph()Ilate wIth phosphorus pentachlorlde at 170° _180° f~r 
several hours. 

CsHli.SOaONa. + POlli ---+ CsHD.SOaCl + POCla + NaCl 

(2) It is best prepared by treating benzene with excess chloro· 
sulphonic acid: 

CsH5{IC:t"HO'JS0201 ---+ CsH,S02OI + HaD 
'ChloroauiphoIiic ,acid 

Properties and Uses; Benzenesulphonyl chloride is an oily 
liquid, b.p. 246° .. ' It has a characteristic disagreeable odour and is 
lachrymatory, It is insoluble in water but soluble in 1ither. 

Benze~esulphonyl chloride behaves like other acid, chlorides 
although it is not as reactive. 

(1) It 1S decomposed by hot water, more rapidly by alkalis, to 
form benzenesulphonic acid. 

csHlIso:ior"':;':"'HiOH --+ CBHIiSOll.OH + HCI 
, ........ _....... BenZenesulphonio acid 

(2) It reacts with alcohols in the presenoe of an alkali to 
form esters. 

CoHosoal6C+"HioOaHs --. CeHiiS0200CII'Ha + HOI 
. ................ Ethyl benzenesuiphon&te 

(3) When shaken with concentrated ammonia, it forms benzene- ' 
sulphonamide, m.p. '150°. 

CuHsSOaCi + 2NHs ---. CoH5S01lN.Ha + NH,CI 

(4) it reacts with primary and secondary· amines to form 
N·substituted sUlphonamides. 

CaHsSO,CJl + RNHa _ CeHliSOaNBR + HOI 
CUH liS02Cl + R2NH ---+ CeH6S0,NRlI + HOI 

These derivatives are used for the separation 6f three classes of 
amines (8ee Hinsl>erg's mathod). 

BENZENE-m.DlS'QLPHONlO AOID, 08H,(S03H)2 

It is prepared by heating benzene with excess fuming sulphuric 
acid at 250°. , 

SOaH 

O F'~040 
250· SOsH 

When fused with potassium hydroxide, it forms m-dihydroxy 
benzene (resoroinol). 
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Toluene on Bulphonation with concentrated 
forms o. and p.toluenesulphonic acids. 

CH3 CHs 

o B~. aO'1I + 

sulphuric acid 

If the reaction is carried above 100° the p.jsomer predomin!1tes 
in the product, while at room temperature the product is mainly 
the o·,isomer. 

Both o· and p.toluenesulphonic acids are crystalline solids, the 
o. melting at 67'5°, and p. at 106°. 
_ o.Toluenesulphonic acid is used in the .preparation of saccharin; 
p. toluenesulphonic acid is used in the preparation of Chloramine T, 
which is a powerful antiseptic, and has the formula 

O C1 
CHa S02.N( 

Na 

CO 
Saccharin, o.sulphobenzoio imide, C6H~/ '-NH 

'-802/ 

The imIde of o.sulphobenzoic acid is known as saccharin. It 
is prepared by treating toluene with excess chlorosulphoriio acid 
when a mixture of o.toluenesulphonyl chloride (liquid) and p.toluene
Bulphonyl chloride (solid) is obtained. The o.compound is separated 
by filtration 'and treated with ammonia to form the amide whioh is 
then oxidised with chromio acid. The resulting acid on heating 
forms sacchariu. ' 

CBs 

O 
HO.SOIOl 
~ 

~ 

CE, 

0.°'01 + 

(Liquid) 

Saccharin is a colourless, crystalline solid, m.p. 224°. It is 
about 500 t.imes as sweet as-cane sugar. It is almost insoluble in 
water and hence it is sold as sodium salt which is very soluble. 

Saccharin is used in cheap drinks in place of Rugal', It is also 
used as a sweetening agent by diabeiiJ and obese persons who are 
not allowed sugar in their diet. Howevp,r,. unlike carbohydrates it 
has ·no foou value and is excreted unchallged in urine. 



AROMATIO SULFRONIO AOIDS 725 

Q.UESTIONS 
1. Describe the preparation of aromatio sulphonic acids. Give their 

important reactions. 
2. How are aromatic sulphonic acids prepared 1 Give synthetic use of 

sulphomc acids in replacing H of benzene by OH, ON and 01. Do you know 
any teohmcal use of sulphonic acid 1 

3. Describe some of the p-r0pl,.t.ies of benzenesulphonio acid. Exp\ain 
how benzene, chlorobenzene, phenol and phenyl oyanide may be obtained from 
it. 

4. How can benzenesulphonyl chloride be prepared, and what are ita 
important properties 7 Explain giving necessary equations, how it can be 
ustld for the separation of a mixture of a primary, a secondary, and a tertiary 
amine. 

5. Describe the preparation of benzene slliphonic acid. Give ~ts impor
tant reactions. How can saccharin be obtained from toluene 7 

(fanjab B.Sc. III, 1965) 
6. Give at least three methods for the preparation of benzenesul

phonio acid. How can this be converted into (al benzene, (b) phenol, ('c) 
thiophenol, {d) benzene sulphonamide and (e) Phenyl cyanide. 

(Agra B,I:Jc. II, 1967) 
"l. Write an account of the sulphonating agents used in aromatic 

cheIIlistry and discuss the uses of aromatic sulphonic. acids 8"s synthetic 
reagents. (Kalyani B.Sc. Hona., 1967) 

"8. What is sulphonation 1 Give one methpd for the preparation of 
a pure sample of benzenesulphonio acid. Desoribe. the importance of aromatic 
sulphonic acids in organic synthesis and in industry. (Allahabad B.Sc. II; 1967) 

9. Discuss the general 1l)ethcds available for obtaining aromatic sui-
phonic acids. Describe their important properties and industrial Ul<e8. 

(Bombay B.Sc., 1967) 
10. How would you prepare Hinsberg reagent 7 What are its chief 

uses? iPanjab B.Sc. III, 1968) 

11. What IS meant by sulphonation.l 
How is benzenesu,lphonio acid prepared 7 
How will you obtain the following from benzene sulphonic acid? 
(i) Phenol, (ii) Phenyl cyanide, (iii) Benzoio ,acid and (itl) Benzene 

sulphonamide 7 (Ujjain B.Sc., 1968) 
12. How is benzenesulphonio aCid prepared f What are its important 

reactions ~ How can it be converted into (i) benzene; (ii) benzene sulphonyl 
chloride ? (Tribh'Uvan B.Sc., 1969) 
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They are the derivativ.es of aromatio hydrocarbons in which one 
or more H-atoms of the nucleus have been replaced by nitro groups, 
NO •. Thus; 

]'\0, ~O: ~Ol 

0 --+ a ONO' O,,,ONO' 
Benzone Nitrobenzene, m.Dinitrobellzene, 8.Tl'initroben2'ene, 

1,3·Dinitrobonzeno 1,3,5' .Trmitrobcnzeno 

CHs CH3 CRa CRs 

0 --+ ONO. 0 O'''ONO' 
NOt N02 

Tolaene o-Nitrotoluene p.Nitrotoluene 2,4,O.Trinitl'otoluenl;! 
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The nitro-compounds could also be regarded &s derivatives of 
nitric acid in which the OR group ha.s been replaced by an aryl 
radical. 

o -OR /0 
HO-N( _ -+ CaHa-N\i 

o +CeH6 0 
o 

Thus the accepted structure of nitro group is -N {. . ~O 

Aromatic nitro compounds are of far greater importance: than 
the aliphatio nitrocompounds. This is so because of their easy pre
paration, and more especially because it is from them that the 
amino and diazonium compounds are commonly obtained. They 
are used in large quantities for the preparation of dyes, drugs, per
fumes and explosi ves. 

NffiTRODSOFFORMATION 

The substitution of a nitro group for hydro!len of the nucleu8 
is termed nitration. It may be effected by the following methods: 

(1) Action of Nitric acid. The most common method of 
nitration is by the direct action of nitric acid on a hydrocarbon. 
Thus, benzene on treatment with concentrated nitric acid at room 
temperature forms nitrobenzene. 

CaHal 'EC:t--B'OiNOa -+ (".H,NOa + HaO 
--------.-.. -.. --.-. , Nitrobenzene 

In actual practice, a mixture of nitric acid and concentrated 
sulphuric acid is genera.lly employed. The sulphurio acid promotes 
the reaction by taking up water and thus protecting the nitric acid 
from dilution, and also by acting as a catalyst .• 

To introduce a second and a third nitro group in the nucleus, 
it is necessary to use a mixture of fUD;ling nitric acid and concentrat
ed (or fuming) sulphur~c acid at elevated temperatures. Thus: 

Since all nitro j}ompounds are insoluble in water, they are 
isolated from the rea.(ltion mixture by pouring it. into water; the 

- -According to Bennet and Ingold (1946), nitration in Sulphuric acid ill 
due to the production of nitronium ion, N02+ whioh, is, in fact, the active 
nitration agent. 

HNOa + 2HaS~ -+ NOa+ + H30+ + 2HS~ 
The existence of t:.be nitlonium ion' has been confirmed by physical 

~thods. • 
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insoluble product being then removed from water by filtration or 
decantation. 

(2) Action of Acetyl nitrate. In certain cases, acetyl nit· 
rate· is used as a nitrating agent with advantage, since it intro
duces only one nitro group in the ortho position. Thus: 

OH3 OH3 

Oii!: i f!~;?-~1i:~ ~ ONo, + CH,COOH 

Toluene Il·Nitrotoluene 

The use of acetyl nitrate is somewhat dangerous, since it tends 
to explode when heat(>d. 

, (3) From Diazonium salts. Nitrocompounds are also pro
duced by the action of nitrous acid on diazonium salts in the pres
ence of cuprous oxide. Thus: 

O,HaN.Ol + HNOz --+ O,HaN02 + HOI 
Benzenediazonium Nitrobenzene 
. ohloride 

This method is of theoretical interest only. 

PHYSICAL CHARACTERISTICS 

. (1) A few nitrocompounds including nitrobenzene, are pale 
yellow liquids having pleasant sweetish odours. All others are 
almost colourless crystalline solids with no .odour. 

(2) They are volatile in steam. 

(3) They are heavier than and insoluble in water but dissolve 
rea.dily in organic solvents such as benzene, alcohol and ether. 

(4) The mono·, di., 'and trinitro derivatives of benzene and 
toluene ha.ve progressively higher melting and boiling points. 

Nitrobenzene 
m-Dinitrobenzen e 
o·Trinitrobenzene 

M.Pt. B.Pt. M.Pt. 
5·7· 210°1 o-Nitrotoluene _10· 

90'SD 303· p.Nitrotoluene 52· 
1220 _ m.Nitrotoluene 160 

2,4, 6·Trinitrotoluene S'15° 

B.Pt. 
218 0 

2340 

2300 

(5) When heated strongly, polynitro.compounds detonate with 
explosive violence and cannot, therefore, be distilled under atmos· 
pheric pressure. 

CHEMICAL CHARACTERISTICS 

The nitro compounds are composed of one or more nitro groups 
linked to the benzene nuc:1eus. Their chemical behaviour may be 
Bummed up as follows: 

.Acetylllitrate. Acetyl nitrate needed for nitration is prepared by the 
reaction between acetic anhydride and nitrogen pentoxide. 

(OH3CO)aO + NaOG --+ 20HaOO'!J.N02 
Acetyl nitrate 
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(1) The nitro group is firmly held by the nucleus a.nd cannot 
be ordinarily replaced by other atoms or groups. However, in 
0- and p-dinitro cOII1pounds one of the nitro groups is 1,lncomfortable 
and II1ay be exchanged for OH, NHa, etc. Thus: 

ONHS Alc~3 ONOI Aq.~OH OOR I 

NO, ~ NO l ~. NO.1 
o.Nitroaniline o.Dinitrobenzene a-Nitrophen\J! 

(2) The nitro groups, being made ()f nitrogen and oxygen only, 
show no other reactions except those of reduction. 

(3) Th.e benzene nu~leus gi~es the usua.l ~lectrophilic s~~sti
tution reactIOns le'3s readIly and m meta posItIOn to the orlgmal 
nitro group. 

Reduction of Nitro-colDpounds. The behaviour or' nitro
compounds on reduction is of grea't theoretical and practical 
interest. The course of reduction in case of nitrobenzene, for 
example, has been shown to take place as followp through three 
stages. 

I II III 
CsHs~Oa ~ CeRoNO ~ CsHsNHOH --+ C6HSNH, 

Nitrobenzene Nitrosobenzene Phonylhydroxyl&mine Aniline 

However, the nature of the product actually obtained chiefly 
depends on whether the reduction is carried in acid, neutral or 
alkaline solution. -' 

{I) REDUCTION IN ACID - SOLUTION. The r.eduction of nitro
benzene with a metal and acid (Sn+HCI; Fe+HCI) gives aniline. 
This is so, because the intermediate .compounds nitrosobenzene and 
phenylhydroxylamine are transitory and the stages I and II are, so 
to say, sltipped over giving straightway the end product. 

Thus: -
.. Sn/HCl 

CaH5NOa + 6[H) ~ CaRoNHa + 2HsO 
... (2) REDUOTION IN NRUTRAL SOLUTION. With a neutral reduc

ing agent (Zinc dust+NH,Cl solution), the reduotion is interrupted 
after stage II and phenylhydroxylamine is obtained as a stable pro. 
duct. The intermediate nitrosobenzene being transitory is not 
isolated. Thus: 

Zn/HgO 
CeB5N02 + 4[H] ~ CeH5NHOH + H20 

(3) REDUCTION IN ALKALINE SOLUTION. With alkaline reducing 
agents (Zn t NaOH ; SnCl,+NaOH, etc.) the reduction is inter. 
rupted after stage II que to side reactions. The nitrosobenzene and 
phenylhydroxylamine react together to form azobenzene and 
hydrazobenzene. Thus: 

OH 

CaHs-*-lI 
+ 

C.HIi-N=O 

C6R6-N~O 
II 

C'eHs- N 
Azoxybenzene 
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C,Hti-N 
_ n + HaO 

CeH5-N 
Azobenzene 

CeH5~NH 
+ 2[H] -- I 

CeH5-NH 
Hydrazobenzene 

(4) ELEOTROLYTIC REDUCTION. When nitrob6nzen~ is reduced 
by electrolysis in' strong sulphuric acid solution, 'the reaction is 
interrupted after stage II since phenylhydroxylamine as soon as 
it is produced, undergoes an intramolecular rearrange~ent to give 
p-aminophenol. 

O COno. HsSO, 0 
H NBOB __ HO NBs 

Phenylhydroxylamine p.Aminophenol 
. The oomplex behaviour of nitrobenzene on reduction may be 

summed in the table below. 

CaRaNOa _ CaRtiNO 
Transitory 

Isolated in oono. aoid 
HIIN.CeH,.OH 

t 
_ CGH~HOH __ CaHoNHa 

Isolated in neutral Isolated in 
solution acid solution 

Isolated In alkaline solution 

All aromati~ nitro compounds form similar products to those 
obtained from nitrobenzene in the above scheme. 

Tests for Nit~o group. (1) A little given rubstsnce is 8\Jspended in 
water and reduced with tin and hydrochloric acid. The solution thus obtained 
is cooled and a little sodium niirate solution is added to it, and then a few drops 
of alkaline solut.ion of a-naphthol are added. A red precipitate of azo-dye shows 
the presence ofNOil group in t!le original substance. . 

(2) The given substance is boiled with zinc dUlit and alcohol, and filtered. 
The filtrate is then heated with Fehling's solution. A red precipitate indicates 
the presence of N02 group. In this reaction'the nitro c,)mpound is first reduced 
to a.rylhydroxylamine wpich reduces the Fehling's solution to red cuprous 
9xide. 

INDIVIDUAL MEMBERS 

'NITROBENZENE, OIL OF MIRABANE, C6H~02 
It was first isol~ted by Mitseherlioh in 1.834. It is sold,as, 

a,rtificial oil of bitter almonds under the name 'Oil of M irabane~. 
J)reparation. LABORATORY METHOD In the laboratory, 

nitrobenzene is prepared by the action of a mixture of conc. HNOa 
and cone. H,SO, on benzene at ordinary tempera.ture. 

CsH,;:''H''+''iIOiNOII __ C60 5N02 + H20 
Ben~eiie"""'Nitric acid . Nitrobenzene 

120 mI. concentrated sulphurio acid is slowly' mixed with 60 ml. concen
trated nitrio acid in a round· bottomed flask. 70 mi. benzene is then gradually 
added to it Crom 6 tap Cunnel. The &Bk Is shaken after eaoh addition and 
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the tem rature of its contents -iii kept below 60° by immersing the 'Bask in 
cold waI:. if necessary. This is import.a.nli as at a higher temperature ~-dinitro-

Fig. 'l)·l, Distillation of Nitrobenzene. 

benzene is formed. When all the benzene has b~en added, thc mixture is 
heated on a water-bath at 60° for an hour or 80 to complete the reaction. The 
contonts of the fiask are then transferred to a separating funnel and the lower 
acid layer drawn off. The nitrobenzene left is shaken successively with ~ 
lIOdium carbonate solution and water to HNO + Ii ~a C H. 
remove any acid. The lower layer of,ben- 3'" 6 6 
zone after washing is drawn off and dried ~ r-
by standing over fused' caloium ohloride. l , 
It is finally distilled using aD air oondenser 
(Fig.40·1). The fraction pBssing between 
21)8-212° is collected; it oonsists of almost 
pure ni.robenzene. 

CoMMERCIAL METHOD. On a. 
large scale also, nitrobenzene is 
prepared by the action of a mixture 
of nitric acid and sulphuric acid on 
benzene: The working details' re
,main the same as in the laboratory 
process except that here the nitration 
is carried in a. pan provided with a. 
stirrer and a cold. water pipe, Ai! 
th~ end, the spent acids are with· 
drawn and the nitrobenzene layer 
given the necessary washings. The 

d · eel f' Fig. 40·2. pro uct IS expos to a current 0 Manufaoture of Nitrobenzene. 
steam 'until free, from benzene, 

Properties. (PhY8ical). Nitrobenzene is a pale yellow oil!! 
liquid (b.p. 2100 

; s1'. gr. 1'087) havirig odour of bitter almonds. I~ 
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colour darkens somewhat with age. It is insoluble in water but 
dissolves readily in alcohol and ether. It is volatile in steam. Its 
vapours are poisonous. 

(Ohemical). The chemical reactions of nitrobenzene are those 
of a nitro group and a phenyl radical. 

, (1) The nitro group is tightly attached to the phenyl radical 
and cannot be replaced by other atoms' or groups. Thus aqueous 
alkali or alcoholic ammonia has no action on nitrobenzene. 

(2) When reduced with tin and hydrochloric acid, 'it is con
verted to aniline. 

CaR6NO. + 6(R] ~ CeH6NHa + 2HaO 

. The reduction of nitt:obenzene in neutral and alkaline solutions 
gives a variety of products as mentioned earlier. 

(3) Under suitable conditions nitrobenzene can be nitrated, 
sulphonated and chlorinated to form meta substitution products. 

NOc 

ONO. 
m·Dinitrobenzene 

NOc 

O'O.H 
f)!.-Nitrobenzene 
8ulphoDlC acid 

I 

NO, 

(1, 
f)!..Chloronl~l"obenzene 

Uses. Nitrobenzene is used: (1) for scenting cheap soaps: 
(2) for making sho.e polishes, since it is an excellent solvent for the 
dye and penetrates leather well; (3) in the manufacture of floor 
polishes; (4) itS a high poiling solvent; (5) for the manufacture of 
aniline and some azo.dyes ; and (6) as an oxidising agent in organic 
synthesis .. 

m-DI~lTROBENZENE! C6H4(~02)2 

Of the three isomeric dinitrobenzenes (0., m·, p-), the meta 
derivative is by far the most important. It is prepared by heating 
benzene with a mixture of fuming nitric acid and sulphuric acid .. 

\ 

About 7'per cent of the ",-isomer is also obtained which is reinove~ 
during crystallisation. 

m-Dinitrobenzene forms pale yellow crystals, m.p. 90°. It is 
insoluble in water but is volatile in steam. It is very poisonous. 
When reduced with alcoholic ammonium sulphide, it is first con
verted to m·nitroaniline and then. to m-phenylenediamine. Both the 
nitro groups are tightly held by the nucleus. and cannot be replaced 
by other atoms or groups. . 
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6~o. (~::"S 6~0. (::::,.s 6:H .. 
. m.Nit.roamlms m.Phenyleneummme 

It is used i9 the manufacture of explosive Roburite and 
S~curite, and for preparing m.phenylenediamine. 
o-D1NITROBENZENE, C6H,(N02), 

It is formed by the direct nitration of nitrobenzene and is 
recovered from the mother liquor after separating the crysta.ls o'f 
the m-isomer. It may also be prepared from the corresponding 
nitro-aniline by replacing the NHa by NOa by diazotization and 
treatment with excess nitrous acid and OuzO. 

NH, 

O~o. 

o-Nitroaniline 

NOa 

~2 0", NO, 

Cu:O , .... 

o_Dinit.robenzone 

o.Dinitrobenzene is a colourless solid, m.'p. 11 8°. It resembles 
the m-isomer in the behaviour on reduction. It differs from the 
latter in that one of the NOa groups can be replaced by OR or NH2 
by boiling with aqueous sodium hydroxide and alcoholic ammonia 
respectively. 

O~O' 6~0' 
o·Niti'oanilino 

,P-DINITROBENZENE, C&H,(N0212 

Like the a-isomer, it is prepared by diazotization of p-nitro
aniline and treatment with excess nitrous acid and OUaO. It may 
also be obtained by oxidising p-benzoquinone dioxime with nitric 
acid. 

NOH o + 3(OJ 

II' 
NOH 

p-BE'nzoquinone 
dioxllne 

HNO, 0' + H,O 

NO, 

p.Dinitrobenzene 

p-Dinitrobenzene is a colourless solid, m.p. 174°. It resembles 
closely with the a-isomer; (1) it can be reduced in two stages giving 
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p-phenylenediamine; (2) one of the NO, groups can be replaced by 
OB or NB. by treatment with alkali or ammonia. 
1,3, 5-TRINITROBENZENE, s.TlUNITROBENZENE, CsHa(NO.). 

It',may be made by heating m.diDjtrobenzene with a mixture 
of fuming nitric acid and fuming sulphuric acid for five days. It is 
more conveniently prepared by o.Kidising' trinitrotoluene and then 
knocking the CooH group by heating in acetic acid solution. 

CH3 

0'''0''°' ~ 
I NO, 

2, 4, 6-trinitrobenzene 

~2 OtNONO. 

~. 

NO • 
.,·trinitrobenzeDe 

8-Tdnitrobenzene crsstallises in snow· white leaflets, m.p. 122°. 
It forms well-defined addition compounds with numerous aroma.tic 
compounds such as hydrocarbons, phenols, etc. On~ of the three 
NOz groups can he replaced by OR/o.r NH2 by the same reagents 
which attack the o· and p.dinitr,vhenzenes. 

Trinitrobemene (T.N.B.) is used in making explosives; ,it has 
a greater explosive power than trinitrotoluene. 

N1Tl\OTOLUENES, CHa.CsH,.NOa, 

Toluene nitrates readily with a mixture of nitric and 'sulphuric 
acid~ to form a mixture of o· and p.nitrotoluenes. 

CH. 

0"°' + 

These may be separated by fractional distillation under reduc· 
ed pre88ure. 

About 4 per cent' of m·nitrotoluene is also obtained by direct 
nitration of the toluene. When needed in large quantities it is 
prepared indirectly byacetyl&ting p.toluidine, nitrating the acetyl 
d~vative, deacetylating and replacing the amino group by hydrogen. 

ell, o CH~(,I 
NH. 

".Toluidino 

0
('11, fINO. oeH. H.O Q~' - _. 

NO. -NO, 

NHCOCH NHCOCH, HI 
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The NH, group in toluidine has to be acetylated to proteot it from 
oxidation and, to help ortho orientation. 

Properties. o·Nitrotoluene is a liquid, m.p. -4°, b.p. 222°, 
m-dinitrotoluene is a liquid, m.p. 16°, b;p. 227°; o·nitrotoluene is a 
solid, m.p. 54°, b.p. 238°.' All nitrotoluenes may be reduced in aoid 
solution to give the corresponding toluidines. On oxidation with 
potassium permanganate, they are converted to nitrobenzoic acids. 
the CHa group being transformed into COOH group, o·isomer, w,hen 
heated with sodium hydroxide and' alcohol, undergoes an interest
ing internal oxidation, and reduction to form o-aminobenzoio acid. 

OOBS N:aO~HIOH O:COOH 

N~' 2 

o-Ammobenzoio acid 

2, f, 6-TRINlTROTOLUENE, CSaCsBs(NO.l. 

It may be prepared by nitrating toluene with a mixtu're of 
fuming nitric acid and fuming sulphuric acid, but generally it is 
prepared by carrying the reaction in three- independent I!teps. 

+ 6 
NO, 

CHI 

HN~,SO. OINONOa 

100· 

NO. 
2, 4. 6_Trinitr.otoluene 

The .spent' acids from the third step are utilised for effecting 
the second step, and those from the second step for effeoting the 
first step; thus there is no wastage. The produot is run into-water 
washed with sodium sulphite solution to dissolve out any i80mel'8 
leaving pure trinitrotoluene. 

Trinitrotoluene is a faint yellow crystalline solid, m.p. 81°. 
The molecule being loaded with negative nitro groups is under 
atrain, and has enough oxygen for internal combustion ; it therefore, 
explodes violently on detonation. On explosion it is believed to de
oompose as follows. leaving no residue. 

2CH,C.H.(NO.l. _ HCO + 3N. + 5Hs 
The sudden liberation of large volume of gases lenas intensity 

to the explosion. 
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PROPE~LANT 
CHARGf 

tJOOSTEI? 

Fig. 40·3. T.N.T. Bomb. 
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Trinitrotoluene is ex
tensively employed as a 
high explosive (TNT). It 
is a reasonably safe ex
plosive, requiring strong 
detonation to set it off. It 
is used for filling ~hells, 
bombs and torpedoes. Mixed 
With ammonium nitrate, it 

forms the blasting material amatol. 

Phenl'lnitromethane, CSH5.CH2N02• It is isomerio with' nitrotoluenes 
but has the nitro group in the side-ohain instead of the ring. It. may be 
prepared (1) by heating toluene with dilute nitrio aoid in a sealed tube at 100°. 

CaB 6·CH3 + BN03 ~ CSH6CHsNOll + H 20 
or (2) by treating benzyl iodide with silver nitrite. 

CeH6CH2I + AgNOll ~ CsH:;CB2NO, + AgI 

Properties. Phenylnitromethane is a 'yellow oil, b.p. 226°. Like the 
prims!y nitroalkanes it exhibits ta~tomerism and ha.s small amount of the aei 
form In contact. 

,)10 
CaH 6CH2·N '0 ¢ 

nitro form aciform 

Thu'J phenylnitromethane (nitro form) dissolves in Sodium hyqroxide to 
give sodium lIalt of the aei form, whioh when treated with 8 mineral acid 
liberates the ad form. The latter is a. solid, m.p. 34°, but on "tanding it soon 
changes into the liquid phenylnitrometha.no. 

Q.UESTIONS 

1. Desoribe the various methods commonly used for intrOducing nitro 
groups in th~ benzene ring. 

2. Disouss the behaviour of aromatio nitro compounds on reduction. 
taking nitrobenzene as an example. Indioate the nature of compoWlds formed 
under different conditions. 

3. By wha.t chemical reaotione would you distjngui~h between nitro
ethane and nitrobenzene ! 

4. How is nitrobenzene prepared in the laboratory? How would you 
conTert it into aniline? 

5. Write brief notes on T.N.B., T.N.T. and phenylnitromethane. 

6. Describe the preparation of nitrobenzene in the Ia.boratory. Wba.t 
products a.re obtained on reduction of nitrobenzene under aoidio and alkaline 
conditions 1 (Gorakhpur B.Se., 1967) 

7. How oan nitrol:;enzene be prepared on a )ar~e Bca.le ? Give a.n account 
of the products obtained from it by reduotion under different oonditions. 

(IndortJ B.Sc. III, 1967) 

s. Discuss the different methods for the preparation of ar9roatio nitro-
compo~nds. Disouss their industrial importance. (Bombay B.Se., 1967) 

9. Deecribe tbe reduotion of hitrobenzene under d~fferent conditions. 
(Bombay B.Sc., 1968) 
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10. Describe. the method for the preparation of 2,4, 6.trinitrotoluene. 
Predict the products of the following reactions with, equations. 

(a) Nitrobenzene is wa.rmed with iron powder and HOI followed by 
treatment with aqueous solution of sodium hydroxide. 

(b) m·dinitrobenzene is treated with ammonium hydrogen 
sulphide. 

(c) The product obtained in (al is purified and treated with conc. 
H 2S04 and heated IIot 150·160°. 

(a) The product obtained in (a) is purified and treated with chloro. 
form and KOH and warmed. (Jaaavpur B.Sc., 1969) 

n. How is nitrobenzene prepared in the laboratory? Give an account 
of the products obtained by its reduction under different conditions. 

(Marathwaaa B.Sc., 1969) 

12. How is nitrobenzene obta.ined on. a large Bcale? Discus!! fully the 
reduction of nitrobenzene under different conditions. Ml;lntion the importa.nce 
of the reduction products. (Bombay B.Sc., 1969) 
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The primary amines are further designated as monoamines, diamines 
and triamines according to the numb.er of NH!! groups present in ·the 
ring. The secondary and tertiary amines may be purely aromatic, 
(ArIlNH; ArsN) or mixed aliphatic-aromatic (Ar.NH.R ; Ar2N.R; 
Ar.NRz). 

1. PRI.rIARY MONOAMINEs,(Mo1!.Oamino Oompounds) 

They are primary aroma.tic amines having one NHII group in 
the ring. They may be regarded as derivatives of hydrocarbons in 
which one nuclear H atom has been replaced by an amino group; 
thus they are often named as amino-hydrocarbons. Benzene and 
toluene give rise to the following monoamines. 

NHI 

o 
Aniline, 

Aminobonzene 

CR, 

ONH. 
0-Tol uidlOe. 

o_a.minotolune 

MEmODS OF FORMATION 

CHa 

ONH' rn-Toluidine, 
m-aminotoluene 

6' 
NH, 

p-TolUidine. 
p.a.minotoluene 

(I) Reduction of Nitro-compounds. Monoamines are 
nearly always prepared by the reduction of the corresponding nitro
compounds with a metailltnd acid e.g., tin, z~nc or iron with hydro
chloric acid. 

Sn/BCI. 
CaR5NOll + 6[B] ~ CaHsNH, + 2H20 

Nitrobenzene 

Sn/BCl 
CBs.CaR,.NOIl + 6[R] ~ CRs.CaR 4.NBz + 2RsO 
Nitrotoluene Toluidine 

Nitro.compounds may alap be converted to the amines by 
catalytic reduction at 200°-400°. 

(2) Ammonolysis of Chloro derivatives. The chIoro
derivatives of aromatic hydrocarbons react with ammonia in the 
presence of a catalyst (copper salts) at high temperature and under 
pressure to yield the corresponding amino-compounds. . 

Thus: 
2000 

2CaH 6Cl + 2NRs + CUtO ~ 2Cs!iGNBS + CUsCls + HIIO 
Chlorobenzene 

(3) Ammonolysis o_f Phenols. Phenols react with ammonia 
in the presence of zinc chloride at about 300° to form the corres
ponding amines. Thus: 
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(4) Hofmann's-Method. Aromatic amides are converted to 
primary aromatic amines by the action of bromine and alkali. 

Thus: 
Br2/KOH 

CeH&CONH2 ---+ CeH&NHa 
Benzamide 

(5) Action of Hydroxylemine on hydrocarbons. Aromatic 
hydrocarbons react directly with hydroxylamine in the presence of 
a catalyst (FeOI3. AlOia) to give mOl)oamines. 

C8H&~~::+:~:~iNH2 __ CaH5NHa + H 20 

PHYSIOAL OHARAOTERISTICS 

(1) Monoamino compounds are colour_less Jiquids or solids 
having a characteristic odour which is not unpleasant. They turn 
brown in air owing to oxidation. 

(2) They are volatile in steam, and can be distilled without 
decomposition. I 

(3) They are sparingly soluble in water but dissoh'c readily in' 
common organic solvents. 

(4) They are much weaker bases than alkyl amines und are 
neutral to litmus. 

(5) They are toxic; their contact with skill rlcstroy.~ red blood 
cQrpusc]es. 

CHEMICAL CHARACTERISTICS 

Monoamino compounds are made of one NH2 group attached 
to a hydrocarbon nucleus. The negative character of the aromatic 
nucleus influences the behayiour of the amino group ill Jllany ways. 
Nevertheless, amino.compounds show readily all the reactions of 
the. aliphatic primary amines ; the chief difference is their eharactet·· 
istic behaviour' on treatment with nitrous acid. 'rhe hydrocarbon 
parts of the amino.comp()unu::l give the usual substitution and other 
reactions, while the alky' groups in aliphatic u.mines are inert, 

(1) Action of adds. Amino compoull(l,. combine with strong 
acids to form erysta.lline salts. Thus: . 

+ -CsH5NHa + Hel __ CeHsNHaCI 
Aniline hydrochlorid& 

Aniline hydrochloride is Ilpprcciably soluble in water and 
undergoes hydrolYSis to a great extent according to the reversible 
equation: 

+ -
CeH5NH3CI ¢ C6H6NHa + HCI 

Aniline is a weak bnf:e, l'iJl('(! the lOll(' pllir of ('J('C11'0118 011 the 
N atom have a tendency to get pnil'ed with the benzene ring. In 
the absence of the lonepnir on N·atom, it will hll.\,o no tendency to 
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'get co.ordinated with a p;o.ton. In anil!ne molecule, the lone pair 
.on N is shared as follows, glvmg th,e{of[owmg resonance structures-

The similar salts of aliphatic amines are not h_ydrolysed. 

(2) Action with active metals. The negative aryl radical 
a('creases the basic character of the ,NH2 'group, and even makes it 
acidic. Thus amino.compounds when heated with' sodium or 
potassium, form metallic derivatives with the liberation of hydrogen. 
Thus: 

CsHsNH2 + K --+ CsHsNHK + ~H2 
Pot. anilide 

(3) Action with alkyl halides. Amino.compounds react 
with alkyl halides to form second!!ry and tertiary amines, the final 
product being quaternary ammonium salt. Thus: 

CoHsNH2 + RI --+ OeHsNHR + HI 
Secondary amine 

CsHsNHR + RI --+ CqHsNR3 + HI 
TertIary amine 

+_ 
CsHr;NR2 + RI --+ [OeHr;NRsJ I 

Q. Amm. salt 

'rhe separation -of tho mixture may be done by Hofmann's method 
used in the case of aliphatic amines. ' 

(4) Action with acyl chlorides: acylation. They reaCt with 
acyl chlorides or with acid anhydrides, to form deriva.tives known 
as anilides. Thus: 

C6HSNH2 + CHsCOCI --+ CsHsNH.COCHs + HCl 
Acetyl chloride Acetanilide 

CeH6NH2 + CsHsCOCi --+ C6HSNH.COOeH6 + HOI 
Benzoyl chloride Benzanilide 

Dilute alkali is added to neutrali;.e the acid produced during 
the reaction, and the reaction mixture is shaken or warmed if 
necessary. The preparation of acid derivatives as above is known 
us Schotten Baumann reaction. The anilides are well· defined 
crystalline substances and are used for characterising aromatic 
amines. 

Acetylation of amino.compounds is dOllO to protect the NH2 
group during nitration. 

(5) Action with chloroform; Carbylamine reaction. When 
heated with chloroform aIllI alcoholic potash alnino.compounds form 
the offensive smelling carbylamincs or isocyanides. 
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This reaction forms a test for the aromatic primary amines; 
it is also given by aliphatic primary amines. 

(6) Action with aldehydes. They undergo condensation 
with aromatic aldehydes to form anils or Schiff's bases. Thus: 

CaH 5Nj-HB"--:j:.-·-Oi=HCCeH 5· __. CeHt;N =HCCeH6 + H 20 
-------···---Benzalde~yde BeI)zalaniline 

Schiff's bases are readily hydrolysed to liberate the original 
amine; their formation, therefore, offers a means for protecting the 
NHs group. These compounds are also used to prepare secondary 
amines by r"ednotion. 

CaHliN = HC.CaH 5 + 2[H] --t CaH5NH-CH,CaH, 
Benzalphenylamine 

(7)' Action with Grignard reagents. Amino.compounds 
react with Grignard reagents to form hydrooarbons. Thus: 

RfMgBr'-+---C~H5NH! H --+ RH + CaHs.NH.MgBr ...................................... -

(8) Action of Nitrous acid. They react with nitrous acid 
and excess of a mineral aoid (HOI or HsSO.) at 0°0 to form diazo. 
nium.salts. 

CaH5NHs + HOI __. CeHt;NHaC1 /EC--------:aoi . _ 
C8H~~:H + (;N --+ C.Ht;NeN + 2H.0 

I 'H 0:' : 01 . ~---------------. in 
Benzonediazoni.wn ohloride 

Aliphatio primary amines do not form diazonium salts under 
similar conditions; they produce alcohols with liberation of nitrogen. 
This reaction is u_sed as a test for distinguishing betW'een 'aliphatic 
primary amines and amino· compounds. 

INnIVJDUAL MEMBERS 

ANILINE, AMlNOBENZENE, CeHsNHs 

Aniline was discovered by Unverdorben (1826) who obtained 
it by the destructive distillation .of indigo. It was later isolated 
from coal. tar by Runge (1834). Fritzsche (1840) also -prepared it 
from indigo and gave it the name aniline (Sanskrit, nila = indigo). 

Aniline is prepared both in the laboratory and on the commer· 
cial scale by the red~~tion of nitrobenzene. 

CeH5NOS + 6[H] ~ CeHt;NHs + 2HsO 

Laboratory Preparation. In the ~aboratory aniline is pre· 
pared by the reduction of nitrobenze~e with tin and hydfochloric 
acid. 
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Aniline produced by reduction at once combines with stannous 
chloride and hydrochloric acid to form the soluble salt aniline 
stanni-chloriae, (CeH5NH2)a.HzSnCJe. 

20eT:r&NHa + 2HOI + SnOI, ~ (OsHsNHa)s.HIISnCle 
Aniline stanniohloride 

The S!l.lt when decomposed with alkali regenerates aniline which is 
then removed by steam·distilla.tion. 

Fig. 41·1. Steam.distillation of aniline. 

25 gm. nitrobenzene and 50 gm. granulated tin are plaoed in a 
round-bottomed flask fitted with an air condenser. 100 ml. concentrated hydro. 
chlorio aoid are poured down the condenser in instalments of 20 mi. at a time, 
the flask being shaken after each addition. A brisk reaction sets in and the 
flask is oooled by immersing in cold water, in case the reaction beoo~eB too 
violent. When all the acid has been added, the oondenser is removed and the 
open flask is heated on a water bath until the smell of nitrobenzene has CUs. 
appao.red. At this stage the flask is cooled and a solution of sodium hydroxide 
in water (20 gm. per 100 mi. water) is added in small quantities. The aniline 
whioh is liberated as a dark ooloured oil is separated by steam-distillation. The 
distillate consisting of aniline and water is shaken aeveral times with ether. 
The ethereal extract is dried over anhydrous caustio potash and then etl:ier re
moved by distillation The aniline thus obtained is further purified by distil· 
lation through an air.condenser. 

Industrial Preparation. Aniline is prepared on a. large 
scale by the reduction of nitrobenzene using iron and hydrochloric 
acid. • 

0eHsNO. + 3Fe:+ 6Ho! -. CeHsNHa + 2HsO + \3FeOa 

In actual practice about one-fortieth of the amount of hydro. 
chlorio acid necessary according to the above equation is used. This 
is so, because iron acts upon water in the presence of ferrous chloride 
generating hydrogen which carries on the reductipn of nitrobenzene 
Thus, the overall reaction may be written. as 

FeOlli 
0eH5NO• + 3Fe + 2:B;sO ~ CeH5NHa + Fe,O, + 2H 
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In some modern processes, the reduction of nitrobenzene is 
effected by means of iron and water in the presence of ferric chloride, 
thus eliminating the use of hydrochloric acid. 

A charge of scrap iron, water and hydrochloric acid is placed in the 
reducer. Steam is now passed in through the hollow stirrer till boiling sets· 
in. Now nitrobenzene is added gradually so that the charge just keeps boiling. 
When the reduction is complete steam is again blown in wherehy aniline is 
distilled off. The aniline water mjxture coming from the condenser is allowed 
to separate in a tank. The crude aniline is finally purified by distillation under 
vacuum. 

STEAM 
t 

WATeR 

ANILINE 

S6PARATJI!IG TANK' 

TO IfAClIUM 
- (:>"ISTIHAT/ON 

PLANT 

Fig. 41·2. Manufacture of aniline by the reduction of nitrobenzene. 

In a more recent American method, aniline is made by the 
treatment of chlorobenzene with ammonia at 340° and 340 atmos. 
pressure in the presence of catalyst. In another. modern process, 
nitrobenzene is reduced catalytically with hydrogen or water gas. 

Properties. (Physical). Aniline, when freshly prepared, is 
a colourless liquid, b.p. 184°, having a faint but characteristic odour. 
It rapidly darkens in air due to oxidation. It is sparingly soluble 
in water but is volatile in steam; it dissolves readily in alcohol and 
ether. It is poisenous. 

(Ohemical). An(Iine molecule is made of one NH2 group 
linked to the benzene nucleus. .At the NH2 group it gives all the • 
replacement reactions of the alipbatic primary amines, and differs 
only in its behaviour towardl3 nitrous acid. The benzene nucleus 
gives the usual electrophilic substitution reactions in ortho and para 
positions. 
Re.ctloD8 due to NH2 group 

(1) FORMATION OF SALTS. Aniline forms crystalline salts witb 
strong acids. Thus: 

CGHSNH2 + ECl __ CsH 5NH2.HCI 
Aniline hydrochloride 

2CoH6NH2 "+ liaS04 __ (CSH5NH2)2·H2S0. 
Aniline Bulphate 

These sa.lts are readily hydrolysed in water solutions. 
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(2) ALKYLATION. Aniline reacts with alkyl halides to yield 
alkyl-anilines and the qllatevnary ammonium salts. Thus: 

CHs! CHaI CHal + 
CSH 6NH2 --+ C6HsNHCHs --+ CsHsN(CHa)u --+ [CsH sN(CHs12]I 

Methylaniline Dimethylaniline Quaternary salt 

(3) ACYLATION. Aniline, when treated with an acid chloride 
in the presence of alkali, forms ant·lide8. 

CSH5NH2 + CHaCOCl --+ CsH5NHOCCHa + HCl 
Acetanilid.e 

(4) FORMATION OF SCHIFF'S BASES. Aniline reacts with aro
matic aldehydes by elimination of water molecule to form anil8 
or Schiff'8 ba8e8. 

csH 5Nlft;"+"'O'1=HC'CsH6 --+ CSH6N=HCCsHs + HaO 
, ... ·······Benzl\ldehyde Benzalaniline 

(5) CARBYLAMINE REACTION. When heated with chloroform 
and alcoholic potnsh, aniline forms phenyl carbylamine or isocyanide 
which is at once recognised by its oiffUsive smell. 

CSHsNHg + CHCla + SKOff --+ CaHsNC + SKC!" + SHaO 
Carbylamine 

(6) ACTION WITH GRIGNARD REAGENTS. Aniline reacts with 
Grignard reagents to form hydrocarbons. 

RMgBr + C6HSNH2 __ RH + CaHsNH.MgBr 

(7) DIAZOTIZATIO~. When treated with nitrous acid in the 
presence of excess hydrochloric acid at 0°, it forms ,benzenediazonium 
nhloride~ 

0° 
06H5NH2 + HN02 + B01 __ C6H6N2Cl + 2H20 

(8) REACTION WIrH ANILINE HYDROCHLORIDE. When aniline 
is heated with aniline hydrochloride in a closed vessel at 260°, it 
gives diphenylamine . 

. CaH5NH1H'''+''"Cli:t~N;caH5 _ (CaHs)zNH + NH,Cl 
...................... ' Diphtlnylamine 

(9) ACTION WITH CARBONYL CHLOnIDE. Aniline reacts readily 
with carbonyl chloride to form phenyl isocyanate. . 

C6H5Nr~2~ + dbi.~!.~ _ CSH6NCO + 2HCl 

(10) ACTION WITH CARBON DISULPHIDE. When heated with 
alcoholic carbon disulphide and solid potassium hydroxide, aniline 
yields diphenylthiourea which is used in the vuJcanisation of rubber. 

CSH5NHifi .... ··· .... 1 - CaHliNH 
I + Sj=C=S + 2KOH --+-. '/GS + K 2S + 2HsO 

CaHsNHIH 1 CeH5NH 
Aniline .............. , Dipbeoylthiourea 

(2 moleoules) 
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(II) CoUPLING WITH DUZONIUM' SALTS. If aniline is treated 
with an aqueous solution of benzenediazonium chloride, it gives 
diazoaminobenzene. 

C.HIjN.iC(·+··lilHN'c.H6 --+ CeHsN=N:.NHCsH5 + RCI 
................... DiazoBm~obenzene 

Reaction. due to the' Nucleu 

(12) AOTION WITH HALOGENS. Aniline reacts much more 
readily with chlorine and bromine than does benzene. Thus when 
treated with aquoo'!ls sol:utions of chlorine or bromine, it at once 
forms a precipitate of 2, 4, 6-trihaloanilines. 

NH. 

BrQ .. rBr + 36r. ~ ~ 

2,4,6-TribromoaniUne 

, (13) AOTION WITH SULPHURIO AOID. When heated with funiing 
sulphuric acid. aniline forms sulphanilic acid. 

0'+ F.H,SO, ~ a + n,o 

BOsH 
SulpbILnilio aoid 

(14) ACTION WITH NITRIC AOID. Aniline is oxidised and char. 
red with nitric acid. It can be' nitrated, to a mixture of 0- and 
,p.nitroaniIines by employing a large excess of sulphuric acid in the 
nitrating mixture. However, if anHine is to be nitrated, it is always 
better to protect the NH2'group by acetylation before nitration. 
the NHCOCHs is restored to NHa by hydrolysis. 

(15) OXIDATION. Aniline is readily oxidised, the nature of the 
product depending on. the conditions employed. When oxidised 
with sodium diohromate and sulphuric acid, it forms aniline black 
a black dye of complex struoture. 

Uses. Aniline is used: (1) for preparing dyes and dye 
intermediates; (2) for prepari:Qg several derivatives such as acet·,· 
anilide, sulphanilic acid, nitroanilines, and sulpha drugs; and (3) as a 
solvent in the rubber industry. 

Tests for Aniline 
(1) Aniline has a characteris1iic odour: 
(2) It gives cIlrbylamine reaction. 
(3) On the addition of a few drops of potassium dichromate 

solution to aniline dissolved in sulphuric ~Cid, a deep blue or black 
colour is produced. 



ABOMATIO AMINES 747 

(4) If bromine water is added to an aqueous solution of aniline, 
pinkish precipitate is obtained. 

, (5) If a solution of bleaching powder is added to an ~queous 
solution of aniline, a purple colour is produced. . . 

(6) If we add a little sodium nitrate to an ice· cold solution of 
aniline in hydrochloric acid, and then add to it a few drops of an 
alkaline solution of ~.naphthol, 8r brilliant red precipitate is 
obtained. . 

Acetanilide, N.phenylacetamide, CsHII.NH.CO.CHs.· It is 
conveniently prepared by refluxing aniline with acetic acid, in the 
presence of anhydrous zinc chloride. 

CIIH~H2 + CHsCOOH ~ CsH5NII.COCHs + HaO 

It is obtained rapidly when acetic anhydride or acetyl chloride 
is added to aniline. 

Properties. Acetanilide crystallises from water in. small white 
leaflets, m.p. 114°. When heated with acids or alkalis, it is hydro. 
lysed, giving aniline and acetic acid. , ............................. , . 

COH6NH[?9.?~.~ ... ± ... ~glH --. CsHsNH2 + CHaCOOH 

Uses.. Acetanilide has long be!,ln used as febrifuge under the 
name of antifebrin, but now it has been replaced by more effective 
and less toxic mediciJles. It is a useful intermediate in reactions 
where the NH2 group needs to be 'protected'. 

Sulphanilic acid, p.aminobenzenesulphonic acid, p.NH,.CsH,. 
SOaH. It may be prepared by heating aniline with fuming sulphuric 
acid. It is obtained commercially by 'baking' aniline sulphate to 
about 200°. The mechanism of the reaction is believed to be as 
follows: . 

NH. 

Re!\rrangemen t 

Qn s 
SulphaDilic acid Aniline sulphate Phenylsulphamic aciid 

Properties. Sulphanilic acid is a white crystalline solid, 
m.p .. 288° with ~ecompo~iti~n. It is almost insoluble in cold water 
but dissolves faIrly readIly In hot water. 

Since in sulphanilic acid molecule we have an acid and a basio 
group existing side by side, it forms an internal salt or zwitterion. . 

Sulphanilio acid forms salts with strong bases but does.not do 
80 with aoids. This is due to the strong acid nature of the SOaH 
group whioh oompletely neutralises the basio NHg group. However, 
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the SOaH group is loosened by the presence of amino group in the 
para position. Thus sulphanilic acid when fused with soda-lime 
yields aniline, the SOaH being replaced by hydrogen. 

NHa NH2 0+ maOH 

SOaH 
Sulphanilic acid 

~ 0 + N .. SO. + H,O 

Aniline 

The SOaH group can also be replaced by N02 group on treatment 
with nitric acid. Sulphanilic acid may be diazotized. 

Uses. Sulphanilio acid is a valuable dye intermediate. Its 
substituted amides form the sulphanilamide drugs. 

SulphanUamide, p-aminobenzenesulphonamide. It is prepared 
by reacting acetanilide with chlorosulphonio acid, treating with 
ammonia to form the sulphonamide, a;nd subsequent hydrolysis of 
the acetyl group. 

NHCOCHa NHCOCBa NHa 

o 
Acetanilide 

O~O 
:S02NH, - SOIlNHa 

8ulphanilarnide 

Sulphanilamide is a white crystalline solid, m.p. 166'5°. It 
has recently come into great prominence in the medica.l field. 
Sulpbanilamide and its derivatives have a remarkable action in 
curing bacterial infectious diseases such as pneumonia, meningitus, 
gonorrhoea, dysentery and typhoid. 

Some of itR more important derivatives (Sulpha drugs) which 
have revolutionised the treatment of bacterial infections are: 

(8) stands for -NHS02.CeH,NH, 

C)-lSI 
:sulphopyrldmc 

(lIH~) 

eN 
N) _(S) 

Sulphudiu:t1ll6 
1M &. B 1i93) 

NH 
n 

H.N-C-(SI 
Sulphosuanidine 

(l\HO) 

:Sulplutlhiuzol 
t19-l2) 

Nitroanilines, CeH,(N02)·NH,. n-Nitroaniline a.nd p-nitro. 
aniline are prepared by nitrating a.niline after pr.:>tecting the NU, 
group. 
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NHCOCHs 

o 
NEil o ~OCI NHOOCHa 

O~· 
N02 

(m.p. 148°) (m.p.71°) 

Th~ nitroacetanilides are separated by filtering off the solid isomer, 
while the p.isomer is kept in the liquid state. After separation the 
nitroanilines are liberated by hydrolysis with alkali. 

'In. Nitro aniline is prepared by the partial reduction of rn·dini. 
trobenzene with ammonium sulphide. 

Properties. All the three isomeric nitroanilines are solids. 
o.nitroaniline, m.p. 71 0

; p.nitroaniline, m.p. 1480
; m.nitroaniline, 

m.p. 114.,°. They are sparingly soluble in water but dissolve readily 
in alcohol. The nitro group neutralises the basic character of the 
amino group almost completely b-y making the lone pair of N atom 
less readily available for co· ordination with a proton. 'ine argu. 
ment extended in favour of the above is that the nitro group is 
highly electronegative and due to its inductive effect, pulls the 
lone pair on nitrogen atom into the ring. Nitro group is most 
effective when present in the or tho I].nd para positions. 

p.Nitroanilip.e m-NitroaniIine 

Nitroanilines are weaker bases than aniline. On reduction 
with a metal and acid, they form the respective phenylenediamines. 

INRI! /NR2 
CaH, . + 6[H] ~ CeH4" + 2H20 

'NOg NH2 
I o· and p.Nitroanilines, but not m-, when boiled when aqueous 
sodium hydroxide yield nitrophenols. 
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NHa 

O (NaOH) 
+H.O ~ 

~ 

OH 

O+NH. 
NO. NO. 

p.Ni trophenol 

m-Nitroaniline, when nitrated v.dth nitric and sulphuric acids, 
forms 2, 3, 4, 6-tetranitroaniline which is used as an explosive 
(T.N.A). 

TOLUIDINES, AMINOTOLUENES, CH3.CeH,.NH2 
The three aminotolueues are known as toluidines. 

a 
NH. 

o-ToluidiDe m. T ul ulIline p. Toluidine 

These are isomeric with benzylamine. 
They are prepared by reducing the corresponding nitrotoluenes 

with a metal and acid. 
/CHa Metal/acid 

CeHh_ --+ 
'NOs . 

Nitrotoluene 
Properties. 0- and m·Toluidines are colourless oily liquids, 

b.p. 2000 and 2030 respectively. p-Toluidine is a. white crystalline 
solid, m.p. 45°, b.p. 200'4°. All toluidines are insoluble in water 
and soluble in most organic solvents. They are poisonous. 

The properties of the NH2 group ate not greatly changed by 
the methyl group in the nucleus, and therefore, toluidines give all 
the reactions of aniline. They form salts and can be diazotized. 

The oxidation of toluidines after protecting the NH. group by 
acetyla.tion, and subsequent hydrolysis yields the correspon\ling 
aminobenzoic acids. 

COOl! COOH 

O~O 
NHCOCHa . N HI 

p-Aminobenzoic aoid 

This could be employed to distinguish toluidines from the isomeric 
benzylamine, which on oxidation. forms benzoio acid. 0- and p
Toluidines are important dye intez:mediates. 

. DuMINES (Diaminobenzenes) 
The diaminobenzenes are also called phen1l1enediamines. 
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o.Ph on·yJened iamin 0 m.Pbonylenodiamino 

0' 
NI\, 

p.Pbonylaoadiamine 

o-PRENYLENEDIAMINE, I, 2·DJAMINOBENZENE 
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It is prepared by reducing o·nitroa.niline with zinc dust and 
sodium hyliroxide solution: 

ONH, 
+ aZa 

NO, 

o.Phcnylenediamine is a colourless crystalline solid, m.p. 1030
• 

It quiokly tUrns brown in air due to oxidation. It gives all the reo 
actions of the nuolea.r NHa group in duplicate. Owing to the close 
proximity of the two amino groups, its characteristic reaction is the 
fornla.tion of five and six-membered heterocyclic compounds with 
suitable reagents. Thus: 

~H,O O
/NHS 

'WCOCH. - Ct~-CH' 
V 

NH 
1 nte,.meditue 

-
Olyos:al 

:M eth,)' lbenziminazole 

O-! 
V 
NH 

Banztriazole-

N -

0/ ~CH 
'\.N of 

I + 2H,O 
CH 

Quinoxalino 

m-PHENYLEZEDIAMlNE, t, 3.DIAMlNOBENZENE 

It is best prepared by the reduction of m.dinitrobenzene, with 
iron a.nd hydrochloric a.cid. 
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Nat 

Fe/HeIO + 12[HJ --. + 4H,O 

~ NH, 

tn-Phenylenediamine is a white crystalline solid, m.p. 63°, 
turning brown in air. It is a diacid base and gives the usual reac
tions of amino-compounds twice over. Its most characteristic reo 
action is the formation of the browJl dye Bismarck Brown by the 
action of nitrous acid on its aqueous solution. Bismarck Brown is 
chiefly a mixture of the tv,o brown dyes produced as follows. 

(1) Monoazo dye: One NH2 is diazotized which couples with 
another molecule of the diamine. 

HNO. 
--+ 
Hel 

(2l Diazo dye: Both NH2 groups are diazotised which couple 
with two different molecules of the diamine, giving a diazo dye. 

ON=NONHa 

N NHs 

110 N- ,# NH, 

NH, 
(Brown) 

This reaction is used to detect and estimate small amounts of 
nitrites in drinking water as also a delicate test fol' nitrites in the 
laboratory. Bismarck Brown is a dye of considerable merit and is 
used for making boot polishes. 

p-PHENYLENEDIAMINE, 1, 4, DIAMINOBENZENE 

Like the o-isomer it is obtained by the reduotion of the c'orres
ponding nitroanili ne. 

NH. 

Q + 6[H) 

O. 
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It may also be obtained conveniently by the reduction of p
aminoazobenzene. 

ON=N ONH2 + -i[H) 

p-AminoazQbenzene 

sn/HC10 0 __ ~ tl NH, + H2N~. tI NH2 

Aniline p-Phenylenediamine 

, p.Phenylenediamine is a white crystalline solid, m.p. 147°. It 
is particularly susceptible to oxidation. When oxidised with potas
sium dichromate and sulphuric acid, it forms p-quinone. 

o 

(j' ~ 0 
NH2 II 

Q 
p-Quinone 

p-Phenylenediamine is an excellent photographic developer. 
It is also used as a hair dye since it is readily oxidised to a brown
black dye-in alkali solution. 

SECONDARY Al\lINES 

They may be purely aroma~ic or mixed aliphatic-aromatic 
according as both the hydrocarbon radicals attached to the N atom 
are aromatic or one aliphatic and the other. aromatic. 
DIPHENYLAMINE, (CeHS)2NH 

Preparation. It may be prepared: (1) By heating phenol 
with aniline in the presence of zinc chloride at 200°. 

ZnClz 
CeH60H + CeHsNH, ~ (C6HG12NH + H20 

(2) By heating acetanilide with bromo benzene and potassium 
carbonate in the presence of copper powder. 

CQCHa Cu COCHs 
CeH5N( . + K 2COa __ CeH 5'N( +2KBr+R.O+COa 

iH + Br,CaHs CoRs 
Acetanilid6·· .. ··· .. ·· .. 

(COH5)2N:66b:H~ .. +··H6"B: ~ (CORS)2NH + CHaCOOH 

(3) By h~~tX~g'" ~~i'li'~~ and its hydrochloride at 260° under 
pressure (Commercial). 

2600 

CeH6NHaCI + CeHsNH2 ~ (CeH6)zNH + NH,Cl I 

Properties. Diphenylamine is a white, pleasant-smelling crys
talline solid, m.p. 54°. It is practically insoluble in water but dis
solves readily in alco'hol and ether. In addition to the oth'er usual 
reactions of aliphatic secondary amines, it shows the following 
reactions. 
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(1) It is a weaker base than aniline, since it contains two 
phenyl groups agaipst one in the latter, it forms salts which are 
completely hydrolysed in solutions. 

(2) When heated with sodium or sodamide, it forms metaUic 
derivatives more readily than does aniline. 

{C,BIi)aNH + Na -. (CeB6)NNa + iBa 
(3) It reacts with nitrous acid to form nitrosamine. 

(C,B1)aNiH-+HOINO -. (C,B61.N:NO + BaO 
. I Diphenylnitroaamine 

(4) Its solutions in concentrated sulphuric acid give an intense 
blue colour with a trace of nitric acid or nitrates. 

Uses. Diphenylamine is used: (1) as a reagent for testing 
nitrates as also an internal indicator in oxidation titrations; (2) 
as a stabilizer for explosives; (3) in high.boilipg bathR; and (4) for 
making cprtain dyes. 

METBYLANILINE PIlENYLMETBYLAMINE. C,H6.NH.CHa 
Methylaniline is a mixed aliphatic-aromatic amine It may be 

obtained by the action of methyl iodide 'on aniline but it is prepared 
industrially by the following methods. 

(1) By heating aniline and methyl al'10bol together with some 
sulphuric acid under pressure. 

BISO, 
CaBIiNB. + CBaOH -+ CsBIi.NH.CHa + HaO 

prel!sure 

(2) By condensing aniline with formaldE'hyde and repucing the 
product with zinc and caustic soda. This method gives pure 
methylaniline and has heen introduced recently. 

C,H~IH~'''+''Oi=CBa -+ CeHIiN ... CHa + RIO 
C,RIiN :;'CH~"'+ 2(H] _ CeHIi.NH.CBa 

. " 

Properties. Monomethylaniline is a. colourless llquid, b;p. 
1~4° It is a somewhat stronger base than aniline owing to partl~l 
alipha.tic character. Its reactions are those typical of abphatlc 
secondary aulines except the substitution reactions (in 0- and 1!
positions) due to the presence of the benzene nucleus. Thus: It 
reacts with nitrous acid to form a pale-yellow nitrosamine which 
gives Liebermann's nitroso reaction. 

ClI CH 
II Ii'N!H"+'''HO:NO -+ II Ii'N.NO + HaO 
CH./ · .................. 1 cu./ 

When its hydro('hloride is hf'ated, the methyl group migrates 
to the para position of the nucleus giving p-toluidine. 

GNU.CH. -+ 
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)lethylaniline . is used for making certain dyes . 

. TERTIARY AMlNES 
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They may be purely aromatic or mixed aromatic.aliphatio 
according 8s.all the .bydrocarbon radicals attached to ·the N atom 
are aryl, or some are aryl while the remaining arEi alkyl. 
TRIPBENYLAMINE, (CaH5laN 

Tripbenyiamine is a typical purely aromatio· tertia.ry amine. 
It may be prepared: (1) By heating sodiodiphenylamine and 
bromobenzene at 300°. 

(CaH5).NNa '+ CaHr.Br --+ (CaH5)aN + NaBr 

(2) By heating dipbenylamine with iodobenzene together with 
potassium oarbonate and a little copper. (Ullmann reaction). 

Cu 
(CaH5)2NR + CeH51 ~ (CeHlilaN + HI 

(KICOs) 
Properties.. Triphenylamine is a colourless crystalline solid, 

m.p. 126'0°,' Since the three negative pbenyl groups completely 
neutralise the basic character of the trivalent N.atoms, it has no 
basic properties and does not form salts with acids. It dissolves 
in warm concentrated sulphuric acid producing an intense blue 
colour. 

DlMETHYLANlLINE, PHENYL.DIMETHYLAMINE. CaHsN(CHa). 

It is a mixed aromatio.aliphatic amine and is by far the most 
important of the alkylanilines. 

Preparation. Dimethylaniline may be obtained by the 
direct methylation of aniline with methyl chloride or with methyl' 
sUlph"-te. 

, 
C,H5NHa + 2CHaCl ~ CeHaN(CHs). + 2HCI 

(2) It is prepared industrially by heating aniline with excess 
of methyl alcohol in the presence of sulphurio acid. 

HIBO, 
CaHsNHa + 2CHaOH ~ CaH5N(CHa), + 2HIIO 

The excess of methyl alcohol suppresses the formatftm of mono· 
methylaniline. 

Properties. Dimethylaniline is an oily liquid, b.p •. 193°. It 
is a slightly weaker base than aniline, forms salts with acids·,.and 
combines with alkyl halides to give quaternary ammonium salta. 
The liydrogen atom ilJ the para-position of the benzene nucleus is 
very mobile and can be easily replaced by various groups Or atoms. 

(l) Dimethylaniline reacts with nitr~us acid to form p-nitroso. 
dimethy laniline. 

I 



756 TEXT-BOOK OF ORGANIC OHEMISTRY 

6CB')~ BONO QOO:, B,O. 
".Nitrosodimethylani lin e 

By boiling the nitrosodimethylaniline with alkali, the N(CHs)2' 
group is split off with the production of nitrosophenol and dimethyl
amine. 

ONO~{~!!~!:~::.::+''-'-'-'-~iOH ---. ONOOH + (CH,).NH 
Dimethylamine 

p.Nitro80pheno! 

(2) It undergoes condensation with benzaldehyde to form 
tetramethyldiaminotriphenylmethane which is an important dye inter· 
mediate. 

'''''''H:CaH,.N(CHs':i ZnC12 /CeU,.N(CHs'2 

C6H5CH- 0 + i --+ C6UsCH" + H 20 
HjC6H,.N(CHs'2 CoH"N(CHa)2 

(3) It rea-cts with carbonyl chloride (pho8gene) in the presence 
of aluminium chloride to form Michler's ketone, which is an inter· 
'mediate in the production of dyes of the triphenylmethane class. 

/
'.;Ci''''· ·H:C8H4.N(C~3h AICla /CaH,.N(CH3h 

.OC. + ; ---+ OC, + 2HCI 
''101 H,caH ,.N(CHa)2 CaH,.N(CHs'2 

_ ...... __ .... , Miohler's ketone 

(4) When its hydrochloride is heated to 3000 under pressure, 
one or both methyl groups wander from the N-atom into the nucleus 
forming a homologue of aniline. 

NH.CU. 

o -CHs 
Uses, Dimethy oiline is used: (1) 

amine, and (2) as a dye ilttermediate. 

(j~ 
CH, 

for preparing dimethyl-

AROMATIC AMINES WITH NH2 IN THE SIDE-CHAIN 

BENZYLAMINE, CaH 6CHaNHj! 

It is the simplest member of the class. It is isomeric with 
toluidines, 

Preparation. Benzylamine may be prepared: (1) By the 
reduction of phenyl cyanide or benzaldoxime with sodium and 
alc!JhoL 

CaHs.CsN + 4[H] --+ CaHI)CHaNH2 
CoHsC,H=NOH + 4[H] --+ COH6CH2NHa + HaO 

(2) By heating benzyl chloride with alcoholic ammonia 
CsH&CHaCi + NHs ---+ CeH5CHaNHa + HCI 
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(3) By Hofmann reaction on phenylacetamide. 
Brs/KOH 
~ C6HsCHaNHs 

Properties. Benzylamine is a colourless liquid, b.p. 185°, 
having ammoniacal odour. It is freely soluble in water and its 
aqueous solutions are alkaline to litmus. It gives aU reactions of 
the aliphatic primary amines. Because the amino group is situated 
in the side. chain and is not under the direct influence of the phenyl 
group, benzylamine sharply differs from the amino.compounds in 
that (1)· it is strongly basic; (2) it does not form diazonium salts 
but gives benzyl alcohol when treated with nitrous acid. 

CeHsCHaNHa + HNOa --+ CeHsCHaOH + Na + HaO 

and (3) it does not couple with diazonium salts. 

On oxidation with potassium permanganate, it is converted to 
benzoic acid. 

COMPARISON BETWEEN AROMATIC AND ALIPHATIC 
PRIMARY AMINES 

AROMATIC AMINES 

1. Colourless liquids or solids 
having characteristi<l odour which is 
not ammoniacal. 

ALIPHATIC AMINES 

1. Colourless gases or liquids, 
having ammoniacal odour. 

2. Sparingly soluble' in 
giving neutral solutions. 

water 2. Soluble in water giving aUm-

3. Combine with acids to form 
salts whioh are hydrolysed in water. 

4. F.orm metallic derivatives when 
heated with Na or K. 

5. React with alkyl halide~ to 
form mixed secondary and tertiary 
amines. 

6 . React with acyl chlorides to 
form N.acyl derivatives. 

line solutions. 

3. Form salts which are 
hydrolysed in water. 

not 

4. Form metallic derivatives when 
heated with Na or K. 

5. React with alkyl halides to 
form secondary and tertiary amineB. 

6. React with- acyl chlorides to 
form N-acyl derivatives. 

7. Give carbylamine reaction. 7. Give carbylamine reaction. 

S. React with aromatic aldehydes S. Reaot with aromatic aldehydes 
to form Schiff's bases. to form Schiff's hases. 

9. React with nitrous acid in cold 
to form diaz(Jnium salts. 

10. React with Grignard reagents 
to produce hydrocarbons. 

11. Give readily 8.ubstitution re
actions in the benzene nucleus. 

9. React with nitrous acid to 
form alcohols. 

10. React with Grign~rd reagents 
to produce hydrocarbons. 

11. Do not permit substitution in 
the hydrocarbon ra.dical. 
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PREPARATION 
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Diazonium salts are prepared by the interaotion of sodium 
nitrite, and an inorganic aoid and a primary aromatic amine at 
about 0°. This reaction called Diazotization, proceeds by the 
following steps: 

(I) 

(2) 

(3) 

Ar.NBt + HOI __. Ar.NHaOI 
Hydrochloride 

NaNOs + BCI 
lil······ .. "1':t'of 

Ar.N.LjH + ()N 
: ',Ill 0.' 01 1 .................. : 

BNOa + NaCl 

Ar.~ eN + 2H:a0 

01 
Diazonium salt 

Preparation of. Benzenediazonium c:hloride. Benzenediaz,onium 
chloride may be obtained by the addition of concentrated solution of 1 mole of 
sodium nitrite to 1 mole of aniline dissolved in excess of hydrochloric acid at 
about 0°. 

0° 
OSH5NHs + NaNOI + HCI --+ CeH5N:aCl + NaCI + 2H20 

Benzenediazonium 
chloride 

Dissolve 2 grams of aniline in 10 mi. of hydrochloric acid in a test tUbe 
and cool it by immersing in ice.bath. Then dissolve 2 grams of sodium nitrite 
in 10 mls. of w~ter and also place it for cooling. When the temJilel'ature of both 
the solutions is about OOC, add with constant stirring t.he mtrite solution in 
small proportions to the aniline solution which is throughout kept in tho ice 
bath. When the reaction mixture on testing with a starch iodide paper gives a 
blue oolour, it means that now there is a slight excess of ni trous acid and the 
diazotization is complete. 

The diazonium salts are unstable and explosive substances and 
as n. rule they are not isolated in the solid state. For synthetic 
purposes, they are. prepared in aqueous solutions and used at once. 
If desired, the solid diazonium salts may be obtained from their 
aqueous solutions by addition of alcohol and ~ther in which they are 
insoluble. 

PHYSICAL CHARACTERISTICS 

(1) Diazonium salts arc colourless crystalline compounds which 
tUrn brown on exposure to air. 

(2) Many of them, particularly nitr\J.tes, are highly explosive. 

(3) 'fhey are extremely soluble in water, sparingly soluble in 
alcohol and glacial acetic ~cid, and insoluble in ether. / 

(4) 'I'heir aqueous solutions are neutral to litmus and conduct 
electrioity owing to the presence of ions. Thus: 

+ -C6HIINgCl --. [OeH6Nal + OJ 

CHEMICAL CHARACTERISTICS 

Diazonium salts are highly reactive compounds t£nd give tw 0 

types of reactions : 
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(i) those in which the -NaX group (X=an acid radicaZ) ~8 ,.e
placed by a new monovalent substituent with the simultaneous ltbera· 
tion of free nitrogen ; and 

(ii) those in which the two nitrogen atoms are retained ana. con· 
verted into a more stable grouping. . 

A large number of benzene derivatives can be thus prepared 
via diazonium salts. This will bo illustrated by taldng example of 
benzenediazonium chloride. 

Reactions in which -NaX ill replaced· 

(1) Replacement by B. When an alcoholic solution of a 
diazonium salt is heated, the N2X group is replaced by hydrogen, 
while the alcohol is oxidised to aldehyde. 

CHaCHIIOH --+ CHICRO + 2H 
CoHsNaCi + 2H ---+ C,R5.H + Na + HCl 

Alternatively, the diazonium salts may be reduced with alka
line sodium stannite or forlllaldehyde. 

This reaction provides a method for knocking out nuclear NHB 
or NOa groups. 

(2), Replacement by R. When an alkaline solution of a. 
diazonium salt is treated with aromatic hydrocarbons, NaX is reo 
placed by an aryl radical. Thus: 

NaOH 
CoH sNI'C1 + CoRsH --+ CelIs.CoRs + Na + RCI 

• Diphenyl 

(3) Replacemenl: by OB. When the aqueous solution of a 
diazonium salt is boiled, a :phenol is obtained. Thus: 

COR 5NIICI + HOR --+ CoR50R + Na + RCI 
Phenol 

(4) Replacement by OR. When diazonium sdlts are heat. 
ed with alcohols, mixed ethers are also produced along with reac
tion (1). 

CsH 5NaCl + HOCaH.s _ CoRs.O.CaR5 + Nil + RCI 
Ethylphenyl ether 

(5) Replacement by Cl and Br. When a diazonium salt is 
added to a solution of cuprous chloride or cuprous bromide in the 
corresponding halogen acid, chI oro and bromo derivatives are ob· 
tained respectively. (Sandmeyel"'s reaction). 

CUaCI2/HCI 
CoR 5NaCl _ COR5CI + Nil 

'ChlorolJenzene 

CU2Br2/RBr 
OoR

i
N2Cl + HBr _ C6H5Br + Na + HCI 

Bx:omobenztjne 

The above reactions can also be carried in cold by using copper' 
powder in place of the cuprous halides (Gattermann, 1890). 
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MechanisDl: 

The reaction mechanism in the case of the conversion of aro
matic . diazonium compounds to aryl halides appears to proceed 
through aryl radicals since the reaction mixture may be used to 
initiate the polymerization of arylnitrite. The 'cuprous chloride' 

is actually CuOI2• 

OuOI + 01 __ ouOl; 
:+ _ Slow • 

Ar.N2 + OuOl1 --+ N2 + Ar + OuOl2 
The final stage is a radical displacement reaction by the aryl 

radical on the chlorine atom of the cupric chloride. 
• Fast 

Ar + CI-Ou-CI --+ ArC! + OuOI 
(6) Replacement by I. Iodo-compounds are obta,ined by 

boiling diazonium salts with aqueous potassium iodide. Thus: . 
06B 5N2C1 + KI __ 0aBs! + Nz + KOI 

Iodobenzerie 

This is the best method of introducing an iodine atom in the 
nucleus. 

(7) Replacement by CN. When the solution of a diazonium 
salt is added to a solution of cuprous cyanide dissolved in aqueous 
potassium cyanide, or treated with aqueous potassium cyanide in 
the presence of copper powder, cyanides or nitriles are produced. 

OaH5NsOI + KON __ OaHsON + N2 + KCl 
Phenyl cyanide 

This reaction is a special case of -Sandmeyer's and Gatter· 
mann's reaction. It is of great importance fo,," synthesising aromatic 
acids which are obtained by hydrolysing the cyanides. 

(8) Replacement by N02• When a diazonium salt is treated 
with nitrous acid in the presencc of cuprous oxide, nitro compounds 
are produced. 

CU20 
OaHsN20l + EN02 --+ OeHsNOz + N2 + BOI 

Nitrobenzene 
Reactions in which N-atoDls are retained 

(9) Reduction to Hydrazines. When reduced with stannous 
chloride and hydrochloric acid, diazonium salts form hydrazines. 

+2H +2H 
OeHs.NsN __ 06HS.N=NH __ 0aBs.NB.NHz + HOI 

./, Phenylhydrazine 
CI 01 H 

Intermediate 

(10) Coupling. Diazonium salts couple with phenols in the 
presence of alkali at ice-bath temperatere. Thus: 

ONIOI + HOOH __ ON=NOOH + BCI 

Phenol p Hydroxyazobenzene 

Primary and secondary a.mines when treated with diazonium 
salts in weakly acid solution, in the presence of sodium acetate, 
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couple as the N-atom to form dia~oamino.coILpounds. Thus: 

Tertiary amines, such as dialky lanilines, couple directly with 
nucleus, like the phenols. 

STRUCTURE OF DIAZONIUM SALTS 
(1) Diazonium salts have been shown to possess the molecular 

formula ArN2.CL 
(2) They dissoh-e in water giving neutral solutions whir.h 

conduct electricity. Hence they are ionised salts. 
(3j They form a precipitate of silver chloride when treated 

with silver hydroxide, which shows the existence of chloride ionR in 
their molecule. 

(4) From the above considerations, the diazonium salts may 
be assigned the following structures: 

+
[Ar-NsNJ Cl 

I 

or 
+

[Ar-N=N] Cl 
II 

Of these, formula II is untenable as the grouping Ar-N = N 
has no surplus electrons and is incapable of acting as positive ion. 
On the other hand, the formula I may represent the correct structure 

* .. 
since the grouping Ar-NaN has one surplus electron with the 
N-atom ma-rked by asterisk. 

Ar x N: : N: 
9 .. 

Ar xN::N: 
8 7 

(The figures indicate the number of electrons in the outermost shell) 

(5) Diazonium salts may, therefore, be written as 
4\r-NsN 

(Bromstrand, 1869) 
Cl 

where the dotted line signifies, an electrovalent linkage. 

(6) The above structure of diazonium salt is supported by 
its forma,tion from an aromatic-amine hydrochlorida and nitrous 
acid. 

:H···· .. ' ·· .. lio 
Ar-N /fH + 'N __ Ar-N=N + 2H20 

:~:~ ................ g./ 
CI CI 

(7) This structure, however, fails to explain the formation of 
diazo-compounds by coupling with phenols and amines. It has 
been suggested (Hodgson and Marsdon, 1945) that the following 
equilibrium exists in aqueous solution. 

Ar-N=N ¢ Ar-N=N--OH 
Dinzoic acid 

OH 
Diazonium hydroxide 
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In the presence of an acid, the diazonium hydroxide reacts to 
form the diazonium salt, while in alkali solutions the diazoic acid 
forms metallic salts (cUazotatea). Thus it is in fact, the diazotates 
tha.t couplo with phenols and amines to give diazo-compounds. ' 

Hantzsch further believes that the diazotatfls show geometrical 
isomerism and it is-the 8yn form which is reactive. 

CeH6-N 
:1 

Na.O-N 
'S'IIn' form 

4-

(8) According to modern views, dinzonium ion, CeH6Nz, is a 
resonance hybrid of severlj.l forms: 

O -N-N' 
II 

0 ·· .. =N-N: 
ID' 

This explliins the stability of the aromatic dinzonium salts. Alipbatic 
diazonium ions are incapable of yielding analogous structures and 
are unstable. 

Phenylhydrazine, CaH5NH.NHa 
It may be regarded as derived from hydrazine, NH2.NHa, by 

replacement of one of the hydrogen atoms by the phenyl group. 
Preparation. Phenylhydrazine is prepared by reducing 

be;nzene diazonium chloride with stannous chloride and hydrochloric 
acid, or with sodium sulphate. 

CaRaNaOI + 4[H) --+ CaH6,NH.NHa.HCI 
Phlln-ylhydro.zine hydroohloride 

Th e produot on treatment with alkali liberates the free base. 
Properties. Phenylhydrazine is a colourless, oily liquid, 

b.p.24)0. Iii has an unpleasant odour, suggestive of aniline, and 
quiokly darkens in air owing to oxidation. It is difficultly soluble 
in water, but dissolves readily in organic solvents. It is very 
poisonous p.nd attaoks skin. Its reactions are gIven below: 

(I) Phenylhydrazine is strongly basio in character and forms 
well-deQned salts such as phenylhydrazine hydrochloride, 
O,HaNH.NH •. HCI: 

(2) When warmed with . alkaline copper sulphate solution" it 
splits out nitrogen to form benzene. 

OoR~NH.NH. + 20uSO, --+ CGRe + cUao + Na + 2HaSO, 
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'this is an alternative method of replaoing the diazonium group 
by hydrogen. 

(8) When reduoed with zino·dust and hydroohlorio aoid, the 
two N'llotoms part oompa.ny to form aniline and ammonia. 

Zn/HCI 
Q,HIi.NH.N1I. + 2[HJ _..., CoH6.NHa + NHa 

For the same reason, phenylhydrazine acts as a mild oxidising 
agent. 

(4) It reacts with aldehydes and ketones to form phenylhydra· 
zones and with simple sugars to form osazones; these derivatives 
being well defined crystalline substances a.re used for the identifica
tion of the original carbonyl compounds. 

, Uses. Phenylhydrazine is used: (1) as a reagent for the 
identification of aldehyd{)s, ketones and sugars i (2) as a mild 
oxidising agent j (3) for making antipyrine and some important 
dyestuffs. 
DIAZOAMINOBENZENE, CeH6N=N.NH.CoHs 

Preparation. It is obtained by the aotion -of benzenedia.· 
zonium ohloride with aniline in weakly aoid solution, in presence of 
sodium aoeta~e. 

OoRsNaO) + NBs.OGR6 --+ CoR6.N=N.NB.OGR li + ROI 

It may be prepared conveniently by treating aniline hydro. 
chloride solution with one· half of its equivalent of sodium nitrite, 
and then adding sodium acetate. Thus one .half of aniline is con· 
verted into diazonium salt whioh then reacts with the remaining 
half to form diazoaminobenzene as shown above. . 

Properties. Diazoaminobenzene forms bright yellow crys~ls, 
m.p. 98°. It is almost "insoluble in water but dissolves readily in 
alcohol and ether. It is a feeble base and does not form sa.lts with 
a.cids. 

"(1) When boiled with water for a. long time, it splits out nitro. 
gen to form, phenol and aniline. 

Co'H5,N=N'.!NH.06H6 ~ O,H,OB + N't+H2NOGHG 

HoL.~ .. ...lH 
(2) It is converted to benzenediazonium chloride on treatment 

with nitrous acid and hydrochlorio acid. 
CaRoN =N.NH.OGR6 + HNOa + 2HCl --+ 206R5NaCI + 2H20 
Diaz08minobenzene 

(3) .It rearranges to p~a:minoazobenzene on heating with aniline 
hydroohloride (catalyst), OoHoNa group migrating to the. para. 
position. 

c,aa.N=N.NHO _ 
Diazoaminobenzeno 
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QUESTIONS 

I. What are the diazonium salts 7 Why are they so named 7 
. 2. What is meant by diazotization f How are diazo compounds pre. 
pared in solution 7 Derive the constitution of benzenediazonium chloride and 
outline the reactions in which the compound can be employed. 

3. What are the conditions necessary for the preparation of'diazonium 
salts t Starting witq an aqueous solution of diazo benzene chloride how may 
the following be prepared: benzene, phenol, benzoic acid, phenylhydrazine, and 
ll-amipoazobenzene. 

4. How is benzenediazonium sulphate prepared? Give its properties 
lind reactions. Discuss its constitution and give its uses. 

5. Describe the action of nitrouB acid on aniline salt and compare this 
with its action upon ethyl amine and diethylamine respectively. How would 
you obtain benzene, phenol and chlorobenzene from aniline througll the above 
reactions. 

6. Give the preparation of benzenediazonium chloride. Discuss its 
constitution. Illustrate the use of this compound in the preparation of 
(a) phenyl hydrazine, (b) p-aminoazobenzene and (e) Phenyl iodide. 

(Bombay B.Se., 1967) 
7. What is diazotisation' How would you prepare an aqueous solu

tion of benzene-diazonium chloride? Discuss its synthetic importance. 
(Panjab B.Se.n, 1968) 

8. What is diazotisation ? Describe fully the applications of the reac-
tion in the laboratory and in industry. (Bombay B.Se., 1968) 

9. How is aniline diazotized? Describe the reactions of benzene 
diazonium chloride. (Maaurai B.Sc., 1968) 

10. How are diazollium salts prepared in the laboratory? Mention the 
important synthetic uses of benzenediazonium chloride. (Utkal B.Sc., 1968) 

11. What are the chief requirements for a compound to be of ilynthetic 
value? Give an account of the preparation and properties of henzene dia
zonium chloride indicating its synthetic importance. (Aligarh B.Sc., 1968) 

12. Discuss briefly "Benzenediazonium chloride and its use as a starting 
point in organHJ synthesis." (Oeylon B.Sc., 1968) 

13. How is benzenediazonium chlorido prepared? Discuss briefly the 
reaction of aromatic diazonium compounds in which the nitrogen (i) is retained 
(U) is replaced by hydrogen, hydroxyl and halogen. 

, (Viswa Bharati B.Sc., 1969) 
14. Desoribe the preparation of. benzenedinzonium chlorhie. How are 

Lhe following obtained from it 7 
(a) Bromobenzene (b) Benzoic acid (c) phenyl hydrazine. 

(Marathwada B.Sc., 1969) 
15. What d? you und?rstand by dia~otisation. . Show how with the help 

of this reaction varlOUS substltuents can be mtroduced mto the benzene nucleus. 
(Kurukshetra B.Sc., 1969) 
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ST ANJSLAO CANNIZZAIW 
(1826-1910) 

Ita.lian Organic Ohemist. He is best 
known for developing Cannizzaro 
Reaction. He did notable work in 
mtroducing Avogadro hypothe~is to 

his scientific colleagues. 

Aromatic hydroxy derivatives are of two types: (I) phenols, 
in which the OR group is attached to the nucleus; and (2) aromatic 
alcohols, in which the OR group i8 attached to the side-chain. 

6 Cr
H 

phenol Benzyl alcohol 
(A phenol) (An a.romatic alcohol) 

While aromatiQ alcohols resemble closely with aliphatic a.lce 
hoIs, phenols differ from them in being acidic and show many 
characteristic reactions. The peculiar behaviour of phenols is 
attributed to the fact that the OR in their molecule is linked to a 
doubly bonded carbon, instead of to a singly bonded carbon in alcohols. 
This view is supported by the 'phenolic behaviour' of acetoacetic 
ester which has a similarly linked OR group. 

767 
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OH 
I 

CBa-C =CH~d'OOCIH t 
Acetoacetio ester (enolie) 

1. PHENOLS 

CHa-CH:-OH 
Etl,yl alcohol 

Phenols are derived from aromatio hydrocarbons by repl!l-cing· 
one or more H-atoms of the nucleus by hydroxyl gr~up!.l. They are 
classified as mono, di and trihydric phenols accordmg ~s· they con
tain one, two or three hydroxyl. groups. Many phenols bear the 
names of historio origin. " 

Monohydric phenoZ8 : 
OB 

o 
Phenol, 

Monobydroxybenzene 

Dihyaric phenols : 
011 

0°" 

o-CreBol, 
o-Hydroxytoluene 

o 
OH 

p-Cresof, 
p-Hydroxy toluene 

OH o 
OK 

Cateobol, 
Dihydroxybonzene 

Risor.cinol, Quinol, 
m-Dihy«!roxytienzene p. Dihydroxybcnzene 

Trihydric pht.nbla : 
OR 

OOR 

OH 

OR 
Pyrogallol, Bydroxyquinone Phloroglucinol, 

I, 2. S-Tribydroxy- 1. 2, 4-Tribydroxy. 1, 3, 5.Trihydroxy-
benzene benzene , benzene 

Phenols are substanoes of great teohnical importance as they 
are used in the manufacture of dyes, drugs, explosives; plastics and 
disinfeotants. 
METHODS OF FORMATION 

A number of phenols (phenol, crcsols) occur in coal tar frac
tions and are recovered from thom industrially by treatment wi~h 
aqueous sodium hydroxide and then blowing carbon dioxide through 
the resulting solution. The phenols may be prepared synthetically 
by the following methods : 

(1) Fusion of sodium sulphonate with sodium hydro
~de. Phenols are commonly obtained by fusing together a mixture 
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of sodium salt of a sulphonic acid and sod!um hydroxide. Thus: 
Fuse 

0oB5S0aNa + 2NaOH --+ OaH50Na + NaaSOa + HaO 
Sod. benzenesulphonate Sodium phenolate 

The melt is treated with a mineral acid to yjeld the free phenol. 
20eH50Na + H 2SO. --.- 200R 50H + NaaSO, 

(2) Hydrolysis of diazonium salts., Phenols are conveni
ently ptepared by boiling a diazonium sulphate with water. Thus: 

OaRII.NaHSO" + HaO ~ OaBriOB + Na + RISO, 
Benzenediazonium 

sulphate 

(3) Hydrolysis of aryl halides. Phenols may be formed by 
heating aryl ohlorides with aqueous sodium hydroxide under 
pressure. 

3000 

OoH(;01 + NaOH --. 06R50H + Na01 
pressure 

The reaction proceeds readily if an a.ctivating group (nitro) is 
present in the nucleus of the ohloro compound. 

(4) From Grignard reagents. Phenols may be formed by 
treating aryl Grignard reagents with oxygen and subsequent hydro. 
lysis with a mineral ~id. 

OaHIiMgBr + iO~ --+ OeRIiOMgBr 
Phenylmagnesium 

bromide 
OsR(;OMgBr + H20 --+ 00R50H + RO.MgBr 

(5) Decarboxylation of phenolic acids. When phenolio 
acids are distilled with soda.lime, they split out carbon dioxide to 
form phenols. Thus: 

OOB 

COONa 

Sod. st\hcylate 

+ N-aOB ~ 

'PHYSIOAL OHARAOTERISTICS 

OOB 
+ NaICO. 

\' , 

(1) Phenols ar,e colourless crystalline solids or liquids having 
a charaoteristic odour. They darken in air due to oxidation. 

(2) They distil without decomposition and are steam-volatile. 
(3) Phenols and cresols are sparingly soluble in water, while 

the ai· and trihyaric phenols ar~ fairly soluble. They dissolve readi
ly in alcohol and ether. 

'(4) 'Phenols Ilore w~ekly acidic, their aqueous solutions showing 
a. disthict acid reaotion to litmus. 

~ ... 
Ar.OK ~ ArC -+- H 
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(5) All phenols are toxic and have. antiseptic properties. 
CHEMICAL CHARACTERISTICS 

Phenols are made of onl:' or more OR groups attached to the 
aromatic nucleus. At the OR groups, they give the usual replace. 
ment reactions of aliphatic alcohols. Phenols differ from alcohols in 
having ~ weakly acid character, which is attributed to the effect of 
the negative aromatic nucleus. The OR groups exert a reciprocal 
activating effect on the nucleus and hence phenols give substitu· 
tion reactions (ortho and para to OR) much more readily than the 
parent hydrocarbons. 

Phenols are acidi.c because of two reasons: 

(i) Oxygen atom of the hydroxyl group linked with the 
benzene ring has a pronounced tendency to share its lone pair of 
electrons with the benzene ring. 

(ii) Greater stability of the phenolate ion by resonance, got 
after the :proton release. 

Jt--- 0: 

Resonance stabilisation of phenolate ion. 

Reactions of the OH Group 

(1) Action with Alkalis. Phenols dissolve in sodium hydro. 
xide or potassium hydroxide solutions forming salts known as 
phenolates, phenates or phenoxides. 

C6HoOH + NaOH ~ C6H50Na + H 20 
Sodium phenolate 

Phenols do not decompose sodium carbonate or sodium bi. 
carbonate showing that they are weaker bases than carbonic acid. 
For the same reason, phenols are liberated from phenolates by 
blowing carbon dioxide through their aqueous solutions. The non· 
reactivity of phenols with sodium bicarbonate may be made use of 
for the separation of mixture 'of phenols and carboxylic acids. 

(2) Action with Ferric chloride. Many phenols give 
characteristic colorations with neutral ferric chloride solution due 
to the formation of compll3x iron salts. ThUfl., phenol gives 'Violet; 
resorcinol, violet; catechol, green; pyrogallol, red; phloroglucinol, 
d Ie violet ; and so on. 

(3) Reduction with Zinc dust. When distilled wjth zinc 
dust, phenols yield the parent hydrocarbons. Thus: 

CaH"OH + Zn ~ CaHa + ZnO 
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The reaction is employed to get the first clue to the structure 
of an unknown complex phenol. 

(4) Action witl~ Alkyl halides. 1,>henolates react with alkyl 
halides to form mixed -aliphatic ethers. Thus.: . 

CeH50(N'u"+""I,CHa __ CeH50CHa + NaI 
: .... ............ Phenetole 

This reaction is an extension of Williamson's method for the 
synthesis of aliphatic ethers. 

(5) Action with Acyl haJides and Acid anhydrides. 
Phenols react with acid chlorides and acId anhydrides to form esters. 

CeH50:NB"'+"'CljOCCHlI -- CeH500CCH3 + NaC! 
.................. Phenyl acetate 

Phenolic esteri'! are not obtained by the direct reaction with 
acids themselves, as for alcohols. They are well-defined crystalline 
substances and their formation is used for the identification of 
phenols. 

(5) .Action with POls. Phenols react readily witll pllosphorus 
pantachlorida to form aryl cllloride3 but owing to the formation of 
esters of phosphoric acid the yield is very poor. 

CeHsOH + PCI5 __ C6H 5C1 + POCla + HCI 
ChlorobE'nzene 

3CeH 50H + PCIs ~ (COH6)3P04 + 3RCl (main reaction) 
Triphenyl phosphate . 

. The hydroxyl group of phenols cannot be replaced by 01 
through the action of hydrogen chloride, as for alcohols. 

(7) Action with Ammonia When heated with ammonia in 
the presence of zinc chloride, phenols give aromatic amines. 

ZnCIII 
CeHsOH + NHB ~ CoH5NHa + H 20 

300· 

Polyhydric phenols undergo this reaction even more readily. 

Reactions of the aromatic nucleus 
(1) Substitution reactions. Phenols undergo nitration, sul

phonation, halogenation, mercuration, etc. readily in the ortho and 
para positions to OR. 

(2.) Kolbe reaction. The carboxylation of a phenol can be 
carried by direot combination with carbon dioxide (Kolbe, 1850). 

)

OH+ 
CO, _ J

OH 

COOH 

Thus salicylic acid is obtained by heating sodium phenola.te 
with carbon dioxide a.t 130°. It is believed that sodium phenolate 
first combines with oarbon dioxide to form sodium phenyloarbonate 
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whioh then rearranges to sodium salioylate. This on aordifi~ation 
gives the free salioylic aC,id. 

_ C.H,O.C-ONa or C.H.CO.ONa 
n 
o 

Sodium phenylcarbonate 

O

o.COON& -+ OOB ~ OOH 

H ~ COONs COOH 
Sod. phenylcarbonate Sod. salicylRte Salicylio aold . ' . 

Kolbe reaction is given by all phenols. It is, however, are. 
markable fact that .if potassium phenolate is used in place of sodiu.....l 
phenolate, the aOOH enters the nucleus in para position. 

(3) Reimer-Tiemann reaction. A phenol can be converted 
into phenolic aldehyde by heating with chloroform and alkali 
(Reimer and Tiemann, 1876). 

'I lOB 'lkRHo CHOla/NaOB --/ / 
Thus, phenol when heated with chloroform and alkali at 60° 

gives 0- and p-hydroxybenzaldehyde, the o.isomer predominating, 
The chloroform moleoule first condenses with the nucleus of phenol 
o form the diohloride which on hydrolysis and subsequent acidi. 

fioation gives the phenolio aldehydes. 

OONe. (-Hel) OONa Byd~OI OONa 

lfi."+'Cl!CHCl. ~ CHCI2 .~ OH(OH), 
~".""""'.. ~ 

OONa OH (-H20) OONe. HOI 'OOB 
CH/ ~ OHO ~. OHO 

'OB 
Unstable o-UydroxybenzaldchY!le 

The mixture of phenolic. aldehydes thus obtained is then 
separated by steam· distillation, only the o.isomer being steam
volatile. 

Reimer-Tiemann reaotion is a useful general method for tpe 
preparation of phenolic aldehydes. If, howeve~, we. take carbo.n 
tetraohloride in pll!oce of chloroform, the reaotIOn YIelds phenoho 
acid. 

Mechanism: 

The meohanism of this reaction is rather uncertain. On the 
basis of kinetio l3tudies of the reaction by Hine, Wynberg (1954) 
proposed ,that the reaotive speoies in the reaction is carbon dichlo. 



AROMATIO HYDROXY DERIVATIVES 773 

ride (: CCI2) rather than chloroform: C012) is said to be formed 
duri ng the alkaline hydrolysis of chloroform. 

CHCla + oft ¢ H20 + CCls --+ Cl + : CCII 

o 

~: -(J:t 
I /. Cl 

CJ // -

- \ 

0° CHCI2 
Ole 

~ 

~ 

(4' Houben·Hoesch reaction. Polyhydrio phenols on con· 
densation with alkyl nitriles in the PFesence of zinc chloride and 
hydrogen chloride yield phenolio ketones (Houben and Hoesch, 
1927). 

)OR ZnClll/HCI JOB 
) + RON + H,O - COR + NB, 

Thus, resorcinol gives resacetophenone hy the following steps : 

aoo, OB ROOOR +R10 HOOOR . + CH •• C;:;N --+ NH ---. +NH 

" H ~ C! cooa ' . "OB. 
Resofcmol Resacetopbenone 

Houben·Hoesch reaction is given partioularly readily by those 
phenols in which OH groups are meta to each other. Phenol does 
not respond to this reaction. 

(5) Coupling. In alkaline solutions, phenols couple with 
diazonium salt,to form hydroxyazo compounds. Thus: 

O.H,N.C~ + GOB --+ C,H,-N=N OJ. OB+BCl 
BenzeDedl~onlum u . u 

.chloride Phenol ".,Hydroxyezobenzcne· 

(6) Oxidation. Phenols are much more easily oxidised than 
aromatic hydrocarbons. On oxidation with alkaline permanganate 
the nucleus is ruptured giving oxalic acid, tartaric acid, COb etc. 
Cresols can be oxidised to the respeotive phenolic acids, provided the 
o H group is protecte.si by alkylation or acylation. 
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TESTS FOR PHENOLS 

(I) Solubility Test. If the substance is more soluble in sodium 
hydroxide than in water, but insoluble in sodium bicarbonate, it is 
proba'bly a phenol. 

I 

(2) Ferric chloride Test. To the 'aqueous or alcoholio solution 
of the substance is added a neutral solution of ferric chloride; the 
production of an intense colour-red, green or black-confirms the 
presence of a phenol. 

(3) Bromine water Te8t. Aqueous solution of the substance is 
treated with bromine water until the yellow colour of bromine 
persists; the formation of a precipitate (substitution product) 
confirms the presence of a phenol. 

(4) Liebermann's Test. The substance is warmed with a little 
concentrated sulphuric acid and sodium nitrate and the dark·colour· 
ed product thus obtained is treated with dilute sodium hydroxide 
solution; the production of intense blue or green oolour confirms 
the presence of phenol. 

MONOHYDRIC PHENOLS 
PHENOL, HYDROXYBENZENE,. CaHsOH 

It was discovered by Runge in 1834 in coal-tar and he named 
it carbolic acid (carbo=coal; oleum=oil). It is also present in 
wood-tar. 

Preparation. Phenol can be obtained by the general 
methods discussed before. The more important ones are given 
below. 

(1) FROM COAL-TAR. The middle oil fraction of coal·tar 
contains phenol along with cresols. It is agitated with sodium 
hydroxide solution when phenols pas~ into solution as phenolates 
and .are recovered by blowing carbon dioxide througli the solution. 
Phenol is finally isolated fro.m· the resulting mixture by fractional 
~listillation. 

Formerly phenol was exclusively obtained from coal.tar but ... 
with the development of the n~wer synthetic processes, this method 
no\v furnishes less than 10 per cent of the total production needed 
for industry. 

(2) ALKALI FUSION METHOD. The oldest synthetic method 
consists in fusing sodium benzenesulphonate with sodium hydroxide 
and .decomposing the resulting sodium phenolate with sulphuric 
acid. 

CaH6S0aNa + 2NaOH --+ CaRsONa + H 20 + NsliSOa 
2CaH 60Na + H 2S04 --+ 2CaH 60H + Na2S04 

This method has been superseded to a great extent by the other 
methods given below: 

(3) CnLoRoBENZENE METHOD (Dow process). In a recent 
process, phenol is produced teohnically by heating chlorobenzene 
with dilute sodium hydroxide at 3500 under pressure. 

CaBoOl + 2NaOH ~ CaHsONa + NaCl + HIP 
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The sodium phenolate is acidified with hydrochlorJc\ aCId to liberate 
phenol which is purified by distillation. 

According to another more recent process, chlorobenzene is 
converted to phenol by direct action with steam in the vapour pnase. 

5000 

C6H sCI + H~O ~ CoHsOH + HCI 
(Si02) 

(4) BENZENE OXIDATION METHOD. This is the newest method 
of preparing phenol on a large sC'tle. Benzene vapouI'" and air are 
exposcd to high temperature ,SOD") in a fire brick chamber when 
benzene·is oxidiRed to phenol. 

CoHo + !02 _ G6H liOH 

2CoH a '+ i 0 2 _ CoHs.CoH5 + H 20 
Diphenyl 

Diphenyl .is obtained as a by-product. 

(5) LABORATORY ME·rHOD. If desired, phenol m'l.y be obtained 
convenien~ly in the laboratory by heating an aqueous solution of 
benzenediazonium chloride. 

COH 5N2Cl + H 20 ---. CoUsOH + N2 + HCI 

Properties. (Physical). Phenol forms colourless needle-like, 
deliquescent crystals (m.p. 41°, b. p. 182°), which turn pink when 
exposed to air and light. It.has a strong 'carbolic odour' and a 
burning taste. It is sparingly soluble in wa.ter but dissolves readily 
in alcohol, ether and. benzene. It is a violent poison when taken 
internally, and produce!; painful blisters in contact with skin. 

(Ohemical). The reactions of phenols are those of the hydro
xyl group and the phenyl group. Either group 9xerts an activating 
influenco on the other so that (a) phenol is feebly acid in 'character 
in comp~rjson to alcohols which arc neutral and (P) phenyl group 
giveR tho, substitution reactions much. morc readily than does 
benzene, 

Reactions of the OH group 

(1) ACTION WITH ALKALIS. Phenol reacts with caustic alkalis 
to form phenolates which are decomposed by ca.rbon dioxide. 

CGHSOH + NaOH _ CoHsONn + EtO 

CoHs.ONa + CO2 + H 20 -+ CoRsOH + NaHCOa 
(2) ACTION WITH FeCla, It gives a violet colour with ferric 

chloride due to tho forrnn.tion of a complex salt. 
(3) REDUCTION WITH ZINC !lUST. When distilled with zinc 

dust, phenol is reduced to benzene. 
CnHsOH + Zn _ CoHo + ZnO 

('1) AC'.l'10N WITH ALKYL HALIDES. Its sodium salt reacts with 
alkyl halides to form alkyl-phenyl ethers. 

COHGOH + CHar ~ CGHsOCHa + HI 
Methyl phenyl ether 

(anisolo) 
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(5) ACTION WITH ACYL CHLORJ:DES. It rea:cts with acSl/chlorides 
(also acid anhydrides) to form phenyl este.r&. . 

CoH50H + CIOCCHa - ~ CaR50.0CCHa + ROI 
"Phenyl acetate 

(6) ACTION WITH POI5• It is decomposed by phosphorus penta
chloride to form chlorobenzene, the yield being poor due to the con
version of phenol to trlphenyl phosphate. 

CaRsOR + PCIs ~ C6R oCi + POCla + HPi 

3CaHoOH + PCls ---+ (CSHS)sP04 + 3HCI 

(7) AOTION WITH AMnIONIA. When heated with ammonia in 
the presencre-of zinc chloride, it if; converted to aniline. 

3000 

CaH50H + NHs ---+ CaHoNH2 + H20 
ZnCl2 

(S) AOTION WITH PZS5. It reacts with phosphorue pentasul
phide to form thiophenol. 

5CaHsOH + P 2S5 ---+ 5C6H 5SH + P20 5 
Thiophenol 

Reactions of the Phenyl group 

. (1) SUBSTITUTION REACTIONS. Phenol readily undergoes nitra
tion, sulphonation and halogenation in the ortho and para positions 
to OR group. Thus: 

(a) It reacts with dilute nitric acid to form 0-, p-nitrophenols. 

OH 

o + 

o-Nitrophenol 

OH 

o 
NO, 

p-Nitropheno. 

(b) It reacts with concentrated sulphuric acid to form 0-, p
phenolsulphonic acids. 

OR OB o C ... ~.O. o 
803H 

o-Phenolsulphonic acid 1J-Phenoltlulphonic' acid 

(c) When shaken with bromine water, it gives a. white preci
pitate of 2, 4" 6-tribromophenoL 

OR 

o OR - BrOI~ Br water 
~' 

Br 
2, ~. O.Tribramophonol 
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(2) KOLBE REACTION. When its sodium salt is heated with 
carbon dioxide at 1300 .under pressure, phenol gives salicylio aoid. 

OONS i::.: OO.COONS __ OOR HCl ("n0H 

~ COON:- Vc00B 
Sod. phenyloarhonate Salioylio acid 

~3) REIMER-TIElIfANN RE4oTION. When heat~d with chloro· 
form and alkali, phenol is converted into salicyl aldehyde. 

0011 C~a 
NaOH O

OH H.O O· OH OOH 

. CHCI. -- ~ ICH(OH). ~ ~ eHO 
Unstabl6 Salicylaldehyue 

Some p-isomer is also produced. 

(4) FRIEDEL-CRAFTS REAOTION. Phenol undergoes the Friedel. 
Crllfts reaction to form mainly the p-dorivatives. ~ Thus: 

OH OR OM o + CII,C1 ~. 0 + OCB. 
CH3 

(main) 

(5) CONDENSATION WrTH CH20. When treated with forumlin 
ih the presence of dilute acid or alkali, phenol condenses to form 
p-hydroxybenzyl alcohol, together with a small amount of the o· 
i~')mer. 

Under suitable conditions, phenol condenses with formaldehyde 
h gIve Balcelite, which is a poly-condensation producli of complex 
'. ~""nf"ture. 

(11\ ~(l('PLUTG. Tn ,'l.lk·~lin(.' $')lutions. it couples with diazonium 
"ulb tQ f<JrDlp-h}droxYf!,:!:obl;r..zen(' '\\h:cb iHt -red dye. 

('aHsN2Cl 4 OUR ~ ('sH;r"-=~OOH + Hel 

(1) ArTr':·~T WlTlI P1, LHLIC ANJIHJRIDE. W.llen heated with 
phth,~lic aTlh) I 'r1·1,· ~no. !l. littlo. concentrated sulpnuric acid, it forms 
phcnolphthalc"ll 

o 
A '0 CO C= 0 H "f OH 

I I ~ " R,SO. 

0 : H'O '-_._-_ ,J OH 
Phlhalic anhydride 

-- o 0 
C
/'- / ~OH o C ' 

I ''-0 o ,J0H+HaO 

Phenolphthalein . 
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(8) REDUOTION., When hydrogenated in the presence pf nickel 
at 160°, it forms cyclQh~anol. 

CROR 
/'-.. 

CLh CHI 
I I 
ella CHt 

~:I 
(9) OXIDATION. When phenol is oxidised with alkaline 

permanganate, the ring is broken to form tartario aoid, oxalic aoiq 
and CO

2
, ' ' 

Uses. Phenol is used: (1) as an antiseptic in soaps, lotions 
and ointments; (2) as Ii. preservative for ink$; (3) in making 
balcelite; (4) as starting mateI,'ial for drugs suoh as salol, aspirin, 
salicylio acid, eto.; (5) in the manufacture- of pioric acid; (6) for 
making pheno~phthalein and certain other dyes; (7) for manufao· 
turing cyclohexanol needed as solvent for rubber and lacquers. 

Tests. t1) Phenol has l. -characteristic 'carbolic' smell. 
(2) It gives a violet colour with neutral ferric chloride solution. 
(3) When its aqueous solution is treated with bromine water, 

a white precipitate. of tribromophenol is quickly formed. 
(4) When solid phenol (·5 g) is heated with phthalio anhydride 

('5 g) a,nd a drop or two of concentrated sulphuric acid and then 
alkalified, a pink colour is produced. 

(5) It gives ;Liebermann's test. 
Nitropb_enols, CeH4(N021QH. 0- and p.nitropheno]s a,re 

obtained by the direct nitration of phenol with dilute nitric acid. 
The mixturENs separated by steam·distillation, the o·isomer passing 
over leaving behind the p-isomer. m-Nitrophenol is prepared frow 
'm-nitroaniline by diazo reaction and heating the resulting solution. 

'HCI 

OR 

H,O 0 
~ ~ NO. 

m.Nitroaniline m.Nltrophenol 

Properties. 8.Nitrophenol is a yellow solid, m.p. 45°, having 
a powerful odour; the m· and p-isomer-s are colourless solids m.pts. 
90° and 114° respectively. They are all sparingly soluble in water; 
the o·isomer only is steam-volatile. Owing to the presence of a 
negative nitro group, tbey are stronger acids than phenol and dis. 
solve in alkalis and also in alka;li carbonates formin~ coloured salts; 
the salts of 0- and m-nitrophenols are red while those of p·isomer are 
yellow. They are aU readily reduced to the respective aminophenols. 
When treated with bromine water, they spilt out the nitro group 
giving 2, 4;, 6·tribromophenol. -

Picric acid, 2, a, 6.Trinitrophenol. 1t is obtained by 
nitrating phenol with a mixture of ooncentrated nitric acid !I.no 
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concentrated sulphurio -acid. Since 'phenol'is partially der.troyed 
by oxidation w.ith nitric acid, picric acid is prepared _i:~ldustrially 
by first sulphonating phenol (the presence of Jlegative SOsH groups 
protecting the OR group from 'oxidation) and then nitrating. ~he 
product, when the SOsH groups are replaced by N02 groups givmg 
picrio acid. 

OR OR OR 

0 H 2SO. OSD,H HN03 D'NeyO' ~ ~ 

SOaR NOs 
?icric I1cid " 

A more economical and modern method is as follows : 
Cl CJ OB OB 

O ,~a OINO,~O ONOI B~it oaNOINOs 
RISO. ~ Na.COa ~ ElSO. ~ 

Chlorobenzene NOB NOI NO. 

Properties. Picric acid is .a yellow crystalline solid, m.p. 
1220 h~ving a bitter. taste (hence it.s !lam?; Greek, pikros = bitter). It 
is spn,rmgly soluble In cold water glvmg mtensely yellow solutions. 
It dissolves readily in alcohol and benzene. It is poisonous. 

Owing to the 1_)resence of three negative nitro groups, picric 
acid is a much stronger acid than phenol (as strong as acetic acid) 
and behave~. like carboxylic acids. 

(1) It rcact.., with nlkalis and decomposes carbona,tes to form 
salts. Potassinm a:Q.d ammonium salts explode violently when struok, 
so does tiry picric aoid. . 

(2} It r.eacta readil.y with PCIs to form picryl chloride Which 
like acid chlotides is hydrolysed back to picric acid when boiled with 
water and givc>rpim'amide on shaking with concentrated ammonia. 

(3) It. forms well-defined crystalline compounds (picl'ates) with 
aromatIc hydrocarhons, phenols and amines, e.g., benzene picrate 
C6H6.~H2(N02)3.0Hi ethylamine picrate, CeH5NH2,CRH2(NO~)30!I, 
etc. ' 

Uses. Picrio acid is used: (I) fpr making explosives (Lyddite
or 111 elinite) ; and (2) as a rflagent for the isolation and identificatioIi 
of aromatic hydrocarbons, phenols and .amines. It was formerly 
used: (1) as a yellow dye for wool and 3'Jk ; and (2) as an antisept.ic 
and analgesic in the treatment ofburm: 

Aminophenols, CSH 4(NH2)OH. They are produced by reducing'the 
correspondlDg nitropbenols. The m-isomer is obtained by heating resorcinol 
with ammorua and ammonium chloride at 201)°. 

OB OB 

ODR + NR, ~, 
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p-Aminophenol, the most important of the .three isomers, i.s prepared 
by the electrolytic reduction of nitrobenzene in strong acid solution. 

Properties. All the three aminophenols are colourless solids (m.pts. 0-, 

137.0
; m-, ,123°; p-, 186°), turning yellow or brown in air. The basic amino 

group annuls the acid character of the hydroxyl group so that aminophenols do 
not react with alkalis to form phenolates. They, however, form salts with acids. 

o-and p- aminophenols are used as photographic developers. A derivative 
of the p-isomer is used -i.n medicine as a febrifuge and analgesic under the name 
phenacetin 

CRESOLS, HYDROXYTOLUENES, CHa.C6H4.OH 

The three hydroxy toluenes (0, '}n, p) are the next homologue~ 
of phenol and a.re called cre.sols. They are isolated from the 
middle oil fraction of coal-tar much in the same way as phenol. 
The mixture of the three cresols thus obtained (cresylic acids or 
creosole) is used as such for industrial purposes. The individual 
cresols may be obtained: (1) diazatisation of the corresponding 
toluidines and warming the resulting aqueous solutions; and (2) by 
the fusion of the corresponding toluenesulphonic acids with potash. 

NaNOa H 20 
CH3.CeH 4·NH2 --+ CH3'.CGH d.N2Cl ___ CHa·CeH 4.OH 

Totuidine RCI 

Kon RCI 
CHa.CeH 4SOaOH --+ CHs.CeH 4.OK --+ CHs·CGRd.OR 

Fuse Cresol 
Toluenesulphonic acid 

Properties. Cresols are colourless substa.nces having phenolic 
odour, b. pts. 0-, 1000; m-, 2030 ; p-, 202°. They resemble phenol in 
most of their properties. They are less toxic than phenol but have 
a greater germicidal value. They give violet colours with ,ferric 
chloride and react with bromine. However, they are stable to 
'chromic acid but can be oxidised to the corresponding carboxylic 
acids if the OH group is blocked by alkylation or acylation. 

USese _Mixed Qresols are used : (1~ for making liquid disinfec. 
tanfu (lyson, which are its emulsions with soap; (2) as a preserva
tive: for timber, raihvay sleepers, etc. ; and (3) for the manufacture 
of synthetic resins, plasticisers, dyes and explosives : 

DIrIYDRIO PHENOLS 

CATEC,HOL, .PYROCATECHOL, o-DlHYDROXYBENZENE 

Catechol occurs in Indian catechu (obtained from Acac.ia 
catechu tree) and was first. obtained ,by distillation of this product 
(hence its name). 

Preparation. (I) Catechol is prepared by heating o-chloro
phenol with aqueous sodium hydroxide at 2000 under pressure in the 
presence of copper sulphate. 
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OH 
2j)t}" 

+ NaOB: _ 
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OH 

+ NaCI Gel oaR 
Catechol 

(2) It may also be obtained by fusing o-phenolsulphonic acid 
with sodium hydroxide. 

Prroperties. Catechol is a white crystalline solid, m.p. 105°, 
I, ," lily soIublp in w,1ter, alcohol and ether_ It gives a green colour 
- ~th ferric chloride It is readily ox!dised; its aqueous solution 
.~.; !'kentl in air due to oxidation. It reduces cold silver nitrate and 
,y":l'm Fehling's solution. A chnfa,cteristic reaotion of catechol is 
Tl~e formation of the white precipitate on addition otlead acetate 
'·,.lution (distinction from other isomers) to its aqueous solution. On 
(·Jjda,tion with silver oxide, it is converted to o-benzoquinone. 

Uses. Catl'chol is us~d: (1) as a photogtaphic developer; 
.2) for the manufacture of alizarin and adrenaline, a valuable drug, 
, nd (3) a>l anti.oxidant in gasoline. 

Guaiacol, the monomethyl ether of catechol oocurs in beechwood tar 
i~om. which it may be obtained by fractional distillation. U is prepared syn
t~otically from o-n:trophenol as follows: 

~o O·IOCBa 
& heat . OR 

Guaiacol 

Guaiacol is a pleasant smelling substance, m.p. 32°, b.pt, 2Q5°. With 
ftJrri(1 chloride it gives a blue colour. When heated with concen.trated hydriodic 
~dd, it is con~erted to catechol. 

0, OCHs 

OH 

Gui'acol 

+ HI~ GOH 

OH 
+ CHal 

Cute'ohol 

It is used in tnedioine beoause of its antiseptio, antipyretic and' analgesic 
action. It is star~ing material for the manufacture of vanillin. 

RESORCINOL, 'In-DIHYDROXYBENZENE 

It gets its name from the fact that it was originally obtained 
by the fusion of certain resins with. alkalis. 

Preparation. Resorcinol is prepared by fusing sodium 
m· benzenedisu Iphonate with sodium hydroxide and acidification of 
the melt. 



NaOH __. 
fuse 
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ON. DB 

OON.~ o,D 
Resorcinol 

Properties. Resorcinol forms white needle-like crystals, m.p. 
1.18°, tUTning grey in air due to oxidation. It is very .soluble in 
water, alcohol and ether. It gives a deep violet coloration with ferrio 
chloride and form~ a preoipitate of 2, 4, 6-tribromoresorcinol with 
bromine water. 

Resorcinol is not as aotive a reducing agent as either catechol 
or quinol, but it reduoes ammoniacal silver nitrate solution and 
Fehling's solution slowly on warming. It couples with dia.zonium· 
salts to form azo-dyes and condenses with phthauc- anhydride to 
form fluorescein fdeUeata ~) which shows intense green fluore
scence in dilute alkali sol\'rt\km, 

ern OR 

J!... : ...... OO.#H H SO .I'" . H. ! , 

00 
10\/ "0 + co C""';O 

I I i H~ on I I" / o 00 o 
O~ OR 

J?hthalic anhydride FluOI'G3<!tJin 

ResordnOl. exliibits keto.enol U\.utomerism wtiicll is ahown by 
the fact that it forms a dioxime and a bisulphite compound. 

o 

dOH" O:~ 
di~ol for:_m diketo 2form 

Uses. Resorcinol is used.·~ (1) alfantiseptic in ointments for 
'the treatment of eczema; (2) f~r manufa-cturing numerous dyestuffs 
(azodyes, fluorescein, eosin); (~) as starting material for 4-hexyl
resorcinol, and (4) fore :ma.king aldehyde condensation resins for 
bonding plywood .. 

4-n-HexylresorcinOl, OdrprokQl, is prepared by hentrng resorcinol and 
n-caproic acid with zinc chtbride and reducing the resulting ketone by the 
Clemmonson method., 

OR 

O ~2 OR beaC 

OR 

o Zn/Rg 
~ 

Hel 

;fC+"i3:'b DC HUC5 CO.HsITn 
n-Caproi'(;a:CiCl 

C6R 13 
4.He.xylresorcinol 
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Hexylresoroinol is about 45 times as strong an antiseptio and germicide 
as phenol. It is widely used all urinary antiseptio and as a remedy for hook
worm. 
QUINOL, HYDROQUINONE, p-DIHYDROXYBENZENE 

Preparation. As its name implies, it is prepared by reducing 
quinone with sulphurous acid. 

o 
II OR o + H,SO, + H,O c-> 0 + H,SO, 

II OH 
o Quinol 

Quinone 

Properties. Quinol is a white crystalline solid, m.p.' 169°, 
very soluble in water, alcohol and ether. Its a'queous solutions 
turn brown in air due to oxidation. It is a powerful reducer; thus 
even It mild Q.xidising agent like ferric chloride converts it into 
quinone (a green solid). It, forms a bisulphite addition compound, 
since, like resoncinol, it exhibits tautomerism. 

Oll 

0. 
OH 

dumol form 

o 

A
ll H2 

H. 
II 
o 

diketo form 

Uses. Quinol is used: (1) ag a. /photographic developer; (2) 
Il.'J antioxidatlt or inhibilior in fl.uto ·oo'Cidation and polymerisation 
reactions; (3) as antiseptic solution in the treatment of conjucti. 
vitus. 

TRIHYDRtO PHENOLS 

PYROGALLOL, 1,2, 3·TRlHYDOXYBENZENE 

Preparation. It is prepared by heating gallic acid in a 
steam of carbon dioxide, hence its name. 

Oll OH 

HOOe O~: h... 0:: 
Gallic acid Pyrogallol 

Properties. l'yrogllllol is a white crystalline solid, m.p. 1340 

very soluble in water but IE-sS so in alcohol and ether. With ferric 
chloride it gi';es a red colorai"ion. Alkaline solution of pyrogallol 
absorbs oxygen rapidly from air and turns brown. It is tbe most 
powerful reducing agent of the group of phenols; reducing :an:unonia.. 
cal silver nitrate and Fehling's solutions in cold. 
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Uses. l'jrub.:.H,: ~_ .. J : (1) as a photographic developer; 
(2) in antl&cptic ointn:Ch:J for l3kin diseases; (3) as a hair dye; and 
(4) in alkaline solutlc:.TJ iN ,~', l) orbing oxygen in gas analysis. 

HYDROXYQUINOt 1,2, 4-TRImIDROXYBENZENE 

It llia.y bp. 1>1< r artJ by fusing quinol with alkali in air, 
OH OIl 

~ NUOH O~ OIl U + i02 r.;; ~ 1 
on OlI 

HydroxYy'l<i1l I. ~s a w~it ~ cr.V'.Itd.llino:l ',oltJ, m p. HI)'. very 
soluble in wa-ter. WIth ferric chloride it give'! a greenibh brown 
coloration. It i-< {datively unimportant. 

PHI.OROGLUCINOL 1,3, 5-TRlHYDROXYBE:NZENE 

It was first obt<LlUed by the decompubitlOn of a glu('ol:lide 
phlorizin occurrn.g h .. the bark of apple trees, hl'nce its nJ,[L1C. 

Preparation. (I) Phloroglucinol may be obtained by fldng 
resorcinol with alkali in air. 

HOOI NaOil HoOIOH +i02 ~ 
~ heat.::::,.. 

OlI OH 
Phloroglucinol 

(2) It is.prepa.red most satisfactorily from T.RT. as follows. 

CH COO£! 'COOH 

02NO~02 ~ OtNON02 S~CI HINONH2 ~ HOOOll 

~ I ~ heat. ~ 
NOz NOt NHa OIl 

In the last step, 2,4,6-triaminobenzolC aCId decarboxylates and the 
NlI2 groups are simultaneously replaced by OIl groups . 

• 
Properties. Phloroglucinol is a white solid, m.p. 2190 readily 

!{oluble in water, its aqueous solutions tasting sweet. With ferric 
chloride it gives a bluish violet coloration. Its alkali solutions 
darken in air due to oxidation. 

Phloroglucinol presents a pronounced case of keto-enol 
tautomerism. It forms a tripotassium derivative, tri-ethers and 
triesters. On the other hand, it gives a trioxime. These .reactions 
!!how that it is a tautomerio mixture of the following two forms. 
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lrienol fOTm 

o 
II 

H~OH2 
0= =0 

H 
Irikolo:fol'1II 

785 

The existence of the above equilibrium is supported by the 
_ following synthesis of phloroglucinol from malonyl chloride and 

acetone. 

Malonyl chloride Acetone triketo form trienol form 

Phloroglucinol has no industrial applications. It is used for 
detecting carbohydrates, giving a rcd coloration with them in the 
presence of sulphuric acid. 

2. AROMATIC ALCOHOLS 

Aromatic alcohols contain the OR group in the "alkyl ~ide.chain 
and may well be regarded as aryl.substituted aliphatic alcohols. 
They closely resemble the latter both in prorerties and mode of 
formation. 

Aromatic alcohols are pleasant. smelling, n.:mtral, SUbstances. 
They can be oxidised to the corresponding aldehydes and carboxylio 
.tcids ; ''bhey form alcoholatea, ethers and esters; react with halogen 
adds o.nd PCl5 to replace hydroxyl group by haJogen ; and [\,180 give 
substitution reactions of the benzene nuoleus. Unlike phenols, they 
do not form salts with alkalis and do not give colorations \vith ferric 
chloride:' 

DENZYL ALCOHOL, PH£NYLCARBINOL, CeHli.CH20H 

it is the simplest member of the class and is isomeric with 
cresols. It occurs in Peru and Tolu balsams as free alcohol and as 
esters (acetate, benzoate) in oil of jasmine and other essential oils. 

Preparation. (1) Benzyl alcohol is prepared industrially by 
the hydrolysis of B~nzyl chloride with aqueous sodium carbonate. 

2C"H5CHaCI + Na2COa + H 20 ___. 2C6H~CH~OH + 2NaCI + COli 

(2) It is prepared conveniently in the laboratory with concent
<fated potash solution. (Oannizzaro 8 reaction). 

2CoHGcno + KOH ~ CoHoCH20H + C6HJiCOOK 
Benzyl aloo,hol Pot. benzoate 
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(3) It m8.Y also be obtained: (i) by the reduction of benzal
dehyde with sodium amalgam and water; (ii) from paraformal
.dehyde and phellylmagnesium bromide. 

CoHsCRO + 2(H] ~ CsHsCHzOH 

H 20 . 
CH2=O + CcH 6l\fgBr --'-4 CGH6CH20MgBr ~ Ca~CH20H 

Properties. Benzyl aleoliol is a colourless liquid, b.p. 206°, 
having a faint plr:ti'1(\']\t, odour. It, is :-;Iightly soluble in water, but 
djssolvcH freely in aleohol and ether. 

Chpmically it behavcs like the· aliphatic primlLl'Y alcohols I!-nd 
also gives substitution l'Cactiqlls in the nucleus. Some of its 
reactions commOll with aliphatic alcohols are given below for illus-
tration. ' 

(1) On oxidation with dilutr nitric acid, it first forms benzal. 
dehyde and thcn brnzoie acid. 

[0] [0] 
C6H5CHIIOH ~ C6HsCHO --40 C6RsCOOH 

(2) It is decomposed by so(linm to form sodium benzoxide with 
the Jibe-ration of hydrogen. 

2CoH sCH20H + 2Na ~ 2C6H 5CHzONa + H2 

(3) It reaet.s with pels and halogen acids to form benzyl 
halides. 

C6H sCH20H + PCI5 ~ CoH sCH2Cl + POCla + HCl 
Benzyl chloride 

C6H5CH20H + HBr -~ CGH 6CH2Br + H20 
B(lllZyl bromido 

(4} When treated with lwid e-hlorides and anhydriqes, it forms 
esters. 

CoH sCH20l-l t CIOCCHa ~ L'sHsCHzOOCCH3 + HCI 
Benzyl acetate 

Uses. Benzyl alcohol and its rsters are largely used in the 
perfumery h::rlust!y. Being a lo~al ~na~the~ie and antiseptic, it is 
used in makmg omt,nwnts for relIevmg Itchmg. Benzyl benzoate is 
a remedy for asthma and whooping cough. 

PHENYLETHYL ALCOHOL, BENZYL CARBI~OLT C6HsCHzCHaOH 

It occurs in the oil of l'Ogall a,nd the sYll.thetie product is now 
used for makil}g artificial 'alll!1' of?·I)~es'. It is prepared: (1) by re
ducing ethyl pLcnylncetato WIth ~o(hum and alcohol. 

C6H6CH~C{)OC21T5 + (H] --40 06B5CH20H20H + C2"H50H 

(2) by netlOn. of ethylene oxide wit,h benzene in presence of 
aluminium f'hloride, or wlth phenylmagl!esium hromide. 
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0' 
/, H 20 

CaHoMgBr + CH2-CH2 ~ C6~CHaCHaOMgBr --+ COH5CH2CH20H 

Phenylethyl alcohol is a colourless liquid, b.p. 22P, having a 
strong rose.like odour. It is only slightly soluble in witter but freely 
miscible with alcohol and ether. 

COMPARISON Ok' PROPERTIES OF PHENOLS AND ALCOHOLS 

As already stated phenols and a.liphatic alcohols have many 
common reactions e rJ , (1) formation of cstcrs with acyl chlorides; 
(2) formatio~ of others with alk~l halides; (3) formation of amines 
with ammOnIa; and (..t.) formatlOl1._ of hydrocarbons on reduction. 
However, the two classes of compounds show striking differences 
which are mentioned in the table below. 

PHENOLS 

1. Have charaeteristic 'phenolie' 
odour. 

2. Are~ acidic and dissolve in 
alkalis to form'sults: 

ALCOIlOLS 

1. Have pleasant odour. 

2, Are neutral and .have no action 
with. alkalis. 

3. On oxidation give 
coloured products. 

com pI ox 3. Oxidise smoothly to aldehydes 
. or ketones. 

4. Give characteristic colours "\Vith 
ferric chloride. 

5. Do not react with halogen acids. 

6. React with PCI5 to form mainly 
triaryl phosphates. 

7. Couple with diazonium S!l.1ts to 
form azo dyes. 

8. Readily give. Bubstitution reac· 
tions with HNOs, il2SO. and halogens. 

4. No action with Terrie chloride. 

5. Give alkyl halides. 

6. Give alkyl chlorides. 

7. Do not form dyes. 

8. Do not give Bubstitution rllac. 
tions but instead form esterll with 
acids. 

QUESTIONS 

1. What are the gE)neral methods for introducing a hydroxyl group into 
benzene nucleus! In what. respects do thev differ from aliphatic hydroxy 
c~mpounds ? 

2. Give an account of the general methods of preparation, chemical 
propert.ics and important uses of phenols. 

3. What is resorcinol? How has it bo.en synthetically prepared ? 
Explain the use of the compound in the preparation of the organic dye 
'Fluorescene' 

4. Name and,formulate trihydroxybenzenes. How are they prepared? 
Outline their chief chemical properties. 

5. Describe briefly the reactions associated with the name of any four 
of the following :-(a) Wurt?:.Fittig, (b) ]j~riedel.Crafts, (c) Reimer.Tiemann, 
(a) Perkin, (e) Sandmeyer, U) Fischer.'l'ropsch. 
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6. What are phenols 1· Bow do they differ from the alcoholF? How 
can phen!"l be oM!lined from (ii benzene and (ii) aniline? How ban it be 
converted into (i) henzon!', nnd (ii) aniline? 

7. Gh'o t.ho general methods of thl' prl'pnration of phenols. How 
would you convNt phenol into :--(n) Aniline, (b) A nisol. (c) Picric aoid. (d) 
Phenoll'htlllllein, (,ySalicyl nltlehydo ? (Pllnjab B.Sc. III, 1965) 

8. Bow is phenol obtainf'd industrially? What is the action of (a) 
nitric 'wid, (h) hlkali. (cJ bromine wat~r on phonol. (OorukhJlwr B.Sc., 1967) 

n. How is phenol ob!ainecl from coal. tar ? Df'scribe giving equations 
at loost four ronct.iollS to distinguish between phenol and ethyl alcohol. 

(Dib1"ugath B.Sc., 1968)· 

10. How is phenol prf'pnrod on an industrial scale. Give the 
chemical reactions where pheuol differs from benzylalcehol. 

(lIfa,.athwada B.SCo, 1969). 

11. How is phenol obtained from coal tar? How is phenol convorted 
into benzene, picric !lcid and salicyl aldehyde. (Vallkateswa,.a B.Sc., 1969) 

12. How is phonol isolated from coal-tar? How are tile following 
compounds obtained from phenol? 

(i) Aspirin, (ii) Phtnolphthnlein, (iii) PIcric Acid. Mention the uses of 
the above compounds. fBan!7alore B.Sc., 1969) 

13. Describe the preparation and important reaotions of phenol. In 
what ways phenol differs from ethanol. (Jammu &: Kashmir B.Sc., 1969) 
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Aromatic Aldehydes 

and Ketones 

ADOLl'H; W.H. KOL13E 
(1818-1884) 

He is best known for his synthesis of 
aliphatic hydrocarbons by the electro. 
lysis of organic acids. He is credited 
with: synthesis of acetio acid, of 
acids from alcohols, synthosis of 
salicylio acid. lle was author of 

several texts in choroi3try. 

1. ARO!l1:ATIO ALDEHYDES 

Aromatic aldehydes are of two types: (I) those in which the 
c,l.lp 'iyde group (CRO) is directly attached to the nucleus e.g., 
b 117' Idf'hyde 1 and (2) those in which it is attached to thQ side 
cball' e:g., phenylacetaldehyde. The former are, in fact. the true 
aromatic alde.hydes, while the latter, which are aliphatic in Qiu,l,rac. 
ter, may be regarded as aryl.subsf.ituted aliphatic aldehydes. 

Ol-ORO O-(;JH~OHO f 
H-O-OHO 

~ I 
H 

BE'nzaldehyde 
(No H.atom available 

~ ith <x.oarbon) 

Phenyl'acetaldehyde Aoetaldehyde 
(H.atoros available (H.atoms availablo 

with'«-carbon) with «-carbon) 

789 
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Aromatic aldehydes have many reactions in common with 
aliphatic aldehydes. They differ from the latter jll'that: (1) the 
- OHO group is more reactive and also gives some characteristic 
reactions; (2) they do not sho,": such reactions in which the H 
atoms attached to a o:-carboll are involved (polymerisation, conden-. 
sation) ; and (3) they show the usual substitution reactions of the 
benzene nucleus.' . 

Benzaldehyde is by far the most important and typical alde
hyde; it will be used for illustrating the preparation and properties 
of this class of compounds. 
liENZALDEHYDE, PIIENYLFORMALDEHYDE, CoH:;CHO 

It occurs in nature as the glucoside amygdalin, in the seeds of 
bitter almonds, and mn.y be produced from it by hydrolysis with 
dilute acids or the enzyme em~tl8ase 

Vm H zG0 12N + 21- 20 ~ IJGH5CHO + 2COH 130 6 + HCN 
Amygda.lin DOllzaldehyde Glucose 

On this account benzaldehyde is also named as the 'oil of bitter\ 
almonds'. 

Preparation. Benzald Nde is prepared from toluene or ben- . 
zene by various methods. 

(1) Oxidation of toluene. This is done with mallgane~e dioxide 
and sulphuric acid at 40° using copper sulphate as a catalyst. 
(Oommercial). 

CnHsCH3 + 2[0] ~ CaHsCHO + H20 
Benzaldehyde 

Some benzoic acid is also produced. A better method is to oxidise 
.toluene with chromyl rhloriue, Cr02C12 (lEtard reaction); in this 
case, oxidation proceeds no further than aldehyde. In U S.A. 
benzaldehyde is also manufactured by oxidation of toluene in the 
vapqur phase with ait at 5000 using vanadium pentoxide as a 
catalyst. 

(2) By boiling benzyl chloride with aqueous copper or lead 
nitrate. This involves the hydrolysis of benzyl chloride to benzyl 
alcohol which is then oxidiscd to benzaluehyde. 

CoH sCH2Cl + HOH --+ CGHsCH 20H + HCl 

COH 6CH20H + LO] ~ C6H,CHO + H 20 

This is a convenient mot hod for preparing benzaldehyde in the 
laboratory and in indust.ry. Benzyl chloride is made cheaply by 
chlorination of toluene. 

(3) By boiling benzyl chloride with lime-water (Oommercial). 
Cl -+ 2H20 OH 

C'aHsCH( ~ CaH 5CH( --+ COH 6CHO + H 20 
'Cl Unstable 'OR 

Benzyl chloride i's previously obtained by chlorinating toluene. 

(4). By reactioI!, of benzene 'With a mixture (If carbon mono· 
oxide and hydrogen chloride in the presence of anhydrous aluminium 
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and cuprous chlorides as a catalyst. (Gettermann.Koch syn
thesis). 

co + BCl __.. BcbcI 
Formyl chloride 

AIOl3 
CGBe + HCOCI __.. COHliCHO + HCl 

Benzaldehyde is also produced on a large scale by the direct 
carbonylation of benzene in the presence of aluminium chloride. 

AlOia 
C8Ba + CO __.. CaH 5CHO 

Other Methods. Benzaldehyde may also be synthesized by other 
methods, analogo.uB to those used for aliphatic aldehydes: 

(I) By oxidation of benzyl alcohol with dilute nitric acid 

C6B eCH20H + [OJ ~ C6RsCHO + B 20 

(Z) By distilling a mixturo of calcium benzoate &.nd calcium formate 
CsHoCOOCa/2 + HCOOCs/:! ~ C6JJ5CHO + CaCOa 

(3) By reducing benzoyl chloride with hydrogen in presence of finely 
divided palladium. 

Pd 
C6H 5COCI + Ha ~ C6R oCHO + HCl 

(-l) By reducing phonyl cyanide with stannous chloride and hydrolysis of 
tile product. 

+2H 
C.HiCaN ~ C6R sCH=NH 

(S) By reaction of phenylmngnesium bromide with excess of ethyl 
formate. 

CtlHl)MgBr + HCOOC~Hl) ---+ CaRpCHO + BrMgOC2Hs 
Laboratory Preparation. Benzaldehyde is prepared conveniently in 

the laboratory by boiling benzyl chloride with an nqueouR solution of copper 
nitrate. 

H 20 [0] 
C.H,CH2Cl ---+ COHl)CH20H ---+ CoHsCRO 

. A mixture of benzyl ohloride (1 part), water (5 parts) and copper .nitrate 
(1 part) is boiled for 6'8 hours in a round-bottomed flask fitted with a refl.ux 
condenser. A stream of carbon dioxide is passed into the liquid all the time 
to Bweep out nitrogen oxides, which would otherwise oxidise benzaldehyde 
to benzoic acid. The resulting mixture is extraoted with ether which dissolves 
benzaldehyde. . To the ethereal extract is then added a saturated solution of 
NaHSOa when crYbtals of the bisulphite compound srparate. These are filtered. 
washed with ether and decomposed with dilute sui phuric acid. Benll.aldehyde 
thus obtained is again extracted with et,her, the ethereal solution dried over 
anhydrous calcium c}))oride, the ether removed by heating on water· bath, and 
the residual benzaldehyde is finally distilled. 

Properties. (Physical). Benzaldehyde is a colourless, highly 
refractive liquid, b.p. 179°, with a, pleasant odour of almonds It is 
only slightly soluble in water but dissolves readily in alcohol and 
ether. It is steam.volatile. 

(Chemical). The reaotions of benzaldehyde are those of the 
OHO group and the benzene nucleus. The OHO group being linked 
to a negative phenyl radical is extremely reactive arrd readily gives 
most of the reactions typical of aliphatic aldehydes. However, 
since the CHO group is attAched to a tertiary carbon with no avaq. 
able H.atoms, benzaldehyde fails to undergo polymerisation or aldol 
condensation, but instead gives several characteristio reactions. 
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A. Reactions of CHO ,roup common with aliphatic aldehydes 

(1) Oxidation. Benzaldehyde is readily oxidised to benzoic 
acid, even on mere exposure to air. Thus when a few drops of it 
are allowed to stand on a watch-glass, crystals of benzoic acid soon 
appear. 

coHscRO + [0] __,. cOH&COOH 
Benl[oi~ a.cid 

For the same reason, benzaldehyde is a strong reducing agent. 
It reduces ammoniacal silver nitrate forming a mirror. Strangely 
enough, it does not reduce Fehling's solution, which is probably due 
to the fact that it is rapidly convorted to benzyl a,lcoholand potas. 
sium benzoate by alkaline solution (Cannizzaro Reaction). 

(2) When reduced with sodium amalgam or wit.h zinc and 
hydrochloric acid, it forms benzyl alcohol. 

C.HscH=O + 2[H] --+ C6H5CB"20H 

(!l) It adds on hydrogen cyanide and sodium bisulphite to 
form the cyanohydrin and the bisulphite compound respectively. 

06HSCH=0+HCN __ C6H5cH(OH)CN 
Mandelonitrile 

c OH5CH=0 + NaHSOa --+ c,HsCH(OH)SOaNa 
Bisulpbite compound 

Benzaldehyde may be purified via the bisulphite compound. 

(4) It condenses ,,,ith hydroxylamine and phenylhydrazine to 
form benzlloldoxime and the phenylhynrazone. 

~ CaHsCH=NOH + H20 
Benzaldoxime 

C6HiCH=!~ ".+ .... ~~ N.NIICsHs --.. C,H6cR=N.NH.c6H 6 + H20 
Phenylhydrllzone 

Similarly it reacts with hydrazine and semicarbazide giving 
hydrazone and !leIl,licarbazone respectively. \ 

(5) It reacts with PCl, to form benzal chloride. 
CoH,CHO + PCls --.. c 6H,OHCla + POCla 

(6) It restores the pink colour of Schiff's reagent. 
B. ReactioDs of CHO group not given by aliphatic aldehydes 

(1) Benzaldehyde reacts with ammonia to form a complex 
product hydrobenzamide, while aliphatic aldehydes give aldehyde. 
ammonia8. 
C.H,CH=!O···H2iN :"H.... 1 06H 50H =N, . 

Ii; 0j=HCC6H5 -- /CH.CeH5 + 3H20 
ceHsCH=iO H,:N ,H i 0eH5CH=N 

(3 moles of ~~~~Idehyde it 2 of a.mmonia) Hydrobenzamide 

(2) It reaots with primary aromatic amines to form Schiff's 
bases, while aliphatic aldehydes do not give similar compounds. 

CeHIIOH=NCoH 6 + H 20 
Benzalaniline 
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(3) Cannizzaro reaction. When benzaldehyde is treated 
with a concentrated solution of sodium hydroxide or potassium 
hydroxide, one molecule of it is oxidised to benzoic acid and another 
is reduced to benzyl alcohol. Thus: 

2CsH:;CHO + HlO _ CeH5COOH + C6H 6CHaOH 
Denzoio acid Benzyl aloohol 

The peculiar reaction was named Oannizzaro reaction after its 
discoverer. 

Cannizzaro reaction is shown by all aromatic aldehydes and 
certain aliphatic afdehydes (formaldehyde, trimethylacetaldchyde) 
which do not have ex-hydrogen atoms and a,re thus incapable of 
undergoing aldol condensa.tion. 

Mechallism: 

One mechanism proposed for the Cannizzaro reaction is the 
following: 

qo 0 6 
I......,_ I OH ' I 

R-C+OH ~R-C-OH~ R-C-H+HO 
I I 'i 2 

H c H Q 
(i) (ii) 

Then proton transfer occurs: 

In further agreement with this generld mechanism, it has been 
shown that 'electron-withdrawing' substituents increase the reacti
vity of aldehydes in the reaction. 

(4) Benzoin condensation. When heated with alcoholic 
potassium cyanide, benzaldehyde undergoes self-condensation form
ing benzoin (a keto-alcohol). 

(KCN) 
CsHICHO + OHCC.H6 --+ CeH5·CH(OH).CO,CoH5 

Benwin 

H H 

\i) eCH5-tL't ~ e6H5-t~o 

H 
1+ -' -

Vi) e.H~-C-O + eN 
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(iii) C6H~-C-OH 
. 1 

CN 

o OH 
_ Ii J 

CN + C.l-l,.C-C-C.H. 
I 
H 

BenzOlO 

OHO-
I I 

C.H$-C-C-C,H, 
I I 

CN H 

1 rearrangement 

~ ?H 
+- C.H$-C-C-C.H,; 

. CtN ~ 
This reaotion known as Benzoin condensation is also given by 

formaldehyde. 

(5) Perkin'!!! reaction. When aromatic aldehyde is heated 
with the anh:ydride of an aliphatio acid in the presenoe of the sodium 
salt of the same aoid, an unsaturated acid results. Thus with acetic 
anhydride and sodium acetate it gives cinnamic acid. 

(,) 

CHaCOONq, 
C''8H5CHO + (CHsCO)aO __ C6HsCH:CH.COOH + CHaCOOR 

Cinnamio aoid 

MechanJsD1: The mechanism of this reaction may be as follows : 

H 

+ roC? °1 
'-1, II CH,COO C-H •. CO O-CO CH, 

CH,4-C-O-C-CH. 
-H+ 

H o 
1+ -

(lli) CGH~-C-O + CH,.CO.O.CO.CH. _ 
1 

C.H~-C-CH,CO.0.CO.CH3 

(iv) 

o H 
I I 

C.H~....,C-C-CO.0.CO_CH3 + H+ --+ 
I' I 
H H 

I 
H 

.. ft .... I ... ~ 

(OH H' 
: . j .... , .... , .... 

C,H$-C-C-co.0.COCH3 

1 I 
H H 

i-H20 

hydrolysis HO\H 
CH,COOH + C.Hr-CH=CH-COOH _---- C6H$-C=C-CO O.CO.CH) 

ClOnamlc a(ld , I 
li H 
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This reaction known as Perkin's reaction (W.H. Perkin, 1868) 
is. given by all aromatic aldehydes and is a valuable method for the 
synthesis of 1X~.unsaturated acidl>. 

(6) ~enzaldehy~e condenses. with acetaldehyde in .the pre
sence of dilute alkah, to form cmnamaldehyde (Olaisen Oonden
sation). 

NaOH 
0eHIiCHO + CHaCRO ~ CsHII·CH:CH.CHO + H 20 

Mechanism: Mechanism of this reaction is similar to that of aldol 
condensation. 

H H + 1(1 
(i) CH,+C=O 

H 
In 

(ii) C.H.-C=O 

OH 
~ 

-H+ 

H 
- I 
CHt-C=O 

II H 
1+ - - I 

H 
I . 

(iii) C.H.-C.-O + CH.-C=O ~ C.Hs-C-O 

fiv) 

H 
I _ H:O 

C.Hs-C-(). -
I 

CH 2CHO 

H 

C.Hs-t';Oj:j·) 
I .: . 

H-C-L H \ I : ...... '" 
CHO 

-1 HaO 

C.H,-CH=CRCHO 
Cinnamaldehyde 

I 
CH,CHO 

. (7) Benzaldehyde ~ondenses with tertiary aromatio amines 
and phenols in the presence of sulphuric acid or zino chIc tide to 
foro: derivatives of triphenylmethane. Thus with dimethylaniline 
it gives malachite green. 

r~I''''''''H}ON(CHlla R.SO, /ON(CH.h 
CeH,CH=jO + f --- C,H$OH" __ . +H10 

i, ........... :lI;ON(CH3 h ON(CH.l: 

(8) It reacts with chlorine at the boil to form benzoyl chloride. 
H 01 

C6H6C(O + CII! _,. CeH60(o + HO) 

C. Reactions of the benzene nuc1~us 
Benzaldehyde gives the usual sUbsti1ution reactions of the 

nucleus in the meta position. Thus with fuming nitric acid it gives 
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m.nitrobenzaldehyde and with bromine it gives m·bromobenzal. 
dehyde. 

eRO eRO 

o ONO. 
Uses. Benzaldehyde is used: (1) as a flavouring agent in 

perfumery; (2) in the manufacture of dyes (malachite green); (3) 
as.starting mjlterial for several derivatives e.g., cinnamaldehyde, cin· 
namic acid, benzoyl chloride, etc. 

COMPARISON OF PROPERTIES OF BENZALDEHYDE AND ACETAL. 
DEHYDE 

Benz{l.ldehyde gives most of the reaotions of acetaldehyde. 
Thus both aldehydes restore pink colour of Schiff's reagent; form 
corresponding acids on oxidation; reduce ammoniacal silver nitmte 
solution; form alcoholR on reduction; add on HON and NaHSOa to 
form cyanohyurills :ind hisulphite compounds; condense with 
hydroxyl amine and phenylhydrazine to form oximes and phenylhy· 
drazones; and roact with POl6 to form tlichloro derivatives m 
which the 0 atom is replaced by two CL atoms. They differ from one 
another in the following respects :-

BENZALDEHYDE 

(1) Does not reduce Fehling '<I solution. 

(2) With ammonia forma bydrobenza. 
mide, (C.RiCH : N)z : CR.CaHo' 

(3) Condena,es with aromatic primary 
amines to form Schiff's bases. 

(4) In presence of strong alkali, yields 
benzyl alcohol _d benzoic acid. 

(5) When warm\,d with alcoholic KCN 
solution, it forms benzoin, 

(6) With chlorine at the boil, it gives 
benzoyl chloride. 

(7) Does not polymerise. 

, (8) Condenses with aliphatic aldehydes 
and acid anhydrides to form un. 

I B8turated aldehydes and acids. 

:9) Reacts with BNOa Bnd halogens t.o L r,= wl ""'uU,. produ," 

ACETALDEHYDE 

(I) Reduct's Fehling's solution, 

(2) Forms aldehyde-ammonia. 

(3) Does not form Sohiff's bases. 

(4) Gives a resin. 

(5) Does not undergo benzotn conden. 
sation; with a mild alkali under. 
goes aldol condeniation. 

(6) Does not form 8Cletyl chloride 
under similar conditions. 

(7) Polymerises in contact with H2SO. 
to form f'ara~dehyd6. - • 

(8) Does not undergo similar conden· 
slltion reactions. 

19) NitTation \n the hydTooaTbon radio 
cal is not possible. However, reo 
acts with chlorine to form trichloro. 
8.oet&ld\\hyde. 
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SOMFl IMPORTANT AROMATIO ALDEHYDES 

CINNAMALDEHYCE, CINNAMIC ALDEHYDE, CeH6.CH:CH.CHO 

797 

It is the pleasant smelling constituent of cinnamon oil and can 
be obtained from it through the bisulphite compound. It is 'Prepared 
by the action of dilute sodium hydroxide upon a mixture of b(mzal· 
dehyde and acetaldehyde. 

NaOH 
C6Hr,cHD + GRaCHD ~ c 6H.On"",OR.OHO + HP 

Cinnamaldehyde 

Cinnttmaldehyde is a cQlourlesl'I oil, b.p. 252°. On mild oxida· 
tion with silver nitmte, it is converted to cinnaroic acid. 

CoHsCH=CH.CHO + [0) ~ CaHsCR ... OH.COOH 
Cinnamio aaid 

On vigorous oxidation with acid permanganate, the molecule is 
sp1it out at the double bond, giving bunzoic aoid. 

SALICYLALDEHYDE, o.HYDROXYBENZALDEHYDE 

It occurs in oil of spirea, and may be made from phenol with 
the help of Reimer.Tiemann re[\ction. 

OOR NaOH Olon + CHCI3 ~ -

~ CHCl, 

Phenal 

2NaOH 
~ OOH 

CHO 

Salicylaldehyde 

Some p·isomer is also obtained which can be removed by 
stea~.distilJation, only salioylaldehyde bei.ng stea.m·volatile. 

Properties. -Salicylaldehyde is a colourless' oil, b.p. 196°, 
with a pleasant smell. It gives the reactions of both aldehydes and 
phenols. It produces a vieJet coloration with ferric chloride. It 
may be oxidised to salicJIic acid or reduced to o.hydroxybenzyl 
alcohol. It is used for the preparation of coumarin by Perkin's 
reaotion. 

VANILLIN, 3·METHOXY.4.HYDROXYBENZALDEHYDE 

It is the sweet.smelling principle of vanilla bean and is ex
tracted from it by means of alcohol. It is prepared from eugenol, 
whioh is obtained .fro-q\ oil of cloves, as follows: 

CH,.CH=CH, o K~ 
OH 

Eugenol 

CH=CH.CHa 

OOCH. 
OR 

Iso-eugenol 

CHO 

[0] Q 
-- ~ gOCHa 

Vanillin 

During oxidation the, OR gro~p must be protected by temporary 
aoetylation. It may also be prepared from guaiacol by Reimer. 
Tiemann reaction. 
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O CHCI3~H OCH, 

OH 
Guaiacol 

CHO 

OoeR, 
OH 

Vanillin 

Much of ollr present-clay supply of vanillin is obt,tined by the 
hydrolysis of lignin, which is a by-product of the paper industry. 

Properties. Vanillin is a white pleasant smelling solid, m.p. 
81°. It gives a blue coloration with ferdc chloride solution. On 
hydrolysis with hydrochloric acid it forms protocatechuic aldehyde. 

21 per cent alcoholic solution of vanillin is much used for 
fia vouring confectionery. 

Protocatechuic aldehyde, 3, 4-dihgldro:rYbenzaldehyde, may be synthe
sised from catechol by Reimer-Tiemann l'eaction. 

HOO + CB(';!. + KOH ~ ::O~CHO 
HO~ ~ 

, Protocatechuic aldehyde 

It is also prepared by the hydrolysis of vanillin with hydrochloric acid. 

Properties, Protocatechuic aldehyde is a crystalline solid, m.p. 153°. 
It produces a green coloration with ferric chloride and reduces ammoniacal 
silver nitrate. On oxid'\~ion it forms prot:Jcatech lie acid. 

Piperonal, 3, 4-methyZdioxybenza~dehyde, ~as so named as it is produced 
by oxidation of piperic acid (fl'om alkalOId piperme). It may be synthesil!ed 
by treating protocatechuic ~ldohyde with methyl iodide and alkali. 

/!"C-"Hl° 0 NaOH /°0 
CH2\.~ ....... ~ .. _~!l!O ~ CBO' ~ CB2"'.0 ~ CHO+ 2BI 

Piperonal 

It is mad,e ndustriaJJy ftom aaJrole by the same steps as for vanillin 
from eugenol. 

Properties. Piperonal is a white solid, m.p. 13io, wHh the smeil of 
heWrope. It may he oxidised to piperonylic acid and reduced to piperonyl 
alcohol. When heated with dilute ·hydrochloric acid, piperonal is decomposed 
to form protocatechuic aldehyde together with formaldehyde or methyl alcohol. 

2. AROMATIO KETONES 

Ketones in which either or both the hydrocarbon radicals 
attached to the carbonyl group are aromatio and are classified as 
aromatic ketones. Thus: 

COBp.CO.C6HD 
l3enzophenone 

C6H6·CO.CHa 
Acetophenone 
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Benzophenone is an example of a purely aromatio ketone, 
while acetophenone represents a mixed aromatic aliphatic ketone. 

Although aromatic ketones may be prepared by any of the 
methods used for alipha.tic ketones, they are generally prepared by 
means of Friedel-Crafta reaction between a hydrooarbon and acyl 
chloride or acid anhydride. 'fhey give all reactions of the alipha.tio 
ketones in which CO group participates. However, they decline to 
form the bisulphite compounds, and in addition give the usual sub
stitution reactions of the nucleus. 

ACETOPHENONE, METHYL PHEN~KETONE. CaHo.COCH3 

It is the best known aromatic aliphatic ketone. 

Preparation. (1) Acetophenone is best prepared by the 
Friedel-Crafts rcacti0r- from benzene and acetyl chloride. 

AICla 
CeHe + CIOCCH3 ---+ CaHs·CO.CHa + HCI 

(2) It may also be obtained by heating a mixture of calcium 
acetate and cakium benzoate but the yield is poor. 

Properties. Acetophenone is a colourless crystalline solid, 
m.p. 20'5°. b.p. 202°, having a smell of hay. It is sparingly soluble 
in water but dissolves readily in alcohol and ether. It is steam
volatile. When aclministered by mouth, it produces a. natural type 
of sleep. 

Acetophenone gives all the reactions of &liphatic ketones, 
exc.ept th~~ it. does' not form a bisulphite compound, probably 
owmg to strIct hmdrance by the phenyl group. It also gives the 
substitution reactions of the benzene nucleus in the meta position. 
Its more important reactions are: 

(1) On oxidation with strong nitric a~id or potassium per
manganate, it forms benzoic acid. 

HNOa 
CaH6co.CHs + 4[0] ---+ CeH5COOH + COli + HIO 

(2) On reduction. with sodium and alcohol, it gives phenyl-
methyl carbinol. . 

N atC,H60H . 
C6H6COCHa + 2[H] --+ CGHG.CROH.OHa 

When reduced with amalgamated zinc and hydrochloric acid, 
it forms ethylben~ene. . 

Zn/Hg 
C6HGCOOHa + 4[H] ---+ 06H6CH20Hs + H 20 

HCI 

.(3) On chlorination it readily forms phenacyl chloride which 
is a. relatively harmless but powerfullachyrmator and is used by 
police as "mob gas". . 

c.,H6COOHa + Ola --+ 0aH&OOOHzOI + HCI 
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(4) In the presence Of catalyst it undergoes condensl;\tion to 
form dypnone. 

OHa 

'I . """""""". 
CoHsC :.~,,± .. :~ycH.CO.06H5 

CHs 

~ OoHs6 ... ou.co.(16HI + HIO 
Dypnone 

Uses. Acetophtlllone is used in perfumcry. It was formerly 
used as a hypnotic under the name "hypnone" but has been replaced 
by more effective drugs. 
BENZOPHENONE, DIPHENYL KETONE, C6H5.CO, C6H6 

It is the simplest purely aromatic ketone. 

Preparation. (1) Benzopheoone is prepared by Friedel· 
Crafts reaction bJtwcen benzene ano either benzoyl chloride or 
carbonyl chloride. 

AICI3 
Cllno + CIOOC6H s ~ C6HS.CO.CGH 6 + HCI 

. 200HG + COCI2 ~ (C6Hs12CO + 2HOl 

(2) It is frequently prepared by Frieciel·Crafts reaction 
betwcen benzene and carbon tetrachlol'irie and hydrolysis of the 
product. 

AlOIa H20 
~C.H6 + CCI4 ~ (CsH s)CCI2 ~ (COHo)2CO 

Benzophenone 
diohloride 

(3) It may also be obtnined by hC'ating calcium bcnzoate. 
(C6H5COO)2Ca ~ (CoHo)zCO + 0&003 

Properties. Benzophenone l'xists in two crystalline forms -' 
a metastable monoclinic form, m.p. 27°, and a stable rhombic form, 
m.p. 48°. It boils at 306°. It has an agreeable odour and is used 
in making artificial perfumes. 

Like acetophenone, it gives, all the reactions of aliphatic 
ketones except that it does not form a bisulphite compound. 

. (I) On reduction under suitable conditions, it forms benzhy. 
drol and diphenylmethane. 

Na/Hg 
coHo.CO.C6Hs + ~[H) _ C6Hs.CHOH.CeRs 

CaH60R Benzhydrol 

Zn/Hg 
CaHo.CO.CoHs + 4[R] - C8H6.CHz.CeHs + H 20 

HCl Diphenylmethano 

(2) On fusion with potash, its molecule splits 'into benzene and 
benzoic acid. 

CeHs.CO.C6B5 + KOR ~ CeB5 + CeH5COOR 
Pot. benzoate 

QUINO:.ES 

Quinones are unsaturated cyclic dike tones. They may be 
regarded as derived from benzene by l'eplacement of two H atoms 
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by two oxygen at~ms. Thus only two quinones, viz. p' benzoqui. 
none and o-benzoqumone are possible. 

0 0 
II 0/0 

0 
0 

c:. ,,-Benzoquinone o-Benzoquinone 

,~ similar formula for the m-quinone cannot be constructed 
and It IS not known to exist. 

p-BENZOQUINONE 

Being the most important member of thl} class 
referred to as simply quinone, ' 

it is frequently 

. ~reparat~on, .(1) Quinone may be readily prepared b the 
OXidatIOn o~ qUI"!-ol WJth ferric chloride, or with mangane d'Y'd and sulphurlo aCId. se lOXI e 

noQOH + [0] --+ 0 ... 0=0 + HIO 

. (2). It is generally prepared by the oxidation of aniline with 
sodIUm dIChromBtte and sulphuric acid in COld. 

(3) It is also produced technically by the .electrolytic oxida
tion of benzene in the presence of sulphuric acid. o + 3[0) --- 0=0=0 + HaO 

Properties. Quinone forms deep yellow needle-like crystals, 
m.p. 116°. It has a characteristic pungent smell and ~uses sneez
ing. It is only slightly soluble in water but dissolves readily in 
alcohol and ether. It is steam-volatile. 

Quinone lacks the conjugate structure characteristio of aro. 
matic compounds and behaves more as aliphatic than aromatio:-. 
Thus it shows the rea.ctions of bQth ketones and alkenes. It forms 
an oxime and a bisulphite compound. 

(1) REDUCTION. On reduction with sulphurous aoid, quinone 
is converted into hydroquinone. 

0D=o + HaSO; + )J20 _..., OH OOR + &2804, 
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(2) OXIDATION. When oxidised with air in the presence of 
vanadium pentoxide, it gives maleio acid and finally maleic anhy
dride. 

Oil OR /0, 

-0 0, I I heat "' ° .. 0 ......... 0=0 t ... O ---. O~ ... O 0-0 + HIO 
V.O$ 'C=C / '0 ==0/ 

HlI liB 
Maleic acid Maleic anhydride 

(3) ACTION WITH POls. When treated with phosphorus penta· 
chloride qu:inone forms p.dichlorobenzene. 

O=iO=o + 2PClo ~ ClOC! + 2POCJa + 01. 
,p.Diohlorobenzene 

In this reaction, the carbonyl oxygen atom's are replaced by 
only one atom of chlorine, and not by two as is the case with normal 
ketones. 

(4) ADDITION OF BROMIN.B. It adds first one and then ·two 
molecules of bromine to form a dibromide and tetrabromide res· 
pectively. 

Br Br Br Br 

C> +Brz _r--'\= +Br. 0 
0= =0 ~ O_~"...O ---+ 0= .0 

Br Br 
Quinone dibromide Quinone tetrabromide 

(5) ADDITION OF HOL With hydrochloric acid, it undergoes 
1, 4-a.ddition forming chlorohydroquinone. 

0 ... 0=0 + HCI ---+ HOOOB 

Cl 

(6) CHLORINATION. With chlorine it yields the sub&titution 
product chloranil, which is used as a fungicide and as an oxidising 
agent. 

Cl Cl 

0 ... 0=0 +. 4CI9 ---+ 0=0=0'+ 4BCl 

Cl Cl 
Chloranil . 

(7) Quinone adds a moleQule of hydroquinone to form quin. 
hydrone, CaH,02.CaH,{OHh. which has an important practiral 
use in the measurement of hydrogen. ion concentration by the 
potentiometric method (quinhydrone electrode). 

o.BENZOQ.U1NONE, o·Q.U1NONE 

It is prepared by oxidising catechQl with silver oxide in dry 
ether. . 
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O
~OH 

-OH 0-0 

-6 
Peroxide 

-- 0=0 
=0 

o-Benzoqu;noncS 

The colourless substance first produced is probably the peroxide 
which soon changes to the red o-quinone. 

Properties. o·Qu'inone forms light. red needles, m.p. 60-70° 
with decomposition. It has no odour and is not volatile with steam. 
When reduced with sulphurous acid, it gives catechol. 

Q.UESTIONS 

1. Point out the str}.lctural difference between aliphatic and aromatic 
aldehydes and bring out clearly the difference between their properties. 

2. Give the preparation and important properties of benzaldehyde. 

3. Give the properties and uses of benzaldehyde. Compare _its prop!lr
ties with those of ltcetaldehyde. 

4. Giv~ an account of the methods used for the preparation of aromatio 
aldehydes. Compare their properties with those of the aliphatic aldehydes. 

5. Write notes on: Etard re~ction, Cannizzaro reaction, Benzoin 
condensation, Perkin reaction. 

6. ,Write notes on: Cannizzaro's reaction, benzoin condensation, 
Reimer Tiemann reaction, aldol condensation, Gabriel's synthesis. 

7. Give a brief account of salicylaldehyde. protocatechuic aldehyde, 
aniline, and piperonal. 

8. How would you prepare vanillin and what. are its chief chemical 
properties? 

9. Give the preparation and properties of acetophenone and benzo
phenone. 

10. How would you distinguish by simple chemical meaDS between any 
three of the following: 

(i) Acetaldehyde and benzaldehyde; 
(U) Ethylamine and p-toluidine ; 
(iii) Benzamide and acetanilide; 
(ill) Nitroethane and nitrobenzene. 

11. How are the quinoDes prepared? In what respects do they differ 
from the ketones? Discu~s the constitution of p-benzo-quinone. 

12. Whatr are quillOnes? Describe two methods of preparing p-benzo
quinone. Discuss its import>lnt physical and chemical properties. Would you 
include these compouds under a.romatic class? Give reasons. 

13. Describe two methods for the preparation of a pure sample of 
benzaldehyde. In what respects does it rellemble and differ from benzophenone ; 
explain these reactions giving equation~. (Allahabad B.Sc. II, 1967) 

14.' Outline the structural differences between acetaldehyde and ben
zaldehyde. In what respect these compounds differ chemically 7 Give, suitable 
examples ID support of your answers. (Agra B.Sc. II, 1967) 

15. Give methods of preparation, proper'ties and uses of salicylic acid. 
Name its. important derivatives. (Indore B.Sc. 11/., 1967) 

, 16: What are qninones? How are they prepared? Give an account of 
L:their important reactions. (Kalyani B.~c. Hons.lII, 1967) 
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17. Give the synthesis of acetophenone. What is the action of (i) HNOa 
V~8BrO on acetophllnone? (Poona B.Sc. II, 1967) 

drl( 18. How would you prepare Vanillin? What are its ohief uses? 
(Panjab B.Sc, III, 1968) 

19. - How is benzaldehyde prepared commercially? Compa.re and con-
I its properties with those of aliphatio aldehydes. (Tri~huwan B.Sc. ,1968) 

20. How is benzaldehyde prepared in the laboratory? In what respeots 
its properti~s differ from those of acetaldehy4e? (SambaZpur B.Sc., 1968) 

21. How is benzaldehyde prepared from toluene 7 Compare the pro-
aTties of acetaldehyde with those of benza.ldehyde. (Poona B.Sc., 1968) 

22. State the methods by '" hioh benzaldehyde oan be prepared. State 
the reaotions which bring out the similarities and differenoes between aromatio 
and alipbatio aldehydes. 0 (Viswa Bhal'ati B So., 1969) 

23. Describe the laboratory method of preparation of benzaldehyde 
from ben20yl chloride. Compare its reaction with those of acetaldehyde. 

(Marathwada B.Sc., 1969) 

24. Describe the prepar.'Iotion, chemical properties and uses of aceto-
phenone. (Kuruk8hetra B.Sc., 1969) 

25. How is benzaldehyde prepared? Compare its properties with 
those of acetaldehyde. (Delhi B.Sc., 1969) 
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Aromatic 

Carboxylic Acids 

WILLIAM H. PERKIN 
(1838-1907) 

English Organio Chemist. HiB ohief contri
bution Was the well.known Perkin Reaotion, 
the synthesis of coumarin, and synthesil!l of 

alizarin. 

They are compounds in which one or more OOOH groups 
are directly attached to the nucleus. Those acids in which the 
ODOR group is attached to the side.chain may be regarded as aryl. 
substituted aliphatic acids. However, there are no characteristic 
differences in the oehaviour of nuclear and side-chain acids and the 
term 'aromatic acids' is rather loosely extended to include both 
classes of compounds. . 

Arom~ic acids may be prepared by the same general methods 
. as used for aliphatic acids. In addition, they may be obtained by 

oxidation of aromatio hydrocarbons with a side-chain. It will suffice 
to list below the reactions by means of which aromatio acids c'an be 
prepared, 

(I) 
KMnO, 

CeHIiCHO + (0) -4 CeHIICOOH 
Benzaldehyde Bsnzoio aoid -

NaOH .' 
C6H6CCls + 3H20 ~ C6H5COOH -t' :aHC! -f H20 

Benzotrichloride Benzoio acid 
(2) 
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(3) 

(4) 

(5) 
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R 2S04 
CUHIjCN + 2BaO -- C6H~COOR + NRs 

Phenyl cyanHe Benzoic acid 

002 
C6R sMgBr --+ 

PhenylmagnElsium 
bromide 

HOI 
COR 5.CO.OMgBr --+ CUH5·COOR 

Benzoic acid 

AICla RaO 
C6R~ + COCI2 __ C6R~COCI __ CuHs.COOH 

Benzene Benzoic acid 

[0] 
(6) C6Rs.CHa __ C6H sCOOH 

Toluene Benzoic acid 

Aromatic acids are white crystalline solids. They are generally 
slightly soluble in cold water hut fairly so in hot water and organic 
solvents. They are 'somewhat stronger acids tha n those of the 
aliphatic series. Aromatic acids show exactly similar reactions to 
those of aliphatic acids. They differ from the latter chiefly in the 
substitution reactions of the nucleus. 

MONOCARBOXYLIO ACIDS 

BENZOIC ACID, BENZENE CARBOXYLIC ACID, C6H5COOO 

It is the simplest and the most familiar aromatio aoid. It was 
first obtained by Scheele (1775) from gum benzoin (whence its name), 
a natural resin got from trees in Java and Sumatra. It oocurs as 
benzyl ester in Peru and Tolu balsams and as benzoyl glycine in the 
urine of horses and oxen. 

Preparation. Benzoic acid may be obtained by th'e general 
methods mentioned earlier. Te'chnically it can be prepared by \ the 
following methods : ..-

(1) By the oxidation of toluene with air at 3000 in the pres
I ence of vanadium pentoxide as catalyst. 

Vll0 5 
2C6R5CRS + 302 --+ 2CoR 6COOR + 2R20 

3000 

(2) By chlorinating toluene to benzotrichloride and hydrolys
ing the latter by boiling with lime water, or with water in the pre
sence of iron. 

IH CI2 /Cl H 20/OR /0 
COH5C~H _ COH5C" Cl --+ CoHIjC~H __ CaR 5C" + H 20 

'R boil 'Cl 'OR 'OR 
Toluene Benzotrichloride Unstable Benltoic acid 

Properties. (Physical). Benzoic acid crystallises from water 
in white, pearly flakes, m.p. 121,4°. It is sparingly soluble in cold 
water but dissolves readily in hot water, ether, alcohol and benzene. 
It is volatile in steam and may be sublimed. Its vapours have a 
peculiarly pungent odour which causes coughing and sneezing. 
Benzoic acid is a slightly stronger acid than acetic acid . ....... 
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(Ohemical). The reaotions of benzoic aciil are those of the 
carboxyl group and the benzene nucleus 

(1~ R~action8 oj OOOH. BenzoIc acid closely resembles the 
fatty aCIds In the reactions of the carboxyl group; that is, it forms 
salts. esters, amide, and chloride etc. Thus: 

+ NaOH 

+ SodaJime 

--+ CsHsCOON a 't- H.:i0 
Sod. benzoate 

H2S04 
~ C6HsCOOC2HIj + HaO 

Ethyl benzoate 
heat 

- CsHsCOONH, ~ C6H5CONH2 + HaO 
~ CoHsCOCI + POCI3 + HCl 

Benzoyl chloride 
heat 
___. CsH6 + Na200a 

. (2) Reactions of GGHS The benzene nucleus of benzoic acid 
gIves the uSllal substitution reactions. The COOH group is meta
directing, so that such substitution reactions take place less readily 
than with benzene. Thus: . 

COOIl OOOR CQOll 

~'O H 2SO. OD,H CIa 

o~ -- --~ NO, 
m-Nitrobenzoic tn-Sui phobenzoic m-Chlorobenzoic 

acid acid acid 

Uses; Benzoic acidis used: (1) in medicine as.urinary anti
septic and in vapour f~rIfl for disinfecting bronchial tubes; (2) in 
the dye industry for making aniline blue ;. and (3) as a preservative. 
Sodium benzoate, being less toxic, is used for preserving food pro
ducts such, as tomatolcechup aud fruit juices. 

Tests. (1) Benzoic acid dissolves in bot water but separates in sbinifrg 
flakes on cooling. 

(2) When treated with sodium bicarbonate solution, it evolves carbon 
dioxide gas. 

t3) When fused with soda. lime, inflammable vapours of benzene are 
given out. 

(4) A neutralised 30lution of benzoio acid reaots with freshly prepared 
ferrio ohloride solution to form a light brown precipitate of ferric benzoate. 

" (5) When warmed with alcohol and concentrated sulphuric acid, it gives 
a characteristio sweet smell of ethyl benzoate. 

BENZOYL CHLORIDE, BENZENECARBONYL CHLORIDE, C68 5COOI , . 

It is a typical aromatic acid chloride and occupies the same 
position in the aromatic series that acetyl chloride occupies among 
aliphatic compounds. 

PreparatioD, (1) It is prepared most conveniently in the 
laboratory by distilling benzoic acid wlth phosphorus pentachloride 
or with thionyl ohloride. 
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C6H 6COOH + PCI6 --+ C6R 6COCI + POCla + RCI 

C6R6COOH + SOCI2 ~ COR 6COC} + SOs + RC} 

(2) It is also produced by the action of carbonyl chloride on 
benzene ·in the presence Of anhydrous aluminium chloride (Friedel
Grafts reaction). 

AlCls 
06He + ClCO.Cl --+ CaHo.com + HCI 

, Phosgene 

(2) It is made commercially by chlorination of boiling benzal . 
. dehvde. 

CaH5CBO + Clt • ~ COR5COCl + ItC] 

Properties. Benzoyl chloride is a colourles~ liquid, b.p. 198°, 
fuming in moist air. It has a pungent odour and its vapour cau~e 
profuse watering of eyes and nose. It is practically insoluble in 
water. 

Benzoyl chloride gives all the reactioni! of acetyl chloride, 
although much less readily. Thus, it is slowly hydrolysed by hot 
water to form benzoic acid; it reacts with alcohols and phenols to 
form esters, wit!t ammonia and amines to form benzoyl derivatives, 
and so or 

boil 
+ H 20 --+ C6H 5COOH + HCI 

Benzoic acid 
+ C6H 50H --+ C6HoCOOC2H5 -r RCI 

Ethyl benzoa.te 
+ Ag. NHs --+ CeH6CONH2 + HCI 

Benzsmide 
+ RNH2 --+ CaH6CO.NHR + HCI 

AICla 
+ CoHo --+ COR6COC6H5 + HCI 

Benzophenone 

Uses. Benzoyl chloride is used; (1) in tear gases to disperse 
mobs; and (2) for introducing benzoyl radical, C6HsCO --, in 
hydroxy and amino-compounds. 'I'o this end, the substance to be 
benzoylated fs shaken with benzoyl chloride in dilute aqueous 
sodium hydroxide solution. 

ROH + CIOCCoH 5 + NaOH --+ EO.OCCoRs + Na.Cl + H 20 

RNH2 + CIOCCsHs + Na<JH ~ RNH.OCCoHs + NaCl + H 20 

The benzoyl derivative separates as a solid and excess oenzoyl 
chloride dissolves as sodIum bcnzoate. This method 'of benzoylation 
is known as the Schotten·BauInann reaction. Dry pyridine is 
also employed as a medium (in place of aqueous alkali) to conduct 
b(o)nzoylation of phenols. 

Benzamide, C.H5CONHa• It may be prepared by the action of benzoyl . 
chloride on concentmted aqueous ammonia or ammonium carbonate 

CoHijCOCI + 2NHa -~ (JaH6CONH2 + NH4Cl 
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It may also be produced py Friedel-Crafts reaction between benzene 
and carbamy 1 chloride. 

r..-eH5H + ClCONHz ~ C«HoCONHa + HCl 
. Prope1·ties. Benzamide is 8. white orystalline solid, ~.p. 130°. It is 
msoluble in cold water bnt dissolves in hot. It undergoes' most of the usual 
reactions Qf aliphatic amines. It is readily hydrolysed to b?ru:oio acid a~d, 
ammonia on boiling with dilut~cidor alka.li •. it forms berizomtnle on heatmg 
with PaOli' • ., 

CaH6CONHa + .dOH ---+ Co'li5COOH + .NHa 
OoH5.CONH2 --+ C6HsON + HaO' 

The n~gativ6 beuzoyl group oonfers ncidic properties to the H ntom 
attached to nitrogen atom; thus benzamide diB8olve~ in alkalis to form sa:1ts 
e.g. C.H5CONHNa. With mercury oxide, it' gives mercury benzamlde 
(OoH5CQNH)2 Hg. . 

Bf?n.zoic anhydride, (C6H500)20. It may be prepared 'by heating 
benzoy! -.lhlorjde with sodium benzoate. 

dride. 

COH5COONa + CIOOOoHli .~ CoHoCO.O.COCoHo + NaCl 
Benzoic anhydride 

A better meth'i>d is to boil a mixture of benzoic acid and acetic anhy-

2CoHoCOOH + (CHaC(:»aO ~ (06H5CQ)aQ + 20HaCOOH 

Properties. :Benzoio anhydride is a white orystalline solid, m.p. 42°. 
[ts reactions are thoso of acetic anhydride, but it. is much less reaotive. It is 
only slowly decomposed by water. It may be used for benioyltion, but 
benzoyl chloride is more oonvenient for the purpose. 

Benzoyl peroxide, OSR6CO.O.O.COOOH!;. It is prepared by adding 
peroxide to stirred mixture of benzoyl chloritie, ioe and water. 

W6tl5COOl + NazOil __, CoHIiCO.O.O~COC4HIi + 2NaOl 
Benzoyl peroxide , 

Bonzoyl,peroxide is a relatively stable, colourless solid, m.p. 108°. It 
aoLs as an oxidising and disinfecting agent.' Hence, it is a harmless bleaohing 
agent and is often used for bleaching wheat flour. 

Phenyl cyanide, bellzonitrile, CoHIiON. It oan be prepared by boiling. 
benz amide with phosphorus pentoxide. 

PIlOa 
06H5.CON~ --+ CaHsON + HIIO 

It may also be produced by fusiog sodium benzenesulphonate with 
!,odi~ oy~nide or !>y ISandmeyer's reaction by-treating benzenediazonium 
chlOrIde WIth potassIUm cyanide. 

Benzonitrile IS a colourless oil, .b.p. 191", ha.ving a smell of bitter almonds. 
It forms benzoic acid on hydrolysis, and benzvlamine on reduction. 

tHaO THiO' 
CoHsCsN ---+ ()6HsCONH2 ---+ CoHsCOOH + NHa 

Benzamide Benzoic acid 

().HsOsN + 4[H] ~ CGH6CH2NHa 
Benzylamine 

SUBSTITUTED BENZOIC AOIDS 

TOLUIC ACIDS, METHYLBENZOIC ACIDS. CsH,(CHa)COOH 

u., m· anc;l p.toluene carboxylic acids are call~d toluio acids. 

.\ 



TEXT-BOOK OF OROANIC CHEMISTRY 

o-Tcluic acid m-Tohtic acid 

()' 
COOH 

p.Toluic acid 
These are isomeric withl}lhenylacetic acid. 

Preparation. The toluic acids may be prepared. by oxidation 
o! o.ne of.the methyl groups of the corresponding xylenes by dilute 
DltrI~ aCId. They are conveniently made from toluidines ~y con
vertmg them via the diazonium salts into nitriles and hydroJysis. 

Diazo Sandmeyer - H
2
0 

CH,..CsH,.NHa --+ CHa.CsH,.NsCl ~ CHs.OeH,.CN-.QHa·CsH,.COOH 
reaction, reac~ion 

Properties. The, toluic aoids are white solids, m.pts. 0- 104°, 
m· lllo,p_ 178°. Since the methyl groups are almost unreactive, 
they benave very similar to benzoic acid. However, on oxidation 
they yield the, phthalic acids. 

ANTHRANILIc ACID, o-AMINOBENZOIC ACID, CsH,(NHz)COOB 

. Of the three isomeric aminobenzoic acids, the ortho deri~ativ~ 
IS t~e ~ost important. It was first obtatned by the fusion of indigo 
(antl), WIth .a,lkali and hence its' name. It occurs as methyl ether in 
jasmine and organic blossoms. 

P-:eparation. Anthranilic- acid may be prepared by reducing 
o.nitrob~nzoic acid, or by boiling an alkaline solution of o-nitro· 
toluene In alcohol (internal oxidation). 

('ncBa 
VNO. 

Q.Nitrot-oluene 

NaOH OCOOH 

. NH" 
t\nt!.lfImiJio aeid 

Technically, it is bes~ made frQ?l phthalimide ~y action w~th 
concentrated aqueous alkali and sodium hypochlorIte (Hofmann 
reaction). 

OCO,- +H:O O' COOH 'NH __ 
CO/ {NaOH) ~ edNH! 

Pbthalimide PhthalamlC acld 

N~O (')cOOH' . 

VNS, 
Anthranilic acid 

Properties. Anthranilic acid is a white solid, m.p. 45°, having 
a sweet taste. It is readily soluble in water and alcohQI.· On 
heating, it is decarboxylated to form aniline. It 'gIves all ;other 
normal reactioM of nuclear NHs and COOH groups. 

Uses. Anthranilic acid 'is used as an intermediate in the, 
synthesis of indigo and ruetilyl red. Methyl anthranilate is used in 
perfumery. 



AROMATIC CARBOXYLIC ACIDS 811 

p.aminobenzoic aCid, m.p. 187°, may be prepared by reducing p-nitro
~nz('ic acid. It is a vitamin and has been shown to cure quickly· Rocky 
Mountain.spot.ted fever, a. disease spread by fleas •. It ia of .importance iD. the 
preparation of novocaine, or. prqcain.c, whioh is the hydroohloride of ita 
diethylaminoethyl ester. 

Novocaine is muoh used as local anaesthetio as it is less toltio and is not habit' 
forming. 

SAUCYLIC ACID, o-HYDROXYBENZOIC ACID, HO;CaH.t.COOH 

It tak~s its naD;le from salicin, the glucoside of the correspond
ing alcohol, from which it was first obtained (Piria, ] 838) by 
hydrolysis and oxid~tion. It occurs as its methyl ester in ma~y 
essential oils. 

,Preparation. (1) Salicylic acid is prepared commercially 
by heating dry sodium phenolate with carbon dioxide at 130° in' ail 
autoclave under six to seven atmosphere pressure (Kolbe reaction). 

'O·ONa 1300 GOlfS . + CO. --+ 
~ ~ COOE 

The fuse4 mass from the autoclave is dissolved in water and 
the solution acidified to liberate free salicylic acid. This is then 
recrystallised from hot water. 

(2) It may be made by heating phenol with carbon tetrachlo
ride in alkali solution (Reimer-Tiemann reaction). 

GON.a NaOH 
+ Cele --+ 

(-Hel) OONa !!!? 
CCta OOH 

eOOH 

Salicylic acid is also produced by the oJeidation of a-cresol 
with potassium. hydroxide and lead peroxide, Or from anthranilic 
acid via diazonium salt. 

Properties. (Physical). Salicylic acid crystallises from hot 
water in fine colourless needles, m.p. 159°. It ia difficultly soluble 
in cold water but dissolves readily in hot water, alqohol and ether. 
It sublimes below its l"1}elting point and is steam-volatile. It is a 
stronger acid than benzoic !tcid. Salicylic acid is somewhat 
poisonous and has po"'~rful antiseptic properties. 

(Ohemical}. Salicylic. acid ·behaves both like 'lon acid and a 
phenol. Thus: 

(1) It forms salts, esters and other acid derivatives. 
2C6H,(OH}COOH + NasCOs --+ 2ClIH 4(OH)COONa. + H 20 + COg 

Sod. salicylate 

CoB,(OH)COOH + 2NaOH ~ CsH,(ONa)COONa + 2H20 
Disodium salicylate 
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RIlBO. 
OeR,(OR)OOOH + OHSOR --+ OaR,(OH)OOOCHa + H 20 , 

MeLhyl salicylate 

(2) Lille most phenols, it gives a violet ooloration with FeCla• 
()ouples with diazonium salts: and forms acetyl derivatives at the 
OR group. • 

CaH,(OH)COOH + CRaCOCl --+ CaH,(O.OC.OHa)COOH + HCl 
Acetylsalicylic acid 

(3) When heated slowly, it decarboxylates to phenoL 
C.H,(OH)(COOR) ~ CeH60H + CO2 

When heated to about 200°, it gives phenyl salicylate. Possi
bly the phenol first 1lrOOuoed oombines with unreaoted sal10ylic acid 
to form the ester. 

2CaH,(OH)COOH --+ CeR4\OH)COOCeR6 + CO2 + H .. O 

(4)._When treated with brOJ;nine water, it gives s-tribromophe
nol, the COOH group being replaced by Br atom. 

OH 

BO .. Br + 3Br. --+ _ + 3RBr + co. 

Br 

(5) When re~uced with sodium and boiling amyl alcohol, tbe 
rin~ hydrogenates and cleaves to form pimelio aoid. 

Ketoillso.tion --

OOH 

CO:H 

CHa 

HlcOe.OH 

HIC C.CO.H 

CH2 
Tetro.hydrosslicylic acid 

H. 
/C, 

H.C CO.H 
-I 

H.C CH,.CO.H 
'C/ 

HI 
Pimelio acid 

USP.S. Sl'licyli~ aoid is used: (1) ~s antiseptio and disinfec. 
tant ; (2) for lll.aking azo-dyestuffs ; (3) for preparing aspirin, salol
methyl salioylate, and (4) a;s medicine, when it is given as SOcliUIIl 

saliCYlate in rheumatic oonditions. 
"Methyl ultc:ylate. It is the prinolpa\ constituent of the oil of winter

green It is prepared by distilling a mixture of salioyllo aoid and methyl alcohol 
in the presence of sulphurio aoid. 
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OOR 
+ OHaOH 

eooH 
Salloylio acid 

813 

Distil Ooa 
~ + H t () 

(H.S04) COOCH, 

Methyl salicylate 

Methyl salicylate is a colourless, pleasant smelling liquid, b.p. 224°. - It 
is used as a flavour and perfume. It possesses a simulating action on tl.e skiD 

and is, therefore, used in hair tonics, and in linimept.s for treating aohes, sprains 
'lond bruises. 

Phenyl saUcylal.a. It is prepared by heating salioylio aoid with phenol 
in the presence of p~osphorus oxychlorirle. 

GOIl 

COOH 

Salicylio acid 

POCls OOlI 

COOCeHs 

Phenyl salicyilite 

It is a white solid, m.p. 42'. It is used as an intestinal antiseptiounder 
the name hoZol. 

Acetylsalicylic acid. It is prepared by he.atin~ 3alievlie acid with 
ace tie anhydride, in tbe presenoe of a traee of sulpl}urlo aOld. 

~ + CH,COOH aO.COCHa 

COOE 

.t\cetylsal~vlic acid 

It iii a white solid, m.p. 131,°. It ,is used in medicine, under the name 
a8pirin, as an analgetio, for relieving toothaehe, hea.dache and ooIds. 

GALLIO ACID, 3,4, 5-TRIOYDROXYBENZOIO AOlD, 06H2(00)30008 

It occurs widely in galls, tea, oak, bark, kikar bark etc., in the 
free state and as a unit of tannin· molecule. It is best prepared by 
boiling tannin with a dilute acid and extracting the gallic acid with 
ether. 

Properties. Gallic' acid forms white needles, m.p. 2220
; 

readily soluble in hot water, alcohol and ether .. When heated 
at its melting point, it break!! down into pyrogallol and carbon 
dioxide. 

HO HO 
HOO ~ HOOI + co. 
HO~ DOH HO~ 

Oall1c acid Pyrogallol 

Gallic acid is a strong reducing agent. It reduces ammoni~cal 
silver nitrate, and its alkaline solution readily absorbs oxygen from 

*TamdD or tannic acid, is a complex glucQiide·of gamo aci~ ItJs a 
oolourless solid, dissolve!! in water to solutipIlJ:l of astringent taste; It 18 uSed 
for taiming hides and ma.king inks. 
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the air and turns brown. With ferric chloride, it gives a blue-black 
precipitate; this nroperty is used in making inks 

GallIc acid is used for making pyrogallol, some dyes, and blue
black inks. 

Blueblack Inks. 'rhe blue-black writing inks consist chiefly of an 
aqueous solution ofgallia aaid, ferrous sulphate and a little blue dye. Some 
'gum (proteative agent), a little sulphuda aaid (to retard oxidation of ferrous 
sulphate), and a traae of phenol (preservative) is also added. When the ink 
flows from the pen on the paper, the sulphuric acid is neutralised by alumina 
of the paper. The ferrous sulphate is then rapidly oxidised to ferric sulphate 
and this forms a deep black precipitate with gallic acid. Hence, the ink writes 
blue but becomes intensely black on drying. 

PHENYLACETIC ACID, C6H5;CH2COOH 

It is a typical aromatic acid with the CO OR group attached 
to the side chain. It is isomeric with tolulc acids. 

Preparation. Phenylacetic acid is prepared easily by boiling 
benzyl chloride with alcoholic potassium' cyanide and hydrolysihg 
the resulting nitrile by boiling with dilute sulphnric acid. 

KCN H 20 
C6H sCH2_Cl _ CoHs CH2CN _ C6HsCH2COOH 

Benzyl chloride Benzyl nitrile Phenylacetic acid 

Properties. Phenylacetic acid is a while crystalline solH, 
m.p. 77°, with an unpleasant 'Odour. It is a stronger acid than 
acetic acid, which is due to the acid. character of the phenyl group. 
When oxidised with chromic acid, phenylacetic acid is converted to 
benzoic acid. The isomeric toluic acids on oxidation yield phthalic 
acids. 

MANDELIC ACID, PHENYLHYDROXLACETIC ACID, C6H~.CHOHCOOH 

It occurs naturally as the glucoside, arnygdalin, in bitter al
monds from which source it may be obtained by hydrolysis with 
concentrated hydrochloric acid. 

Preparation. Mandelic acid is prepared by the hydrolysis of 
benzaldehyde cyanohydrin (mandelonitrile) which in turn i~ obtain; 
ed by treating the bisulphite compound of benzaldehyde with con
centrated solution of sodium cyanide 

o OR OH OR 
1\ NaRSOs I NaCN I H 20 I 

C6HS-C - C6Hs-C-SOaNa _ C6HS-C-ON ~ 06Hs-O-COOH 

~ k ~ lr 
Benzaldel:u de Uandelonitri1s Uandelia acid 

Properties. Mandelic acid is a . white crystalline solid 
moderately soluble in water. It exhibits optical activity, the alcohol 
lie C-atom being asymmetric. The acid obtained by hydrolysis of 
amgydalin is the {.form melting at 1330 while thp, dl-acid melts at 
118°, 
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Mandelic acid behaves like a hydroxy acid. When heated with 
bydriodic acid, it is reduced to phenylacetic acid. Upon vigorous 
oxidation it is converted to benzoic acid. Mandelic acid iE< used as 
an internal antiseptic. 

CINNAMIC ACID, {3-PHENYLACRYLIC ACID, CaHs.CH:CH.COOH 

It is the most important unsaturated aromatic acid. It occurs 
free and as benzyl ester in the oil of cinnamon and in Peru and 
Tolu balsams. Owing to the presence of a double bond in the 
molecule. cinnamic acid exhibits geometrical isomerism. 

CilHs-C-H 
11 

HOOC-C-H 
Oi8form_ 

°eBs-C- H 
11 

H C-COOH 
Tran8 form 

Ordinary acid is the trans form, and the cis form is also known 
to exist. 

Preparation. (1) It may be prepared by heating a mixture 
of benzaldehyde, acetic anhydride and sodium acetate for about 6 
hours (Perkin's reaction). The oveI:all reaction is 

CHaCOONa 
CoHsOHO + (CHaCO)20 ~ CeHsCH=CH.CodH 

(2) It is also produced by the condensation of benzaldehyde 
with ethyl acetate in the presence of soqium ethoxide (Olaisen 
reaction) and hydrolysis of the resulting ester . 

. . _____ .. ______ .. __ CaH 60Na; 

CeIl5CH=;.? ... t .. ~_2~iCH.COOC2H5 ---. CaHsCH;=CH.COOCzHs+H20 

H 20 
---. CeH 6CH=CH.COOH 

(3) It is made commercially heating sodium acetate with 
benzal chloride, and acidification of the product. 

C6H5CH/\Cf"~"·H!"CH.coONa _h~ CeH5CH=CH,COONa + 2HCI 
"iCl Bi/ Sod. cinnamaie' 

: •••••••.. "'~" ! 

(4) It is usually mallufactured from benzalacetone by oxida. 
tion with alkaline sodium hypochlorite (Of. haloform reaction of 
acetone). 

NaCJO 
CeHsCH* Cll.CO.CHa ---. CeH5CH=CH.COOH 

Properties. Cinnamic acid is a white solid; iD.p. 133-°, hav. 
ing a persistent sharp odour. It is a very sparingly soluble in water. 
Its reactions are those of an unsaturated acid and the phenyl. 
radical. 
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(1) When reduced with sodium amalgam and water, it gives 
dihydrocinnamic acid (~-phenylpropionio aoid). 

Ne./Hg 
CSH6CH=CH.COOH + .2[H] __ COH6CH2.CHa.COOR 

H,O 

(2) On oXIdation with cold potassium permanganate, the 
double bond cleave.§! to give benzaldehyde, while vigorous oxidation 
yields benzoic acid. 

KMn04 
CSH 6CH=CH.COOH _ COR 6CRO __ CSH6COOH 

(3) The coon group gives the usual reaction with alkalis to 
form salts and with alcohols to form esters. On heating above its 
melting point, or on heating with soda-lime, cinnamic acid decar
boxylates to styrene. 

hea.t 

(4)' Nitration with mixed acids yields a mixture of Q. and p
nitrocinnamic acids. 

Various e8terS of cinnamic acid are used in the perfumery 
industry. 

CouJDarin. It is the odoriferous principle of woodruff, bay 
a.nd-tonka. beans. It is prepared from salicylaldebyde by Perkin 
reaction. The free o.hydroxycinnamic acid first produced at once 
forms the internal ester, coumarin. 

Clf 

(CH~20 0/ 'CH -HaO 

CHaCOONIl I dOOR -
~ '\. 

OH 
o.hydroxycinnamic Il,cid 

Ii 

O
/C, 

CH 
I co 

. '0/ 
~oumnrin' 

Coumarin is a white crystalline solid, m.p. 67°, having the 
fla.vour resembling that 9f vanillin. When warmed with sodium 
hydroxide, ,the e~ter ring opens up to form the sodium salt of coumllt
rinic acid. 

It .is used as a cheap substitute of vanillin, in making artificial 
perfumes. 

DrOARBOXYLIC AOIDs 

All the three possible benzenedicarboxylic acids are known. 

Ocooa 

COOH 

Phthlilic acid 

COOIr COOH 

OcoaM o 
COOH 

leophthnlic acid Torephthalic acid 
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Of these, o-dicarboxylic acid, phthalic acid is the most important. 
Phthalic acids can be prepared either by oxidation of the res

pective xylenes or of toluic acids. They can also be obtained from 
the corresponding toluidines via nitriles and subsequent hydrolysis_ 
Phthalic acids are white crystalline solids. They give all the usual 
reactions of dicarboxylic acids, forming acid and normal derivatives. 
Phthalic t'lcid is distinguished from the meta and para isomers as it 
forms an inner anhydride fon heating. 

PHTHALIC ACID, o_BENZENEDICARBOXYLIC ACID, CGH4(COOH)2 

It was discovered b~ ;Laurent (1836) as an oxidation product 
of napl\thalene. It is prod'uced by the oxidation of any benzene 
derivative havi ng carbon-substituents in ortho positions'. 

Preparation. (1) Phthalic acid is manufactured by passing 
a mixture of naphthalene vapour and air over a vanadium pentoxide 
catalyst at 500°. (Gibbs Process) 

OJ V.Os O~ ICOOH 01 CO, .+ o. ~ . ---+ 0 + H 20 
- 5000 ~ COOH ~ CO/ 

N~hthalOlle Phthalic acid P11lhalic 9.nbydJ"ide 

Formerly the above oxidation was carried with fuming sul
phuric ~cid and mercuric sulphate bnt that method is now obsol~te. 

(-2) In a neWer method, introduced in U.S.A., phthalic acid is 
produced on a large scale by the catalytic oxidation of o-xylene' 
obtained from petroleum. 

+ 0. ---+ ~ '\.0 + H.,O OCH3 v:O;; O~ ICOOH 
OICO 

CH3 heat ~ COOH ~ CO/ -

The phth~lLc acid firdt formed in the above methods, loses a 
molecule of"W~ter at hi~h temre!a:turo of the reaction and the pro
duct is phthalIc anhydride.. 'Ihls may be converted to phthalic acid 
by boiling with water. 

Properties. Phthalic acid is a white crystalline solid melting 
at 2310 on rapiJ heating. It is sparingly soluble ill cold ,vater but 
dissolves fairly rapidly in bot. 

Phthalic acicl gives all the usual reactions of a dicarboxylic 
acid. It decomposes on heating at th~ melting point to form the 
anhydride. just like succinic acid. 

OCOOH 

COOH 

heat. 
--. Oeo 

)0 + HtO 
CO 

Phtha.lic Il.nhydriutl 

~Like benzoic acid, it yields benzene when heatecl wich soda ... 
limo. 
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OCOOIl 0 
+ 2CIl0 --+ ,... II +, 2Caeo~ 

COOH ~ 

The chief importance of phthalic acid is in the formation of 
its anhydride which is of great technical value. Benzoic acid is now 
manufactured by decl,Lrboxylating phthalic acid. 

Phthalic anhydride, CaH 4(CO):>.O. It is made cOJ;nmercially 
by the catalytic oxidation of naphthalene and toluene as described 
under phthalic acid. .:Phthalic anhydride gives' all the normal 
reactions of acetic anhydrfde, though less readily. 

(1) It is slowly decomposed with cold but quickly with boiling 
water to form phthalic acid. . 

aeOOR 

~ COOH 

(2) When heated with alcohols, it gives acid esters. 

Oeo OCOOca,H~ )0 + C1HbOH ~ 
CO ~ COOH 

Et,hyl hydroltlln phthalato 

These acid esters may be converted into the normal diesters by 
the usual method of hea.ting with excess of alcohol and sulphuric 
acid. 

(3) It reacts with dry ammonia, forming straIghtway phtba-
1imide. 

OCO)O + NHa --+ 
CO 

/ 

(4) It reacts with POls to form phthal<?yl chloride. 

OCO >0 + PCI
I 

--+ OCOII)O + POOla 
CO ~ CO 

(5) When heated with benzene in presence of anhydrous 
aluminium chloride, it yields anthraquinone. (Friedel-Graft8 
reaction). 

Benzoylbenzoic acid Anthraquinone 
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(6) It condenses to form phenolphthalein and fluorescein, 
when heated respectively with phenol and re~orcinol, after adding a 
little sulphurio acid. , 

Uses. Phthalio anhydride is us~d for manufacturing r~sins, 
. plasticisers (dibutyl phthalate), insect repellants (dimethyl phthe,. 
late), perfumes {diethyI phthalate), anthraquinone, phthalimide, 
phenolphthalein, fluorescein, etc. The production of phthalic an· 
hydri<l6 in United: States exceeds t\VO hundred million pounds a 
year (1951). 
~ PhthalbDld~i _c,H,(dO)2NH. It-is prepared most conveniently by pass. 
mg dry a.tnmonia gas overheated phthalic a.nllydride (see above). It is a white 
.crystalline solid, m.p. 238°, insoluble in water. It is definitely acidic in Qhal'acter 
and forms N .potassium salts when treated with alcoholic.potash. 

-r:
2

H,O a'OOH 
~ +RNH, 

~ OOH 

The pot~ium phthalimide react.S with alkyl halides to form alkyl 
de~vatives ~hich on hydroly~is yield primary amillE.'S (Gabriel's synthesis of 
prImary amIne!!). 

When treated with alkaline sodium hypoohlorite, it is coitverted into 
anthranilic add (Hofmann'8 method). 

~ OCOOH +~o OICOOH 
~ CONHt ~ NH, 

(1 nterml'di(Jle) 

Phthalimide is used for the.syntllesis of aliphatic primary amine a and 
for the manufacture of anthranilic aoid. 

Q,UESTIONS 

.1. Give two ways ·by w!tich .benzoic -acid. may be prepa.red from 
benzene. Describe the reactions by which the followlDg m~y be obtamed from 
benzoio aoid: (a) benzamide, (b) ethyl benzoate, (0) sIlver benzoate, (d) 

benzonitrile. 
2. Give the methc;»ds by: whioh benzoio aO.id may be prepared from 

toluene. Bow may benzoIC. aCId be converted mto (a) be~zene, (~) et?yl 
benzoate, (c) benzoyl chloride, (el) silver benzoate? (Cambrldge Unwer8,ty) 

3 Indicate by means or-formulae and reactions how you would dis. 
tinguish ·be.tween benzamide Qnd aoetamide. 

4. OOmpare and contrast the proeerties of benzoio acid Qnd aoetio 

aoid.. " 
5 Bow is salicylic acid prepared? Desoribe the action·of heat upon 

the acid ~nd oompare its behaviour in this respect ~itJ;llac~io acid. How could 
it be converted into phenol f State the uses ofsahoyho aCid. 

6 Describe the preparation of salicylic acid. By_what tests would 
you disti~gui8h between (a) salioylic acid and benzoic aoid j- (b) salicylic acid 
and phenol t 

7 Write sbort notes on salicylio acid and its derivatives, indloating 
hiefl their structo,ral formulae and physiological properties and uses. • 

() y (Cape Town UniIJer8Hy) 
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8. Give the preparation and import~pt propertie.s of mlicylic acid. 
9. What is mandelic acid? Bow'¥an this be prepared? What are itE 

properties? Compare mandeliC' acid with the lactic acid so far as the reaction 
of (iJ HN03, (ii) HI, (iii) HCl on both these compounds is concerned. 

10. Describe the pr~paration of salicylic acid .. By what tests would you 
distinguish between (a) Salicylic acid and benzoic acid, (II) Salicylic acid and 
phenol? 

II. Give briefly the preparation, properties !lnd uses of 
{a) Anthranilic acid. and 
(b) Phthalic acid. (Banaras B.Sc. II. 1964) 

12. Give synthesis of the medicinallv important substitutes of salicylic 
aclO (Valltibhbhai B.Sc. [.II', 1964) 

13. Describe the manufacture of salicylic acid and give its important 
reactions. Name two of its derivatives used in medicine, also giving their 
methods of preparation. ~Nagpur B.So. IIi, 1964) 

14. How is phthalic acid prepa.red in commerce? How is it converted 
into-

(a) Anthranilic avid. 
(II) Phenolphthalein. 
(0) Fluorescein. 
(d) Phthaloyl chloride. . 
(e) Anthraquinone. (Panjab B.Sc. Ill, 1967) 

15. Give the prepa.ration of salicylic acid from phenol. Mention its. uses. 
What prqcedure is adopted for its conversion to (a) Aspirin and (b) Oil of 
winter green. (Marathwada B.Se., 1968) 

16. Describo the various mothods of introducing carbonyl group in tho 
hem:ene nucleus. Starting with benzoic acid how do you prepare !-

(1) Benzamide, (2) Phenyl cyanide (3) Benzoyl chloride and (4) Bonzoic 
acid. , (Poona B.Sc, 1988) 

17. Describe three methods of preparation of cinnamic acid. State the 
cbaractenstic chemical properties of the acid. (Viswa-Bnll'l'ati B.Se., 1969) 

18. Assuming that the properties of three Phthalic acids are known, 
devise II procedure to dotermine the' dentation of (i) three nitroanilines; (ii) 
three nitrotoluenes. (Allahabad B.Sc., 1969) 
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ORIGIN OF COLOUR 

RICHARD WILLSTATTER 
(1872-1942) 

German Chemist, Famous for 
his studies of alkl,loloids, quin
ones, flower pigments, chemistry 
of enzymes, and chlorophyll. 
He won the Nobel Prize ill l!H5. 

We know that white light is made of seven colours: violet, 
indigo, blue, green, yellow, orange and red . If an object reflects .or 
transmits all the light falling on it, it appears to be white; if it 
absorbs all the light, it looks black. An object appears cqloured 
when it absorbs only a .. portion of the white light and reflects or 
transmits the rest. The colour of this residual light. which escapes 
absorption and enters our eyes, determines the colour of the object. 
Thus an object looks blue because it is able to absorb the yellow 
colour {complementary colour}. Similarly, an object appears purple. 
since itOhas absorbed the complementary green colour. 

Light consists of waves that are produced by the vibrations 
Oielectrons, and tl,lese waves in turn can cause the vibrations of 
electrons ~lsewhere. The absorption of light by a compound is akin 
to the phenomenon of resonance noted with sound. We know very 
~eU that a vibrating string of a piano or a vibrating 'tuning fork 
causes the vibrations of any other object which has the same vib'ra
tion rate. Exactly similarly, the light falling on a compound, sets 

821 
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the electrons of the latter vibrating provided. of course, they can 
vibrate or resonate in harmony: In doing so, a part of ligh.t is 
absorbed or used up by resonating electrons, and the remaining 
portion of it determines the colour of the compound. The presence 
of certain unsaturated groups in a molecule, makes a compound, 
coloured, because such groups provide loosely bound electrons that 
arc available for harmonic 'vibrations. The saturated compounds 
like methane, ethyl" alcohol etc., having completely paired or firmly 
bound electrons, are colourless. 
WITT'S THEORY OF COLOUR AND »YES 

Dyes are coloured compounds capable of being fixed to fabrics 
and which do not 'wash out with soap and water or fade on exposure 
to light. !fherefore, a coloured organic substance is not necessarily 
a dye. For illustration, both picric add and trinitrotoluene are 
yellow, but only 'the former cnn fix t6 a cloth and is a dye, while the 
latter does c.ot fix to a cloth and is ,llot a dye. 

From the study of facts as above, Otto Witt propounded his 
theory of dyes as early as 1876. This so-called Chromophore 
theory may be summed, up in the following points: 

(1) The dye is derived from a parent coloured Cbmpound 
termed chromogen (11lean£ng colottr generator). 

(2) The colour of chromogen i~ due to the presence of certain 
groups of atoms called chromophores (meaning colour bearing 
groups). 

The more important chromophoric groups are: 

0 
CaO -N;N- -N""O -N/ 

Cnrb(inyl 
\'0 

Azo Nilroso Nitro 

U 

-0= 0 
p-Quinoid o-Quinoid 

t3l 'fhe dye takes its fixing propcrty from certain acid or basic 
groups present in the molecule. Th~se groups not only increase the 
solubility of the dye and help in fixing it to a fabric, but also 
enhance the intensity of the colour and are termed auxochromes 
(meaning, colour-aiding groups). For instance, nitrobenzene is pale
yellow but the introduction .of thc auxochrome NH2 imparts to it 
fixing property and also makes it orange in colour. The mpst 
important auxochromic groups are OR, COOR, SOsR, NH2' NIlR, 
and NR2 . 

The postula.tes of the Witt's theory may be -stated as 
Dye = Chromogen :t A~ochrome 

Chromogen = Chromophore bearing compound 

This may he illustrated by taking example of p-hydroxya7io, 
benzen('~ which is a bright red dye. 
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ON=NO t;;; ON=NOOH 
Azoben'Zene Jl"'HydroxYltzobenzene 
(Chromogen) (Dye) 

In this case the chromogen is azobenzene which has a red 
colour; it contains azo group, -N : N-, as the chromophore. The 
auxochrome is the phenolic OR group. 

Again, picric acid serves as a yellow dye. It contains: (1) the 
chromogen trinitrobenzene which owes its yellow colour to the three 
chromophoric nitro groups; and (2) the OR as the auxochromic 
group. 

O,NONO, 
N02 

Trinitrobenzene 
(Ohrom'ogen) 

CLASSIFICATION OF DYES 

+ OH ---H 

OH 
OINONOI 

. ~. 
NO. 

Pic rio aOld 
( Y tlfow dye) 

Dyes may be classified according to their molecular'structure 
or by their dyeing procedures. 

(1) Chemical Classification. Dyes may be divided into 
groups according to their chemical constitution, more partioularly 
according to chromophores they contain. Thus we have: (a) Nitro 
a.nd nttroso dyes; (b) Azo dyes; (c) Triphenylmethane dyes; (d) 
Phthalein dyes; (e) Anthraquinone dyes; (f) Indigo dyes; (g) Vat 
dyes; (a) Sulphur dyes, etc. 

(2) Classification according to dyeing procedures. The 
chemical classification of dyes is of theoretical interest to the chemist 
but the dyer is concerned maiI)ly with application of dyes to fibres. 
The dyes are often grouped according to the procedure of their 
application. 

(a) Acid dyes. These contain acidic groups e.g., OR, SOaR 
and are applied in acidic solution. They dye wool and silk directly. 

(b) Basic dyes. These contain amine groups and are applied 
in basic solutions. They dye wool and silk directly and cotton after 
mordanting. 

(c) Direct dyes «substa~tive dyes). These u.sually containe. 
number of acidic or basic groups. They dye animal and vegetable 
fibres directly. 

(d) Mordant dyelJ (adjective dyes). They contain two or more 
acidic or basic groups. They dye neither 3;nimal nor vegetable 
fibres directly, but do so when applied to mordanted cloth. For 
acidic dyes, the mordants used are metallic hydroxides, while for 
basic dyes, tannic acid is used as a mordant. For metal mordaneing 
the cloth Js soaked in a solution of the metallic salt (aluminium 
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acetate) and then into the basic solution of the dye. The dye com· 
bines with the freshly -precipitated metallic hydroxide to form an 
insoluble pigment oalled a lake, whioh ill' fast to washing. For tannin 
mordanting,. the cloth is soaked in tannin solution and then in the 
dye solution; this produces in!ioluble lakes. 

(e) Vat dyes. These are insoluble in water but are reduoed to 
oolourless derivatives (leuco compounas) by alkaline reduoing agents. 
The cloth is soaked in the ~olution of reduced dye and then spread 
in the air so that the leuco.compound is oxidised baok to the original 
dye. Indigo is an important vat dye. 

(f) Ingrain dyes. There are dyes whioh are produced in the 
fibre itself. For example, the cloth is firilt soaked in the solution 
.of a diH.'Lonium salt and then in the solution of n. phenol or amine. 
The coupling ta.kes place in the fibres of the cloth giving So fast 
colour. 

AZODYES 

. Azo dyes contain tbe common chromopho!'c the aZQ group, 
·N=N· and the auxochromes lIuch as .NH" .NR" .OH, and .SOaH 
These dyes are prepared by diazotizing an amino.oompound and 
coup1ing the resulting rliazoniuDl salt with a phenol in alkaline solu. 
tion, or with an amine in neutral or slightly a.cidic solution . 

. Aniline yellow. It is the simplest basic azo dye and is 
obtained by coupling diazotized aniline with a,niline. 

GN,Cl + BING --+ GN; N,NHO + HC'l 
Di9zoarninobenzene-

Roo.rro.nge 

ON'::N.NIIO --+ ON=NONH. 
p.AminoazobellzellB 

(aniUt'.'l IIdlow) 

It is used to colour fats and cheese. 

. Butter yellow. It is prepared by coupling (liazotized aniline 
wIth dimethylnnilJnc. 

ONtCl + ON(CH3h - ON:oN O~(CHah+HCl 
1'.DllJletllyl(l,r.'illo~Z()benZene 

~nutte' l' ciloWI 

It is used to ('olour butter and oils. 
Methyl Orange. It is made by diazr)tizing sulphanilic Mid 

'lnd coupling with dimethylaniline. 

JJ01SONaVI + ON(CH3lt - . 
~ b 0 aCl 
.' H03S~~ ... N b N(CH,h + 

~hJ\ Oft\t1ge , 
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Methyl ora.nge impa.rts an orange coiour to wool and silk, but 
t has little importance'as a dye because it iii not fast to sunlight or 
;vashing, It is well known a.s a.n indica.tor for a.cid-alkali titrations, 
lince it is yellow in alkali solution but becomes red in a.cid solution. 
rb~ indica.tor owes its colour change to a change in the s.tructure of 
ts Ion. 

03S0N'=N'ON(CHall ~ 
Yellow (~Ika.li aolution) 

OsSONB.N =O=~(CH3)t 
Red acid (solution) 

The yellow forill contains the azo chromophore, while the red 
for.Ql contains the p-quinoid chromophore. 

Methyl Red It is made by coupling diazotized o·amirro 
benzoic acid with dimethylaniline. 

eOOH COOII 

ONse) + ON(CH 311- ON=oN ON'tCH3l2+HCl 

Methyl red 

It is indiCAtor in acid alkali titrations. 

Chrysoidine. It is -:_:Irepared by coupling benzenediazonium 
chloride with m-phenylenediamina. . 

NH. NH, 

ONaC1 -I- ONHz- ON=N ONH~ + Hel 

Chryauidine 

It is an orang~.red dye ~nd is used for dyeing silk and wool 
directly, and cotton p,fter tll,nnin mordanting. 

Bismarck Brown. It is prepared by action of nitrous acid 011 

excess m.phenylenediamine in hydrochloric acid. It is a mixture of 
two brown dyes obtained by diazotization of one or both the NHa 
groups of the diamine and subsequent coupling with unchanged 
diamine. 

(a) Wlteno1l1yone NHzis diazotized: 

NH, 

-> ON_N ONB, + HOI 

NBt 
(Brown dyo) 
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(b) When both NB. group8 are tliazotized: 

NH t NH. ' 

ON,C'+ ONH, ~ ON_N ONU, + 'HCI 
NICI ONHI N=NQNH 

NH, ~ I 

HI 
(Brown dye) 

Bismarck Brown consists of mostly the second dye. It IS used 
for making boot polishes, and for dyeing wool and mordanted cot. 
ton. It is also used to stain wood. before applying varnish iu the 
production of immitation mahogany furniture. . 

lletJorcin Yellow It is made by coupling diazotized 'sul
phanilio acid with resorcinol. 

It is golden yellow dye used f9r dyeing silk. 

. Congo Red. It is obtained by coupling diazotized benzidine 
With l-aminonaphthalene.4.sulphonic acid. It has the structure 

1\H2 " NHt 

m-M-O-O-"~N-OJ 
~JI H03S 

It is a dark red dye used for direct dyeing of cotton. It is also 
used as indicator-red in alkali, blue in acid. 

TRIPHENYLMETHANE DYES 

Triphenylmethane, (C,H5)aCH, is the chromogen of a large 
number of dyes. The common chromophore is the p-quinoid 
structure aud the auxochromes are OR, NH2 and NR2 • 

Triphenylmethane dyes are very brilliant intense colours but 
f!!ode quickly in light. Therefore, they are 110 longer much used on 
textiles. However. they are used in large quantities for colouring 
paper and typewriter ribbons where fastness to light is not so impor
tant. 

Malachite Green (0. Fischer, 1877). It is the simplest tri
phenylmethane dye and is prepared by heating benzaldehyde with 
dimethylanili1l.e in the presence of fused zinc chlodde and oxidising 
the leuco base (Gr., leuke = colourless) first produced to the dye with 
lead dioxide and excess hydrochlorio acid. 
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-H 20 
----> 

ZnCl, 

Malachite Green takes its name from the fact that it has a 
deep blue-green colour resembling that of the malachite (copper ore). 
It is used as a direct dye for silk and wool, and for cotton after 
mordanting with tannin. It is a basic dye and is marketed in the 
form of its oxalate. 

Pararosaniline (Verguin, 1859). It is made by the oxidatiop. 
of anilille (2 mols.) and p-toluidine (1 mol.) with nitrobenzene and 
treatment with hydrochloric acid. 

O 
·1 /r·········H~ONI!~ 

HN -C'; + , 
I "t~ ... _ ... ,.!.9.0NHI 

Pararosaniline dyes wool and Bilk a rose red colour, and cotton 
after mordanting with tannin. 
. RosaniHne, Magenta, Fuschine. It differs from pararosaniline 
m the substitution of a methyl radical ortho to one of the amino 
groups. It is made by oxidising a mixture of aniline (1 mol.), 
o-toluidine (1 mol.) and p-t.oluidine (1 mol.) and treatment of the 
leuco base thus produced with hydrochloric acid. 
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+2[0] 
--+ 

-28.0 

Leuco base 

RO!aniline 

Rosaniline form!! bright green crystals which dissolve in water 
giving crimson solutions. It dyes wool and silk a bright rose red 
direotly, but cotton after mordanting with tannin. It is aillo used 
'for colouring foods. The aqueous solu1;ions of the dye are rendered 
oolourless by sulphur dioxide owing to the form.ation of a new leuco 
base, yielding the Schiff's reagent; it is reddened by aldehydes but 
not by ketones. (Test)., 

Crystal Violet (Kern, 1883), This is the most important 
triphenylmethane dye at present. It is usually prepared by heat· 
ing Michler's ketone with dimethylaniline in the presence, of 
POOls. Tho product when treated with hydrochloric acid, gives the 
dye. 

os 
(CR ) N C H 0 (CHa)~N.C.H.\. 10 

• I • • "0 I 0 + . N(CH.ls -+ " C J N(CH
" (CH ) N C H / (CH.hN,C,H/ 

I I • , , Colourless base 

BCI 
--+ 
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The solid dye oonsists of bronzy. green orystals which dissolve 
1 water to give deep violet solutir1ns (hence, the na.rJle). It is an 
(cellent dye for wool and silk but needs a m.:>rdallt with cotton. 
,s it fades in light, the dye is used in large quantitiell for colouring 
aper and typewriter ribbons where fa.stness to light is not a great 
onsideration. 

\ 

Aurin, pararoBalic acid. It is made by boiling diozotized 
ararosaniline with water 

HOO 

0 )0-0-0 
HO Aurin 

Aurin produces yellowish.red solutions whic"b become intense 
ed on the addition of alkalis. It is used as an indicator and for 
.rinting of wall.paper. 

'JITRALEINS 

These are tri~henylmethane derivatives and are made by heat· 
ng phthalio a.nhydride with phenols in the presence of a dohydrat. 
ng agent (H2S04 or ZneJ,). The phtha.lains are colotlr1ess but react 
IVith alka.lis to form dyes having a qunoid structure. 

Phenolphthalein (Baayer, 1871). It is the sitnplest member 
If this class, and is prepared by hea.ting phthalic anhydride (1 lll,ol.) 
.nd phenol (2 mols.) in the presence of concentrated s'Lllphuric acid. 

0°11 
C.H.-C / + H.O 

I ''''0°11 co-o 
Phthalic anhydride Pl)enolphth~in 

Phenolphthalein is a white orystalline solid. It is insoluble in 
lVater hut diswlv~s in alcohol giving colourless solutions which turn 
?inlt on addition of ~\ka.Hs. 

/OOH 0=0 
e,R. -c _ C,R. -C/ . 

bO-6 'OOH dOQNa"OOH 
(C%urlelJ' /Ofrn) (Ooloured Jorm) 

, Phenolphtha.lein is used as indicator IfCir acia base titratiOD8 
~nd in medicin~ as a. laxa.tive. 

L Fluorescein. It is pre,Pared by heating phtha.lic anhydride 
:l~mol.) with resorcinol (2 mols.) in the preseMe of zitlO chloride. 
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Oli o 
Znel. < "\.n __ - C.H~-C / + R,O 

110 C,O-O ~ 

OJ! 

OH o 
C

aH4-8 - , 
COONa 

FluorescOlo ONa 

Fluorescein is an orange powder. Its alkaline solutions show 
beautiful yellow green fluorescence. It is used for decoration pur
poses and for tracing the course of water supplies. 

Eosin. Direct bromination of fluorescein yields the dye eosin. 
It is used for dyeing wool and silk yellowish red. It is used in large 
nmounts for making red inks. 

Br ~o 
/-'HgO:tl "-_/ 

CaH.-C(_'o 
I / 

COONu ~, '_/ 
Dr ONa. 

Mercurochrome 

MercurochrolUe. It is made by mei"ouration of dibromo
fluoresoein and action with sodium hydroxide. It is an intense red 
dye and is used as an antiseptio in the form of a two per oent solu
tion in water. 

Q.UES~ONS 

1. Describe the Chromophore theory of dyes. Indicate clearly the 
meaning of the terms: Chroniophore, Auxochrome and Chromogen. 

2. Write an essay on colour and constitution. 

3. Explain the term 'chromophore', • chromogen' and 'auxochrome', 
How would you prepare malachite green in the laboratory' 

4. What are azo dyes? Give a short acoount of Butter Yellow, Methyl 
Orange, Bismarck Brown, and Congo Red. 

5. Classify the various dyestuffs. What is meant by an aoid dye, a 
basic dyo and mordant? 

6. Write short explanatory notes on :

(a) Substantive dye; 

(b) Chromophore : 
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(c) Auxochrome; 

(d) Chromogen; 

(8) Mordant; 
</) Lakes. 

Give examples. • 
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7. Give the preparation and uses of the following :
(i) Flourescein. 
(it) Cougo Red. 

(iii) Malachite green. 
(itl) MethYlorange. 

S. What are triphenylmethane dyes! How would you prepare mala
chite green and pararosaniline 7 

9. Give an account of the theories of colour and constitution. 
(Baroda B.Sc. 111,,1964) 

10. What makes an organic compound coloured! Discuss the method 
of prsparation and constitution of Alizarin. (Kurukahetra B.Sc. III, 1967) 

11. Give a short account of 'colour and constitution'. 
(J &: K B.Sc., 1967) 

12. GIve a hrief acoount of the ohemistry of triphen:ulmethane dyes. 
(Kalyani B.Sc. Hom., 1967) 

13. How would you prepare fluoresoein ! W hat are its chief uses 7 
(Panjab B.Se., 1968) 

14. Give an elementary account of the relation between colour and 
constitution. (Vankateswara B.Sc., 1969) 

15. What are azo and hydrazo compounds 7 How are they prepared 7 
DiscuBB the factors responsible for the different shades in the azo dyes. 

(Kurukshetra B.Se., 1969) 

16. Describe the'synthesis pf three importan~ azo dyes and two impor-
tant triphenylmethane dyes. (Berhampur B.Sc., 1969) 
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H Cl 

OJ CPm 
Cl 

Cl. heat OJ+~m --+ ---. 

«.Chloronaphthalene 

The a.ction of bromine on naphthalene is so rapid that it is 
frequently used as a convenient laboratory method for preparing 
hydrogen bromide. , 

(3) NITRATION. Naphthalene nitrates with a mixture of 
nitric acid and sulphuric acid at low temperature to form mainly the 

. IX.nitronaphthalene. 

NO, CD HNO~O. OJ 
at Nitronaph~balene 

At higher temperatures, a. second N02 group may be intro
duced in one of IX. positions of the other Ibenzene ring. 

(4) SULPHONATION. Sui phonation of naphthalene. with con
centrated sulphuric acid below 800 forms mainly a-sulphonic acid" 
and at 1650 the ~.sulphonic acid. 

SOaR ca°p' R~. CO B1:~ OJ 
I3-Napbtbalene- at-Naphthalene. 
8ulphonic acid sulphonic acid 

(5) FRIEDEL-CRAFTS REAOTION. Naphtha.lene undergoes Friedel
Crafts reaction with acetyl chloride to form the ('J, or ~ products 
depending on conditioDs. 

COCHa 

CO·~ CHaC~AICl3 ('("l CH3CO~AlC13 COCOCH3 

in CBs ~ in CsR/iNOa 

Methyl at-naphthylketone Methyll3-naphthylketone 
(6) OXIDATION. When naphthalene is (lxi~ised with fuming 

.sulphuric acid in the presence of mercuric sulphate, one of the rings 
is broken resulting in the forma.tion of phthalic a.cid. 

O~ ~ OCCOOOORH 
~ F.R,SO./HgSO, 

Phthalic acid 
The above oxidation is now carried industrially by pas!!ing 

naphthalene vapour mixed with air over vanadium pentoxide (cata-
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lyst) at high te~perature. 
Uses. Naphthalene is used: (1) as a starting material for 

the manufacture of phthalic anhydride and numerous derivatives 
which are valuable dye intermediates; (2) for adding to 'burning 
gases' to confer luminosity upon the fl.'l.me; and (3) as a moth re
pellant in the form of (moth balls' ; it has little value for the pur
pose and is being replaced by new insecticides such . as p.dichloro
benzene and D.D.T. 

Structure. (I) The analysis and the determination of thE\ 
molecular weight of naphthalene shows that its moleoular il'rmula 
is CioHs. . 

(2) The oxidation of naphthalene yields phthalic acid which 
proves that the molecule must contain a benzene nucleus with two 
artho side-chains (~oH8 - CsH, = C,H,). 

(3) Two independent unsaturated side-chains could be built as 
foHows but such a. formula is antagoni~tic with the aromatic char
acter of. naphthalene and is at onoe ruled out. 

O-ceCIl 

-CH=CRa 

(4) Based on Kekule's formula for benzene, Erlenmeyf5r (1866 
proposed that naphthalene moleoule is made of two· benzene rin~ 
fused in or tho positions. This Wl),S further prov~d by Nolting f 
follows. 

Nitration of naphthalene produces nitronaphthalene whi' 
when oxidised gives 3-nitrophtbalic acid, while the oxidation of t 
amino.oompound obtained by reducing the 'nitro compound yiel 
only phthalic aoid. Thus naphthalene must contain two benzE 
rings one of which, of cours", is substituted on nitration. '1 
oxidation of the nitro-oompound destroys the ~nsubstituted I 

forming nitrophthalic acid, and the oxidation of the amino c( 
pound destroys the substituted ring to yield only phthalio acid . 

._. 00 ~ ~too~ 
lJJ VCOOH 

1 rHI Nitrophthalic acid 

(b~ HooeS II 
HOOe 
Phthalic lIcid 
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. (5) With a symmetrical distribution of the H atoms as in 
benzene, the formula for naphthalene may be written as 

H H 

=00= .01 

which is supported by the number of substitution products actually 
formed by na.phth alene. 

On ca.reful ex:amination of the above formula, it will be noticed 
that it contains two types of H atoms, marked (l and~. Henct', 
theoretically it would give two monosubstitution products and we 
know that two isomeric naphthols and naphthylamines are known to 
exist. Similarly, the existence of 10 isomerlC dichloronaphthalenes 
is justified by the a.bove formula. 

(6) Many structural formulae for naphthalene were put forth 
to aocount forthe fourth valency of the carbon atoms constituting 
the two benzene rings. Two of them are given below. 

I n 

ErlenmoY'lr Bamb!rger . 

Formula II is ruled out on the same ground as the similar 
formula for benzene, and the formul~ I represents the accepted 
structure of naphthalene which explains .the largest number of 
facts. 

(7) The structure of naphthalene is finally confirmed by the 
following synthesis due to Fittig. ~-Benzalpropionic acid on heating 
produces «-naphthol which on distillation with zinc dust yields 
naphthalene. 

B H B B 
coo 0 

0/ 'CHheatO/ ~OB 0/ " 0/ " 
b 

--+ . CH Zn 11 CH 
j ..... -. H I ~ I --+ I I +ZnO 
18. 1 I I ~ '\, /CB. ~" I CH heat ~ ".ICH 
'ao:_C c c . C l........ I H 

~ A OH 
~.BellzaJproplonic (T.:.I0/orm) (enolicjorlltl Naphthalone 

aold CIt· Naphtbo! 
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(8) According to the Physico. chemical evidence, it is now 
believed that naphthalene bond structure is resonating between 
the forms I, II and nI, and the form II makes the largest contri. 
bution. 

OO-OJ-CO' 
I II III 

This explains why the double bond character of linkages 
between 1, 2.poeitions is greater than those in benzene 

As 0. matter of general principle, there Are (71 + I) principal 
renonc.ting otrncturco for 0. polynuolear hydrocarbon containing n 
benzene rings fused together in a linear fashion. rhe resonance 
stabilisation energy of naphthalene is 75 k. oals.Jmole - 8: value 
larger than that for benzene since the latter has only two prinoipal 
resonating structures contributing to the resonan<:e hybrid. The 
carbon·carbon bond lengths (determined by X.ray methods) are indio 
cated as 

/'42-' 

DERIVATIVES OF NAPHTHALENE 

NAPHTHOLS, 010H,OH 
The monohydroxy derivatives of Mphtha]ene are known -as 

naphthols. 

OR 

CD 
«-Naphthol, 
l·Naphtho~ 

Both naphthols occur in coal. tar. 

OJOR 
,I3-Naphthol, 
2·liaphihol 

Preparation. (I) Both lX.naphthol anel ~.naphthol are best 
prepared by fusing the corresponding sodium naphthalene sulpho
nate with sodium hydroxide at about 3( 0°. 

Fuse 
CloH7S0sNa + NaOH -_ C1oH70H + Na2S0S 

3000 

(2) IX-Naphti1.o1 may be obta.ined from lX.naphthylaminfl bv 
diazotization followed by hydrolysis. . 

NaNO. H20 
C1oR 7.NH2 -- C1oH7·N2Cl -- C1oH70H 

HCI 
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(3)-Pur~ eX-naphthol is made by heating ex-naphthylamine with 
dilute sulphuric acid at 2000 under pressure. 

2000 

C1oH7!N.iiii···+··BiOH __ C1oH70H + NBs 
....................... Pressure 

The production of ~-naphthol by methods (1) and (2) is of 
little value because of, the difficulty of obtaining ~-nitronaphthalene 
and, therefore, of the corresponding amine 

Properties. Both naphthols are colourless crystalline sub
stance m. pts. ex-naphthol 95°; ~-naphthol 122°, having a faint 
phenolic odour. They are only slightly soluble in ,water but dissolve 
readily in alcohol and ether. 

The naphthols resemble phenols in, chemical behaviour, but 
the OR group in them is more readily replaced by other groups. 

(1) They dissolve in alkali to form naphthoxides. 
~OH70H + NaOH --+ ~oH70Na + H20 

Sod. naphthoxide 

(2) They produce characteristic colours with ferric chloride: 
ex-naphthol, violet precipitate ; ~-naphthol, green precipitate. 

(3) When treated with aqueous ammonia and ammonium 
sulphite they give naphthylaniines (Bucherer reaction, 1904). 

"(NB,l.SOa ' 
C1oH70H + NHs _ C1oH7NHa + H20 

The reaction may also be carried by rel}ction between naphthol 
and ammonia in the presence of zinc chloride. 

_ (4) In contrast to phenols, they form ethers when' heated with 
alcohol and sulphuric acid. 

O:)OR+ ",B,OR ~':O:)Oc,H'+ B,O 
p-Naphthol ~·Naphthyl ethyl ether 

(5) They couple with diazonium salts; ex-naphthol does .so at 
position 4, while ~-naphthol at position 1 or 3. 

OR, OR 

C,B,N,Cl + 0:) _, ():) + Rei 

H I 
N=NaCeRIi 

N=N.C.H5 

C,R,N,Cl + ROO _, Ho6J + Rei 

The dyes obtained from ~-naphthol a.re highly coloured and 
those obtained from ~-naphthol are of dull colour. 
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(6) WhelJ reduced with sodium and alcohol, the hydrog~natlon 
takes place in th", unsubstituted rjng with d.-naphthol and in th~ 
'substituted' ring with ~-na1>hthol. 

:x-Napbthol 

BlCOHlI 

o~ 
H, 

• ar.~-Tetronal 
(A 1"leflol) 

H. /R 

+ 4[H] --. 'OR 
H. 

I 
ac-~~ Tfltronal 

(Oycllc aleol!cil) 
~-~aphthol 

Uses. ,~.Naphthol is more important of' the two naphthols 
and is used: (1) for making dyes, (2) as a mild antiB~tic in the 
treatment of the skin diseases, (3) for preparing its me;thyl and ethyl 
ethers, which are extensively used in perfumery, and (4) as antioxi
dants, for fats and oils. 
NAPHTHYLAMINES, C1oH7N11a 

The two aminonaphthalenes or naphthylamines are: 

ol:{ 

OJ 
a-Naphthol, 
l-Naphthol 

aJ°B 

a .. Naplit.hol. 
3-Nl\phthol 

Preparation. (1) (It.Naphthylamine is prepared by reducing 
et.-nitronaphthalene with iron -and hydrochloric acid 

Fe/HCl 
C1oH 7NOa + 6[H) __ CloH6NB2 + 2HaO 

(2) ~-Naphthylamine is prepared by treating, {'-l1aphthol with 
aqueous ammonia and ammonium sUlphate (Bucherer-process). 

(NH4)aSO• 
C1oH 70H + NBs --. 'ClO1I7NIi:a;- HaO 

Of course, the above two methods cau ~app1ied for the pre
paration of both vhe naphthylamines, prov:ided the starting com· 
pound is readily a,vailable. 

Propt:rti s. Naphthylamjries are ool~lurless solids, m. pts. : 
et..naphthylamlne 50°, (3.naphthylamine 112° Both are insoluble in 
water but di olve readily in alcohol and ether. Ct.~aphthylamine 
has an UIUn('asant odour while ~-naphthylamine is odourlesl'!. 
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NaphthyJamines give practically the same reactions as those 
of aniline. They are slightly weaker bases than aniline and dissolve 
in acids to form salts. They yield the diazonium salts which may 
be coupled with amines and phenols in the usual way.' When 
reduced with sodium and amyl alcohol, hydrogenation takes place 
in different rings in the two na,phthylamines. . 

«.Napbthylamine 

[HJ --. 
H1COR1 NBI 

H" 
HI 

ar-Tetrabydro'_ll-naphthylamine 

fHJ --. 

'The sUlphonation of IX-ilaphthylamiue with concentrated sul
phuric acid at . 1300 yields naphthioI.).lc acid which is used in the 
preparation of Congo Red. . 

NH. 

CO 
NH. 

00+",0 
S03 H 

Naphthionic rrid 

Naphthylamines are usee. in the manufacture of several dyes. 

NAPHTHoQUINoms, C1oHaOa 
Only three naphthoquinones are known. 

o 

co 
II 
o 

et •. NaphthoqumQne. 
1.4-nnphthoquihone 

o 

C() 
~.Naphthoquinone. 
1. 2-no.phthoquinone 

nro 

o . 
Amphi-naphthoquinone 
2. 6-naphthoquinone 

IX-Naphthoquinone is prepared by ')xidation of 4-amino-l
naphthol with sodium dichromate and sulphuric acid 
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OH 

OJ 
NHa 

[0] 
--+ 

Nn2Cr10~ + H 2SO. 

o 
II co 
n 
o 

84l 

It is a. yellow crysta.lline solid, m.p. 125°, h&ving a. pronounced 
odour. Vitamin K ill its derivative. . 

~-Naphthoquinone is prepared l:ly oxidising l-amino-2-naph .. 
thol with ferric chloride. 

o 

[OJ --FeCI, 
cxyo 

It crystallises in red needles and d~composes at 115-120°. 

Amphi.naphthoquinone is obtained by oxidisifig 2, 6.otlihy
droxynaphthalene wfth lead peroxide. 

O
~OH 

HO V 
[OJ 

---+ 
PbO: 

It is an orange solid, m.p. 135°. 
The chemical reac~ions of naphthoquinones are the same as 

those of quinoncs. 
QUESTIONS 

1. From wha.t sourMS is napbthalene obtained f Wha.t products doaE 
it yield (a) on oxidation, (b) with HII!:)O" (0) with HNOa , 

2. How is naphthalene manufactured? Describe how it is-synthesised 
and prove its constitution. What do you know about the isomerism or its 
derivatives? ' 

3. How are «-naphthol and ~-naphthol prepared 7 ShQw that the 
formula assigned to naphthalene is in agreement with its behaviour. 

4. Describe the preparation ofnap,hthalene. from coal-tar and indicll.te 
how the followin~ compounds could be obtained from naphthalene. 

(a) B-Naphthol, (b) Indigo, and (0) Anthraquinone. 
5. Discuss thfl structure of naphthalene. Show that alpha and beta 

na.phthols could be prElpared from naphthalene. 

6. How is the, structure of naphthl)lene detetmined 7 Give the synthesis 
of naphthalene. -How are (3-naphthylamine and «-naphthol obtained from 
naphthalene? (Bombay B.Se., 1964) 

7. Discuss the constitution of naphthalene, Give its aynt.hests. How 
are the following prepared from naphthalene: (i) Tetralin, (ii) Betn-nitro
naphthalene, (iii) A~thranilio Mid and (ill) Beta-naphthol? 

(Poona B.Sc. II, 19(4) 
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8. Di ICUSS the structure of naphthalene. How will yon convert 
naphthalene to (I) phenolphthalein, and (2) anthranilio ~C1d? 

(Ma,.athwacia B.Se. III, 19641' 

9. Establish the cOIljltitution of naphthalene. Fow would you pr~pare 
naphthols from it? what is the action of nhlorine on Naphthalene. 

(Panj(Jb B.Se.lII, 1965 ) 
10. What are the polynuclear hydrocarbons 1 DisollRS the reactions and 

structure of Naphthalene. (Ag,.a B.Sc. III, 1967) 

11. How is Naphthalene prepared on a. large soal" 7 How will you pre
-pare the following starting with Naphthale:lle 1 (a) Alpha Naphthol, (b) Beta 
Naphthol, (c) Decalin, (d) Beta Naphthaleh~ sulphonic aci.d, and (e) Beta 
Naphthylamine. (BanaraB B.Sc.II, 1967) 

],2. Discuss the constitution of Naphthalene. How is it possible to con
vert it into (a) (X-naphthol, (b) (3-nappthol and (c) 13_naphthylamine '1 

(J and K B.Sc., 1967) 

13. H"w would you establish the str'wtural formula of Naphthalime ? 
What are naphthols? How would ycu prepa.re them? State their prop~rties. 
. (DibTU$arh B.SC. III,1967) 

14. Give a short account of the structurE> of Na.phthalene. 
(Kaylani B.Sc. RonB. III, 1967) 

15. it'ldicate the steps of synthesis of Naplithalene, using benzene and 
acetic anhydride. Sta.rting from Naphthalene show how you would obtain the 
following: (i) Salicylic aCid, (ii) 13-nitro-naphtbalene. (Pwna B.Se. II, 1967) 

16. Discuss evidences in support of the structure of naphthalene. 
l:.!lllahabad B.Sc., 1968) 

17. Discuss the structure of naphthalene with sJ,lemal reference to the 
,nature of the' carbon skeleton and the bonds. (Viatlla Bha,.ti B.Sc., 1969) 

18. How is naphthalene prepared 7 Discuss its cOnstitution 
(Panjab B.Sc., 1969) 



48 
Anthracene and 
its Derivatives 

ANTHRACENE, CU H10 

J.B.A. DUMAS 
(1800-1884) 

In 1831 Dumas isolated anthracene 
from coal-tar. He determined 
the structure of camphor and borneol. 
Dumas obtained cinnamic aldehyde. 

cinnamic acid, and methyl nitrate. 

Anthracene is present in coal-tar to the extent of 0'3 to 3'5 
per cent, hence its llame from Greek anthra:c-meaning coal. On 
distillation of tar, it passes over in the high boiling fractions 'anthra: 
cl:lne I)~l.' 

The molecule of anthracE'ne l~ .Ila,rle of three bBnzene nuclei 
fused in or tho positions for purposes of naming its derivatives, 
the various po.sitions are numberArl as follows 

Isolation from Anthracene oil. Anthracene oil is chilled, 
wnereupon a crystalline mass separates ;Which is pressed .free from 
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the liquid. The press.cake contains anthracene, phenanthrene (an 
isomeric hydrocarbon, and carbazole), (CoH,)NH. This -is powdered 
and washed with solvent naphtha which dissolves the phenanthrene, 
and then. with' pyridine which dissolves the carbazole. The crude 
anthracene left behind is purified by crystallising from benzene. 

Alternatively, the mass left after rem(l!'Ting phenanthrene is distilled 
witb potash. The non· volatile potassium oarbazole, (OsH.VaNH, th1,l$. produoed ,s left behind and the anthracene distils over. 

'Properties. (Physical). Anthracene crystallises in lustrous 
white flakes, m.p. 217°, which show a fine blue fluorescence. ;tt is 
insolnble in water, sparingly so in ether and alcohol, .bllt dissolves 
readily in hot benzene. It forms a picrate, melting at laSo. 

Chemically anthracene behaves in most respects like typieal 
aromatic hydrocarbons, benzene and naphthalene. However, 
the -POSitions 9 an~ 10 .are 'e~traor~inarily reactiye and anthra.?ene 
readIly forms derIvatIves 10 whICh the substlwents enter 'IIl.lese 
positions. 

l. HALOGENATION. Chlorine and bromine react with anthra. 
cene to form addition produots which at once decompose on heating 
to form 9, 10 substituted products. 

H Bt' 
B 

0:0 
:B'r 

(OJ tBrs h!)nt em -. -. + HBr 

H H 
Antbracene H Br 9.Bromoanthraeene 

2. NITRATION. When nitrated with concentrated nitric acid 
in acetic anhydride, 9-nitroanthracene and' 9, IO..dinitroanthracene 
is produced. . 

CDJ (OB~:oojJ ~o. 05) 
~Ol 

9·Nitroanthraoene 9, lO.Dinitroanthracene 

3. SULPHONATION. Tbe sulphonation of anthracene with 
di,luto sulphurio acid, gives I-anthracene sulphonic acid, t,Lnd 2-
hllthracena sulphonic aoid. 

S03H OJ) DlI~SO. em + 

l·Anthral'one· 
iulplJonic acid 

(D)'O.H 
2.Anttlracene
suJphonic acid 
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When sulphonated with concentrated sulphuric acid. anthra
cene forms I, 5- and 1, 8-anthracene sulphonic acid!!. 

4. OXIDATION, The oxidation of anthracene with concen
trated nitric acid or with chromIc acid yields anthraquinone. 

o 

01}H.o 
& 

H 

()"'l~ Na.Cr.{)7 
VVv'+[0] --

H: 

Ant.hraquinone 

5. REDUCTION. Anthracene when reduced with sodium 
amalgam and aqueous alcoh9l readily yields .9, lO-dihydroanthra
cene.. 

~ ·CCD.
BS 

...... 
. N'~g ~ 

C,H&OH 

Ht 
9. lO-DibydroanthraCEIIo 

Uses. Anthracene is principa.lly used in the production of 
anthraquinone and several important· -dyes, inC4lrling alizarin and 
tho newer anthraquinone dyes. 

Structure. (1) Antbracene has the molecular formula ~4HI0 
which at once suggests that this hydrocarboil i.J:l related to benzene 
(CoHo) and naphthalene (CloBa). 

(2) Like other aromatic hydrocarbons, it gives the addition 
and substitution reactions (halogenation, sulphonation, nitration) 
under suitable conditions. This indicates that the anthracene is 
possibl.y made of three condensed benzene nuclei. 

(3) On mild oxidation, anthracene yields anthraquinone, 
whQse structure has been established by synthesis from phthalic 
anhydride and benzene as follows: 

O/CO> 0 AICI. O· /CO'O 
"CO.H ~ '-';0· ° + ~ -

Pht,habc anhydride Q.B<,nzoyllJenzoic aClll 

-heat O/CO'O~ 
'CO/ 

Antbraquinone 
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This. indicai;e$ tPat anthracene must contain the same carbon 
skeleton as of anthraqQfnone, ana leavj~g the question of yalencies, 
of the ()..atbms open its. formula may be written ,as . 

(4) To dispose of the fourth valenQY of the .O-atoms many 
ttlterna;tive bO;1d. sttQctures have been sJlggested. ont of which only 
tnree are. given. 

010~ 
H II 

The formula tn is rult~A out straightway on the same grourui, 
a~ the similar formula. of be,nzepe. The' formula II has also been 
recently discarded sjnce a~QriIihg to the X.ray analysis (Robertson. 
HI33), the distance between th'e middle carbon ato~s is surely too 
great for the sharing of a· pair of electrons to form a covalent link. 
The formula I which is':analogous to th~ accepted structure of ben
Zene ~nd naphthalene is at present considered to be cprrect. 

(5) The structure of anthracene ha..s I:;cen confirmed by syn 
~hesis :llvtn o-bromobenzyl bromide as follows:· 

OcalBr 

Br. 
4-

~romobenzyl bromide 
t2.m/11.cillu) 

exb . C 
Hi 

[ O.Dihydroanthracene 

H 

C('o. 
'0/ 

B 
. ADthracene 
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This synthesis also disproves the presence of a. bridg~ between 
the,middle (8, 9) carbon atoms. 

(6) All the latest evidence available shows that like other 
aromatic hydrucarbons, anthracene is a resonance hybrid of the 
following bond structures of which I and II are most stable. 

em COJ ceo OJ:) 
I II III IV 

The resonance stabilisation energy of anthracene is 105 k. 
ca.ls. mole., greater than both benzene and, naphthalene. X-ray 
analysis studies have however revealed that two anthracene mole
cules are linked in the 9, 9'; 10, 10' -positions to give the 
structure. 

This structure has be(ln confirmed bv the ultraviolet' speg,trum 
of dianthracene by Weiss (1955): " 

DERIVATIVES OF ANTHBAQENE 

ANTHRAQUINONE 

Anthraquinone is important because it is the parent substance 
of the well.known dye alizarin' and of the purgative principles of 
rhubarb, aloes, senna and cascara. It was firs). obtalt}ed by. Laurent 
(1840) by the action of nitric acid on l;l.nthraceue. 

P~eparatioD. (1) Anthraquinone· was formerly prepared by 
the OXIdation of pure anthracene with sodium dichromate and 
sulphuric acid. . 

OJ····· ~. + 3['0] __. 

vI 
Anthraquinone 

Now the above o:ridl\.tion i~ done chea.ply by passing the V&I;l0ltr 
of crude anthracene QontainiQg carba:roJe, ~xed with a~ over 
v&na.dium pentoxide at 400(j. The ca.rbazole is remQVed auto. 
ma.tically, be,ing oxidised completely to CO, and 1l..10. 

,-
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(2) At present lllost of the industrial anthraquinone is made by 
interaction of phthalic anhydride and, benzene in the presence of 
aluminium chloride (Fritdel.Orafts reaction), and treating the 
o-benzoylbenzoic acid formed with conoentrated sulphuric acid. 

CO 

O~·,O/ '0 
'-CO:H # 

o-Benzoylbellzoic acid 

An Lhraq uinolle 

The aboye synthesis of anthraquinone also l?foves its structure. 
. P.roperties. (Physical). Anthraquinone is a pale yellow-crys

talline solid, m.p. 285°, haying little odour. It sublimes when heated 
aboye its melting point. It is insoluble in water but dissolyes only 
difficultly in glacial acetic acid...and benzene.· 

(Ohemical). Anthraquinone lacks the oxidising properties of 
quinones and rather behaves as a dikotone. Thus it ,reacts with 
hydroxylamine to form a dioxime. When reduced with tin ayd 
hydrochloric acid, anthraquinone is conVerted to anthrone which is 
tautomeric with anthranol. 

0 0 OH 
U I II O/C'O ((D O/C'O Sn/HOI 

'0/ : 
....... 

'0./ # '0/ 
u H, H 

0 
Anthrone Anlhranol 

The benzene rings in anthraquinone are deactivated by the 
carbonyl groups and, therefore, are substituted only with difficulty. 
Thus anthraqninone can be sulphonated with fuming sulphuric acid 
to form anthraquinone-2.sulphonic acid, which is of value as an 
intermediate in the manufacture of alizarin. 

0::::0 F.H,SO. ....... O/CO'O~SOIH 

'CO/ # 
AnthraQllinone.2-

lIulphonic acid 

+ HaO 
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ALIZARIN. I, 2.DIHYDROXYANTHRAQ.UINONE 

It is a dye of splendid red colonr and ranks with indigo as the 
most vaLuable of aU dye-stuffs, whether synthetic or natural. It 
ocours in madder root (hence its ntlme from Arabic 'alizari' = madder) 
as the glucoside ruberylhric acid, which when hydrolysed by enzymes 
or dilute aoids liberates ~nzarin. 

02SH2S0 14 + 2a20 --+ 20eH120e + OuH.Os(OHs) 
Ruberythric acid Alizarin 

Preparation. Alizarin was originally obtained in large quan, 
tities by the hydrolysis of ruberythric acid .as indicated above. Now 
it is exclusively made synthetinally by the following method- (Graebe 
and Liebermann, 1869). 

(1) Anthraquinone is obtained by Friedel.Crafts reaction bet· 
ween phthalic anhydride and benzene to form o-benzoylbenzoic 
acid and heating the latt,er with cullC. H 2S04; (2) The anthraquinone 
is then sulphonated with fuming sulphuric acid to giye anthra
quinone-2-sulphonic acid; 13) The sulphonic acid is finally' fused 
with sodium hydroxide and potassium chlorate, and acidified; the 
SOaR is replaced by OR and another OR is introduced in 2· position 
giving alizarin. 

O
/CO,,-

'CO/O 

Phthalic acid 

co CO 

+ O·~ 0/ 'OH:::·O/ '0 
'COllI,Q ~ 'CO/ 

o-Benzoyl benzoic 
aoid 

Anthraquin.one 

JO 
F.~O. 0/ "oaotH Alkali fl. u8ioD 

beat ~ '- & OzidatibD 
'CO/ . O

/CO'OOH OH 

'CO/ 
AnthraquillOIle·2. 
8ulphonic acid 

A'i~arin 

Phtlialic anhydride needed in the process is obtained by the 
catalytio oxidation of naphthalene. 

Properties. Alizarin forms rilby red crystals, m:p. 28!)o. It 
is imioluble in water and sparingly soluble in alcohol. It sublimes 
on heating and ean lihus be readily purified. It dis!!olves in caustic 
. alkalis to give purple solutions of a.iizi).rates. Mild oxidation of 
alizarin introduces a third OR group in the 4'position, giving 
another dye purpurin. When reduced with zinc dust and ammonia, 
a.lizarin yields dihydroxyanthranol known as anthrarobin, which is 
a valuable medicine for skin diseases. Alizarin/itself is also used as 
a purgative. 

Alizarin is a typica:J mordant, yielding different colours with 
.ifferent IDQrO!lonts. ThuSl an aluminium mordant gives a bright. red 
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c'olour (Turkey red). chromium a brown violet, iron (ferric) a violet 
black. and barium a blue colour. Aluminium mordants are usually 
employed for dyeing cotton fabrics. The cloth is soaked in a 
solution of aluminium acetate and steam heated. when aluminium 
hydroxide is deposited in'the fibres. The fabric is then steeped in a 
solution of sodIUm salt of alizarin, which reacts with \tluminium 
hydroxide to form insoluble 'red lakes' and the fabric is dyed red, 
Prior to mordanting, the fabric is impregnated with Turkey-red oil 
(sulphated castor oil). The action of> the oil is not clearly under
stood but without it the bright-red shade cannot be obtained. 

Structure, (1) By elementary analysis and the morecular 
weight determination it has been shown that molecular formula of 
alizarin -is Ct(HS0 4• 

(2) When reduced with zinc dust. alizarin is converted to 
anthracene, which indicates that it has the same carbon skeleton as 
th~1i \)f apthracene. 

(3) With acetic anhydride it forms a diacetate showing the 
presence of the two OH groups' in the molecule. It may, therefore, 
be assumed that alizarin is possibly dihydroxy 'derivative of anthra. 
quinone. . 

(4) Alizarin is produced by neating phthalic anhydride and 
oatechol to 1500 with sulphuric acid. 

Phthalio 
anhydride 

Cateohol Alb.arin 
(1, 2.dihydroxy 
anthraquinone) 

From tbis we wnchtdt.. that alizarjn is a dihydroxy derivative 
of anthraquinone and that both the OR groups are present in the 
same benzene ring. 

(5~ fhe above fa0ts limit ou)." choice to two structurd formulae 
for alizarin. 

O
/CO'OOHOH 

'CO/ 
I 

O/CO'OOH 

'- / OH 'CO . 

II 

(6) .A!1izarin on nitration yields two isomeric mono·nitroderi. 
vatives, 'both of which on oxidation give phthalic acid and bence 
contain the. NO. g..-up in the hydroxylated benzene ting. Writing 
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the possible derivatives froUl formula I and from formula Tl, we have 

From formula I : 

O/~O'O~OH 
'CO/ # NO. 

From f01mula II :. 

Q/CO'O~~H 
,/ OH co 

O/CO'Q~OH 
'CO/ #0. 

fdentical 

Since· oI}ly formula I admits the formatIon of two isomeric 
mono.nitro.der.ivatives, it represents the correct structure of alizarin. 
PHENANTHRENE, Cu HI0 

It occurs to the extent of 4 per cent in coal·tar along with 
anthracene, with which it is isomeric. Its structural formula may 
be written as 

Isolation. Phenanthrene is isolated from anthracene oil 
fraction of coal. tar which on cooling deposits a solid mass consisting 
of thi$ hydrocarbon, anthracene and.carbazole. It is removed from 
the solid mixture by dissolution in solvent naphtha in which the 
other two components are insoluble. 

Properties. Phenanthrene is a white crystalline solid, m.p. 
990 lit is insoluble in water but dissolves readily in alcClhol, 
benzene and ether. Its alcoholic solutions show blue fluorescence. 

Phenanthrene essentially behaves like other aromatic hydro. 
carbons giv.ing addition and substitution reactions under suitable 
conditions. The 9, IO'positions are particularly reactivEr. 

(1) When hydrogenated in \ the presence of nickel, it forms 
9, 10.dihydrophenanthrene. 

9, lO-Dihydrophenanthrene 
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(2) It r.eadily adds bromine at the -9, ~O.double b~nd to for~ a 
dibromide, which splits out hydrogen bromIde on heatmg and gIves 
9· bromophenanthrene. 

Phenanthrene-9. lO-dibromide 9-Blomophenanthrene 

(3) When oxidbcd with chromic acid in acctio acid, phenan. 
threne yields a. diketone, phenanthraquinone, whioh upon further 
oxidation gives diphenic add. 

o 0 I COOH COOl{ 

~L~ I I ( s-< )~d=b~·O-O 
9. lO-Pnen: nthraqumo~e Dlphenic acid 

Phenanthrene has no commercial applications. Nevertheless, 
it is important theoretically since a phenanthrene nucleus is a part 
of the structure of many natural products such as sex hormonell, bile 
acids, chlo!osterol, and morphine alkaloids. 

QUESTIONS 

1. How is nnthracene prepared? Give the important uses to which 
this compound is put and disctlssits constitution. 

2. How is anthracene prepared in a state of purity 1 Indicate how you 
would prepare from it a sample of alizarin. 

3. Describe the preparation of anthraquinone from commercial sourCeII. 
How may it be synthesised and what are i.ts chief uses? 

4. How is anthracene isolated from dOIl.I-tar and purified? How is it 
converted into alizarin? Discuss the constitution of alizarin. 

o. How would you preplub alizarin in the laboratory 1 Derive its 
cOl1lltitution. 

6. Give an account of the hydrocarbon phenanthrene. What are its 
most important oxillation products and how are they obtained? 

7. How are naphthalene and anthracene obtained? How is naphtha. 
lene converted into indigo and how is anthracene converted intG alizarin' 

(Andhra B.Se. 1981) 

~. How· is. anthracene ohtl\ined from coal.ta.r? Desoribe the prepare. 
ti<;,n of alizarin froIJl anthrac;ene. IVankate8Wara B.Sc., 19811) 

9. What Bre multinuolear compounds? How is anthracene prepared 1 
Give its properties. {MarilChwaaa .B.Sc •. III. 1963) 
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10. How does alizarin occur in nature and how is it-isolated? Discuss 
its struoture and give its laborato ry. as well as teohnical synthesis. 

(Bombay B.Sc., 1964) 

n. Desoribe manufaoture of alizarin. Give analytioal evidencea In favour 
of its structure. Write its uaes. (Gujarat B.So,. 1964) 

12. Discuss the preparation. properties and oonstitutlOJ}-oi alizarin. 
(M(lilraB B.Sc., 1964) 

13, (a) Explain with reactions whioh positions in anthl'soene are more 
reaotive. Wby 18 it so 7 

How is anthraquinone and anthrone prepared? 
(BanaraB B.80. 11, 1964) 

14. Discuss the constitution of alizarin. Give its .nethod of manufacture. 
Starting with naphthalene. describe the manufaoture of an important dYb. 

tyallabhbhai B.Sc. III, 1964) 

15. Discuss the evidence both a'flaiytical and syntheticsl on whioh the 
,Jt,ruoture of Anthracene is b8Bed. (Bombay B.Sc. II, 1967) 
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Heterocyclic 

Compounds 

CARL T. LIEBERlIIANN 
(1842-1~14) 

He is Imown for his great work in 
conne('.tion wlth dyes. He synthesi8~d 
alizarin a.nd carried on work with 
a.nthracene and anthraquinone com-

pounds. 

So far we have studied aromatic compounds which have rings 
composed of carbon atdms only (carbocyclic). There are a large 
number of compounds Imo\\n in whh·h the ring system inoludes 
atoms other than carbon (he/erc atom8), the commonest being 0, N 
and S. These are called Heterocyclic compounds (Gr. hetero= 
other; different) The "inclusion of the hetcro atoms in the ring 
does not alter the strain relationships appreciably, since the 'valency 
angles' in these are about 100° which i.s nearly the same as in carbon. 
Thus the heterocyclic COllJpounds having five and six-membered 
rings are most stable (Baeyer's t/teory) and will be discussed here. 

FIVE. MEMBERED RINGS 

The mOSb common heterocyclic compounds containing four 
carbon atoms and one 'hetero 11to'm are furan, thi'ophene and' pyrrole. 

BC~CH 
,n II 

HC CN 
'-./ o 

Furan 

HO-CH 
II 

HC CH 
",,/ 

S 
Thiophene 

854 

HC-CH 
Ii u 

HC CR 
V 

NH 
Pyrrole 
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.In naming the derivatives of these compounds, the positions of 
substltuents on the ring are indicated by numbers or by Greek 
letters as follows. 

FURAN, C4H40 

4nJ 

fiy 

Furan takes its name. from Latin word fttrfur me~ning bran, 
because its aldehyde furfural is obtained by distilling bran with 
hydrochloric acid. It is also found to be present in pine wood tar. 

Preparation. Fllran is best prepared by heating pyromucic 
acid or furofe ,Lcid which is chie£ly obtained by oxidation of furfmal. 

{OJ + CO, 
~ --. . Deno OCOOH 

o 

heat Q 
200225' 

o 
Furfural li'uroic acid Furan 

Properties. Furan is a colourless mobile liquid, b.p. 32° 
having an odour of chloroform. It is insoluble in water but is very 
soluble in alcohol and ether. It produces an intense green colour 
on pine shavings moistened with hydrochloric acid (Test). It is 
stable to alkalis, but is resinified by concentrated acids. 

/ 

Sinoe its molecule has alternate single and double bond 
structure, iman resembles benzene in behaviour and tends to open 
readily at the oxygen-linkages. 

(1) It undergf~s substitutions reactions even more readily 
tha.n does benzene. Thus with bromine it forms 2, 5-dibromofuran 
and on nitration with nitric acid in acetic anhydride it yields 
2-nitrofnran. 

B,OB' ~ 0 
o 0 

2, 5-Dibromofuran 

HN02. 
~ 

(CHaCO)20 DNO. 
o 

a-Nitrofuran 

(2) When hydrogenated III the presence of Hickel at high 
tllmperature, furan forms tetrahydrofuran which on treatment with 
hydrogen chloride opens to give tetramethylcne chlorohydrin. 

[J 
o 

Hel 
+ 2H:._ _ Nt H.OH1 

H H~ 

o 
T.etrahydrof uran 

CH t -CH2 

I I 
CleH, CHwOH 

Tetramet hylell<l 
chlorohydr ,n 
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Euran is of little use but some of its derivatives (furfural) are 
of commercial importance. 

Furfural, furfuraldekyde. furan.2.aldehyde. C,HaO.CHO. 
It is prepared industrially by distilling out husk or bran. and similar 
vegetable materials with dilute sulphuric acid; the pentoses present 
in bran split out three water molecules and yield furfural. 

Properties. Furfural is a coloude!>s oily liquid, b.p. 1620 
with an odour resembling that of: bem;aldehyde_ In chemical be
haviour also -it sho\vs a marked similarity to benzaldehyde. 

(1) Furfural ca.n bt:J reduced to t'urfuryl alcohol and oxidised 
to furoic acid by the usual methods. 

Q-OH'OH ~ 0-000 ~ 0-00011 
o 0 

Furfuryl aioohol. Furfural l!'uroio acid 

The above produots are obtained together when furfural is 
treated WIth alooholio potash (Oannizzaro reaction). 

(2) It reacts with ammonia to' form hydrofurfuramide, 
(C,HsO.CH)aN2• whioh is Ilualogous in composition to hydrobenza;. 
mide. 

(3) Under the influence of potassium cyanide furfural gives 
furoin, in the same way as benzaldehyde forms benzoin. 

O KCN 

2 " -CRO

o 
-0-0- {I I O 1:I~ 0

1 

-dB '0 
Furoin 

(4) Like benzaldehyde it undergoes Perkins' reaction to form 
furylacrylic aoid. 

o 
o 

-CHO 

CHa.COONa llQl\t. 
+ --t 

{CH3CO).U fl\ ~ _OH ... CH-COOH 

F.uryiacrylio !!odd 
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(5) Furfural produces an intense red colour with aniline and 
acetic acid or hydrochloric. aci€! (Test). 

Uses. Furfural is used: (I) as a solvent for refining lubrica
ting oils; (2) as a preservative for '\Tood and lE'ather ; and (3) in the 
manufactur~ of phenol furfural resins. ' 
THIOPHENE, C,H,S 

During a lecture in 1882, Vintor Mey,er found that pure 
benzene obtained by heating sodil}m benzoate ,vith soda,lime did not 
give a blue colour when warmed wit.h isatin and sulphuric acid 
(Indophenin Test), a test whioh was shown by benzene obtained from 
coal-tar. Pursuing the matter, Meyer proved that the coal.tar 
benzene contained a new sulphur compound, which he called 
thiophene (Tftio.dQlp4ur ; phene·benzene). Thiophene is present to 
the .extent of 0'6% in the crude benzene obtained from coal. tar . 

. P.reparation. (1) From Ooal·tar benzene. Thiophene cannot 
be sepa~ated from benzene by fractional distillation as their boiling 
points are too near. It may be obtained from coal.tar benzene by 
shaking it with concentrated sulphuric acid which sulphonates it 
more readily than benzene. Thiophene sulphonic acid is then 
removed from the solution by the usual IT ethods and converted into 

thiophene by "'tr;;:USO'H ~ 0 
S ~ S 

A simple lllethod is to boll benzene-thiophene mixture with 
mercuric acetate. Thiophene s converted into the insoluble 
1-merouriacetate (C~H3S.HgOCOOHr.) which regenerA.tes thiophene on 
boiling with concentrated hydrochlbrio acid. . 

(3) The modern method for preparing tbiophen~ in the 
laboratory is by heating sodium suocinate and phosphorus trio 
sulphide. 

ega·COONa 
Sod. succinate 

(3J Thiophene is now 
butane with sulphur, 

CHa-ORa 
I I 
CHa CHa 

P2S3 CH=CH, 
~... I S 

CH=CH/ 
Thiophene 

t;nade terhnkldJy in 

CR-OH 

U.S.A. by heating 

650" 
~ II II + 3R2B 

CR IJH 
,/ 
s 

Properties. Thiophene is a coJourles[iI mobile liquid, b. p. 
84°, having benzene·like ,odour. It is insoluble in water but dis· 
solves in organic solvents. It is compa.ratively stable to oxidation. 

Thiophene also has alternate double and single bond structure 
and t·he aromlttic character in it is very pronounced as compared to 
furan and pyrrolc. 

(1) Thiophene undergoes the typical substitution reaotions of 
benzene much moz'c readily. Thus, it reacts wit.h chlorine without 
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a catalyst and in cold, with nitric acid in acetic annyctride, -and with 
concentrated sulphuric acid in cold to yield in the first instance the 
2-substitution derivatives. 

O H~t SOJH 

S 
2. Thiophe~esulph()n:io 

acid 

O 
HNO, 

. (CiI:cQhO 

s-

!Cl. 

(t 
Z,Cblorothiophen8 

·ONO' 
S 

2.Nitrothiophene 

(-2) It undergoes 'Friedel-Crafts reaction like benzene. Thus, 

Q + Cl~ ~l, QcOCH. + RCI 

2.Tbienyl me thyl ketone 

(3) Thus sulphur atom attached to the doubly bonded carbon 
atoms is inert and thiophene does not behave like thioethers. Thus 
it cannOt_be oxidised to a sulphoxide or to sulphone alid gives no 
sulphonium salts with alkyl halides. 

(4) Upon hydrogenation it forms a true thioether which can be 
oxidised to a sulphone. , 

o (0) -
s 

(Thioether) (Sui phone) 

This shows clearly that aIomatic ·character vanishes with the 
dis,appearance of alternate double and single bond structure. 

(5) When warmed with isatin and a few drops of concentrated 
sulphuric acid, thiophene gives a blue coloration (lnd phenin Test). 

PYRROLE, CaH,NH 

. It is the most important of the five.membered heterocyclic 
co~pounds as some of the alkaloids, the bile pigments, the chloro
phyll of plants, and" haemin -Elf blood have been shown to contain 
pyrrole units in their structure. Pyrrole received its name from 
tne fact that its va.pours /produc~ a.n intense red colour when 
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brought in contact with a pine splint moistened with hydrochloric 
~ (Gr. FyrrQ8.fiery red; L. Oleum-oil). It occurs chiefly in Pippel's 
011 obtained by the destructive distillation o£ bones. 

Pr~paratioD. (1) Isolation from Dippel's oil. The oil obtained 
from d6Jatted bones contains pyrrole along with hydrocarbons, 
pyridine-bases and nitrile. It is shaken with dilute sulphurIc acid 
to remove the p'yridine base and then boiled with sodium carbonate 
solution to remove thc nitriles. The separation of pyrrole and 
hydrocarbons is filially effected by fractional ,distillation. The 
fract.ion pll$Sifig over betu.·een 100° and 150° contains pJITole which 
may be removed by boiHng with potassium hydroxide. Solid 
potassium·pyrrole, C;,H,NK,' is formed which on steam distillation 
gives pyrrole. 

C"H4NK + H 20 ~ -C"H4NH + KOH 
Potassium Pyrrole 

pyrrole 

This is finally purified by distillation. \ 
(2) Pyrrole may be obtained by the di~tillation of succinimide 

with zine dust. . 

HC=C-OH 

I )NH 
IiC=C-OH . 

Succinimide Enol form Pyrrole 

(3) It is commonly prepared in the 'laboratory by heating 
ammonium mucate with glycerol (solvent) at 200°. 

CH(OH).CH(OH).COONH4 hell-t CH=CH _ I )NH + 2C02 + 4H20 + NBa 

CH(OH).CH(OH).COONH4 200
0 

CH=CH 
Ammonium mucate PyrrolEl 

Properties. Pyrrole is a colourless, highly refrac~ive liquid, 
b.p. 131° ; having a pleasant chloroform like odour. It rapidly turns 
brown on exposure to air and finally forms a resinous mass, It ie 
sparingly soluble in wat.er but dissolves freely in alcohol and ether. 

In pyrrole we bave a conjugated system of carbon atoms, 
linked directly to NH grouping. The NH group activates the ring 
so that pyrrole undergoes the usual substitution reactions of the 
aromatic compounds readily. The aromatic part of the ring 'in Wrn 
decreases the basic character of the Nfl grOtlp. Thus pyridine is a 
weaker base than aniline and' by the same token it iB ,stronger acid 
than secondary aliphatic amines. 

(1) When pyrrole is boiled witb metallic potassium or solid 
potassium hydro~ide, it forms potassiumpyrrole. Thus: 

C .. B,NH + K ~ C,H4NK + + iHs 
C,H4NH + KOH ~ 1 C4H 4NK + H 20 
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(2) It dissolves slowly in cold dilute hydrochloric acid to fQrm 
salts: 

C,H,NH + HCl --+ C,R,NH.lIel 
. Pyrro~e ..bydroollloride 

Witn strong acids pyrrole forms resins. 

(ll) When treated with halogens, pyrrole substitute!! readily to 
form t~tra.substituted deriv:atives. Tllen with iodine in the presence 
<?f alkali, it yields tetx:aiodopyrrole which is used as a substitute of 
Iodoform under the name of iodole. 

O 
I I 

+ <1, + <KGB - a + 'KI + 'H,O 

NH NH 

(~) Like phenols. pyrrole undergoes Reimer-Tiemann reaction. n + CHCla + 3NaOH --+ n + 3NaCl + 2H20 

,/ ,/CI'O 
NB . NB 

Pyrrole 2-carboxylic acid 

(6) Potassiumpyrrate absor5s carbon dioxide under p:tessur~ 
to form 2.carboxylic acid: this is ana.logous to Kolbe reaotion for 
phenols. 

o 
NH 

+ CO, - OCOOH 

NH 
Pyrrole~2.c8rboxylic acid 

(6) Like phenols, pyrrole couples with a diazonium salt in one 
or both the 2·positions. 11 + CIN,C,H, - + Hel 

(7) When treated with sodium methoxide and methylene 
iodide, pyrrole undergoes ring expansion forminlJ pyridine. 

o 
NH 

+ 2c-:HaONa. + CHili _, 0 + 

N' 
Pyridine 

2Nal + 20H.OH 
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(8) Chromic aoid oxidises pyrrole to maleic-imide. 

HC-OH BC=-CH 

B~ ~B ~ o-h 6-0 
,/ ,/ 

N NH 
B Maleic-imide 

(9) When reduced with zinc anCl acetic acid, pyrrole adds t~o 
at.oms of hydrogen to form pyrroline which upon further reductlon 
with sodium and alcohol yields pyrrolidine •. 

o 
N 
H 

CB.~:OH 0 C;~B 
HI HI 

N 
H 

SIx·MEMBERED RINGS 

The two important heterocyclio compounds of this class are 
pyridine and piperidine which will be disoussed here. 
PYRIDINE, C:;H5N 

Pyridine may be regarded as ben~ene in which one =CH
group has been replaced by nitrogell atom, -N =. 

K 
Ie, 

HC CR 
I I 

HC eH 
,~ 
N 

Pyridine 

4 

:0 
N 
1 

or 

For the purposes of naming its derivatives the positions of the ring _ 
are designated either by numbers or by Greek letters as indicated 
above. 

Pyridine was disco'Vered. by Anderson (1850) in bone oil. It 
occurs in coal·tar (01%) which is its sole commercial sonrce. 
Pyridine is also present in tobacco smoke where it is 'Produced by 
the. decomposition of the alkaloid nicotine. 

Isolation from Coal·tar. 'rhe light oil fraction of coai.tar 
which contains pyridine along with methylpyrioines, qUinoline and 
isoquinoline, is extractedC4vith sulphuric acid. Th.e pyridine and 
other bases are thus removed in the aoid Iltyer as soluble sulphates .. 
The aoid layer is then treated with sodium hydroxide when the bases' 
are liberated as a dark brown oily liquid. Pyridine is obtained from 
it by fractional distillation. . -

Properties. (PhY8ir:al). Pyridine is a colourless, highly 
refractive liquid, b.p. 115°, having an unpleasant odour. It is 
11liscible in water in aH Dl"oportions and is hygroscopic. It is also a 
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good solvent tor most organic substances, and dissolves many in
organic salts. It is about as strong a base as aniline and its .aqueous 
solutions are only faintly alkaline to litmus. -

(Chemical). Pyridine has a structure exactly analoguuS" to that 
of benzene with. the change that one CH group is repla{'ed by a 
tertiary . nitrogen atom. Thus it behaves in most respects like 
benzene, and also as a -tertiary base. However in general it is more 
resistant to technical change, and is stable to oxidising agents sucb 
as chromic acid, nitric acid and alkaline- potassium- permanganate. 

(I) FORMATION OF SALTS. Pyridine combines readily with 
strong acids and alkyl halides to form the respective s!\lts. Thus: 

C6Hr,N + HOI ---j, (Cr,Hr,NH)+Cl 
Pyridine hydrochloride 

CI)Hr,N + CH3r ---j, (Cr.HliNCHa1+r
N-Methylpyridinium iodide 

(Qua.ternary salt) 

lIfethylpyridinium iodide when treated with moist silver oxide 
(AgOH) yields methy pyridinium hydroxide, [CsH5NCHsl+OH
which is a strong base. 

(2) ~UBSTITUTIO~:- Substitution in pyridine is much more 
difficult than in benzene. Chlorine and bromine substitute slowly 
in 2-position. When heated with fuming nitric acid and fuming 
sulphuric acid above 300°, 3·substituted derivatives are obtained. 

OSO,H 
N 

Pyddine-3-sulphoOlc 
acid 

o 
N 

F'~O·ONOt 
330· 

~ 
N 

3-Nitr opyridine 

(3) ACTION WITH SODAMIDE. When heated with sodamide in 
toluene solution, pyridine gives 2-8,minopyridine. 

heat 0 lfaNH, _ 

~ NH2 
N 

2-Amin()pyridine 

+ NlI.li 

This can be diazotized in the normal way like a.niline. 
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(4) REDUOTION. It is reduced. more readily than benzene, 
being cOllverted into piperidine with sodium and alcohol. 

o lIl'a/C.H,OH + 3U, _ 

Ht 

/C, 
HIC CH. 

N 

H,t bu, 
'N/ 

H 
Piperidine 

The above reduction can also be ~arried with hydrogen. 

When pyridine is heated with hydriodic acid, reduction as 
well as ring. fission occurs with the production of n.pentane and 
ammonia. 

Uses. Pyridine is used: (1) as a solvent and as acid-catching 
medium in organic reactions (Schotten-Baumann roo.ction); (2) to 
denature alcohol; (3) for exterminating plant pests; (4) for the 
preparation of derivatives such as vitamin Bo· and sulphapyridine 
which has achieved marvellous results in combating pneumonia, 
gonorrhoea. and other infectious diseases. 

\ 
.ca,oR 

ROOCH'OR 

HaC ~ I 
N 

Vitamin B. 

Q_NB.SO.ONH. 
Sulphapyridine 

Structure. (I).Elementary analysis and' molecular weight 
determination has shown that the molecular formula of pyridine js 
C6H5N. 

(2) Pyridine exhibits marked aromatic character: (i) it forms 
substitution products; (ii) its hydroxy derivatives behave like 
phenols; .(iii) its' amino derivatives can be diazotized and coupled 
in the usual way; (iv) the side-chains on the ring are oxidised to 
the COOH groups; (v) although highly unsaturated it is stable to 
oxidising agents. 

(3) It cQmbines wtth alkyl halides tv form quaternary salts. 

4-

C6H6N + CHal --+ [C6H6NCH3JI 
N-M;ethylpyri._dinium iodide 

This shows that pyridine contains a tertia'1:y nitrogen, there is 
no H atom in direct ul!ion with the N a~. 

(4) Pyridine on catalytic reduction addS three molecules of 
hydrogen to yield piperidine which shows that it contains a ring of 
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~ve carbon 'atoms and one nitrogen atom. 
Hs 
o 

/ ....... 
Ni H20 OHa 

0SH5N + 3Ha _:;,_". 'I 
HaO OH2 

\ '-/ 
N 
H 

Piperidine 
'rhis reaction also indicates the presence of three double bonds 

in the molecule. 
(5) Pyridine gives three monosubstitution products, which is 

possible only if each of the five carbon !ltoms of the ring is linked 
with one hydrogen atom. Therefore, the skeletal formula of pyridine 
may be written as I 

H 

° / '-H9 0IR 

Rb OR , / 
N 

(6) Taking the above faots into consideration, 
formulas have been proposed for pyridine. 

three structural 

(Korner) 
{ 

H 

:CfJ: 
(Riedel; 
II 

(Bamberger & 
von Pechmann I 

III 
The formulae II and III are rejected on the same ground as 

the similar formulae for benzene and anthracene. The Korner 
formula which is analogous ~o Kekule formula for benzene explains 
the largest number of facts and represents the correct structure of 
pyridine. 

(7) The structure of pyridine is confirmed by the following 
synthesis. 

(i) By passing a mixture of acetylene and hydrogen cyanide 
through a red hot tu be. 

H 
C 

1/1 
BO 

H 
/0, 

HO CH 

Hb ~H 
'N/ 

PnjdJDr 
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(ii) T~e d~s~ilIatio~ 'of pe~tamethylenediamine hydrqc bloride 
pr?du~e8 pJperJ(lme whICh on 9XI(iation with 'concentrated au lphurio 
aCld Yields pyridine. 

Pelltamethylenediamine 
hydrochloride 

Piperidine 

3[0] -... 
R.SO, 

(8) No\v it; is believed that like benzene, 
na.nce hybrid of the followiqg two struotures : 

( o 
N 

o 
N 

PIPERIDINE, C5HloNH 

Pyridine 

pyridine is a reso-

\ It is a structural unit of the alkaloid piperine and several other 
alkaloids., 

Preparation. It is prepared conveniently by reducing 
,pyridine with sodium and alcohol. It may be synthesised by heat· 
ing pentamethylene hydrochloride, or by treating 5-brornoamylamine 
with alkali. 

H. 
/C, 

Il.C (ni, Aea' 
,I ---t 

HIC CH. _NIl,Cl 
I I 

HI 
/C, 

H,C {lU, 

H.d ~. 
HeN NU,.BeI , . 

Pentamethylene hydroohloride' 

'N/ 
R 

KOH 

H. C, -/. 
RIC CHi 

BIb dB, 
, I 

BIN Br 
5.Bromoamylllomine 

4--
(-HBr) 

Properties. Piperidine is lJ. colourless liquid, b.p. 105°, having 
a pepper-like odour. It readily dissolves III water, alcohol and 
ether. It is a much stronger base than pyridine. 

Piperidine gives reactions analogous to those of secondary ali. 
pnatic amines. On heating with concentrated sulphuric acid to 
300°, it is oxidised, to pyridine. 

Piperidine is used. as an accelerator in the vulcanization of 
rupber. 

QUESTIONS 

1. Explain the meaning of heterocyclic compounds. Give three ex
amples drawn from the aliphatic series. Name three five-membered hetero
cyclio compounds and compare their mode of prepa.ration and properties. 

2. How is pyrl'ole obhined from bones? Desoribe the preparatii)n of 
this compound. 
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3. Give evidence to shQw.that pyrrole resembfes aroma.tic compounds 
and possesses properties in coritmoh with both the phenors -and.arolllatio amines. 

(~A..e..se., 1958) 
4. Write brief notes on the preparation and pronerties of: tiltlm and 

thiophene. Bring Out:' th,e points of resemblance beLween tfllophene and benz'Slre. 

5. How is pyridine prepared from coal. tar OJ: bone oil or syntheaised 
from 0. chain compound? What ill' the evidence upon which the sLruotural 
formula of pyridine is based? 

6. :From what sources is pyridine obtained? Discuss its Iltruct'liral 
features and compare Hs chemioal properties with those of benzene. 

7. Outline the methods available for the synthesis of pyrIdine ring 
system.. Compare the reactivity oi pyridine with benzllne, 

. (Vankateawaro. B.Se.II.196~) 

8. What is furfural? Give its preparation and uses. Compare its 
properties with those of benzaldehyde. (Nagpur B.Sc.lll, 196~) 

9. Disouss the struoture of pyridine. Compare its properties with those 
of benzene. (Nagpu,r B.Se. III, 196~) 

10. Write the structural formula of pyrrole, pyridine and, thiophene. 
How is thipphene separated from benzene .and how do you test for thiophene 
in benze-ne r Mention the properties of thiophene. (Gorakhpur B.Se.lIl, 1967) 

11. How would you prepa.re pyrrole " What are its chief uses! 
(Panjab B.Se.III, 1968) 

12. Describe the preparation of pyridine. Compare its propertics with 
those of benzene and state-the evidence on which its ~tructure is babed. 

(Ujjain B.Se., 1968) 

13. 'Vhat are "Heterocyclic compounds"! Justify the statement that 
"Pyrrole behaves both as phenol and aniline". Support your answer with suit
able examples,. Include in your answer at Jeast one synthetic method of prepa
ration of pyrrole. (Aligarh B.Sc., 1968) 

14. How is pyridine obtained? Disouss its structure and mention its 
uses. (Banaras B.Se., 1968) 

15. DiscUES briefly the structur.es and comparative chemistry of Pyridin& 
and Benzene. (Oeylon B.Se., 1968) 

16. How is pyridine prepared? How can it be converted into (a) pyri
dine !3.sulphonio acid; (b) piperidine; (c) 2-alDinopyridine; (d) pyridinium 
chloride. (Udaipur B.Se., 1969) 

17. Digcuss briefly tle' chemi6try of Furan and pyrrole. How can the 
compound belonging to (8.ch of these ring systen:s be synthesisd ! 

(Panjab B.Sc., 1969} 
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the university of Illinoi'3. 
CONDENSED RINa SYSTEMS 

The more important heterocyclic compounds are thosc in which 
a henzene ring is condensed with a five or six-membered hetero

. cyclic ring. Thus: 

O+Q~~ 
Pyrrole Indole· 

o + 0 - ex) ., CDN 
PyridJnI! QUinoline leoquinolme 

INDOLE BENZOPYRROLE. CSH7N 
It'is made of a benzene ring fused with a pyrrole ring, 
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II 
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,/ 
NfI 
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Indole occurs in coal-tar, in jasmine flowers an.d in orange 
blossoms. It is the parent substance of indigo and was first obtain 
ed by' Baeyer (1866) by distilling oxindole, a degradation product of 
indigo with -zinc dust (hence its name). 

Synthesis. Indole may be synthesised by several methods 
two of which are described beJow. 

(1) By treating Q-amino-stYl.'vl chloride with sodium alcoholate. 

O-CH C,R.ONa O--CH . II __ . II + NaCl + CIH.OR 

'-N;.H.Cl ~ "-N/
CR 

H 
o-Amil!o-styryl Indole 

chloride 

(2) By heating monochloroacetaldehyde with aniline and 
potassium carbonate. 

K~C~3 0 O=CH - ,---+ 
(-HCI) CRa 

~ '-N/ 0 + 
'-NH. 

H 

O HO-~H -H20 O--CH 
CH -- ,I 

'-N/ '-N /CH 
H H 

(Enolic form) Indole 

Properties. Indole forms plate-like crystals, m.p. 52°. When 
not quite pure, it has a strong faecal odour; in'contrast pure indole 
in high dilution has a flowery odour and i::l use~ in preparing jasmine 
and orange blossom blends in perfumery. 

Indole resembles pyrrole in its chemical reactions. It forms a 
sodium or potassium derivative; and gives 'pine shavings reaction' 
i.e., pine shavings moistened with alcohol and hydrochloric acid 
when brought in contact with a solution of hdole develop a cherry 
red colour. Indole is oxidised by ozone to indigotin. 

Indnxyl. This is the keto form of ~.hydroxyindole. 

CC
~·OH 
CH 

/ 
NH 

Enol form 

a-CO 

tHo 
"'-,/ 

NH 
Keto form 
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It occurs ~s a glucoside indican in indigo plant and may be 
prepared from this souroe (see p. 873). 

Indoxyl is a yellow crystalline solid, m.p. 85°. It is readily 
oxidised .in alkaline solution by air to indigotin. , 

Isatin, diketoindole, is obtained by the oxidation of indigo 
with nitric acid. It is a red crystalline solid, m.p. 200°. It is slight. 
ly soluble in water but dissolves readilJ in alcohol. With PCI5 it 
forms isatin chloride, and with warm NaOH, isatic acttl. 

(")ooOH ~ 0--10 ~ a-co 
VNH. ~ '/CO ,/~.Cl 

NH' N 
lsa~io acid Ieatin Ieatin chloride 

QUINOLINE, IX, ~..BENZOPYRIDINE, CgH7N 
L.t was first obtained by distilling quinine with alkali (Gerhardt, 

lS~I. hence its na.me. It occurs in small quantitieR in c.oal.tar and 
bone OIl. Structura.lly. the quinoline molecule is made of a benzene 
ring fused with a pyridine ring in ct, ~-positions.. Thus it has the 
sa.me rela~ion to napbthalene as pyridine has to benzene. 

OJ' :6j:::: 
N· "s N 

Quinoline 1 
Preparation. Quinolme is prepared mos1J .)onveniently by 

heating together aniline, glycerol, concentrated sulphuric acid and 
a mild oxidising agent (nitrobenzene or arsenic acid). Ferroui; sui· 
phate is often added to the reaction mixture in order to make the 
reaction less violent (Sltraup's synthesis). The mechanism of the 
reaction is as follows: (i) Glycerol dehydrates to acrolein, (ii) ani· 
line adds to acrolein at 1, 4.positions of the conjugated system of 
acrolein, and (iii) the side-chain is condensed in the ortho position 
to y\;eld dihydroquinoline, -and the oxidising agent converts it ~o 
quinbline by removing H atoms. 

(i) 

(ii) 

(H2S04) 
OHsOH.CHOH.CHaOH --- CH2=OB.OHO 

Glycerol -2HaO Aoroleinj 
CeHsNH H 
OBa=CH-CR=O --t> C6B:5.NH.CH2.CH=OH.OB 

Intermediate 

Dibydroquinolene Quinoline 
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If nitrobenzene is used for oxiclai.ion, it is itself reduced to 
aniline which is consumcd- in the reaction. 

Properties. QuJnoline is a colourless oily liquid, b.p. 2380 

having a sharp disagreeable odour, resemhling somewhat that bt' 
aniline. It is insoluble in water but dissolves readily in alcohol and 
ether. It is volatile in steam. It is a wca.k base comparable in 
strength to pyridine and turns blue litmus red. 

Quinoline combines the behaviour Of benzene and pyridine. 

(1) FORMATION OF S.\.LTS. Quinoline. like other tertiary bases, 
forms salts with acids, and adds alkyl halides to give quaternary 
alkali snlts. 

+ 
C9H7N + CHst _ {CgH7N.CH3]I-

Quinoline N-MethylquinoJinium iodide 

(2) SUBSTITUTION REAOTIONS. Substituting agents atta'ck the 
benzene ring of quinoline to form in the first instance 5 and 8 sub. 
stituted derivatives. For example the nitration of quinoline yields 
5-nitroquinoline and 8·nitroqui.Q.oline. 

~~6).ndCD 
I; Nltroq_~inoline 8-Nitroquinoline 

(3) REDUOTION. When quinoline is reduced with hydrogen in 
the presence of nickel at 160°, the pyridine ring is hydrogenated in 
preference to the bcnzene ring to form 1, 2,3, 4-tetrahydroquinollne 
which is a powerful secondary base,. Further reduction at high 
temperature and pressure saturates the benzene ring also, yielding 
decahydroquinoline. . 

---+ 
Ni +;~' ::co:: 

1, 2, 3, 4·Tetrnhydro. 
quinoHne 

HzHNH 
Decahydroqllinoline 

(4) OXIDATION. Upon oxidation of quinoline, the benzene 
ring is. broken prefeJ,"entially ap.d t,he product is Quinolinic acid. 

,I{~. OCOOR 
COOH 

N 
QumolmiC aCHl 

CD 
N 
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Uses. Quinoline is used: (1) as an antiseptic; (2) for preci
pitation of metals in analytical work; and (3) as a high bOiling 
solvent for reactions when the elements of hydrogen halides are to 
be removed from the reactants. 

Structure •. (1) By analysis and molecular weight determination, quino. 
line has been assign'ed the molecular formula C91I7N~ 

(~) It undergoes nitration and Bulphonation like benzene, and is stable 
to oxidising agents. This indicates the presence of only aromatic rings in 1.he 
molecule. • 

(3) It combines with alkyl halides to form quaternary salts, .showing 
the presence of a. tertiary N.atom in the molecule. 

(4) On vigorous oxida.tion with acid pota.Bllium permangana.te, it yields 
quinoliuic acid and oxalic acid. " 

C,B,N + 8 [0] --+ 
COOH 
J + 
COOR 

HOOCO· ~ 
HOOC 
. N 

Quinolinio Mid 

From analogy to oxidat~on. of naphthalene. t.o fO.lm p)1thali~ acid we 
conolude that quinoline is .posSIbly made of . a pyrldn:le rlDg fused with a ben-
2:ene ring whioh is broken In the above reaction. T·hu~,. tne structuraliormula 
of quinoline ma.y be written as follows: 

0) 
N 

(5) The struqture pf quinoline is confirm~d by Friedlander'.s synthe_ 
sis (rom o-aminobenzaldehyde and aoetaldehyde m the presence of dilute CUllS

tic alkali. 

(

'\'/CHO 

~ + 0= HCCHa 

/,,\NHs 
0. Aminobenzal_ 

dehyde 

ISOQ.UINOLl~E, CgH7N 

H 
.f~/C, 

I ~ g: 
~/"\N~ 

Q.uinoline 

It is made of a benzene ring fused wIth a pyridine ring in 
different positions than in quinoline, and may be written as : 
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Isoquinoline is present in small amounts in coal-tar, ::long 
with quinoline; it may be separated from the latter by fractIOnal 
crystallisation of their sulphates from alcohol in which isoquinolJne 
sulphate is only sparingly soluble. 

Properties. Isoquinoline is a colourless crystalline solid, 
m.p. 24°, b.p. 240°, having an odour resembling somewhat that of 
benzaldehyde. It is a stMnger base than quinoline. 

The reactions of isoquinoline are very similar to those ·of 
quinoline. It forms quaternary salts with alkyl ha.lides. In 
isoquinoline, the .pyridine ring is not so stable as in quinoline. 
Thus on oxidation with acid potassium permanganate it produces 
phthalic acid and cinchomeronic acid, both rings being partially 
broken. 

OCOOH 

COOH 

PhthoJic acid 

and HOOCO' 

HOOC #]'; 

Cinchomerolllc acid' 

Structure. The oxidation of isoquinoline to produce phthalic acid 
and cil;lPhomeronic.acid, shows thab its molecule consists of one benzene ring 
f ,",sed with a pyridine ring at ~ 'l'·positions. In one case pyridine ring is ruptured 
and phthalio acid is formed and in the other it is the benzene ring which is 
broken to yield cincjlOmeronic acid. 

The stl"ucture of isoquinoline is confirmed by the followinp; synthesis: 
(1) Benzaldehyde is condensed with ethylamine to produce bentylideno-ethyl. 
amine; (2) the vapours of the product ar~then passed throu,eh a red hot tube 
when isoquinoline results. 

CHa 
I 

+ CH I I 

NH. 

(lntE'rmediate) 

INDIGO, INDIGOTIN, C1SH100\lN\l 

H 

O
/C, 

CH 
I 
N 

'C~ 
H 

" Isoquinolil,le 

Natural indigo is ona of the earliest known blue dyes; Egyptian 
mummy clothes 0,000 years -old, were dyed with it. It is a mixture 
of several dyes, the chief component being indigotin. 

0- 1001 0' c=c 
'N/ 'N/ b 

H 11 

(Baeyer's formula) (Moderp. formula) 

. . .Strictly speaking the Ilat~:al dye-stuff obtained from plants is called 
mdJ~o, wlllio tho term 'indlgotin 16 reserved for the pure synthetic product. 
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Indigo occurs in indigo plant (Indigofera tinctoria); which 
grows in tropical countries and" in wood fllan:t' (Istatis tincturia) , 
which grows in European countries. Right from the 12th century 
on, indigo plant was extcllsivel~T cultivated in India (hell"e the name 
of the dye; L9.tin, indicum= Indian stuff), and the dye prepared 
from this "'Source WM exported to European countries in large quan
tit.ies the value of oxports in 1897 being Rs. 70 lakhs. The appear
ance of the synthetic indigotin ill the market ruined fie Indian 
industry and very little indigo is now ll1ltde from indigo plants. 

Preparation. (3) FROM iNDlQO PLANTS. Indigo plants 
contain indigotin in the form of indican C14H1,OeN, ~bich is the 
glucoside of indoxyL Under the influence of an enzyme, indimulsase 
the indican is hydrolysed into glucose and indoxyl which on oxida
tion with air in alkaline solution, yields indigo. 

'Shortly before flowering. the plants are cut and placed "in wooden tanks 
containing 'Ptl.ter a.t 23 tcr 30·. The enzyme- indimulsase, present in the leaves 
of the plaat~, soon bring~ about vigorous ferment<l.tion resulting in the hydro
Iyai'! of indio 1n into glucoso and indoxyl. The liquid extraot containing indoxyl 
is drawn out in open vats fitted with paddle wheel!!. Here, it is rendered 
alkaline by the addition of lime and then subjected to vigorous churning with 
air. The indoxyl is thus oxidised to indigotin which being insoluble separa.tes 
as bluo flake~. The impure indigotin containing some other dyestuffs, is 
finally boiled with water, flltored and pressod into cakes. This is the natural 
dye indigo. ~ 

(2) COMMERCIAL SYNTHES,ES. (a) Indigotin is manufactured 
by the following synthesis due to Heumann. Aniline is first of all 
converted into phenylglycine whioh when fused with caustic soda 
and sodamide yields indigotin. 

NaNHa -Fuse OVZ~. 
NH 

Indoxyl 

O_Co. 02 ·o·-co oc-o 
.2 bB:! ~. ~=d + 2HzO 

'- / ~ './ '- / 
NH NH NH 

• Indigotin 
l\Iore recently. phenylglY(line needed i~ t~e prO~eBB. has been prepare.d 

as follows. Formaldehyde is converted into Its blBulphlte oompound WhlOh 18 
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then warmed with aniline, then treated with "odium cyanide, and the product 
bydrolysed with water. 

CHa(OH)SOsNa 
CeH5NHa _ CeH5NH.CHQSOaNa. + H 20 

NaCN H 20 
_ CeH5NHC~CN __. CeH5NHCH2COOH, 

(b) After the WorIa War II, Germans havA disclosed another 
prqcess for the manufacture 'of indigotin as follows. Aniline when 
treatea with ethylen~ oxide, gives N-phenylethanolamine whIch on 
beating with a mixture of sodium and potassium hydroxides, ..l,rid 
tben with sodamide yields sodium salt of indoxvl wbicb on oxidation 
with mois,(; air yields indigotin. 

/0, 
CaHIIN:a:a + CHa-CHa ---+ CeHsNH.OHaCHaOH 

N-Phenylethanolamine 

° /H 0 O'-_CO 00--0 
t a " --- C=c 

~ '\./ '-/ 
NH 'NH 

lndlgotin 

P.tt.perties. Indigotin is a. dark blue 0rysta.lline powder, m.p. 
390° to 392°. The nJ1,turai product has a copp~ry lustre owing ~o 
the,presence ~f other clyes in it. It is insoluble in water and nibst 
organic solvent~, but fairly soluble-in nitrobenzene and chloroform. 
It can be sublimed under reduced pressure~ to -reddish blue vapours 
which on cooling yield prismatic crystal!!. 

Irtdigotin is. used in printing inks and very extensively for dye
ing cotton by the vat process. Ingigo paste is placed in a ~at and 
reduced w~th alkaline' solution of gltK:ose or sodium hyposulphite 
(Na2~04)' when it is converted to a colourless soluble 'Substance 
known as incJigotin.white or leucoindigotin. The fq.bric to be dyed 
is soaked in the solutiQn of indigotin-white and then exposed to the 
air, ~hereup~n indigotin white is oxidised to indigotin and the 
~bric dev.elops a dark·blue colour. 

a-CO OC-X)"Hl '0-C.OH HO'C-O I, 'i _. U II 
\ C C .....- C C 

,.=' (OJ ~ / 
"N/ '-N "I' "N/ 

H H H H 
1ndtgotjp (darK blue) Indigotln.white (culourless) 
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The dark-blue colour of the fabric produced as above, is 
extremely fast t.o washing and other colour destroying agents, but 
thfl shade is dull and unattractive. 

Structure. (I) By analysis and vapour density measurements ib haa 
been shown to have the molecular formula C16H1902N2' 

(2) Fusion of indigotin with alkali yi{llds anthranilic aci~, whfoh ~hows 
the presence of a benzene ring further attached to one carbon atoqi and one 
nitrogen atom in the ortho positions. 

(3) strong oxidation of indigotin gives two molecules of isatin. 

C ,RloOIN, + 2[0] ~ 2CaH._OaN or O--~: 
'indigotin lsatlD '-N/ 

H 
This indicates that the structural formula of indigotin can be derived 

by removing twf) O-atoms from two molecules of isatin. Hence, it can be 
written as " 

1 

(4) The oxidation of indoxyt to yield indigo tin can be interpreted as 
follows. 
I 

O-~o + o~-o~ ~OC""'-~OOf-O+2~O 
CHa HIC C=C 

"N/ 'N/ #. ~ '\..N/ 'N/ # -
H H H H 

This shows formula I represents the structure of indigotin correctly. 
(5) The structure of indigotin was confirmed by the following' 'synthesis 

~Ba?yer, 1 ~77). ~satin is treated with phosphoru~ pentachloride to form 
lsatm chlonds whIch on reduction with zinc dust in glacial acetic acid yields 
indigotin. ' 

O-CO O-CO 
I ,PCl. I I [B] 
C.OH~ C.CI ~ 

'-N' ~ 'N/ .2 moles 

laatiD (eDolie) ~satlD chlorIde 

O-COOC o· I I 
O=C 

. '-N/ 'N/ # 
H Ii 

IndigotiD 

(6) The acoeptance of the Baever's form o,of indigotin implies' that it 
should exist in cis and trans forms. . 



876 'J,'EXT-BOOK OF ORGANIO OHEMISTRY 

All availbble t'::rperimental evidence ana ..8:-rji;y crystal analysis show6 
that ordinl1ry indigotin is the trans form. Evidence of the e;xJstence of the 
unstable cia form has been obtained by Heller 0939), according to whom tho 
aeration of a cold alkaline solution of indigotin-white produces cia.indigotin 
which is converted to ordinary indigotin within a few hours.' 

Q.Uf;STIONS 

1. Write the constitutional formul!\f) of the following I-thiophene. 
pyrrole, pyridine. isoquinoline and anthraquinone. 

:J. Give the preparation; properties and uses of indole. 
li. How are quinoline and iaoquinoline synthesised 1 What are the 

pro9.ucts formed on oxidising them by means of"KMn04 ? 
4. How has the constitution of quinoline been established 1 Enumerate 

the importan.t properties of this compound. 

5. Wha. ure quinolines? Giye their propertleS and importance. Des_ 
cribe Sktaup's synthesis. • 

6. Show how the COIll'tjtution of qwnoline has oeen confirmed by 
synthesis. . 

7. How is indigo used for dyeiag fabrics f Give the theorv of the 
process. 

8. How is in<;ligo prepaIed from-plants? Comment on the decline of 
thill indufltry in Indio.. 

9. Describe Skraup's lIynthesis of quinOline. Discuss fully the constitu_ 
tion of quinolioe. 

10. Desorlbe two methods for preparing quinoline. Describe its pro-
perties. How will you prove its const.itu\ion ? (Guja/'at B. So., 1964) 

11. (a) Give one synthesis Of (i) pyridine; (ii) quinoline; and (iii) 
isoquinoline. 

(p) Describe the propertfes of pyridine and sboVl'" now they nompare 
with thoae of nitrobenzene. . (Vatlabtibhm B.Se., 1964) 

12. What are heterocyclic compounds? How are they classified? 
Discuss the constitution of quinoline and isoquinoline. (Bombay B.Sc., 1968) 

13. What ia.a hllterocyclic compound? Discuss the methods of pre
paration and .Rtruotures of quinoline and i~oquinoline. (KtlTUkshetra B.Se., 1968) 

14. Outline the synthesis of the following compounds:
(i) J!'1uorescein; and 
(,i) Indigo. iBanaras B.So., 1968) 

15. Establish the constitution of Indigo and explain how it is used as 0. 

vat-dye. (Viswa Bharali B.Sc., 1969) 
16. How is Indigo isolated in the laboratory? Outline the steps leading 

to the present aocepted structure o£Indigo. . (Behrampur B.Se., 1969) 
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his researches in the Belu of alkaloids 
and for elucidating the structure of 
benzene. He proved the equivalence 

of the hydrogens of benzene. 

The alkaloids mlly be rlefined as the basic nitrogenous com
pounds of vegetable origi1~ which have a marked physiological action 
when administered 10 animals. 'l'hus coniine is a violent poison; 
quinine is a specific for malaria ; cocaine acts as a local ana("lsthetic ; 
morphine relieves pain; and atropine dilat~s the pupil of the eye. 
The above definition of the alkaloids is by no .means perfect. Pipe. 
rine, the alkaloid of the pepper, is neither basio llor does it have any 
physiological action. And yet, there are compounds like caffeine 
which conform to the above definition but have been recently 
deleted from the Jist of alkaloids. 

The majority of alkaloids are derivatives of the heterocyclic 
basic compounds e.g., pyrrole, pyrirline, quinoline and isoquinoline. 
There also exist relatively simple alkaloids having open·chain struc
ture e.g., ephedrine. 
OCCURRENCE AND EXTRACTION 

Alkaloid~ occur chiefly in plants of the dicotyledons families, 
and, nre localised in leaves, fruits, seeds, bark and root of these 
plants. They are invar!ably found combined with organic acids such 
as lactic acid, m~lic acid, os-aHc acid, tartaric a·aid and citric acid, in 
the form of salts. 

877 
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T.he extraction of alkaloids from plant materials and their 
purification offers considerable difficulty because of the several 
closely related compounds present with them. To this end, the 
vegetable material is finely powdered and digested with wa.ter 
acidulated with HOI or H 2SO". The miner~l salts of the alkaloids 
being water-soluble, pass into solution. The aqueous extract is 
then filtered and basified by adding a mild alkali (Na2COa, NH,OH, 
CaO), when tlie alkaloid is liberated from the satt. 'The liberated 
alkaloid is recovered by extraction with orgi\nic s(\lvents e.g., chloro
form or ether or in case of volatile alkaloids by steam distillation. 
Further purification of the substance is done by fractional precipita
tion or by fractional crystallisation depending on. the nature of the 
other compounds present with it. 

GENERAL PROPERTIES 

(I) Most of the alkaloids are crystalline solids, while a few of 
them (coniine, I1iqotine) are liquids. 

(2) Most of them have an intensely bitter taste and are ex
tremely poisonous. 

(3) Eltcept the liquid alkahids whicll are soluble in water, the 
rest are insoluble in water but dissolve readily in alcohol, 'ether, 
chloroform and benzene. 

(4) Tliey are all optically actiye" the majority being levo
rotatory. 

(5) Being basic in chRracter,' they dissolve in mineral acids, 
forming salts. 

(6) SolutiQ of alkaloids give precipitates with.certain reagents 
(alkaloidal r.eagents) such as. picric ncid, tannic acid, phosphomolyb
dic acid, phosphotungstic acid, and potassil'Yll mt'rcuric iodide. Th~ 
precip.itation of alkaloids with these reagcnts. iA often employed for 
their isolation and purification. For the same reason, tannic acid is 
used as an antidote for alkaloidal poisoning, the insoluble tannate 
being not absorbed easily from the stomach. 

DETERMINATION OF STRUCTURE 

Alkaloids are mostly very complex compounds and the deter
mination (If their structure needs a careful and systematic approach. 
The usua,l procedure is as follows : 

(1) Molecular formula. The molecular formula of the alka
loid is found by analysis and by molecular weight determinatiou by 
suitable methods. 

(2) Detection of groups, The presence of various functional 
groups in the molecule is ascertained by applying specific tests. 

(1) Phenolic OH, produces colour with FeCla; forms acetyl 
and benzoyl derivatives; and allows coupling with diazonium salts. 
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(ii) Alcoholic OR (a) Primary alcoholio group, CH20H, 
forms esters and on qxi~ation yields aldehydes; (b) Secondary 
alcoholic group, >CHO.FJ\ forms esters and on oxidation gives a. 
ketone. 

(iii) Carboxyl group, COOH, forms salts a.nd. esters, and libe. 
rates carbon dioxide with sodium bicarbonate solution. 

(iv) Ester group, COOR, prod\1ces a free carboxylic acid and 
alcohol on hydrolysis, which may be isolated and identified. 

(v) Methoxy group, OCRa, produces methyl iodide wh~n he~ted 
with hydriodic acid. 

(vi) Basic' groups. Most basic groups form salts with acids. 
(a) Aliphatic.NH2 reactYs with nitrQus acid to form alcohol with the 
evolution of nitrogen, (b) Aromatio NHa is detec'ted by diazo reo 
action, and by formation of acetyl or_benzoyl derivatives, (c) Secon· 
dary bases, NH: react with nitrous acid to form nitrosoamines, 
form acetyl and benzoyl derivatives, and combine with methyl 
iodide to yield methiodides, (d) Tertiary bases; >N.R.. form meth· 
iodides with methyl iodide. -

(vii) Double linkage. The alkene linkage >0=0<, can be 
detected by treatment· with bromine water or with potassium per· 
manga'nate solution. 

(3) Estimation of Groups.. Having detected the. various 
groups present in the molecule, the alkaloid chemist procp-eds to 
determine their number q~ant~atively. 

(i) OB f/roup. The number of OR groups is determined by 
acetylating the alkaloid and subsequent hydrolysis of the acetyl 
derivative with N·NaOH ; the excess. alkali is ,titrated with N·RC}. 

CHscoel N sOH 
ROH _ RO.OCCHs --. ROE + CHaCOOH 

T~e amount of Itlkali used for hydrolYSIS gives the 'number 9£ 
acetyl groups which correspond ,!ith the number of Oa; group. 

(ii) OOOR group is estimated by titration aga.inst N/IO barium 
hydroxide using phenolphthalein as illdica.tor, or by the silver salt 
method. . 

(iii) OR group (methoxy or eth~) can be determined' by 
heating the alkaloid with concentrated acid. 

ROOffa + HI --. ROH +CH:sI 

The methyl iodide evolved is collected in. alcoholic sUver nitrate and 
the silver iodide form~d w.eighed. One ,gram molecular weight of 
silver-1odide will correspond to one methoxy group. 

(iv) NH2, >NH, and ~N= groups ~an be estimabed_: (a) By 
forining the hydrochloride and titrating its. aqueous solution against 
MIlO KOH using phenolphthalein aa indicator, and (b) By platini-
chloride method. - _ 
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(4) Degradation. The alkaloid is decomposed by treating 
with )'luitable reagents to give simpltlr compounds which can be 
identified easily. 

(·i) By hydrolysis. The hydrolysis splits the molecule at the 
este.r and the amide linkages. Thus piperine on hydrolY:iis yields 
piperic acid and piperidit;ls 

(;:l1Hp02CU-NCsHIO + H20 ----. Cn Hg0 2COOCH + CsHroNH 
Piperine Piperio acid Piperidine 

This indicates clearly that piperine is the piperidide of piperic 
acid. 

(ii) By. oxidation. Oxidation with potassium dichromate, 
potassium permanganate or with hydrogen peroxide brings about 
several chan-ges. Thus with potassium permanganate. the mole. 
cule may brea~ at the double bond. or any side chain of the benzene 
ring may be oxidised away leaving a OOOR group at the. root. 

(iii) By distillati()1~ with zinc dl),~t. While distilled with zinc 
dust" many alkaloids yield parent comp:>unds, or are dE'hydrogenat. 
ed. Thus, morphine on distillation with zino dust gives pllenan
threne and hence indicates the pre'lence of the latter as {o)rming the 
basio structure in the moleoule. Ooniine yields conyrine by loss of 
the molecule of hydrogen. 

(iv) By exhaustive methylation. The alkaloid is metllyh"ted 
and conyerted into the qllat~rnary salli by treatment with methyl 
iodide. This is treated with moist silvel oxide to form .the corres
ponding hydroxide, which: on heating deco~poses to yield an open. 
chain unsaturated hydrocarbon and an amme. 

'l'hus' 

CHal AgOH 
R.CH2.CH2N(CHa)2 __ (R.CHz·CHz·N:(CHa)3)1 --

(R.CH2.CH2N(CHa1310H __ R.CH';'CH2 +, N(CHa)a + H 20 

(5) Synthesis. A picture of the structure of the alkaloids is 
then constructed from a study of its qualitative and quantitative 
analysis as above, and from a. study of its degradation products. 
This is then confirmed by' a ,suitable synthesis. 

INDIVIDUAL ALKALOIDS 

CONIINE, CSH17N. 

Ooniine is one of the simplest alkaloids known. It occurs 
naturally in the seeds and other parts of the spotted hemlock 
(coniuln maculatum). It i'l of historical int~rest beoause Soo.rates, the 
Greek philo~opher, was pqt to death by bemg foroedto drmk hem. 
lock extract for the crime of teaching the young to think. 

Isolation. The secas of hemlock are powdered and distilled 
with sodium hydroxide solution. Ooniine is then recovered .from the 
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distillate by extraction with ether. rhe ethereal extract on evapo
ration leaves behind the . alkaloid. 

Properties. Coniine is a colourless, alka.line liquid, b.p. 167°, 
turp.ing brown on exposure to air. It has an unpleasant odour 
recalling a mouse, and has a burning taste. It is sparin!!ly soluble 
in water but readily soluble in alcohol. Both coniine and its salts 
are exceedingly poisonous, causing death by paralysing the nervous 
and the respiratory systems. The natural alkaloid is dextrorotatory 

o .e 
[oc] = + 15'7'-

d 

Structure. 0) The molecular formula established for· coniine 
is CSH17N. 

(2) When coniine is distilled over zinc dust it splits out three 
molecules of hydrogen and forms conyrine (CsHuN). which upon 
Qxidation with potassium permanganate gives pyridine 2.carboxylic 
acid. 

Zn [oJ 
CSRl,N ---+ CSRliN --. C5R 4N.COOlI _ 

Coniine -aHa Conyrine Pyridine-2-carboxylic acid 

This shows that (i) conyrine is made- of a pyridine ring with a 
side· chain in 2 position; subtraction of CSH4N (pyridine radical) 
from CgHllN (conyrinei, leaves CsH7 for the side chain and (ii) 
coniine is the corresponding piperidine derivative of conyrine in 
which the three double bonds of the piperidine ring are fully satu
rated, Thus the formulas of conyrine and coniine may be written 
as follows : 

OCOOH 
N 

l'yridme-2.rarboxylic 
Mid 

OC,H' 
N 

COllY tine 

H, 
/C" 

H,C (jH, 

H)' dR.C,R t 

'0/ 
Ha 

Conino 

(3) The side· chain in ,coniine may be normal or iso, so that 
the two possible structures of the alkaloid are: 

I II 
}I, 
C 
/' HaC CHi 

HaJ 6H.C~J.CHICHa 
'N/ 

n 
(2..n propylpiperidine) 

(4) The reductioll of coniine with hvdrogen iodide gives 
anc and ammonia. This is possible only if formula I is correot. 
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na 
/C, 

H.C CHa +5[H] 
1 I --. 

Hs 
/C, 

H,C CHI 
I I +NHs 

HtC CH.CHz·CH,CH3 H.C CHz.CH,.CH,.CH· 
'N/ n.,Ootano 

H 
The formula II would have given l.soU"ctane under ~imilar conditions. 
Thus it is established that coniine is 2.n.propylpiperidine. 

(5) 'The structm:e of coniin", has been confirmed by Landen. 
burg's synthesis (1886) as follows. Th!;l ~ondensation of picoline 
(2.methylpyridine) with -aceta1dehyde at 2500 forms .~.propenyl. 
pyridine, which on reduction with sodium and akohol yields coniine. 

H, 
/C, 

O 
+8[HJ HIC CHI 
--. I I, C 

HIC CH - CH" CHI Ha 
CH=HQ.CHa '-N / 

N H 
P icoline 2.Propeny"pyt'idine Comino 

From the ell. mixture thu~ obta.ined el·coniine- is isolated by 
_fQrming addition salts with el·tartaric acid; the salt of d·coniine 
being less soluble separates first on crystallisation and yields the free 
alkaloid on treatment with ,alkali. This is found to be identical with 
the natural alkaloid. 
PIPERINE, N17H190aN 

Piperine is the alkaloid of black pepper (Ptper nigrum). It is 
contained in the seeds of black pepper to the extent of 5 to 10 
per cent and. ,vas first isolated from this source by Oerstedt in 1819. 

,Ex.traction. Black peppers are powdered and. heated with 
milk of lima. The resulting mass is evaporated to dryness and the 

'alkaloid recovered from the re~idue by extraction with 'ether. 

Properties. Piperine forms beautiful colourless crystals, m;p. 
1280

• It is -neutral to litmus and has the characteristic sharp flavour 
and taste of black p.epper. It is difficultly soluble in water but its 
toxicity i!:l much less than of most other alkaloids. 

Piperine is used as an antipyretic and to relieve colic. 

Structure. (1) By elementary analysis and molecular weight 
determination, piperine has been :assigned the molecular formula. 
C17F.190 aN. 

(2) When boiled with alcoholic pota~h, it is hydrolysed into 
piperidine and piperic acid. 

Ct,H190aN -+ HaO ~ CoHlONH + CllH 90 2·COOII 
Piperidine Piperic acid 

Experiment saows tha.t piperine contains a tertiary nitrogen 
and has no COOH group. Obviously, the alkaloid is a substituted 

amide of pipedc acin CllH9~.CON.CoHlO' which is split up by 
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,hydrolysis aR sho\~n ,above. We already know the structure of 
piperidine, and if' \1>(" also know the structure of piperic acid, we can 
write the formula for the alkaloid. 

(3) Structure of piperic add. (i) Piperic acid on oxidation 
gives piperonylie acid, 01H502.000H, which has C4H4 less than the 
parent acid. Therefore, C4H, must 'ha:ve been present in th~_ side. 
chain in piperlc add. 

(ii) Piperonylic acid on boiling with cone. hydriodio acid forms 
methylene iodide and protocatechuic acid. 

HO('n 

+HO~OOH 
ProtocatechUic a.cld 

Hence, piperonylio acid is the methylene ether of protocatech
uic acid and may be written as 

00 CH/ 
'''0 ~ ICOOH 

(iii) As indicated by step (i) above, the formula of piperic acid 
may now be written as 

CH<{)OI 
. 0 ~ -CtHt-COOH 

(iv) Yi.peric acid takes up four bromine atoms to form a tetra. 
bromide ahOWing the presence of two alkene linkages in its molecule. 
Therefore, it has the structural formula 

, CH<~OcH_CH--Cll_CH-OOOH 
Pipcric acid 

The presence of double bonds in the side.chain in alternate 
positions is confirmed since piperine on ozonolysis yields glyoxal and 
glyoxalio acid. 

(4) Now structural formula of,piperine can be built by uniting 
molecule of piperic acid with piperidine through an amide grouping 
as indicated in step (3). 
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(5) The following synthesis of piperine due to Landenburg 
confirms its structure. 

°0 0 
fCH,COhO 

I 
CH,OHO 0 CH.COONIl 

CH / _ CH / --+ 

"~ ~ OHO (-H20) 2"0 CH=CH.CHO 

Piperonal l'iperonylacrolein 

CH/OO ~ CHI/OOI ' -'0 ~ CH=CH.CH=CH.COOH '0 ~ CH=CH.CH=CH.COCl 
Piperic acid . P'petyl chloride 

+1 mole or 0 
piperidine /0 

--+ CH2, CH.-CHa 
(-HCI) 0 ~ CH=CH-CH=CH-CO-N/ • )OH. 

'CH,-CH, 
Piperine 

NICOTINE, CI0~14N2 

Nicotine is the principal alkaloid of tobacco (Nicotina tabacum) 
and occurs in the dl'y leaves to the extent. of 4 to. 5 per. cent. 

Bxtraction. Dry tobacco leaves are fiJlely powdered- and 
extracted with dilute solution of acids. To the acidic extract, is 
added alkali and is then steam.distilled. The crude nicotine thus 
obtained is purified by fractional distillation. 

Properties. Nicotine is a, colourl~ss> oily liquid, b.p. 247°, 
turning brown in air owing to oxidation. It has a tobacco-like smell 
and a burning 'alkaline' taste. It is soluble in water and also in or-

• • 20 
ganic solvents. The natural alkalOId. is laevorotatory, [IX] = _16~.~o. 

r-
It is highly toxic to anim;lls but in very small amOUllliS it stimUlates 
the nervous system for a while, which is followed by depression. The 
old Indian hukka is to be preferred to cheap cigarettes, as jt washes 
away most of the nicotine in water. A crude tobacco extract or the 
foul water from hukka, is extensively used as an insecticide and 
fungicide by villagers. 

Structnre. (1) Analysis and molecular weight Qf nicotine 
corresponds to the formula; C1oHuN2' 

(2) 'Un oxidation with chromie ·acid. it yields nicotinic acid 
(pyridine·~.carboxylic acid). 

~ nCOOH 

~N/ 
Nicotinic acid 
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This shows that nicotine contains a pyridine nucleus having a 
side-chain consistIng of CoHlON(ClOHuNz - CoH4N). 

Thus we may write the formula of nicotine as 

(3) When nicotine zinc chloride is distilled, the products are 
pyridine, pyrrole and meth~ lamine. This suggests that the side 
chain CoH1oN is a pyrrole deriva.tive. 

(4) When nicotine is heated with concentrated hydriodic acid 
at 150", methyl iodide is produced. It, therefore, Beems that the 
side chain could be N-methylpyrrolidine. 

CH2-CH2 

-6H 6H2 
'N/ 

I 
CRa 

or 

However, the point of attachment of the side-chain could be 
2 or 3 as shown above. 

(5) Piu'ner treated nicotine with bromine in acetic acid and 
among other products obtained the hydru ':omide perbrpmide, 
CIOHIO ON2.Br2.HBr.Br2, which upon treatment with aqueous suI. 
phurous acid and sulphuric acid at 130-140°, gave 3-acetylpyridine, 
oxalic acid and methylamine. Thus the structural formula of nico· 
tine must account for the. following skeleton structural fragment~ : 

0-0-0 

+ C-<J 
I + -N-CHa 

(3-acetylpyridin~} (Oxalic acid) (Methylamine) 

(~) Again, bromine (in the presence of hydrobromic acid) con. 
verts lllcotine into dibromonicotine acid, CloHs.02N2Br, which when 
heated with bariul1l hydroxide solution at 100°, yields nicotinic 
add,. malonic acid and methylamine. Therefore, the structural 
formula of nicotine must also account for the following structural 
fragments: 

o~+ c-C-C + 
I 

-N-CHa 

(Nicotinic acid) (Malonic acid) (Methylamine) 
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(7) The reactions of (6) and (7), taken together, are accounted 
for by postu1ating the following skeleton for nicotine : 

+ 

(8) Nicotine behaves a.s a ditertiary base and gives two addition 
products with methyl iodide. Thuf! the N.atom in the side. chain 
must be bf the type -C-N(CHa)-C-. 

(9) Taking into consideration the above reactions, the struo
tural formula for nicotine could be written as 

CRs-CH, 
/". I I I 11-~~/CHs 
'N/ CBa 

(10) 'rhe structure of picotine was confirmed by the following 
synthesis accomplished by Spath and Bretschneider (1928). 

CH2~CH~ 

Jo JHt 
"N/ 

I eH3 

O 
~R.-~Ha 

N OR 
-CHOH CH t HI 

Zni' a /--4 
--+ :Nlf lOGO 

I 'N CRa 
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NaOH 
-,-+ O 

f~~fB. 
. -CH CH. 

'N/ 
I 

N CS. 
dl·Nicotine 

The'product was resolved by means of d.tartaric acid and the 
l·nicotine was found to be identical with the natural alkaloid. 

Q.1JININE, C20~,NaOIL 

It is the chief alkaloid present in the bark Qf cinchona tree 
(Oinchona officinalis), which is much cultivated in India, Ceylon and 
Java. The total alkaloid content of the bark is 6 per ·cent, of whioh 
70 per cent is quinine. 

Extraction. The finely powdered cinchona bark is treated 
with slaked lime and caustic soda. until the material is a semi· solid 
mass. This is allowed to swell for 24 hours and is then extracted' 
with hot petrohum 'ether. The alkaloids are removed from the 
solvent by treating with the dilute sul~huric acid. Th,e sulphuric acid 
solution partially neutralised and concentrated if necessary. On 
cooling, quinine sulphate being less soluble than the sulphates of 
other alkaloids crystallises out. This is remov~d and further puri. 
fied by recrystallisation from water. 

Properties. Quinine is 8i white solid (utp. 177°) which 
crystallises with three molecules of water to form the trihydrate, 
(m.p. 57°). It has an intensely bitter taste. The alkaloid is almost 
insoluble in water but dissolves more readily in organic solvents like 
alcohol, chloroform and petroleum ether. The natural alkaloid is, 

200 
laevorotatory, [<X] = -158·2° (in 99% alcohol). It is weakly 

D 
dibasic but forms well· defined salts with acids e'.g., quinine 
sulphate, (C2oH24CsN2)2HsSO,,8HaO, the quinine hydrochloride. 
C2oH2,02NaHC1.2HaO. The ac;lueous solutions of these salts display 
faintly pale.blue fluorescence. 

rhe most valuable property of quinine is that it readily kills 
the micro.organism causing malaria and hence the alkaloid and its 
salts are used as a specific for the treatment of malaria. Quinin;'e is 
also an antipyretic, that is, it lowers the body temperature in high 
fever. 

Structure. (1) Quinine has the molecular formula CtoH24N20a. 

(2) On mild oxidation the alkaloid is converted into a ketone 
without loss of any Carbon, showing the presence of a secondary 
alcohol grouping. 

(3) On vigorous oxidation with chromio acid, quinine yields 
quininic acid, which indicates that it is a quinoline derivative having 
0. side·chain in 4-position. 
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, 
(4) The~e reactions 8upplemtlnted by mOre evidence of complex 

nature ha.ve shown tha.t quinine has the structural formula. 

Quinine 

QUESTIONS 
1. What are alkaloids t Describe their general methods of extraction 

and properties. . 

2. How do alka.loids occur in nature? Give the methods of extracting 
them from plants. 

a. Describe tho OctUrrence and physiological action of coniine. Bow 
is the structure of this alkaloid established? 

4. What is an alkaloid, why is it so called ond what is the significance of 
its OCCilrrence in nature t How would you prepare the alkaloid of' hemlock 
bark in a pure state, and establish its constitution 1 

5. Describe the synthesis of d.Coniine from Pyridine. 

6. What are tho goner!).1 methods for the extraction of alkaloids from 
plauts? <Bow has the constitutioQ, of piperine bMn established! 

• 7. Bp.w is nicotine obtained ftOm tobacco leaves! St.!ISgest a ml'thod 
for Its synthes1s. 

8. Discuss fully the isolation. properties and constitution of piperine. 
(Madras B.Sc., 1964) 

9. DiscuSR ana.lytical and ,;ynthetic ovidencll on the basis of which the 
constitution of the alkaloid piporine was a.rrived at. (Bombay B.Sc., 1964) 

10. Discuss the annlytical nnd synthetic e"ldenci!i! on which the struc
ture of piperine is baaed. Discuss tho stereo-chemi!ltl'Y of piperine. 

(Oalcutta B.Sc., 1984) 
11. OJ ve ail, account of the preparation and determination of the 

structure of coniine. (Banaras B.Sc. Ill. 1961) 

12. How is the constitution of niootine arrived at' Give the synthosis 
of the cl)mpoufid you choose. (Poona B.Sc. Ill, 1964) 

13. How is the structure 0 r Nicotine established t 
(Vtmkate.9wara B. Se.Il, 1964) 
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14. (a) Disouss fully the 8~ruoturG of niootine. Give its synthesis. 

(b) no~ will you prove the presenoe or vinyl group in an alkaloid. 
(Vallabhbha' B.Sc., 1964) 

15. What are alkaloids! How do they oOOUr in nature! What are 
their uses. How would you preFare Piperine and also establish its constitution! 

(Panjab B.8c., 1965) 

16. What are alkaloids t Give an aocount of the work that established 
the struoture of conime. lBanaras B.Bc. Ill, 1967) 

17. "Exha11stive methylation has been an important tool in the study 
of the structure of alkaloids. It Illustrate the statement by giving examples of 
two alkaloids you have stUdied. (Bombay B.Se., 1967) 

How is pyridine recovered from coal.tar t Give its important pro'perties 
and show how has its constitution been established. (J &: K B.8e., 1067) 

18. Give an account of the oocurrence, extraotion and properties of 
piperine. How has its oons~itution been established t (Panjab B.So.111, 196r> 

19. Desoribe tbe isolation, properties and synthesis of ooniine. How 
bas its constitution been established! (Panjab ~.Sc. Ill. 19~8) 

20. How would you isolate and purify an alkaloid from its natural 
souroe? Discuss the chemistry of nicotine. (Marathwada B.Se., 1968) 

21. Describe the isolation and synthesis of Nicotine. 
(Mrlrat(Jlffbda B.Se., 1969) 

22. Discuss the oonstitution of nicotine. Give its synthesis. 
(Bombay B.Se., 1969) 
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nelude that ~ll t~rpenes are built of isoprene units (Wallach, 1887). 
; From an ~xaml!1atlon of .the structural formulae of terpenes, Ingold 

(1925) pomted out that Isoprene skeletons in them are united in a 
regular head·to-tail fashion (the hea.d being the branched end of 
isoprene). The rule that the molecules of terpenes are' built of 
isoprene units joined head·to.tail is often referred toas the Isoprene 
Rule, Thus: 

o 

e-b-c-c o c 
I : I 

c-c-c-c"':'c - v-e-:.O 
Head T,ail : Head Tail 

Isoprene unit or: skeleton 

Myrcene skeleton 

c-c/ ./ ., 
C-C :' C-C-C 

'C+C/ - J 

Limonene 
Skeleton 

. . c 
Although a helpful guirling prinoiple, Isoprene rule is not universal. 
However, its validity ha.s been confirmed by the fact that simple 
terpenes can be synthesised from isoprene in the la.boratory. 

HOW ARE TERPENES CLASSIFIED ., 

Terpenes are classified on the basis of isoprene units (CilIa) 
present in their molecules. 

OLASS MOL. FORMULA OLASS MOL. FORMULA 

(i) Hemiterpenes CIiHs (iv) Diterpenes CloHa• 

(U) Monoterpenes CloHa (v) Triterpenes CaoH&8 

(iii) Sesquiterpenes (vi) Polyterpenes I 
The only hemiterpene knownis isoprene which does not occur 

free in nature although it forms the skeletal unit of almost all ter
penes. The most important of the na.tural terpenes are monoter
penes ha.ving moleoula.r formula Cloffle. They contain 6·&toms less 
than the corresponding alkanes t~oHII) and a.re either' straight 
chain hydrocarbons containing three double bonds or ring structures 
having one or two double bonds. Thus monoterpenes a.re sub· 
divided into : 

(a) Open. cbin of ACllclic terpene! containing tb.ree double 
bonds e.g., Myrcene. 

CHI ·OH. 

HIC-~-O--CBa-CH.a-J-CH=CRlI 
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(b) MonQt;yclic terpeneo contn.inillg one ring and two double 
bonds e.g., Limonene 

(c) Bicyclic terpenC3 containing two rings and one double bond, 
e,g., Pinene 

ISOLATION OF TERPENES 

Terpenes are isolated from essential oils present in plants. The 
essential oil is e~traoted from the plant tissues by four methods: 
(i) Expression; (ii) Steam distj}]ation ; (iii) D,igostion with solvents; 
(iv) Adsorption in purified f(tts, Method (ii) is the one most widely 
used. The plant tissue is masoerate(t and then steam distilled. If a 
partlou13r terpene is tleoomposed under these conditions, it may be 
reJXIoved by e;xtraotion with light petrol at 50' and the solvent 
distilled away 1.1nder reduced pressure. Alternatively, the method 
of adsorption in fats mny be employed. For c:xample. the Bower 
petals 11.1'0 spread over molten fat 1.1ntil tho latter is saturated with 
essential oil. The fnt is then digested with ethyl alcohol to' remove 
the essential oil from it. 

The essentinl oils obtained from,plant~ as above usually contain 
a number of terpenes which are separated by fra.ctional distillation. 
GENERAL PROPERTIES 

(Physical). Majprity of terpenes are colourless liquids having 
a boiling point between 1500 Ilnd 200°0. A few of them are solids. 
They are steam.volatile and dissolve in organio solvents, but usuaJly 
not in water. Moat of them are opticaUy aotive. 

(Ohemir.al). Only a few terpenes have open-ohain structure and 
~hey behave like olefinio hydrocarbons, while aU oth()rs are unsatu. 
rated alicyolic hydrooarbons and behave likewise. Thus terpenes 
give addition r(laotiona with hydrogen, halogens, halogen halides, 
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,llitrosyl chloride, etc. They undergo oxidation, polymerisation as 
also dehydrogenation in the ring. ~ 

USES 

Terpanes and their der\vo.tives are used in perfumes o.nd medi
<lines. They are as well used o.s industrial solvents in the prepara
tion of paints and varnishes. 

AoyoJ;.lO QR Ol'lllN.CnAIN TERl'JilNES AND REIu\TED COMl'OUNDS 

Ooly a few alicyeUc terpanes of the fOJ:'lX).u,11). CloHl8 are known. 
They are not found in abundance and are of little illlportance as 
compared with the cyclio terpenes. However, their alcohol and 
aldehyde derivatives are important industrially. 

MYRCENE, C10H18 

It is an acyclic monoterpene hydrocarbon which occurs in: 
verbena and bay oHs. It lw.s the struQtural formula 

CBs CHi 
I II 

CHa_C=CH_OlJa_OHs-C-CH=CH. 

l\Iyrcene is a colourless liq\lid, b,p. 166·168°. It gjves all reac
tions e~pected of triolefines. 

CITRAL'!', C101l111 
It is the most important open. chain terpene derivative con

taining -CHO group. 
CHa 

CBs, I 
/

C"",CH.CBa.CUaC=CB.CllO 
OHa 

It is also naD;led as Geranial, the corre!sponding alcohol being 
Geraniol. 

Citral is widely distributed and occurs to the extent 7Q.80o/c 
in lemon grass oil. It is also found in oil of oranges. oil of lemon: 
(6'7%). a.nd citronella oil. 

"Extraction. The essential oil containing citral is treated with 
sodium bisulphite ~ol~tion. when citra:I bi3ulp.hite compound is pre
cipitated out. ThIS IS then treated with sodIUm carbonate to give 
free citral. 

.Citral exists in two geometrical forma : 
(CBs)aC=CHOH.OB.C-CHa (CHs)aO==CHCH.CBa(!-CHs 

o I 
H-O~BO OaC~C-H 

Oitralll or geranial Citral b or neral 
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(CHs).C ... CH.CH •. C(CHa)=CH.CHO Impure oitra! 
'" +NaHSOa 

(CHslllC=CR.CHll.C(CHa)dJH.CH-OH Bisulphite oo~pound 

JOaNa 
.,. +NclaCOa 

(CHalaC=CR.CH.C(CHs,=CH.CHO Citral 
Properties. Citral is a colourless oily liquid with 8. strong 

lemon·like odour, b.p, 220°. Chemically it behaves as a. diolefine 
and an aldehyde. Some important reactions of citral are: 

(1) When t'educed with sodium amalgam it gives a.n alcohol. 
geraniol, and upon oxidation with silver oxide it forms geranic acid. 

CRa CHa 
I Na/Rg I. 

(CRal,C=CHCR.CHa.C=CH;CHO --t (CHalaC=CaCH,CHaC=CH.CH,OR 
Citral Geraniol 

10 CBs 

(CBa)lC=CHCBaCHaJ=CB.COOH Geranic acid 
(2) Upon hydrolYEis with pota.ssium carbonate, citral yields 

methyl heptenone and acetaldehyde. 
! 

°iBs 
! HaCOs 

CHa.C ... CBCH,CRaC=CH;CHO --+ CHs'C= CHCH.CHaCOCHa +CHaOHO 
I . I I 

OHa <.lHa OHa 
Methyl heptenone Acetaldehyde 

This reaction throws light on the structure o~ citral. 
. (3) Oxidation of citral with alkaline permanganate and then 

with chromic acid, gives acetone, oxalic and IIl.evulic a,cids. This 
reaction gives an idea of the location o( double bonds in the 
molecule. 

; 0:20 oj 30 
! : ' 

CHaC=CHCBaCHa0";'CH.ORO --+ CHaCO + ORaOHIiCO + (COOH)I 

bRa JHa bHa J02R ks 
Aoetone Laevulio acid Oxalio aoid 

(4) When heated with potassium hydrogen sulphate, citral is 
{lonverted to ,p·Cymetle. 

heal -(KHSO.I 
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Synthesis. Cit,ral may be synthesised by the following steps 
starting from methyllheptenone. 

CRa-C=CRCR2CR2C=O + Zn + ICR2COO<;R& 
I I Iodoacetio ester 
CRa CRa ..£.· 

Methyl heptenone 
OZnI 

CHa-C=CHCR,CR.LcRaCOOCaRII 

bBJ Jgs 

,&.(CRsCO).O 
CBa-C ... CHCRaCH,C=CRCOOR Geranio acid 

bRa bBa 
Distil ..£. eo-geranate+Ca-rormate 

CRa-C=CRCR,CR.C=CRCHO 

bRa bRa 
Citral 

Uses. Citral is used' for scenting cosmetic~ perfumes, soaps. 
and in lemon flavours. Its chief industrial use is:!ln the manufacture-
of geraniol. :~ . 

GERANIOL, <:'08180 

It is the parent alcohol of citral a.nd has the structural formula.. 
, CHa 

CBa, I 
/

C-CHCBaCHlIC ... CHCH.OH 
CRa . 

Geraniol is found in the oils of roses, geranium and eucalyptus. 
Extraction. Geraniol is obtained from the cheap oil of 

palmrosa. The oil is treated with anhydrous calcium chloride with 
which geraniol forms crystalline addition product. This is separated 
and decomposed with water t~ liberate geraniol. 

Geraniol is also obtained by reduction of citra I with AI-
amalgam. . 

Properties. Geraniol is a colourless oil having pleasant odour. 
It boils at 229.230cC. It is H. diolefinic primary alcohol and gives 
the reactions of diolefines and primary alcohols .. 

Geraniol exhibits. geometrical isomerism. Thus: 
{CHa)aC~CHCHliCHt-C-CHa (CHa)aC=CHCHaCB.-C-CH, 

n ' 0 . 
H-C-CB.OH HOH.C-C-R 

Geraniol Nerol 
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Nerol also occurs na.turally in variQus essential oils (oil of .DeroH, 
bergamot) and its boiling point is 225.226°. 

Some reactions of geraniol are mentioned below. 
(1) Upon oxidation, geraniol is first converted to citral and 

then to geranic acid. 
OHa 

(OH3),o .... eHOH20H,,-J""'cH-eH~OH Qeraniol 
,,-0 

OHa 

(OHa):aO=OHOBaOHII-b=OH-OHO Oitral 

"-
eHa 

(OHa)aO .... CHOB"OHs-d=OH-OOOH GeJ:snio aQid 

(2) When treated with 8plphuriQ acid, geraniol gives «-terpi
neol. In the first step a water molecule is' eliUlinll.ted to form· a. 
ring which is follQwed by hydratioJl in the side.chain to givt) 
ot-terpineol. 

OH, 

/6, 
H,O OR 

B I6 ~HIOH 
'OH 

n 
/0, 

HaO OH, 
Geraniol 

(H,SO" --. 

Uses .. Geraniol is used for preparing artificial rose scents and 
as an agent for 1l,1ring insects into trap8~ 

MONO,CYOLIO TEJU'ENES AND RELATED COM!lOUNDS 

All the mQnooYQlic terpanes with the side· chains in the para 
position a.re regarded as derived from a bydrocarbon p-menthane, 
the Qarhon atoms of which are numbered for reCtlrence as follows: 

CH, 
I 

/CH, 
a,e CH, 

I I 
H,e OR, 

'OH/ 
I 
OH 
/, 

BIO CBs 
,,_Menthane 

p-Menthane, 4-isopropyl-2-methyl oyclohexane, C1oHao• 
It is obtained by the hydrogenation of p-Cymene or limonene. 
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CHi 
I ,.Cll, 

He CR 
I R He CH 
'0/ 

dn 
/ ....... 

HIC CH. 
p-Cymene 

+3H. 

CH, 
I 

/CH, 
H.C CB. 

Ha6 6Hz 
'CH/ 

dH /, 
HaC OH. 
p-}lfen thalle. 

897 

p-Menthane is a liquid 
170'C. 

having fenne-like odour, b.p. 1690 to 

Menthol, S.p-menthano), 

CH) 
I 

/CH 

HZI ~H 
HaC", /CHz 

CH I . 
C 

/"-.. 
H,C CH3 

Menthol is the ohief oonstituent of oil of peppermint. 

Preparation. It is obta.ined from peppermint oil by cooling 
in air till menthol crystallisea out. 

Menthol is also produced by catalytio hydrogenation of 
thymol. 

CHa OHa 

~J, /dH, 
HC CH Ni H 2C CHa 

" I + 3Ha -- I I 
He C-OH H2C CHOH 

'C/ 'ca/ 
6H 6H 
/, /, 

HaC CHa HaC OHa 
Thymol Menthol 

PropertieS. Menthol obtained from peppermint oil forms 
white crysta.lR, m.p. 420 to 430 and b.p. 216°. It is levo-rotatory. 
It has the smell and taste of peppermint. 

Chemically it behaves as a cyclio seoondary alcohol. 

(1) Upon oxidation with chromiQ acid-sulphuric acid mixture, 
it gives the oorresponding ketone, menthone. 
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CH, . 

/Ja, 
HaC CHi 

, I 
HaC CO 

'CH/ 

~H 
. /, 

H3C CH, 
Menthone 

"' 

(2) When heated with potassium hydrogen sulphate, menthol 
is.dehydrated to form 3-menthene by removal of OR from carbon 
atom 3 and R atom from carbon atom 4. 

(3) When reduced with hydrogen iodide, menthol gives 
p-menthane. \ 

Uses. Menthol is used medicinally as anaesthetio and anti
.septic, and also for relieving toothache ,and congestion of nasal 
passages. It is used in face creams, shaving creams, tooth pastes, 
and ointments becau'le of the cooling sen'3a.tion tha.t it imparts to the 
skin. . . 
LlMONENE, 1. 8 (9)-Methaudiene. C1oH18 

CHa 

)m, 
HaC OH 

HaJ 6Ha 
'-cHI 
J 

"/, 
HaC CHa 

It is the most important monocyclic terpene. It is optically 
active. a.limonene occurs in lemon and orange oils, l-limonene in 
peppermint oil. and dl-limonene also known. as dipentene,. in tur- . 
. pentine oil. Dipentene is also produced by racemisation of the d
and l-forms at about 250°. 
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Preparation. (1) Limonene can be obtained from the 
essential oils by the formation of nitrosyl chloride addition product 
as mentioned earlier. . 

(2)' It is prepared 'by the dehydration of Cl-terpineol with 
potassium hydrogen 8ulph~te; 

, 
(3) It can also be obtained by heating isoperene to 280°C, 

which is simply a Diels-Alder.l, 4 addition reaction. 

CS, 
"I 

/c, . 
HtC CS 2800 

+ u -H.C CH, 
'OR 

I c 
HaC/'CH, 
Isoprene 

Properties. Limonene is a liquid having an odour like that 
of'lemons. The dextro and levo forms boil at 177°. , It is insolpble 
in water. 

Chemicilly, it behaves as a diolefine. Thus: 

(1) On catalytic hydrogenation it gives p-menthane. 

(2) It readily takes up 
bromide. 

~Ha 
I 

/c~ 
Ni H,C'" eHa - I I 

HIC CHI 
'CH/ 

I 
CH 
/, 

H,C· CHa 
p-methane 

bromine, giving a crystalline tetrn-
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H.c/'CH. 
Limonene 

( 
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(3) With nitrosyl chloride it forms nitroso-chloride derivative. 

Cli. 

/J, 
HIC eft 

I I 
H.C ell .. 

"CH/ 

~ 
H.C/'CH. 

Limonene 
"-. 

Cli. 

/~,Cl 
H.C Oll.NO 

+ Noel ---. I I 
HaC CHi 

"cHI 
b 

CH /'CH. 
Llmonen~ Nu.roso-chlotide 

. BIOYCLIC TERPENES AND CAMPHOR 

The bicyclic terpenes are hydrocarbons containing two ring 
systems and one double bond, while the camphors are alcohols and 
ketones related to them. 
cz.PINENE, Cl oUl6 

.CH. 
I 

HC-----C'======CH 

'----C(CHala I 
HIO--- clH CH. 

It is the most wid.ely distributed of all natural terpenes. It 
occurs in both the d· and l.forms in all turpentine oils. Pinenes are 
also found in pH of eucalyptus. Pure pinene boiis at 15 4·156~. 
Chemica.lly, pinene gives the reactions of olefines. 

Turpentine oil which is largely pinene is used as a. solvent for 
resina, as a thinner for paints and varnishes, and also in the technical 
synthesis of ca.mphor. 
CAMP~ORf CloH 160 

CHa . I 
11.O--c---co 

I H.~CH3 \ 
8.C_ CH-.cn, 
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It exhibits optical isomerism. The d·form occurs naturally in 
the oil of camphor. Oil of camphor is obtained by steam.distilling 
the wood, leaves or bark of the camphor tree which grows in 
Formosa and Japan. 1 t was also prepared technically by a synthe. 
tic process but it was abandoned on account of the high cost of 
produotion. 

Properties. Camphor is a colourless, crystalline substance 
melting a.t 179° and boiling at 207°. It hdos a. very strong cha.rac· 
teristic odour. 

Camphor is a ketone and shows the properties typical of 
carbonyl group. Thus it forms oxime with hydroxyla.mine, and 
yields a secondary alcohol on reduotion with sodium and alcohol. 

. Uses. Camphor is used: (a) as a plasticiser in making 
celluloid, photographic films, and smokeless powder; (ii) as medicine 
on account of its analgesic, expectorant, and antiseptIc effects; (iii) 
as a. moth repellant, and (iv) as a preservative in cosmetics. 

Q.UESTIONS 
1. Who. t are essential Oils f How are, they isolated from natural 

sources T 
2. "Isoprene skeleton is the chief building block of framework of 

terpenes." Amplify this statement. 

3. What are terpenes and camphors 7 How are terpenes classified f 

4. Give the methods of extraotion of terpenes from essential oill!' and 
describe their general properties. 

5. Describe the occurrence, extraction, synthesis, reactions and uses 
of Citra I. 

6. How is geraniol extracted. from oil of roses? Give its physical and 
chemical properties, and commercial uses. 

7. Give in detail the method of preparation. properties a.nd uses of 
Menthol. 

S. How is limohane obtained? Give its structural formula and chief 
chemical reactions. 

9. Write names of two important bicyclic terpenes or camphors. Write 
their structural formulas al1d enumerate their industrial uses. 

10. What are the important sources of geraniol? Discuss the stru!'ture. 
(Banaras B.Sc. III, 1962) 

1I. Give the analytical and synthetic evidence on the basis of which 
the constitution of citral was arrived at. (Bombay B.Sc., 1964) 

12. What are the important sources 10£ geranio}.? Discuss its constitu. 
tion. (Banaras B.Sc. III, 1967) 

13. Discuss the ·oxidati.ve degTadation of camphor. Indicate the p~ 
ducts by their structural formulae. Give the synthesis of (i) Csmphoronio acid 
and (ii) Camphor from caIDphoric acid. Show how you would convert pinene 

"into camphor. (Poona B.Sc •.• 1968) 

14. What are the important sources of geraniol_' Discuss its chemistry. 
(BanarIU B.Se., 1968) 
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INDEX 

Graphio formula, 111 
Grain alcohol, 351 
Green oil, 657 
Grignard reagents, 323 

application, 3M 
preparation, 323 

Guanine, 605 
Gun~cotton, 377 

H 

Haloform reaction, 433 
Halogenation, 215, 668 
Halogens, detection, 30 

eliltimation, 39 
Halogen derivatives 

aliphatio, 298 
aromatic, 704 
characteristics, 302, 310 
di,309 
isomerism, 300 
infrared spaotra, 319 
mono, 299 
nomenolature, 299 
preparation, 300. 319 
tetra, 316 
tri,311 
unRaturated, 317 
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Halogen substituted acids, 482 
Hammick_Illingworth Rule, 701 
Heavy oil, 657 
Hell-Volhard-Zelinsky reaction, 482 
Heterocyclic oompounds, 854 
Hexamethylenetetramin,e, 419 
Hexane, 209 
Hexoses, 618 
Hexylresorcinol, 782 
Higher fatty acids, 465 
Hinsberg's Method, 559 
Holmann Method, 56, 510 
Hypobromite, ·555 
Homologous series; 180 
Houben-Hoesch reaotion, 773 
Hybridisation, 96 

tetrahedral acid, 97 
trigonal, 99 

Hydroxylic aoid, 488 
Hydrocyamio aoid, 572 
Hydrooyolic acid, 417 
Hydrogen, detection, 26 

estimation, 31 
Hydrogen, bonding, 107 
Hydrogenolyais, 470 
Hydrogenation, 470 
Hydrogen cyanide, 572 
Hydroxynitrites; 411 
Hydroxypolybasic acids, 489 
Hydroxyacetic acid, 486 
Hydroxy (atty acids, 485 
Hydroxyl group tests, 345 
Hydroxy.quinol,783 
ELypo~~thine,605 
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1 

I Effect, J 53 
Ignition temperature 
Indigo, 872 
Indigotin, 872 
Indole; 867 
Indoxyl, 868 
Inductive effect, 152 
Infrared speotra,. SO 
Internal compenllAtion, 131 
IntramolE'cular ohango, 169 
Inveroion. 634 
Iodine value, 544 
Iodo benzene, 710 
Iodoform, 315 
Iodomethnne, 306 
IIlc-tin,8u9 
Isobutyrio acid, 465 
Isomerio change, 169 
IsomeriB~tion, 170 
Isoml'riaID Ill, 687 

Chain, 1\2 
Funotional, ll3 
Geometric::!', 114 
Opticol, 121 
Pocition, 113 
Stel'e~, 112 
StruotuI"D.l, 111 

L:oll.\trile3. 576 
Icopl'One, 276 
loo,!>rene Rule, 892 
1G9pr{)pyl o.lcohol, 360 
Isopropyl other, 399 
I\;opropyl iodidl), S08 
looq'.linolino, 871 
IUe system, ] &6, 
WPAC syatem, 190 
IUP AC rule'" for nomenclature, 1 94 

K. 
Keto-enol tautl)mol'iom. 534 
Ko~on3 

(\Iiphat~c, 428 
aromatic, 
chal'o.ctE'lrishcs. 432 
Imra.red sp:>ctra.. 44.1 
bomcriEltn, 4~{) 
nomonclnturo. '~~II 
preparc.~~cn, 4::!) 

Ketcnic group, 428 
hydrolysis, 5:)1 

Kot<.mmes. 4~5 
Koto:;ea, 608 
KiU'lni'8 synthedo, .au, 
Kjeldahi method, 36 
Kolbo's rc.s<'tion, 213, 773 
E:orIlor'l;I method, 6N 

'L 
L!:l!'t(lms, ~91; 
L!lI.'M<' ac.d, ~G 

Lacquero, 494 
Laot6se, 636 
Laevorotato~, 124 
La8salgne'o test, 28 
Le Bel-van't Hoft' hypothesis, 70 
Legal'E! teat, 440 
Levuloser"625 
Lewisite, 292 
Lelbermann'o reaotion, 563 
Light oil, M5 . 
LiomoncDo, R9S 
Loce.nt, 192 

M 
Malachite green, ~26 
Maleic acid, 479 
Malic acid, 489 
Malonic acid. 476 
MAlonio ester, 535 
Malonyl Urea, 599 
Mllit-oso, 638 
Mandelic acid, S14 
Markownikoff's rulo, 259 
Mash, 354 
Mechanism, 143 

Chain, 217 
Free radeal, 15i, 217 
IoniC',151l 

Mechanistic concept, 161 
Melting poInt, 22 
Mixed. 23 
Mendius reaction, 576 
Menthol,807 
.Mercapt811s, 380 
Mercerised, cotton. 640 
Mercliration, 665, 669 
MercuroQhrotne, 830 
Mesitylene, 435, a80 
Mesityl oxide, 435 
Metamerism. 114, 390 
Methane, 98, 221 
Methanal, 417 
Mothanoio acid, 454 
Meths.liot, 347 
Meth8110yl C'hloride, 504-
Methyl alcol101, 347 
l'.1ethyl bem:ene, 6'17 
Methyl bromide, 3n6 
Methyl' ohloride, 306 
Methyl iodide, 306 
Ml'thyhranee. 824 
Methyl red, 825 
~Methyl salicvlateo, 812 
!!othy1 flulpmte, &21 
Michler' a .i{otone, 756 
!fiddle oil, 655 
MIlk oug<.,r, 636 
Mineral oil, 235 
Mob gaB, 799 
Moleculnr depression constant, 66 
Moleoull'.r eleva.tion constant, liS 
Molecula.r formula of gnseous hydro-

C'prbonfl,52 



Molecular orbitalll, 9(), 
Moleoular weight, 53 

Cryoscopio method, 56 
Dumas method, 56 
Ebullioscopio method, '58 
Hofmann method, 611 

Ple.tiniohloride method, 61 
Silver salt metho~, 59 
Viotor Meyer method, 54 

Volumetrio method, 62 
Molioh test, 621 
Monocarboxylio aoid. 4# 
Monochloroacetic aoid .• 483 
Monohalogen derivatives. 299 

charaoteriatic, 302 
nomenclature, 299 I 
preparation, 300 J 

Monohydric alcohols, 3~1 
MODoilydro:ey'succinio rOid. 489 
iloDOI!llccharidcs, 608 
Murexide l'ea.ctioD, (lOl 
Musta.rd gas, 386 • 
Mustard oil reaction, f6~ 
Mutarotation, 624 
Myrcene, 893 

N 

Naphthalene, 832 
Naphthols, 837 
Naphthoquinones, 840 
Naphthylamines, 839 
NeohydrocarboDs. 203 
Newman projeotion, 232 
Niool prism, 122 
Niootine, 884 
Nitration, 217, 668 
Nitriles, 574 
Nitroanilines. 748 
NItrobenzene, 730 
Nitrocellulose, 639 
Nitrooompounds 

aliphatio, 526 
aromatio, 727 

Nitrogen deteotion, 28 
estimation; 34 
mQleoule, 95 

. Nitroglyoerine, 377 
Nitropare.ffins, 523 
Nitrophenol, 778 
Nitrotoluenes, 734 
Nodal plane 
Node 
Nomenclature systems, 18G 

common system, 186 ' 
IUC system, 186 
IUPAC system, 187 
Geneva, 186 

Normal hydrooarbons, 20:'~ 
Nuolear isomerism, 113, , 
Nuolear halogen derivatives, 706 
NuoleophUee, 160 I I 

INDEX. 

Nuoleophilio 
• addition. 165 

substitution, 162, 698 

o 
Octane number~ 245 
Oil gas, 232 
Oils,541 
Ole1hllc hydrocarbons, 250 
Oleic aoid, 467 
Oligo saccharides, 608 
Open chain, J 76 
Optical activity, 122 
Optical isomerism, 121 
Orbitals, 85 

atomio (AO), 86 
molecular (MO), 90 
delooaliood MO, 275, 677 
pi MO, pp MO, 93, 91 
sigma MO, 92 
sp 1.40,91 
ss 1.10, 90 

Organic ohemistry, 2 
definitions, 2 
scope, 4 

Organio oompounds, 1 
their olassification, 176 

Or~anomagnesium he.lideo, 322 
Organometalfio compt;lUnde, 321' 
Orientation, 690 

Rules of, 701 
OrIgin of colour, 822 
Orleans \Process, 460 
Orazones, 610 
Ox .. lio aoid, 474 
Oxidaticm, !70 
OxidiSing agents, 170 
Oxonium salts, 393 
Oxygen, deteotion, .28 

fiask method, 40 
ostimation, 42; 
form,a.tion, 93 

Oz6nidoD, 262 
Ozonolysis, 263 

p 

Paints, 542 
Palmitic aoid, 465 
Paraffins, 202 
Paraformaldehyde, 424 
Pararosaniline, 827 
Parohment paper, 640 
Patart process, 349 
Peptides, 644 
Pentanes, 208 
Pentoses, 618 
Perkin's reaction, 794 
Peroxide effect, 261 
Petroohemioals, 247 
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Petroleum, 235 
composition, 237 
gr,\wth in India, 236 
mining, 239 
origin, 237 
refining, 240 
synthetic, 243 

Phenanthrene, 851 
Phenol, '167, 774 
Phenolphthalein 777, 829 
Phenylacetic acid, 814 
Phenyl chlQride, 709 
Phenyl bromide, 710 
Phenyl cyanide, 804 
Phenyl chloroform, 714 
Phenyl iodide, 710 
Phenyl methane, 677 
Phenylene diamines, 751 
Phenylethyl alcohol, 786 
Phenyl hydrazine, 764 
Phenyl hydrazones, 414 
Phenyl nitromethane, 736 
Phenyl salicylate, 813 
Phloroglucinol, 784 
Phosphorus, detection, 30 

estimation, 41 
Phthalic acid, 817 
Phthalimide, 819 
Phthalic anhydride, 818 
Phosgene, 581 
Pi-Bond,93 
Picric acid. 778 
Pinacol,433 
Pinene, 900 
Piperidine, 865 
Piperene, 882 
Piperonal, 798 
Pitch,657 
Plane, 

nodal,87 
polarized light, 122 
of symmetry, 127 

Polar bond, 
PQlymerisation, 166 
Polymers, 166 
Polymetbylenes, 593 
Polyethylene, 269 
Polythene, 269 , 
Polysaccharides, 637 
Popoff's rule, 436 
Position isomerism, 113 
Propane, 230 

conformations, 233 
Propanoic acid, 469 
Propanol, 360 
Propanone, 436 
Propanal, 427 
Proof spirit, 357 
Propionic acid, 464 
Propyl alcohol, 360 
Propylene, 272 
Propyne, 295 

Proteins, 642 
characteristics, 646 
classification, 644 
conjugated, 645 
composition, 643 
simple, 644 
structure, 644 
tests, 647 

Protocatechuic, 
aldehyde, 798 

Purin es, 600 
Pyridine, 861 
Pyrogallol,783 
Pyroligneous acid, 347 
Pyrolysis. 219 
Pyrrole, 858 

Q. 

Quaternary ammonium salts, 567 
Quick Vinegar process, 460 
Quinhydrone, 802 
Quinine, 887 
Quinol, 783, 
Quinoline, 869 

R 

Rand S convention, 126 
Racemic mixture, 124 
Racemization, 134 
Radicals, 143 

Free, 143 
Rancidification, 543 
Rayon, 640 
Reactions 

Biochemical, 173 
Condensation, 168 
Endothermic, 159 
Energy requirements, 159 
EXQthermic, 159 
Types, 157 

Reaction meohanism, 143 
Rearrangements, 142 

Bechmann's, 121 
Reagents 

attacking, 140 
electrophilic, 149 
nucleophili<" 150 

Reducing agents, 172 
Reduction, 170 
Reichert - Meissl value, 544 
Reimer.Tiemann reaction, 772 
Resolution, 132 

Biochemical method, i 33 
Chemical method, 133 
Mechanical method, 132 
.Kinetic method, 134 
Selective adsorption, 134 

Resorcin yellow, 826 
Resonance, 105 
Resorcina.l, 781 



Ring struoture, 72 
oane sugar, 636 
fructose, 628 
glucose, 623 

Roburite, 733 
Rosaniline, 827 

S 

Saba tier and Senderens reaction, 
171,211 

Saccharin, 724 
Salicylic acid, 811 
Salicylaldehyde, 797 
Sandmeyer's reaction, 761. 
Saponification value, 544 
Sarcolactic acid, 487 
Saturated hydrocarbons, 201 
Schiff's nitromt'ter, 35 
Schiff's reaction, 416 
Schrollar procf'ss 
Schotten.Baumann reaction, 

741,800 . 
Seidlitz powder, 492 
Selective adsorption, 19, 134 
SemicarblLzone, 414 
Shells. 84 
Silver'salt method, 59 
Sigma bond, 92 
Single bond, 71 
Skeletal formula, 75 
Skew ,form, 234 
Skraup's ,Synthesis, 869 
SNI react'ion. 162 
SN2 reaction, 163 
Soaps, 544 

clesnRing action, 547 
cold procE'ss, 546 
continuous process, 546 
Hot proc~ss, 545 
hard,545 
Boft,545 

Soxh\et extraction, 18 
Space isomerism, 112 
Specific rotation, 123 
Spcctrometer, 79 
Spectroscopy, 77 
Spectrum, 79 
StaggerE'd form, 232 
Starch, 637 
Steam Distillation, 16 
Stearic acid, 465 
Stephen's reaction, 406 
Stereoisomerism, 112 

Geometrical, 114 
Optical, 121 

Straight run process, 241 
Strecker's synthesis, 496 
Structural formula, 72 
Structural isomerism, 112 
Stuart model, 73 
Styrene, 681 
Sublevel, 84 

INDEX 

Sublimation, 11 
Subshell, 84 
Substituted acids, 481 
Substitutiot), 140 

Free radical 162, 699 
../ Electrophilic, 162. 681 ' 

Nucleophilic, 162, 698 
Succinic acid, 477 
Sucrose, 630 
Sugars, 608 
, cane sugar, 631 

Sulpha drugs, 748 
Sulphonal 
Sulphanilamide, 748 
SulphaniIic acid. 747 
Sulphitlltion, 632 
Sulphonation, 218, 668, 683 
Sulphonic acids, 717 ' 
S<llphur, detection, 29 

(,stimation, 41 
Supermaceti wax, ,519 
Synthetic petrol, 243 
Synthetic rubber, 276 

T 
Tannin, 813 
Tartaric acid, 490 

isomerism, ! 29 
Tautomerism, 534 
Terpene!!, 890 
Tests of purity, 22 

91:1 

Tetra alkyl ammonium hydroxide, 
567 

Tet,rachloromethane, 317 
Tet,racovaleI_lcy of car boo, 70 
Tetrahedral hybridisation, 97 
Tetraethyl lead, 328 
Tetroses, 617 
Theine, 604 
Theobromine, 605 -
Thiele's theory of partial 

valency, 273 
Thioaceto.ls, 434 
Thioalcohols, 380 
Thiocarbamide, 587 
Thioeth.,rs, 384 
Thiophene, 857 
Thiol"" 380 
Thicurea, 587 
Tischenko reaction, 424 
Toluene, 677 -
Toluene sulphonic aoid, 724 
Toluic acids, 809 
'l'oluidines, 750 
Tolyl chloride, 711 
Total synthesis, 210 
Tricarballylio acid, 494 
Trichloro'6'letic acid, 484 . 
Trichloroacetaldehyde, 425 
Trichloro ethanol, 425 
Trichlorn ethylene, 318 
TrichloromethanE', 311 
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Trihydroxy purines, 600 
Trliodomethane, 315 
Trimethylamine, 566 
Trillitrobf<IlZene, 734 
TrinItrotoluene, 735 
Triple bond, 72, 94, 278 
Triphenylamine, 755 
Triphenyl methane dyes, 826 

u 

Ullmann reaction 
Ultraviolet spectrum, 79 
Unsaturated 

aldehydes, 427 
carboxylic acids, 465 
dicarboxylic acids, 478 
hydrocarbolls, 250, 278 

Urea, 583 
Urease method, 1i87 
Ureides, 585, 598 
Urethanes, 582 
Uric acid, 600 
Urotropine, 419 

, V 

V~nilJin 
Van't Hoff's Hypothesis, 70 
Varnishes, 542 
Vegetable Ghee, 543 
Veromal, 599 
Victor Meyer Method, 54 

Test, 345 
Vinegar, 459 
Vinyl alcohol, 361 

Vinylation, 293 
Vinyl chlorll10, 3 i 7 
Vinyl ether, 369 
Vital foree theory, 1 

w 
W .. lden inversion, 137 
Wash, 35~ 
Waxes, 519 
Williamson's 

synthesis, 347 
Westron, 3'8 
Westrosol,3l8 
Wines 
Will's theory of colour 
Wohl's method, 614 
Wood charcoal. 348 
Wood distillation, 347 
Wood g!lS, 347 
Wood tar, 347 
Wurtz reactIOn, 661 
Wurtz-Fittig reaction, 661,627 

x 
Xanthine, 6113 
Xanthoproteic test, 648 
Xylenes, 679 

z 
ZeJisel's method, 394 
Zinc dialkyls, 322 
Zwitterioll, 497 




