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PREFACE TO ELEVENTH EDITION

Some modern concepts of Organic Chemistry such as the
Orbital concept of bonding and the mechanistic principles of Organic
reactions were introduced in the previous edition of the book Ths
authors are happy that these new innovations were appreciated and
the 10th edition of the text-book of Organic Chemistry had to be
reprinted in 1969 and again in 1970. That was the first: phase of
modernising the subject matter which has been followed up in the
eleventh edition of the book. The new edition has been consider.
ably enlarged and improved in all respects. The chief features of
the new edition are :

(1) A separate chapter covering the principles of mechanism of
organio reactions has been given and these principles have been
applied to interpret the mechamsm of almost all important reac-
tions in the remaining portions of the text.

(2) A new chapter on ‘Classification and Nomenelature’ giving
details of the latest IUPAC gystem of naming all classes of organic
compounds has been included. The naming of higher organic com-
pounds on the basis of ‘semiority of functional groups’ is the latest
innovation that has also been described.

(3) Some modern topics such as sublimation under vacuum,
chromatography, oxygen  flask method for estimation of halogens,
direct estimation of oxygen have been given.

{4) Spectroscopy of organic compounds especially the ultra.
violet und Infrared spectra, their explanation and application to
some important substances is a new feature of this edition.

(5) The description of Optical Isomerism has been given
modern touches and B and 8 conventions have been discussed in
detail.

(6) Under the chapter on alkanes the new topid Conformations
of ethane and propane’ has been included,

(7) The chapter on ‘Carbohydrates’ has been re.written and
enlarged so as to give the latest conventions of writing structural
formulae of aldoses,

(8) Numerous new illustrations of industrial processes, mecha.
nism of reactions, molecular models, the geometry of certain organio
molecules form a novel feature of this edition.

{9) The latest numerical problems and questions asked in the
various nniversities of India have been included at the cnd of each
chapter.

The authors hope that the eleventh revised edition of the book
which has been rewritten and modernised in many respects will be
well received by ovr colleagues and the student tommunity, Any
suggestions for further improvement of the book will be acknow-
ledged with thanks.

Jullundur ' B. S. Banr
July, 1970 ARrUN Bans
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inorgenic compounds.

(NH,);S0s + 2KCNO — 2NH,CNO 4 K80,
Amum, sulphate Amm. cyanate

NHNO —» NH,CONH,
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, thus showing clearly that no special
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 Chemistry. 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 of 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, an’d hydrogen cyanide and its salts.

Since all the organic compounds could be considered as derived
from hydrocarbons (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 inorganie
compounds which is hardly 50,000. If the study of twenty lakhs of
carbon compounds be included 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 separate study more fruitful.
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The chief differences between organic and inorganic compounds

are stated below : —

—

ORGANIC

INORGANIC

(1) Organic compounds are
puilt mostly from 10 elements viz.,
o, H,0,N,8 P ,ClLBr, Fand I.

< (2) Carbon has the wonderful
c;;pacihy to unite with itself and also
with other elements with the help of
covalent bonds. Carbon atoms joined
each to each in straight chains or rings
give rise to the formation of a large
_number of simple as well as complex
compovnds with huge molecules,

(3) Organic compounds with
similar ‘groups of atorns’ display simi-
lar chemical behaviour. Thus they
form many such classes of compounds
e.g., alcohols, ethers, ketones, acids,
gmines, etc.

(4) They frequently possess
ronounced colour and odour which
are characteristic of certain classes of
compounds.

(6) They arve, in general, inso-
luble 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.

(7) Burn readily. Solutions
and melta do not conduct eolectric
current.

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

(9) Covalent bonds being rigid
and directional, give rise to ‘Chain
isomerism’ and different types of
‘Space isomerism’ in organic com-
pounds.

(10) Law of multiple propor-
isiis in its rigid form, is not applica-
¥le to many organic compounds. In
such compounds the weights of an
element combining with g,fixed weight

Pf the other, bear only an integral
atio and not a simple one.

(1) 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 eom-
pounds.

(3) Most of the inorganic com-
pounds which have been studied are
either acids, bases, or salts.

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

(6) They are generally soluble
in ‘water but insoluble in organic
solvents.

(6) They are generally non-
volatile and possess high melting points
and boiling points,

(7) Hard to burn,
electric current in
melt.

Conduct
solutions and

(8) Their reactione for the
| most part !)emg lonic in nature are
rapid and simple.

R (9) Electrovalent bonds being
non-rigid and non-directional, cannot
give rise to isomerism in inorganie
substances.

) _{10) Law of multiple propor-
tions is universally applicable to inor.
ganio compounds.
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SCOPE OF ORGANIC CHEMISTRY

The scope of organic chemistry is vast indeed. There is no art,
science or industry in which this branch of chemistry is not applied.
It will be of interest to outline here very briefly some of the applica-
tions of organic chemistry in everyday life and industry.

(1) Applications in Everyday life. No other branch of
science has so many contacts 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 connected with this branch
of chemistry. From the basic requirements of life like food, fuel,
clothing and health aids, to the obviously luxurious things like
perfumes and cosmetics —and in-between these two extremes come

cerears | (waenaies) ( rars | ((wiek ) (svene
| [ |

{ Fooo }
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. Fig. 1-1.
the following with varying degrees of importance : leather and wood-
en products ; pencil, paper and writing inks ; fuels like coal, oil and
wood ; dyes of all kinds whether natural or synthetic ; rubber i,
plastics ; oils, fats, paints and varnishes ; photographic films anu
developers ; medicines, anacsthetics and antiseptics —all things seem
to have organic origin and touch. It is no wonder, therefore,
organic chemistry is a part and parcel of our daily life. In fact

are ourselves nothing but complex structures built of thousan/
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sganic compounds which are derived from the plant and anima)
yods.
"~ (2) Applications in Industry. A kuowledge of organic
amistry is necessary in many important chemical industries, e.g.,
“Gpparation of foods, pharmacy, manufacture of soap and other
‘Femetics, textile industry, manufacture of dyes and explosives,
r industry, fertilizers, leather industry, sugar industry, fermen-
tetion industries. woorl-distillation industry, synthetic rubber and
gansparent wrappings for foods and other commodities, petroleum
_@]ustry, etc,
% (3) Study of Life processes. The most important appli.
ation of organic chemistry is thd study of the nature of the material
. gud of the processes of living organisms  The investigation of the
igsues, the secretions and other constituents or products of plants
@d animals is hased upon organie chemistry. The understan ding of
gprocess of digestion and assimilation of food involves the funda-
santal principles of organic chemistry. The vitamins and the hor-
piones are organic compounds that are produced in our body and
pﬁ;y an important role in its development. 'The injection of a hor-
mone can turn a male into female and vice versa. All such miracles
of nature concerned with the life process can be interpreted only by
the aid of organic chemistry.

DYES 997
PLASTICS &
RESINS 972
PHARMACEUTICALS SYNTHETIC 157,
: %

SOAPS 67 Z /

RUBBER 62} %

PAINTS 60, .

- //

TEXTILES 5y NATURAL

Fig, 2:2. Proportions of synthetic and natural products capturing

industry.
There are other fields of organic chemistry at present less
developed. Further researches may bring these 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 standpoint. The intellectual beauties of the closely
inter-woven relations of organic chemistry will be revealed to the
. 8tPent only when he studies the subject logically, keeping before
“Jim the molecular structure of the compounds involved.
| \}mns OF ORGANIC COMPOUNDS

T

Organic compounds are obtained from natural sources and are
prepared by synthesis in the laboratory. The natural sources
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of these substances may be traced to either the plant or animal
kingdom, Thus :

Sources of
Organic Compounds
|

Natural Laboratory
[ Synthesis
Plant Animal
kingdom kingdom
SOURCE CoMPOUNDS OBTAINED
(1) Plants (direct) Sugars, starches, cellulose, citric acid, oxalio acid,
tartaric acid, indigo, oils, vitamins, ete,
(2) Animals Fats, proteins, urea, uric acid, vitamins, hormones,
etc.
(3) Wood distillation Acetic acid, methanol and acetone,
(4) Coal-tar distillation Benzene, toluene, naphthalene, carbolic acid,

1 cresols, pyridine, dyes, perfumes, drugs, etc.
(5) Natural Gas and Pet. Alkanes and their derivatives such as methyl
roleum distillation chloride, chloroform, methyl alcohol, ethyl alcohol,
allyl chloride, etc. .

(6) Fermentation processes | Ethyl alcohol, amyl alcohol, acetic acid, etec.

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 isfar 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 ?

Coal 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 enormousiy:-
during the last decade or so. In 1966 the total produetior “na;”
was 2,800,000,000 long tons. Although coal is far more ou
and widely distributed in nature, petroleum resources

v

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

A chemist is naturally interested to know the extent of world’s
cosl and petroleum reserves as also the pr.bable time of their
consumption. Ultimately it is he who has to face the problefm of
replenishing their consumption by other synthetic means. The
world’s total coal reserves are estimated to be 5,562,656 million
jong tons, while oil reserves as estimated on Dec. 31, 1966 amount
g0 2,886,915 million long tons. )

There are many speculations regarding the coal and oil supply |
of thé world. According to some specialists, the reserves are enough
to Jast 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
million tons which are sufficient to last for another four centuries.
India’s oil reserves are estimated to be 6580 tons only.

FOQD

Fig. 1-3. Decay and Formation Cycle of Coal and Petroleum,

At the preseént rapid rate of depleting the natural resources of
coal and petroléum, 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 (Photosynthesis), the
organic compounds are being produced continuously in plants.

Photosynthesis
00,-+H,04 Sunlighy ————-—— Organic compds 4O,
«The organic compounds whether in the form of coal or petroleum
on'combustion give back CO,.
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N
CRYSTALLISATIO I ; ;
“The most eNeral method for the purification of solid organic

; stallisati rinciple it is the same as employed
substanoe§ s 05 talil‘(lyiaitxlx(c,)?'g::ig salts]? The only difference iIs) that
here, in addition to water, several other sol-
vents are used. The more common solvents are
acetone, alcohol, ether, chloroform, benzens,
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.

Freparation of the solution. 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
u long glass tube which serves as a condenser
and also prevents the inflammable solvent vap-
ours to reach the flame of the burner. The

i 9. P i heating may be done on a water-bath or wire
Tig. of ;oh:tei%;m % gauze according as the solvent is ‘low-boiling’ or
S ‘high-boiling’.

Filtration of the solution. The hot saturated solution obtained
above is then filtered through a fluted filter-paper placed in an ordi-
nary glass funnel. If the quantity of the solution is large, it takes

HOT SATURATED

T \
SoLvrion NOT SAT
SQLuTION

HOT WATER
JACKET
s

Lo

Fig, 2:2. Filtration through Fig. 2:3. Hot-water funnel,
fluted filter paper.
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Jonger time to filter and the crystals may form in the funnel during
fltration. To prevent this, a “Hot-water funnel” may be used
with advantage.

Crystallisation. The filtrate is allowed to cool undisturbed in a
beaker or a “crystallising dish”. After some time the solid substance
geparates in beautiful geo-
metrical forms called ecrys-
tals. Sometimes the crystals
do not appear due to super-
cooling of the solution. In
such & 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 suhstance in solu-
tion.

: Separation and Drying
of Crystals, The erystals
are separated from the
mother liqguor by Sfiltration.
This may be done more
rapidly with the help of a
Buchner funnel and a
suction pump as shown in
Fig. 2:4. When tlie whole
of the mother liquor has

been di:ained into the filtration.flagk, the crystals are washed two o1
three times with small quantities of the pure solvent. The filte:

paper carrying the crystals is then placed over a porous plate anc
dried in a steam or air-oven.

Sometimes, the crystals obtained are coloured owing to th
traces of impurities present. In such cases, the crystals are redis
solved in a small quantity of the solvent, boiled with a little anim:
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.

Fig. 24. Filtration under suction,

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 naphthalgne, 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 perforated f
paper over which is placed an inverted funnel. The vapours r
from the solid pass through the holes in the filter-paper an
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_dePOSIted.as solid on the walls of the funnel. The filter paper has
two functhns 1 (3} it does not permit the sublimed substance to
drop back into the dish and (ii) it keeps the funnel cool by cutting
off the direct heat from the dish (Fig. 2-5).

COTTON PLUG f’. WATER
v
1y .
I WATER 4 ==

i\ _SUBLIMATE
~TO PUME
SUBLIMATE
\/

LCRUDE
SUBSTANCE

~

-

Fig. 2.5. Sullimation, Fig. 2-6. Sublimation under
reduced pressure.
Organic substances such as benzoic acid, naphthalene etc. which
"igh vapour pressure at temperatures below their melting
can be sublimed relatively quiokly. These can be conveni.
urified by the laboratory operations described above, Such

WATER

TO PUMP
g

UBLIMATE

GRUDE SOLW

Fig, 2:7. Sublimation under vacuum.
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_qubstances which have very small vapour pressure or tend to
decompose upon heating, are purified by sublimation under reduced
 pressure

A simple glass apparatus now used for sublimation under red-
uced prossuro is shown in Fig. 2:7. The chief features of this appara-
tus are & large heating and a large cooling surface with a small
distance in hetween, This is necessary because the amount of the

- gubstance in the vapour phase is much too small in case of a
substance with low vapour pressures. )

DISTILLATION

The operation of distillation is employed for the purification 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 & distillation-flask fitted with a thermometer in its neck and
4 condenser at the side.-tube. The liguid to be purified is placed in
e Adistillation-flask and the thermometer so adjusted that its bulb
stands just below the opening of the side-tube. This ensures the
correct recording of the temperature of the vapour passing over to
the condenser. A suitable vessel is attached to the lower end of the
conderiser to receive the condensed liquid. On heating the distil-
lation flask the thermometer first records a rise in temperature
which soon wvecomes constant. At thif point, which is the boiling
temperature of the pure liquid, most of the liquid passes over.
Towards the end of the operation the temperature riSes once again
on account of the superheating of the vapour. The distillation is
stopped at this stage and the receiver disconnected. :

In case of liquids having boiling points higher than 110°C, the
water-condenser is replaced -by air condenser. To prevent bumping,
it is customary to put.a few pieces of unglazed porcelain in the

. distillation flask.

While distilling a very volatile and inflammable liquid such as

ather, the distillation flask is heated on & water-bath and not on"a

-wire gauze. In gase of very high-boiling liquids, the flask is heated
directly with a naked flame.

FRACTIONAL DISTILLATION

A mhixture of two or more volatile liquids ean be separated hy
fractional distillation When their boiling points differ by more than
40°, the operation ¢an be carried with the help of ordimary distilla-
tion apparatus described in Fig. 2:8. The more volatile liquid passes
over first and is collectedd in a receiver. When the temperature
begins to rise for the second time, the first receiver is disconnected.
A new receiver is attached as soon as the temperature becomes
constant once again, Thus the distillate is collected in fractions and
the process is termed Fractional Distillation.

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 flask with a fractionating column which in turn is

70 Sink

LRUIp

Fig. 2'8. Distillation.
conneoted to the condenser (Fig. 2'9). On heating, the vapous of

rRACTIONATING
‘ — COLUMN.

3|l

Gy

ryl

o

MORE VOLATILE
LESS VOLATILE LIQUiO

LIQUI0
B e orerutre

VOLATILE
COMPONENT

Fig. 2-0. Fracti -al distillation,
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sue more volatile liquid A, along with.a little of the vapgurs of less
yolatile 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 fractionating colurmns.

rich in B. If necessary, the process ¢an be repeated with the distillate
and the liquid left in the distillation flask.

The “iise* of a fractionating column has found a remarkable
spplication. in modern industry, especially in the distillation of
petroleum, coal-tar and crude alcohol.

DISTILLATION UNDER REDUQCED PRESSURE

The ‘straight’ distillation is suitable only for liquids which boil
without decomposition at atmospheric pressure. In case of organic
liquids which decomnpose before their boiling point is reached, the
distillation is carried under reduced pressure when the liquid boils at
a lower temperature*. ‘

The apparatus used for distillation under reduced pressure is
shown in Fig. 2:11,

(t) Claisen Flask, having two mnecks. It is fitted with a long
drawn jet, dipping 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 atmospheric
pressure, When the pressure is reduced by suction, the liquid boils at a lower
‘temperature.
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(1) Condenser, connected with the Claisen flask on the one
hand and a filtration flask, serving as a receiver, on the other.

S5CREw
CtiP

MANOMETER

TO EXHAYST
= PumP

PURE
L1QuUtD

Fig 2:11. Dietillation under reduced pressure.

(i) Manometer. The receiver flask is connected to an exhaust
pump through (a) a mercury manometer which tclls the pressure
under which the distillation is being carried, and (b) a trap, to elimi-
nate any condensed liquid.

The pressure in the apparatus is reduced with the help of a
water pump. Whenever a lower pressure is desired, the water pump
is replaced by a mercury pump.

Animportant application of this process is the recovery of
glycerol from spent-lye in soap industry. Glyeerol is decomposed
at its boiling point (298°C) but can be distilled unchanged at 12 mm.
pressure when it boils at 180°.  Another applieation of ‘vacuum
distillation® is the concentration of sugar juice under reduced
pressure.

STEAM DISTILLATION

Many substances that are insoluble in water are volatile
in steam can be purified by distillation in a current of steam’ (Steam
Distillation). The non-volatile impurities are left behind in the
distillation flask.

The impure mixture together with some water 1s placed in a
ronnd-bottom flask which is then connected to a steam-generator
on one side and o water condenser on the other (Fig. 2:12) The flask
is adjusted in a slanting position so th_nt no droplets of the mixture
splash into the condenser on brisk boiling and bubbling of steam
The mixture in the flask is heated and then a current of steani passe
nto it. Heatw 1 of the flask is controlled so as to avoid unnecessary
condensation of stcam in it.  Steam picks up the volatile substance
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from the mixture and passes into the condenser. The distillatg
collected in the receiver consists of a mixture of water and the
organic substance. The distillation is stopped when the droplets or
.the solid particles of the organic substance cease to appear invhe
‘gondenser

] n
sTEAM STEAM +VAPOUR
Of ORGANIC LIQUID
. N
it e
U ~
\"\ \
. NN
\ \
IMPURE \
== {=="| ORGANIC N,
LIQuIo =\ == N
PURE ORGANIC
L/QuiD AND
7 W WATER
t —
o
/]
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Fig. 2:12, Steam distillation.

The distillate is then treated to recover the organic substance
by a suitable method. In caseit is a solid, the substance may be
geparated by simple filtration, and if it is-a liquid, it can be remov-
ed by means of a separating funnel. The aqueous layer in both cases
may be extracted with a solvent.

Steam distillation is employed in industry for the recovery of
various essential oils from plants and flowers. It is also used in the
nisnufacture of aniline and turpentine oil.

Principle of Steam Distillation. A liquid boils when its vapour pres-
su7e is equal to the atmosphgric pressure. In steam. distillation, a mixture of
water and an organic liquid is heated. The mixture boils when the combined
vapour pressure of water (p;) and that of the orgenicliquid (,) is equal to the
atmoepheric pressure (P) t.e.,

Pepitpy

Naturally, the boiling temperature of the mixtura would be lower than the
bolling temperature of the pure organic liquid when the vapour pressure of this
liquid alene would be equal to the atmosphéric pressure. Thus, in steam distil-
lation the liquid is distilled at a lower temperature than  its boiling point when
it might decompose, It serves the same purpose as distillation under reduced
pressure.

EXTRACTION WITH A SOLVENT

When an organic substance is present as solution in water, it
¢ah be recovered from the solution by the following steps :

- (¢) The aqueous solution i3 shaken with an immiscible organic
- alvent in whick the solute is more soluble.
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(3) The solvent layer is separated by means of a separating
Sfunnel.

(¢13) 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 ts termed EXTRACTION.

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

SOLVENT
LAYER

AQUEQUs
LAYER

{ ,

Before extraction After extraction
Fig. 2-13. Extraction with a solvent.

chloroform, is then added 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 the
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 oat the lower layer.
The organic. substance dissolved in it is finally recovered by distilling
off the solvent.

Note. Itis always better to extract two. or three times with smaller
quantities of the solvent than once with the whole bulk of the solrent pro-
vided.

Soxhlet Extraclion. When an organic substance is to be
recover:‘1 from a solid, it isextracted by meansof 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
apparatus. the SoZhlet Extractor (Fig. 2:13). It consists of a
glass of cylinder C having a side tube T and svohon S. The
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cylinder carries a water condenser at the top and is fitted
below into the neck of a boiling flask.

1he powdered material is placed into
the thimble made of stout filter paper and the
apparatus is fitted up as hown in Fig. 2-14. The —
flask containing a suitable solvent is heated
on a water-bath or sand bath. As the solvent
boils, its vapours rise ‘hrough theside tube T
up into the water condenser. The condensed
liquid drops on the solid in the thimble, dis-
solves 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 through the syphon
back into the boiling flask. The solvent is

%

once again vaporised, leaving behind the ex- g v
tracted substancein the flask. In this way, & L
o continuous stream of pure solvent drops on § < G
the solid material, extracts the soluble sub- - 'i&
gtance and returnsto the flask. At the endof 2 UN
the operation the soivent in the boiling flask N 3.:‘,
is distilled off, leaving the organic substance 3 R
behind. \g)

Soxhlet Extractor is wused with
advantage for the extracticn of oils and
fats from flowers and seeds, and alkaloids
from plants. The- apparatus ensures SOLVENT
maximum extraction with a limited X TRACTED
quantity of the solvent. SUBSTANCE
CHROMATOGRAPHY Fig. 2-14. Soxhlet extractor.

This new technique of purification and separation of organic
gubstances was discovered by a Russian scientist Tswett in 1903.
It is now extensively used for separation of small samples of
organic mixtures 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, When solu.
tion of the mixture is passed through a column of the adsorbent
(say alumina), the different solutes present in the solution will be
adsorbed to different 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 ot organie mixtures was first
applied to a mixture of leaf pigments (dyes) 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® In case of coloured subs-
tances, the separation can be

1 observed visually. If colourless
mixtures are being separated,

ultraviolet light may be used to
illuminate the column to show up
the separation. Sometime it may
be necessary to use some chemical
BANDS OF COLOUR on the adsorbent to change the
MOVING DOWNWARDS colourless into coloured subs-

tances.

The above procedure which
makes use of a column of solid
adsorbent such as alumina, magne-
siumn ozide or gilica gel i3 termed
Fig. 215, Coluron Chromatography column ch 4

chormntography. The
(lilustrated). solvents commonly used oryeluh'on
of the column are water, alcohol, acetone, pelrolewem elher etc

ALUMINA IN FINELY
POWDERED FORM

Porous paper or filter paper may also be used as the adsorplion
medium instead of the column of adsorbent, when the technot!qfw ts
tnown as Paper Chromato-

graphy. ed _ EThre ALCONOL
. =l
In another technique the vapo-
rised mizlure dissolved in a gas % BLUE DYE

such as nitrogen or helium is sepa-
rated by passing through a tube
packed with, say, fire brick granules
and this is termed Vapour Phase
Chromatography (VPC).

YELLOW D
The following experiments b’ ve
will illustrate the techniques of 1
Chromatography.

Experiment 1. Separation
of screened methyl orange into ils

component dyes by Column Chroma- o GLA>S WOOL
tography. 7

Set up the apparatus as .q{
shown in TFig. 2:16. Fill three- r

quarters of the tube with alumina
suspended in. ethyl alcohol. Re-

move the air bubbles by tapping 6 \ £rnyL ALconol
it and keep the alumina covered 6 )
with ethyl alcohol throughout the =)

experiment. Add a few drops of
Fig. 2:16. Separation of dye

gereened methyl orange to the i
top of the column. Go on adding mixture by column chromato-
graphy.

ethyl alcohol until che yellow and
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the blue dye have separated. The yellow dye moves down leaving
behind the blue dye near the top of the column.

Experiment 2. Separation of @ miztiire of food dyes by Paper
Chromatography..

Cut a filter paper eight inches square. Roll it up into the
shape of a cylinder and fix the two ends with plastic olips, Placo a

| paper cLip
\—C - FILTER PAPER
a CYLINDER
D__‘ ~BLUE
_yeLzow
O —RED
Lo,

L ORANGE
—PAPER CLIP
> |- VWATER

MIXTURE
OF T
bres

Fig. 2:17, Paper chromatography.

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 tho beaker with g glass plate
and Jleave 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 altér the
results of analysis 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 spreading 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
Desiceator (Fig. 2-18).

How to dry a Liquid. Liquids are dried by allowing them
to stand with a dehydrating substance with which they do mnot
foact. One of the following substances may be used : calcium
chloride, sodium hydroxide, sodium sulphate, lime, sodium metal, or
phosphorus pentoxide. In actual practice, the liguid is placed in
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contact with appropriate dehydrating agent in a storpered 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

AN

Fig. 218, Drying of organic solids,

point and boiling point. If a given sample ot a substance shows the
properties that the pure compound is known to Possess, it may be
considered pure. The numerical value of these properties changes
with the nature of the amount of impurities present. In most labora.-
tory work, the melting point of a solid substance and the boiling
point of a liquid substance 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.

Determination, The apparatus employed for the determination of the
melting point of & given solid substance is shown in Fig. 219, The crystals are
powdered finely and charged 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 aniron stand., The capillary remains sticking 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 g
beaker contajning sulphuric acid cnd the apparatus set up as shown in Fig. 2:19,
The beaker is heated slowly and the 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 melting, the burner is removed and the stirring
continued. The temperature at which the substance just melts and becomes
transparent, is yecorded. The experiment is repeated with a new capillary
charged with fresh substance and the averuge of the two melting points thus
detegrmined is the correct melting point of the substance under examination,

" The 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
a means of establishing the purity of a substance depends

as
on the fact that a pure organic compound possesses a sharp

up

B coer

| cirucarY
; /?'Ubf

Fig. 2:19. Determination of melting point,

melting point while the presence of impurities usually lowers the
melling point. A. substance-mixed with impurities does not. melt
sharply at a fixed temperature but does. so over a range of
temperatures. It will start melting: a. a certain temperature
but }\:ri(lil not become entirely liquid until a higher temperature is
reached.

The substance whose purity is to be ascertained is-mixed with
a sample of the authentically pure substance. The melting point of
the mixture is determined as usual. If this mixture melts sharply
and the melting point comes out to be the same as that of the
sample under experiment taken alone, it is proved that the two are
indeed the samples of the same substance. In other words, the
substance under trial is proved to be pure beyond doubt.

Boiling Point. A pure organic liquid boils at a fixed tem.
perature Whlgh is characteristic ‘of that substance. The presence of
impurities raises its ‘boiling point.

(1) Distillatron Meihod. If enough liquid is syailable, its boiling point
15 devermined in an ordinary distillation apparatus (Fig, 2:20)." A pure liquid will
distil at & constant temperature which is its boiling point. In case the liquid is
impure, the boiling point will rise during distillation.

(2) Copillary-tube Method. When only & small quantity of the liquid is
availablé, its boiling point is: determined by the ¢Capillary-tube Msthod’, A
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few drops of the liquid aro placed in & thin-walled small test-tube. A eapillary
tuhe sealed at sbout ono centimostre from one end, is dropped into it, The
glass tube donteaining the liquid and the capillary, is then tied alon 'side a
thermometer 80 that the liquid stands just near the bulb. The thermgometer
is then lowered in & beaker containing water or sulphuric acid (any liquid
whose boiling point is higher than that of the substance under inveatigatgm)'

Fig. 2:20. Determination of Fig. 2:21 .
boiling point, '8 . ’};ﬂge‘fs" of Thiele
The beaker is heatod and the bath liquid stirred cont ; .

stirrer. When the boiling point is reached, bubbles iesug iil:nu(:\uagpv;cllthag ring
from the lower end of the capiilary. The thermometer is read when the rm]am
tion of bubbles just stops. The experiment is repeated with.a fresh i m%v;) -
newplll?W :"{3‘ th‘;bogi"%hpmm? recorded as before. Thd méan tat(-'1 the. tflwg

roadings is taken to be the vorreect boilin int ‘ a1
_examination, g point of the liquid under
_ . In the above determination of the boiling. poin the tube con
taining the liquid and ocapillary may be heated ina Thiele Type

instead of the beaker. It is handy and eliminates the use of
stirrer, ' 8
‘ QUESTIONS
1, Write an eoccount of the various ‘method: . .
pounds are purified ods by which organic com.
2, ‘Theisolation of organic compounds is sometimes .

lation in steam, sometimes by extraction with g suitable sclv :!ﬁ?ct]%c;s(l:%bglﬁm.
each of these processes is employed, giving an exarople of each, Write 5 h,ow
account of the physical principles on which they dopond for their stooss short

3. What are tho meéthods generally employed for the " . !
organic compounds 1 How can you obtain o sample of pure 2thau;;§x¢:glon of
ture of alcohol, acetic acid and ether ? , mix-

4, Write an essay on methods of purification and criter
organic compotmds, eria of purity of



P RIFICATION OF ORGANIC COMPOUNDS 25

5. Desoribe how you would sepurato in a pure conditign each component
of a mixture of ethyl alcohol, benzoic acid and acstanilide.

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

7. Give a brief description of the process of “extraction with solvents’

and its use in the purification of organic compounds. esoribe the construoction
and use of Soxhlet apparatus.

8. What is the significance of melting point and boiling point in Orggnie
Chemistry ? How would you proceed to find the boiling point of a liquid, dnly
0-5 ml. of which is available. :

9. QGive on organic compound for identification, how would you
proceed to determine whether it is a single pure compound or an impure sub-
stance or a mixture, (Banaras B:Sc., 1958)

10. With the help of a sketch describe the extraction of oil seeds usin
Soxhlet’s apparatus. (Bangalore B.Sc., 1969)



3

Composition
of Organic

Compounds

Friedrich K. Beilstein
(1836-—-1908)

Russian organic chemist. He discovered
isomerism of benzyl chloride and
chloratoluene. Students know him
through his test of halogens

1. DEetrcTiOoN 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
elaments are found in organic compounds is indicated below :

ELEMENTS ORDER OF ABUNDANCE
Carbon Always present
Hydrogen Nearly always present
Oxygen Generally present
Nitrogen, Halogens and Sulphur Less commonly present
Phosphorus and Metals Rarely present

DETECTION OF CARBON AND HYDROGEN

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 :

ORY CuO+ ORGANIC
SUBSTANCE

WATER DROPS

LIME WATER
TURNED MILK Y

* TFig. 3:1. Testing for carbon and hydrogen,

The organic substance is mixed intimately with about three
times its weight of dry 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.
Thé mixture is heated strongly when the following reactionstake

lace :—
P C + 2Cu0 —s CO, -+ 2Cu
2H 4- Cu0 —5 Hy30 4 Cu

Thus if carbon is present, itis 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 the test-tube and inside the bulb. The formation of water
is further confirmed by testing the condensed liquid with anhydrous
copper sulphate (white) that is turned blue,

If the substance under investigation is a gas or a volatile liquid, the
above test is modified. The vapours of the substance are passed over heated

copper oxide contained in"a hard-glass combustion tube. The issuing gases are
tested for carbon dioxide and water vapour as described before.

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

DETECTION OF OXYGEN

There is no conelusive test for oxygen, through its presence 1n
organic compounds is often inferred by indirect methods,

(1) The substance is heated alone in a dry test-tube, prefer-
ably in an atmosphere of nitrogen. Formation of droplets of water
on cooler parts of the.tube obvieusly shows the presence of oxygen.
A negative restlt, however, does not necessarily show the absence
of oxygen.

(2) The second method is to test for the presence of various



28 TEXT-BOOK OF ORGANIC CHEMISTRY

oxygen-containing groups such as kydroxyl (OH), carboxyl (COOH),
aldehyde (CHO), nitro (NO,), eto, If any of these is detected, the
presence of oxygen is confirmed.

(3) The sure test for oxygen depénds on the determination of
the percentage 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 coufirms its presence.

DETECTION OF NITROGEN

{1) The presenee of nitrogen in an org’an-ie compound is shown
by the following tests :

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

(2) Soda.lime Test. The given substance is mixed with
douple the amount of soda-lime (NaOH +4-CaOf and heated in a test
tube. The vapours of ammonia evolved show the presence of
nitrogen. A negative result, however, is not a proof of the absence
of nitrogep. Many classes of nitrogenous componnds including nitro
and diazo derivatives, do not respond to this test.

(3) Sodium Test (Lassaigne’s Test). This is a golden test
for tho detection of nitrogen in all classes of nitrogenous compounds.
It involves the following steps :

(§) The substance is heated strongly with sodium metal.
Na 4+ C + N —— NaCN

From Org. Compd,

.(s8) The water extract of the fused mass is boiled with ferrous
sulphate solution.
FeS0Q, - 2NaOH ——-Fe(OH), + NayS0,
From excoss
of sodium

6NaCN 4 Fe(OH); —— Nu [Fo(CN)g] + 2NaOH

Sod. ferrocyunide
(#43) To the cooled solutron is then added a little ferric chloride

solution and excess of concenirated hydrochloric acid.

' 8Nag[Fo(CN)g) + 4FeCly ~ FeCl[Fo(CN)gly + 12NaCl

8od, ferrocyanidé Prussian blue

The formation of Prussian blue orgreen 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
godium hydroxido on ferrous sulphate in step (i¢), which would
otherwise mark the Prussian blue precipitate.

Note. In onso sulphurisalso present along with nitrogen in the given
organid eampoutd, a blood ted caloration may appear while performing the
above [t5t. This is due o tho formation of sodium sulpbocyanide which ugain
reacts with ferric chloride to produce blood red coloration :

No 4+ C 4+ N 48 —3 NaCN3
Bodium sulphogyanide
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3NaCNS8--FeCly —» Fe(CNE8), 4 3NaCl
Forrio sulpho-
dyanide
{Blood fed) .

Procedure of Sodium Test. Fix a fusion tube in an iron stan .
ing it just near the upper ond (Fig. 8:2). Take a freshly aut piece of g(',d?:: [;f
the rize of & pea and dry it by press- ’
ing between the foldsof a filter paper.
Place the metal in a fusion tubeand
heat it from below., When it melts t»
s shining globule, put a pinch of the :
organio- compound on it, ‘Heat the
tube with the tip of the flame till all E{
reaction ceases and it becomes red hot,
Now plunge it in about 60 mls. of dis-
tilled wator taken in a china dish and
break the bottom of the tubse by strik.
ing against the dish. Boil the con-
tents of the dish for about ten minutes
and filter. Label the filtrate as
ssodium extract’ and proceed with it as
follows,

5001um +
ORG.SUBSTANCE

Take a portion of the sodium
extract in o test-tube and note if it is
alkaline, If it is not, make it so by
adding sndium hydroxide. Then add
to it freshly prepared ferrous sulphate
golution and hoat it tg boiling. Put
2-3 drops of ferrio chloride solution, cool Fig. 3'2. 8eqi i .
and ecidify with cono. hydrochloric bdiurn test for nitrogen
acid. A Prussian blue or green precipitate, or even coloration, confirms the pre-
sence of nitrogen,

DETECTION OF SULPHUR

The presence of sulphur in organic sulstances is shown as
desoribed below ;

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

2Na+5 —» Na,§
Sodium sulphide

Thus, the ‘sodium extract’ obtained from the fused mass may bo
tested as ;

{8) To a portion, add freshly preparéd sodium nitroprusside
solution. A deen violet colorntion indicates sulphur.

(9) Acidify a second portion of the extraet with acetic acid
and then-add Jead acetato solution A black precipitate of lead sul.
phide confirms thé presence of sulplur.

PH{CH,C00); + NogS ~— PbS 4 2CH. ;
Lead aietatgz g Leudsggl?hlgga
{Black)
 (2) Oxidation Test. The organic substange is fused with
mixture of potassium nitrate and sodium carbonate. The. stlphu
if present, is oxidised to sulphate, ;
NogCO3+8430 sy Na, 804 +. €0,
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The fused mass is extracted with water, acidified with hydro-
chloric acid and then barium chloride solution is added to it. A
white precipitate indicates the presence of sulphur.

‘ BaCly+Nag80, —s BaSO, +  2NaCl

Barium sulphate
(White ppt.)

DETECTION OF HALOGENS

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

Cl+Na —s» NaCl
‘Br4+Na ——, NaBr
I+Na — Nal

Acidify a portion of ‘sodium extract’ with dilute nitric acid
and add to it silver nitrate. solution.

White precipitate soluble in ammonia indicates CHLORINE,

Yellowish precipitate sparingly soluble in ammonia indicates
BROMINE,

and Yellow precipitate insoluble in ammonia indicates 10DINE,

Note. When nitrogen or sulphur is also present in the compound, the
‘sodium extract’ before testing for halogens is boiled with ‘strong nitric acid to
decompose the cyanide and. the sulphide formed during the sodium fusioni. If
not removed, these radicals will form a white and black precipitate respectively
on the addition of silver nitrate.

NaCN+HNO; —» NaNO;-+HON 4
NBQS+2HN02 — 2N8N02+st?

(2) Copper Wire Test (Beilstein’s Test). The copper wire
flattened at one.end is heated in an oxidising Bunsen ‘flame. till it
cedses t6 impart any green colour to the
flame.. A small quantity of substance
under investigatio is now taken on the
flattened end of the wire which is re-inserted
in the Bunsen flame. Upon heating for a
while, the halogen present in the substance
is ¢onverted 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
which contains no halogen, also colours the
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 phosphorus present in the substance is thus
oxidised to phosphate. The residue is extracted with water, boiled
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with some nitric acid, and then a Fot 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 and the solution tested for the presence of
metallic radical by the vwsual scheme employed for inorganic salts.

2. ESTIMATION OF ELEMENTS

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

ESTIMATION OF C AND H

Both carbon and hydrogen are estimated together in one oper-
ation. A kndwn weight of the organic substance is burnt in exéess
of oxygen when the carbon and hydrogen present in it are oxidised
to carbon dioxide and water respectively.

(6xcess)

The weights of carbon dioxide and water thus formed are
determined and the amounts of carbon and ‘hydrogen in the original
substance calculated. '

Apparatus. The apparatus employed for the purpose consists
of three units

(3) Oxygen supply,
(%) Combustion tubs, and

(¢¥4y Absorption-appatatus.

COPPER OXIDE

cuo GAUZE
‘ Cu0 GAUZE

SUBSTANCE

PURE DRY
OXYGEN

—

Hy S04+ KOH
PUMICE  SOLUTION

Fig. 34, Apparatus for the estimation of Cand H.

Oxygen Supply. Oxygen from the aspirator i§ allowed to bub-
ble through sulphuric acid contained in a Drechsel bottle and then
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passed through U-tubes charged with soda.lime. The-oxygen gas
thus freed from moisture and carbon dioxide énters the combustion
tube.

Combustion tube. A hard-glass tube about 33 inches in length
and } inch in diameter, and open at both ends is used tor the com-
bustion of the organic substance. It is filled as shown in Fig. 34,
with (¢) a roll of oxidised copper gauze to prevent the bagkward
diffusion of the products of combustion, (it} a porcelain boat con-
taining a known weight (about 02 gm.) of the organic substance,
(¢4¢) coarse copper oxide packed in about two-thirds of the entire
length of the tube, and kept in position by loose asbestos plugs
oh either-side ; and (iv) a roll of oxidised copper gauze placed to-
wards the end of the combustion tube to prevent any vapours of the
organio substance leaving the tube unoxidised. The combustion tube
is enolosed in a furnace, heated by gas burners.

Absorption Apparatus. The products of combustion convamning
moisture and carbon dioxide are then passed on to the absorption
apparatus which consists of : (1) a- weighed U-tube packed with pumice
soaked in concentrated sulphuric acid, to absorb water, (if) a set of
bulbs contaning strong solution of potassium hydroxide, to absorb
carbon dioxide, and finally (fit) a guard-tube filled with anhyd.
rous caloium éhloride to prevent the entry of moisture from atmos-
phere.

Procedure. To start with, before loading it with the boat,
the combustion tube is detached from the absorption unit. The
tube is heated strongly to dry.its contents and carbon dioxide pre-
gent 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 containing weigheéd organie¢ substance
introduced. The tube is again heated strongly till the whole of
the substance in the boat has burnt away. This takes about two
hours. Finally, a strong current 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 and the potash
bulbs are then detached and the inhcrease in weight of each of them
determined.

Let the weight of the substance taken =2 grams

Inocrease in weight of U-tube (H,0) =y grams

TIncrease in weight of potash bulbs {COp) =z grams

Since 18 grams of water contain hydrogen =2 grams

2
y grams of water contain hydrogen = -[g XY groms
Also, 44 grams of CO, cantain carbon =12 grams
12 -
z ”» T s 1y = "Ii" X2 gramns

Hence the given organic substance contains
2y 100

12z 100,

and C ==x‘—4T X-—w— /0.
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Note. (1) If the organic substance under investigation also containa
nitrogen, upon combustion it will produce oxides of nitrogen which will also be
abeorbed in the potash bulbs, Henoe & dépiral of copper is introduced at the
right extremo of the com%ustion tubs, so that the oxides of nitrogen are reduced
to free nitrogen which escapes unabsorbed,

(2) If the compound contains halogens as well, & 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 halides and thus
eliminated from the products of combustion,

(3) In case the substance also contains sulphur, the copper oxide.in the
combustion tubo is.replaced by lead chromate, The sulphur dioxide formed
during combuation ia thus converted to lead sulphate and i3 thus prevented from
passing into the absorption unit.

Example 1. 0-2475 gm. of an organic substunce gave on com
bustion 0-4950 gm. of carbon dioxsde and 0-2025 gm. of water. Calcu-
late the percentage of carbon and hydrogen in it.

Weight of the substance taken = 02475 gm,
Weight of 004 formed - 04080 gm,
Weight of HyO formed = §-2025 gm.

Now, we know, m0and HO m 2H
vt fs o

0-4980 ¢ 12
-—q - &

N

0-2025 x 2
==y &m

0-4850 % 12. 100

Weight of C in 04850 gm, of COq

Waeight of H in 02025 gm. of HyO

Hence, porogntage of Cas

44 0:2476
=54-54
0-20256 x 2 100
and percentage of He= 18 T
=9-00

Example 2. 02346 gm. of an organic compound containing
carbon, huydrogen and ozygen only was analysed by the combustion
method. The tncrease in weight of the U.tube and the potash bulbs
at the end of the operation was found to be 0-2754 gm. and 0-4488 gm.
respectively. Determine the percentage composition of the compound.

Wt. of CO, (increase in wt. or potash bulbs)==0'4488 gm,
Wt. of H,0 (increaso in wt. of U-tubo) =0-2764 gm,

Sinco we know that COgeC  and H0=2H
i1 e

0:4488 % 12 m
K7 gm.

2754 %2
Wt. of H in 0-2754 gm. of Hs0= 2 ';’;x gin,

Wt.of Cin 0-4488 gm. of COy=

But thoe wt. of the compound takon for analysis=0234¢ gm.
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.. Percentage of C in it o 24488 % 12 X 100 =52-18

44 0-2348

Perccatoxe of H = 0'27584 x2 X 100 =13-04

02348

Porcentage of O [difference)==34'78;
ESTIMATION OF NITROGEN

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

(i) The Dumas’ Method,
and (i) The Kjeldahl's Method.

Dumas’ Method. This method is based upon the fact that

nitrogenous compounds when heated with copper oxide in an atmos-
phere of carbon dioxide yield free nitrogen. Thus:

CH, N, +(Cul) —~—a xC0z3+y/2 Hy04-2/2 Np+4{Cu)
Traces of oxides of nitrogen, which may be formed in some cases,

are reduced to elementary nitrogen by passing over heated, copper
apiral.

Apparatus. The apparatus used in the Dumas' method eon-
sists of &

{i} 004 generator,
{#4) Cambustion tuoe,
and  ($8) Schiff’s nifrometer.

CO, GeweraTor. The carbon dioxide needed in this process
is prepared by heating magnesite or sodittm bicarbonate contained in

. ~

NITROGEN
GAS
Y
FINE CuC* BR'(‘HP,“L
suBSTANCE COPPER S
CuQ GAYZE | COARSE Cul

WITROMETER

Fig. 8:6. Dumss’ method for nitrogen estimation.

a hard-glass test-tube, or by the action of dilute hydrochloricacid on
marble in a Kipp’s apparatus, The gas is passed into the combus.’
tion tube after being dried by bubbling throngh concentrated sul-
phuric acid contained in a Drechsel bottle.
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Comeustion Tuse. The combustion tube of about 9_0 cms,
length, which is heated in a combustion furnace, is charged with :

(3) @ 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 radiation ;

(:j a weighed amount (about 0-2 gm.) of the organic substance
mixed with excess of copper oxide;

(84%) a tayer of coarse copper oaide packed in about two-thirds
of the entire length of the tube, and kept in position by loose
asbestos plugs on either side ; this oxidises the organic vapours passing
through it ; and

(tv) a reauced copper spiral which reduces any oxides of nitro.
gen formed during combustion, to nitrogen.

ScHirF’s NrtromETEB. The nitrogen 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 nitrggen 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 in
it. When the gas bubbles rising through the potash solution fail to
reach the top of it and are completely absorbed, it shows that 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 now heated in the furnace, raising
the temperature gradually. The nitrogen set free from the. 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
atmospherie pressure and the temperature are also recorded.

Calculations :

Let w=weight of the:subsiance in grams
v=volume of moist Ny in mls,
t==room temperature in °C
B-=barometric pressure in mm. of mercury
b==aq. tension at room temperature (¢°C)
’ v (B~b) 273
Ty X760
= V mls. {(say)

Volume of Ny at NT.P =
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Now, 22,400 mls, of Ny at N.T.P. weigh=:28 gms,

28 v
V mls, » o » ="35360 %XV gms,
28V _ " 100
.». Percentage of N = 35100 x—‘—u- .

Example 3. 0-1877 gm. of an organic subs;ance when analysed
by the Dumas’ method yield 317 mls. of moist nitrogen measured al
14°C and 758 mm. mercury pressure. Delermine the percentage of
nitrogen in the substance. (Agqueous tension at 14°C=12 mm.)

v (B-b) 273

—t(-}-'273) X7gg 7 mIs.

Substituting the va* ous values in the above equation,
v 31.7 (758-~12) 2738

Volume of Ny at N TP =

= W:—;m =296 mls
Weight of 20-6 mls, of nitrogen= 22(8} 5 x29-0 gms.

28%20-6 103
32300 *0-1877
=18-72

'Percentu.ge of nitrogen

Example 4. In the estimation of nitrogen present tn an organic
compound by Dumas’ method, 0-200 gm. yielded 20-7 mls. of nitrogen
at 15°C and 760 mm. pressure. Calculate the percentage of nitrogen
in the compound,

. vXxB 273 y
Volume of N at N.T.P. = 1127 XW':'V mls,
Substituting the various values in the above equation,

v 207x7-0 273

-—m—- XW,-I-'S 19:63 mls.
. . 28
Waight of 1863 mis. of nitrogen== 52460~ % 1963 gms,

. . 28 100
+»*+ Porcentago of nitrogen =35900° % 10-63 % N
=12:27; .

Kjeldahl’s Method. This method is carriea much more easily

than the Dumas’ method. It is nsed largely in the nnalysis of foods
and fertilisers.

Kjeldahl’s method is based on the fact that when an organio
compound containing nitrogen is heated with concentrated sulphuric
acid, the nitrogen'in it is quantitetively cunverted into ammonium
sulphate. The resultant liquid is then treated with excess of alkali
and the liberated ammonia gos absorbed in excess of standard aeid.
The amount of ammonia (and hence of nitrogen) is determined by

finding the amount of acid neutralised by back titeation with some
standard alkali,

Procedure. A weighed quantity of the substance (0-3 to 0-5
gm.)is placed in a special long-necked ‘Kjeldakl flask’ wade of
resistant glass About 25 mls. of concentrated sulphuric acid to-
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gether with a little potassium sulphate and copper sulphate is added
to it. Potassium sulphate raises the boiling point and thus ensures
complete reaction, while copper sulphate acts a8 a catalyst.” The
flask is loosely stoppered by a glass bulb and heated gently in an
inclined position. The heating is continued till the brown.colour of
the liquid first produced, disappears leaving thé contents clear as
before. At this point all the nitrogen in the substance is converted
to ammonium sulphate. The Kjeldahl flask is then cooled and its

" (oose
GLASS 8Ll 8

=Rz

- KIELDAN:
TR4P

-

KIELOAHLISED
LIQUID +£XCESS
OF ALkxALy

SUBSTANCE +
CONC. 4,5y

Fig. 3-6. Kjeldahl flagk. Fig. 3-7. Distillation of ammonia.

contents diluted with some distilled water, and then carefully trans-
ferred into. a one-litre round.bottomed flask. An excess of sodium
hydroxide. sglution is poured down the side of the flask and it is
fitted with a Kjeldabl trap and a water condenser, as shown in
Fig, 37. The lower end of the condenser dips in o measured volumg
of excess of the NJ10 H4S0, solution, The liquid 1n the round-bottom-
ed flask is then Hheated and the liberated ammonia distilled into
sulphuric acid. The Kjeldahl trap serves to retain any alkali
splushed up on vigorous boiling. %Vhen no more ammonia passes
over (test the distillate with red litmus), the receiver is removed:
Tho excess of acid is then determined by titration with N/10 alkali,
using phenolphthalein as the indicator.

Calculations. Iet the weight of the organic substance be »gms. and
V mls, of N, HOI is requirbd for complets rieutralisation of arnmonia evolved.

. V'mk N.HCl = V ml.of N, NH,

1000 mis, of N.NHg.contain 17 gms. of ammonia or 14 gme, of nitrogen.
Amount of nitrogen present in V rnls. of N. NHg

14
=T6®XVXN gm,
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100
Percentage of nitrogen = Wt, of nitrogen x Wi of substance

14 100
z

_—_m—o-oxVxNx

1-4VN
F-2

=

where N stands for normality of the acid used

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

Example 5. 0-257 gm. of an organic substance was heated with
conc. sulphuric acid and then distilled with excess of strong alkali.
The ammonia gas evolved was absorbed in 50 mls. of N/10 hydrochlo-
ric acid which required 23-2 mls. of N/10 NaOH for neutralisation at
the end of the operation. Determine the percentage of nilrogen in the
substance.

Velume of N/10 HCl neutralised by ammonia=60—23-2

=968 mls.
Now, 268 mls. of N/10 HCl=26+8 mls. of N/10 NHy
=268 mls. of N/10 N (¢combined)
26'8 mls, of N/10 N solution contains —Ii xﬁﬁ gms, of nitrogen
10 71000

This weight of nitrogen was originally present in 0257 gm, of the
organic substance, )

14 x26-8 100
s i =R CINOD = 4.6‘
Percentage of nitrogen=—- <1000 X625 1

Example 6. 04 gm. of an organic compound was kjeldahlised
and ammonia evolved was absorbed into 50 mls. of semi-normal
solution of sulphuric acid. The residual acid solution was diluted
with distiled water and the volume was made up to 150 mis. 2v mls.
of this diluted solution required 31 mls. of N[20 NaOH solution for
complete mneutralisation. Calculate the percentage of nitrogen in the
compound.

(f) CALOULATION OF ACID USED BY AMMONIA.

" Volume of —g— H,S0, taken=60 mls.

Let the volume of N/2 H3SOq4 left unused by ammonia=V mls,

V mls, of this acid solution was diluted to 150 mls. and titrated against
Nj20 NaOH.

20 mls. of diluted solution=31 inls, of Nj20 NaOH

31
Normality of diluted solution=31x _1% % 'BIT) = 700

Normality of 150 mls. of acid solution:% N

1
t.e., V mls, of —§'7H2804 = 150 mls,.of 43—00 N diluted acid

31 2
= Bl Is,
V=150x% 400><1 23 26 mls
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Volume of %H,SO4 left =23:25 ‘mls.
Volume of acid used up by ammonia=_5§0—23-28=26+75 mls.
_ (i8) CALCULATION OF PERCENTAGE OF N.
26-75 mls. of N/2 H,SO, = 2675 mls, of N/2 N3 solution

=26'75 mls. of N/2 N (combined in solution)

<. Wt of nitrogen in 2675 mls, of N/2 solution
14 1
T —— m— 2 M o
5 X Togp X 2676 gms
This wt. of nitrogen was originally present in 0-4 gm. of the substance.

1
Percentage of nitrogen =1 X o X 26:75 x oo =46-81,

2 1000 04
ESTIMATION OF HALOGENS

Carius Method. 1t consists in oxidising the organic substance
with fuming nitric acid in the presence of silver nitrate. The halo-
gen of the substance is thus converted to silver halide which is
separated and weighed.

The Carius method of estimating halogens involves the use of
a stout hard-glass tube (bomd tube) of about 50 cms. length and
closed at one end. Ahout 5 mls. of fuming nitric acid together with
2 to 2-5 gms. of pure silver nitrate is placed in it. A narrow ‘weigh-
ing tube, containing an accurately weighed quantity of the substance
is then slipped into the bomb tvue, taking care to avoid the mixing
of the substance with nitric acid. The open end of the tube is
then sealed off. It is now heated in an iron jacket of the furnace
heated by burners from below. The temperature of the furnace is
gradually raised to 300°C. After heating for about six hours, the
tube is allowed to cool. The high pressure developed inside the
tabe is released by softening the sealed end with a small flame,

IRON TUBE
CARIUS TUBE [

fo—m = — b ——
f -

| ORGANIC HNOg
|

|

)

]

!

SUBSTANCE

FURNACE !
L-—- —— e ————— i —— —— a— — — — — — _J
Fig. 3-8. Heating the bomb tube in o furnece
(Carius Method).

vwhcr a hole is blown open through which the gases escape. The
:1:dd of the tube is how cut off and the contents transferred into a
beaker. The halide formed is collected in a Gooch crucible,
washed, dried and weighed.

Let w gms. of the organic substance give & gms. of the silver
salide.
At. Wt. of halogen 100z

Percentage of halogen= M. Wt. of silver halide w
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Example 7. 0:197 gm. of an organic substance when healed with
ezcess of strong witric acid and stlver nitrate gave 1):3525 gm. of ulver
todide. Find the percentage of iodine in the compound.

Since, gl = I
(1084127) 127
In this case 0-197 gm. of the compound gave 0°3525 gm. of Agl
. 0-3526 x 127

gm, iodine

236
_ 0-3525 % 127 100
the percentags of iodine= 555 5167
=96+68.

Example 8. 0:2562 gm. of an organic substance when heated
wilh excess of strong nitric acid and silver nitrate gave 0-3066 gm. of
ctlver bromide. Find the percentage of bromine in the compound,

Sinco AgBr = Br
{1084-80) 80 )
Hore, 02562 grm. 6f the substance gave 0-3068 gm. of AgBr
=_P_‘3_OIE:.SX__M) gm. bromine

‘. ‘'the percentage of bromine
_ 0:308680 _ 100
ST 188 T 0256
Oxygen Flask Method. This method of estimating halogens
has been introduced only recently. It 1s simple in operation and
general in application. The organic sample is ignited in an atmos-
phere of oxygen sud the products of combustion are abzocbed-in
aqueous alkaline hydrogen peroxide. The chlorine and bromine
of the organic substauce are converted into chloride and bromide
respectively, whereas iodine if present is changed into wolecular
iodine with some iodate. These products are then determined by

titration method.

Procedure. A known weight of the organic sample is wrapped in
a filter paper so that a small tail of paper is left out as a fuse. The
‘wrapped sample is clasped
"I between the folds of a plati-
num gauze attached to the
glass stopper by platinum
wire. Dilute sodium hydroxide
and & few drops of hydrogen
peroxide (H,0,) arcF placed
in a conical flask (see Fig.3'9).
OXYGEN The flask is briskly flushed
with a stream of oxygen from
an ‘oxygen cylinder’. The
paper “fuse is ignited and
ALKALINE the ground glass stopper
Hy0,  carrying the sample replaced
rapidly into the flask. The
________________ stopper is pressed with hand

=50-93

;’LATINUM
GAUZE

N R G R to make the joint air-tight
Fig. 3-9. Estimation of halogens by  fur the few seconds of com.-
oxygen flask method. bustion, The toxygen flagk’

(from which the niethod
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takes 118 name) is now shaken vigorously to ensure complete ubsorp-
tion of the gaseous products. The stopper and the platinum mount-
“ing (gauze and holding wire) are carefully washed into the flusk and
the contents analysed as follows,

Chlorine and Bromine aro estimated by making the contents
of the flask slightly acidic with sulphuric acid and then titrating
with standard solution of silver nitrate. If the weight of the
organic sample taken be m gms. and V mls, of N silver nitrate is
required to reach the end point, the percentage of chlorine can be
ealculated.

Since Cl= AgNQ,
V mls. of N AgNQ,=V mis. of N chlorine (Cl)
~ But 1000 mls. of N chlorine (Cl) solution contains Cl
=355 gm.
V mls, of N chlorine (C1) solution contains C}

Hence percentage of Cl in sample

355 100
=006 XNXVX—;E-—-

Similurly, the percentage of bromine (Br) in the organic sample
would be

S0 . 100
BT XN XV x ¥

t

Iodine i3 determined by first converting it intv iodate by
adding excess of bromine. Then potassivm iodide and sulphuric
acid is added to liberate jodine which is titrated with stand-rd
thiosulphate.

Ty +5Brg+6Ha0 —s SHIO;4-10HBr
BIOg+6HI — 315-+-3H,0

If 2 gm. of the sample requirc ¥V wmls. of N sodium thlo-
sulphate,

X

‘ . 127 N 100
Percentage of {== Toao X5 % Vx —

ESTIMATION OF 8§ AND P

Sulphur js estimated by a slight modification of the Carius
method. The organic substance is heated with fuming nitric acid
but no silver nitrate is added. The sulphur of the snbstance is
oxidised to snlphuric acid which is then precipitated as harium
sulphate by adding excess of barium chloride solution. The preci-
pitate i« filtered, washed, dried and weighed. From the weight of
the borium sulphate so obtained, the porcentage of sulphur can be
caleulated.
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Phosphorus is also estimated like sulphur. The organic sub-
stance is heated with fuming nitric acid whereupon its phosphorius is
oxidised tn phosphoric acid. The phosphoric acid is precipitated as
ammonium phosphomolybdate, (NH,)3P0,.12M00,, by the addition
of ammonia and ammonium molybdate solution, which is then sepa-
rated, dried and weighed.

Example 9. In an estimation of sulphur by thé Carius method
0-2175 gm. of the substance gave 0-5825 gm. of barium sulphate Cal.~
culate the percentage of sulphur tn the substance.

We know, BaSO4 = S

(1374324-64) 32
Or, 233 gma, of BaSO,,I contain 32 gma. of sulphur.
32
» ” EEEN
This is the weight of sulphur present in 0-2175 gm. of the substance,
32 % 0-5826 100
><233 * ger7E =307

Example 10. 0-395 gm. of an erganic compound by Cariuse
method for the estimation of sulphur gave 0-582 gm. of BaSO,. Find
the percentage of sulphur in the compound,.

. 0:5825 . % 0-5825 gm. of sulphur,

Hence, percentage of S=

We know, BaBOy = S
233 32
s.e., 233 gms. of BaSO, contains 32 gms. of sulphur.
32 -
. 22 _s0 . lphur,
©-582 ,, ' v 233 % 0:582 gm. of sulphur

This is the weight of sulphur-present in (-395 gm. of the substance.
Hence, the percentage of sulphur

ESTIMATION OF OXYGEN

Until recently, the percentage of oxygen in a given organic
compound was found by difference. Any percentage of the total
composition not accounted 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. The given organic sample is pyrolysed (decompos-
ed by heating) in a stream of nitrogen gas. The elemental oxygen
along with other gaseous products is passed through hot carbon
(1100°). All the oxygen is thereby converted to carbon monoside.
This when passed through warm (175°) iodine pentoxide (I;0s) is
oxidised to carbon diox.de producing iodine.

heat
Org. Compound ~— O,--gasoous products

11008y
0,420 — 2CO
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(175%) )
500-}-1205 —— 5002-}-12
By determining the amount of COy (or I,) 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.

RANULAR
SUBSTANCE GCQ%‘;‘O "

o —

*
i

Y

Ny—

Fig. 3-10. Pyrolysis unit of the apparavus used for the

estimation of oxygen.
- A weighed quantity of the sample is charged in a porcelain
hozt which is loaded into the combustion tube. The latter part
of the combustion tube is packed with granular carbon. The
temperature of the heating furnace jacket is kept at 1100°C. Pure
nitrogen from a cylinder enters the tube from the left end and 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 acidic
materials is then passed through a wide glass tube packed with
iodine pentoxide kept at 175°C. It converts carbon menoxide to
carbon dioxide and generating iodine.

("a.vCl 2

Fig. 3-11.. Abasorption unit.

~ The resulting gaseous mixture is now allowed to pass over a
bed of potassium jodide (KI) laid in a wide glass tube. This removes
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iodine. The residual gases contaming caruen dioxide are finally
passed through a soda-ashestos U-tube where (0, is retained.” The
soda-asbestos tube is weighed before and after pyrolyeis, The differ-

ence in weight gives the amount of CO, obtained from the given
sample of the organic compound.

Calculations :

Let the weight of organic substance taken=zx gms,
Increase in the weight of KOH tube =¥ gms,

Since 0=00=C0,

16 gms. of oxygen present in the substance can form 44 grams
of CO,.

44 gms of CO, are obtained from oxygen
=16 gms,

y gms. of CO, are obtained from oxygen

_ 16
=gy XY gms.

Hence the weight of oxygen in the weight of sample taken

_ 18 ‘
=i Xy gms,

.. the percentage of oxygen

QUESTIONS

1. Give an account of the methods by which the presence of nitrogen,
chlorine and sulphur is tested in organic solids,

2, How would you test for the presence of chlorine in an organieo com-
pound ? Desoribe how it is qualitatively detoermined,

3. How can you identify halogens and nitrogen when they occur
together in an organiy compound ?

4. Explain briefly with a diagram of the apparatus employed in the
method of determining tho percentage of carbon and hydrogen in an organio
compound containing carbon, hydrogen and nitrogen only.

5. Describe fully how you would detect the presence of (a) nitrogen,
(b) sulphur, (¢) phosphorus in an organie substance, explaining asfaras
possible the reactions involved by moans of equations. How would you
determine one of these slements quantitatively ?

G. Deoscribo with essential details the various methods available for
the quantitative estimation of nitrogen in an organic compound.

08 gm, of & substance was digested with sulphurie acid and then dissol-
ved with an excess of caustic sodn, The ammonia gas evolvecd was passed
through 100 ¢.c. of 1 N sulphurie acid. The excess of acid required 80 o.c. of
1 N caustie soda solution for ‘its complete neutralisation, Calculate the pef-
centage of nitrogen in the compound. [Ans. 359, (Nagprur B.Sc., 1960)

-

7. How is nitrogen detected and estimated in an organic compound ?
0-2 gm. of an organic substance on Kjeldohl’s analysis gave encugh ammonia
to just neutralise 20 c.c. of decinormal sulphuric acid. Caloulate the percentage
of nitrogen in the compound. [Ans. 1409, (Aunamalai B.Sc., 1961)
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8. Describe the method of estimation of sulphur in an organic com-
Pound-
Three isomeric compounds have vapour density 295 and contain C

=6102%, H=1525% and N=23-73%. Assign structural formulae to them
and suggest a method to distinguish them.

{Atomic weights : H=1, C=12, N=14)

(Aﬂs. 03H7NH2 H CHaNH02H5 ; (CHs)nN] (Barotla B.MSC-, 1962)
9. ow do you detoct the presence of nitrogen, sulphur and halogen
in organic compcunds 1 Explain the chomiocal reactions involved. How are
organic cumpounds purified ? (Osmaniu B.Sc. Part 11, 1963)
10. How would you estimate nitrogen in a nitrogenous organic ¢oin.

pound t Give all details and discuss the reactions involved,
{Nagpur B.Se, 11, 1964
11. Describe fully Isjeldahl’s method for the estimation of nitrogen in
an organic compound. What are its limitations ? (Calcutta B.Sc., 1964)

12. How can you estimate nitrogen quantitutively in an organic com-

pound ? {Dibrugarh B.Sc., 1967)

13, Give o brief account of (a) the detection and (b) n mothad for the
estimation of nitrogon and sulphurin an organie compound.

{Osimapia B.Sc., 1968)

14, How are nitrogen ond sulphur detoeted in an orgame compound ¢

How is nitrogen estimntrd ? (M udurai B.Se., 1968)

13. How can you deteet the presence of nitrogen, sulphur und halogens

in an organic compound ? . (Dibrugark B.Sec., 1968)
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~
CALCULATION OF EMPIRICAL ForRMULA

%age At, Wt. Atomic Ratio H.CF.  Atoms present
C 20-0? = 12 == 1-67 “+ 166 = 1
H 6-66 - 1 = 6-66 -+ 166 = 4
N 4663 -~ 4 = 333 ~ 168 ‘= 2
(8] 2677 + 16 = 1-66 -+ 166 = 1

Honce the ampirical formula of the substance is CHyN0.

Example 4. 0-21 gram of an organic substance containing
C, H, O 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 wus neutralised by 15 mls. of Nj20
H80,. Calculate the empirical formula,

CALOULATION OF PERCENTAGE COMPOSITION:

Percentage of nitrogen : —
N . N N
15 mls. of 5 H,80;=15 mls, of 30 NH3=16 mls, of Eb—N

{combined)

. . 14 1
. 0- . = —— ¢ ——
wt. of nitrogen in 0-104 gm, substance=—=15x 30 X {55 &™

. =0-0103 gm.
. 0-0105
0, —— = N
%age of the nitrogen= 0104 x 100-=10-09
Percentage of 0 and H : — ~
Since C0,=C; H,0=2H
0-462x 12 100
[ — - _—60-
%age of C i3 X531 60-0
0-1216 x2 100
' H=T X 551 =043
Percentage of oxygen. (by difference)=23-48
CALCULATION OF EMPIRICAT. FORMULA
%ago At. Wt, Atomic Ratio H.C.F. A‘tom's present
C 60 - 12 = 500 - 072 = 7
H 643 -~ 1 = 6-43 - 072 = 9
N 10:09 - 14 = 072 -~ 0-72 = 1
(8] 2348 = 16 - 1-46 - 072 = 2

Hence, Empirical formula is C;H,NO,.
II, MoLrecvLAr FormuLa

The Molecnlar formula of a substance expresses the actual
number of atoms of euch element present in its molecule. It may be

the same as the cempirical formula of the substance or an exact
multiple of it,

Substance Empirical Formule Molecular Formula .
Methano ~ CH, ('Hy or (CHy),
Ethylene H, UgHy or {CHjy),
Acetic acid CH,0 C,H 0, or (CH,0),
Glucose CH,0 -

Ce¢H1204 or (CHZO)G’
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Thus we can write : ;
Molecular Formula=(Empirical Formula),
whenn=1, 2, 3 etc. When n =1, the molecular formuia coincides
with the empirical formula. It follows from ihe ahove relation
that
M. Wt. = Emp. formula Wt.xn
whence " — M. Wi,
~ Emp. Formula Wi.

If the molecular weight is known, the value of # can be found
with the help of this relation,

Example 5. An organic compound has been found to possess
the empirical formula CH,0 and the molecular weight="90. Give its
molecular formula, (C=12 ; H=1; 0=16).

Molocular formula = ({Empirical formula),,

M, Wt.
But "= Ermp, T, W1,
In this caso, M. Wt., =90
Emp.F, Wt.=124%+410=30
n= .?.9. =3
30

Hence, the molecular formula=(CH;0)3 or C3HgO3.

Example 6. An organic liquid contains 12 per cent carbon,
21 per cent hydrogen and 85'1 per cent bromine. 0-188 gram of it in
a Victor Meyer experiment, displaced 24-2 mls. of motst air measured
at 14°C and 752 mm. pressure. Find the molecular formula of the
substance. (Aq. tension at 14°C=12 mm.)

CALCULATION OF MOLECULAR WEIGHT :
242(752~12) _ 273

Volume of dry air replaced at N.T,P,= g X7
=22-42 mls,
Now, the wt, of 22:42 mls, of vapour of substance==0°188 gm.
0-188
55— X 2
» i 22400 ,, ”» ”» =55.49 x 22400
=187-9 gms,

Molecular weight of the substance=187'9,
CALOULATION OF EMP{RICAL FORMUT.A

%age ‘ At We. Atomic ratio  H.C.F.  Atoms present
C 12-8 - 12 o= 1:066 =~ 1-06% = 1
H 2:1 - 1 = 210 + 1064, = 2
Br 85-1 = 80 = 1-064 <+ 1-064 = 1

Empirical formula is CH,Br.
CALOULATION OF MoLECULAR ForMULA :

Let the molecular formula be (CH,Br),,
But M. Wt. 1879
4 " = Bmp. F. Wt,"~ T832+80

Molecular formula = C;H,Bry,

=<
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Example 7. An organic dibasic acid contains C=17-39 ;
H=145, and Br=257-97 per cent. The vapour densily of its ethul
ester 18 166. Determine the molecular formula of the acid.
CALCULATION OF MOLECULAR WEIGHT OF ACID :

Let the dibasic acid be RHa and its ethyl ester R(CaHs)a-

Molecular weight of ethyl ester=2x V.D,=2x 166=332

Thus R(CgHp)s =R+2 (24-+5)=332

Whence R=274

.*+ Molecular weight of the acid RHy=2744-2=276.
CALCULATION OF EMPIRICAL FORMULA :

Percentage of oxygen=100—(17-39 4 1-454-57-97)=23-19

o/ age At we., Atomic Ratio d.c.r. Atoms present
c 17780 = 12 - 145 = 072 = 2
H 143 = 1 = 1-45 - 072 = 2
Br 57.97 - 80 = 0-72 S 0-72 = 1
o 219 -~ 16 = 145 - 072 = 2

Hence, the empirical formula is C,H,Br0,.
Let the molecular formula of the (\xcid be (C3HyBrOy),.
But M, Wt 276 276 9
Emp. . Wt~ 2112+80+32 —I38—
+'.  Molecular formula is C4HBr;0;.

Example & 0-20 gm. of anhydrous organic acid gave on coni-
bustion 0-040 gm. water and 0-195 gm. carbon divxide. The acid 1is
found to be dibasic and 05 gm. of its silver salt leaves on ignition
0-355 gm. silver. What is the molecular formula of the acid ?
CarcuLaTION OF MOLECULAR WEIGHT :

M. Wt. of silver salt 05

. 2x 108 (355
. 05
] — o —=404°
M. Wt. of silver sa.lt_ao.355x..>< 108 =304"2

. IffRH, be the dibasic acid, its silver salt is RAg,.

Rut RH,=RAg,—2Ag-+2H
=304-2-2164-2=90-2.

CALCULATION OF EMPIRICAL FORMULA :

1951
95X 2>< 100 —26:39

i

Percentage of C:O

44 202
I_Iz_-‘0'040x 12 _19(2 —9.99
’» (1] 18 0‘2
. ,» O (by difference)  =71:19.
%age At. Wt. Atomic ratio H.G.F. Atoms present
C 2659 - 12 = 2-22 - 2-22 = 1
H. 2.92 1 = 2.22 = 222 = 1
(6] 7119 = 16 == 4-45 N 2-22 == 2
. ,JEmpirical formula is CHO,,
CavrerrATION OF MonEcULAR FormurLa
4 y . 90-2
. Lét it be (CHO,),, ; n= M. We 902 _ o

‘Emp. F. Wt-~ 1211432



!

MOLECULAR FORMULA 51

Hence, Molecular formula of the acid is C;H50,.

Example 9. An organic monobasic acid gave the following per-
centage composition : C=70-59 ; H =588 ; 0 =23-53.

0:272 gm. of the acid required 20 mils. of Nj10 NaOH for
complete neutralisation.

Deduce the empirical and the molecular formulae of the acid.
Carovrarion or Morecurar WEIGHT :

N N 2 N .
— D =2 ,  — ids —— X — .
20 mls. i NaOH =20 ml acid 00 X.lO gm. acid

10 0
, 20 N
Tk : — e =06272
s 1000 < 10
Whence . * N:=500%0-272=136
Molecular weight of acid =N %X Basicity
=186 x1=13¢
CALCULATION OF Emerrtcar, FORMULA :
At. Wi, Atomic ratio H.C.F, Atoms present
C 7039 — 12 = 5-88 = 1-47 = 4
H 588 .- 1 = 588 = 147 = 1
0 2353 - 16 = 147 = 1-47 = 1
Hence, empirical formula is C,H,0.
CaLcuLATION OF MoLECULAR FORMULA :
Let molecular formula be (C,H,0),
But ne M. Wt. _ 136 136 9

Emp. F. Wt. 484+4+16 68
Henece, molecular formula is CgHgO,.

Example 16. A4 mono-acid . organic base gave the following
results on analysis :—
© (@) 0100 gm. gave 0-2882 gm. COy and 0-0756 gm. Hy0.
(¢2) 0-200 gm. gave 21-8 mls. nitrogen at 15°C and 750 mm.
(tt7) 0400 gm. of the platinichloride, left on ignition, 0-125 gm.
of Pt.
What is the molecular formula of the base ?

CALCULATION OF MOLECULAR WEIGHT :
Wt. of salt taken
Wt. of Pt left
0-4
o195 — o2t

B,H,PtClg —H,PtCl,
S R

M. Wt. of platinicbloride =195x

=195x%

B=

624.-410
=

-y

Molecular weight of the base is 107.

=107

CALCULATION OF EMPIRIcAL FORMULA :

273

Volume of nitrogen at N.T.P. =21-8x 538

=20-6 mls.
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.9 !
0-2882x12 100 .

Percentage of Co= Y, X 51
00756 x 2 100
i3] »» H= 18 b4 o1 =84
20:66x28 100
” 2 N = WXW ==12 91
Element % age At. weight At. ratio H.C.F. Atoms present
(o} 78-6 = 12 = 625 < 092 = 7
H 84 1 = 840 =+ 002 = 9
N 12.65 + 14 = 092 = 092 = 1

Empirical formula is C;RyN.
CALOULATION OF MOLEOULAR FORMULA :

Let the molecular formula be (C;HyN),
B M. Wt. 107 107
ut  ne= = = ——— =
Emp. F. Wt. 8449414 107
Molecular formula is (C,HgN); or C;HgN,
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 carbonand hydrogen of the substance is oxidised
to form carbon dioxide and water respectively. The equation of
explosion reaction can be written as ’
CoH, + (@4 y/4)0p = 2C0, +y/2H;0
The following observations are recorded :—

(1) The volume of the gaseous products after explosion und
cooling (V1). This corresponds to the volume of carbon dioxide and

o’

OXYGEN ¥
Hydrocarbon

UNUSED

CARBON DIOXIDEF
+ OXYGEN

UNUYSED OXYGEN

Fig. 41, Explosion of gaseous hydrocarbong in eudiometer tube.

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

(2) The volume of the residual oxygen after introducing alkali
(V). When a little alkali is introduced in the eudiometer tube, it
absorbs carbon dioxide, leaving behind unreacted oxygen. The
volume of carbon dioxide alone would thus be equal to (V,—V,).
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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 mized with
100 mls. of oxygen and the mizture exploded in a eudiometer tube.
The volume of -the mizture after cooling was reduced to 90 mls. which
upon tréatment with potash solution was further reduced to 70 mls.
Determine the molecular formula of the hydrogen.

Volume of oxygen used=100—70==30 inls.
L carbon dioxide formed =00 —70=20 mls.
If C,H, be the formula of the hydrocarbon,
C H,+(z4-y/4)0=2C0,+y/2 HyO
Applying the converse of Avogadro Law,
1 ml. CzH, 4 (z +y/4) mls. Op==2z mls. COp 47/2 mls. H0
tor 10 mls. C,H, +10(z +y/4) mls. 0, 10z mls. CO3+-10y/2 mls. H,0

Thus 10(x +y/4)==30 and 10x=20

whence r=2 and y=:4
Therefors, the molecular formula of the hydrocarbon is CoH,.
Alternative Solution :
Total oxygen used (for CO; and Hy0)=30 mls,

C403=CGC, o 1 vol, COy=1 vol, Oy
Hence for 20 mls. CO, formed, volume of oxygen used==20 mls.
Volume of oxygen used for water glone=30~-~-20==10 mls.
2H54-0,=2H,0; 1 vol. Op=2 vol. H,C
Hence for 10 mls. oxygen used, volumeé of watef formed==20 mls.
Now, 10 mls, hydrocarbon+-30 mls, Op+4 20 mls, CO;--20 mls. H,O

or 1 ml, » +3 mls. 0p==2 mls. COp+ 2 mls, H,0

Applying Avogadro’s Law, 1 molecule of hydrocarbon yields two mole-

cules of COy4 (containing two C atoms) and two molecules of HyO (containing
four H atoms). Henco the molecular formula of the hydrocarbén is CyH,.

ITI. DETERMINATION OF MOLECULAR WEIGHT

The Molecular weight ofa compound is the weight of one
molecule of it as compared to the weight of an atom of hydrogen as 1.

The methods commonly employed for the determination of
molecular weights of organic substances are :

PuysicaL CHEMICAL

| 1. Victor Meyer method 1. Silver salt method for acida

2, Dumas method

14

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. PuysicalL. METHODS

VICTOR MEYER METHOD FOR VOLATILE SUBSTANCES

In this methode, a known weight of the substance is converted
into vapour by dropping in a hot tube: The vapour displaces its
) own volunie of air which
is collected over water
and its volume measured
at the observed tempera-
ture and pressure.

VIcToR Me ver
v OiSPLACED

ARNAT

The apparatus used
in this method consists
of: (2) a ‘Victor Meyer
Tube’ of hard glass, hav-
ing a side-tube leading
to the arrangement for
collection of displaced
air over water, (17) an
Outer Jacket of copper,
P containing a liquid boil-

COPPER JACKET ing about 30° higher than
the  substance whose
riolecular weight is to

AFMMW

BOTTLE
Q‘

i Procedure. The

be determined, and (ii¢)
i apparatus is fitted up as
o]
.

HOT VAPOUR

a ‘T'iny Stoppered FDottle’

(Hofmann  bottle), in

which the substance is

weighed and introduced

into the heated Victor
‘Meyer tube.

shown in Fig. 42. The

.liquid in the copper

jacket is beiled by heat-

3 ing it with a Bunsen

A «  burner, when the hot

Fig. +2. Victor Meyer method for » vapours of the liquid in

Mol. Wt. determination. turn heat the Victor

Meyer tube. When no

more air bubbles escape from the gide-tupe, a graduated tube filled

with water is inverted over its end dipping in water. The Hofmann

bottle containing a weighed quantity (0-1—02 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 blow out the stopper and displace on equal

volume. of air from the upper part of the Victor Meyer tube. The

volume of air collected in the graduated tube isread off after

carefully levelling in a cylinder of water, and the atmospheric
pressure and temperature recorded. The volume is reduced to
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S.T.P. and the weight of 22'4 litres of vapour caleulated. This is
numerically equal to the molecular weight of the substance.

)

/\MOIST AIR N M0IST AIR

AIR PRESSURE AIR PRESSURE

l

|IHI ]!'Hlu"|llll|ull|uu|

l
\

N,
-
ll‘lll’l"‘lllll'll‘lllilllllllIr :

Before levelling After levelling
Fig. 43. After levelling the pressure of moist air collected
is equal to the atmospheric pressure,

Example 1. In a Victor Meyer determination of molecular
weight 0-1 gm. of the substance displaced 27 mls. of moist air measured
at 15°C and 745 mm. pressure, What is the molecular weight of the
substance ¥ (Vapour tenston of water at 15°C=12-7 mm.)

Volume of displaced sir, Vy5=27 mls.

Atmospheric temperature =15°C or on absolute scale

Ty5=2734-15=288°

Pressure of dry air, Pyg=T745—-12:7=732:3 mm.

PuX VN PyyxVyy

= or V=
Ty Tss N

P15XV15XTN
—ToT
1‘15 X PN

. . 732:3x27%x273
Hence, volume of displaced air at N.T.P. = —2BEXTH0
= 24-67 mls.
Thus the weight of 24:67 mls. of vapour of the substance=0-1 gm.
0-1%22400
4 e e~y mr~—ae
EE] 2 22 00 24.67
==90'80 (mol, wt.)

L1 > ”

Example 2. 022 gm. of a substance when vaporised by Viclor
Meyer’s method displaced 450 mls. of air measured over water at 20°C
and 755 mm. pressure. Calculate the molecular weight of the substance.
(Vapour pressure of watér at 20°C is 17-4 mm.)

(?) CarLcurarioN oF VoLumE aT N.T.P.

Initial Cenditions Final Conditions
Volume (V1) =45 mls. Volume =V,
Pressure (P1)=7656-17"4 Pressure =760 mm,
=7376 mm. Temperature=273°A

Temperature (T;)=20+273
=293°A.

)
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Applying the General Gas Equation
760xV, 45X 7376

273 - 293
_ 45%737:8 _X273
2= 293 760
=4070 mls.

(i7) CALCULATION OF M., Wr,

Wt, of 40-7 mls. of vapours at N,T.P. = 0-22 gm.
W, Wt of 22400 mls, of vapours at N.T.P.

0-22
:m'x 22400=121-1
Thus the moleculsr weight of the substance
. =12}-1.

Dumas Method, Thisis based on the principle of weighing a known
volume of the vapour of tho substance in a glass bulb at an elevated tempera-
ture. The calculation of the molecular weight is done asin Vigtor Meyer
method. -

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

A known weight of the substance is vaporised above a mercury column
in & barometric tube and the volume of the vapour formed noted. Thé mole-

cu]urdwdght of subsfance- 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
N
m=molecular weight of the dissolved vomp ound,
K =molecular depression constant,
w =weight of dissolved compound, and
o T==depression of freezing point.

m

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

VarLuges or K FOR SOME SOLVENTS

Water 18:6°C Acetic acid 38-2°C
Benzene 51.2°C Phenol 73°C

Determination of Depression of Freezing point. The
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apparatus which is almost exclusively employed for the determination

of the lowering of freezing point

was designed by Beckmann (Fig. F BECKMANN

4-4). It consists of (1) ‘the inner @—THERMOMET[A’
reeztng potnt tubg provided with R ] .
,{; side-tube for introducing the ﬂﬂ’“’;"%’éﬁo

solute and fitted with Beckmann alw
thermometer reading up to -01°C
and a platinum stirrer ; (5i) the
ouler air-jackel surrounding the
inner tube which ensures a slower
and more uniform rate of cooling A HH
of the liquid ; (éid) a stout glass

N4

Yl
4

Y
]

7mn
cylinder which contains freezing [5T5 i oo FREEZING
; - . - Nell 1201
mlxpure and is also provided with s =lI=To POINT TUBE
a stirrer. o o
In an actual determination ° ° I
1520 grams of the solvent s ||, ! 52— OUTER
€ . . . v GLASS TUBE
taken in the inner freezing point o & o
tubehand the t}z]Lppa,I('la_,t;us set Tl}llp o | FREEZING
as shown in the diagram. e TS °| MIXTURE
solvent is gently stirred and the =
mercury thread of the thermo Fig, 4-4, Determination of
meter watched carefully. The ' depression of freezing point,

temperature 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 remaing 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 (01 —0 2 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 be added and another reading taken.
Knowing the depression of the treezing point produced, the mole-
cular weight of the solute can he caleulated.

Example 1. 0512 gram of an vryanic substance when dissolved
25 grams of water lowered its Sreezing point by 0-19°C. Calculate
the -nolecular weight of substance. (Molecular depression constant
for water is 18-5).

Substituting the values in the expression

100Kw
TATW
- J00x18-5%0-512
T 019x%s

Example 2. 71355 gms. of a substance dissolved in 55 gms. of
acetic acid produced depression of 0:618°C in the freezing point. Cal.
culate the molecular weight of the dissolved substance. The moleculqr
depression of the freezing point of acetic acid (100 gms.) is 38-5°C.

Deprersion of freezing point=0-618°

Weight of solute =1-355 gms.
Weight of solvent, =55 gms.

=998
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Substituting the values in the expression
m— 100Kw
ATW
100 x 38:5 x 1-355 .
T oeExss oS
EBULLIOSCOPIC METHOD OR BOILING POINT METHOD
The molecular weight of a non-volatile organic compound can
also be determined by noting the elevation of boiling point produced
by dissolving & definite weight of it in-a known weight of tle solvent.
100Kw
oTW
m=Molecular weight of the dissolved compound,
IK=Molecular elevation constant,
w=Weicht of dissolved substance,
W=Weight of solvent,
T =Elevation of hoiling point.
The Molecular elevation constant or the Boiling point
constant is defined 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. Its value is generally given in ready-reference
tables.

VALUES or K ¥OR SOME SOLVENTS

Wator 5-2°C Benzene 26-7°C
Ethyl alcohol 11-5°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 : (¢) a botling flask
which sends vapours of the
solvent into the inner
tube ; (4) 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°C and a
glass tube having a rosec-
head at the lower cnd.
| 80/t/w6 The rose-head ensures uni-
JJUBE  form distribution of the

vapours through the sol-

|- #or vent. The bulb reflects
VAPOUR - £ th

JAcker back any pgrtlcles o e

solvent which happen to

fly about when the boiling

becomes brisk ; (i22) an

outer covering tube which

. - . recel hot vapours from
Fig. 4-£. Determination of elevation of Zizelvﬁfner tube throu

2. 4%, 1D , gh

boiling point by Landsberger’s method. the hole H. This forms a

BOILING
SOLVENT

L HOLF
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protecting jacket round the boiling-tube and prevents the loss of
heat due to radiation.

In an actual determination 57 mls. of solvent are piaced 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 has
become steady, the temperature is read on the thermomete~ This
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—05
gram) of the substance whose molecular weight is to-be determined
is dropped into the solvent in the Boiling tube. The boiling point of
the solution is then determined as before. Immediately after read-
ing the temperature, the thermometer and the rose-head areé 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. The boiling point of pure acetone is 56:38°C at
normal pressure. A solution of 0-717 gram of a compound in 10
grams of acetone boiled at 56-88°C. What is the molecular wei{ﬂ%t
of the compound ? The molecular elevation constant for acetone is
16:7°.

Elevation in boiling point=56-88-—50-33

. =0:50°.

Substituting the given values in the expression

100Kw

ATW

100 % 16°7 x 0-717
T 080x10 -

Example 2. 4 solution made by dissolving 1-5126 gms. of a
substance tn 21-01 gms. of benzene has a boiling point 1-05°C higher
than the boiling point of pure benzene. Find the molecular weight of
the substance.

we have m=

Molecular elevation of boiling point of 100 gms. benzene is 25:70.
Elevation of boiling point=1-05°C '
Substituting the given values in the expression
100Kw
ATW
100 % 25-7 x 1-5126
= TTesx201
=176-2.
II. Cmemicarn. METHODS
SILVER SALT METHOD FOR ACIDS

This method of determining molecular weights of organic acids
is based on the fact that they form insoluble silver salts which upon
heating decompose.to leave a residue of metallic silver.

Procedure. A small quantity of the unknown acid is dissolv-
ed in water and treated with a slight excess of ammonium hydroxide.

M=
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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, aleohol and ether and dried in the steam oven.
About 0-2 gm. of the dry silver salt is weighed into a crucible and
ignited until all decomposition is complete. Ignition is repeated
till the crucible with the residue of silver has attained constant
weight. The molecular weight of the acid is then calculated from
the weight of the, silver salt taken and the weight of the residue of
metallic silver obtained from it.

Calculations. Let the weight of the silver salt taken' be x gms. and the
weight of the residue.of metallic silver be @ gms,

The weight of silver salt that.would leave 108 gma. (equivalent weight of
the silver) of residue=— x 108 and this is the equivalent weight of the silver
salt of the acid. ¢

But Eq, Wt. of acid=Eq. Wt. of the silver salt — Eq. Wt. of silver
+Eq, Wt. of Hydrogen

2 «108—108+1
a

= Z x108—107
a

Molecular weight of the acid
=Hq. Wt.x Basicity

= (_’.’. x 108—107)xn,
a

Example 3. 0759 gm. of the silver salt of a dibasic crganic
acid was igniled, when a residue of 0-463 gm. of melallic silver wos
left. Calculate the molecular weight of the acid.

Weight of silver salt taken =0759 gm.

Woeight of silver left ag residue ==0-463 gm.

The weight of silver salt that would leave 108 gms. of silver
0-759
0°463
and this is the equivalent weight of silver salt.
Now, the equivalent weight of the acid
=177-05 —108 4 1:=70-05
Molecular weight of the acid
=70-03x 2 (basicity)
=1401,

% 108:=177-03

Example 4. When heated cautrously in a crucible, 0-3652 gram
of silver benzoate gave 0-1720 gram silver. Find the molecular weight
of benzoic acid.

The weight of silver benzoate that would leave 108 gms. of silver

0°3652
0-1720
=229'2 gms.

x 108

Equivalent weight of benzoic acid
=229-2 ~1084- 1= 122:2
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Since benzoic acid is & monobasic acid, its molecular weight
=192:2% 1==122-2
PLATINICHL ORIDE METHOD FOR BASES

Most organic bases (amines) combine with hydrochloro-platinic
acid, F,PtClg, to form insoluble salts known as platinichlorides.
hese double salts miy be represented by the general formula
B,HgPtClﬂ’ where B stands for one equivalent of the buase. Platini-

 chlorides on ignition decomposes to leave a residue of platinum.

B2H2P tCl ¢ Pt

Knowing the weights of the platinichloride taken and the platinum
left behind, the molecular weight of the base can be calculated.

Let * gms. be the weight of the platinichloride taken and
a gms. of the platinum residue after ignition.

(1) Since one molecule of thé platinichloride of the base,
B, H,PtCls, contains one atom of platinum (atomic weight =195),

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

But a gms. of platinum is left by x gms. platinichloride
195 gms. ., ., . -’; % 195 gms. ,,
Hence Mol. Wt. of platinichloride
=% % 195

(2) The equivalent weight of the base, B
B,H,PtCls-—H,PtCl,
= 2

M.Wt. of platinichloride —410
= 2

2 «195-410
__(l

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

—(=-x195—410 )_f‘_.
o 2

) Example 5. 0:6387 gm. of the platinichloride of a monoacid
base on ignition gave 0-209 gm. of platinum. Find the molecular
weight of the base. (Pt=195).
(¢) 0209 gm. platinum.is loft by 0-6387 gm. of platinichloride
0-6387

”» ] I —‘UWX 195 gms. ,,

0-6387
0-209

195 gmsd,

Hence Mol, W+, of the platinichloride=

% 195=596-0
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Mt. Wt, of platinichloride—410

2
0410 _gq.,

(¥2) Mol. Wt. of base=Eq. Wt, x Acidity
=930 1=930 -

(©) Eq. Wt. of base=

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

(7} 0-3585 gm. Pt is left by 0-98 gm, platinichloride
0-98

195 gms. =0
) gms s 0 0_3585x195 gms, ,,
M. W, of platinichloride=~oos_x 195--533
) 0-3585
(i) Eq. Wt. of baso= M.- Wt. of plat;nlchlorxde—«tlo
533410 123
==

(1i3) M. Wt. of base=Eq. Wt. x Acidity

VOLUMETRIC METHOD FOR ACIDS AND BASES

The molecular weight of an acid can be determined by digsolv-
ing a known weight of it (x gms.) in water and titrating the solution
against standard alkali solution (say N/10) using phenolphthalein as
indicator.

Suppose V mls. of N/10 alkali neutralise # gms. acid
1000 mls. ,, IN ., e % 1000 10 gms. acid

Since acids and. bases neutralise each other in equivalent proportions,
and 1000 mils. of 1 N alkali contain one gram equivalent of it,

the Eq. Wt. of a.cid‘:-"f{7 % 1000 % 10

and Mol. Wt. of acid=Eq. Wt.x Basicity.
The. molecular weight of a base may also be determined exactly as
above by titrating a known weight of it against a standard acid and applying

the relationship :
Mol. Wt.=Eq. Wt. x Acidity

Example 7 0:183 gm. of an aromatic monobasic acid required
15 mls. of NJ10 sodvum hydroxide solution for exact nentralisation.
Calculate the molecular weight of the acid.

16 mls, N/10 NaOH solution =0-183 gm. acid
1000 mls. 1 N NaOH solution =0-183 X l;]—ggx 10 grs. acid.
But 1000 mls. of 1 N sodium hydroxide contain 1 gm. equivalent of it and
will neutralise 1 gm. equivalent weight of acid.
Ea. Wt. of acid =0-183 x-]—l(-)-‘(.;)?— %X 10

=122,
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Mol. Wt. of solid =Eq. Wt. x Basicity
=122 x1=122.

Example 8. 0:25 gm. of a dibasic organic acid were dissolved
. ;n water and the volume made o 100 mls. 10 mls. of this solution re-
wired 12:3 mls. of N{30 sodium h_ydroxide solqtion for complex neu
tralisation. Find the molecular weight of the acid.

12-3 mls. N/30 NaOH solution = 10 rals, of acid
123 mls. N/30 NaOH solution = 100 mls. of acid
= 0-25 gm. acid
0-26

1000 mls, 1 N NaOH solution =135 % 1000 x 30 gms.
Eq. Wt. of acid =.%'2‘2;5—>< 1000 x 30==61:0
Mol, Wt. of acid =Eq. Wt. x Basicity

=60-96 % 2% 121-92,

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

25 mls. of N,;8 HCl = 020 gm. of the base

2
1000 mls. of N HCI 502_59

But 1000 mls. of N HCl contain 1 gm. equivalent of acid and will neu-
tralise 1 gm. equivalent of the base.

% 1000 x 8 gms. of base

0-20

Eq. Wt. of base = 5z x 1000 x 8
Mol, Wt. of base =Eq. Wt, x Acidity
=64 x2=128.
QUESTIONS

1. On anslysis an organic compound was found to contain C==43-989/,

C1=37-18%, H=2:09%. Calculate the empirical formula. Given that the
compound is a monobagic acid, write the moleenlar formula.

2. The organic liquids each .containing 345 per cent carbon and 9-0
‘per cent hydrogen and having vapour density 44 gives different results on hy-
drolysis, One of them yields methyl alcohol and the other ethyl alcohol ; while
thesaline residue in the former case on acidification yields propionic acid and in
the latter acetic acid. Establish the identity of the two.

3. An organic substance 4 gave the following analvsis: 0:123 gm. gave
0234 gm. of carbon dioxide and 0045 gm. of water, -

01845 gm. of it gave 16-8 c.c. of nitrogen at N.T.P.

When it was treated with tin and hydrochloric acid it gave a substance
B containing 77-419%, carbon, 7-63% hydrogen and 15-05%, nitrogen.

The substance B when diazotised und heated in presence of water gave a
compound ¢ which on distillation with zinc dust gave benzene.

Assign structural formulae to 4, B and (.

4. An organic compound contains 81'55 per cent carbon, 48 per cent

hydrogen and 13:6 per cent nitrogen and has the vapour density 51:5. It.eyolves
ammonia when heated with caustic potash and on reduction with sodium and




64 TEXT-BOOK OF ORGANIC CHEMISTRY

alcohol forras a base which reacts with nitrous acid giving off nitrogen and
yielding alcahol. The alcohol can ba oxidised to benzoic acid. What is the
original substance and how is it prepared ? Explain the above changes.

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

(i) 0-249 gm. of the dibasic acid gave on combustion 0-528 gm. carbon
dioxide and 0-081 gm. water.
(#2) 19 gms. of the silver salt of the dibasic acid gave 1-08 gms. of silver
on ignition.
(#i2) On nitration, the acid gavo only one mono-nitro derivative. Assign
structural formula to the acid and describe one method of preparing it.
(H=1;C=12; 0=16; Ag=108,.
8. An organic compound X gave the following results on unalysis :
C, 16:279 ; H.0-68% ; O, 10-83% and Cl, 72:20%. It reduced Fehling’s solu-
tion and the vapour density was found to be 73:8. On heating with alkali it
gave a pleasant smelling liquid Y.
X could also be prepared by the action of chlorine on ethyl alcohal.
What is the nature of the compound X and what is the liquid Y ?

~ 7. An organic compound (A) has the molecular formula C;H;NO4. Tin
and HCI reduce it to a compound (B) having the formula C;H,NQ,. The com-
pound (B) on boiling with NaiNO, and HCl gives a compound (C) with mole-
cular formula C;HgO3. The compound (C) gives the following rmactions :
{(a) It is acidic and evolves COy with NaHCO;. (b) Ferric chloride gives
a deop violet colour. (¢) On heating with sode lime, it loses CO, and gives
phienol.
Assign structures to A, I3 .and C, and explain all the reactions,
(Agra B.Sc, 11, 1967)

8. An organic compound (A) containing 76-69; C and 6-38°; H, gave a
mixture of two isomers (B) and (C) ; when an alkaline solution of (A) was re-
fluxed with chloroform at 60°C. B, being steam volatile, was separated by
steam distillation. B, on oxidation gave an acid (D) containing 60:879% C and
4-349/ H. The (D) acid was also obtained by hoating sodium salt of {A) with
COy at 120--140"C under pressuro. Aszign struotures to A, B, Cand D and
oxplain the reaction involved. (Banaras B.Sc. 11, 1967)

9. An organic compound (A), containing 40°; of C, 6'679, of hydrogen
and vapour density 15, restored the colour of Schiff’s reagent. Un treatmont
with caustic potash, it gave an alcohol (1) that could be obtained by the redue-
tion of (A) and 8o acid (C) which could bo obtained by the oxidation of (A).
What was the compound (A) ? Explain these reactions.

(Gorakhpur B.Sc., 1967)

10, A noutral organic compound (X) contains C=63-3%,, H=3-4%

and N=9:59,. On heating with sodalime, it m_/clvod ammonia but does .n‘ot

undergo diazotisation or react with acetyl chlorldo_. On reaction with sodium

hypobromite it gave an acid (Y) C;H;0,N which dissolves in acids as well as in

allialies. What are compounds (X) and (Y) and explain the reactions involved ?
Give one mothod for the preparation of the compound (X).

{AUahabad B.Sc. II, 1967)

11. An organic compound containing 58539, carbon, 4-065°; hydrogen
and 11:399, nitrogen, gave on reduction a praduet which on subsequent acety-
lation formod acotamide. Assign the structural formule to the compound and
explain thio reactions involved. (Agra B,Sc, 111, 1967)

12. (i) 0-2905 gm. of a solid organic acid on combustion gave 0-6160 gm.
of CO, and 0:0945 gm. of H,0. (#i) On heating with sodalime, its sodium salt
gave henzene. {%i) It forms two sories of salts and two series of esters and (iv)
It furnishes an anhydride on gimple heating. From the above fucts about the
acid. find out its structural formula and explain the reacticns. .

(Agra B.Sc. II1, 1967)
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13. An aromatic organic compound conteining 58539, of carbon, 4:079,

‘of hydrogen, 11:39%, of nitrogen and 26:01% of oxygen was found to havo a
olecular weight 123. On reduction it gave a monoacid organic base, What
_ghruotural formula would you assign to it ? (Indore B.Sc. 111, 1967)

: 14. An organic compound A on analysis was found to contain C=
16271%, H=0677% and Cl=72-203%. It reduced Fohling’s solution and on
oxidution gave a monocarboxylic acid B having C=14-678, H=0-612 -and Cl=

5137. On distillation with sodalime, B gave a sweet smelling liquid C contain-
oz 80°129, chlorine and which can also be obtained by heating A with alkali-
what structural formulae would you assign to A, B and C ? Explain the above
reaptions. (Udaipur B.Sc., 1968)

-~ 15. An aromatio substance A contains 77-8% carbon and 7'49, hydrogen
and forms an ester ‘B’ with acetyl chloride. <A’ on treatment with phosphorus
P,,',f,a.chloride gives a product ‘C’ containing 2809 chlorine. On oxidation
with nitric acid ‘A’ gives a monocarboxylic acid ‘D’ Explain the above reactions

. apd suggest suitable structures for A, B, O and D. (Osmania B.Sc., 1960)

16. A compound, CgH;0 (A), reacted with hydroxylamine but not
with Fehling’s solution, On catalytic hydrogenation A gave CgHy,0 (B). The
compound B when passed over hot alumina, yielded CgHjp (C). The compound
0 on ozonolysis furnished two compounds, One of which gave a negative
Toflen’s test and a positive Iodoform test. The other gave a positive Tollen’s
tet and a negative Jodoform reaction. Suggest structures for the compounds
A,/ Band C. (Jadavpur B.Sc., 1968)

" 17, A compound on analysis, is found to possess the following per-
ceatage composition :

C=664, H=5-53 and Cl=28:06

When the compound is oxidised with potassium permanganate an acid is
obtained which containr 68-89 carbon and 4-9% hydrogen. In another experi-
ment whon the compound is treated with sodium hydroxide o new tompound is
produced which contains 77:8%, carbon and 7:4%, hydrogen.

" Explain these reactions and determine the structural formula of tho
compound, {(Ujjain B.Sc., 1968)
18, 0106 gm. of an aromatic hydrocarbon of mol. wt. 106 gave on
combustion 0-352 gm, CO, and 0090 gm. Hy0. Calculate the molecular formula
and write all the possible structures. Discuss how you would distinguish botwoen
_tham, . (Kurukshetra B.Sc., 1968)
- 19, An organic compound containing 85:45 per cent of carbon, 9:09 per
oent of hydrogen and the rest nitrogen was found to have vapour density 27-5.
Qn hoiling with dilute sulphuric acid it gave a monobasic organic acid which on
distillation with soda limoe gave ethane, But on treatment with tin and hydro-
ohloric acid it gave a monoacid base which gave propyl alcohol with nitrous
acid, What is the formula of the compound ? Explain these reactious,

20. How is chlorine in an orgenic compound detected and estimated ?
Two difforont volatile substances gave tho following identical results on
analysis C=>52-2%, H=13-09, und the rest is oxygen. The vapour density of
both tho compounds wps the satno and found to be 23. Assign tho structural
formulae to the two substances and describe the action of boiling HI on each
of them. (Bangalore B Sc., 1969)
21. How is nitrogen detected in an organic compound ? 2:0 gm. of an
organic compound confaining C, H and O gave on combustion 2-93 gm. of
COqg aind 1:2 gm, of water ? Its molecular weight is 180. What isits molecular
formuls * (Bangalore B Sc., 1969)
. 22, A hydrocarbon (A) ‘of formula Cy5H;4 takes up roadily one molo of
hydrogen or one molo of Bromino, Oxidation converts it intg benzoic arid-and
other acid (B) of molecular formula CgHgO, More vigorous oxidation of
hydrocarhon (A) gives bonzoie acid and phthalic acid. What is the structure
Df“bydrocnrbon (A) and the acid (B) ? Write thoir names. (Udaipur B.Sc.,"1969)
‘23, The organic compounds A and B contain C==10%; an1 hydrogen=
. The vapour density of A was 15 and that of B was 30. A reduced
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Fehling’s solution but did not react with sodium ca.rbonp.te, while B did not
reduce Fehling solution but produced effervescence with sodium cerbonate,
Deduce the structural formulae of A and B and explain the above reactions.
(Udaipur B.Sc., 1969)

24. An organic compound gave the following results on analysis.
0-2115 gm. on combustion gave 0:4655 gm. CO, and 0°2533 gm. water. The
vapour density of the substance was 29-7. When treated with potassium
dichromate and dilute H,SO, it produced a substance which gave the Jodoform
test. What was the original compound. (Panjab B.Sc., 1969)
26. A dibasic organic acid (A) contains C=41'389%, and H=3-45%,. It
reacts with bromine and gives a bromoacid (B) containing Bromine=57-99.
Suggest structural formulae for the acids (A) and (B). (Kurukshetra B.Sc., 1969)
. 26. A primary alcohol with a vapour density 29 contained C=62-19,
H=10-3%, and reacted with bromine to give a derivative which contained
carbon=16-5, H=2-7 and Br=73'49%,. Determine the structural formula of the

compound and its derivative. (Meerut B.Sc., 1969)
- ANSWERS
1. CgH,CI,COOH. 2. C,H,COOCHj3, methyl propionate ;

CH,3;CO0C,H;, ethyl acetato.
3. A=CH;NO, B=CgH;NH,  C=CgH;0H.

/COOH
4. CLHLCN. 5. O Phthalic acid
coox
/CH;‘ /CH3
7. (A) C;H,CH; ; (B) C;H cortho;: (C)CgH meta ;
(A) CsHsCH; ; (B) Cg 4\01 ortho ; (C) G 4‘\’01
CH
Y4 3
(D). CgHy: para. .
Ncl
8 C.HZN ; (3HO, 9. HOOCHC--CHCOOH ;

A =maleic acid and
B=fumaric acid.

10. CgH,(CH;).COOH ortho-tolnic acid.

11. (A) HCHO ; (B) CH,COOH,, 12. C,H;COOH.
13. (A) CCLCHO ; (B) CCL,COOH ; CClyH.

14. CyH,COONH,. 15. C3H40.
16. A=CgHy; B=C;HO0s; C=CgH0l,

17. CH3CH,CONH,. 18. CgH,Cl,.
19.  CgHy(CHy),. 20, CH,Cly.

21, CH3CONH,.

22. (A) CgH(COOH), Phthali¢ acid ;
(B) CgH4(C0),0 Phthalic anhydride ;
(C) CgH4(CO)oNH Phthalimide ;
(D) CgHy(NH,)COONa sod. o-aminobenzoate.

23. 93+07 ; aniline.

24, CH,CH,NH,.

7. (A) CgH4(NO,)COOH ; (B) CgHy(NH,)COOT

(C) CgH4(OH)COOH,

8 (A) CgH;0H ; (B) CgH,(OH) CHO, ortho ;
(C) CgH4(OH)CHO, para ; (D) CgH(OH)COOH, ortho;
9 (A) HCHO; (B) CH,0H ; (0 HCOOH,
N\—co N\—COOH
10, (2) SNH ; ()

J—co” J—NH,
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11,

CGH5N02 and CGH5NH2.

12. CsHgOp 13. CgHgNO,.
4. A=CCl,CHO, B=CC3CO0H and C=CHCl;
(0]
' , 1
15. A=CGH5CH20H’ B:—-CGH5CH20.C.CH3, C=CGH5CH201 aud
D=CgH;COOH
(6] OH
CHS\ I CH3\ l
16. A= CH-C—CyH;, B=_ _ SCH—C—CH;
Cﬁa/ CH3 l
H
CH,
and C=  NC=C—CHj
cHy/ |
H
17. C¢HCH,CL,
CH, CH, CH,
18, CgHy, ; |
| jcH, H;C
CH,
19. C.HLCN.
20. C,H;0H ; CH;0CH,. 21. CGHIZOG.
CH--CH COOH
22, A . 3 B e
H30 CH,
23. A:_H——C~H ; B ——CH«;—-C—OH.
24. C,H;OCH,.
CHCOOH CHBr.COOHR
25, A:— ; t—
CHCOOH CHBr.COOH

26.

CH,—CH—CH,0H ; CH,Br.CHBr.CH,0H.



5
Structure of

Organic Molecules.
Classical Concept

Joseph A. Le Bel

ATOMIC STRUCTURE AND VALENCY

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 central positively charged
nucleus containing positively charged particles called protons, and
peutral 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 atom 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 in the
various orbits starting from the first one is 2, 8, 18, 32, 18, 8. The
outermost orbit of electrons in different atoms (except those of inert
gases) is incomplete and the electrons in it are known as valemcy
electrons,

68



S’TBUCTURE OF ORGANIC MOLECULES 6Y~

ﬁOW ATOMS JOIN TO FORM MOLECULES ?

The classical concept of formation of molecules, proposed by
Lewis and Kpssel, is based upon the electronic structure of atoms.
The atoms of inert gases have either two (helium) or eight electrons
i the outermost orbit. These guses do not cater into chemical

. sombination and, therefore, they are ussumed to0 have complete or
gtable orbits.  The atoms of all other elements have incomplete last
orbits and tend to complete them by chemical combination with
ogher atoms. G.N. Lewis proposed that it is the urge of atoms to
complete their outermost orbits of electrons as in the inert gases, which
s3-responsible for chemical combination. In other words, chemical
union between two atoms results from the redist‘ribution of electrons
between them so that both the atoms complete their last orbits or
acquire stz_Lble configuration possessed by the inert gases. The
chemical linkages are of three types :

(&) Electrovalent Linkage ;
(i} Covalent Linkage , and

(¢ity Co-ordinate Linkage.

Electrovalent Linkage. The type of linkage unites two
atoms one of which hasexcess electrons than the stable number
(2or 8), and the other is short of electrons. Thus :

L 1-] o0 -
4.
A+ °B g——aA[ﬁ'B_g]
00 oo

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

Electrovalent compounds are non-volatile, soluble in water
and possess high melting points. Their aqueous solutions conduct
electric current.

Covalent Linkage. This type of linkage binds two atoms,
bothf which are short of elevtrons. The two atoms contribute one
electron each and then share the resulting pair of electrons.

. o0 . 00
A +9°B§ — :A.B3S or A—B
" oo - oo

This linkage, signified by a single line, is termed Covalent Linkage
{Co-joint). 1t is commonly found in organic compounds.

Covalent compounds are volatile, generally insoluble in water
but soluble 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 (doror atom) contributes
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its pair (lone pair) of electrons and the second atom (acceptor atom)
accepts.

. %X N XX
:A% + BEL—:A g B or 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 linkage 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. 51. It

has four electrons in the last orbit and tends

~ to gain four more electrons by forming four

RN covalent bonds with other H atoms. Thus,

N\ the structural formula of the simplest hydro-
o e carbon methane (CH,) can be written as :

’ ' H H

\ \\~__/' 7 ° ox ‘
N L e Co44H—s HXC ¢H or H-C-H

S~ -7 o oX I

< 2 B

Fig. 5:1. Atomic struc-
ture of carbon.

Similarly in all organic molecules carbon atom is tetra-
covalent.

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

" 10918

=

A regular tetranedron Space model of The normal direction
with 4 similar faces carbon atom of valencies
Fig. 52,

metrically distributed in space so that the angle contained betwcen
any two valency bonds is 109° 28’

It will be instructive for the student to construct model of a tetrahedron
from a sheet of paper as follows :
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Cut out the paper along the solid lines around the edges. Then fold the
other solid lines over a foot-rule, and glue the faces of the tetrahedron 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 four
valencies.

Fig. 53. How to make o 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
respectively linked by covalent bonds.

H H HHBH
[ Lol
H—-C—-C-H H~—(C—~C—C—-H
[l [

I bk
Ethahe Propene

Single carbon-to-carbon bond is usually strong and is
not easily broken during chemical 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 bonds.

e

H H
N /
C=C

7 N

b3t H
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Such o union involving 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 carbo-. atoms while they join to form a double bond have been
much distorted from their normal - direction and are consequently
under strain. Therefore, a double bend is weak and is easily
ruptured by oxidation, or is reduced to a stable single bond during
chemical reaetion.
TRIPLE BOND OR ACETYLENIC LINKAGE

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

H—C=C—H

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

Like a 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 reactions.

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 There are also numerous compounds known
where carbon atoms join to form closed rings. These are termed
Ring Compounds or Cyclic Compounds. Thuswe have :~

H, H
C C .
VAN VAN
H,C CH, HC CH
| i
H,C CH, H!? CH
N/ N/
C ¢
H
Cyclohexane Benzene
STRUCTURAL FORMULA

We have scen that a molecular formula states the numbér and
kind of atoms in the molecule. Thus ethyl alcohol has molecular
formula C,H4O which implies that a molecule of the compound is
made of two carbon atoms, six hydrogen atoms and one oxygen
awm, A molecular formula remains silent as to how these atoms of
various elements are joined in the molecule.

A formula showing a complete piclure as to how the various
atoms are linked to each other in the molecule, 15 known as a Struc-
tural formula.

For example ethyl alcohol having molecular formula C,HO
has structural formula
H H
H—(I}——(I}—OH

bl
H H
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Thus a structural formula shows clearly as to which atom is bond;
ed to which atom in the molecule. It may be recalled here that
the vatency bonds of carbon atoms are distributed symmetrically in
gpace. Therefore, a structural formula written in the plane of the
paper is not an exact picture of the molecular structure.

A model of the molecule is often useful to facilitate our think-
jpg about the structure of a molecule. One simple kind of a model]
4o represent structure of a molecule 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
model of methane (CH,) shows that it hasa
three dimensional structure.

The model shows the exact angle bet-
ween the bonds. Hence models are very
helpful in telling us as to how the various
atoms of the molecule are arranged in space.

It is true that the beginning student
finds it useful to construct 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 & 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 chloride (CH,Cl;). We should not forget despite the
appearance of the projeetion formulae that the earbon bond angles
are not 90° and the molecules are not flat. Or, that the formulae
really do not represent the models.

Fig. 5-5. Projections of CH,Cl, molecular models give
formulae on the plane paper.

We have discussed above the ball-and-stick models of organic
subst&r}cos. These models consist of coloured wooden balls of the
same size connected by sticks or pegs While they give an adequate
method of indicating which atoms are bonded to which atoms
end also give an idea ofbond angles, the size of individual atoms is
ignored. This defect has been overcome in the Stumart miodels.
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In these models the ball representing 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 bond angles,

Fig. 5-6. Stuart and ball-and-stick models of ethyl aleohol
and chloroethane. -

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

Writing structural formulae. 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 indi-
caté the angles between valen-
cies of carbon atoms as right
angles, This is only for con-
venience, otherwise  valency
bonds of carbon lie in a zig-zag
Fig. 5-7. Valoncy bonds of crrbon atoms way. Thus the stcuctural for-

in pentance lie in a zig-zag way. mulae written on paper simply
ii}djcate the order in which the various atams are joined and do not
give any idea of their disposition in spate. In other words, they
only depict the structural representation of a moleanle and the

valency bonds may be put in any direction. Thus ethyl chloride
may be written as

1'1 " H Q

| |

H~C-C_Ci or H——(I)——C——H
1] | 41
HH H

Condensed structural formulae, The detailed structural
formulae of the type given above use a great deal of space and are
often not necessary. For this reason chemists.often writc what we
call ‘condensed structural formulae’. These can be written more
rapidly and in less space.

In a condensed formula oll aioms linked fo a given carbon atom

“}: e given after the ‘C* and in the same line but their bonds are not
shown.
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Structural formula Condensed formula
HH
P
H-C—C-H CH3CH,
| Ethane
HH
HH
' CH,CH,CI
v G aLHq
e (|’ H Ethyl chloride
b

It may be noted that atoms other than hydrogen arc written atter
the hydrogen atom in the condensed structural formulae.

Skeletal formulae. Sometime skeletal formulae are used for
previty 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 be

c—C C—-C—-C
Tt is assumed that all the remaining valencies of carbon atom are
filled by hydrogen atoms. The skeletal formulae of the two butanes
may be written as

.

C

!
c—C—-C-C C—-C—-C
Normal butane 1sobutane

BOND LENGTHS

When two atoms are linked by a covalent bond, the distance
hetween the centre of the two atomic nuclei is called the Bond
Length. There are several methods available for the measurement
of bond lengths (or bond distances) which include X-ray diffraction,
electron diffraction and molecular spectroscopy but the deseription
of these belongs to Physical Chemistry. The concept of bond lengths
and their measurement is of considerable interest in Organic
Chemistry. The unit length here is an Angstrom (symbo} A) which
is equal to 10-8 cm. ‘

Bond lengths of certain pairs of atoms involved in organic
molccules are given in the table below :

Boxp Boxp LevetH Boxp Boxp Lexern
(4) A
C--H (Alkanes) 1.07 C—Br (Bromoalkano) 194
N-. H (Amines) 1-00 C—T (Todonlkane) 2.14
O—IT (Alcohols) 096 C=C (Alkenes) 1-35
C -C (Alkanes) 1-54 C=0 (Ketones) 1.22
C--N (Amines) 147 C=. C (Alkynes) 1:20
C—0 (Alcohols) 1:48 C=N (Nitriles) 1-16
C—C (Chloroalkanes)  1.76 C=C (Benzeno, 1.39
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BOND ENERGIES

The bond C~~H, o1 any other chemital bond is characterised
by a bond energy which is the energy needed to break that bond in
any compound in which it exists. The value of bond energy can be
calculated from the bond spectrum of the molecule concerned.

For molecules containing three or 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 cnergy of O- H bond. This can be easily calculated
frowa the heat of formation of steam (from molecular hydrogen and
oxygen) and the known dissgeiation energies of the O; and Hy mole-
cules by application of Hess’s law of Constant Heat Summation (see
a Text-book of Physical Chemistry).

The bond energies of C—H, C—C, C=C and C=C boads
can be calculated in a similar manner, using known heats of com-
bustion of hydrocarbons and the heats of combustion of carbon and
hydrogen.

Example. Find the bond energy of the C—H bond from the
following data :
CH,; +20; —— 2H30 (gos) + CO, + 191 Keals

~—

Sublime
C —E—:)n % (gas) =" P70 Keala,
(graphite)
2Hy — 4 — 207 Kcals.
2H,00 «— 2H, 4 O, ~ 116 Kcals.
C0; —s C.+4-0p — 94 Kcals,
(graphite)
Solution. By Hess’s law, thermochemical equations can be
added and subtracted like algebraic equations.
CHy —— 4H 4 C (gas) — 395 K calories
This naturally involves the breaking of four C—H bonds.

The average value for the C—H bond cnergy is 99 Kilo-

calories. .

A list of bond energies of important bonas 1s given below :
Boxp Boxp Exercy | Boxp Ap ENgroy
(KoAL/auLE) © (Kcavn/MOLE)

c—H 987 c—C 82:6

c-Cl 80-0 U= 1458

C—Br 690 CzC 199-6

C-1 550 c-0 830

C=0 1780

0—H 106
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Bond energies provide a very useful indication of the strengths
of the various chemical bonds. The bond energies of carbon-to
carbon six}g]e, double and triple bonds show that the order of their
strength 18 —=>=>=. :
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 from known
gtarting materials. The last two decades have witnessed a virtual
revolution in this ﬁel\d and now sufficient information regarding the
chemical structure of an unknown compound can be obtained

irectly by purely physical methods. One such modern method is

he examination of ‘spectra’ of organic compoundsor spectroscopy.
This is based on the fact that when light is made to pass through
a sample of a given organic substance, certain portions of it are
absorbed while others are transmitted. The wavelength (or frequency
of the portion absorbed depends on the chemical structure of the
substance. Thus a study of its 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 X109 cm. in vacuum) away from the
source, the direction of vibrations being perpendicular to the direc-
tion of propagation. While ordinary light is made of components
having wavelength range 7:5x 10-% cm. to 4x 10-% ¢cm., a monochro-
matic source gives a single wavelength component.

] 1]
e— A——>1 k tcm
I l

§ 7\

a0 VNN N
 SVAVRVEVRY

Fig. 58.

A: Wavplength, A (cm.).

B: Number of waves passing per second=frequency, v (sec.-1)

C: Number of waves per cro.=Wave Number, 1/A (cm.-1),

Quantum theory 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

E.—_-hv-:»h;f\—'-

where E=encrgy of light ; A its wavelength or v its frequency ; c=
velocity of light; and . the Planck’s constant. From the above
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on it is evident that ghorter the wavelength, greater the energ,
For the study of absorption spectra we generally consider
theee kinds of light :

(1) Visible, those wavelengths (4 to 7'5%x10-5 cm.) which
human eye can see unaided ;

(12) Ultraviolet, having shorter wavelength (110 4% 105 cm.)
than the visible light ; and

(¢it) Infrared, having longer wavelength (3 x10-2 to 7105
¢m.) than the visible light.

relati

RADIATIUN WAVELENGTIUL Wave NUMBER ExERGY
(cm) {cm~1) (ergs)

1. Infrared 3x10-2 33 66
to 7x10-5 to 1:4x10% to 28 x10-12

2. Visible ’ 75x10-5 1-0x 104 2:7%10-12
to 4x10-5 to 2-5x10% fo 5x10-12

3. TUltraviolet 4x10-5 2:5x104 5x10-12
to 10-3 to 105 to 2:8x10-12

In addition to cnergy of electrons, a molecule has kinetic
energy due to the rotational and vibrational motions of the atoms
in cach chemical bond. For example, a non-linear molecule made
of three atoms A, B and C with bonds represented by springs could
be visualised to be executing vibrations as shown in Fig. 5-9,

Stretching vibrations Bending vibrations
Tig. 5:9. Vibratory motion in & molecule.

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

E=E electrotic + E vibrational + E rotational

When light radiations are made to pass through an organic
substance (or its solution), not only the electrons of the component
atoms .are excited but the vibrational and rotational cnergies are
also increased.

According to Quantum theory, both vibrations and rotations
are quantised and the kinetic energy due to these is also increased
by certain definite levels. Hence auy wavelengths (or frequencies)
of light-that a particular molecule will absorb, will be determined by
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she changes in the electronic, vibrational or rotational energy levels
sermissible for its atoms. The wavelengths or radiations absorbed
are measured with the help of a specirometer and are said to cons-
gitute @ spectrum. The spectrum of a coplpound is generally

resented in the form of a continuous graph indicating the absorption
of 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 isone of
.he earliest physical methods of elucidating the structure of
\. yrganic molecules. Absorp.... of visible and ultraviolet light
roduces 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, Anmg, and
the intensity of absorption at these maxima.

In general, carbon compounds havingdn alternate single and
multiple bonds are apt to absorption in this region of wavelengtl:.
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 Aag: as
217%10-5 cm while B carotene (having 11 conjugated double bonds)
absorbs strongly at 4:5:10-% cm. The following table bears out
‘the statement that value of A, increases with increased conjuga-
tion.

COMPOUND Amgz. X 1076 em
Ethylene (H,C=CH,) ' 1-65
1:3—Butadiene (Hy;C=CH-CH=CH,) 2:17
} : 3 : 5—~Hexatriene
- (H,Q=CH~CH=CH~CH=CH,) 258
Acetone (CHj .CO. CHjy) 188
. and 279

Since structural environments also’ intluence the value of
Ama: in ultraviolet and visible spectra, the technique in general
reveals fewer structural features than infrared spectra. However
in many cases ultraviolet spectra are useful to confirm structural
features derived by other means.

*A conjugated system of multiple bonds may be as
, —C=C-C=C-C=C—
g4—the one which contains (hero) a double bond and single bond alternately in
fithe 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, /the absorbed radiation
brings about predominant changes in vibrational energy which
depends upon (or is a function of) the masses of the atoms, 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
(LR.) 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 *molecular
fingerprints’ leading to its recognition.

ihe L.R. spectra of an organic compound helps m —

{(a) proving its identity by comparison ; and

() showing the presence of certain groups or atoms in its
molecule.

In order to ¢linch the proof of identity of an organic molecule,
its LR. spectra are compared with LR. 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 rice to characteristic
absorption bands in the infrared spectra. In other words a parti-
cular group strongly absorbs light of certain wavelength no matter
to which compound it belongs- to. From example a carbonyl group
(>C=0) strongly absorbs the radiation in the region 6x10-¢ cm.
while a carbon hydrogen bond absorbs near 3:4x 1074 cm. The
maximum absorption bands in the accompanying plot of LR.
spectrum of acetone show absorptions at 59X10-* c¢cm. and
3-45x10°* cm. indicating the presence of a carbonyl group and
carbon hydrogen bonds of the methyl group.

ol M I
ol L\ ol /] ALl A4
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IFig. 5:10. Infrarod specirum of acetone,
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Sufficient information can be derived from ILR. spec.tra. pf
molecules and their determination is now a routine operation in

tablishing the structure of an unknown dompound. This ingenious
'::chnique of establishing the identity or analysis of ovganic com-

unds has the distinctive advantz;.ge that it can be ca..rned out with
2 very small amount of the sample (1—-2 mgms.) which too can be
[.ecov’ered unchanged after the required measurements have been

made.
TABLE : Some Characteristic Infrared Absorption Frequencies

I
BoxD TvypE oF COMPOUND WAVELENGTH cm™!
_(l; —H Alkanes 2850 -2960
!
=J}-—H Alkenes 3010 -3100
- =0-H Alkynes 3300
_Jj___L‘__ Alkanes 600 —1600
|
\geg 7/ Alkenes 16201680
/ N
—C=C— Alkynes $100—-2260
>C=0 Aldehydes 1720 — 1740
>C=O Ketones 1705 -17256
>C=O Acids 1700 ~ 1750
—0OH Alecohols ; 3590 - 3650
—NH, Amines 3300-3500

QUESTIONS

1. How do you explain the urgo of the atoms for chemical union?
Namo tho three typos of linkages and give examples to illustfate their mode of
formation hatween atoms.

2. Write the structuro of carbon atomm and show that carbon is tetra-

covalent in organic molocules,

3. Whot is meant by covalent and elostrovalent linkagos, and which of

theso linkages generally occur in organic compounds ? Give thin eloctronic form-
ula of methane.,

-4, On what conception regnrding the structure of carvon atom, is tho
graplie formula of an organic compound basod ? Point out its limitations.
Desscribs the eloetronio structure of o carbon atom and write down the electronic
formutie of the following :
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Methane, Ethane, Choloform and Carbon tetrachloride,

- b. Write notes on : Single carbon-to.carbon linkage, @ouble bond, triple
bond. How is it that a single bond is the strongest of all ?

° 8. What do you understand by the structural formula of a compound
Mention its significance,

7. (a) Explain the terms ‘electrovalency’ and ‘covalency’.
(b) Discuss the fellowing statement :

<The oxistence of the organic compounds is consequent on the
tendenoy of carbon atoms to form covalent linkages with one
another and with atoms of dther elements.’

Illustrate your answer by referring to simple organic gnbstances.

8. What do you understand by the expression <Tetra-covalency of
Carbon’ ? Explain the significance of a ‘single bond’, ‘double bond’ and & ‘triple
bond’. Arrange them in the order of their strengths giving reasons for your
answer. Give at least one example of the_subs‘tances containing (7) ‘singte’ bonds
only, (i) at least one ‘double’ bond and (¥i%) at least one ‘triple’ bond.

9. How will you make a paper tetrahedron? Also construct ball-and-peg
model of methane,

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

11. - How ball-and-stick models are helpful 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 ! .

13. . What is & ‘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 ? What changes are brought
about asa result of absorption of infrared radiations ?
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Structure of Organic
Molecules. Modern
Concepts

Niels Bohr

The classical theory given by Lewis. and Kossel proved very
profitable in interpreting the nature nf chemical bonds. The elec-
tronic formulas of organic compounds eaplained in a satisfactory way
the reactions and behaviour of a large number of them.

The orbital theory of chemical bonding based on the modern
concepts of atomie structure is more sound and has stood the test of
time. It has proved to be mugh more useful in interpreting and
predicting the behaviour of most of the organic compounds. These
concepts undoubtedly have their origin in the wave-mechanical
treatment.of atoms and molecules ; it would be perfectly alright for
the present to dispense with any mathematical treatment, 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 due to the electro-
static attraction between the positive nucleus and the negative
electrons.

83
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The nucleus of an atom consists of protons and neutrons. A
proton carries one positive charge 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, the atomic number of an atom is also
equal to the number of extra.nuclear elestrons,

Let us consgider 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 hence 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-
nuclear electrons only. According:
to the theory of quantum mecha-
nics, the electron is executing a
back and forth motion about the
nuoleus rather than moving around
it in closed orbits as was originally
believed. By moving rapidly towards
the nucleus and away from it in
all possib!- directions, the electron
virtually occupies all space around
it and thus offers the appearance of
a spherical cloud. While the extra-
nuclear electrons are free to move
about in the cloud, on mathematical
calculations it has been noted that

Fig. 6:1. Haow shells would appear
if probability of finding electrons  they have a greater tondency to
is represented by shading, allgn themselves in concentric

spherical shells placed one above
the other around the nuclaus, thus giving a structure something
like that of an onion. Since the electron when present in a certain
shell is associated with a definjite amount of energy, the shells are
also termed Energy levels, Starting from the shell or encrgy level
nearest the nucleus, these are designatedasl, 2,3,4,5,6,7. Tho
maximum number of electrons whioh the various shells can hold is
2, 8, 18, 82, 18, 8 respectively. The increasing number of shells or
eirlxergy levels implies higher energy of the electrons present in
these.

The electrons present in each principal shell or energy level
are divided into subshells or sublevels, as many as the number of
the shell. The four subshells are denoted by the letters s, p, d apd f
whose energies increase in the order named. Thus the first shell
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pas single' subshell designated as 1s ; the second shell has two sub-
shells designated as 2s and 2p, the third shell has three subshells
designated as 3s, 3p, 3d and the fourth shell has four subshells—4s,
. 4p, 4] ond 4f

The subshclls are turther divided into smaller units called the
orbitals which the electrons occupy. An s subshell is made of one
orbital, a p subshell, three orbitals ; a d subshell, & orbitals ; and f
gubshell, 7 orbitals. Since each orbital can hold two electrons, the
mpaximum number of electrons in the subshells s, p, d and f is 2, 6,
10 and 14 respectively. Some time the principal shell numbers are
also designated by the letters K, I, M, N etc. but the numbers are
used in preference. The following diagram (Fig. 6-2) depicts beauti-
fully the concept of shells, subshells, as also the maximum number of
“electrons which could fill these.

v
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Fig. 6-2, Electron shells of an ator, indicating the number of elec-
trons that can be accommedated in varioas encrgy levels.

The maximum number of electrons which occupy the various
shells is also being given in the table below. It may be noted that
in case of subshells, the number in front indicates the principal shell
number and the superscripts give the number of electrons in that
particular subshell.



TEXT-BOOK OF ORGANIC CHEMISTRY

TABLE : Distribution of electrons in shells and sub-shells

PrINCIPAL SHELL | Max. No. oF | SussHELL aND THE MAX, No. oF
e, Memagmasa T merp oy IN EACH
1 (K) 2 162 ' '
2 @) 8 22 9p6 !
3 (M) 18 382 3p8 3410
4 (N) 32 452 4p8 4410 4fu
5(0) a2 5s? 5p8 5410 2]
4 (P 19 652 And
7(Q) 8 742 7p8

THE NATURE OF ATOMIC ORSITALS

As already discussed, electreme in each ¢merg— Tavel  ~ra
visualised as tiny partiifes cxecuting rapid back and ferth- meotion.
By and large this moyement takes place in o certain region in space.
This region in the atom to which an electron is confined ard i) has
1 geometrical <kape, ia termed the Atomic Orbital or Orbital, T+
o7 Po clearly underotond that *he term orhita] hag mn necaniading
with ¢he taprp forbit’ —hich defiter o marsicu’ar path o7 pamomen!
It only implies that the electron at eny momert is ">»~1a* 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 one orbital. All electrons in orbitals spin clockwise or anti-
clockwiss, and the two ‘coupled’ electrons of a given orbital must
have opposite spins in order to be accommodated in the same orbital.
By the same argument, two electrons with the same spin will go to
different orbitals.

THME GOEMETRICAL FORM OF THE s AND p ORBITALS

The fivat ten elements (At. Nos. 1 to 10) of the periodic table
include Hydrogen, Carbon and Oxygen which oceur most often in
organic compounds. The maximum number of extra-nuclear elec-
trons in the atoms of these elements is 10 (Ne, At. No. 10). Two of
these could be present in the first shell and eight in the second. Thus,
the first shell is made of one subshell (1s) or one orbital called the
‘sorbital’. The second principal shell consists of two subshells—
23 subshell which has two electrons or one s orbital, and the 2p s+k.
shell which may have six electrons or three ‘p orbitals’. Thrg ™r
study of organic compounds, we will confine our discussion to the
discussion of the shapes of s and p orbitals,

According to mathematical derivations, the s Orbital has «
spherical shape with the atomic nucleus lying at its centre which is
indicated by a plus (4-) charge. As discussed earliel, we have one
s orbital at each principal shell, its size being larger with the higher
shell number. Hence the ls orbital lies completely within the 2s
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ch is surrounded by the 3s orbital, and so on. It may be
there is no bar against two or more orbitals occupying
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orbital whi
noted that
the same Space.

The p orbitals are considerably” different from the s orbitals.
herical but have dumb-bell shape.

Fig. 6:3. ¢ orbital has Fig. 64. p orbital has dumb-

spherical shape. bell shape and direction
along the central axis,

They &re not sp

The two lobes of the orbital have a position concentric with
ghe nucleus, termed a node, where the probability of findirz an
olectron becomes Zero and the plane passing through this point js
termed @ nodal plane. This type of orbital has a shape as well as
direction about the nucleus.

As we have already observed, the possivle number ot electron
in a shell is six and since not more than two electrons can occup
an orbital, there are three p orbitals. These exist perpendicular t
cach other along the three axes (named z, y, z) and are designate

as Px» Pv> P

The subscripts do not imply any different energy. but simply
indicate the direction of the orbital. The principal shell number to

rd _ )
Y” Y
Z
B OREITAL A, oRBiraL
”~
X X
\_/
Y
\'Cd
Z

Z
B, 0RBITAL

Fig. 3-5. The three p orbitals are dumb-bell shaped and arranged
av right angles to each other, the nucleus of the atom
lying at the intersection of the axes.
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which a 7 electron belongs is generally prefixed and thus the three
p eleptrons in the second shell are written as 2p,, 2p,, 2p..

Electronic Configuration. We have already stated that
extranuclear electrons are distributed in shells or energy levels around

the nucleus which are divided into subshells (or energy sub-levels)
and these are made of orbitals. )

(1) The principal shells are numbered as 1, 2, 3, ote. which is
also the order of their increasing energy.

(2) The number of sub-shells in & particular shell is given by
its number.- Thus shell (1) has one sub-shell (s), the shell (2) has
two sub-shells (s, 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=4) four

orbitals.

(4) No more than two electrons can

ocoupy the same orbital and these must

Fig. 6:6. Electrons with have opposite spins which are indicated by
opposite spin. arrows in opposite directions,

According to the above principles, the first principal shell has
one sub-shuli 8 and one orbital (s orbital). The second principal
chell has two sub-shells—s and p, the s sub-ghell being made of omne
orbital only, while-p sub-shell of thtree orbitals {p-orbitals). The
atom of neon (At. No. 10) has ten electrons arranged in two shells ;
the first shell having two electronsand the second shell eight. It
stands to reason that neon atom has allthe orbitals in the two shells

completely filled. The configuration of neon in ‘short hand' notation
could be written as :

162, 22, 2p,%, 23’1(2: 2p2.

Here, letters indicate the type of orbital, the prefix stands for
the principal shell number and the superseripts show the number of
electrons in the orbital. The beryllium atom (At. No. 4) has four elec-
trons, two of these occupy the ls orbital and remaining two will go
to the 2s orbital. The remaining elements B, C, N, O, F, Ne (At.
Nos. b to 10) each have two 1s clectrons, two 2s electrons, and the~
rest of the electrons go into the p-orbitals.

The boronstom \At. No. 5) has five electrons which are
placed—two in 1s orbital, two in 2sorbital, and one in 2p, orbital.
Carbon (At. No. 8) has six electrons, and the sixth electron goes into
2p, orbital. Proceeding similarly, the seventh electror. in Nitrogen
will go into 2p, orbital. Now since each p orbital has one electron,
the eighth, ninth and tenth electron of Oxygen, Fluorine and
Nitrogen, will go to fill the p,, p,, and p, orbitals respectively. The

complete configurations of the first ten elements are snmmarized
below,
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‘ELEMENT Ar. No. ErLeorrONTO CONFIGURATION
—
g . 1 1s1
 He 2 152
Li 3 142, 261
Bo 4 152, 242
B 5 182, 262, 2p,1
c 6 152, 262, 2p,1 ,2p,1
N 7’ 162, 242, 2p,1, 2p, 1, 2p,1
o 8 1s2, 252, 2p,2, 2p,2, 2p,t
- 9 152, 252, 2p,2, 2p,2, 2p,1
Ne 10 182, 252, 2p,2, 2p,2, 2p,2
OHEMICAL BONDING

After this brief review of the atomic orbital theory, let us now
extend this concept to interpret chemical bonding.

\In the table given above, it may be noted that He and Ne
pave all available orbitals filled and are chemically stable. The rest
of the atoms H, Li, Be, B, C, N, O and F have partially filled orbitals
and are chemically active or unstable. The inert gases He and Ne

, being stable possess lowest energy, while the rest of the atoms men-
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 18 a lowering of their energy, for the most stable condition is that
with the lowest energy.

It may also be noted that He and Ne have completely filled
orbitals (two electrons to each), while the other atoms like H, Li, Be
eto. 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 resulting molecule
come to possess orbitals which are completely filled. This is accom-
panied by a lowering of energy.

Electrovalent Bond. The formation of an electrovalent bond .
takes place by the transfer of an electron from the partially filled
orbital of an electropositive atom to the partially filled orbital of an
electronegative atom which now will have a pair of electrons. Thus
Li transfers its lone eleotron from the 25 orbital to the 2p, orbital of
F, to form Li+ and F- ions.

Li+ 16 .
F- 152 252 2p,2 2p,2 2p2%
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Ths Lit and F- ions due to electrostatic attraction are bonded
to give Li*F- molecule, It'may be seen that all orbitals in Lit and
F- ions possess two electrons each and thus acquire stability (lowest
energy).

Covalent Bond. A covalent bond 1is 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 molecular
orbital. The molecular orbital surrounds the atomic nuclei of both
atoms and marks the region in which the pair of electrons will be
found. The new orbital provides a greater freedom of movement to
the ‘paired’ electrons which now belong to both the nueclei. 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 4toms.

Molecular Orhitals (M.0. s).

As already stated, a molecular orbital is formed when two
atomic orbitals overlap so that the electrons come to ocgupy
the common orbital which surrounds two nuclei. This may involve
s and s orbitals ; s and p orbitals; or p and p orbitals.

s-s Molecular Orbitals, A molecular orbital formed by the
overlap of s orbitals of two atoms are called s-s molecular orbitals.
Let us consider the bond formation in hydrogen molecule from two
individual hydrogen atoms. As the atoms are brought together, their
1s orbitals overlap and merge to form an s-s molecular orbital.

H 1 1s H

5-8 § Overlap
H—H
3-8 Molecular orbital
This may be pictorially represented as follows :
BOND AX/S

TWO ISOLATED H ATOMS B, -
WITH 1S ORBITALS S-5 OVERLAP 575 ORITAL

Fig. 6°7. Formation of s-s orbital in Hydrogoen molocule.

The bouudary of the s-s orbital in space, which in this o¥se is
ovoid, defines the region which the two clectrons now occupy jointly.
We call this orbital a Sigma Orbital (from the Greek letter o cor-
responding to s) 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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js maximum between the two nuclei, for they are attracted equally
by both the nuclei.

The bond established by the overlap of two s orbitals, is
éalled a Sigma bond or c-bond. Since an s orbital is spherically

symmetrical, the overlap may take place equally well in any direction
and hence there is 110 direction to such a bond.

s-p Orbitals. An s orbital and p orbital may overlap, even
though the atomic orbitals in the two atoms lie in different principal
ghells. The molecular orbital thus formed is known as s-p Orbital.
The combination of Hydrogen atom and Fluorine atom giving a
molecule of hydrogen fluoride affords an example of this type. There
is one s bonding orbital on hydrogen and one such half-filled 2p orbital
on Fluorine atom, while the rest of the Fluorine orbitals are com-
pletely filled and not available for overlap and entering into bond
formation.

Farom

[e 9 2 2 2 2 2 ) | Hm('om
s 28T ap, 3; 2p, 1s
SRV NGNON /
Lo Lerlp
2
s-p orbital
{HF molecule)

Here the orbital overlap consists in an attack of 1s orbital on
hydrogeun atom at a dumbell shaped half-empty 2p orbital of fluorine.
The resulting molecular orbital (o orbital) may be depicted to have
becn formed as in Tig, 6-8.

N

The 's-p overlap of orbitals between H and I forms a sigme
bond, yielding HF molecule. Itis ngteworthy that in the ¢ orbital
here, the nodal plane stands at right angles to the nuclear axis.

p-p Orbitals. We have already studied that the three dumbell
shaped p orbitals are directed along the three axes 2, y and z which
are at right angles to each other. Tor each of the three arbitals

NOLIAL

| PLANE
|
\‘ - l

(-i- AND ' +/ ) —— % O
\ C> S— A S /
o P- ORENTAL S r
S+ 0R8 ]
onm ON F SP-OVERLAP

et 7T “\
-
P

—(+ b1 +\
~ ./ N
G~ CREITAL

( HF MGLECULE)

Fig. 68, Formation of HF molecule.
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Py Py» P there is a mnodal plane dividing the p orbitals int6 two
lobes.,,

The overlap of p orbital of one atom with p orbital of another
atom may take place.to form a p-p molecular orbisal in two ways,

(a) Head-on Querlap : Let us consider two p, orbitals approach.-
ing for an overlap by pointing directly ‘heads’ towards one another.
This head-on overlap, as we call it, ensures 30 much 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 nueclear axis, is designated a Sigma
orbital and the bond so established a Sigma bond.

P ORBITAL R ORBITAL
D D
HEAD ON
OVERLAP

l NODAL PLANF
|
B —

G MO. BOUNDRY DIAGRAM
Fig, 649,

In the M.O. shown above there are two nodal planes that are
perpendicular to the nuclear axis (a characteristic of # M.Q,)

Formation of molecules of fluorine, chlorine and bromine offer
common examples of this type of bonding. Thus:

F atem ) Fatom
st 2t 2p' ot 2 oow o s
W WOOOC 7O OO
| Headon |
Gver{ap
%
)
aM.0
{Ftuorine Molecule)

(b) Side-wise Overlap. When two p orbitals approach ecach
other side-wise as shown below, the overlap takes place at both their
lobes simultaneously. The extent of overlap in this case isrelatively
small (compared to head-on overlap) and the molecular orbital thus
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formed is oriented above and below the nodal plane w.ich contains
the nuclear axis. As indicated by the boundary diagram, this
molecular orbital has sausage-like regions parallel to the nodal plane
passing through the two nueclei.

1
‘ |
i D
|
\ : NODAL
AOA T A
)

¥ F e e L
N N
. |t ~——
w (\:J K.)L/) TV M.0. BOUKORY

700 P-0RBITALS SIDE-WISE GVERLAP — DIAGRAM
Fig, 6:10. Formation of = M.O, orbital.

Such a molecular orbital generated by the side-wise overlap of the
two half-filled p orbitals and having only one nodal plane containing
the nuclear axis is called a = M.0. or Pi Molecular Orbital.

For recapitulation it may be re-stated that unlike = M.O,, ¢
M.0. has a nodal plane which is perpendicular to the nuclear axis.

A covalent bond established as a result of = M.O. formation is
called a-= (Pi) bond. There are two important characteristics of o
x bond. Firstly, it is weaker than a o bond since the extent of over-
lap is relatively smaller and henoce there is a lesser decrease in energy
of the system. Secondly, it is not possible to rotate the atoms
constituting a = bond relative to one another. If an attempt is
made to do so, the p orbital lobes of the two atoms will no Ionger 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 @ bond will be restricted because work wili have to be done
for the same. This property of a = bond is very useful in explain-
ing the phenomenon of Geometrical isomerism.

Formation of Oxygen molecule —~Double bond. We have
seen that a single covalent bond results from the overlap of two s
‘orbitals, one s orbital and one p orbital, or two p orbitals. Al these
bonds called o bonds possess symmetry about the bond axis. In
general, all single bonds are ¢ bonds. :

Now let us proceed to discuss the formation of oxygen molecule
{O=:0) which i3 known to contain a double bond. In this case the
oxygen atoms happen to possess two bonding p orbitals on each atom.
The 2p, and 2p, half-filled orbitals oriented at right angles, on each of
the oxygen atoms experience a lhead-on and a side-wise overlap res.
- pectively resulting in a ¢ and a = orhital simultaneously.
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) Oa(omz 9! ol 2 '00210"; 2.2 {52
152 2 2t 2py 2p. D, p; 2s? s
SRS IS 5 3EH OO

.................

’
—~
Q
<>
S
pe3
Q-
-

(7-bond)

Thus the two atoms in oxygen molecule arc linked by one a
and one w bond.

The following diagram depicts the formation of molecular
orbitals in oxygen molecule.

~—SIDE WISE QVERLAP——
/

HEAD ON OVERLAP
SIOE WISE OVERLAP —~

|
\j
- ++ - - AXIS

TMm o

—_——— =}
<

Fig. 611, M.O. boundary diagram for ¢ and = bonds
in oxygen.molecule.

As is clegr from the above considerations the double bond in
oxygen is made of one sigma bond and one pi bond.

Formation of Nitrogen molecule—Triple bond. Here tho
nitrogen atoms forming the N; molecule possess three bonding p
orbitals each. The 2p,, 2p,, 2p. half.filled orbitals arc oriented along
the three axes at right angles. 2p, orbitals of two nitrogen atoms
form a o M.O. by head-on overlap, while 2p,and 2p, orbitals form
two = M.O’s by side-wise overlap.
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1s? ZSZN%?mZ Po2p! 20
HG EDE 5
L1 | Siewise overiop
:‘ E (71 orbilal)
oo Head on overlap
5 (corbitd)
L Side-wise.overlop

(m-orbital )

-

Fig. 6:12. The two “sausage clouds™ of twa Molecular orbitals,
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The preceding diagram (Fig. 6:12) depicts the formation of
Nitrogen molecule. ¢ ¢ (Fe ) o

_Thus in the classical line structure of nitrogen molecule (N=N),
one line represents a ¢ bond and the other two w bonds

HYBRIDIZATION AND TETRACOVALENCY OF CARBON

Experiment tells us that carbon atom forms four covalent
bonds. But whén we examine the electronic structure of carbon

182 252 2p1  2p 2p,0

WP« g

we find that it has only two unpaired 2p orbitals which can pre-
sumably form two ¢ bonds.

To provide an explanation for the tetra-covalency of carbon in
methane (CHs) and its relatives, it may be assumed that the two 2s
electrons uncouple themselves and one of these is ‘promoted’ to the
vacant 2p. orbital which will now have higher energy and less
stability. The eleetronic configuration of the ‘excited’ carbon atom
could be written as

lst 25t 2pyl  2pt 2p,1

(P ¢ «. € «

Now we have four half-filled orbitals which could possibly overlap
with the four 1s orbitals of hydrogen atoms to form four ¢ 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 ¢ bonds of carbon is more than that necessary to
promote an electron from g 2s orbital to a 2p orbital. It follows that
although the isolated carbon atom is most stable with 2s and 2p
electrons, the stabler compounds of carbon result when all four
electrons in second energy level .are in separate orbitals and form
four covalent bonds.

We have seen that an excited carbon atom has four available
orbitals in the second energy level—one s and three p orbitals. On
overlapping with 1ls 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 s—p orbitals in respeet of directional 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 situatin, the concept of hybrid
orbitals has been introduced. According to the 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 equivalent
number of new orbitals which are called hybridised orbitals and
the phenomenon is termed hybridisation, Thus in an excited 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 sp® orbitals (spoken as “sp three’”).
Each of the four hybrid orbitals possess three-fourths characteristics
of p orbital and one-fourth of s orbital.
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4sp’

15 +

The hybridisation of the orbitals of carbon may be pictorially
represented as below :

Y

3 ORBIYAL

L]
sp l HYBRIDIZATION ‘P ORBITALS

FOUR .sp3ya£m ORBITALS OF
CARBON

Fig. 6:13, Four ap3 hybrid orbitals of carbon,

It is noteworthy that the hybrid sp® orbital bas a new shape
which differs somewhat from that of a p orbital, in that the lobe on
one side of the mnode is larger than the lobe on the other side.
Overlap with another orbital to form a bond naturally occurs with
the larger lobe and for simplifying the molecular orbitals, very often
the smaller lobe is not indicated. The most important characteristic
of the sp® orbitals is that these four are distributed symmetrically
inspace on account of electronic repulsions keeping them farthest .
from each other. If the valencies are regarded as radiating from
the nucleus of the carbon atom, their directions are towards the
corners of a rogular tetrahedron and the angles between them are
109° 28,

The type of hybridisation involving the mixing of four ‘pure’
orbitals as described above to give four eqmvulent sp® hybrid orbitals,
‘ig colled tetrahedral hybridization, Itis met with in saturated
carbon compounds.

Let us now proceed to consider the formation of methane
molecule. The four gp® hybrid orbitals of the carbon atom are
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directed in space towards the four corners of a regular tetrahedron
and the 1s orbital of four hydrogen atoms should approach its four
apexes for the overlap. This would establish four equivalent & bonds
with the carbon atom resulting in the formation of a symmetrical
methane molecule. Thus ;

\

Iig. 6:14, Structure of Methane molecule.
\egch having a

In ethane molecule—the two carbou atoms,
set of four sp® hybrid orbitals, combine such that one ¢p° orbital of
each carbon overlaps in a head-on fashion forming a s\bond. The
remaining three orbitals on each carbon get bonded to three
hydrogen atoms forming ¢ bonds as in methane molecule, \Thus :

H ]\
S

/\ H/\H

Fig. 615, Structure of Ethane molecule.

It may be noted how beautifully the sp® hybridization of
orbitals as illustrated above has theoretically substantiated the Le Bel
and van’t Hoff’s theory of the tetrahedral arrangement of carbon
valency bonds in saturated organic molecules. \

HYBRIDISATION AND MULTIPLE BONDS
In the classical representation of an ethylenic linkage,

\C=C <, no difference can be made out between the two bonds

which unite the carbon atoms. Huckel’'s model of hybridization in
doubly bouded carbon atoms demonstrates that the two linkages
constituting a double bond are not identical. He assumes that in
the case of ethylenic compounds of the four ‘pure’ ,atomic orbitals of
excited carbon atom only 2s, and 2p, and 2p., orbitalsare hybridised
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1s2 251 2p 1 ' 2p,! 2p,1

@ o« ¢ a4«
l |

sp® Hybridization

to give three equivalent orbitals. These orbitals formed by the
hybridization of one s and two p orbitals, are called sp? Orbitals
(spoken &s “‘sp two™’)."

2
18 + ap - 3sp

The three sp? orbitals are very much similar in shape to sp®
orbitals and lie in one plane (XY plane) and are disposed symmetri-
cally at an angle of 120° to one another. This type of hybridization

is termed Trigonal hybridization and is visualised to take place as
follows :

X

P

‘ 25 o 28 28,

l spEuYBRIDIZATION
X

Sp?ORBITALS 2
Fig, 6°16, Trigonal Hybridization.

As indicated above, the carbon atoms undergoing trigonal
hybridization, undoubtedly possess the third free p, orbital which las
its lobes disposed above and below the plane of hybrid orbitals at
right angles to this plane (Fig. 6:17),

. Structure of Ethylene molecule. 1In the formation of ethy-
line molecule, the two carbon atoms (in sp? hybridization state) form
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o bond by the head-on overlap of the two 8p? orbitals contributed
one each by the two carbons. The remaining two gp? orbitals of

()

LN
I3 — - —5/52_ -
-
Fig, 6-17.

each carbon form o bonds with hydrogen atoms, The unhybridized
2p, orbitals of the two carbon atoms undergo a sidewise overlap
forming a = bond. Thus the carbon-to-carbon double bond in
othylene is made of one o and one = bond, Since the energy of a
= bond is less than that of a ¢ bond, the two bonds constituting the
ethylenic linkage, are not identical in strength. The = bond being
weaker 15 easily ruptured in addition reactions of ethylene.

¥ig.6'18, Orbital model for Ethylene.

For the above reason, ethylenic linkage is sometimes represented

™~ v

Structure of Acetylene. To interpret the structurc of
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acotylene molecule wa visualise another kind of hybrid orbitals of the
carbon atom. Here one ¢ orbital and only one p orbital hybridise
to form two equivalent collinear orbitals ; the other two p orbitals
remaining undisturbed.

15 -+ p - asp

This is known as sp hybridization and the new orbitals are
termed 8p orbitals,

The electronic configuration of each carbon atom in acetylene
molecule may be written as

142 281 2p,1  2p}  2p,l
s Vo R
Hybridisation

The 2s and 2p, orbitals hybridise to give two sp orbitals. One of
the two sp hybrid orbitals on each carbon is then used in forming a ¢

, 25 b, r z,% 2p,

tfsiman,

5P HYBRIDIZATION

—= < AND AND -

Sh ORGITALS 2py 2,

. Fig. 6:19

bond with the 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
ara capable of forming two ~ bonds by the edge-on overlap. Thus:
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Fig. 6-20. Orbital model} for acetylene showing o and bonds.

ELEGTRONEGATIVITY

An element that tends to acquire rather thar lose electrons in
its chemical interactions is said to be electromegative. Atoms of
different electronegative elements differ in th&ir tendency to attract
electrons. A measure of the tendency of an atom of an electronegative
element in a molecule to attract electrons 1o itself (and away from tts
bond partner) is called its Electronegativity.

Thus ina molecule AB jofed by a pair of electrons we may

have
A:B or A: B
1 II

In formula I, the two clectrons are half-way between, the nuclei of
atoms A and B which naturally exert equal attraction “on electrons
and hence electronegativities of A and B are equal. In formula II,
the two electrons are nearer A which implies that they are attracted
more by A than by Ts, and the electronegativity of A is somewhat
greater than that of B.

Based on the methods proposed by Pauling, Mullikan, and
others, numerical values of electronegativities have been assigned to
almost all elements of the periodic table.
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H . TasBrLE : ECTRONEGATIVITIES OF SOME ELEMENTS
21

Li Bo B c N 0 F
097 * 15 20 25 31 35 41
Na Mg Al Si P S cl
10 1-2 15 17 2.1 2-4 2.8
K Ca L. Ga Go As Se Br
0-90 1-0 15 F 2y %2 25 27
Rb Sr In Sn Sb Te 1
0-89 10 L5 1-72 1.82 2.0 22
Cs Ba T1 Pb Bi Po At
0-86 097 14 15 1-7 1-8 19

- |

The tendency of an atom to acquire electrons depends on two
factors : (i) its nuclear charge (at. no.);and (i7) the distance of
the valency shell (atomic radius). Atoms possessing more nuclear
charge, ¢.e., higher atomic number, and less atomic radii, will have
higher electronegativities. This leads to the predicition that electro-
negativities of the elements will be higher in the upper right of the
periodic table than in the lower left. Tt may also be noted that,.in
general, electronegativities of elements increase from left to right in
‘periods’ and from bottom to top in ‘groups’ of the periodic table
Exceptions to this statement occur when the factor 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.

POLARITY IN COVALENT BONDS

We 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 asin H—H molecule the two
hydrogen atoms possessing some electronegativity) exert equal
attractive force on the two electrons which are, therefore, symmetri.
cally disposed in the molecular orbital. Thus :
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Fig. 6:21, Uniform electron cloud in Hy molecule.
The covalent bond in hydrogen molecule is, therefore, non-polar.

In a molecule having two different atoms joined by a covalent
bond, the atom having higher electronegativity will exert a greater
attractive pull on the shared pair of electrons. Thus the two elec-
trons will spend more time near this than the other atom, making it
slightly negative. Thds in hydrogen fluoride molecule, H—F, the
electronegativity of H atom and I atom is 21 and 4'1 respectively.
Hence the fluorine. atom will exert greater attraction on the shared
electrons in comparison to hydrogen atom. The electron popu-
lation in the molecular orbital would be more around the F-
atom as indicated by the density of the cloudin the following
diagram.,

o
= “@":ffg ¢
-1
‘- ' FA‘ K » S+ 8—
. or H—F

Fig. 622,

Thus the covalent bond joining H and F atoms develops polarity
and is called a Polar bond. By and large the covilent bond
between different atoms are polar (ionic). The per cent of polar
character in a covalent bond depends upon the relative electronega-
tivity of the atoms joined by the bond; the greater the difference
in electronegativity, the greater the polar character of the bond,

Water and ammonia offer important examples of polar
molecules. :

0 N

8T /N\3* |
H H s+/ H \ &
H H

The polar moleciles behave like small magnets and nave a greater
attraction for each other as also for imms, and thus acquire charac-
teristic physical and chemical properties.

RESONANCE

The concept of resonance “was forwarded on purely chemical
grovnds when Kekule structure of benzene was found unsatisfac.
tory L explain its properties in full. . Later it was discovered that
there ar., in fact, numerous sybstances which like benzene could be
>-signed two or more structural formulas differing only in the place-
ment ot bonds or electrons, and the actual behaviour of the subs.
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tance was not represented by any of these structures but by & new
structure which is a ‘blend’ or ‘hybrid’ of the various possible

gtructures.

T T8 C'Ji‘hybfi:lz'sutrn_ uf two or rore e bonds ¢ B
bond structures to yield a new stable hybrid form with less energy
is termed Resonance.

It may be clearly understood that the old concept that two
or more structural formulas oseillate between themselves and each of
them contribute to the properties of the substance,-is incorrect.
Resonance really involves the delocalisation of electrons in the

molecile so as to give a new stable form which cxplains adequately
its behaviour.

Thus carbon-to-carbon double bond in benzene and several
other organic compounds behaves as stronger than a normal ethylene
linkage and slightly weaker than a single carbon-to-carbon bond.
This is explained by the fact that one of the electrom pairs between

the two carbons is delocalised or displaced to give a stable reson-
ance hybrrl form as follows : )

Nooc/ ‘K o/ No &/
0= o e o Je-¢{

(Resonance structures)

It may be noted that as one electron pair shifts to one or the other
carhon atem, the double bond becomes-a single bond with polarity
developed on 1t. Therefore, the resonance hybrid form of the double
bond in such a case becomes stable as in.benzéne and possesses

a character intermediate between that of a double and a single’
bond.

Sulphur dioxide could be represented by the following two
possible structures which differ only in the disposition of a pair of
clectrons.

:6:8::0: :o::s:é:
Or 08=0 0 S0
(a) (&)

None of these tormulas can properly accoint f.-r the properties
of sulphur lioxide. These postulate tvo dilicc u™* , s - lmkice:
(one double and one covalent) in the molecule, while it bas peen
established by experiment that both S—to—O linkages in sulphur
dioxide are equivalent in all respects. Thus none of the structures
(A or B) represents the structute of SO, molecule but a new ‘hybrid’
structure having ‘equivalent’ S—O bond explains its hehaviour
This new hybrid is stable and has independent existence.

US=0 P C- j.- 0_
(a) (Hybrd)

&) (Hybrid)
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Quantum mechanics reveals that the resonace hybrid possesses
less energy than those calculated for any one of the canonical
structures. If A and B correspond to the calculated energies of the
structures (a) and (b), and (¢) stands for the energy state of the
actual structure, the energy diagram assumes the following.shape.

T RESONANCE . -
ENERGY '

N

C
TRUE STRUCTURE

ENERG 71

Fig. 623.

The amount by which the energy of the resonance structure
is less than that of the canonical structure, is termed the Resonance
Energy and this difference of energy is a 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.

HEYEH

0 —
R:.(l}::O: or RCO

' O
g —

re0=0 or R -C-0

These forms, while they have the same arrangement of atoms,
differ only in that the double bond is possessed by alternate oxyger
atoms. None of these actually represents the behaviour of carboxy-
lic acids. Each of these forms resonates to give a new stable
.hybrid’ form (III) which explains fully the behaviour of this class
of compounds,

R

R ) R = N
-.>C= § o  c-G =0
:0 - 67 oz -

. -I s n m

The above *hybrid’ form warrants ‘equivalence’ of the tw



