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Purilicatlon ol carbon conpounds : riltration, crystallization, sublimalion, distillation, ditleiential
e)rtraclion End c h rornato g ra phy.

Oualitative analysis: detectlon of nitrogcn, sulphur, phosphorus and halogens
Quanlitaliyo analysis : eslinration ol calbon, nhrcgen, halogen, sulphur and phorphoru! (basic
principles only).
Delerminalion of rDlecular nrasa : silver 8ah rnethod, chloroplaiinale salt rnethod, use of mass
spectrorncter for determining accurate rnolecular masa (elernentary idea only).
Calculalion ol empirical and rnolecular lormulae,

In unit 15, we have learnt that the properties
of organic compounds can be correlated to their
structures. In other words, a knowledge of the
structures of compounds helps us to understand
their chemistry. The determination of tho structure
of an organic compound, whether isolated from a
natural source or prepared in the laboratory, invol-
ves the following steps :

Q) Punfication of the compound
(ii) Qualitative ouusis lor detemining the ele-

menls pEsenl
(iii) Quantitaive analysit of ekments dctected

under (ii)
(iv) Delermination of mokcular mass and

molecular fotmube
(v) Daamination of stuctuml lomula by

phyiochemico I atd specnoscopic mahods.

1 6.2- Purif ication ol Organic Compounds ia:i::,:i:,j.+iti,r:ii

Compounds isolated from natural sources are
seldom pure. They are gcnerally mhed with other
substanccs which also occur along with them.
Similarly, the compounds prcparcd in the
laboratory are also not purc sinc! thcy arc generally
contaminated with othcr products that result ftom
the sidc rcactioni. It, therefore, becomes cssential

to obtain the substance in the purcst forrn in order
to characterise it thoroughly. A large number of
methods are available for thc purification of sub-
stances. The choice of the method, however,
depends upon the nature ofthe substancc (whether
solid or liquid) and the type of impuritics present
in it. Following are somc of the important methods
which are commonly employed for the purification
of organic compounds :

(l) filtrutioa (2) @stalliration u RnD)rtollizo-
tioa (i) FmctiMaluystallisdtiol, (4) Sublimdio,\ (5)
Simple distillatio4 (6) Fmaioul distitlaioa (7) Dis-
tillqtion undet reduced pressaA (8) Sleon distillation
(9) Difoential eadion and ( 10) Chronaogryhy

The purity of the organic compound (purfficd
by any one of the above rnethods) is finally checked
by determining one or more of ir physical con-
stants. Melting poinl, boiling point, refmctive ind.ex
etc. qrc used as the ctiteia oI puity of orgonic com-
pounds. 'fhis is due to the reason that each pure
compound has definite values of these physical
constants. Besides tiese, in recent years, the purity
of the organic compound is also checked by more
sophisticated methods such as spectroscopic
methods and different types of chromatography
(TLC, GLC, HPLC etc.-discussed in sec 16.2.9),

Let us now discuss the principle aad brief
procedure of each one of the above methods.

t6ll
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16.2.1. Filtration jacket ofthe hotwater funnel keeps the solutionhot
The process oI Irltrslion is used to separate in the glass funnel placed in it'

insoluble solid component of a mixture from the For example, a mixture of anthracene and
solublc component t a given solvent. For example, benzoic acid is separated by dissolving the mixture
this techniquc can be used to separate a mixture of in hot water and filtering the hot solution. Benzoic
uaphthalene and urea using water as solvent. Urea acid dissolves is hotwatdr but anthracene does not.
dissolves in water while naphthalene remains in- Upon filtration, anthracene remairs as a residue on
soluble. Upon filtration, naphthalene remains on tho filter paper while benzoic acid crystallises from
the filter paper while urea is recovered from the the liltrate on cooling.
filtrate by evaporating water. Sometimes, the filtration is very slow and

Ifthe water soluble component ofa mixture is takes a long time. In such cases, Iiltration is carried
apprccially soluble in hot water but only sparingly out under reduced pressure using a Buchner funuel
soluble in cold water, then to separate the mixture, and water suction pump are shown in Fig. 16.3.
liltration of a hot solution is re- :

quired. This is carried out through
a fiuted mllr 1T:("Ii i::i)'

FILTER
PAPER

PERFORA'

FILTRATION
FLASK

::i : :1:i:ii:iri:i:i:i rj::rj::t i:r::i.i:.ir::,i:itili:ir;::)tii:liiiti

Hf Pm .19"1 :,3S:-d .1!;; rn":j::,

avoid crystallisation during filtra-
tion and also to remove suspended
impurities. If the solution to be
filtered is sufficiently large, then
filhation is done through a ?ot
wdtet funnel'(Fig. 16.2) to avoid

BUCHNER
FUNNEL

TO SINK

1622. Crystalllsation or Recrystallisation

6t lorm of a substance luving
shapes. TIU pmcess by vhich

d is convetted inn s crystals
rs ftzarz as crystallisatlon.

This is one of the most commonly used tech-
niques for purification of solid organic compoutrds.
It isbased onthe difference in the solubilities ofthe
compound and the impurities in a suitable solvent.
The impure compound is dissolved in a suitable
solvent in which it is sparingly soluble at room
temperature but appreciably soluble at higher
temperature. The solution is concentrated to get
nearly a saturated solution. When this saturated
solution is cooled, crystals of pure substance will
separate out which are removed by filtration. The
filtrate, i.e., mother liquor contains the impurities
alongwith small quantity of the compound. If the

formation ofcrystals in the funncl and its sterr, The

FILTERING THE SOLUTION OF THE SUBSTANCE
USING HOT WATER FUNNEL TO PREVENT
CRYSTALLISATION OURING FILTRATION

FIGURE 1 6.2. Filtralion using hot water Iunnel-
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olvent and too
crystallization

taken in a suitable ratio. 
these solvents

Coloured impurities if present are removed
first by boiling the solution ofthe irnpure substance
with activated charcoal for about 15-2n minutes.
The charcoal is filtered out and the filtrate is al-
lowed to cool when crystals of pure substance will
separate out.

Ifthe compound and the impurities have com-
parable solubilities, then repeated crystallizations
may be necessary to puri$ the substance.

- _ The main steps o[ this process are explained
below :

(i) Choice of the solvent. A suitable solvent
which fulfils the following conditions is selected for
crystallization :

(a) It should not react chemically with the im-
PUre substance,

(b) lt should dissolve more oI the rubstance
upon heating than at room tempemture so thal the
scess oI the substance is thrown out upon cooling

(c) Eithet the impuities should not dissolve at
all in the solvent, or iI they dissolve, thE should be
soluble to such an erte lhat thev remain in the
s.olution, i.e., in the mother liquor upon crystal-
lisation.

e

e
a

_ (il) Preparation ofthe solutiou. The impure
substance is finely powdered and then heatedin a
conical flask with a small quantity of the solvent
which is just sufhcient to dissolve whole of the
substance on boiling.

(iii) Filtration of the solution. The hot solu-
hltered immediately
paper (Fig. 16.1) or
avoid crystallization

(iv) on of crys-
tals. The is then il-
lowed to some time

seeding.

Wheo the
tals are then se
filtration usiag
tionpump as shown in Fig. 16.3. The crystals left in
the funnel are washed once or twice with a little of
the cold solvent to remove adhering impurities, if
any.

. . -(y) 
Drying ofcrystals. The crystals are finally

dried either.ia air or by placing them in a steam
oven or ar arr oven.

Examples. For proper cr,,stallisation, the
choice of the solveut is very crucial. This is evident
form the following two examples :

(,
sample
salt (so
shaking
The sugar will dissolve whereas the com.rnon salt

n ofbenmic acid Suppose we
nzoic acid and naphthalene.
urified by treating the impure
. Benzoic acid will dissolve

while naphthaleue remains insoluble. The hotsolu-
tion is filtered and then allowed to cool when crys-
tals of benzoic acid sop:uato out. The crystals ire
separated by frltration a.nd dried . Had benzene
been used as a solvent, instead of water in this case,
the purification of benzoic acid would not have
been possible since both benzoic acid and naph-
thalene are quite soluble in benzene.

1623. Fracdonal crystaltisation
This merhod is used to separate and puri$ twoor more compounds which have different

solubilities in the same solvent. The process invol-
ves a series oIrepeated crystatlisationi as discussed
below :

The mixture is dissolved in a suitable solvert
in which the two components of the mixture have
different solubilities. When a hot saturated solution
of this mixture is allowed to cool, the .tess soluble
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substance crystallises out first while the more

soluble substatrce remainsin the solution. The crys-

tals are then separated from the mother liquor as

discussed above and the mother liquor is again

concentrated and allowed to cool when the crystals
of the second compound are obtained. By repeat-
iog this process, all the comPonents ofa mixture can

be separated.

Tha prow of separatbn d d|ferart compone s
o! a mirtwe by repeatel cryfiatlisatkns is hwwn
ar fractlofal cr!'talllcatlon.

162.4. Sublimation

Il iayd14|a thc rlird anvatitn o! a al l frzto tb
gag/trit $qrt oa leating withotrt pxing lruawh t,E
htn miry Aryid fia tc snd v ie 1,4,sa on w lia&

Only those substances whose vapour pres-

sures become equal to the atmospheric pressure

much before their respective melting points are

capable of undergoing sublimation. Such subslan-
cei are called sublimable. Since the number of such

compouuds is expected to be small, therefore, the
proclss of sublimation is not ofgeneral application.

e

puri g

and

rise up, pass through the holes in the filter paper
and condense on the cooler walls of the funnel
leaving behind the non-volatile impurities in the

COTTON PLUG

SUBLIMATE

TO SINK

PERFORATED
FILTER PAPER

CRUDE
ORGANIC
SUBSTANCE

i,::,,,,,
FTGURE 16.4. Su :::..,'...:.. ... .:.........

, 1,,,r,: ::,1,,, 
,,:,,,, j,,

The rnethod is commonly used for those li-

by simple distillation.
Procedurt. The apparatus used for simple

distillation is shown in Fig. 16'5. When the flask is

heated, the temperature rises gradually and the
liquid saarls be-

comes equa esc

vaporrs as are
condensed.

Only the liquid which distils at a constant
temperature is collected in a receiver. This gives us

the pure liquid.
Purificatlon of a mlxture of ltqulds. Sirnple

distillation can also be used for the separation and

dish.

Camphor, naphthalene,
anthracene benzoic acid, iodine
etc. are purified by this process.

In case of organic com-
pounds which are decomposed
by heat, sublimation is done
under reducedpressure.

162.5, Slmple distillation
Liquids are generallY

purified by simple distillation.

DMillalion involv6 coneerlion
ol a li4uiil iau vapowt by hau'
ing lolhttd hy aotulswdtim oI
,lE vqr,urs ihtr prulad bY

NA&S-

ADAPTE R

PURE
Ltouto

FIGI.JRE 16.5. Apparahrs ,or simple distilladon
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separate :

(a) a mixture ofether (b.p.308 K) and roluene
(b.p. 38a K),

. (b).a mixture of hexane (b.p. 342 K) and
toluene (b.p. 3&l K),

.. (r) u _mixture of benzene (h.p. 353 K) or
cblorofom (b.p. 334 K) and aniline (b.p.457 K) and
so on.

162.6, Fractional dlstlllatlon
If the b.p.'s of the two liquids of the nixture

byl0Kor
the simple
This is due

bcr of spherical or pear-shaped bulbs- The ocdttl
purpose of he fructionoting column is to increose he

Procedurr. The apparatus used for fractional
distillation is sho*r in Fig. 16.7.

_ Suppose we havo a mixture of two liquids .A
and 'B' of which A is more volatile than.nl Whento the rcason that at the b.p. ,,

of the more volatile liquid, oI
the mirnre there will be su[-
licient vapours ol the less
volatile liquid ss well. As q
tesull, bolh the liquids oI the
mixture will distil together
and the separation is denied.

The separation ofsuch
a liquid mixture into in-
dividual components can,
however, be achieved by
fructiona I di st i I la t i on, which
involves rcpeated distilla-
tions and condensalions.
Fractional distillation is car-
ried out \siog a fra ctionaling
column. Ia usually consists
of a long glass tube with a
wide bore either packed
with glass beads, small
stones, porcelain riags or

MIXTURE OF

column.
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tions, by the time the rapours reach the top o[ the

columrand escape into the condenser, they consist

mainly of the more volatile component '4.

A,DDr'frO,'Y,,|$; KNO V:tP'GilE

Azcotropic dtstiUsttoL Rectified spirit contaiDs a ' 3?3 K)

but alclholand u/ater caDnot be seParated from t by22K

ffri; ou" a ,t 
" 

,"0*n that at this composition, alc! t boiliDg

mixture) and thus distil together like a Pure tiquid '[b remove water flom

suchamixture,asillltiol-.suxd.Azeotropicdistillotionmeonfractional
distill.ation wing a e, in rhe present case, beDzene is used'

which distils at 351 K is absolute alcohol.

162.7. Dlstillation undcr reduc€d prtssurt
or Yacuum distillatlon.

This method is used for the purihcation of
high boiling liquids and liquids which decompose

at or below theL boiliag Points.

its decomposition does not occur.

With the commonly used water suction pumps

in the laboratory, a pressure of 10-20 mm Hg can

be obtained. Under these conditions, the boiling
points are reduced byabout 100 degrees. However,

with vacuum pumps, pressure of the order of 0.1

mm Hg can be easily obtained.

Apparatus. The apparatus used for vacuum

distillation is shown in Fig. 16.8'

Given below are some of the examples where

vacuum distillation has been used to purify liquids:

(i) Glycerol which decomposes at its boiling
point (563 k) can be distilled without decomposi-

tion at 453 K under 12 mm Hg pressure.

(ii) Concentration of sugarcane in sugar in-
dustry.

162,E. Steam distlllatlon
This is a convenient method for theseparation

Steam distillation is particularly valuable

when the substance to be purifred boils above 373

K at 760 mm and decomposes at or below its
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distillation makes the high-boilirg substances to substituting the above ralues ofnl andnrin
distil at low temperatures and hence 

-avoids 
their equation (i) we get

decomposition. In this respect, steam distillation is
compaiable to vacuum distiliation even though Pl 

x 18 - Pt
there ils no reduction in the total pressure acting;n M nz pz
the solution during the process of distillation.

Princlple. or wl Pr x M 
-

immiscible liqu 
or tr= a'-;a "'(o

is heated. Each Eq. (r'i) gives the relative masses oftbe organic
independently liquid and water in the distillate.
begin to boil at a te_mPeratue wtren the sum ofthe Consider the followiag examples for illustra-
vapour pressures of the organic liquid @ r) and thar tion :

of water (pr) becomes equal to the atmospheric
pressure (p).

P = pl + pz
Unless the vapour pres.ure ofwater or that of

the organic liquid is zero, the temperature at which (pr) is 7,10 mm.It follows from the equation (i) that
the mixture boils rnust be lower than the normal the ratio of the no. of moles of nitrobenzcne and
boiling poi'lt of both the organic liquid and the water in the distillate must be 2orl.t0 oi l;i;.;;
water. In or.her words, rhe oryanic liquid. boils at s the ratio of their respectiu" vapou, p.es.u."..
lempefanrfe.rower thar its normar b.p. andhence the (d) A mixture of watcr (b.p.37i K) and a"irine
decomposition is avoided 

6.p. +iz r; boils at 371 r it zoo -. pi"..*" in
F\rther' we know from Dalton's raw that the stea- dist ltion. Th" 

""po* 
pr"."rrr"'. oi;ir""partial pressures of different gases. in a gaseous and water at this temperature'are +l mm and Zfimixture are in the ratio of their relative n"'nber of .-,.;;;"d";ir.

mofes. Therefore, the ratio of the number of moles ;'- -; -'
ortn"o'goni"tiquiJ-J;;,;;;1ild;"il;; -,,,ft:l:h' 

the ratio of the no' of moles of
be in thJratio oi thri. p"iiiuf 

""pl-r. 
pr"*** d anilhe.and water in the distillate mustbe 43 :717

the boiling mixture), i.e., r"a, in the ratio ofthcirrespcctive vapour prcssurcs.

wherezl and z, are the
no. of moles and, p, ar.l-) p,
the partial pressures of the
organic liquid aud water
respectively.

Let ,vr aod w, be the
respective masses of ttre or-
ganic liquid aad water in the
distillate. Then,

w1nr=M
where M is the molecular
mass of the organic Iiquid

Procedurc. The apparatus used for steam dis-
...(r) tillation is shown in Fig. 16.9.

nr Pt
nz Pz
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FROM TAP

FIGURE 16.9. Apparatus for steam drstillation

The separating funnel isnow al-
lowed to stand for somc time
when the organic solvent and
water form two separate layers.
The lower aqueous layer (when
the organic solvent used is ben-
zene or ether) is run out bY
openiry the tap of the funnel
and the organic laYet
separated. The aqueous solu-
tion is again poured into the
funnel, mixed again with a small
quantity of the organic solvent
and the process is repeated
several times till the entire
amount of the organic com'
pound is extracted.

STEAM + VAPOURS
OF

\ ORGANIC LIQUID

TO

ADAPTER
PURE

ORGANIC
Llouro

rER

The impure organic compound mixed with
water is taken in a round bottomed flask and steam

in the receiwr. The distillate contains the desired
substanc€ ard water which cao easily be separated
with the help of a separating funnel.

Some of the compounds which can be purified
by this process arc o-nitrophenol, bromobenzene,

aniline, nifrobenzene, cssential oils, urpentine oil
etc.

162.9. Dlltercntlal extractlon

This method is used to recover organic com-
pounds (solids or liquids) from their aqueous solu-
tions.

compound is very higbly soluble. Ether, benzene,

cbloroform, carbon tetrachloride are some of the

solvents which ate generally emPloyed for extrac-

tion.
Procedur€. The aqueous solution is mixed

with a small quantity of the organic solvent in a

separating funael (Fig. oP-

peied and the contcnts for
sometimes wheq the or the
organic compound present in the aqueous solution.

ORGANIC COMPOUND IN
AOUEOUS LAYER

ORGANIC COMPOUNO
SOLVENT LAYER

AOUEOUS LAYER

FIGURE 16.10. Differential extraction

The organiclayers from all the steps are taken
in a distillation flask. Thc organic solvent is distilled
off leaving the organic compound in the distillation
flask.

The effrciency of the process of extraction
depends upon the number of timcs the e:<traction

is repeated. It has been found that with a given

amouna of ,he solvent, laryer the numbet of *ac'
tions, greater is the umount of the material eardcted'

This method is normally applicable to non-
volatile compoutrds. For example, benzoic acid can
be extracted from its water solution using benzene.

SOLVENT LAYER

o

Pra,ltey': Neut Coutsc Chemist gfi[fi
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-+ WATER OUT
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Chromatography is essentially a physical
method of scparation. It is defined as follows:

.. Chromatography is the most modern and ver- T\e lnhrrlqw ol *par W tfu @tt,,,r,Jrfs o!d
satile method used for the separarion, purification mintre in'which ;ep"rfih i3 oeiAwa U On
and-tesring th_e purity of organic compounds. This difieratial ,rptefi;r oI i4tiyidutl 

";rrrgr;*rl"method was first discovered by Tsweu, a Russian tirough a Wionerf pni*"n*, ttn iayt iii" ojibotanist, in 1906. The name chromatography was ,*brt r;;.
originally derived from the Creek word ciroms

Soxhlea extractor. If the orgaoic compound is less
soluble in the organicsolvent, a very large quaotily of
the solvcnt would be required to extract even a very
small quandty of the compound. ln such cases, the
technique of continuous extraction is employed. Io
this process, the same solvent is repeatedly used for
extraction of the compound. The mct commonly
used apparatus for tbis proc€ss is called Soxhlet ex-
Esctor (FIE. 16.l l).
The po$dercd material to be extracted is placcd in
thimble tube A made up of stout flrer paper and a
suitable sokent such as ether, alcohol, ahloroform
eic. is taken in thc flask B. The leDtth ofrhe rhimble
tube A is a little more than that of the siphoD tube
'S'. On heating vapours of the solveot rise up alrd
condense in the coDdenser. The condeos€d solvent
falls in the thimble A, dissokes thc organic com pou Dd
and filtersoutillto the space b€tween the tbimble and
tbc glass cylinder C. When rhe level of rhe liquid in
thimblcAreaches up to the rop in siphon tubeS, the
solution flol{s through rhe siphon 'S' back into the
flask B which is being he{ted continuously. The sol-
vent once atain geB vapourised leaving the extracted
substance io the flaslc In this way, a continuous
stream ofpure solveDt falls iD the thimble 'I extracts
thesoluble suhtance and returns to the flask. Al. rhe
eDd of the extraction, the solveLt in thc boiliDg flask
is distilled off, Ieiving the organic substaDce behind.
Sqblet extractor is comlllody us€d for extraction of
oils and flavouring agentvaoillin from (\,,anilla beans)
from flolvers aDd seeds and alkaloids from plants.

162.10. Chromatography

FIGURE 16,11. Continuour differental o(traction
of a less soluble component in a

solvent by Soxhlet exbactor.

1
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Sr.
No

MOBILE/STATIONARY
PHASTi

USES

l.

3.

4,

5.

Adsorption or Column
chromatography

Thin layer chromatograPhy

crl-c)
High performance liquid
chromatography (HPLC)

Gas liquid chromatograPhy
(GLc)
Paper or partition
chromatograPhY

Liquid/Solid

Liquid,6olid

Liquid,6olid

casfl-iquid

Liquid/Liquid

Large scale separations

Qualitative analrsis (identificatiorl and
cbaracterization of or8a[lic compou nds).

Qualitative aDd quantitativc aDalysis

Qualitative and quantitativeanalrsis.

Qualitative and quantitative anatysis of
polar organic c!mpounds (sugars, a-amino
acids) and inorganic comPounds.

Depending upon the principle involved,
chromatbgraph.y can be divided into the following
two categories :

(a) Ads orption chromatogaphy
(b) Paftition chrcmatograPhY

(a) Adsorptlon chromatograPhy

Prl
ferential
murturc
alumina. Since some compounds are more stron?ly

odsobed thal the othe4 thcy will travel through thc
column al different mles and thus get separuted.

fircs of arlsorption chromatography

Adsorption chromatography is of the follow-
ing two t)?es :

SOLVENT
(MOBILE PHASE)

T,4IXTURE OF

(i) Column chromatographY

(ri) Thin layer chromatography.

(Alror), silica gel, magnesium oxide, starch, char'

coal etc. is made into slurry with a suitable solvent

ADSORBENT

COI\4POU N DS
(A+B+C)+SAND B

c
(STATIONARY

PHASE)

GLASS WOOL

AA
he

TAIILE 16.1, Some common of

progrcssivc separation

F

stages
into thl componenb,
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(preferably non-oolar) such as hexane or
pctroleum ether. Tire slurry is then carefully pack-
ed in the column by gentle tapping so that no air
bubble is entraped in the columu. This constitutes
ahe stationary phase.

(ii) Adsorption. The mixture to be separated
(or the impure compound to be purified) is dis-
solved in a minimum volume of a suitable highly
polar solventi and applied on the top ofthe column
of the adsorbent with the help of a dropper or a
microsyringe. As the solution travels down, the
mixture is adsorbed in a narrow band. A thh tayer
of acid- washed sand is again placed at the top of
the column followed by a loose plug of cotton or
wool. The sand layer prevents the columa from
being disturbed duringthe addition ofsolvent from
time to time.

After the applicatioa of the samplc, a little
amount of the solvent is placed over the sand layer
and the column is allowed to stand for about 15-20
minutes as shown instage I (Fig. 16.12). During this
period, the various components of the mixture (say
A, B and C) are adsorued to different extents
depending upon their polarity (say A r B > C)
within a narrow band.Thus, wilhin the nanow band,
component A r'r Jfrong6, adsorbed componenl B is
modemlebt ddsofied while comporl.e\t C is weakly
adsorbed.

(iii) Elution.lt is the proccess of extraction of
the adsorbed components [rom the adsorbent with
the help of solvents of increasing polarity. The
solvents usually employed in the increasing order
of polarity are petroleum ether, carbon
tetrachloride, benzene, chloroform, diethyl ether,
ethyl ac€tate, acetone, alcohol etc.

A solvent or a mixture of solvents which is
used to extract the column constitutes the mobile
pftase and is usually called aa eluent . As the eluent
passes down the column, it dissolves the different
compounds. 77re Ieasl st,.ondy adsorbed component
of the mifrre i.e, component C is eluted Fust by the
least polar solvent followed by moderately strongly
adsobed component B by solvent of intermediate
polaiA while the most sffongly adsorbed component
A is eluted lest oI all by the solvents of higher polaity.

In this way, the various componetrts of the
mixture can be separated into different ftactions.
Distillation or evaporation of the solvent from dif-

ferent fractioE giyes the various components ofthe
mixture in pure form.

This technique is being widely used
throughout the world for the purification of dif-
ferent substances and the separation of mixtures.
For example, a mixture ofnaphthalene (hydrocar-
bon) and berzophenone (ketone) cal be separated
over a column of alumi.a and by using petroleum
ether containing benzene as eluent, Naphthaleoe
being less polar is weakly adsorbed while ben-
zophenone being more polar is strongly adsorbed
over the column. Elution of the column will first
elute naphthalene and then benzophenone.

(ii) Thin layer chromatography (TLC). It is
another type of adsorption ehrornatography in
which separation of the components ofa mixture is
achieved over a thin layer of an adsorbent. A thin
layer (0 2 mm thick) of an adsorbcnt such as silica
gel or alumina) is spread over aplastic or glass plate
ofsuitable size.

A suitable TLC plate is taken and two pencil
lines are drawn across the width of the plate about
1 cm from each end. The lower pencil line is called
the slarting lite while the upper line is called the
linish line or solymt fiont.

A solution of the mixure to be separated is
applied as a small spot with thc help of a capillary
on the starting line. The plate is then placed in a
closedjar containing a suitable solvent (Fig. 16.13).

JAR

AOSORBENT

SAMPLE SPOT

SOLVENT

FIGI RE 16.13. TLC chromaticgraph
being developed.

,As the solvsnt moves up, the components of
thc rnlrlure also moye up along the plate to dif-
terent distances depending upon their degrcc or
cxtsnt ol adsorption. Whe[ the solvent front
rcaches the finish line, the platc is removed and
thsn dried in air.

'If a lc66 polar or a ron-polar rolvut i5 usad for disroMng thc mixtua!, it will rrquiE e lrrgc volurnc of thc Eolvrnt and in
thrt c!aa, itwill bc dimcult to gct thc mirrurc 6d6orbcd on thc column in a narowband which is an c6srniisl critcrion for optimun
6cPrration.
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The spots of coloured components are visible
on TLCplate due to their original colour. Thespots
of the colourless components which are invisible to
the eye can be observed using the following
visualization melrcds.

(i) IJltravtolet light. Organic compounds
which fluoresce can be detected by placing the
plate under UV lamp having light of 254 nm. Sincr
all organic compounds do not produce fluores-
cence under UV light, this method is not ofgeneral
applicability.

(ii) Iodlne vapours. Thisis the most common-
ly used detection reagent. The developed TLC
plate is placed in a covered jar containing a few
crystals of iodine. Spots of compounds which ad-
sorb iodine will show up as brown spots.

(iii) Chemlcal methods. Sometimes a suitable
chemical reagent may be sprayed on the plate. For
example, amino acids can be detected by spralng
the plate with ninhydrin solution. Similarly, aldeh-
dyeVketones can be detected by sparying the plate
with the solution of | 4-dinitrophehylhydrazine.

fie rrarious components on the developed
TLC plate arc identifred through their retention
factor, i.e., \values (Fig. 16.14). It is defined as

Rl=

Since the solvent front always moves faster on
the TLC plate than the compounds, R, values are

usually expressed as a decimal fraction.
(b) krtltlon chromatography, We have dis-

cussed above that column chromatography or TLC
is a liquidlsolid chromatography i.e., the mobile
phaseis a liquid while the stationaryphase is a solid.
In contrast, partition cbromatography is a liq-
uid/liquid ckomatography in which both the
mobile phase and the stationary phase are liquids.

Paper chromatography is a type of partition
chromatography. In paper chromatography, a spe-
cial quality paper called chromatographic paper is
ued. Althoug! paper conisls mdinly of cellulose,
,he stationaryphasein paper chromotography is not
the cellulose but lhe woter which is adsobed or
chemically bound to l'1. Tfte moblle phas e is another
liquid which is usual\t o mifrire oI two or three
solvents with walet as one of lhe components.

Princlple. Paper chromatogaphy works on
the principle of partitton i.e., it is bssed upon con-
lnuous differential patitioning (or distribution) ol
the variotts componenls o[ lhe mixturc beh+,een the
stotionary ond the mobile phsses.

Process. A suitable chromatographicpaper is
selected and a starting line is drawn across the
width of the paper at about I or 2 cm from the
bottom. A spot ofthe mixture ofcomponents to be
separated is applied on the starting line with the
help of a fine capillary or syringe. The
chromatographic paper is then suspended in a
suitable solvent mixture (Fig. 16.15a).

The solvent rises up the paper by capillary
action and flows over the spot. The different com-
ponents ofthe mixture travel through different dis-
tances depending upon their solubility in or
partitioning between the stationary and the mobile
phases. When the solventreaches the top end ofthe
paper, the paper is taken out and allowed to dry.
The paper sfiip so developed is called the
chromstogram. The spots of thc separated
coloured compounds are visible at differentheights
from the starting line and are identified by their
Rrvalues as discussed under TLC. The spots ofthe
colourless compounds may, however, be observed
either under ultraviolet light or Ly the use of an
appropriate spray reagent as discussed under TLC.

The type of chromatography dlscussed above
is called ascending paper chromatography. Alter-
natively, the paper can be folded into a cyclinder
and the two ends dipped together as shown in Fig.
16.15b. This is also sometimes called as circular
chromatography.

Thereisyet another tlpe ofpaper chromatog-
raphy called descendlnB paper chromstography. In
this type, the solvent is kept in a trough at the top
of the chamber, spotted end of the paper is dipped
in it, and the solvent is allowed to flow down by
capillary action and gravity. In this type, solvent
flow is rapid and hence the process is less time
consuming than the ascending method.
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oo
FIGURE 16.15. Apparatus for ascending chrornatography.

Uses. Paper chromatography is especially used for separation of sugars and amino acids.

Chemlcrl methods of Separation

APart from the Physical mel hods discussed above, it h sometimes more @m€nlent to scparate the oompofleDts
of a mixture B chemical methods based upon their solubility io certain solvents and typical reactions of tbe
funclional groups present in them. The follqi,ing solvcnts and rcagenb are commooly us€d :

(i) r,thtcr. If one of the components of a biDary mixture is highly soluble in H2O while the other b practica y
insoluble, then H2O can bc used for their separatio[. For cnmple, urea and naphthenc can be 6eparated by
just shakitrg the mixture with H2O when urca dissolves lsvinS naphthalene as the residue. Filtration and
evaporation of H2O ftom thc tiltrate gives urea.
(ii) Ether. It is sPecifically used onty for the separation of carbohydrates from other organic compounds which
are solu ble in ether. Carbohydratcs are hiShly polar due to the pres€nce ofa number ofOH groupB and hencc
are practically iDsoluble in ether. For sxample, a mixture of glucce or sucrGe and rz- dioitrobeMene can bc
scparated by just shaking with ether \+teD m-dinitrob€nzene dissoh$ leavhg carbohydrate as tbe residue.
Filration and evaporation ofether from the flltrate gives mdinitrobenzene.
(lii) SodiuEl bi@rbotrai€. riater irNoluble carborylic acids can be s€parated fiom non.acidic compounds
simPly byshakingwith a 570 aqueous solution ofNaHCO3 whcn carbqylic acids dissolve as tbeir correspond-
ing sodium salbwhile noo-acidic compou nds remain iDsoluble. FiltratioD follo\ ed by acidification ofthe filtrate
with dil. HCI solution gives thc dcsired cirboxytic acid.
(lv) Hydrcchlorlc ocld. Vhter insolu ble amioes can be sepsrated fiom non-basic mmpounds simpty by shaking
with dil. HCI when amincs dissofuc as their correspoDding hydrochlorides whilc the non-basic compounds
remain iosoluble. Filtration followed by basilication of the tiltrate with dil. NaOH solution gives rhe desired
amine.
(v) sodium hJdrcxide- V*ater iosoluble phenols can be separated ftom non-phenolic compounds simply by
shakiDg witb a 5% aqucous solution of NaOH when the pltenols dissolve as iheir corresponding sodiu; salts
while non-pbeDolic compounds remain imoluble. Filration followcd by acidifcation of the ffltrate with dil.
HCI gites the required phenol.

,..,*,*,=-..1

CARD BOARD
LID

CHROIMATOGRAPHIC
PAPER
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16.3. Oualitativc

The first step in the structure determina-
tion aDd characterisation of an organic compound
after it has been obtained in the pure form is to
carry out its qualitative analysis, l'.e., to deaect thc
vaious elements present rz it The elements which
commonly occur in organic compouadsarecarbon
(always present) hydrogen (present in most of the
compounds), oxlBen andnitrogen A few other ele-
ments such as sulphur, phosphorus, halogens and
metals are also occasionally present.

163.1. Detectlon ofcarbon and hydrogen

Princlple. The presence of carbon and
hydrogen, in an organic compound, is detected by
heating the given compound with dry cupric oxide
in a hard glass test tutrc when cofion presenl k
oxidised to carbon diaridc and hydmgen is uidised
to wster :

A
C+2CuO- COz + 2Cu

d
2H + CUO 

-' 
H2O + Cu

Carbon dioxide turns line water mlll<y while
water condenses on the cooler parts of the test tube
and turns anhydrous copper sulphate b[re.

Ca(oH), + Coz --+ CaCO, + Hro
Lime*ater (Mikinafr)

CuSO4 + 5H2O """"'- CuSO4.5H2O
(Witc) (Bluc)

Procedurc. In actual practice, a small quantity
of the pure and dry compound is mixted with nearly
hve to six times its weight of dry and pnr(r cupric
oxide powder. The intimate mixture is strongly
heated in a hard glass test tube fitted with a delivery
tube having a bulb in the centre as shown in Fig.
16.16. The other end of the delivery tube is dipl-rcd
in fime water taken in a te"st tube.

The bulb in the delivery tube is packed wiLh

anhydrous copper sulphate supported over glass

wool. On heating, the carbon is oxidised to CO2

which turns lime water milky and hydrogen is

oxidised to water which turns anhydrous copper
sulphate blue.

Modillcatlons, (i) If the organic substance is

a volatile liquid or a gas, the vapours of tle com-
pound are passed through heated cupric oxide
taken in a hard glass test tube and gases evolved ate
tested for CO, and HrO vapours as described

above.

ORGANIC
CoMPOUND +

FIGURE 16.16. Delection of Catbon and Hydrogen

0r) If the organic compound also contains
sulpizr besides carbon and hydrogen, the metbod
is slightly modihed. This is due to the fact that
sulphur is oxidised to sulphur dioxide which also
turns lime water milky due to the formation of
insoluble calcium sulphite.

4CuO + 2Cu2O + SO2

Ca(OH)2 + SO2 ---r CaSO3 + H2O
(Milkincl5)

In such a case, the outcoming gases are lirst
passed through an acidified solution of potassium
dichromate which absorbs sulphur dioxide and
turns it gr€en, and then through lime water.

1632. Detectlon of nitrogen

The presence of nitrogen is detected by the
following tests :

(1) Dry heating tcst. If the organic compound
containing nitrogen is heated strongly, it gives a
smell of buming hair or feather.

Llmitatlon. This test is, however, not reliable
since many compounds mntaining nitrogen do not
give this tcst.

(2) Soda llme test, A pinch of the organic
compound is heated strongly in a dry test tube with
soda lime (NaOH + CaO). A smcll of ammonia
indicates the presence of nitrogen.

CaO
NH2CONH2 +2NaOH 

--".' 2NH, + NqCO,
urr. a

Limltatlon. This test is also not reliable since
many organic compounds containing nitrogen such

d
s -.-.......'
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as nitro (-NO2), azo (-N=N-) groups etc. do

not give this test.

(3) Lassaigne's test. This is the most reliable
test for detecting nitrogen, silphur and halogens in
an organic compound. In this test, the elements
preselt in the organic compound are converted
from covalent form into the ionic form by fusing the
compound with sodium metal. This test is carried
out as follows :

(i) Preparation of t-he Lassalgne's extract. A
small piece of freshly cut sodium (of the size of a
pea) is heated gently in a fusion tube till it forms a
shiniry globule.T'he tube is removed from the flame
and a sma.ll amount ofthe organic compound (50-
60 mg) is added and the tube heated strongly till it
becomes red hot (2-3 minutes). The hot tube is
then pluoged into a china dish containiag 10- 15
ml of distilled water. The contents ofthe china dish
are boiled for a few minutes, cooled and then fil-
tered. The filtrate is called I assaigne's ertrqct or
sodium tusion aXroct.

(ii) Tbst for nitrogen. The Lassaigue's extract
is usually alkaline sincc the excess ofsodium reacts
with water to produce sodium hydroxide. If not, it
is made alkaline by adding a few drops of a dilute
solution of sodium hydroxide. To a part of this
alkaline solution is added a few drops of a freshly
prepared solution offerrous sulphate. The contents
are warmed a little, cooled and then acidified with
dil. HrSOn. Appearance ol a green or blue coloura-
tion indicates the prcsence of nitrogen. Howeve4,
dppearance of blood red colour indicates the
presence oI both nitogen and sulphur

Chemistry of lhe test, During fusion, carbon
and nitrogen of the organic compound combine to
form sodium cyanide.

Na* C+N ^, NaCN
(From organic compound)

On heating the filtrate with ferrous sulphate
solution, sodium ferrocyanide, r'.e., sodium
hexacyanoferrate (II) is forned and at the same
time some ferrous (Fez+) ions are oxidised to ferric
(Fe3+) ions. These Fe3+ ioDs then react with
sodium hexacyanoferrate (II) to produce iron (III)
hexacyanoferrate (II) or ferriferrocyanide which is
prussion blue in colour.
ZNaCN + FeSOo ---------r Na2SOa + Fe(CN)2

Fe(C192 + 4NaCN -.---------+ Naa[Fe(CN)61
Sodium hencrarofcrratc (Il)

3Naa[Fe(CN)61 + 4Fe3+ ..........-

Feo[Fe(CN)51, + 12Na+
lron (I[) hcrocyanoferratc (II)

(Ptusiar bluc)

Ifnitrogen and sulphur both are present in the
organic compound, they may combine during
fusion to form sodium thiocyanate (sulphocyanide)
d:.re to insufftcient sodium . This when heated with
ferrous sulphate produces a blood red colouration
due to ferric thiocyanate (or sulphocyanide) by
reaction with ferric ions formed by oxidation of
ferrous ions.

A
Na+C+S+N -------) NaSCN

Sod. thioclanale

Fe3+ + 3NaSCN ------. Fe(SCN)3 + 3Na+
Fcrdc thiocr?nate

(Blood nd colowation)

But the absence ofblood red colouration does
not necessarily mean that sulphur is absent. This is
due to the reason that in presence of excess of
sodium metal, sodium thiocyanate decomposes to
form sodium cyanide and sodium sulphide.

A
2Na + NaSCN -----------+ NazS + NaCN

1633, D€tection of halogens
The presence ofhalogens in an organic com-

pound is dctected by the following tests :

(1) B€ilstein test. It is a very simple and sen-
sitive test for the detection of halogers in an organic
compound. In this test, a clean and stout copper
wire is heated in the nonJuminous flame of the
Bunsen burner until it c€ases to impart any green
or bluish green colour to the flame. The heated end
is then dipped in the orgaaic compound and again
introduced into the Bunsen flame. The appearance
of a green or bluish green fiame due to the fcmrution
of volatile anpric haliiles indicates the presence oI
halogms in the oryanic compound.

Limltatlons. (i) Organic compounds like
ure4 thiourea, etc. which do not contain halogens
also give this test due to the formation of volatile
cupric cyanide.

(r'i) It does not tell also as to which halogen
(cblorine, bromine, or iodine) is actuallypresent in
the organic compound.

(2) Lassaignc's test. It is a very reliable test
for the detection of halogens in an organic com-
pourd. It involves the following steps :
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(i) Preparatlon of th€ Lassalg[e's extract. A

pinch of the organic compound is frrsed with a small
piece of freshly cut sodium in a hrsion tube to
prepare the sodium fusion e)dract itr the manner
described under detection of nitrogen. During
fusion, the halogens present in the organic com-
pound are converted into the corresponding
sodium halides.

A
Na * X '-"'-""+ NaX (X = Cl, Br or I)

(F om organic
compound)

(rr) lbst for halogcns. A part of the
Lassaigne's extract is boiled witb dil. HNO, and

cooled. A few drops of silver nitrate solution are
then added.

(a) A white precipinte sofuble in arnmonio snd
insoluble in dil, HNOs indicates the presence of
chloinq
NaCl + A8NO3 -----------. fuCl + NaNO'

(Whitc ppl)
(b) A pale yellow precipitale paftialty sotuble in

anmonia indicales the presence of bmmine.

NaBr + AgNO, ' AEEr + NaNOs
(PoL teAow PPL)

(c) A yellow precipitan insotuble in anmonia
indicates the presence of iodine.

NaI + AgNO3 

- 
AcI + NaNO,
(ye ow ppt.)

trbnction of nIHc acld. If the organic com-
pound also contains nitrogen or sulphur, the
Lassaigne's extract on boiling with dil. FINO3

dccomposes sodium cyanide or sodium sulphide
formed during fusion.

NaCN * HNO, """""'r NaNOr + HCN I
Na2S + 2HNO3 -- 2NaNO, + HzS 1

If cyanide and sulphide ions are not decom-
posed, they will react with silver nitrate and hence
will hterfere with the test.

NaCN + A8NO3 

- 
ANN +NaNO3

Silvrr .]addc
(Whilept)

Na2S + 2AgNO3 --+ Agf + 2NaNO3
SitvlrsulPhidc

(Elock PPt\
(3) Carbon dlsulphlde lest for Bromlnc and

Iodlne. A small portion of the Laissaigne's extract
is boiled with dil. H2SO. to decompose sodium

cyanide and sodium sulphide. The solution is then

cooled and a few cm3 oI freshy prepared chlorine
water and carbon disulphide or carbon
tel.rachloride are added. The solution is vigorously
shaken and allowed lo stand when :

(i) an orunge colour in CSror CClo loyer itdi-
cqtes llrc prcsence oI bromine.

(ii) t violet colour in C Sz or CCI a layer indicales

llE presence of iodine.

Theory of the test. This is due to the reason
that chlorine displaces bromine and iodine from
their corresponding halides. Thc halogen thus
liberated dissolves in CS, or CCln to produce the

specific colour.

2NaBr + Cl2 + 2NaCl + Br2
(DistolvLr in CS2or

CCI ato $ve orange colou)

2Nal + Clz....* 2NaCl + lz
(Ditsolve"r ia CSzot

CClato grv violet colotlr)

163.4. Detection of sulphur
The presence of sulphur in the organic com-

pound is detected by the following tests :

(1) Lassaigne's test. If sulphur is present in
the organic compound then on fusion with sodium
metal, sodium sulphide is formed.

A
2Na+ S ....._ NazS

Then the following tests are performed with
the Lassaigne's extract to detect the presence of
sulphur:

(i) Sodium nltroprusslde test. A small por-
tion of the Lassaigne's filtrate is treated with a few
drops of sodium nitroprusside solution when a

violet colourolion is obtained. This colour slowly
fades on standing.

Na2S + Na2[Fe(CNX(NO)l ----+

sodrum nilroprus5idc Nao[Fe(CN)r(NOS)l
(Violel colout)

(rD Lerd acetate test, Another portion of
Lassaigne's filtrate is acidified with dilute acetic
acid and a few drops of lead acetate solution are
added to it. Formslion of black precipitate ol lead
sulphide indicales the presence of rulphur in the given
contpound.

NqS + (CHTCOO)2Pb """""'. PbS
(Btock WL)

+ 2CHTCOONa
lrad acctatc
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(2) Oxidation test. The given compound is
fused with a mixure of potassium nitrate and
sodium carbonate. If sulphur is present, it gets
oxidised to sulphate :

AKNOr-KNO2+lOl
d

Na2CO3 + S+ 3[OI ._......} NazSOt + CO,

The fused mass is then extracted with water
and filtered. The filtrate is acidihed with dilute
hydrochloric acid and treated with barium chloridc
solurion when awhite precipitate insoluble in acids
is obtdined

NqSOo + BaCl, ........- 2NaCl + BaSO.
(Hthhe pvr \

163.5. Detection of phosphorus
Phosphorus is detected by fusing the organic

compound with an oxidising ageot, i.e., sodium
peroxide when phosphorus is oxidised to sodium
phosphate.

A
SNarC), * 2P ---------- 2Na:POl + 2NarO

(From organic
compounC)

The fused mass is extracted with \vater. The
aqueous solution is boiled with conc. HNO, and
then ammonium molybdate solution is adcled. Tlrc
appearunce o[ a yellow prccipitqte or colourotion due
lo the lormalion of ammon tm phosphomolybdote
indicates the presence of phosphorus.

A
NarPOn * 3HNO, 

-+ 
H3POa + 3NaNOl

H3PO4 + 12 (NHa)2MoOa + 21HNO3 -j-
Amm. mol,,t'date.

(NHo)rPOo. 12MoO3 + 21 NHTNO3 + 12H2O
Amm. phosphomolltdatc

(Yellor,e ppt.)

163.6. D€t€ction of oxlg€n
There are no direct tests available for the

detection of orygen in an organic compound. How-
ever, its presence can be detected indirectly by any
one of the following methods :

(i) The compound is tested for the presence
<.rf orygen containing functional group such as

-OH, -CHO, -COOH, -NO2 etc. Ihe
presence of any one oI lhese goups in the compouud,
in um, conlirms the presence of otygen in il.

(ii) If the sum of the percentages of vatious
elements presenl in the given compound, as deter-
mined by known methods, comes out to be lest tlnn

hundru[ lhe Fesence of oxygen is indicated and tlte
difference is taken to be equal to the percentage of
orygen in lhe given compound.

16 ::i::j.ri ijr::::,::r

After detecting various elements present in a
compound, the next step is to determine the per-
centage of each element. This is called quantitative
anaij,sis. We shal in-
volved in the esti na-
tion) of various an
organic compound.

16.4.1. Estimation of carbon and hydrogen

present in the organic compound is oxidised to
carbon dioxide and hydrogen is oidised to water.

C (from organic compotrd) + 2CuO -1
co, + 2cu

2H (from organic compoutrd) + Cuo 3
HrO * Cu

The water thus produced is absorbed in a
U-tube containing anhydrous calcium chloride or
anhydrous magnesium perchlorate while CO,

T
he

combustion. The increase in the moss of CaA, or
Mg(ClO .)2 U-firbe gives the mass oI watet produced
while increase in the mass oI KOH or ascaite U-tube
gives the mass o[ CO , produced

The apparatus used for estimation of carbon
and hydrogen is shown in Fig. 16. 17.

From the masses of carbon dioide and water
formed the percentage of carbon and hydrogen
can be easily calculated.

Calculations : Let the mass of the substance
taken = w g

Mass of CO, formed =-r g

Mass of water formed =y g
hrccntage of Carbon

One mole of CO, contains one gram atom of C.

i.e. (72 + 2 x 16) = ,l4g CO, contain carbon
:12c
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pound is oridiscd to oxidcs of nittogcn (NO, NO2 ctc.) which

arc also sbsorbcd in KOH 6olution.Itr 6uch ca5cs, a Educcd
coppcr tauzc is plsccd ,rcar the cxii cnd of thc tubc (a6 shown

in Fig. 16. l8) which rcduccs oxidcs of nitrogctt back to N2 8as.

Hcat
zcu + 2NO + 2CuO+N2
4Cu+2NO2 +4CuO+N2

(rir) Subcfanca contalnLrg hrlog.n& Halogcns, if
prcscnt, in thc organic coDpound aaE convcrtcd iolo crlPric
halidcsi.,hich thcmsel!'Es dccompcc to fonn frcc halogcn6.
Thcsc halogcns end volatilc cupric halidcs al6o gct dissolvcd
in KOH solution. In such casas, a toll of btight silwr gauzc is
plaacd ncar thc eait cnd of thc almbustion tubc. Silwr Sauzc
dccomposcs \olatilc cupric halidcs forming non-volatilc sil'
rcr halidcs. Halogcns al6o combinc with 6ilvrr gMng sitilr
halidcs.

CuX2+2Ag+ 2AgX+Cu
)ra+2Ag +2A9<

(i,r) subsllEc.s conlstnlDs sulphur or sdPh i slrd
h.logcEa Under thc conditions of cotnbustion, eulPhur, if
prcsent in thc olganic comPound is oxidi6cd to So2wfiich will
also bc ab6orbcd in KOH solution. In 6uch c!5c5, cithcr on
additional la}lr of fu6cd lcad chromatc is Placcd aftcr thc
CuO lay€r or cuo la}lr is replaccd by fuscd lcad chrcmatc
layrr. At high tcmpcraturEs, lcad chromate dccomPosc6 to
gill O2which oxidises C and H of thc organic comPound to
Coz and H2O rc$pectiely.

A
4 PbCrO{ 

-4PbO 
+ 2Ct2O3+3O2

SO2 and halogcns producld duridg combustion rcact
wirh lcad chrcmatc to fofm notl-volatilc lcrd sulphatc aDd

lcad halidcswhich aE Eiaincd in thc combustion tubc.
A

4 pbcroa + 4SO2 
- 

4pbsoa + 2 Cr2O3 + 02
A

4 pbcro{ + 4 Xz a 4hX2 + 2CnO3 + Oz

Bcsid.s, S ond halogars, PbCrOt b also useful for Plw'
phorus containing compounds. Thb is bccau* <xidc.t of phos'
phorus ptoab ccd during combustia oko noct with l.ad
chromo.e to fonn non-wlatik lcad phovhata

A
12 PbCrO4 + 4 P2O5 *

4Pbr(Poa)2+6CDOJ+902

OXYGEN

CaCI2 KOH
TUBE TUBE

FIGURE 15.17. ApParatlrs for Pstimatiol) of Carbon and Hydrogen

.. rg CO2 will contain carbon = fi"re
This is the mass of carbon pres€nt in le g of the

compound.
-'. Eo age of carbon in the comPound

12 100=- x r x 
-44w

i.e. Percentage of carbon

12 Mass of CO, formed
= - X :--:---------:----=---------- X 1004 Mass ol substatrc€ talcn

Percentage of Hydrogen

One mole of HzO contains 2 gram atoms of

hydrogen.

i.e. (2x 1+ 16) : 18 g of HzO contain

hydrogen = 2 g

..ygHrO will contain hydrogen =+ xyC

This is the mass of hydrogen present in wg of
the compound.

:. Eo age othydrogen in the compound

2 700

18'w
i.e. Percentage of hydrogen

2
18

Mass of HrO formed
x 100

Mass of substance taken

Modlncadoru nnd.r sp.clnc condllloDs Liebeg's
nlethod as described abol'e is suitable in casc of organic
compounds containing C, H and O only. If, ho*lvEr, thc
organic compound contains one o, molc of thc clcmcnts likc
N, S and halogens al6o, (hc mcthod is modificd as under :

(i) Substanccs conlslnlng nllro8.n. Undcrthe condi-
tions ofcombustioE nitrogen, ifPresent, in the organiccom'
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l:lX.\IlPLE '16.7, On complete combustion,
0'246 g of an oryanic compound gave 0.198 I of
cqrbon dioide and0. l0l4 gof water Determine the
percentage composition of cafion and hydmgen in
lhe compound. (N.C.E.R.T.)

[o-l-!ft!pn. Here, mass of the organic sub-
stance taksn : 0.246 g

Mass of CO, formed : 0.198 g

Mass of HrO formed : 0.1014 g

(i) Percentage of Carbon,
One mole of CO, contains one gram atom of

carbon,

i.e. 44 g of CO, contain carbon = 12g

. . 0 '4950 g CO, wilJ contain carbon

1')
= :=x0.l9g g

This is the mass of carbon present in 0.2,16 g
of the compound.

:. Va age of carbon in the compouod

=fixo.oaxffi=n.es
(ii) Percentage of Ilydrogen
One mole ofHrO contains two gram atorns of

hydrogen.

i.e. 18 g of HrO contain hydrogen = 2 g

.. 0.1014 g HrO will contain hydrogen

)
= _:_ x 0.1014

This is the mass of hydrogen present in
0 2475 g of the compound.

:. VoaEe ol hydtogeain the compound

=frro.ror+x ffi = r.se

EXAI\{PLE 16.2. An oryanic compound con-
tains 699o co'bon and 4.EVo hydrcgery he
remainder behg orlgea, Cakulate he masses ol
csrbon dioxide and wakr W&rced when 0 . 20 g ol
this substsnce is subjected to complete combuslion.

N.C.E.R.T)
We know that,

1) Mass of CO" formed%c=ix M;;tsub;;cetalen x roo

Substituting the values ofToC and mass ofthe
substance takcn, we have,

as =ftx
mass of CO, formed

o'2 e
x 100

Similarly,
.r Mass of tLO formed

v' H = ft x fr""";f .ffi;m; x loo

Substituring the values of 7o of H and mass of
the substaken taken, we have,

+.s=frx Mass of HrO formed
x 100

4.8x18x0.2

or Mass of CO, formed =

or Mass of HrO formed =

69x44x0.2
12 x 100

0'506 g

o.2

2x100
0'0864 g.

1. 0.6723 g of ao organic compou[d gave on combus-
I ion 1.530 g of carbon diodde and 0.625 g ofwater.
Find the percentiige of carbon and hydrogen io the
comPourd. [/\us. c=62.07%,H=lo.33col

2. 0.465 g of arl orga[icsubstance gaveon mmbustioD
1.32 g of CO2 and 0.3159 of HzO. Calcutate [he

perc€ntage of carbon and hydrogen in the mm.
pourd. s. C=77.42&,H=7.53%l

3. 0.2475 I ofan orgaDic substance gave on combus.
tion 0.495 I of CO2 aDd 0.2025 I ofH2O. Calcutate

lhc percentage of carbon and bydrogen in it.

lAns. c = 54.5i4%,II = 9.09%l

16.42. Estlmation of nltrogen
The two most commonly usedmethods for the

estirnation of nitrogen in an organic compound
are :

(1) D.mg'5 6g1h66 (2) Kjeldahl's method.
(1) Duma's metbod. This method is ap-

plicable to all organic compounds cotrtaining
nitrogen and is briefly discussed below :
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Hnciplc. A knowu mass of the organic sub-
stance is heated with excess of copper oxide in an
atmosphere of C0r. Carbon, hydrogen and sulphur

(if prereut) arc oxidised to COr, HrO and SO,

while nitogen gas is set free. Any oxide ofnitrogcn
that Eay bc formed i8 rcduced back to free nitrogcn
by pas<.ng ovcr a hot reduced copper gauze.

A
C + 2CuO -..'' CO2 + 2Cu

A
2H + CUO -------. I{2O + Cu

A
Nitrogcn + C\rO """+ Nz

+ a small amount of oxides of nitrogen
A

Oxides of nitrogen + Cu -'-'--' CUO + Nl

lf the organic coEpourd hevilg nitrogen s
assumed to have CrHr\ as the molccular formula

then thc conbined conbustion equatiotr may be
written as

CJA, + 1Zx + ytzl Cto-\
rCO2 + y/2H2O + z/ZNz + (2x + y/2) Ctt

Thc nitrogen thus formed ts collected over
conc. KOH solution which absorbs all othcr gases

d.e. COr, HrO vapours, SO, etc" The volumc of
nitrogen collected i,s thus noted and from this the
percentage of nitrogen can be calculatcd.

Apparatus. The apparatus used for estima-
tion of nitrogen by Duma's method is shovn in Fig.
16.18.

It corsBtr of three pans : (a) cobon dioride
generuot (b) combu ion tube otd (c) ScNffs
nitomcter,

(a) Cotbon dioxlde gencrrtor (not sho$m in tho
Flg. 16.18). CO2 rcrded for the purpce is Produccd

ry hesll.lg either sodiuE bicarbooatc or magtrerium
carbooate. The gas is perfcctly dried by bubblin8
thmugh conc, H2SO4 before passiog it through the
(Dmbustion lube.

(6) CoEbrlstlou tube. It is a hard ghss test tube
about 90 cm long and about 2 c{n in diameter. It is
packcd with (i) a roll of oxidiscd copper gauze which

$events bocloeard difrilsion of goscs po&rced dwing
combwtion, (ii) an accurately weighed quantity of thc
sx b6taflce m ixe.d with exc€ss ofc.upric cxide, (rO coarso
ClO lbat fills nearly half of thc combustion lube and
(!v) a reduccd copper gauze which helps to reduce any
$ides of nitJogeo formed during combustion bac* to
Ditrogc[ gas.

(c) Schifno nitroEeteE It consist8 of a long
graduated tubo having a ressvoir and a tap at thc uppcr
e[d. It cootains ahout 40% KoH solutioo. It also has
a mercury seal at thc botton whic}t Fcwnls KOH
solltion lrom behg wcked brck into thc combwtion
rube.

Botb CO, 3nd H2o produced during combus-

lion 3re absorbed by KOH soluiion white N2 is col-

lected over it. The volume of N2 is mcasured aftcr

careful levelling (by making thc lwel of KOH h tbe
nitrometer tube aDd rescrvoir the same).

ModillcrtioDs under speciflc condltlotrs. If the
crganic compound, in addition to C, H, O and N also
.ootaiDs S oa halogeDs, thc layer of cerse. ClrO in thc
.ombustion tube is replaced by fused PbCrO4 as dis-

cussed undcr l-iebig's method.

Calculatlons :

Srrppose the mass of thc substance tatet = tt E
Volume of N, collected

: V cm3

cuo+oneeNlc CollsE REDUCEO
COMPOUND GAUZE

MERCURY SEAL

SCHIFF'S NITROMETER
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Atmosphcric pressurc (rcad from barometor)
=Pmo

Room tcmpcrattne - fC
Aqueous tension at fC (from tables) = p mm

.'. Pressure of the dryIq Cas = (P-p) mm

Step l. Convenion of thc wfume at qerimen-
tal conditions to he vofune at STP.

Eqetimenlal values

P, = (P -p) mm

Vt = V cm3

Tr = (273 +0 K

Applying thc rclation :

AI STP
P, = JfQ mm

Yz=?
Tz = ZTIK

Pt Vr P. V,
T,:T,

The value of V, can be calculated.

Step 2. Convenion of volume al STP or NTP
into ma.ss. According to the definition of Gram
Molecular Volume (GMV),

22400 cm3 of N, gas at STP weigh equal to its

molecular weight expressed in 1;rafrs, i.e., =?89
.'. V, cm3 of N, gas at STP will weigh

2A-
= ffiv,e

Step 3, Calculation of Vo age of N.

This Ls the mass of nitrogen present in w g of
the substance.

. . % age of Nitrogen in the compound

2A _. 100.v.).-
2241n ' y)

percenloge ol nitrogen in the compound (vapour
pressurc of waw or aEkous tension of water at iU)
K is 15 mm). (N.C.E.R.T.)

Solution. Here, mass ofthe substance taken
= 0.30 g

Volume of nitrogen collected = 50 cm3

Atmospheric pressure : 715 mm Hg
Room temporature = 300 K
Vapour pressure of water at 3(x) K = 15 mm
.-. Actual pressure of the gas (dry gas)

= 7t5-75
: 0mmHg

StJp l. Tb conven the volume a! uperimental
conditiow lo volume at STP

FAtl. conditiortt
Pr = ffina
vt : 50 ctrd

Tr = 3fi) K

AI STP

Pz : 760 mm

Yz=?
Tz = lBK

Substituti[g those values in the gas equation,

Pr Vr PzY,
1i= 5'wecet

700 mE x 50 cm3 
= 

760 mm x V, cm3

IIXANIPI,E 16.3. 0.30 g of on organic com-
pound gave 50 cm3 of nitrogen collected at iAO K ond
715 mm preswe in Duma's mehod Calcalale the

300 K 273 K

or V2
273x700x50

?IJJx7fi
= 41.9 curs

According to the defuition of GMY
22zl{tr cm3 of nitrogetr at STP weigh = 28 g
..41 9 cm3 of nitrogen at STP will weigh

?8 x 41.9:-nA&-
Sl p 3. To calculate the pe,centoge of nitogen.
Percentage of nitrogen

Mass of N, at STP
x 100

Mass of the substance taken

28x41 9x100= zzc{[ * 0.3
: t7 .46
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l. 0.2046 g ofan organiccomPouDd gave 30 4 cm3 of
moist nitrogen measured at 288 K and 732.7 mm
pressure. Calculate the perc€otage of nitrogen in
thc substance (Aqueous tensioo at 288 K is 12.7

same substance gave48.88 cm3 ofN2 at 290 Kand
740 mm Pressure. Calculate the percantage com-
position of the compound.

[Arrs. C = 4096, H = A.A9%'N = 15,561o
ard O = 35.55%lmm). li\nr. 16.5t%l

2. 0.27 I of an orgaDiommpouDd gaveon combustion
0.396 I of CO2 and 0.216 g of H2O. 0.36 I of the

(2) (leldahl's method. This is a more con-

ring (e.9., pYridine,
ds containing nitrogen
atom (e.9. NOr) or

another nitrogen atomi.e. azo (-N=N-) com-
pounds.

The apparatus used for the estimation of nit-
rogen by Kjeldahl's method is shown in Fig. 16.19.

Princlple. A kuown mass ofthe organic com-
pund is digested (heated) with conc. HrSOo in

pr
su
Kj
TA

complete reaction while copPer sulphate or mer-
cury catalyses the reaction.

As a result of digestion, the nitrogen present
in the organic compound is quantitatively con-
verted into ammonium sulphate. Ammonium sul-
phatethus obt H
solution (Fig. an

which is then a

staadard acid such as HrSOn or HCl.
A

N(ftom compound) + Conc. H2SO4 "'-'(NHa)2SOa
A

(NH4)2SO4 + 2NaOH ..-
NqSO. + 2H2O+ 2NH3

2NH3 + H2SOI """'' (NH4)2SO1

The volume of the acid left unused is found by

'n*:1"'. :-'ilT:::i-:1i1:'u1::l* .,,

O Digestion (healing in Kjoldahl's tlask)

FIGURE 16.I9.

@6etdaht's aistitlatlon
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2NaOH + tl2Soo --* NazSO4 + 2H2O

From this, the volume of the acid used up (or
the volume of the ammonia evolved) and hence the
percentage of nitrogen in the organic compound
can be calculated.

Calculations:
Let the mass of organic substance taken = w g

Volume of HzSOa taken = V cm3 of Ml molarity

Volume ofNaOH used for titration of exccss of
HrSOo : u cm3 of M, molaritY

Applying molarity equation,

n6 M6 V5 = noMoY o

where nr, M, and Vu arc the acidiry, molarity

and volume of NaOH used while no. M, and Vo arc
the basicity, molarity and volume of acid used.

.'. 1 x ? x M, (NaOH) = 2 x Mr x V, (HrSO4)

or Y-=u/2
( '. basicity of HrSOn = 2)

i.e., Volume of HrSOn left unused

= u,/2 cm3 of M, molarity.

.'. Volume of H.SO. used up by NH,

= Cl - t /Z) cm3 of M, HrSOo

But (Y - a/2) c# of Mr H2SOa

=2( - u/2) cm3 of M, NH,

( '. 1 mole of HrSOo neutralises two moles of
NHJ

Now 1000 cm3 of 1 M NH, solutioo contain
NH, = 1/96;lrI: ldg

.'. 2(V-u/2) cm3 of M, NH3 will contain

1LN=ffix2(V-u/2\xMtB
This is the mass of nitrogen present in wg of

the substance

14xMrx2(Y-v/2)

If however, the acid used is monoba^sic (i.e.
basicity = 1), the above equation reduces to

t':\ \'.ll'i i 't' :, Duing nitrogen estimation
presenl in an organic compound by Kjeldhal\
method, the ammonia evolved trom 0.5 g of the
compound in Kjeldahl's estimation of nitrogen
neutralind 10 ml of 1 M HrSO, Find thc percentage

of nilrogen in he compound (N.C.E.R.T,)

lolution. Volume of H,SO. used : 10 ml of

1 M H2SO4

Now HrSOa + 2 NHr-----r (NH1)2SO.

Now 1 mole of HrSOo reacts with 2 moles of
NH3.

.'. 10 ml of I M HrSOa = 20 ml of 1 M NH3

Now 1000 ml of 1 M NH, contains N : 14 g

. . 20 mI of 1 M NH, will contain N
11t

= 1ooo " 20

But this amount of nitrogen is present in 0.5
g of the organic compound.

.'. Percentage of nitrogen
t4x20 100= 1o0o x 6=: s6.0.

Allematively, Voage of M
1.4 x Vol. of acid used x Basicity

of acid x Molarity of acid
Mass of the substance taken

1.4 x 10 x 2 x I
= 56'0

0.5
llXANl l'!l.li 16.5. 0.50 g oI st organic com-

pound wes ,reated accordhg to $eldahl's method-

:.VoageN=
1000

14xMrx7(-u/2)

100

l,lt

w

1 .4 x Molarity of H2SO. x
nxice the vol of HrSO. used

ot VoageN = Mass of the substance taken

In general,

7"age of Nitrogen
1 '4 x Molarity of acid x Basicity of acid x

_ Vol. of the acid used
- Mass ofthe substaace taken

96 age of Nitrogon
1.4 x Molaritv of acid x Vol. of acid uscd

Mass of the substaoc€ taken
I '4 x Normalitv of acid x Vol. of acid used

Mass of the substance taten

('.'for monobasic acids, molarity = normdity)
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The arnmonia evolved was obsotbcd in 50 ml ol 0. s
M H;O.. The residual acid requted 60 ml of 0. S M
NaOH solution. Pind the percentage of nitrogen in

Pradeep's

= 25-15 = 10ml
Saep 2. To determine percentoge oI ,titrogen.
Again l mole of HrSOo neutralizes 2 moles of

t tt-I3

..10mlof 1 M H2SO4 = 20 ml of IMNH,
But 1000 ml of 1M NH. contain nitrogen

= t4g
. . 20 ml of I M NH, will contain nitrogen

IA
=rffix20c

But this much amouot of nitrogen is presenl.
in 0.5 g of the organic compound.

.'. Percentage of nitrogen
t4 20=1000**xrOO=Sr.o.

lhe compound. (N.C.E.R.T,)

Step l. Tb daermine the volume of
H;

Volume of acid taken = 50 rnl of 0.5 M
H2SO. = 25 ml of lMHrSO.

Volume of alkali used for neuttalization of
excess acid = 60mlofO.5MNaOH

= 30 mI of 1 M NaOH.
Now 1 mole of HrSO. neutralizes 2 moles of

NaOH (ic. H2SO.+2 NaOtF.rNazSO{+2 HzO)

.'. 30mlof IMNaOH = 15 nrl of lMHzSOr
.'. Volume of acid used by ammonia

l. 0.2 g of an organiccompound oo Kjeldahl'sanatysis
gai,€ enough ammooia tojust Dcutralize m cm3 of
0.1 N H2SOa. Calq.rlare the percentage ofnitrogen
iD the compound. l,\n\. 14%l

2, 0-44n got arror$a[ic compound was Kjeldahlised
afld ammooia evoh,rcd tyas absorbcd in 50 ml cm3
of semi-molar (0.5 M) H2SO4. The residuat acid

required 131 mlof 0.25 M NaOH. Derermine the

pcrcentagc of Ditrogen in thc compound.

I Ars. 54.61%J

3. Ammonia obtained ftom 0.4 g of an organic sub-
stance by Kjcldahl's method was abcorbed iD 30
crn3 of 0 25 M HrSOa. The sxcess of the acid \.tas

neutralized by the addition of 30 cm3 of 0.2 M
NaOH. Calolatc the pcrcentage of nitrogen in the
suhtaDce. l,\lrs.31.5%l

16.43, Esflmatlon of halogens (Carlus and hydrogenm€thod) are o water resp;c-
Prlndple. A known mass of the orgaoic sub- IY"ty o silver haiide.

few the preclptta

ub" washed, dried
- i- the substa-oc€ t-- *.* .--;:,; :l:_::bj,..-"",

i furor"., (Fig. 16.20). " l:med, the percentage ofhalogen is calculated as

FUMING HNq+ 0.59 AgNO3
Let the mass of the sub-

stance taken:ly g
and the mass of the silver

halide (AgX) formed = r g
IRON TUEE

SMALL1MALLT6E)$EE: \ Now, l mole of AgX con-

:iIffiSX: | - runHrce }ii$!:,i:":F l1.*,,,)".-""..rx(x = cr,
wEtGHT OF HARD GLASS

;mAgfi, . ^ 
,:t. (108 + At. mass of X) g

of AgX contain X
HG{rnE f5.2O. A Carius tube for estinhtion of Halogens. = (At. mass of X) g

?RODLEM9 FOR

ii:
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. . r g of AgX contain X

_ At. mass of X .,.= ro8 + At. ma.ss of x '\ 'r I
This is the mass of the halogcir (X) prcsi,lt iir

w g of the substance.

:. Vo age of halogeu ia the

At. mass of X
= lo8 + At. mass of x

compouod
1m

X.T X 
-h)

Thus,

(a) For chlorine, as lhe atom ic mass of ch lorine

= 35'5 amu
.'. 7o age of chlorine in the compound

35 5x 100 35 51 100

108 + 35'5 " w 143'5 " w

or 96age of chlorine
35'5 Mass of AsCl formed
143'5'- Mass of substanc€ talen

(b) For bromhe, as atomic mass of bromine

= 80 amu
:. Vo rye of bromif.e in the compound

= 80, . 100 _ 80.t . lfi)
108+80 -- rv 188 

-' 
w

or Voage otbrofili,,e
m Mass of AsBr formed

--xltru

- 188 ^ Mass of substance tales

(c\ fibr iodine. x atomic mass of iodine
: 127 amu
. . Voage ol iodine in the compound

'27 x .. 100 127 x .. 100

108+ 127'- te 235 w

or 7"age of iodine
127 Mass of AcI formcd
2i5 " Mass of substancc taken

EXAI\{PLE 16.6. Q.lJ g 6[ sn otg1nic corn-
pannd gave 0, 12 g of J,,tva btonide by the Carius
method Find out lhe pacentage q bruninc h the
cotttptad. (N.C.E.I T)

Here, the mass of the substancc
taken : 0' 15 g

Mass of AgBr formed -- O.l2g
Now 1 mole of AgBr e I g atorn of Br
or (1G + 88) = 188 g of Agtsr

=80gofBr
.'. 188 ot AgBr contain b,romine = 80 g
.'. 0 . 12 g of AgBr wil contain brominc

= ft'o'u
But this rnuch amou of brominc is pre.sent

in 0' 15 g of the organic compound.

.'. Percentage of bromine : 80 x 0'12 x lm
r88 x 0.15

: r4'M.

Fz,RO.E:LEM$ F'O,R
l. 0.189 I of an organic substance garc in a Carius

detcrmiDatioo 0.287 g ofsilwr chloritc. What is thc
prc€ntage of chlorine in the givcn compound ?

Jtu's. 37.57%l

2. 0.301 g of an organic compound ga|,e O-2A2 g of
sih/er bromidc by a halogcn estimation method.
Find the percentage of bromioe in the compound.

lArs.39.E7%I

16.4.4. Estlmatlon of sulphur (Carlus
method)

Prlnciple. A known mass of the substancc is
heated with sodium peroxide or fuming nitric acid
in a sealed tube (Corius tuDe). Carbon atrd
hydrogen are oxidised to CO2 and H2O resprcctively

while sulphur present in the compound is oxidiscd
to sulphuric acid which is then precipitated as

barium sulphate by adding excess of barium
chloride solution.

A
C + 20 (from HNO,) ...- CO,

A
2H + O (from HNO:)-.-.- HzO

A
S + H2O 'F 30 (from HNO3) ----- H2SOa

HrSO. + BaCl, """- BaSO4 + 2HCl
(white ppl)

The ppt. of BaSO. is filtered, rrashed, dried
and weighcd. Knowing the mass of the substatrce
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taken and the mass of BaSOo ppt. formed, the

percentage of sulphur can be calculated.

Calculations:

Let the mass of the substa.Ece taken =le g

Mass of BaSOn ppt. formed = r g

Now, 1 mole of BaSOa contains 1 gram atom ofs

i.e., (137 +32 + 64) = 2j3 *o1Busoa contain

sulphur = 32 g

.'. x g of BaSOo will contain sulphur = *"rf
This is the mass of sulphur present in w g of

the substance.

. . 70 agc ofsulphur present in the compound

_ 32.r 
" 

100

2i3 w

.'. 7o age of sulphur

32 Mass of BaSOo formed
x 100

233 " Mass of substance taken

MecseDgerrs method is used for estimation ofsulphur. In this method, the organic aomPound is heated with
alkaliDe KMnOa solution wheD sulphur preseDt in the organic clmpound is oddised to IqSO{ which is then

estimated as Basot.

DXAMPLE 16.7.In sulphur estimatio4 0'157
g of an oryank compound gave 0'481i g oI baiunl
sulphate. Wat is lhe percmtage of sulphur in the
compound ? (N.C.E.R.T,)

Solutlon. Here, mass of the substance taken
= 0.t57 E

Mass of BaSO. ppt. formed = 0',1813 C

Now, 1 mole of BaSOo = 1 g atom of S

or (137 +32+64)=233 g of BaSO.=32 g of S

f.e. 233 g of BaSOo contain sulphur = 32 g

. . 0',1813 g of BaSOo will contain sulphur

71
= ,; x 0./1813 c

. . 7o agc of sulphur in the compound

= fi*0.+sr:"ffi
= 42'10

"K.ODLEI,/I9 
FORP-RA I, tl

l. 0.2175 g of the subtanc€ gal€ 0.5825 g of BaSOI

by Carius method. Calculate the p€r
phur.

2. 0. 16 I of an organic substanc€ was heated in Carius
tube and the sulphu c acid formed was preci-
pitated as BaSOawith BaCl2. Theweight oftbedry

BaSO. was 0.35 g. Find the pcrcentaSe ofsulphur.

JAns 30'04%I

3. 0.2595 I of an organic substanc€, when Ecated by
Carius method, gave 0.25 I of BaSO.. Calculate

the percentage ofsulphur in the compouDd.

I ,\ls . 13 2il%l

16.45. Estlmatlon of phosphorus

Prlnclple. A known mass of the organic com-
pound is heated with furning nitric acid in a sealed
tube (Corius rube) . Under these conditions, carbon
and hydrogen are oxidised to CO, and HrO respec-

tively while phosphorus prese in the organiccom-
pound is oxidised to phosphoric acid which is

precipitated as as ammonium phosphomolybdate
by heating it with conc. HNO3 and then adding

ammonium molybdate
A

C+ 20 (ftom HNOr)- COz

A
2H + O (from HNO.) """- HrO
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A
2P + 50 (from HNO)--- PrO,

A
P2O5 + 3H2O -----. 2H3POa

Pho6phoric acid

H3Po4 + 12 (NHa)2MoOa + 21HNO33
AInm. molybdatc

(NH.)3PO. . 12 MoO3 + 21 NH.NO3 + t2H2O
Arrm. pho.phomolrbdatc

(YcIoN' ppl)
The precipitatc.s of amm. phosphomolytdate

thus formed are filtered, washed dried and weighed.

A
MgCI2 + NH4CI + H3PO. --

MgNH.PO. r. 3HCl
M6& .tnm. pho6phatc
(whit ppl)

The precipitates of magnesium ammoniurn
phosphate are filtered washed, rlried aad then ig-
nited.

A
2MgNH{ PO. ---} MgPrO, + 2NH, + H2O

Mag. pyFphGphatc

ffts rnqgnesiurn pyrophosphate thus formed is
rrcighed. Knowing
taken and the mass
or magnesium pryr

age of phosphorus

Calculatlons. If phosphorus is estimated as
(NH.)3PO. . 12 MoOr. Lct the mass of the organic
cortrpound taken = rlg

Mass of amm. phosphomolybdate formed = -r g
Now 1 mole of (NH.)rPO. . 12 MoO, mn-

tain6 one gram atom of P ,'.e

3x(14+4)+31 + 4 x L6 + 12 (96 + 3 x L6)

= 187 g of (NtId3PO4 . 12 MoO3 contaitr p

= 3tg
.'. .r g of (NH.)rPO. . 12 MoO, will contain p

31 x.r
tqn 6

This is the mass of P prcsent in r g of the

:. VoageofP=%#r#

MgPrOr.

Mass of Mg.PrO, formed = x g

Now, 1 mole of MgPrO, contains two gram
atoms of P

i.e. (24 x Z + 3t x Z + t6 x 7) = 2ZZ E oI
MgrPrO, contain phosphorus = 62 g

.'. x g of MgPrO, will contain phosphorus

62x
222 0

This is the mass ofphosphorus present in w g
of the compound.

i.e., Voage of phosphorus present in the com-
, 62x 100pound = nzx ;
.'. 7o age of phosphorus

_62 --222^
Mass of MgrPrO, formed

Mass of substance taken
x 100

EXAITPLE 16.8,0.12 g oI @t organic com-
pound contahing phosphorus gove 0.22 g of
MgrPrOrby the urudl onalysis. Calalate the percent-
age oI phosphorus in the compound.

ere, the mass of thc compouad
take

Mass of MgPrO, formed = 0,228
Now 1 mole of M&P2O7 = 2 g 316a6 6f p

or (2xU+Zx3t+16x7,
= 22, g of Mg2P2O, = 62 g of p

i.e.,222 g of MgPrO, contaia phosphorus

= 62s
.'. O.2,gofMgzPzO, will contain phosphorus

= fi*o.nz
. But lhj( is the arrrount of phosphorus preseni
in 0' 12 g of the orgaaic compound.

.'. Pcrclntage of phosphorus

62 0.n= Zn" Un x 100 = 51.20

ot voage orP = #h *
Mass of amm. phosphomoltdate . . ^^

Mass otu;Ei;;lI;;- x r(xr

Altenntively if phosphorus is cstimated as

16127
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1. 0.092 I of an organic compound coltaiDing phos-
phorus gave0.l1l I of M&P2O7 by usualanaDuis.

Calculate the percentage of phosphorus in the or-

2. 0.40 g of an organic compou[d containing phos-
phorus gave 0.555 g ofMgzP2OT by usual analysis.

C€lculate the p€rcentage ofphosphorus in the or-
gal,lic compound. [,rt's.33.77.1 ganic conpound. [,\t1s.3E.75%]

16.4.6. Estlmatlon of oxygen

The percentage of orygen in an organic com-
pound is usually calculated by the difference
method. For lhis, the percentages of all other ele-
ments present in the organic compound are added
and the sum is subtracted from 100.

Pcrcentage of Oxygen = 100 - ( Sum of the
of all other elem€nts

However o:rygen can be directly estimated
follows :

A known mass of an organic compound is
decomposed byheatingin a stream of nitrogen gas.

The mixture of gaseorLs products including oxygen
thus formed is passed over red hot coke at l3T3 K.
When all the oxygen is converted into carbon
monoxide. This nixture is then passcd through
warm iodine pentoxide (I2O5) when carbon

monoxide is oxidised to carbon dioxide liberating
iodine. The various reactions involved are :

hcst
Compound 

- 
Oz + othergaseousproducts

1373 K
2c + 02 """""'r 2 Col x 5

IzOj + 5CO -) 12 + 5CO2l x2

5 C)2 + 10 C * 2 lrO, -------> t0 CO2 + 2 12

or 50, = IOCOz=Zlz

or O =- COz :- -l/5lz 
.(D

By knowing the mass of iodine liberatsd or
CO, formed, the percentagc of orygen in the or-

ganic compound can be calculated easily.

Calculatlons. Let the mass of the organic
cornpound taken = rg.

anrl rnass ofCO, forrned = x g

From Eq. (i), it is evident that 1g atom of 0
present in the organic compound produces one
mole of CO,

i.e.,44 g of COrcontain O : 16 g

;. x g of CO, will corrrulo I = f ,*g

=#""
This is the mass of orygen present in w g ofthe

organic compound.

Ex{xtm. . Percentage o[ oxygen = 44 u)

or Percentage of orygen

= 19 " , ,**t=ot 9o' 
tott".3 , ,oo

,14 " Mass of substance taken

These days, the elements carbon, hydrogen
and nitrogen present in an organic compound are
determined by an automatic analyser called CHN
elemental analJmr. This analyzer requires 1 - 3 mg
of the compound and displays the values on a

screen within a f€w minutes. Ttese results are
generally accurate within !0'U3Vo ertor. A
detailed discussion of such methods is beyond the
scope of this book.

1 6.5. Determination ol Molec ular Mass .:r,'J.'..::,,.,.=..,

After the perccntagcs of the various clements
present in an organic compound have becn deter-
mhed, the nex step in finding out the molecular
formula of the compound, is to dcternine its
molecular mass of the compound dependiug upon
its nature. The methods commonly empoyed for
determining the molecular mass are as follows :

1. Silrrer salt method for organic acids.

2. Chloroplatinate salt method for organic
bases (amines).

3. Volumetric method.

4. Mctor-Meyer's mcthod for volatile liquid.s.

5. Freezing point depression 6v $sflling point
elevation method.

6. Mass spectrometry.

"?OE 
LEM I F Ce.-,P;, -f,rlie_:E.
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We shall briefly discuss here the principles of
silver salt method, chloroplatimte salt method,
volumetric method Vctor-Meyer's method and
mass spectromgtry.

165,1. Gravimetric or S llver salt method for the
deterzrloation of Molectlar ltlass of Organic Adds.

Prlnclple, This method is based upon the faa
that most of the organic acids form insoluble silver
salts which upon ignition give metallic silrrr as
residue. Knowing the mass of the siher salt taken and
the mass of silver left as residue, the molecular mass
of the acid can be detemrined as discussed belon, :

Procedure. The acid is neutralized by adding
NH.OH solution. The excess of NH, is then boiled
off. The solution of the ammoniurn salt of the acid
thrrs obtained is treated with excess of silvcr nitrate
solution when silver salt of tbe acid gets
precipitated. This is filtred, washed and dried.

A known mass of the dried silver salt is then
carefullyignited iD a porcelain or platinum crucible
when metallic silver is obtained.

If RCOOH repres€nts the organic acid, the
various reactions involved are :

RCOOH + NHaOH----..--. RCOONH. + H2O
AmmoniutE 6alt

RCOONH4 + AgNO3 ------- RCOOAg + NHTNOT
Sitvtr salr

Isiicd
RCOOAg (") -:------ ag (r) + Co, (8) + HrO G)

Calculations. Let the mass of the silver salt
taken =w g

and the mass of silver left as residue =.rg
(a) For monocarboxyllc aclds
Slep l. Tb calculate the molar mass of the silver

salt.
A

RCOOAg --'r Ag
tvg xg

r g of silver is obtained from silver salt = w g
. . 108 g ofsilver will be obtained from silver

salt = { x t08s

This gives us the molar mass of the silver salt
of the monocarborylic acid.

Step 2. To calculate the molor mass oI the acid.
Now, RCOOH = RCOOAg-Ag + H
. . Molar mass of RCOOH

= Molar mass of R."r"- 
;i;T:r,ifii

. . Molar mass of monocarboxylic acid

=laxroc\-lo8+r\x /

= /z x lorj\ - ro7\_r I
(D) For polycarboxylic acids.
Step l. Io detemine the molar mass of the

silver salt.

Let the polycarborylic acid be represented as
R(COOH)I where z is the basicity of the acid.
Thus,

(i) NH4OH
R(cooH), R (cooAg),
Organic acid (tr) AgNOI Sifvrr sala

w8

4 roe
r8

Here I mole of polycarborylic acid or I mole
ofits silver salt givesn gram atoms i.e. a x l08g of
Ag

Now.rg of Agis obtained from silver salt =pg
. . n x 108 9 ofAg will be obtained from silver

sart =n(-"14,
This gives us the molar mass of the silver salt

of the polycarborylic acid.
Step 2. To cakulate the molar mass of the acid.

In other words, molar mass of polycarborylic acid

= (Molar mass of silver salt) -

oI the acid. (N.C.E.R.T)
Mass of silver salt taken (w) : 0.46 g

Mass of silver left (.r) = 0 . 324 C

Basicity of the acid (n) = 2
Now mola.r mass fo the polycarborylic acid o[

basicityz =a lf gx 108\ - 1071'L\r "'""/ '"',1

Substituting the values of w,x and n, we have
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Molar mass of acid

=r"lta#* roa; - roz]

= 2 x 46'333

= 97 67 gmol-r
.. Moiccular raass ofthe acid = 92'67 u

PR.OE.L.EM5 FOR t$,8-
I. The siker salt of a monobasic orgaoic acid on igni-

tion gaw 60% of silver. Calculate the moleqllar
mass of the acid.

2. The silver salt of a dibasic organic acid contsins

?l .l% silver. Calculate (he mole@lar mass of the

I Ans. t9.7tl

IAls.73l molecular mass of the acid. l^ns. 210 01

3. 0.607 I of silver salt of a tribasic acid on combus'
tion deposited 0 370 g ofpure siker. Calculate the

4. 0.?6 gof thesilversaltofadibasicacidwasiSnitEd'
it gave 0'54 I of Pure silver. Determine the

molesular mass of ahe acid. l,\r\ 901

1652. Gravimetrlc or Chloroplatlnate
method for the determinatlon of Moleculer Mass

of Organlc Bases.

Prtnclpte. This method is based upon the fact
that most ofthe organic bases i'e. amines react with

chloroplatinic acid (HrPtCl5) to form insolublc

salts called p/arrnichlorides or chlorcplatinoles of
the general formula BrllrPtClo where B is the

monoacidic amine. On heating these salts decom'
pose to yield metallic Platinum.

2 RNH2 + H2PtCl6 '--- (RNHr)2PtCl6

lgnition
(RNHr)rPtClo (s) - 

' Pt (s)

In case of diacidic amine B, the general for-
mula of the chloroplatinate formed with H2PtCl5

will be B2(H2PtCl), aad with triacidic amine it

would be B2(H,PICI6)3 and in ca.se of anine of

acidityn, it would be Br(HrftCl.)".

Calculatlons. Let the mass of chloroplatinate
taken : lv g

and mass of metallic platinum formed : .r g

Igrition
Now BrlIrPtCl5 """-""'' Pt

That is one grarn atom ofPt, i.e', 195 g will be

obtained from 1 gram mole of chloroplatinate salt

(B2H2PtCI6) of monoacidic base.

NowxgofFt
chloroplatinate = w g

.'. 195 g of Pt

are obtaincd from

will be obtaiaed from

chloroplatinate =Y x DS E

In other words, the molar mass of
chloroplatinate salt of monoacidic base,

lB2(H2Ptcl6)l =L x $5 .'.(0

Similarly, we can derive that molar mass of
diacidicbase.

lB2(H2PtclJ2l =!!xt95x2 ...(O

and molar ma,s.s of polyacidic base,

lB2(H2PtCl6)nl =Y x tg5 x n ...(rrr)

lf B is the molar mass of monoacidic base,

then the molar mass of chloroplatinate salt of
monoacidic base 82(H2PtCI6)

=28+2x1+195+6x35'5
=28+410 (,r)

the bqse ? (N.C.E.R.T.)

Solutlon. Let B be the molar mass of
mon e B, therefore, molar mass of its
chloroplatinate salt

Equating the molar mass ofchloroplatinate of
monoacidic base ftorn Eq' (i) and Eq. (iv), we have,

28 + 4LO =L x 195
x

or B=1[zx tss-alol21, I
This gives us the molar mass of monoacidic

base (B).

EXAMPLE 16.10.1 sample of 0'4N g of the

chlomplatinate of amonoacidic base on ignition leI,
0 . 125-g of platinum. What Ls he moleculo mass of
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ie., [B, (HrPtCI.)] = 2B +4r0 ...(r)
Mass of chloroplatinate taken = 0'4mg
Mass ofplatinum left as residue : 0.125 C
Now 0.125 g of Pt are obtahed from

chloroplatinate = 0'rl0 g
.'. r95 g of Pt will be obtained from

chloroRlatinate = ffi x 195S

Thus, the molar mass of chloroplathate

=ffi" rrss ..(,,)

Equating the values of molar mass of
chloroplatinate from Eq. (r) and Eq. (ri), we have,

zB+4to=ffi"r$

-, = + lr"r:-B 
x re5 - 410] =ro7s mor-,

Thu.s, molecular mass of the bose = 107 u.

ot the base. IAns. E2l

"RAC-|ICEl. 0. 30 g of the chloroplatioate of a monoacidic base
gave 0.09375 g of plarinum on igniriorl. Find out
the molecular mass of the base. [turs. l07t

2. The chloroplatinate ofa diacid base contains39
of platiDum. Calculate the molecular mass ofthe

[turs. 901

3. 0.5329of thcchloroplatinatcof adiacid basegave
0.195 g of platinum on ignition. C€lculate the
molecular mass of thc base. IAus_ l22l

4. 0 984 g ofthe chloroplatimtc ota diacid base gavc
0 39 g of platiDum. Calculate ihe motecular ;ass

1653, Volumetrlc method for aclds and
bases.

neutralizes one mole of base, aud the basicity of
acid, we can calculate the molecular mass oithe
acid, i.e.,

Molar mass of the acid = Mass of acid
neutralized by one mole of base x Basicity of the
acid

Similarly,

Molar mass of the base = Mass of base
neutralized by one mole of acid x Acidity of the
base

Tbe acidity of the base is, ia fact, the
stoichiometric coefficient of the acid and basicity
of the acid is the stoichiometric coefficient of thl

chemical equation
e are atvays whole

COOH COONa

l___-*2NaoH.....-, | + zHzocooH cooNa
Here, one mole of the acid neutralizes nro

moles of the base, therefore, basicity of oxalic acid
is 2 while acidity of NaOH is 1.

A. For adds
hocdurt. A knovm mass of thc acid is dis-

and tbe
solution
dicator.

Calcuhllons : Suppose the mass of the acid
taken = l', g

Molarity of the NaOH soln. used = tvIA
Volume of NaOH used for comolete

neutralization of the acid sola. = u cm3

Now, u cm3 of lv{/r NaOH ncutralizes acid

= wE
.'. 1000 cm3 of I M NaOH will neutralize acid

w=;x 1000 x.rg
But 1000 cm3 of 1 M NaOH solution, accord-

ing to the dcfiaition of molar solution, contains one
gram mole of NaOH.

.'. Mass of the acid neutralized by one mote

= f, x 1000 x.rgof NaOH

_ _ Ifa is the basicity of the acid, rhen, 1 mole of
acid will ncutralize n moles of NaOH. In other
words, molecular mass of the acid

= Mass of the acid neutralized by 1 mole of thc
NaOH x basicity of the acid

w=tx 10fr)x.rxn
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B. For bases

Protcdurt. A known mass of the base is

dissolved itr a suitable solvent and the solution
titrated against a standard monobasic acid (say

HCI) solution usiog a suitable indicator. The molar
mass of the acid is calculated in the same way as

described above. Knowing the acidity of the base,

its molar mass can be calculated :

Molar mass of the base = Mass of the base

neutralized by one mole of HCI x acidity of the

base
EXAMPI-E 76.11. Q.l$ g sl s dibasic oryanic

acid requiftd 25.0 cm3 ol Ml10 NaOH for complete
nantrolizalion. Cakulale its moleculLr mass.

Here, the mass of the acid taken
: 0.16 c

Volume of M/10 NaOH used for comPlete
neutralization of the acid = 25.0 cm3

i.e. 25.0 cm3 of M/10 NaOH neutralize acid

= 0.16 g

. . 1000 cm3 of 1M NaOH will neutralize acid

: *+ ,. rooo x 10s :64s

But 1000 cm3 ofl M NaOH contains oaegram
mole of NaC)H.

. . Mass of the acid neutralized by one mole

ofNaOH = 649
But basicity ofacid (n ) 2

.'. Molar mass of the acid = Mass of the acid

neutralized by 1 mole of NaOH x Basicity of the

add=64x2=t2E

1. 0.075 g of a mooobasic acid requires l0 cm3 of
M/12 NaOH for comPlete neutralization. Calcu'
late the molecular mass of the acid. [Ans.90l

2. 7.5 g of a diabasic acid arc dissolved per litre of the

give[ solution.20 cm3 of this acid solution required

25 cm3 of W15 NaOH solutioo for complete
neutratization. Calculate the equivalent mass and

molecular mass ofthc acid. [Ans.90ard lt0]

16.5.4. Vlctor-Meltr's methodt for deter-
minatlon of Molecular Mass of Volatile Llquids

It is a convenient method for the determina-
tioo of molecular masses of volatile substances. It
worls on the following PrinciPle :

Princlple, A known mass of a volatile sub-

stance is heated in a Victor Meyer's tube (Fig.

16.2t). As a result, the substance changes into
vapours. 'fhe vapours, in turn, displace an equal
voiume of air which is collectcd over water' The
volume of air thus collected is measured at

laboratory temperature and pressure. This volume

is then converted hto volume at STP by applying
the general gas equation,

P, Vr PrYz
TI T2

Fron the mass ofthe organic compound taken

and the at STP, the mass of
the sub ce 22'4 litres of air
at STP s us the molecular
mass of the substance.

Apparstus. The apparatus used is shown in
Fig. 16.23. It consists of the following main parts :

(i) An innerVictor Meyv's tube (A) having he
side tube (S).

(ii) an outer coppo iacket (t ) (iii) A gmdus.ed
cflinder (G), anil (iv) Hofuann\ botle (H).

Calctlatlons : Suppose the mass of the sub-
stanc€ taken = l" g

Volume of air disPlaced = V cm3

Experimental pressure (read from thc
barometer) = Pmm

Room temperature : ,oC

Aq. tension atfC (read from tables) = p mm

.'. Pressue of the dry air = (P -P) rnm

Ist st p. To convert he wfume at the a-
peimentol conditions lo the eoht rE 4t STP

Exptl. condilions
P1 = (P -p) mm

Vt = V cm3

Tt = (z'B+.)K

At STP

Pz = 760 mm

Tz = 2'13 K

.Nor included in thc CBSB Syllabus.

I
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{

GLASS \A/lcOL
OR ASEESTOS

WTH g,P
HIGHER THAN
THAT OF THE

VOLATILE
SUBSTANCE

So'Vr' can be calculated.

Here, volume of air displaced at STp
= Volume of liquid vapours : V, cm3

2nd step. Tb calculate the moleculqr mass,
V, cm3 of the vapours at STp are obtained

from r g of the substancc.
.'. 224{o cm3 of the vapours at STp will be

obtai.qed from = 3 xZZi([ eot the substance
v2

But 22400 cm3 is the volume occupied by gram
molecular mass of the volatile liquid ai ST?' -

. . Gram mole cular mass = ! x ZZ4{[ e
Y2

or Molecular mass of the substance

Molecular mass

ffifffiffi#,,,*
A.lteraatively ,

Vapour Density (VD.) of the substance

_ Mass ofV, cm3 ofvapours at STp
- Mass of V, cm3 of t yaroge-n .rt Sff

w,= v,-;i:mdd, (uPP'o'')

(. weight of1cm3 ofH, at STP : 0.00009C
or accurately = 422400)

w x 22400= v.x,

LC,
Now,

or

or VD. =
t9

Vax 2/22ffi
(accurately)

Since molecular mass = 2 x VD., so
nolecular mass can be calculated.

E\{\IPl.E 16.12. 0. 1693 g oI a volatile sub-

= fxnm

FIGURE 16.21, Victor Meyer's Apparatur.
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SQluli-on, Step 1. To convei tlrc volume sl

d.peimentll condilions lo volume qt STP

Etptl. Conditions At STP

Pt ='746 - 26'7 =719'3mm Pz=760mm

Vr = 58.9cm3 Yz:2
Tt = 2i73 +27 = 3OOK Tz=273K

Substituting these values in the gas equation,

P.V. P.V"' '= :'. we getTr T2'
760 mm x V, cm3

= 50'73 cm3

Step 2. Tb cakulate the moleculor moss o{ the

volatile substance

Accordiag to the definition of GMV (Gram
Molecular Volume),

50' 73 cm3 of the vapours at STP weight

= 0' 1693 g of the substance

.'. 22-4N cm3 of vapours at STP will weigh

0'16y3 x 22400 - 74.75 s ofthe substancc
50.73

Thus, gram molecular mass of the substance

= 74.75 C

:. Moleculat mdsi oI the substsnce=74'752:I3K
?19 .3 mm x 58 '9 cm3

300 K

terlsion at 288 K = 13.? mrn) Fns.90.tI

?F<OFiL*en/rS FOR Fi S) ''

1. 0.150 I of a volatil

Me),eCs aPparatus

leded or'er water
Calculate the molecular wcight ofthe liquid (Aqueous

2.0.1628
aPparat
Calcula
(Aoucous tension at 296 K is 25 m I ml of
iryarogen at NTP weiShs 0'00009 8) llt 61

16.5.5. Modern Methods of Structur€
Elucidation

eluciclated within a few daYs.

spectrometry).

mass aod molecular formula of an organic com'

by IR spectroscoPY.

NMR involves nuclear transitions of certain

atoms such as lH, l3C etc. Protoo ( lH) NMR can

distinguish H-atoms attached to differetrt atoms

and in different electronic environments' For ex-

ample, protons Present in CHr-Cl and

H2C = C < give different sigrrals in NMR spec-

ohosDhorescence spectroscopy. The three-dimen-
lional structure of the molecule including bond

lengths and bond angles is frnally determined
thriugh X-ray diffraction. These modern methods
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of structure elucidation require orly a small M + e- --_-+ M+. + Ze-
amou.ot oI the compound as compared to the clas- troilc,rtc High cncr.r Motccular ion
sical methods discussed in this unit. Further, all ckctron
these methods have made the struclure determina- Since the electron beam is hiellv enersetic (70
tion a much simpler task rha.u what ir used to.be a e{ - 67500 u .or:il, it 

""t 
.ty'pr"ai"i. ini

few decades ago. A'detailed discussion and ap-
plication of these methods is beyond the smpe of
this book. Hcwever, the use of nass spectrometry
to determine the accurate molccular masses and
molecular formulae of orga-nic compounds is brief-
ly discussed below :

1655,1. Detemlnatlon of Accuratc formatioq most ofthe molecular ions will break un
Molecular Mass - Mass Spe€lromeier. (or frap.int) into smatl er ions called theftapneit

A mass spectrometer is an hstrument used to or the danghter ions. The molecular ion may frag-
determioe aicurate molecular masses and rnenl elt'her

molecular formulae of organic substances. It also (i) by pmilucing a radical and a cotiott, i.e. ,
gives valuable information about the molecular i
itructure of the organic compound. - M' "-- 

- nl . + -":, .

Basic principte. rn the mass- specrrometer <,,1 u, p-*Iiiui'l2r*, Xiilr* *o
(Frg. L6.22), a very small amount of the substare ano*i/ raiicit caAoal.e.
(1-2 mg) is vaporized and bombarded with a beam
of high-energy electrons (usually 70 eV). As a result MT ------- ml. + m2
of this bombardment, some of the molecules lose Fragniau Na;or
an electroa and get ionized to produce a positively rddicol iort mol.clrlc

charged+ rad.ical cation called the mo teita, ion i, - The molecular ion -
charged+ radical cation calle d the mo kcular ion or ,r"*,"T H:Ifr}ffi"Jthe patent ion' 

to their mass to charge
of the ions, the charge is + 1 (sngly

^"""^t""SlI"*" charged ions)*''rn1 is simply 

'-h;
mass of the ion.

ION OF HIGH
NE,c FtELo For separating the positive

stMtLAR KE. \ , ! i / .o o-rgr specqs. rrom ule ac-
celerator, the ions reach the

.,' i , electrostatic anallser. The electric
oeiecron field ofthe anatlrser makes the ions

to move in curved patbs and linally
HGH*, l-6:?.?._YT^slic,t',g9tg:41 gqJc compound is sptit iont directs them to regioo of high mag-

netic field. Here the ioos move in
circular paths. The path they tale
depends upon their rnlz tatio-

rAllematively, the molcculc may acccp! an clcctron to produce a radical anion.

M+-.+ M.-
Radical anion

This proceas is less probablc bya factor of l02 and hence only positiv.ty chalgcd ions arc formcd.
trDoublychargcd ioD! arc also occasionally formed. Thcse are dcflcctcd (by thc magnctic ficld) rnuch morc than thc Eingly

chargcd ions of thc same mass and hence appcar in the Eass ;pectrum ot thc samc value ic singlychargcd io"s 
"fhrii 

ai;;;4,
sincc2 m/2 z = m/2.

;i
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The ions thus separatcd are made to fall on a
dotector which produces
mlz. The inteasity of ea
relative abundance of the

The detector input is amplified and trars-
mitted to a recorder which traces out a Plot showing
thc relative abundanca of lhe variow iofls along the
Y-axis and their mlzvalues along the X-oxis. This plot
is called he mslss spectrum.

It is intercsting to note that neutral molecules
and ftee radicals formed during fragrnentation can-
not be detec{ed in the mass specEometer.

The entire process of ftapentation catr be
illustrated by takiry the example ofn-hexane.

cH3cH2cH2cH2 cHrcu, + e- J2'-.---

IcH3cHrcI{2c1I2CH2CH3l'

Fragment c5Hfi c4He+ qHz+ qH5+ qH5+ qui
ton
(mlz) 71 5't 43 41 29 n

Relative 3 6 100 72'5 55'6 36 2 '22 5

abundance
or Inteosity

The mass spectrum of n-hexane is shown iu
Fig. t6.2i.

Tho highest peal iu the spectrum (i.e., m/z =
57 in the spcctnrm of he:rane) is called the base

peak and its intensity is talcn to bo 100 and the
intensities of thc othor peaks are exprcssed relative
to it. A c.ommon mass spectrometer can resolve
mass peal(s to thc rearest whole nurnbcr (unit
resolution) upto a Eass numbor -of about 500. A
high resolutiort mass spcctrometer can, howcvcr,
resolve nass peats differing by 0 '001 atomic mass

unit.
16552. Prccise Atomlc Masses

It may be notcd here that the valuo ofthe mass

of any ion appoaring in a mass spectrum is its ,?€
mass (nd not its moleatlat weigltt obtditgd through
the use of chemical atomic weighls. The chemical
scale of atomic weights is based on averagas of the
weights of all the isotopes of a given elemcnt. The
mass spectrometer catr distinguish between masses

ofparticles having the most common isotopes of the
elements and particles bearing heavier isotoPes.
Conscquently, the masses which are observcd for
molecular ions are the masses of the molecules in
which every atom is prcsent in its most common
isotope.

In routhe chemical calculatious, w-e usually
use integral atomic weights, i.e., H : 1, C = 12, N
= 14, O = 16 etc. However, if we determine atomic
masses with suffificient precision, it is found that
most of the elemcnts have fractional atomic masses

as showu in Thble 16.2.

,-
!
E

1

M+',m / zK O6Eo)

43

I

(base)

Mi 5T

M .15

71 r'
.Mt +1

--->nrlZ
o{ n-hoone.
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Hldrogen

Carbon

Niirogen

O)rygeD

Sulphur

Chlorine

1.00'191

12 0t t15

14.0057

15.999,4

32.064

35 .435

lH
2H

l2c
l3c
14N

l5N

t5o
l7o
l80
32s

33s

34s

35ct

37 ci

l.01163

2.00r410

12.m00

13.@36
14.qB1

15.(mr
15.9949

76.9991

l7.9yr2
31.932
32.9/,15

33.79
34.9689

36.9659

'IABLE 16.2. Precise rlasses of
some common elements

C"H8O :3 x 12 + 8 x 1.00783 + U.949
= 60'05'tl4

CrHrN, : 2 x 12 + 8 x L.(fr783 + 2 x 14.0031

: 60'06884
ClHaOz:Zx12+4x 1.00783 + 2x L5.9949

:60.02712
cHaN2O : I x t2 + 4 x 1.00783 + Z x t4.Cf,3t

+ L5.9949 : 60.3242
If the high resolution mass spectrum of the

given unk-oown compound shows the molecular ion
aL mlz 60 O58, then certai.nly t-he unknown com-
n611n{ i5 [.HrQ. ]n case it shows the molecular ion
at mlz(r0.02l,itm,ost be CrHoO, so on and so forth.

16.6. Empirical and Mclecular Fo rmulae ;.-;s;1,1r,5,,.4:,1,;

After hnding out the elements present,
the;r' percentage composition and the molecular
mass, the next step is to establish the formula ofthe

16.553. Molecular mass from the Moleculsr
ion

The mass of the molecular ion peak gives the
molecular mass ofthe compound. In majority of the
organic compounds, thc most abundant ion
amongst the cluster of ions appearing in the high
mass region of the spectrum gives the molecular
mass of the organic compound. For exarnple, in the
mass spectrum of r-hoxane (Fig. 16.18) the most
abundant ion a.urongst the cluster of iors in the high
mass region is at nr/z 86. Hence molecular mass of
n -hexane is 86 amu.

with low resolution mass spectrometers only
integral molecular mass of the substance can be
determined but with high resolution mass
spectrometers it is possible to determine the ac-
curate molecular mass of the substancc upto lle
decimal places.

1655.4. Molecular formulae from Precise
molecular mass

It has been stated above that high resolutioo
mass spectrom€ter can be used to determine ac-
curate molecular masscs upto five decimal places.
With the help of these precise molecular masses, it
is possible to frnd out thc exact molecular formula
of the compound. For example, a substaace with a
molecular weight of 60 may be CrHrO, CrHrNr,
CrHnO, or CH.NTO with help of Table 16.2, we can
find out the precise masses of these species as
follows :

It may b€ exphasised here that the empirical
forrnula docs not give the actual number of the
atoms presetrt itr a molecule ofthe substance but it
gives only the relative number of atoms. For ex-
ample, the empirical formula of glucose is CHrO
\4,hich teus that the ratio betweon the various atoms
is C : H : O : 1 : 2 : 1, which is the simplest ratio.
However, the actual number of atoms present in a
molecule of glucose are 6 carbon, 12 hydrogen and
6 orygen atoms.

Calculallon of Empirical Formula. The
various steps involvod in the calculation of empiri-
cal formula of a substaace are as follows :

(i) Divide the percentage of each elenent by
its atomic mass. This gyves the relative number of
atoms.

the 
by

the 
nc

(ni) If the simplest ratio obtained in step (ri)
is not a .whole number ratio, then multipli the
hgures with a suitable integer (2, 3 etc.) to make it
simplest whole number ratio.

ElerEent Nuclide Massohlc rverelll
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(iv) Write down the symbols of the various

elemetrts present sido by sido with the above num-

bers at the lower right corner ofeach. This gives the

empiical or the simplesl formula.
Molecular Formula. It is delined as that for'

mula of a substonce which gives lle acntal number
of atoms of the vaious elements prcsent in one

molecule ol the substance.

It may be the same as the empirical formula
or an integral multiple ofthe empirical formula. For
example, the molccular formula of methane is

CH., which is the same as the enpirical formula,

whereas the molecular formula of glucose is
CoHrrO. which is six times the empirical formula

(CHrO). Thus, ia general,

Molecular Formula = n x (Empirical Formula)

where z is a simple integer 1, 2, 3, etc. given by
the equation

Hence the empirical formula of the com'
pound is C,E7O.

(b) Calculadon of molecular formula

Empirical formula (CrH7O) massof the com-

pound = 3 x 12+ 7 x1 + 1 x 16 = 59

Molccular mass 118

" " =E;;mffi,,1".ut* = *='
Thus, molecular formula of the compound

=n x (EmPirical formula)

Molecular mass of the compound is deter'
mined experinentally by one of the methods dis-
cussed earlier whereas the enpirical formula mass
is calculated by adding the atonic masses of all the
atoms in the empirical formula.

For example, empirical formula of glucose is
CHrO. So its empirical formula mass is =
112+2 x I + 16 = 30. '[he molecular mass o(
glucose by experiment is found to bc 180.

Molecular mass 180
"' = E;piri"ul fo;ulu -^. = , = o

.'. Molecular formula of glucose

=6x(CHzO) = C5H1rO6

Calculation of Molecular Formula
The various steps iavolved in the calculation

of molecular formula of a substance are :

(i) Calculation of the percenlage composition.

(ii) Calculetion ol the emPiicsl formula.
(iii) Cakulation ol the molecular mass.

(i) Calc'ulation of the molecular formula by

fndingthe muhiplying lactor 'n'.

=2xCrHzO=(qH7O)2
= C.H11O,

EXAi\lPl,E 16..1r. 0.45 g oI atr orgonic corn-
pannd gave on combustion 0'792 gol COrand 0.324

g of watef, 0.24 g of the some subslance wos $eldoh'
ti.sed and the utmonia liberuted was obsofted in
50.0 cm3 oI Nt4H;SOn The ucess acid reEtbed 77.0

cnf of Nl10 NaOH for complete neuttotizttion. Cal-
culale the empiical formula of the compound

ECI]I,,.\IT tioIIMUI

llxAhlPt,B 16.ll. An oryanic compound contains C = 61'00Vo, H = ll'SEVoandO = 77'1290'

Colculate tt? empiical and mikcular lirmulae of the compound. Moleculor moss of lhe comPound is I 18.

Sabtlg& (a) Calculadon of empirlcal formula

Element Slmplestrf,hole
No. atomic ratio

61fo 
= s os

,ri* 
= ,,.r,

z7ri2 
= t to

508
Carbon

Hydrogen

o)rygen

61.00

11 .88

27 .12

L2

I

16

ffi=zee
'i1;ff =. ,
170_,
1.70 - '

3

7

I

Rclutive No. SimPlest
ofatorns itomlc ratio
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Solution. (a) Calculation ofp€rc€nlage com.
pcsitiin- ---

(r) Vo otCarbor.
Mass of CO, produced

Mass of substance taken
x 100

: 7.7 cm3 of 1 N HzSOr

,. Volume of 1N HrSOo neutralized by

M: = 12.5-?.7 = 4.8 cm3

But 4.8 cm3 lN H?SO1 = 4.8 cm3 1N NH!
Now, 1000 cmi lN NH, contain N = 14 g

. . 4.8 cm3 LN NH, will contain

1L
N = r0#x4.8 = 0.M72s

Thus,0.24ofthe substance contain 0.0672g of
nitrogen

.'. Voof,,ifiogen: W x lfi) =2E.0

(iv) Vo of Oxyget
= 100-(% of C + Vo ofH + % ofN)
= 100 - (,l{i.0 + 8.0 + 28.0) = 16.0
(b) Calculation of emplrlcal formula

-_ t2 _-4'
t2
&

(ii) %
2 x 10018 Mass ot substatrce taken

= k,#x roo:8 0

(rii) 7o of Nitrogen :

Volume of HrSO. taken = 50.0 cm3 N/4 H2SO4

= 12.-5 cm3 1N H2So4

Now 77.0 cm3 of N/10 NaOH

= 77.0 cm3 of N/10 HzSOr

Dlement

Carbon

Hydro8en

Nitrogen

Oxygen

48.0

80

x0
16-0

12

1

14

t6

l= t

f:a
?_ "

{=,

4

8

2

I

Hence, empirical formula of the compound is
c.ErN2O

I.,\ r,\Il,l t. tt t+ 0.2,16 g oI an orgoaic com-
pound conlaining 5E.53ilo cobon snd 4.(MVo
hydngea gave 22.4 cm' of nioogen at STP Whot is
the mEirical formula of the compannd 7

Solutlon, (a) Calcuhtlon ofpenceutagc com-
posld6fr--- -

(i) Vo of Carbon = 58.53 (Given)
(ii) Vo of Hydrogeo, : 4.06 (Given)
(r'l) 7o of Nitrogen

22400 cd of N, at STP weigh = 2g

. , 22 . 4 cm3 of N, at STP will weigh

19
= ffi"22'4 = o'o2ae

Thus, 0.2,16 g of the substance contain 0'028
g of nitrogen

... percentage ofNitrogcn = ffi, ,,
= 11.38

(rv) Percentage of Orygen
: lffi-(Vo of C + Vo ofH + ToofN)
= 1- (58.53 + 4.06 + 11.28) = 26.03
(b) Calculation of emplrical formula

PercentsEe Atoulic
Mass

Relatiw N<r.

ofatoms
SiuIpl€st

stomic ratio
Simplestwholc
Nc stomlc ratlo

'18,0-T= 4

S-a
2A.O

14

16.0Jtr'I
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Element F!rc.[tage

58.53

4.06

11 38

2n.o3

Atonlic
Mass of storns otomic rEtio

CarboD

Hydrogen

Nitro8en

O)rygen

12

1

74

l6

'"i2" = + as

f=o*
"438=os':

'ulf = ,'*

4.88
0:8Ir = o

4.06
OTI3 - )
0.813
o8f,I = I

I .63
or-frr - z

Hence, the empirical formula of the com-
pound is C.HrNOr.

i \ \\ll'l ! tt, ia.0.2,16gof on oryonic com-
pound gave 0' 198 g of carbon dioxide and 0' 1014 g
oI n)ater on complete combwtion. 0'37 g oI the
compound gave 0'6j8 of ilver bromide. Wst is the

molecular lormula of the compMnd iI ils molecular
mass is 109 ? (N.C.E.R.T,)

.r Mass of H"O oroduced
=-3x " : x 10018 Mass of substancE Laken

= +"Wx loo = 4'5E

(r7i) 7o of Bromine
80 Mass of AsBr formed
I88 Mass of substancc taken

=ft,ffi*rm
=73 37

(iv) The given compound does not contain
oxygen since the sum of the percentage of carbon,
hydrogen and bromine is approx. L(D i.e.

21'95 + 4 58 + 73'37 : 99'9O.
(b) Calculation of €mpirical formula

$olqtig4, (a) Calculation ofperccniage com-
position

(i) Vo ol Carbon

LZ Mass of CO, produced
= fr " r,au." or;u ot* " tm

= fr" mx lffi:21'e5
(ii) 9Dof Hydrogen

Eletrtatrt Pcrcentage Alomlc
MrEs

t2

1

80

Relatlve No.
of atorlrs

Stmplcst
atomlc ratio

Simplest r"tol.
No. atomic mtio

Carbon 21.95

Hydrogen 4 58

Brominc 73.37

"i?s = t a,

1fl= n.sa

71u37 
= o.erz

I .83
0.9T7 = .
4.58

6-3T? = )

o.977
6-E[7 = I

a

5

1

Thus, the empirical formula of the compound
is CrIlrBr

(c) Determlnatlon of the molecular form[la
fmpirica.t formula (QH5Br) mass oithc ci;.i-

pound =2x 12+ 5 x 1+ 1x 80 = 109

Molecular mass

Empirical formula mass

109

109-'

Ttus, the molecular formula ofthe compound

= n x (Ernpirical formula)

= 1x (QltBr)

= q&Br
EXAMPLE 76.16. Ot, utolysit, 0'2 g ol a

monobasic aciil gaw 0'505 g ol CO, otd 0'08A1 g

oJ H|O. 0 . j05 g ol //Jis acid rcryind 25 cm3 q M fi
NaOH for ccmplete neuhdfilution. Find the
ruolecular formula of the acid. (N.C.E.R.T.)
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&!!l!gn. (u) C"t"ulatlon of percentage com-
posltlon.

(i) Vo of Catbot

72 Mass of CO, produced
x l0O

2'-X
Mass of HrO formed

x 100

,14 " Mass of substance taken

= *"W x 1oo:6E 86

(ii) Vo of Hydroget

18 
-' 

Mass of substanc€ talcn

=*,.Hx1oo=4.t
(iii) % of Orygen = tW- (% of C+ Vo of H)

= 1m - (68.86 + a.8)

= 2,1i'34
(b) Calculallon of cmpLlcal formula

Hence, the empirical formula of the com-
pound is C,H.O,

(c) Calculation of molecular mass

0.305 g of acid requires 25 cm3 of M/10 NaOH
for neutralisation

. . 25 cm3 of M/10 NaOH neutralize

= 0.305 g of acid

or 25 cm3 of 1M NaOH neutralize

= 10 x 0.305 g of acid
or 1000 cm3 of 1M NaOH will neutralize

x 1000 = 122 g of tcid

But 1000 cm3 of IMNaOH contain 19 mole of
NaOH.

Thus, mass of acid neukalized by 1 mole of
NaOH = 122

Basicity of the acid : 1

. . Molecular mass of the acid = Mass of
acid neutralize d by 1 mole of NaOFI x basicity oi
the acid

=LZZXl=122

i3{=. *
ffi= z.,tr

l€i= ,*
(d) Calorhdon of molecular fomula
Empirical formula (C7H.O) nass of the

compound = (7x12+6x1+ 16 x2)= W
Molecular mq<c lX2

' ' " - Empirical formula mass - 122 -'
Thus, molccular formula of the compound

= z x (Empirical formula)

= rx(9ttoJ=Qltor
EKANIPI,E 16.i7. An acid of mokcltlo rnoss

104 contains 34.6Vo cafio4 and 3.E5% hydrogen.
3.812 mg ol he scid ,vqutued 7.j3 cmt ol 0,01 M
NaOH fot naholisation. Sugest 6 stucfrirz fot the
acid

(a) hrctntagc composldon ofclc-
mcnts

(i) % ot cafion = Y.6 (civen)
(i) % of hy&ogen = 3.85 (Grvan)
(iii) Vo of orygen =100- (Vo of C+% of H)

- 1m-(34.6+3.8O
= 6155

(b) Calculatlon of rmptrlcel lottuli

Carbon

llydrogcD

Orygen

GiX - s'tt
are- +so

%riia = r es

68 86

4.80

2n.34 l6

Element Percetrtagr Atomic Relatlve No. Slmplest
stoElc ratio

Slmplest whole
No, atomic rstloMsss otstoruJ

'l

6

2
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CarboD

Hydrogen

Oxygen

346

3 .85

61 55

12

1

16

#!= z'ss

',tt = 
"t

$fl=a ss

2.89
zTFr= l

ffi= r'tu

ffi- ,,0

3

4

4

Thus, the empirical formula of the compound
: QHrOn

(c) Calculation of molecular formula of the
acid

Empirical formula (CrHnOo) mass of the acid

= 3x12 + 4 x 1+ 4x-l'6= 104

But molecular mass of the acid : LM
(Given)

Molecular formula mass 104 .t ' =E;pi.i;l fo;rlu *.t = ro4='
. . Molecular formula of the acid

= n x (EmPirical formula)

= 1 x (CrHrO+)

= CrH.O.

(d) Catculation of the basicity ofthe acld

3'812 mg of the acid requires ? 33 cm3 0 01

M NaOH for complete neutralizaiion.

Thus, 7'33 cm3 of 0 01M NaOH neutralize

= 3'812 mg of the acid

or7 33 cm3 of 1M NaOH neutralizo

= ffi rns = 0 3812 s of the acid

or 1000 cm3 of 1M NaOH will neutralize

= 
o;'91' x 1oo = 52 s otthe acid
7-33

But 10fi) cm3 of 1 M NaOH solution contains
one gtam mole of NaOH

.. Mass of the acid neutralized by one mole

NaOH : 52 g

l2

1

923Carbon 92'3

Hydrogcn 7'7

If z is the basicity of the acid then 1 mole of
acid will neutralize n moles of NaOH.

.'. Mol mass of acid = n x 52

But mol. mass of th e acid = lM (Given)

.'.Basicity(z) =$=2.
(e) To suggcst a structur€ ofthe acld

The acidic character of an organic acid is due
to the presence of a carborylic group (- COOH)
as the functional group.

Since the basicity of the acid is 2, therefore,
the given acid contains two - COOH gouPs. Out
of the molecular formula (CrHnOo), 2 x COOH
:QHzOr is accounted for by the two carborylic

groups.
.'. Rest of the molecule of the acid

=(qH1O1-qH2Or)=CHz
Thus, the structure of the acid is

CHr(COOH)r, i.e. Malonic acid

l \\l\li'Ll. lr,)a A liquid aromatic otganic
compound A contoining catbon = 92'i7o md
trydro4en : 7'77o decolouized KMnO, and on

ozonolysis gove methanal and another compound B.
The moleculat mass of A is 104. On teatment with
a suitable catalyst, A gave a hi8l1 molecular mass

solid Wdrc, C hcvin7 the same emPirical fotmula
ds that of compound A. Compound C is used in
making tqs anilhouseholdgoods. IdentifyA, B and
C and eq)lain lhe reactions. (N'C.E.R.T,)

Solutlon. (a) Calculallon of emplrlcrl formuls

't .,. 1,' , Neut Coqrse Chemistrglfififi)

Dlemetrt P6rcetrtrge Atomlc
Moss

ofatoms

7 .69
TB
7 .70
T@ =1

I

1
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(c) To detemlne structurcs of compounds A nCH2 = CH c.arslyst
and B

(f) Since compound A with M.E csH8 i" CcHs Polvmcrizntion

aromatic and decolourises KMnO. solution, itmust -CH2-CH-CH2-CH- or
contain a benzrne ring aad aside cbain containing I I

a site of unsaturationl The only compound whicf, CeHs CeHs

satisfies all thcse requirements is stryene,
C5H5CH = CHr.

(rl') This structure is supported by ozonolysis
which gives methanal and benzaldehyde B

Empirical formula of the compound is CH,
(b) Calculation of molecular lormula
Empirical formula (CH) mass

=7x12+1x1=13
Molecular mass'- Empirical formula mass

704
- 13 -'

.. Molecular formula = n x Empirical formula

=8x(CH)=(CH)r=CrH,

1. What is rhe cmpirical formula of the compound
whose analysis perc€ntage are giveo beloe, :

(0 c = 41.35, H = 6.8e, N = 2.12

(Ir)C=60,H=13.3
I -r"..C2tt XO;

I rus CjIIrOl
(ia) c = 6s.73, H = 15.06, N = 19.21

(iv)c=so.A,H=9.?5
[ ,c--.,.,crIqNI

14l,..ctE1ro31
(v)C = 10.0,H =0.84,C| =89.2[ cHClrl

(vi) C = 71.4,H = 3.78, N = 7.57,5 = 1'1.3

I cllHsNS]

(vii)C= 2A.2,H = 1.57, S = 12.5,C| = 13.9,

Bt = 31.2 I C6UlSClBr o2l

(iii) C = 39.2, H = 9.79, P = 33 ;1

Lt"' QIIePol
2. As orgaDic compound contaiDs carbon 34.6%, and

hydrogeD 3.84% thc rest beiDg oxygen. Its !€pour
density is 52. Calorlate tbe molecular formula of

(D O/CH|A2
C5H5CH = CI! CH, = g

styrcnc, A (DMzo Mctanal
+ C5I{5CH = O

Bcnzrldchldc, E
(d) Tb iletermine structure of compoutrd C
Since compound A, i.e., styrene on treatment

with a catalyst gives a I'igh molecular mass solid
product C having the same empirical formula as
that of compound d therefore, C must be a
polymer, r'.e. pol,,styrene.

Polystyrene, C
Polyst).rene is used for making toys and

household goods.
Thus, A = sA)rme, B = bcnzaldehyde and C

= pob,styrer e.

3. An organic campound coDtains 61.0% C and
11.88% H. The molecular mass of the compouDd
is 118. Calcrlate the molec,rrlar formula of the com-
pound. l.\.r c6Hr.o2l

4. An organic compound on aDatysis tave the follow-
iog results; C:27.27%,H = 4.55%,0 = 3636r'o,
N=32-32% .1\e varyr density of the compound
was found to be /l4. Findout the molecular formula
ofthc compound. I rrr. C2HaN2O2l

5, An orSanic cornpound coDtains carbon, hydrogen
aDd orygen. 1,80 g of the sxbstance on combustion
gave 2.U got COzaDd 1.08 g of H2O. Catcutate

the empirical formula ofthc compound.

I r,;,, CH2OI

6. An orgaDic compound (molecular mass 78) has
92-3Eo @tl)on and'l.7Eo hydrcEen W weirht. Cat-
qrlate ihc empirical formula for the mmpound.

1 ,!,r c5H5l

7. A compound cDntaiftrs 4OEo ca,tbon, 6-67Vo
hydrogen (vapour deNity = 30). Calculate rheem-
pirical and molecular formula. Suggest a pcsible

[-*'-:,,,J.

the compound. I CaHaO.l structure. I c2H.o2, cH3cooIII

.1
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E. 0.45 g of an orgaDic compound conhini[g oDly

carbon, hydrogen and [itrogen on mmbustion,
gave 1.1 g of carbon diodde aod 03 g of water.
What is the eDpirical formula of the compound ?

lAns. CaH.Nl

9. 1.01 g ofan organic compou[d cotrtainiDE4l-37%
carbol and 5 75% of t4yd,iogen on Kjeldahtising,
required 11.6 cm3 of 1N HCl.In Carius detcrmiDa-
tion, 0.2I)06 g of the substance gave 0.55,14 g of
bariuD sulphate. 0.1015 g of the liquid when
vaporized displac€d 27.96 cm3 ofdry air measured
at 288 K ard 750 mm pre{sure. Find out the
molecular formula of the compound.

s. qHsNsl
10, A compou nd (molecutar mass 147) contaif.s 49.O

catbonandz.1z% trydrogen.256l mg of the com-
pourd gave 5-0 mg of siker chloride in Carius

e6timation. Find out the moleqrht formula of the
oompound.

lrus. CoIIaClll

i1. 0.1 I of an organic xlonouasic aoid tsave 0.2545 gof
CO2 ard 0.(}14289 ofH2O, on combusrioD. 0. t22g
ofthe acid required for mmplele oeutralization 10
cm3 of a N/10 alkali. DeterniDe ttle n1olccular
formuh of the acid. [.turs. C?H5O2]

12. An acid of molecular mass 104 coDtains 3462,
ClrkJn,3.85% hydrogen and rqst being orygeo.
C-alculate the molecuhr formula of the acid.

[,\n,,. qH{oal
13. AD organic monobasic acid has 68.9% carbon ard

4 8% hydrogen, 0 122 g of acid requires 10 nrl of
N/10 caustic soda solution for Deutralizarion. Whal
is thc molecular formula of the acid ?

[\rrs. CrH5O2l

'.r i \Yhen do we use fluted lllter paper ot hot trater funnel for llltration ?

\,'s. To avoid crystallization duringfiltratioD, fluted lilter pap€r i.s us€d wheo thevolume ofthesolution to be tilrered
is sn'tall aod hot water funnelwheo the volume is large.

r), How rvill you puri(y essertiBl tls?

Ans. EsseDtial oils are volatile and are insoluble in water. Therefore, they are purified ry steam distillation.
il t IIow will you purify n liquid havhg [or-volatile impuriti€s ?

Ars. Sinlple dislillatioD willgivc us the pure liquid while the non-volatile impuritieswillremair io the tlask as residuc.
(l.J Suggest a method to purify:

(i) CaElphor coDtqinirg traces ofcommon selt.
(ii) Kerosene containing ldater.

(iii) A liquld which decomposes at its boiling poinL

An$ (i) Sublimation. Camphor sublimes while mmmon salt remains as rcsidue in the ctlina dish.
(ii) Solvent extraction using a separatory funDel. The lower water lar€r is ruD off when kerosene is obtained.
It is dried over anhydrous CaCI2 and rhen distilled to give pure kerose e.

(lii) Distillatiou under reduc€d ressurc.

'.)' i A resction is carried out usirg anlline ns a reoctArt as !,?ell as a solgerl lforl, \f,ilt vou remove unrencted
aniline ?

.,l.rls. Sleam of distillation.

(.J t A mixture contaihs trvo componerts A nnd B. The solublllties ofAEndB inwaterrearlts boiling pointare
I t ?rams per 100 ml and 2 g per 100 ml respectively Hov vill you se arate A aDd B fiom this mlxture ?

(N.C.E.R.T)

Ans. Fractiollal crystalliza tioD When the saturated hot solution of this mixture ls allcl!^,ed to cool, the le.ss soluble
componenr B crystallizes out first leaving the more soluble component A in tbe mothcr liquor.
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Q.?- A mtf,turt contslE b.nzoL add rId llttot otGnc. Hor crl tils Dlrtutt bc ccporrt d lnao lb consdtu.Dts
by th. ircbDlqre of.rtf,scfiotr trtrng otr .pproprlet chGmlcrl rt g.trt ? (N.C,E.R-I)

Ans. The mixturc is shaken wiih a dilute solution of NaHCO3 and qtracted with ethcr or c$loroform when
nitrobcnzene goes into thc organic layer. Distillation of the sohlcol giws nitrobeuene. The filtrate is acjdified
with dil. Hcl when benzoic acid Sets pre{ipitated. The solution is cooled aid tf,)nrcic acid is obtaiD€d by
6ltration.

Q.8. E (pl8ttr why str or8ortc llquid Ysportz.c st 8 temperctuE bclor its bolliog poltrt ltr stcsm dlstlllodon ?

(N.C.B.R.T)
Ans. A liquid boils whco its vaPour presurc becomca equal to the atmGpheric Fessure. During steam distillation,

thc minurc b(ilt when sum of thr rtp(nrr prcssrrc of uater and orglnic ftuid beo5rncs cqual to thc
atm6Pheric Prcssure. Since the v8[nur prcssure ofvater is apprcdabt highcrihao ]hat of organic liquid,
thcrcfore, the organic liquid sill yaporize at a temperaturE much loner thaols normal boiling p6iDt.

Q.9. Hor rlll ,ou scperea! . Dhur. ofo-Dlhophclol rtrd p. ltttophcDol ?
Atl!. Stcam distillatioo. o-NitroPhcnol b€ing rclatile dbtib o\rcr aloDg with water whilc Anirropieool being noo-

iolatile remaiDs in the flask

Q. I 0 Suggcst E.thod! lor Oc s.Fntlor of thc lollortDg mlrhrrc&
G) A E rtulr or lhEld A (b.F365 K) rd ttquld B (b,p. 356 K).
(ii) A mlraur! olllquld C (b.p 353 K) end quid D (rp 4t3 K).

AD& (0 Fra.tional diraillarlo bc.allrc rhe boiting pdnl! of rhc tvo thuid. difbr b, jusr y.
(,l) Simplc distillation sincc the boililg pdnts of the rEo liquids are widety apart.

Q I l A llquf 0.Oa) hss thrc. coDporcDt* W'hlch t.cbtrhuc ll you GEploy to s.poretr th.n ?
AD& Column dlromat ography.

Q l2. ThG &vrluc olA and E h r Dhttle dctcrmlrcd by Tt-C lo o colvtna mhture arc 0.65 sDd 0.42 1jcp.ctlvcly,
If thc mtrtun lr eporrtcd by coluEn chrDEaaogrrphy ttsltrg thG sornr solvlDt Elxturr er r mobllc pho8c,
trblcl ofthc t D colrpon.rts, A or B, r l clut! llrst ? hpl.h. (N.C.b.R.t;

ADs' sincc thc Rrllue of A is 0.65, ther€fore, it ir less strongly adsorbcd as compored to mmpound B wirh R.
r/aluc of 0.42 Tbqpfotc, On c tfacttoo of thc columo, A will cfutc frst.

(J I I Nor0c tro .oEpoodb rtlch .to loa catlh L.logrn boa gire pdttvc tdlttdD t6t
tuis. Urca and thiourea givc pdithE Bclhein t6t due to the formatkm of rDlatile orpric cyankle.

Q ll Ytty ls s! orr'Dlc co[tbuld fbr.d rlrh sodiutr for t".dDg f,rhg!', trltrog , sulphur r,d phcphou. ?

(IVCJ-R I)
Ans. The organlc comPou trd b fured with sdium metal !o convert these elements whici arc pr€sent in the covslent

form to ionic form.

Q. l5 Why 18 rltrlc acld sddcd io 6odlum Grhoct b€forc adiliDg ellvcr nikate eoludon for tcstlog halogcns ?

(N.C.E-kr)
An6. sodium c*tract is boilcd with nitric acid to deompose NacN aDd Na?s, if present, otherwise th€se

NaCN + HNO, _ NaNO3 + HCN I
NazS + 2 HNO3 

- 2 NaNO: + HzS t
will react with Ag{O3 and hence will interfrre with thc t€st as showD bclow :

NaCN + AgNOs * fuC'N + NaNO3
SihEr crrnidc
(Wrtiu ppl)

Na2S + 2A8NO! ..- A&S +2NaNOj

'iHl#'i'
Q l s vyhy tt Lt trGtt siqr to us. eccdc rdd old not sulphurlc sdd for rdrtl[c.0on of6odluE.stract lor tr6thg

sulphur Dt L.d rc.trte t 3t (VC,.Ef.fi
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A|Is. For testing sulphur, lhe sodium extract is acidified with acetic acid because lead acetate is soluble and docs not

inrerfere ilth ihe test. If H2SOa were used, l€d acetatc itselfwill react with H2SOa to form whilc ppt. of ioac

sulphate which will interferewith the test.

Pb(ococHlh+H2sol * PbSor I + 2cIl3CooH
(WitePPL)

what preclpitate wllt be formed nhen AgNo3 solution ls odded to chlomform or .hlorobcrzen: ?

Anlr Thc ppt. of AgClwill not be formcd sioce both tbese are covalent compounds and hence do not ioDize to givc

Cl- ions which is rhe essential requirement for the AgNO3 test'

(.) I r. lYlll ccla glve white precipltet€ of Agcl on hesti[8 it with sllver nitratc ? Give Feason lor your ansrder.

(N.C.E.R.T)

tu". CCln is a covalent compou[d. It does not ionize io aqueous solution to form Cl- ion. Thereforc, ir does not

produco white ppt. ofAgClwhen A8NO, solution is added to it.

Q. 1. Hor rllt you ccparat! r mlxt[rc oltro o]8rtrlc coDPotr[tts thlch hov. dlfierent rolubllldcr h tlc so|rc

solvetrt ?

A.D& By ftactional cqdtallizatiorl.

Q. 2. What tyF olcompounds arc prrtlled by subllmation ?

anE subtances whGc vaPour pressures becsDe cqual to thc atoDGPheric Pressure mucll belolr'their meltiDs

Points.

Q. 3. HoE vttl }!r ecpamte todlrc fiol!| eodluE ctlodd. ?

An6. Either by sublimation or by qtraction with CO1 folosrcd by evaPoratioD'

Q. 4. ltlll you 8et sDy prcclPltrtt llyou odd sllecr Dttrrt soludon to chloloDctbrnc ? Ilrot' trhy ?

Arts. No, becaule chlo[otnetbanc b I covalent comPouod aDd hencc does not coEtain Cf- i@lt'

e.S.D(PlotnrtysodtrmGrtrrctCrssrED?'gcxtract)lshollodvlttrrtlluteHNO3bcforet€sdn8lorhslogeDs?

Ar! Tb dccompole NaCN o( Na2S praeDt in thc I-assaigne's cxtract otbcrflilc th€se will produce white pPt' with

AgNO3 and unuld thus iDterfcre lr'ith the test of halogens.

Q. 6. An otganlc ttqull d.coEpoc.s balolt tt! bolltr8 pottrt E(,w tl[ yott purly lt ?

An6. Distillation undcr reduced Pressure ie. \a@um distillation.

Q. 7, Iho volstll. compoun& A rnd B dlllcr ln ihelr hotllDs polnts by l5lc s!88.st e 6uttsblc method lor thelr

scporatloD.

Ans, By fractional distillEtion'

Q. E. Hor wtll you lcprrirtc a rDbdur. ofo' mdP- nlhophGnols ?

Ans. o-Nitrophe[ol is srcam volatile shilc p-nitroPhcnol is not 8nd bence these can be scpsrated by steam

distillation.

Q. 9. NoEe h o methods whtch c8tr br safGty tts.d to Purlly srlllne-

ADs rvhoum distlll8tlon and stcam dbtillatio[

Q. 10. C5lt wG csttErto ox!8a! ltr rn orgrnlc coEPo[Dd ?

Ar8, Yes. But usualty it is indirectly estiEated by subtfacting the P€rcentage of all the clemerts Present io an orSaoic

comPound ftom lm.
Q. 11. Defitre Eole.uhr for[dr ? Eot b lt rclrt d to GDplrlcol formulo ?

Ars Rcfcr to the lqL
Q. 12. Whot typc olorysrlc .DmPounds cotrtrot bG l(reldahltscd ?
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Ans. Compounds containinS ni[ogen atom in rhc rinS and thc€ compouods in which nitrogeD is direcuy li[ked
either to .oygen or to another nitrogen atom such as in nitro (_NO, and azo (_N = i; -rp"roO" - 

-

Q. 13. Name the mcttrod Escd for deterElnotloD ofEole.ulor Elss ofyoloulc llquJds.
ADs. Victor-Meye r's merbod.

Q, 14. Deline the t€rm relutlon, os applled to coluDn chroEatogrrph!.
Ans- It is the process of extraction of different compounds adsorb€d on the coluDn by mearls of a suitable sotveDt

called elueot.

Q. 15. What cotrcluslon t ould you draw lfduri|rg LoEsolgtrdc ttst a blood rcd colourodo[ ls obtalned ?
Ans. The formation of blood rcd mlourdlion during Lassaigne's test indicatEs the pr€seoce of both N and S.

Q. 16. lltiae the Bolecular formula ofhor 0II) hcxrcys[ofcrraac (tr). |NC.I: .i:)
Ans. Fe4 [Fe(CN)6]j.

Q' 17. why is o solutioE ofKoH used to rhsorb co2 cvol"rd durlrg tha crdErotlotr ofcarboD prg3etrt itr an orgaolc
compound. (NC.D.r-'r)

Ans. CO2 is slightly acidic in nature nd hence dissoves in KOH forming IqCO3
2 KOH + CO2 * IQCO, + HrO

Q' lt' A mixture cotrtaiDs 7l Per cent-cslciuh sulphate olld 29 per cent csmphor. Name a suitable technique of
separatior ofthe componetrts, fthis mixture. i)\..L. 1.,.:,t )

"Ans. Sublimation.

Q, 19, Suggesta slit{ble technlque of poradng mphthaleoe from teroseoe llprtsetr na mLxtuIc. ,..1 
:

Ans. Simple distillation.

Srcl6.:. 1, List tbe different methods used for the purificadon of organic compounds.
2. Wbat is the principle of column chrcmatography?
3. Exptain thc prindpte of 3acam disti ation. W.C_ER.T)4. what is the differcoce bctweeo distillation, distillation under reduced prEssure and steam distilatio[ ?

5.

6.

t.
9.

10.

Fxplain the principle of paPer chromatography.
When is the process of fractional distillatiofl cmplqyEd ?
When is the process of ftactional crJxstallisation cmploJEd ?

How wiu you separate a mixture of benzoic acid aDd naphthalene ?
How will you purily sugar which bas impuriti€s of sodium chlodde ?

(r{cEft.I)

Name and- disorss the prillciplc of the method uscd to s€parate a mixture of tu/o organic compounds
having differeDt solubilities.
Describe the method t,hich cao be used to separste tu/o componcotB with diFerent sorubirities in a
solvent X. 

W.CE.R.T)
Glyc€rol. decompGes at its boiling pornt (563 K). Disclss a method whicb can be used for itspunncatrcn.

How will you separate t$o mmponents when : (a) their boiting points difier by a feu, degrees
(r) they are soluble in tbe same solvent
(c) the, are almct imEiscibte in wBrer but are volatilc in stcam ?
what is the differcnce beturE€n ft'actiooar distiration, vacuum distiratroo a'd stcam distilration ?
Support your answer with suirable eEmples.
What is a hactionati'g column ? How does it help in thc separatiori of miscible liquids ? cive oneexlmPle.

What is the basic principlc of cbrornatography ? E4{aio with ooe example the use of columD
cbromriography itr the purifcation oforgank-"i, porriO*

11.

tz,

13.

14,

15.

16.
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S'.!c. r6.3. 17.

1t.
19.

20.

21.

Src. I (r.J. rr

23.

Scc. 16,5. 24.

Dcscaibc rhe chemistry of Lassaigne's fest used for the detection of (i) Nitro8en, (ii) Hatg-S:Yfll
(rlr) sulphur. (VC.E'f, I)
Vr'ritechemicalequatioosinvohrcdinthedetectionofsulPhuraodPhoPhorusiDor8aniccomPounds.

How ivill you detect th€ Presence of carbon and hydrogen in an orgaoic mmPound ?

DiscussthechemistryofBeilsteintestforthedeEctionofhalosoos.whyisthistestllotdgPndable?
Hoy, will ),ou delcct tbe P(elence of hslogcrB in a gir'tn compound ? What b thc fuoction of nitric

acid in tbiE tcst ? GiYe clrcmical cquatioDs.

Ou(ioc tbe princiPlc of estimation of nitrogeD in aD orgaoic coDPouod by

6-;;;;;;d (r:iiKietdahl'smethod. (rvcrr'r)
For what type of compounds, Kjeldahl's method is not apPlicable ?

Holl can caibon and lrydrogeo bc €stimated in the organic mmPound ? Give outlitres of the methoc

alongwith thc method of calqilation.
Oisciss ttrc principte 8od the method of €lculatioo of the following :

(i) Silvcr salt method for determing the molc{'trl8r mass of organic acids'

(u) CbloroPlatiDate method for dctorming the moleqrlar msss of organic bsses'

(iii) Volumetric method for tlle d€tcrmination of molecular mass of acids and bases'

wbat is thc basic funclioD of mass sPe€lrometry ? whai is it3 primiplc 'l (N'Cf,J-t\

How is a mass sPectruE obtained ?

Ho can mass spectrometry be uscd to find acqtrate moteqllar mass of an orgatric comPound ?

What is tbe differeoce betweeo low aod high resolution mass sP€4tmm€try'

!\tite short notcs on : (i) Base Peak (ii) Daughter ioos'

Define (r) cmPirical formula and (ii) molecular formula What is the relatioDshiP betw€€-n-the-hi'o

fornulac ? (N'C'E'f,-Ti

BplaiD the stcPs invoh/cd to dctermine th€ cmdrical formula of an organic comPourld'
(N.CE-er)

2A
26.
27.

2&
29.

30.

31.

Scc.l6.2. 1. Give a brieo d€scription of the PrinciPles of the follo og Prooesscs taHog an eEmPlc in each casc

(i) Filtmrion, (ii) SimPle dhtilatioD, (id) chromatography, (iv) Rccrystallisation (N'CE &T\

(r) Sublimation, (vd) Distillation uDder reducd Prcssure , (w) Steam distillation'

Z. nthe dete{tioD of niirogen, haloCgll:'-s:lPh:J
(N.CE.er,)

3. €stimatbn of the follo$'ing:

(i) c-arbotr and bYdrogen

(iO Duma's method for eslimation of Ditrogen

(iii) Kjeldahl's method fof thc cstimatioo of nitrogen

(iv) Carius mothod for the €stimatioo of halogens aDd sulPhur

(v) Phcphorus.
+ bisclrss irr. prinUPle and tlrc method of calculation of the follo\f,ing

- (0 Mctor M-c,t/s mcthod for the dctermination ol molc@lar masscs of \allatile or8aDic liquids

(ii) volume ffi o*.",o o..5. Discuss the
iD dctermin

Sec. 163.

Sec. 16.4.

Scc.l6.5.

Sec. 16.7.
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1. Purlttcatidn or coilhildal bGrrac Commercial benze[e obtained from coat-tar distillation contaios
I -r? 

t!gph"n9 g impurity. This thiophetre can be remc'ved from mmmercial benzene oy 
"rtra"tion 

*iit *nc.
Hzso4- rhis prifcotion ir based upon the fact rhat hiophene undergoes surphonation i*n ii-iiiii ,ii
6 eazeae. Thug when conrnrerical bcnze ne is sbakeo with conc- H2s 04 ill a separating fuoner, thiopheDe u ndergoes
sulphona on to form thiophene-2-sulphonic acid which dissorves iD conc. H2so4 whire benzene does not

[l *",ro4(.o,1.) grirl 
[| 
-l*o.*, + Hzo\s/ \.I""t''rhioPhcoe 

%xI*;#;l:W;.
The H2SOa rayer is removed and the b€nzeDe layer is again shakcnwilh ftcsh conc. HrSOn. This procrss of

extraclioE is rePcated 3-4 times tillthe H2sO4layerdo€s not become black thereby iDdicating that all the lhiophenc
has been removed. A-frer this treatmeDt, the b€nzene layer is washed with water to remove the unrcacte(i
!l2SOa, dried over anhydrous CaCt2 and distilled to give p;re benzene.

2. EudioEetry ir a direct nErhod for deremlinatio4 of morecukt lormura of gateour rrydrocathon\
wilhour-detenniairg 

.the perceruage composition of variou:s eriment in it and wittroti inonirg i, -or"r,,in,Ma$ oI the Lydtocorbo^
Tbe actual method used involves the following steps:
(i) A-known volume of tbe gaseous hydrocarbon is mixed with an exc.ess (k[own or unknown voru,]e) ci

orygen in the cudiomeEr tube kept in a kough of mero ry.

,, (ii) The mixture isexploded by Passing an electric spark between the platinum electrodes. As a resulr. carbon
and hvdrogeD ofthe hydrocarbon are oxidised to CO2 aid II2O lapours iespectively.

which condeose to give liquid war.r

ir. the , the gaseout mimrre lefi nrl
o"

(iv) causic potash or caustic soda solution is then introduced into the eudiometer rube which absorbs
COz completely and onty unused Oz is left behiDd.

2 NaOH + COz.- Na2CO3 + H2O
'Il,us, the decrea.se in vofuitu on intoducing NaOH or KOH sohttian gives the volume of CO 

2 forned,
sometimes, the vorume of 02 reft u,used is fouad by inrroducing pyrogaror aod noting the decrcase in

volume.

ID
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ADDITIONAL USEFUL INFORMATION '. "J' 1

cltlculations.t.romthevolumeofCozformedandthetotalvolumeofo,used,itisPossibletocalculate
lhe nrotecular fornlula of gaseous hydrocarbon with the helP of the follo\f,ing equatioo'

Cr H, + (r+ /4)Or-xCQ, + Y/Z[I:.O
l Yol G+!/A)Tol .x vol Y/z\'ol

(negligible volume on condenrolion)

Fronr the above equation, lt is evideDt that for one volume of hydrocarbon'

(i) (x + y/4) volume of 02 is used (ii)x volumc of CO2 is Produced'

(iii)y2volun]eofH2ovaPoursisProduc€dwhichcondensetogiveliquidH2oEithnegliSiblevolumg.

(ir,) contraction on explosion and cooling = lO + x + yl4) - xl = 1 + f 14

BrcquatingtheexPerin]eotalvalueswiththetheoreticalvaluesfromtheabovecombustionequatioo,the
uatucs 6fr anoyin<t he;ce the molecular formula ofthe Saseous hydrocarboD can be easily deiermined'

3. Molarity x Mol. \ t. = Normality x Eq. wt.

FRACrICE
lomlofaSas€oushydrocarbo[weremixedwithlo0mtofo(yggnandexPlodedinaeudiometcrtub€.The
uofut" ofit 

" 
reriO,ial gas€s was 95 mt of whicb 20 ml was absorb€d by caustic soda and tho remainder by

pyrogafoi. firO or, the-molecular formula of the Bas. [Ans' CrHrl

9 O nll of a mixture of metharc and ethylene was exPloded with 30 ml (excess) of o)rygen' After coo-lio8' the

volunte was 2l.O ml. Further treatment with caustic potash rcduc€d lbe volume to 7 0 ml. Fi[d out thc

urorrs Jr"tttro" aDd ethylcne in the mixture. tArs' CE - 4 ntt, grg. - t -U

c 3 *5.E. - P.ll,.T. ( rtLArAlSJ S ?ECI A L

4 \ ( : B l lit'T l ll Q ItES'tl o !'\
'(i,r!,tt:,t t''ath 

-1 
L?

Without usirg column chromstogrophy bor
rdill you s€porate a mlxtule of camphor and
benzoic dcid ?

Sublimation canDot be used sinc€ both camPhor

aDd benzoic acid sublime on h€ n8. Thcrefore,
a chemical method using NaHCo3 solution is

used u'hen benzoic acid dissolvcs leaving cam-

Dhor bebind. Tbe filtrate is cooled and then
luoin.o *im oit. Hct to ge! benzoic acid.

\ itl sodium cyonide give a pocltive lassoignCs
test for nltroger ?

mctal, the N of thc
ally converted ioto
ry rcquirement for

LassaigDe's test for nitroge[

Ilorv sllt you test the prtccEcie of nitrcgen lu
hydrazine ?

If bydrazine (N H2NH2) is tusedwith Na metal, it

does not form NaCN since it does not contaiD
carbon and hence will tlot Sive +ve tost for
nitrogen. In order to lest the Presenc€ of N in
such compouflds, during fusion with Na, some
charcoal or prcferably starch (which contaios C

but not N,S, halogcns etc.) is added. Under these

conditioos, C of sErcb or charcoal combiDes wittl
N of tbe compound to form NaCN which will now
give a +ve test for Ditrogen.

Lossalgre's test is not shoPn by dlazollun
solts, Why ?

Diazonium saltsusually lose N2 on heating much

before they have a chancr to react with fused

sodium metal. Therefore, diazonium salts do Dot

show positive LassaiSne's test for oitrogen.

Ans,
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Sometimes tr red colour is not produced in the

Lrssaigne's test even ifboth nitroge[ nnd srll'
phrlr tre present i[ the organic comPound.

Explain.
ln principle, rf ihe organic colrrpound contains

bolh N aod S, sodium thiorycnatc should bc

formcd in I-assaigne's test and this should Eivc
blood red colouration with FeCll

I:usion
Nl+C+N+S -..........- NaCNS\_'-,- sod. thio(yanale
OrBanic comPound

3NaCNS + FeCl3 -.. Fe(SCN)l +3NaCl
Ferric thiocYanate

(Blood rcd colouration)

Ilorvever, if blood red colouration is not ob-

tarocd, it does not Dccessarily nlean lhal S is

abscDt. This is because in presence of excess of
sodium nreral, sodtum thioryarlate initially

formed, dcconrposcs to formsodium cyanideaod

sodium sulphide.

A
2Na + 2NaCNS * NaCN + NazS

A.s a result, blood red mlouratio[ Ls notobtained.

(-). 6. Why is a lreshly prePsred srturst d solution of
fermus sulPhate used in the Loss!lgtrds test for
Ditiogetr ?

Ans. On keePiDg aq. FeSO4 solutioD, it undergoes

hydrolysis to form basic ferric sulPhate

4 FeSOa + 2 H2o + 02- 4 Fe(oH)So4

The pale yellow colour of Fe3+ ions i[terferes
with the liSht Sreen colour usually obtaired in

LassaiSne's test.

Q. 7. Whst is the dlfference betweel vsPour density
and deNity ? Explain.

An$ Vapour density is just a ratio between the mass

of a c€rurin volume of a 8as or vaPours of a

volatile substance under certain mnditions of
remperature and Pressure (say STP) to the

mass of the same volume of H2 under same

conditions of temPeraturc and Pressure. It,
iherefore, has no units and isjus! a number. In
contrast, density ofa substance (solid, liquid or
gas) is the mass of on€ unit volumc of the
aubstance. It has, therefore, units ofeithcrg/ml
or (g/L.

N. PROBLELIS

Prfile t. A\ arotrIladc compouDd contaiLs 69 4%

(artd sDd 5't% hydEgeE A ssmple ot 0'al3 8 of this
compound vas lttalys€d for nltogen by l(lcldEhl's

Dethod. The sEmoDio dolved ruas absorbed lu 5() rnl

of 0.05 M II2SO+ The qct6s of tbc scid rcqulrcd 25 El

of 0.1 M N8OH lor treutratizotioD. DetenEltre thc
:nole.ulrr forEulo of tte corDpound ll its ErEs is l2l.
Draw the pNible structuts for this coEPound.

Solutior. Step l. To calculete the 96 of N

volume ofo 05 M H2SOa taken = 50 0 ml

Let the volume of 0 05 M H2Soa left uDus€d

Volume of0 1 M NaOH required for neulraliza'
tion of exc€ss acid = 25 0 ml

Applying molarity equation,

n" Mo V, (H2SO) = n5 M5 V5 (NaOH)

Le-, 2x005xu=lx0lx25
or u-25ml
,. volume of0 05 M H2SO4 used

=50-25=25m1

7,1.1 = 
l'a x 28,iuor'os x 2' rt'ss

Stcp 2. To determine lhe molecular formula of the

cotnpound

c:H:N:o =#,+,11#,8#
=5 78:5 8:0 E25 :0 828

=1i7:1t0
.. E.E of the comPound = CTHTNO

E.Ewt. j'i xt2+1x 1 + 14 +16

= 121

Mol. mass of the comPound = l2l

.. M.E of the comPounO = czHzNO , #
= CzHzNO

saep 3' Tb dratt, lhe Postible smtc ter of lhe com-
pound

Sinc€ the compound is aromatic, it must contail a

C5H5 group- ln other words, the compound may b€

written as C6H5CH2NO or C6H5CH = NOH. Since

oximes show geometrical isomerism therefore, possible

structures of the comPouDd are :

CrHs .. m Ce Hs, OH\1-/\/C=N C=N.,/\,/H''oHu\
syn-Benzaldoxime Anti-Bcnzaldoximc

t'roblen 2 T\yo conPorrtr-ds A ond B Sive on
analysis, C = sa'A2qo nnd H = 11 1t9o' Both
demlourize Br2 in CCla solutlorr. ComPound A giv6 a

prccipitate with amrDoriacal silver tritratr ond on reduc'
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tive ozonol]rsis gives 2-ketobutnnnl Compound B docs
not give l| precipitate with nmmoniacal silver flitmte
hut oD reductive ozonolJisis gives formoldehyde nnd
glyoxol. Ded ce the stflrctur o[ ]oth the cohpounds.

...^,, E8.82 1r.t8(,)U: H = --tr-, --l-
= 7 11 : !1 18

=213
E E of the coDrpounds A and B = c2H3 and the

lowest M Fl of thc compounds = 2 x CzHl = CaH6.

(,r)'I})e M.E CaH6 suggests that A and B Dray

contain a triple bond or two double boods.
l]ris is supported by the ohscrvation that both A

aDd B decolourize Brz in CCla.

(rll) Since co[pound A gives a whrte ppt. with
anrmoniacal AgNOJ solution, therefore, i, tntltl be a

tenninal ollqne,i.e., CIITCHTC = CH,

curcHrc = ctr + [ng(NII3)2]+ NO3-

I -Butyne, A
-.- CLI3CII2C = CAg + llNO3

Silvcr I -but Tide
(Ll4tite ppt.)

(iv) Thc structure of A is turther supportcd B its
ozonolysis paoduct.

(i) o1/cH2a2
CHTCHTC = CH CH3CH2COCHO

(ii)ZntHrO z-Kctobutanal
(v) Since compound B does not produc€ a whitc

ppl. with anrnoniacal silver oirrate, it nay have any one
of the following three structures :

CH,--C=C-CH, CH3-CH, = C= CHz
2-Butync 1,2-Butadicnc

cH2=cH-cH=cH2
1,3-Bubdicnc

(vi) SiDc4 the ozonol,sis products of B are formal-
dehydc and glyoxal, therefore, compound B is ,1, 3-
butadiene

<i) o3/cH2ct2
CH2-CH-CH=CH2

1, 3-Botadiene B (DZn/Hzo

CfI, = O 1Q - CH-CH = O + O = CHz
Formaldehlde

Glyoxal

Q. l. A chloro compouDd (A) showed the following
propertles :

(i) Decolourized broEine ir CCla

(ii) Absorbed hydrogen catslyticolly
(iii) Gave a white prcclplaste with nrEmollecal
cuprous chloride
(iv) When vapourized, I .49 g of (A) gave ,l4E ml
ofvapours at ST? IdcntiB (A) ntrd writc dotfn
the equation for resction ofstcp (iii).

(Roorkee,l99l)
Step 1. TodehrmlEc the Doleculsr masolcoE-
pouod (A)
448 ml ofvapours at STP weigh = 1 .49 g

.. 22400 ml ofvapours at STP willweigh

_t 4e :!?2400 _ T.sE

Thus, the molecular mass of compould (A)

= 74.5 g mol- I

Step 2. To identily the tuoctloral grcups

(i) Since (A) decolourizes Br2 / CCl1, therefore,

(A) must bc an unsa$rated mmpouDd. This is

further supported by the fact that (A) also ab.
sorbs bydrogen catabtically.

(.i) Since (A) gave a precipitate wilh ammoniacal
CuCl, it must be a terminal acctylcne, ir. it must
contain the groupiDg-C E CH
Step 3, Tb determine the molccular formuls of
the coEpouEd (A)

Molec'ular mass of-C = CH group

=lZ+lZ+1=25a.m.u.
Alomic mass of chlorine = 35.5 a.m.u.

Molerular mass of the compound =74 . 5 g mol - I

.. Molecular mass of thc rernaiDing portio[ of
comPound (A)

= 74.5 - 25 - 35.5 - 14

Sinc€ the molecular mass of a CH2 group b 14,

therefore, the compound (A) contriDs a CHz

8roup.
Nor ompound (A) contaiDs a cilorin" atom,
one CH2 group and one terminal acetylenic

8roup, ie., -C =CH, therefore, the structure of
the orgaoic compound is

CICHTC = CII (3<hlorcproFl-yDe).

StGp 4. Tb wrlto thc Gquation lor thG rEcdon of
stlp (lll)

T.'.7^ fiTATNS ) ST'EC'AL
(A) showed the following
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CICHr-C=CH +CuCl + NH4OH
3_chloropmpl-ync

CICHTC = CCU + NI l4Cl+H2O
Coppcr 3+hloropmp- I -rnide

(Red PPt.)
Q I A hydrocarbon (A) lC,9.56%, vapour densiq,

53] wss subjected to vigorous oxidation to give
o dibasic ocid (R). 0.10 g of (B) reqrrired 24.1
ml of0.05 N NaOH forcomplete oeutralizatio!.
Nitration of (B) gove a si[gle mor|o nitro deriva.
tiye. When (B) $as heated stroEgly ryith
sodolime it gave benzene. ldentify (A) and (B)
eith proper rea.sotring atrd also give theirstruc-
tures. (funrtee 19911

Ans. S tep l. fo dere nnine the molecular formula oJ the
hydrocafion (A)

C H = 29lg 9i 1"4 =1.ssis 44

=4i5
Thus, the E.E ofthe hydrffarboo (A) = C4Hs

E.Ewt.=1x12+5xl=s3
But VD. ofA = 53
. Mol. ntass ofA = 2 x 53 = 106

Thus, M.E ofhydrocarbon (A)

=c4tt5x#=csHro.
Step 2. Io determine tlv tnolectiar mant of the
diabaic acid (B)

24. 1 ml of 0.05 N NaOU neutralize acid = 0. 1 9
.. lmo rDl of I N NaOfI will neutralize acid

0.1 x 1000=24 1xo.us
= 83 (approx)

Thu$, Eq. wt. of dibasic acid (B) = 83
.. Mol. wt. of dibasic acid (B)

=83x2=l6ttgmot-l
Step 3. To derermine the moleculat formttlo and
sttltcttre of the dibasic acid (B)

(i) Let rhe M.n of rhe diha.sic acid (B)

= R(cooH)z
.. R + 2 x 45 = 166orR = 76

Sioce on strong heating u4th sodalime, acid (B)
Eives benzelc, therefore, R tnusl be C olt 4 and the
M.E of thc acid (B) - C6H1(COOH)2. In other
ryords, (B) is beDzeDedicarboxylic acid.

(ii) Since the dibasic acid (B) oD nirrarion Save a
single mono.Ditroderivative, therefore, B is a
qmmctrical dibasic asd, i.e-, benzne-|, 4-dicu.
borylic acid or tercp' helb uid-

cooH
I

.'4.. Nitrarion

-r
COOH

Benzcnc-1,4-
dicaboxylic acid (B)
(ferrphthalic acid)

(iii) If (B) is bcDzene-l, 4dicarboxylic acid, ihen
the hydrocarbon (A) must bep-xylene
cH: cooH

cooH

2-Nitrobcnzenc-
1, 4-dicarboxylic acid

Tcrephthalic acid (B)

Oxidatio'l

p-Xylcnc (A)

sodatimc.a fftl
(Dcc@borylalion) V

Benzcnc
Q..1. Ilro isomeric compounds (A) aDd (B) hove the

same molecular foruula CrrHl3OCl. Both are
ursaturaied and yield the same compound (C)
on catalytic hydmge[[tioD and produce 4-
chlorc.3-€thoxybcEzolc scid on yigorous orida-
tior (A) crists in gcometrical isorEers (D) and
(E), but Dot (B). Give strucrurc6 of (A) ro (E)
with prcper reasoning. (Rootkee 1994)

Ans. (i) Sine (A) aDd (B) on catalyrtc hrdrogenation give
the same compound (C), (A) and (B) are isomers.
0:i) SincEAand B (M.E Cr rHl3OCt) on vigorous
oxidation give the same Donobasic acid, i-e. 3-
cbloro-4.€thox,-beDzoic acid, having the follow-
iltg struqture ;

CI ooH M.F qHeO3Ct,

therefore, both (A) and (B) have one side chain
in place of COOH group. FUrrher, since rhe acid
has 9 carbon atoms and rhe compouDds (A and
B) have ll carbon atoms, therafore, this side
chain consists of three carboo atoms.
(irl) The various posstble structures for com-
pounds A and B are :

4r-=r I I 2 3cr<(J)*crr = GHCH:

'|',
ocI4cH3

A
I -(4- Chloro- 3-cthoryphenyl)

prcp- l-cnc (l)
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cr@-cncuror,
l-(4-Chloro-3+thoryPhenyl)

- propane (C)
Q. .l . A 20 . 0 cm' Ethdurr ol CO, CHa and He gases is

exploded by on electrlc discharge at room
temperoture with cxcess of orygerL The volume
contiaction is found to be 13.0 cm3. A further
controction of 14,0 cm3 occurs when the

resldusl gas is treated with KOHsolution. Find
out the compositlon ofthe gases hixture.

(.1.X 199s)

Ans. Let thevol. of CO in themixture =rcm3 and that
ofCH4 =y cm3

.. Vol. of He in the mixture = 20 - (r + /) cm3

Conkaction in vol. due to explosion and cooling

= 13.0 cm3 and mntraction in votume due to
absorptioo in KoH = 14.0 cm3 = vol. of CO2

produced.

The chemical equatioos represeDtirlg combus-
tioo of CO and CH1 respectively are :

zCO + Oz 
- 

ZCO,
r cnrl r72 "nr3 *.rn3 ...(D

CHa + 2O2 *CO, + 2 HrO

Y.nl1 2Y..' 1'cm3 ncg volume ...1a;

Cootraction in volume due to reaction (i)
.xxx+Z-x=Zcm-

CoDtraction in volume due to reaction ( )

Y+2Y-Y=2Ycm3
.. Tbtal contraction in volume

= (i *,,1 "",'
BUil + Zy = t3 (Given) (it'i)

Q.s

'Ibtal volume of CO2 produc€d in reactions (i)
and (r'i)

=(r+y)cm3
But r+y=14 (Givvn) -(rr)
Solving (ii) aDd (iv) for, aDd y, we have,

.r= 10 0cm3aody=4.0cm3

Thru, vofume of CO = I 0 cnl , of
CH, = I 

"^3 
*4 o, O"

=20-(lo+4)=6cm3.
Ahydrocarbon (A) olmolecularweight 54 reacts
with or excqqs of Br2 ln CCla to give a com-

pound (B) whose molecular weight ts 593%
morc than that ol (A). Hordever , on cstalytic
hydroSerstlon, wlth exc€ss of hydrogen, (A)
forms (C) whose moleculor weight is only 7 4%
more thatr ihot of (A), (A) rcacts with
CHTCHTBT in the presence of NaNH, to glve

a[other hydrccarbon (D) tdhich otr ozouolysis
yields diketotre (E). (E) on oxidation gives
propioric scid. Givestructures of (A) to (E) Eith

.,, -=-.. 3 2 Icl{r ) \-cH.-cr.r = clr.
\\,-/./
3l
ocu2cH3

B
3-(4-Chloro-3-

ethory?henyl)prop-3-ene ( tI)
cH3

= CHz

ocH2cH3
B

2-(4-Chloro-3-ethoxyphenyl)
prop-2-ene (III)

(iv) Since compound (A) sho\s geometrical
isomensm but (B) does not, therefore, conl-
pound (A) must havc structure (I) and conr-
pouod (B) may have either structure (II or III).
The two geomctrical isomers (D and E) of com-
pound (A) are sbovn belo\ :

ocH2cH3

,raE -l -(4-Chloro-3-ethox,?henyl)
prop-1-ene (D)

ocHzcH3

./tntC=C
\H

cir-1-(4-Chloro-
3.€thory?henyl)prop-l -ene (E)

(v) Sirco compounds (A and B) oo catalytic
hydrogenation give the same compouod (C),
therefore, both (A) ond (B) hove the some struc-
tun of the Nide choitt In other words, compound
(B) has structure (II) and not (III).

ocH2cH!
IH2

AorB 

-
catallst

H'/

reasons, (Rootkee 1997)
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Ans. step l. To derermine thz fiobculq weightt of
compoundt (B) otd (C).

(i) The mol.wt- of compound (A) is 54 while that
ofcompound (B)which it gives on treatmentwith
an excess of Brz io CCla is 593% more thao ihat

of A.

''. Mol.wt. orla; = ffi23) x s+

= 374.22

Thus, the iDcrease ill weight due to addition of
Bt atoms = 3'14.22-54.o

= 32o.ZZ,

Since the atomicweiSht ofBr is 80, therefore, tbe
number of Br atoms added = 32O 22180

=4
Thsrefore, the hydrocarbon (A) must be dn
awe.
(,i) Further since the mol. wt. ofcompound (C)
which hydrocarbon (A) gives on catalytic
hydrogenation is ol;.ly 7 .4% more than that of
(A), therefore, the mol. wt. of (C)

(100 +7.4) x54
= --------160- = 5;. i;"

= 5t (approx.)

Thus, the iDcrease in weight due to addition of
H-atoms=58-54=4
Since the atomic weight of H is 1, therefore, the
number of H-atoms added durirg catalytic
hydrogenation =4/1 =4
Therefore, the hydrocarbon (A) musr be 4/r
allqne.

saep 2. Tb detemine the smrcfi.re of lhe hydroc or-
bo,Lt (A), (B), (C) and (D).

(i) The two possible structure for the hydrocar-
bon (A), r:e an alkyne with mol. wt. 54 (M.E
C4H6) are :

CH3CH2-C = CH

. BEt-l -yne (I)

CHr-C = C-CH.
But-2-rie (II)

(ii) Since (A) reactswith CH3CH2BT in presence

of NaNH2 to give aoother hydrocarbon (D),
therefore, (A) must be a terminal allqne, i.e.
but-l-yne ald not bvl-2-We.
(ir) If bydrocarboo (A) is but-l-yne, theD rhe
structure ofthecompounds (B), (C) aDd (D) may
be worked out as follows :

1 ,1 , 2 , 2 -Tetrabromobutanc (B)
(MoL wL 374.22 i.e. 593%

more than thal ofA)

cH3cH2-cH2cH3
Butane (C)

(MoL wL 58, Le. 7.1Vo more
that that ofA)

Fhrther,

NaNH2 . CH3CH2-BI
A- CH3CH2-{ a C- Na+

-NH3 sod.but-1-ynidc -NaBr

StEp3, To daemine tha shrcnse olhe dikerone
(E).

Since the hydrocarbon (D) ie. hex-3-yne on
ozonolrsis gives a diketone (E), which or turther
cxidation gives propionic acid, tlrcrefof.e, the
dikztone (E) tnut be hmne-l +dione as ex-
plained b€lo$, :

1234seOr
CH3C[I2-C = C-CH2CH! +

Hcx-3-yne(D) (ozo'tolYsis)

l23455Oxidation
cHlcl{,--4 - C-CH,CH. .............-- -t [ -

oo
Hcsne-3,4-dionc (E)

2 CH3CH2-C-OH
il
o

Propionic acid

flirl,r, (A) = bn!-l-ya, (B) = 1, l, I 2-
tetabrontobuote, (C) = bworc, (D) = hq.3-tne
and (E) = hqsls .j, 4dio*.

rJ. o. Th! brEtrtra reight of or ocid b t2.O.I[ I dt]a-
tioq lfi) o' of a solodotr of thb ocid qtriDitrg
39 . 0g ofthc acftl pcrlihe were cotttplctelytre[Eal-
izcd by 95.0 cu' of aqueous NaOE outalul4,
,l0.0t of NaOH p.r liEr. Mot ls the bsicity of
the acid ? (Roorkee 2000)

Aff. Molarity of the acid (Mo) = 39/42 M

Let the basicity ofthe acid = Na

Br Br
tlcH3-c-c-H
tl

Br Br

Bt2./CCla

But-1-ync (A)
(Mol. wt.=54)
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Volume of the acid (va) = lmo nrl

Molaflty of NaOII (Mr) = 40/40 = I .o trl
Acidity of the base (Nr) = 1

Volume of the base (vr) = 95 ml

Applying nrolarity equation,

N, Mo Vo = Nu M6 V5,

we have,
2()N,xfixl00=lxlx95

n, ='#'j#' = r.ee = 2(apprm)

Tht s, the baticity ol the acid = 2
(l 7 A gEs€ous hydrtarhor|s hss Ihe empirical forEula

CHz. Al e given tempciature snd prEssue, it h6 the

density 3 t6Allifte. At thb conditiql oxygen has the

Naphthalene can be easily purified by

(c) sublinration

(6) crlstallisation

(c) distillation

(d) exraction with a solvent.

A mixture of o-nitrophenol and p-nitrophenol can
be separated by

(a) sublioration
(r) steam distillation

(c) fractioDal crystalliation
(d) simple distillation.

-I!vo volatile liquids A and B differ in their boiling
points by l5K The process which can be used to
separate them is

(a) fractional distillation

(6) steam distillation

(c) distillation under reduced pressure

(d) simple distillation.

Separation of two substances by ftactioDal crystal-
Iization depeDds upon their differenc€ in

(4) densities (D) solubilities

(c) melting poinls (d) boiliog points.

dcnsity 2 2l p[iEE Find ootthe molecuhrbrDula
ofthecompound. (WdtBengalt.E.E.200l)

Ans. If thc density is 2 2l gllire
thcn mol. wt. of contpound (r:e. O.) = 32

If the density is 3.86 glitrc, then

the mol. wt. of thc gaseous hydrocarbon

= 
32 Y 86 

= ss.ar

= aPProx. 56 8 mol-1.
.. E.F wt. ofgas€ous hydrocarbon (CH2)

= 14 amu

N,, "=ffi={f=+
,'. M.E of gaseous hydrocarbon = e x CHz

= clHr

Glycerol which dccomposes at its boiling point caD
be purified by

(a) steam distillaiion

(r) simple distillation
(c) distillation uodcr reduced pressure

(d) fractional distillation.

The separation ofthe coDstituents ofa mixlure by
column chrolratography depends upon iheir
(a) differert solubiliiies
(6) differeDt boiling poiDts

(c) different refractive indices

(d) differential adsorption.

In Lassaigne's test, a blood rcd colouration iDdi-
cates the presence of
(a) Dhrogen

(6) sulphur

(c) boih nilrogen aDd sulphur
(d) both Ditrogen and haloSens.

RefiIlio8 of petroleuor involves the prcess of
(4) simple distillation

(b) steam distillarion

(c) distillation under reduc€d pressure

(d) f ractiooal distillation.

7.

1, a 3.a

AN U LTI PLE CHO I CE UESTTONS

2.b a.d
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9. A substanc€ which is insolublc in water and posscs-

s€s a vapour pressureof 10-15 mm H8at373 K can

be conveniently purified by

(o)2N
(c) 6fl)

(o) 9Hz
(c) QHc

(,) QHo
(.) QHz

(b) 400

(d) 800.

(6) QHr
(d)QHs.

10, An organicsubstance from its aqueoussolulion can
be scparated by

(a) distjllation

(c) solvcflt extraction

ll. In steam distillatioD,
volatile compouDd is

(4) equal to atmcpheric pressure

(6) less than atmcpheric pressurc

(c) more than atmcPheric Pressure

(d) €.mctly balf of the atmcpheric pressure.

la 0.2 g ofan organic compound on complctc com-
bustion produces 0 . ,14 I of CO2, ihen the percenr

age of carbon in it is

(r) q)lsrallization

(d) stcam distillation.

(6) steam distillation

(d) fracrional distillation.

the vapour pressure of the

(D) 60

(d) 80.

(b) 4
(d) 8.

(D) qH1o2

(d) clHsol.

The molecular massof acompound containingonly
one nitrogen atom can be

(o)'13 (b)74 (c) 146 (d) 1,l8.

A gaseous hldrocsrbon havinS empirical formula
as CH2 has a deosity of l.?5 glL at NTP. The

molccular formula of thc hydrocarbon is

It.(4) sublimatioD

(c) distillation

(a) s0

(c) 70

(a) 2
(") 6

0.59gofthe silver salt ofan organic acid (molecular
weight 210) on iglitiou gave 0.36I of pure sitver.
The basicity of thc acid is

(a) 1

(c) 3

If two compounds have the same empirical form ula
but different molecular formulae, they musl have

(o) different pcrcentage compcition
(D) difierent molec'ular weight

(c) same vilccity

(b)2
(d) 4.

13.

14.

15.

Tho formula of the compound which Siyes violel
mlour in Lassaignc's test for sulphur witi sodium
nitroprussidc is

(a) Na.[Fe(cN)jNosl (r)Na3[Fc(cN)5Nosl

(c)N%[Fe(cN)ssl (d)Na1[Fc(cNLsl.

In Kjeldahl's melhod, the nilrogeD presc in the
organic compound is converted inio
(4) gaseous ammonia (r) ammonium sulphatc

(c) ammonium phosphalc

(d) amDonium Ditrate.

The ratio of molecular mass to empirical formula
weight in case of glucse is

(d) same Epour density.

Thc clcment X (atomicwcight = 75) and Y (atomic
weight = l6) combine to 8iv€ a compound contaiD.
ing'15.8% X. The molecular formula of the com-
pound is

(a) xY
(")&Yz

( nl.L.NR. Allahdk d l99l \

A gaseous hydrocarboD has 85% carboD and
vapour density of 2E. The pGsible formula of the
hydrccarboo will be

(D) xrY
(d)xzyt

(D)QHr

(d) c1Hs.

(Hdrydna C.E.E.T 1991)

(l.I.T leEn

16. The empirical formula of a substance is CH2O, its

vapour dcnsity is 60, what is the molecular for-
mula?
(a) CH2o

(c) QH5o,

17. AD orgaDic compound having carbon, bydrogcn
and sulphur @ntains 4Eo sulphur. The minimum
molecular weight ofthe compound is

10. c
20. c

24. Disiillation underreduced pressure isemplrycd for
(a) CoHc (6) Petrol

(c) CHTOHCHOHCHToH

(d) Organic compounds used in mcdiciDe.

(c.Pll.T I et))

25. Which of the followin8 fertilizers has the higbest
Ditrogeo perceniage ?

wEt?s
14. b 15. c 16..1 17. d lE. a
24, c

AJVS
12. b 13. a
22. d 23. d

11, b
21. b

9.d
t9. b
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(a) Ammonium sulphate

(6) Calcium cyanamide

(c) Urea
(d) ADmoniunr nitrate. G.B.S.E. PM.T. 199i)

26. 59 g of an amide obtained from a carbo4'lic acid,
RCOOH, upoD heatingwith alkaliliberated 179 of
ammonia. The acid is

(a) Formic acid (D) Acetic acid

(c) Propionicacld (d) Benzoic acid.
(1.5. tt. Dltanbnd, I 994)

27. The propcrty which servcs as a criterioD of purity
of an organic compound is

(4) Solubility in water (b) Mclting point

(c) Density (d) Crrstalline nature.

2E. Complete combustion of a sample of hydrocarbon
gives 0 66 g of Co2 and 0.36 I of H2O. The

empirical formula of the compound is

(a) CH'.

(c) QHs

(6) QHr
(d) c6Ht.

(D.C.11. 1991)

29. The following is the percentage composition ofa
compound ; Na = 16.08%, C = 4.19%,
0=16.'18% anelhzO = 62.95%

Its molecular forDrula is

(a) NqCO. (6) Na2Co3 .H2o

(c) Nazco3 .l0H2O (d) Na2Co3.5H2O.

(R.H.U. 1991)

3u. The mosr satisfactory method to separate sugars is

io use

(a) ftactional crystallization

(r)Sublimation (c)Cbromato6raphy

(d) Benedict's reagent. (D l!iv.'l: 1991)

31. The Lassaigne's extract is boilcd with dil. HNoJ
before testing for halogens because

(a) silver halides arc soluble in IINO3

(D) Na2S and NaCN are decomposed by HNO3

(c) AgzS is soluble in HNO3

(d) A8CN is soluble in HNO3. (A.ti,v.c. tgej)
32. The coDpound that does not Sive a blue colour in

Lassaigne's test is

(a) Aniline (D) Glycine

(c) Hydrazine (d) Urea.

6.1.1 rt.s. 1991)

33. 0.24 I of a volatile liquid upon vapourization giv€s
45 ml ofvapours at NTP. What will be the vspour
density of the substance ? (Densig of
Hz=o.o89gL-l).

(b) s.ee3
(d) se.93

r ('.lt.S.E. l!tI.'l: l99n)

An organiccompound contaioing C, H and N Save
the following aoalysis :

C=40Vo,H=13 33t/o, ll = 46 . 67 7z,. What wou ld its
empirical formula ?

(a) qHTN

(c) CHaN

Empirical formula of a compound is cH2O. If its

molecular weiSht is 180, then the molecular for-
mula of rhe compound is

(o) 9s .39

(c) 95.93

(a) CuH'rO.

(c) CrHuO,

(r)qH7N2

(d) cH3N
t(:.R 5.1,. l!1 .',[: 1998.9t)l

(D) CsHroos

(d) c4H8o1.

(b) Sulphur

(d) HalogeDs.

36. The Beilstein test for organic coD'lpounds is used to
detect

(4) NitrogeD

(c) Carbon
(A.liltl.c. l99eJ

37. Tlyo organic compounds A and B both mntaining
C aod H yield, on anal)6is, the same pcrccnt com-
position by weight :

C - (12/ l3) x |OOVo, H - (7 / 13) x lNVo
A decolourises bromine water, B do€s not. Iden-
tify A and B

(a)A=qH2,B=c6H6
(D)A=c6H6,B=qHz
(c)A=qH.,B=C2H6
(4A=qH2,B=qH8. (c.PM.7.2000t

How should 100 ml of carbon tetrachloride te
added to extract maximun amouot of iodioe ?

(a) 100 n, onc€ (r) 50 nrl twice

(c) 25 ml four times (d) 10 nrl ten times.
t( .Plt 1: Jt)|0 |

39. Number of grams of orygen in 32.2 g oI
NazS04.10 H2O is

(a) 20 8 (b)n.4

ll. Jj28, c
3E. d

25. c 26. b
35. a 36. t,

27. b
37. a

29, c 30. c 32. c 3!. d 34. a
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(c)2.u (r/) 1l (rli

40. The haemoglobin coDtains 0.33% of iron by
weight. Its molcrularweight is 67200. The Duntber
ofiron atoms in each molecule is (atomicweight of
Fe = 56)
(a)2 (D) 3

(c) 4 (d) s.
)('.it 5.!. l:fi.{ !r,)\. .t)( 1: t, -t)t )l

0. 19149 of an organic acid is dissolved in about 20
mlof water. 25 ml of 0. l2 N NaOH is required for
the completc neutralization of the acid solutioD.
The equivalent weight of rhe acid is

47. An organic compound 
"on,ri,', 

+i-rl,'*rton,
6 84% hydrogeo and its vapour density is 73.
Molecular formula of lhe compouDd is

(D) qH1oO2

(d) c4H1oo2

|Ktr l.t tll l: l: ::tttl)
4t, I 16 nrg of a compound oo wporisatioD in a Vicior

Meyer's apparalus displac.es 214.8 ml of air
measured at S.TP The molecutar massofthe com-

41.

(a) qH6N2

(c) C6H8N2

(a) qHrO2
(c) C6Heo

(e) C6HtoOa

(b) qH4N

(d) caHr2N3

(D) CroHl2

(d) c6Hr2o3

(krah M.E.li. 200J)

42.

(o) 6s

(c) 63.80

(a) 0 0006i
(c) 14 4816

(a) CH2N

(c) CH5N

(a) 11.568 x 1d
(c) 15.68

(6) 0.6s
(d) 14.56. (D (.L :ooLtt

(b)u
(d) 62. s0.

i.\1. t!L:. E.lt. 2r)a0

The density of air is 0.00130 g/mt. The vapour
deEsity of air will be

pouod is

(a) 116

(c) 58

G) a6.a

(b)82
(d) 44.8

tKPruh ,ll. L.l. )0ttJ
.lr, In Lassaigne's test, a blue colour is obtained if the

organic compound contains nitrogen. Thcn blue
@lour is due to
(a) K{[Fe(cN)6] (6) FealFe(CN)613

(c) NarlFe(CN)61 (d) Cx2[Fe(CN)61

(e) Na2[Fe(CN)5NOl ,,Kerald (.0 t,. 2u01)
5(). The compouDd formed iD the pcitive test for

Ditrogen li,ith the l-assaigne solutioo ofan organic
comPound is

(4)Fe1[Fe(CN)6lr (D)Naj[Fe(CN)61

(c) Fe(CN)3 (d) NarlFe(CN)sCOSl

(tl.LL.ll. L. lrtr)Ji
51i Tbe ammonia evolvcd from the treatment of 0 . 30

I of an organic compound for the estimation of
nitrogen was passed in 100 ml of 0. I M sulphuric
acid. The excess of acid required 20 ml of 0.5 M
sodiu m hydrqide solu liotr for complete neu tralia-
tion- The orgaDic compound is

(a) acetamide

(c) urea

(D) benzamide

(d) tbiourea

5r. A compound has empirical formula qHaO. An
independent aoal,sis gave a \alue ol 132.16 for its
moleolar mass. Wha! is the cotrect molecular for-
mula

A compound has C, H, N in the following perc€nt-
age C=4OVo,H= 13.33%,N = 46.67%
What is its empirical formula ?

(b)qH5N

(d) cH4N.

t.r.F:t,.c. )00t)

Percentage of Se iD peroxidase anbydrous enzyme
is 0.57, by weight (at. wr. = 78.4) then minimum
molecularwcight of peroddase anhydrous en4me
is

(D) 1.568 x ld
(tl)z 136 x td

(C.B.S.L. Lll. f 200t )

ID steam distillation of toluene, the pressure of
toluene in yapour is
(a) equal to pressure of barometer
(D) less than pressure of baromerer
(c) equal to vapour pressure of tolueDe in simple

distillation

(d)morc than the vapour pressure of toluene in
simple distillatioD. (C.lj.S.E. L t.T.200I)

ln a compound, C, H and N atoms are present in
9: 1 : 3.5 by weight. If molecular weight of rhe
compound is 108, then the molecular formula of
the compound is

(4) C4H4O5

(.) 90:
(e) CoHrO,

39. b
49. b

.l(). . 41. c 42, I .l-'r. ,./ .1.1. b tS. /t q6. c J7. t .{8. .
5(). o 51. c 52. I
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HI NT5,/EXPLANATIONS tO M ult-i ?l e Ch oi c e Q.u e elio ne

11.

17.

o-nitrophenol is steam volatile whileP-nitroPhenol
is rrot.

The vapour pressure of the volatile compou[d is

less than ths atmosPheric pressure.

Minimum possible nrcl. wt- orust co[taiD one sul-

ohuratonr.ic,965 = I S, ,. too
nr ln, nlol. wl.

a= , 32, x 1oo' mrn- mol. \\.1.

or min. mor. *t. = 4i4 = soo.

Compounds mntalning on€ N atom always have

odd nrolecular weiShts, ,:e., 73 here.

N4s1. wt. = wt. of 22.4 litres at N.TP.

= 1.25 x22 4 = 28 g mol-|.
'. Molecular formula = cllz x (28/ 14) = C-2H4

Eq. wt- ofsi[€r salt of acio = ffi x t os = r;r
.. Eq. rvt. ofthe acid = l?7 - 108 + 1 - ?0

Rasicity = Mol. wVEq. wt = 21010 = 3-

X : Y = (75.8r5) : (24'Ul6) ot 2 : 3, Le.,X2y 3

Since mol.wt. = 2 x VD. = 2 x 28 = 56

.. M.I.: = CaH8.

% N in (NH.)2SO4 - 2l-8Eo i in CaCN2 - 35%'

in NH2CONH2 = 46 '67"

aDd iD NHaNOJ = 35%

RCONrI2 + NaOH + RCoONa + NHJ

(R + 44) t 118

Now l7 g of NH, are obtained from one mole of

RCONH, = 599

.. R + 44 = 59or R = 15 r'.e. R = CHr

'Iius,thcacid RCOOH is CH3COOH (acelicacid)

2.1t. Let the wt. of hydrocarbon taken = rg

.' %c=#,Yy x 10o - 18,/.t

and .'. of H =k*Y"116=4/x
.. C:H = (1E/12x)t (4/x)ot3;8.
ttrus, M.E = QHa

32. Lassaigne's test is based uPoD thc formation of
NaCN. Since hydrazioe (NH2NH2) does Dot con-

tain carbon, it cannot form NaCN duringNa fusion

aod heoce does not Sive blue colour. All the

ren)aining lbree comPounds (aniline, glycine and

urea) contaiI both C and N needed lor ihe forma-

tion ofNaCN and thus Eive blue colour.

VD. =

_ 0.24 _ so.q?- 45 x (0.0t9 ./ 'lffn) "- --

c'u,N={},'3i33'a1r67

= 3.33 :13 33 :3'33 or 1 : 4 : l or CH.N.

c, H = +?, -Tf ,+ x#orc: H = 1 : I

Thus, E.E = CH. lf E.F is CH then MF can be

either qH2 or C6H6, Since A decolourise'! Br2

water, therefore, A = qHz. Further since B doe's

not decolourize Br2-water, it must be C6H6 (ben-

zene).

with a fixcd !'olume of CCla, larger the Dumber of

extractions, more is the amouDt of I2 extracled.
-Ihus, option (d) is correct-

Mot. wt. of Na2SO1.lo HzO = 322. Now 32 28 of
Na2SO1.10 I{2O contain cnygeo

- 14 \ r-I12.2 = 22.4 g.

wt. of Fe present in 67200I of haemoglobin

= 10101 " orroo = 221.76 t.

But at. wt. of iron = 56 .. No. of atoms oI Fe
present in one molecule of haemoBlobin

=?,21 16/56=3. =4.O.
25 rDlof0.12 N NaOH = 0.1914gofacid
.. 1000 nrl of 1 N NaOH

= 
oo1?}n 

' '330 = u' 
'o'

VD. = De nsity of airlvl. of 1 mlof H2 or

vo. =ffi=r+.se.
c : H : N = (40/12) : (13'311D | $6 67 lt4)

= 1;.4: 1

E.E = CHIN.

Mio. .ot. ,rr. - 7E'1 1 loo 
= l .568 x 101

Rario of wrs. c: H:uN'= 1,1,ff = t,0, ,

.. E.E of thc compound = CrHrN

and E.Ewr. =3xlz+1xt + 14 =54
But mol. ! t. = 108I mol-l

... M.E = B.F. 1Y9-vl:E.t. wt.

-crHoNx$=C5H5N2

18.

3E.

39.

43,

41.

42,

44.

46.

19.

26.
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47. c: H : o = 
49.3 . 6.84. 43.86
t2tt6

=75:.25:I=6:10:4
Mor. mas - l-!{ ' ?A# = 58 e mor-r

Let th: vol. ofacid Ieft unused
=t,,mlof0.lMHzSOr

.. u x 0.1 x 2 = 20.05 x 1or, = 50ml

Assertior (ColuEn l)
Acetonc (b.p. 329 K) and merhyl atcohot (b.p.
338 K) are separared by fractional disrilatior,.

A mixture of o-DitropheDol and p-nilrophenol
can be separated by stcam distillation.
Essential oils are purified by steam distillation.
HydraziDe coniaios nitrogeD but does not give
l.assaigne's test for DitrogeD.
Lassaigne's tcst is not sho$n by diazonium salts.

Vapour density is thc same thiDt as density
Dumas method is more applicable [o nirrogcn
coDtaining organic compounG than Kjeldahl's
nrethod.

Which 4 tlE fullalire itarat2 d or ttE otd r.hidt
qe lobc ? Rrrvilr he fabc taatut canvtly
Melting point, boiling point, refoactive indcx are
geDerally uscd as criteria of purity of an orgaDic
compound.

Bcnzoic acid can bc cxtracted from waicr using
ethanol.

Bcilstein test for halogcDs is mt aluays depcndablc.

Fill ln'r-1"
Bcnzoic acid mntaining an inpurityof naphtlatcnc
can b€ purified by crystalliration usin9................. a!
thc solvcnt,

%N_ r.4 x2jlJo x0'l _46.6

%N in urca (NHzCONH2) = (28160) x l0o =
46.6Eo in ac€ramide (CH3CONH, (14159) x 100

=23.72%, in benzamide (C6H5CONH, = (14121) x
lffi = 11.577o r* ro rhiourca (NH2csNH i = Q8n6)
x 100 = 36 84%

Thus, oprion (c) is correct.

Fractiooal
ftom their 

"ffi,,I[:'fflop or so.
o-Nitropbe[ol is stcam volatile but sratcr soluble while
p-Ditrophenol is not stcam volatile.
Eslential oils are volatile and are insolublc in waEr.
HydraziDe reacts with fused sodium to give Hz gas.

Diazohium salis l6e N2 on heating muci bcforc they
have a chaDce to read with fused sodium,
Molecular $€ight is twice vapour dcosity.
Kjeldahl's melhod does not givc satisfactory results for
compounds in which nitrogeD is linked to mygen.

(A.r.r.M.s. tges)

Siatements
4. Thc rapid mting iD prcrsure motcrs is based

upoD the prirciplc that boiling point of water in_

7. Anhydrous C'uSOa is bluc.

2. In column chromatography............... constitutes
the stationary phase aDd the ............,.. as the mobile
phas€.

.l&

51.

r\5o e(ticti- Rc A -::o11 Type e.uestions
I}c lollovlng qucstlonc--o"f"t oi 

"" 
ff*..tf-on fn coluutr l sDd thc.R,'o[, hcllu,trZ Usc thc tollorlo8

kcy to choo6! tha opproprlrt! .!E Gi1

(a) If both asscrtion ond rtamn grc coRREcf, but rleson 13 trot thc GoRRECT cxplanaalon ofthc o66erfioD
(,) If both ossertlon a.,d rraso! a]r coRRECr, but r€asotr rs Dot thc coRREcr qpranodon orthr ssscrtion.
(c) Ifasscrtlon is CORRECI, but rcosoo b TNCORRECX,
(d) If assertloD is INCORRECq but ltosor ts CORRE(r.

1

4.

6.

ADDIT'ONAL QUESTIONS

3.
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3. Theboil reat\r'hich 13.

its........... Pressure,
4. Liquids eir boiling M.

ooints are Durified W....-----.
s. Liquios wtrose boili;8 Poinls ditrer by about l0 K

can b€ seParatcd by.....'........' 15
6. In column chromatograPhy, tbe ......'........ adsorbed

componont willelute with the more.......'. .. solvent.

7. Steam distillation is used to s€Parate compounds

which are .... with watcr but volatile in .... .

& c' HNo3 is 
17.

9. isduetothe 
tE.

t0. In sublimation, a lolld cheoges direclly from
the..,............statetoihe...............state. lg.

I l. In the detection of PhosPhorus, the organic com'
pound

t2. in the and hldrogen, the rn
CO2fo nd thewater formed

is absorbed in............... .

In Duma's method, the function of reduc€d coPPer

gauze is to coovcrt oxides of............... to ...... .

In Carius method for the estimation of halogcDs,

the organic compound is heatcd with........... ... and

a few cq6tals o1.............. in a sealed tube.

Io Carius method for sulPhur and phosPhorus,

sulphur is estimated as............... and PhosPhorus is

estimated as.,............. .

The molecular mass ofan organicacid = Eq. mass

In Kjeldahl's method durinE digestion, nitrogen of
the organic comPound is coDverted into ............ .

Gram molecular mass of a subdtanc€ = weiSht of
.......... cm3 ofthe vapours of the substa[ce at ......,...

The volumetric method for tbe determination of
equivalent mass of acids and bases is based uPon

lhe principle thatacidsand bases always react in......

when an ammoDium salt is heated with aqueous

alkali solution .... is eYolved.

W atchin q Ty ?e Q.u estione
Malch the aPpoprilte eturies in cohttnw X ond Y

XY
l. Victor-Meyer's method 1. Detectioo ofPhosPhorus

2. Kjeldahl's method 2. N2 gas is collected over conc' I(OH solution

3. Duma's method 3. DisPlaced air is collected ovcr water

4. Beilstein test 4. AmmoDium sulphate is heated with stroDgaqueous alkali

5. Ammonium molYbdate

AS S ERT:CN.REASON TYPE OUESTIONS

1.(4) 2. (c) 3. (a) a.(b) s. (a) 6- (d) 7.(b)
TRUE/FALSE STATEMENTS

I. Ttue 2. Fblse, usio8 benzene, chloroform etc. 3.'tiue 4. Tlue 5. False, not applicable to comPounG

"ontainiog -N'or, -lN = N-groups or nitrogen in the ring 6' ftlse, sodium thioclanate is formed

only when the anrount ofsodium is insufticient as comPared toC, N aqd S conte[t of the orgaoic

compound. 7. Fhlse, hydrated coPP€r sulPhate (cr so4.5HzO) is blue.

'r r )l !, IaLANKS

1. ri/arer 2. silica Bel or alumiDa, orgaoic solvent 3. vapour pressure 4. distillation under reduced

prcssure 5. fractio-nal distillation 6.;troogly, Polar 7' immiscible, steam E. NaCN, NES 9' cuPric halides

10. sotid, gaseous ll. sodium peroxide 12. KOH, anhydrous CaCl2 13. nitrogeD to N2 8as 14' fuming

HNOI, AgNO3 15. BaSOa. Mg2P2O7 16. basicity 17. (NH1)2SO4 lE 22400, STP 19' equivalenl amounts

20. NH3.

MATCHING TYPE OUESTIONS

1-3,2-4,3--2,4-5,5-l


