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PREFACE

We know the limitations of this drochure which we are
offering to the students. Organic Chemistry is a vast field and
to deal satisfactorily with all the topics or at least with important
topics would require several hundred pages. It is, therefore,
requested that this booklet should not be taken as a Treatise or a
Text-Book of Problems in Organic Chemistry, but as a mere
Help to students of degree classes.

The actual mathematical calculations in solving Organic
Chemistry Problems are very few and very simple. They involve
finding empirical and molecular formulz from the percentages
of elements or from the given quantities of CO,, H,O, silver
halides, etc. formed from the known weight of the substance, or
sometimes in addition to these, in the case of nitrogen, from the
given volume of the gas at a certain temperature and pressure.
But finding out the empirical and molecular formule is not
sufficient to give all the information about a compound. The
structure or the constitutional formulea, ( especially in higher
examinations ) is the final goal; and to determine the structure or
constitutional formula, one must be able to interpret correctly
the various reactions given. This requires thorough acquaintance
with organic compounds, their properties and peculiar reactions,
a subject which essentially belongs to Organic Chemistry. We
have, however, given in the beginning some important reactions
which will help the students to revise their old acquaintances
and stimulate their fading memory. In chapter II, are given
problems with solutions which will not only demonstrate the
correct way of writing answers but will also show the correct
method of handling problems. Problems for solutions are given
in the last chapter. Except for a few simple examples in the
beginning ( which are meant solely for recapitulation ), examples
are generally selected from the question papers set at the B. A,
and B.Sc, (both pass and honours) degree examinations
of Indian and foreign Universities. Though the selection
may appear to be rather arbitrary and the sequence of problems
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without any arrangement, we have taken sufficient care to keep
up the standard. The want of arrangement of problems has,
however, one advantage in this that the student is not allowed
to think in a well-set groove of topics, but is required to be
alert for any topic at any time.

Our special thanks are due to Mr. V. L. Pradhan of the
Fergusson College, Poona, who has unhesitatingly given every
kind of help while the book was going through the press;
without his willing help, this booklet may not have reached the
present stage, We have also to thank Mr. V. S. Kulkarni of the
Nowrosjee Wadia College, Poona, for reading the proof sheets
and giving valuable suggestions. Lastly we offer our thanks to
our printers and the publishers whose most sincere co-operation
throughout, has been worthy of special mention.

Poona,
15th Sept, 1948} Authors
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INCORRECT
ammonia

RNH : NHR’

2C.H,NH : NHC,H;
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RNH - NHR’
2C4H,NH - NHC,H;

Add the following two lines after line 17 :—
(4) Intra-molecular change,
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For Advanced Students

CHAPTER 1
ORGANIC REACTIONS

Hydrocarbons.—(i) Aliphatic : Saturated, Unsatur-
ated. (ii ) Aromatic compounds.

Hydroxy compounds.— Alcohols, Phenols.
Alcohol derivatives.— Alkyl halides, Ethers, Nitriles.
Carbonyl compounds.— Aldehydes, Ketones, Quinones.

Acids and acid derivatives.—Acids, Acyl halides,
Anhydrides, Esters, Amides.

Amines.— Aliphatic, Aromatic.

Aromatic derivatives.—Sulphonic acid, Nitro com.
pounds, Halogen compounds.

Special reactions.—Diazo compounds, Grignard’s
Reagent, Friedel-Craft Reaction.

Reduction.

Oxidation.

Pr.O.C. } 1



2 PROBLEMS IN ORGANIC CHEMISTRY

(1) Hydrocarbons
I. Pararrins

( A) Preparation.
(i) Reduction of alkyl halides with Zn - Cu couple,
mixture of conc. HI + P, or active H,
CH,l + 2(H)—> CH; + HI
CHCl; + Zn-Cu ( + H,0) - CH, + 3HCI
(ii) Coupling of two alkyl halids—Wurtz’s Reaction,
CH,l + 2ZNa + ICH,— 2Nal + CH,CH,

(iii ) Reduction of unsaturated linkages with H, + catalyst,
CH;-CH = CH, + H, (Ni) » CHyCH,:CH,

(iv) Distillation of salt with NaOH ( Soda lime ),
CH4,COONa + NaOH — CH, + Na,CO,.

(B) Properties.
(i) Substitution by chlorine or bromine, but not
by iodine.
(ii) Inert towards othcr reagents—e. g. H,SO,, HNO;,
NaOH, KMnO,
I1. OLEFINES

(A) Preparation,
(i) Dehydration.

PzOs or
CH,CH(OH)CH, ——— CH,CH = CH,

2 4
(ii) Splitting out H and X ( halogen ) with alcoholic alkali,

alcoholic
CH,CH,CH,X ~——— CH,CH = CH, + NaX + H,O
NaOH

(iii) Removal of two halogen atoms from two adjacent
carbon atoms with Za.

in
CH,-CHBr-CH,Br —— CH, CH = CH, + ZnBr,
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(B) Properties.
(i) Addition of H, (Catalysed )
CH,CH - CH, + 2H -» CH,CH,CH,
(ii) Addition of halogens
CHZ = CH, + Brz -> CHzBr'CHzBr
(iii) Addition of hydrogen halide yields alkyl halide. The
halogen atom goes mainly to the carbon atom with the fewest
H atoms ( Merkownikoff ).
CH,'CH - CH2 + HX -> CH,CHX'CHS
(iv) Addition of hypochlorous acid ( HOCI)
CHyCH = CH, + HOCI - CH,-CH( OH )CH,CI.
(v) Cold concentrated sulphuric acid yields alkyl hydrogen
sulphate.
CH,.CH = CH, + H-HSO, -» CH,CH( HSO,)CH,
(vi) Ozone yields ozonide, which is hydrolysed by water
giving aldehydes or ketones.

CH,CH,CH = CHCH, + O, —» CHscHz'C\}i;CHCH,
i/

3

CH, C1-*1,(3\1—-[——/(3}-IC1-I3 + H,O -» CH,CH,CHO + OHCCH,

O ( Zinc dust ) +Zn0
RI RS R| RS
AN / O, AN 7 H,O
C =C -> C — C —
/s AN /. N/ N\ (Zinc dust)
R, Ry R, s 4
Rv\ /RS
/CO + CO + ZnO
AN
R3 R‘

(vii) Oxidation with potassium permanganate solution to
polyalcohols, aldehydes, ketones, or acids depending upon the
degree of oxidation.
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(vilii) Polymerisation. .
III. ACETYLENES

(A) Preparation. } T hey are the same as those of the

(B Propeme:

IV. AroMmaTtic HYDROCARBONS

(A) Preparation. (i) From halogen compounds. (ii)
Distillation of salt with soda lime (NaOH ). (iii) Reduction
of carbon monoxide —CO to CH, { Clemmensen Reduction ).
{iv) Replacement of —SQO,H by H ( heating at high temperatures
with steam ). (v) Diazotisation of primary amines and boiling
with ethyl alcohol or sodium stannite. (vi) Distillation of
phenols with zinc dust.

(B) Properties. (i) Substitution: (a) Halogenation.
(b) Nitration. (¢ ) Sulphonation. (ii) Addition: (a) Hydro-
genation. Sabatier’s method of using hydrogen with a catalyst
(Ni) at high temperature, (b5) Addition of halogen—Special
conditions for preparation and relative unstable character of the
product, (¢) Addition of ozone. (iii) Oxidation : (@) General
stability of aromatic nucleus towards aqueous oxidising agents,
(&) Side chains are ultimately degraded to —COOH irrespective
of their length or structure.

Particular examples of oxidation—
(1) Diphenylmethane to diphenylketone.
(2) Triphenylmethane to triphenylcarbinol.

(3) o-, m-or p-xylene to phthalic, isophthalic or tere.
phthalic acids.

(4) Oxidation of benzene through benzoquinone to maleic
acid by catalytic vapour phase method.

(5) Naphthalene to phthalic acid by the same method as
in (4).

(6) Anthracene to anthraquinone.
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(2) Hydroxi Compounds
1. AvrconoLs.

(A) Preparation. (i) Hydrolysis of Esters. (ii) Action
of sodium hydroxide on alkyl halides. (iii) Reduction of
aldehydes and ketones. Aldehydes give primary alcohols while
ketones give secondary ones. (iv) Dismutation ( dispropor=
tionation ) of aromatic aldehydes with concentrated alkali :

C¢H;CHO +C,H;CHO + NaOH->CH;CH,OH + C;HsCOONa,
(v) Action of nitrous acid on primary aliphatic amines.

(vi) Oxidation of aromatic hydrocarbons containing H attached
to a tertiary carbon atom *

(CgHs )3 CH - (CgHs),COH.

(B) Properties. (i) Liberation of Hby Na. (ii) For.
mation of ester with acids. (iii) Formation of ester with acid
chlorides. (iv) Formation of ester with acid anhydrides. (v)
Formation of alkyl halides with hydrogen halide.

R-OH + HX-» R:X + H,0.
(vi) With inorganic acid halide yielding alkyl halide.
R-OH + PCl;— R:Cl + POCly + HCL
R-OH + SOCIl, - R-Cl + HCI + SO,
(vii) Oxidation to aldehydes and ketones. Primary alcoe

hols give aldehydes while secondary ones yield ketones. (vidd )
Dehydration of alcohols with H,SO, and P,O4

(a) yielding ethers
2CH,CH,0OH —» CH,CH,OCH,CH, + H,0,
(b) yielding alkenes
CH,CH,CH,OH - CH,CH : CH, + H,O.

1I. Purnors

..(A) Preparation. (i) From sulphonic acid—fusion of
salts with alkali followed by acidification. :(ii) Actlon of;
nitrous acid on primary amines.
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(B) Properties. (i) Acidic character—solubility in NaOH.
{ii) Formation of phenol ethers on treatment with alkyl halide
(or sulphate ) usually in the presence of alkali. (iii ) Formation
of phenol esters on treatment with acyl halide in the presence
of aqueous alkali ( Schotten—Baumann Method ) or pyridine
(Einhorn Method). (iv) Formation of N-substituted carba-
mates by the action of isocyanate,

CgﬂsOH + CsHsN =C= O- CGHSNH'CO'OCQHg.

(v) Replacement of OH by Cl by the action of phosphorus
pentachloride. (vi) Reduction to hydrocarbon by heating
with zinc dust. (vii) Catalytic hydrogenation. (viii) Subs-
titution products such as tribromo phehol, sulphonic acid and
nitro phenols. (ix) Nitrosation : formation of p-nitroso-phenol-
(x) Coupling with diazonium salts. (xi) Condensation: (a)
with phthalic anhydride yielding phthaleins—preparation of
phenol.phthalein, (5) with aromatic aldehydes. (xii) Oxi-
dation to quinones. (xiii) Di-and poly-hydric phenols are
powerful reducing agents. (xiv) Colouration with ferric
chloride (FeCl,).

(3) Alcohol Derivatives
I. ALkYL HALIDES

(4) Preparation. (i) Direct substitution. (ii) Addition
of HX to unsaturated linkage. (iii) Reaction of halogen hydride
on alcohol,

ROH + HCl-R-Cl + H,0.

(iv) Alcohol and inorganic acid halide,

3R:OH + PCl,—» 3R:Cl + P(OH),.

(B) Properties. (i) Replacement of halogen: (a) by

OH,
RX + NaOH - R:OH + NaX.

(5) by NH, with NH,, (¢) by CN with KCN, (d) by

H with hydrogen,
RX + 2H-» RH + HX.



ORGANIC REACTIONS 7

(ii) Formation of ether with alcoholate, vl
RX + NaOR’- ROR’ + NaX.
(iii) Formation of ester with sodium salt of an acid,
RX + NaOOCR' -» ROOCR’ + NaX.

(iv) Friedel-Craft’s Reaction,

AlCl,
RX + CeHg ——> RCeH, + HX.

(v) Coupling of alkyl radicals ( Wurtz’s Reaction )

RX + XR'—— R-R’ + 2NaX,
2Na

(vi) Loss of HX with alcoholic caustic potash,
CH,CH:CH,BI‘ + KOH - CH;CH =CH2 + KBI + Hzo
(alcoholic)
1I. ETHERS

(A) Preparation. (i) Bimolecular dehydration of

alcohols, .
CH,CH,0OH + OHCH,CH, - CH,CH,0CH,CH, + H,0.

(ii) Metal alcoholate and alkyl halide give ethers
{ Williamson ),
CH,CH,0ONa + CICHy -» CH,CH,0OCH, + NaCl.

(B) Properties. (i) Splitting with hydrogen iodide on
heating,
CHQCH:OCH’CH’ + HI’_’ CH;CH,I + CH,CH:OH-

(ii) Substitution by chlorine or bromine,
CH,CH,0OCH, + Cl,-» CH,CHCIOCH, + HCL

(iii) Oxidation to peroxide.

III. NITRILES

- (A) Preparation. (i) KCN and alkyl halide,
KCN + CH,C‘ - KCI1 + CH,CN.

( B) Properties. (i) Hydrolysis upto acid via amide]



8 PROBLEMS IN ORGANIC CHEMISTRY

ammonium salt,
CH,CN + H,0 - CH,CONH,.
CH,CONH, + H,0 - CH,COONH,.

(4) Carbonyl Compounds
I. ALDEHYDES

(A) Preparation. (i) Oxidation or dehydrogenation of
primary alcohols. Oxidation may be effected by potassium
dichromate and sulphuric acid or air and catalyst. Dehydro-
genation is effected by passing vapours of alcohol over copper
or silver at high temperature. (ii) Partial oxidation of aliphatic
side chain. (iii) Hydrolysis of compounds containing —CHCl,
group. (iv) Hydrolysis of ozonides. (v) Reduction of acid
chlorides, anhydrides or esters. ( vi) Heating the salt of an acid
with a salt of formic acid.

(B) Properties. (i) Oxidation to acid with the same
number of carbon atoms. (ii) Reduction to primary alcohols.
(iii) Formation of additive compounds with ammonia, hydro-
cyanic acid, sodium bisulphite. (iv) Formation of hydrazones
with hydrazines, and aldoximes with hydroxylamine, (v) PCls
replaces CO by CCIl,. (vi) Condensation. (vii) Polymeri-
sation.

Aromatic aldehydes.

(viii) Benzoin condensation under the influence of dilute

aqueous potassium cyanide,

C;H;CHO + OHCCQH; -> CgH;CH( OH )COC.H',
(ix) Cannizaro’s reaction with strong alkali.
C.HsCHO + CQH‘CHO -> CgH;COOCHngH;IE-O—;[

CH,COOK + C¢H;CH,OH.

*II. KETONES
( A) Preparation. (i) Oxidation (or dehydrogenation
with catalyst) of secondary alcohols. (ii) Oxidation of suitably
constituted aromatic hydrocarbon,
C‘HQCH‘C.H. -» C.H.COCgH;
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(iil) Hydrolysis of compounds containing = CCl, group

C¢HsCCL,CH, 50 C¢HsCOCH, + 2HCI.
(iv) Hydrolysis of ozonides.
(v) Heating the salt of an acid,
CH,COONa + NaOCO-CH; -+ CH,COCHj, + N2,CO,.
(vi) Friedel and Craft’s reaction in the presence of alumi-
nium chloride,
CH,COCI + Cg¢Hg -» CH,COC¢Hs + HCI.
(vii) Catalytic hydration of substituted acetylenes,
RC = CH + H,0- RCO:-CH,

_» RCOCH,R’
RC = CR’ +H,0
™ RCH,COR’

(B) Properties. (i) Oxidation to acids containing fewer
carbon atoms than the original Ketone.
,CH,COOH + CH,COOH.

*NCo, + H0 + CH,CH,COOH.

(ii) Reduction to secondary alcohols.

CH,COCH,CH

{iii) Formation of pinacols.
(CH3%,CO + OC(CH,), + 2H — (CHy,), C‘-—-—(i? (CHy)y.

OH OH

(iv) Clemmensen reduction with amalgamated zinc and

hydrochloric acid to hydrocarbons,
C¢HsCOCH, - C¢HsCH,CHjs.

(v) Additive product with sodium bisulphite. ( vi) Forma-
tion of cyanohydrin with hydrogen cyanide. (vii) Formation
of ketoximes with hydroxyl amine. (viii) Formation of hydra.
zones with hydrazine. (ix) Replacement of CO by CCl, by
PCl,. '
(CH,), CO + PCl; -» (CH,), CCl, + POClI,. ,

(x) Condensation.
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III. QUINONES

(A) Preparation. (i) Oxidation: (a) of mono hydroxy
or monamino derivative of aromatic hydrocarbons i. e. phenols
or amines, (&) of dihydroxy or diamino derivatives of hydro-
carbons, (c¢) of aminophenols.

(B) Properties. (i) Oxidising action—liberation of iodine
from faintly acid potassium iodide solution. (ii) Ketonic action
of CO group. (iii) Addition reactions: (a) of halogens—
chlorine or bromine, (&) of halogen hydride (hydrochloric
acid, hydrobromic acid) vyielding 2-chloro or 2-bromo
hydroquinones, (c¢) of nascent hydrogen cyanide yielding 3 : 6
dihydroxy phthalonitrile. (iv) Substitution products—chlorine
or bromine.

(5) Acids and Acid Derivatives

1. Acips
(A) Preparation. (i) Hydrolysis of nitriles,
R:CN + 3H,0 - R:COOH + NH, +, H,O
N\

R-COONH,,

(ii) Hydrolysis of esters,
R-:CO-OR, + H,0 - R-:COOH + R,OH.

(iii) Hydrolysis of acyl halides, _

R-COCIl + H,0 - R-COOH + HCL
(iv) Action of Nitrous acid on amides,

R-:CONH, + HNO, -» R:COOH + N, + H,0.
(v) Hydrolysis of —CCl, group,

R-CCl, + 3H,0 - R-COOH + 3HCI] + H,0.
{vi) Oxidation of aldehydes. (vii) Oxidation of ketones.

( viii) Oxidation of unsaturated carbon linkage. ( ix) Oxidation
of side chains attached to aromatic nuclei,

C.H,CH,~ C,H,COOH + H,O.
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(B) Properties. (i) Salt formation with metals or metallic
oxides and hydroxides. (ii) Esterification with alcohols. (iii)
Replacement of OH by Cl by the action of phosphorus penta-
or trichloride, or of thionyl chloride ( SOCI, ). (iv) Formation
of hydrocarbon on heating with soda lime. (v) Formation of
aldehyde on heating the salt of the acid with that of formic acid.
(vi) Formation of ketones on heating the salt of the acid.
(vii) Substitution by halogen of hydrogen atoms (Hell-
Volhardt- Zelinsky Reaction ).

CH,CH,COOH + Br, -» CH,CHBrCOOH + HBr.

There are no special methods of preparation and no specia]
properties of AroMATIC AcIDS.
II. Acvyr Havripes

(A4) Preparation. (i) The action of phosphorus penta-
chloride, trichloride, SOCI,, SO,Cl, on free acid or its salt,
CH,COOH + PCI; -» CH,COCl + POCl, + HCL
CH,COONa + PCly -» CH,COCl + POCIl, + NaCl.

(B) Properties. (i) Hydrolysis yielding free acid,
R-COCI + H,0 - R-COOH + HCL.

(ii) Alcohol, alcoholate, phenol and phenolates yield
esters,
R-COCI + NaOC4H; - R-COOC,H; + NaCl.

(iii) Salts of the acid give anhydride,
R:COCIl + NaOCOCH; - RCO - OCOCH, + NaCl.
(iv) Nascent hydrogen reduces to aldehyde,
CH,COCI + 2H - CH,CHO + HCI.

(v) Ammonia, primary amines and secondary amines yield
amides ( or substituted amides ).

R:COCI + NH; - RCONH, + HCI.

III. ANHYDRIDE

( A) Preparation. (1) Acyl chloride and salt of the acid.
R-COCl + NaCOOR - RCO -~ O -~ COR + NaCl.
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(B) Properties. They are practically the same as those of
acyl halide.

IV. ESsTERs

(A) Preparation. (1) Acid + Alcohol. (il) Acyl halide +
Alcohol ( or alcoholate ). (iii) Salt of acid + alkyl halide,

CH,COONa + BrCH,; - CH,COOCH, + NaBr.

(iv) Catalytic condensation of aldehydes. ( Tischtschenko
Reaction ),

Al(OC,Hy),
—— CH:CH:O 'COCH: -

CH,CHO + OCHCH,

(B) Properties. (i) Hydrolysis with water. (ii) Splitting
with hydroiodic or sulphuric acid. (iii ) Ammonia, amines yield
amides or substituted amides. (iv) Nascent hydrogen ( Boro-
cault-Blare Reaction) or hydrogen with catalyst reduces to
alcohol.

R-:COOR’ + 4H - RCH,OH + R'OH

V. AMIDES

(A) Preparation. (i) Dehydration of ammonium salts
(ii) Acid derivative ( halides, anhydrides, esters ) with ammonia
amines yield amides. (iii) Nitrile and water.

CH,C £ N + H,0 - CH,CONH,.

(B) Properties. (i) Hydrolysis with water. (ii) Nitrous
acid yields acid.

R'CONH, -+ HNO:"" RCOOH + Nz + HgO.

(iii) Halogen and alkali yield amines (Hoffmann’s Reaction). .

CH,CONH, + KOCl + ZKOH —» CH,NH, +
K,CO, + KCIl +H,0.

Note :— N-alkyl amides yield only halogen compounds.

KOBr
CHyGONHCH, —> CH,CONBrCHj,.
{iv} Strong dehydrating agents (P,Os, PCly, etc.) yield
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nitriles,
CH,CONH, + P,0, — CH,CN + 2HPO,.

Note :— N-substituted amides cannot lose water to yield
nitrile.

(6) Amines
I. ALKYL AMINES

(A) Preparation. (i) Heating alkyl halides with ammonia
CH,CIl + NHy - CH¢NH, + HCI.

{ii) Hofmann’s Reaction. '

CH,CONH, + NaOCl + 2NaOH - CH,NH, +
Na,CO, + NaCl + H,O.

¥iii) Reduction of nitriles, oximes, hydrazones, nitroso-
and nitro compounds.

RC = N - RCH,NH,
RCNOH -» RCH;NH,
RCN :NH, - RCH,NH, + NH,
RNO - RNH, + H,0
RNO, - RNH, + 2H,0O

(B) Properties. (i) Formation of salt. (ii) Action of
nitrous acid : (a ) Primary amines yield aleohol, () Secondary
amines yield liquid or solid nitroso amine, (¢) No action on
tertiary amines, (iii ) Acyl halides, anhydrides and esters yield
amides.

RNH, + CICOR’ - RNHCOR' + HCL

II. ARrROMATIC AMINES—PRIMARY AMINES

(A4) Preparation. (i) Reduction of nitro, nitroso or azo,
also of nitriles, oximes, hydrazones, etc. as in aliphatic amines.
(ii) Amidation (a) from aryl halides by treatment of ammonia
(liquid or under pressure with catalyst); () from phenols
( naphthols) by heating with zinc chloride and ammonia. (iii )
‘Hofmann’s degradation of amides. (iv) Rearrangement: (a)
Acid rearrangement of hydraso compounds to diamino biphenyl
derivative, (%) Acid - rearrangement of hydroxylamines to
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aminophenols. (¢) Rearrangement of secondary amines to
primary amines,

(B) Properties. (i) Acylation—use of acyl halide (or
anhydride) aqueous alkali ( Schotten-Baumann ) or pyridine
(Einhorn ) facilitates the reaction. (ii) Alkylation. (iii ) Forma-
tion of salts with acids. (iv) Nitrous acid yields phenols [ Pri-
mary amines ]. (v) Catalytic hydrogenation reduces aniline to
cyclo hexylamine—loss of aromatic character. (vi) Substitution
in benzene ring: (a) Halogenation. (5) Sulphonation. (c¢)
Nitration. (vii) Coupling with diazonium salt. (viii) Oxidation
to quinones.

III. AROMATIC AMINES—SECONDARY AMINES

(A) Preparation. (i) Alkylation of primary amines

(B) Properties. (i) Nitrous acid yields N-nitrosoamine—
rearrangement ( with acid, to p—nitroso ( primary ) amines, acid
reduction of the latter to N-alkyl-p-diamines—acid reduction of
N-nitrosoamines to asymmetrical hydrazines ( R,N-NH,). (ii)
Atylsulphonyl chloride yields N-sulphonyl amines (insoluble in
aqueous alkali). (iii) Action of heat—rearrangement of N-

methylamine to p-toluidine.’
IV. AromaTic AMINES—TERTIARY AMINES
(A) Preparation. (i) Alkylation of primary (or secon-
dary ) amines.
(B) Properties. (i) Nitrousacid yields p-nitroso deri-
vative. (ii) Coupling with diazonium salt. (iii) Formation of
quaternary ammonium salts, -

(7) Aromatic Derivatives
I. SurpHONIC AcCID

(A) Preparation. (i) Direct sulphonation.

(B) Properties. (i) Phosphorus pentachloride yields
sulphonyl chloride which forms esters with alcohol or phenol.
{ii) Alcohol yields esters. (iii) Fusion with alkali yields
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phenols. (iv) Alkali cyanide gives nitriles. (v) Superheated
steam gives hydrocarbon.
C‘H'SO’H + Hzo -> C‘H‘ + HzSO‘o

II. Nitro COMPOUNDS ,

(A) Preparation. (i) Direct nitration.

(B) Properties. (i) Reduction: (a) Acid solution
SnCl, + HCI, TiCl, + HCI, etc.) reduces to amines,

6H
RNO, — RNH, + 2H,0.,

(b) Neutral solution (zinc + aqueous alcohol, zinc +
NH,CI, etc.) reduction to hydroxyl amine derivatives.

RNO, + 4H — RNHOH + H,O.
(c¢) Alkali solution — (zinc dust + aqueous alkali) yield
(1) RNO = NR' azoxy compound.

(2) RN: NR' azo compounds.

(3) RNH: NHR' Hydrazo compounds which dispro-
portionate on heating,
ZCGHSNH H NHCQHS -> CsHsN : NC5H5+ZC‘H5NHg~

11I. HaroceN COMPOUNDSs

(A) Preparation. (i) Direct halogenation (ii) Diazoti-
zation and subsequent reaction of diazonium salt with CuCl,
CuBr, and Kl. (iii ) Replacement of OH in phenols by Cl
with PCl,.

(B) Properties. (i) Generally inert, (ii) Substitution in the
ring, (iii) Friedel-Craft’s Reaction.

(8) Special Reactions

I. Diazo CompounDps AND DIAZONIUM SALTS

(A) Preparation. (i) Addition of the required amount
of nitrous acid to primary amine in acid solution at a very low
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temperature. ({i) The isolation of diazonium salt may be effected
by using non-aqueous solutions.

(B) Properties. Replacement of (i) —N —NX by OH
( Phenols) by warming with water (ii) —NNX by OR ( phenol
ethers) by warming with alcohols (iii) —NNX by H by warming
with alcohol which is dehydrogenated to aldehyde (iv) —NNX
by H by treatment with alkaline SnCl, ( Na,SnO,) (v)—NNX
by —Cl —Br, —1 or —CN, (a) Sandmeyer’s Reaction : use of
CuCl,CuBr or CuCN (b) Gattermann’s Reaction ¢ use of cataly-
tic'copper, (¢) by I, no catalyst, merely KI. (vi) Reduction to
aryl hydrazine in acid solution (SnCl, + HC], Na,SOs, zinc dust +
acetic acid ). ( vii ) Coupling with phenols and amines.

1I. GRIGNARD’S REAGENT

R\ General formula of the reagent where
Mg  Ris alkyl or aryl radical and X the

X/- halogen.
Reactions. (i) Water yields a hydrocarbon

Mg + | - CH, + Mg
N1 OH ‘ N\

(1i) With aldehyde secondary alcohols are formed,
CH,CHO + CHMgl + H,0 -+ CH,CH (OH) CH,
OH

+ Mg
<
(iii ) Ketones give tertiary alcohols,
/CH, CH,CH, '/OH

CHy
t CO + M
cH/” N

(iv) Formaldehyde yields primary alcohol
OH

M- CHO + CHMgl + H,0 - CH,CH,OH + Mgr<!

~
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(v ) Esters give tertiary alcohol
CH,COOC,H, + 2C,HMglI + 2H,O0 -
OH
’>COH + C,H,OH + 2Mg<
(C,Hy).
(vi) Cyanides and amides yield ketones.
NMgl
CH,CN + C,HMgl - cn,c{ + 2H,0 »
\C,H

CH OH
’>co + Mg/ + NH,,
CH,
_ NHMgI

/
CH,CONH, + 2C,H,Mgl —» CH,C< OMgl + C,H,.

" CH,
NHMgl

CH, \ r/OH
\ CzH; * ~.

(vii) Carbon dioxide yields an acid.

CH,\

OH
CH,COOMgl + HyO » CH,C0H + Mgl

(viii) With sulphur dioxide, sulphinic acid is formed.
C.H,MgBt + SO, - CgH‘SOgMng;

'/OH
*Br

(ix) Alkyl halides give hydrocarbons.

CH,C,HMgBr + C,H,Br -» CH,C,H,C,H;s + MgBr.e
P.O.C.2
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II1I. Tur FRIEDBEL-CRAPT REACTION

By the use of anhydrous aluminium chloride as catalyst, a
large number of condensations can be effected.
(i) Hydrocarbon.,
C‘H. + CH,CI —— C.H,CH, + HC].
AlCl,

(ii) Aldehydes.
/CHs
(a) CeHsCH, + HCl + CO —»C.H.\ + HCL
CHO

_JOCH, -
(b) CeHsOCH, + CICH-NH — C,H, + HCL
(HCI + HCN) = "N\CH :NH

- ,CCH,

+ H,O - C.H4\

H v
CHO

3

:NH

(iii) Ketone.
C¢H; + CICOCH, - C,H,COCH, + HQ.

{iv) Acid.
C¢H, + COCl, » C,H,COCl + HCIL
C,H,COCl + H,0 - C,H,COOH + HCI

(9) Reduction
(1) Hydrogenaton.

]
>C=Cu«. - —C—C—

.,0C
cHL + NH,
N\CH

—C = C— — -—Cl:——(]:—-
- i
(2) Carbonyl 4> Carbinol.
>CO >CHOH.

(@) Use of sodium amalgam ( for ketones only ) () Sodium
and acetic acid (¢) Zinc dust and acetic acid ( d) aluminium
cthoxide (e ) Sabatier—Senderen’s process of hydrogemation
over reduced nickel at 100° and 165°.
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Note:—The reduction of carbonyl sometimes leads to pinacone,

>C—OH
2(>CO) + H,—» |
>C—OH
(3) Carbonyl - Methylene
>CO >CH,

(a) Sodium + (hot) ethyl or amyl alcohol, (5)
Clemmensen’s Method : amalgamated zinc and hydrochloric acid,
( ¢ ) Heating the semicarbazone or hydrazone of the carbonyl
compound with sodium ethoxide at 170° - 180°.

(4) Carboxyl - Aldehyde
—~COOH —CHO

( @ ) Sodium amalgam or zinc and acid, ( b ) Passing vaporised
acid mixed with formic acid over TiO, at 250° - 300°, (c¢)
Hydrogenating acid chloride in presence of palladised barium

H

sulphate or kisselguhr, .
(5) Carboxyl - Carbinol
—COOH —CH,OH

(a ) Sodium amalgam or zinc and acid, ( 4 ) Electro reduction,
(¢) Reduction of ester by means of sodium and ethyl ot amyl
alcohol ( Bonveault-Blanc ), ( d) Catalytic reduction.

(6) Nitrile - Amine

(a) Action of sodium on alcoholic solution of nitrile.

Note:— Sabatier-Senderens’ Method gives secondary amines.

(7) Nitro - Hydroxylamine.
—NO, —NHOH )

(a) SnCl, + HCl, (b) Electro reduction of alcoholic
solution + H,SO,, (c¢) Zinc dust and aqueous ammonium
chloride.
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(8) Nitro - Amine.
"’“NO: '—‘NHz.
(a) Sn + HCI, (b) SnCl, + HCI, (¢) Zn + HCI], (d)
Fe + HCI ( or acetic acid ), ( e¢) Alkali sulphide also ammonium
sulphide, (f) Titanous chloride, ( g) Zinc dust in boiling
aqueous alcohol containing ammonium chloride.

(9) Nitro - Azoxy group

(a ) Boiling alcoholic potash ( or sodium methoxide ), (&)
Magnesium amalgam and alcohol, (¢ ) Calcium and alcohol,
( d) Sodium amalgam and alcohol, () Zinc dust and-alcoholic
ammonia, (f) Sodium Arsenite.

(10) Nitro - Azo group
—NO,— —N: N— .
(a) Alkaline Stannite, (b) Zinc dust and alkali in the

presenee of alcohol.
Note;— These methods can also be used for preparing

hydrazo group.
(10 ) Oxidation

(1) Ethylene - Glycol
>C:C< >C(OH)-C(OH)

( a ) Cold dilute solution of potassium permanganate,
(5) Hydrogen peroxide in glacial acetic acid, (¢ )
Saturated solution of mercuric acetate, ( d ) Lead tetra
acetate, ( e ) Aqueous solution of sodium chlorate with
osmium tetroxide as catalyst, ( f) Organic per acids.

(2) Side chain — Carbonyl, >CO, —CHO.
(@) Manganese dioxide and sulphuric acid, (&)
Chromyl chloride.

{3) Side chain —» Carboxyl (—COOH )
(a) Alkaline permanganate, ( &) Chromic acid.
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(4) Hydroxy group — Aldehyde (or Ketone ) group.
—CH,OH —CHO
—CH,OH —CO—
( @) Potassium dichromate and sulphuric acid, ( 5)
Manganese dioxide and sulphuric agid, ( ¢ ) Dehydro-

genation with catalysts like copper, zinc, cadmium,
platinum, silver, copper-silver, zinc-copper.

(5) Hydroxy - Carboxyl
—CH,0OH —COOH

(@) Alkaline permanganate, ( b ) Heating with caustic
soda or potash in autoclave at 250° to 270°.

(6) Carbonyl (aldehyde ) - Carboxyl
—CHO —COOH.
(@) Permanganate, (5) Hydrogen peroxide,
(c) Peracids. (d) Silver oxide, (e) Nitric acid,
(f) Hypochlerite, (g) Oxygen.
(7) Amine - Nitroso
—NH, —NO
(a) Hydrogen peroxide, (tertiary amines only),
(b) Caro’s acid, (c¢ ) Peracetic acid, (d ) Aqueous
sodium peroxide, (e) Acidified ammonium per-
sulphate with a little silver nitrate as catalyst.

Note :— Further oxidation of nitroso compounds yields
nitro compounds.

(8) Amine - Azo.
(a) Lead peroxide and acetic acid.

(9) Amine —  Quinone
(a) Chromic acid.



CHAPTER 1I
PROBLEMS WITH SOLUTIONS

{ Selected mostly from various University-Examination Papers ).

(1) An organic acid gave the following results on analysis.
(i) 0-166 gm. yielded on combustion 0-352 gm. carbon dioxide and
0:054 gm. water; (ii) 0285 gm. of the silver salt gave a residue
which weighed 0:162 gm.; ( iii ) on heating, the acid lost water to
the extent of 10-85% of its weight. Assign a structural formula
to the acid.

The empirical formula:

Per cent. gm.atom atomie ratio

_ 0352 x 12 x 100 _ o _
C = =L i = 518 482 12 4

_ 0054 x 2 x 100 _ . . .
H = 8 % 6:166 = 361 3.61 15 3

O by difference 3856 241 1 2.
~ The empirical formula is C;H,0,.

]
The equivalent weight :
~0'—2§gjfg—z—1—o-§— = 190 silversalt - 108 + 1

= 83, -equivalent weight.

The molecular weight from the loss of water on the
assumption that one molecule of water is given up :
100 x 18
10-85
The acid is, therefore, a diabasic acid and its moleculaxr
formula is CgH,O. The two COOH groups are attached to Cyt,.
i
22

165-9.
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The acid is, therefore, nS -
COOH y ‘E.
Phthalic acid. . .
COOH 3 ®

\0

A halogen derivative of an organic acxd%ntamed
carbon = 1726 per cent. and hydrogen = 2-:16 per cent. 0-278
gm. of the acid gives 0-376 gm. AgBr, and 0-139 gm. of the acid

requires 10 c.c. of —I%I caustic alkali for neutralisation. Suggest

a formula for the acid.

To find the empirical formula :

Per cent. gm.atom atomic ratio

C = 1726 1-44 2

H = 216 2:16 3
80 x 0-376 x 100 _ _

Br = 188 x * 02718 = 57.81 0-72 1

O by difference = 2277 142 2

& The empirical formula of the acid is C,H,O,Br.

0-139 x 10000

10 = 139,

The equivalent weight of the acid =

This equivalent weight agrees well with the empirical for.
mula C,H,0,Br ( =139 ). The molecular formula of the acid
therefore is the same as the empirical one. It is a mono bromo
derivative of a monobasic acid which ¢an be written s
CH,BrCOOH.

The did is mono bromo acetic acid.

(3) 0-138 gm. of an aromatic hydrocarbon (A ) gave on
combustion 0-462 gm. of CO, and 0-108 gm. HyO. The com-
pound ( A ) on heating with dilute nitric acid in a sealed tube,.
gave 2 monobasic acid (B). 0183 gm. of .this acid required 30
c.c. of 005 N alkali for its complete neutralisation. . Whien 'the:
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calcium salt of the above acid is distilled with slaked lime, another
hydrocarbon ( C ) is obtained whose vapour density is found to
be 39 (Density of H, taken as unity ). What are the compounds
(A),{B)and(C)?

Begin with (C ) :
The molecular weight of (C) = 39 x 2 = 78.

As it is an aromatic hydrocarbon it must contain at least 6
carbon atoms and 6 hydrogen atoms. The lowest member of
these hydrocarbons is Cg¢H, with a molecular weight of 78 which
is exactly the same as that of (C). (C) is therefore CgH
benzene.

The equivalent weight of (B) = 0- ;?)3 x 0= 1.

As it is a monobasic acid and as ( C ) is derived from it, it
must contain an aromatic ring ( 78 ) and a COOH (45) group,
An acid with a formula C;H;COOH has the same equivalent
weight as found above. The acid ( B) is, therefore, benzoic
acid.

The hydrocarbon ( A )¢

As the benzoic acid is formed by the oxidation of the
hydrocarbon (A), (A) must contain at least 7 carbon atoms.
The empirical formula of the hydrocarbon (A), is

Per cent, gm. atom atomic matio

0462 x 12 x 100 _ . .

C = % % 0138 = 91.20 7-6 7
0-108 x 2 x 100

H 18 %0138 870 87 8

The empirical formula of (A ) is C,H,. The moleculer
formula i the same as it contains 7 carbon atoms as required by
the moncbasic acid (B ).; The hydrocarbon ( A ) is, thensfien,
CM,CH,; i. . Toluene.
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The various reactions can be represented as follows :—

Cl-§ COOH
O oxidation O Ca Salt
with dilute HNO,
Toluene Benzoic Acid
C.H'CI"]! CgHsCOOH C‘H‘

(4) 0:1935 gm. of an organic acid gave on combustion
0-132 gm. carbon dioxide and 0-0270 gm. water. 0-123 gm. of
the same substance, when treated by Carius method for the esti-
mation of halogen, gave 0-273 gm. of silver chloride. 0-645 gm. of
the same substance required 61 c.c. of 0-082N NaOH. What
isthe acid ? Write the strucgural formula.

To calculate the empirical formula of the acid :

Per cent., gm.atom atomic ratio
0132 x 12 x 100

C = 4 <0193 = 1860 1-55 \Lﬁ
_ 00270 x 100 x2 _ ,

H = —gxow3 = 51 131 1
_ 02736 x355x100 _ .,

cl = MOXIIXW = 5433 155 1

(o] by difference = 2556 159 1

The cmpirical formula of the acid is CHOCI ( 64-5 ).

Guindat * e L% zku ‘M"
The cqulvalent weight of the acd = dobs x 100

The molecular formula of the acid is, therefore, twice
the empirical one. 9
1 s C,H,0,Cl, (12)

+* A8 the ‘substince is 2 monobasic acid, its formula must
congsin’ —COOH group, and remaining hydrogen stom and

= 128.
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2 chlorine atoms must be attached to the other carbon atom.
Cl

P
The structure of the acid will theforebe = H—C—COOH.

1
The acid is dichloracetic acid.

(5) Anaromatic nitro-compound (A) containing C = 58-5%,
H = 419, O = 26:0%, N = 11-4% gave on reduction with
zinc dust in the alkaline solution, a compound ( B ) which, when
boiled with concentrated hydrochloric acid, underwent an
intramolecular change to a primary aromatic diamine (C). 0-41
gm. of the chloroplatinate of (C) with the formula [( C)H,PtCl]
gave 0-134 gm. platinum on ignition. Assign structures to (A),
{B) and ( C) and write a short note on the reduction of (A).

The empirical formula of (A ):

Per cent. gm. atom atomic ratio
C= 58-5 4-875 6
H= 4-1 4-1 5
O= 260 1-625 2
N = 11-4 0-811 1

The empirical formula of the nitro compound is CHO,N.
The molecular weight of the chloroplatinate [ ( C )H,PtCl, ]

0-41 x 195 _
ot = %6

The molecular weight of H,PtCl, = 410. Therefore, the
molecular weight of the diamine,

= 5966 - 410 = 186+6.

As the diamine is formed by an intramolecular change in
an aromatic compound, it (the diamine, must contain two ben-
zene tings and two amino groups. The simplest formula of
the dismine would be di~amino—diphenyl.
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H,NO-—QNH, having a molecular weight 184
which is fairly in agreement with the one found above ( 1866 ).

The reactions can be represented as :
NH,

Zinc dust NH intramolecular change

>

|
and alkaI; NH with conc. HCl O )

{A) Nitrobenzene.

The same as the  (B) Hydrazobenzene (C) pp’ diamino-
empirical formula. diphenyl Benzidine:

The reduction of nitro compounds in acid solution leads to
the aromatic amines; the use of alkaline reducing agents such as
sodium amalgam, zinc dust and caustic soda, and also potash
and alcohol, gives rise to intermediate products, the azoxy, azo,
hydrazo compounds, reduction in neutral solution yields phenyl-
hydroxyl amine.

I Acid solution.

C.H,NO, - C HsNH,
II Alkaline solution.
[ //0
CegH;N : N\ Azoxy benzene,
CH,NO, —
Nitr:) I;enzelne CeH,

CH; N : N C,H; Azo benzene.
L C¢H; NH : NH C.H, Hydrazo bensene.
}ll Neutral Solution. ‘1 . '
CHsNO, - CHyNHOH ros

{ <

e e A e S
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(6) 0-17 gm. of a monobasic organic acid gave on analysis
0-25 gm. of carbon dioxide and 0-103 gm. of water. 0-13 gm. of
t:e acid neutralised c. c. of N alkali. Deduce the formula of
the acid.

The empirical formula of the acid :

Per cent. gm.atom atomic ratio
C = 025 x 12 x 100

Ao = 411 334 1
0103 x 2 x 100 _ _
H T8 x 01T = 6:73 6:13 2
o by difference = 5316 332 1
The empirical formula of the acid is CH,O ( 30).
The equivalent weight of the acid = —9—12—;171———@—0—0 - = 59.90.

The molecular formula of the acid is C,HO, or

CH,COOH.
The acid is, therefore, acetic acid.

(7) 0-358 gm of an aromatic organic acid ( A) gave on
combustion 0-792 gm. of carbon dioxide, 0-162 gm. of water.
0-179 gm. of the same substance gave 13-03 c.c. of nitrogen at 28°C
and 720 m.m. pressure. ( A ) on boiling with strong hydrochloric
acid solution gave another acid (B), 0:183 gm. of which required
15 c. c. of N/10 NaOH for neutralisation. Calcium salt of (B )
when distilled with slaked lime gave a hydrocarbon (C). Vapour
density of (C)is39(H = 1). The filtrate from (B) contains
an organic acid ( D) which lberates nitrogen when acted by
nitrous acid. When neutralised with ammonia and the excess
of it was driven 'out, it gave a characteristic blue colour on
addition of a few drops of copper sulphate solution. What are
(A),(B), (C)and (D)?
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Find the empirical formula of (A )
Per cent. gm.atom atomic ratio
C= 0792 x 12 x 100

4 %0358 = 6034 503 5
_ 0162 x 2 x 100 Cses s

273 x 13-03 x 720 % 28 x 100
N =301 % 760 y 22400 x0-179 = 102 056 L
O by difference = 26-81 1-68 3
The empirical formula of (A) is CoHNO,.
The substance ( C ) has a molecular weight (39 x 2 =) 78.
As it is derived from an aromatic acid, it must contain a benzene

ring. From the molecular weight, the substance is CHy whose
molecular weight is the same as found above.

The equivalent of acid (B )

¥
_018x 10000 _ o

15

As this acid gives benzene, it must have only one carboxyl
group: (122 - 78 = 44, i. e.—~COO—). The acid (B), therefore,
is benzoic acid.

COOCH

(

The empirical and eventually the molecular formula of the
aromatic acid ( A ) is CgHsNO, which, from the hydrolysis of
HCI, may be supposed to be formed by the condensation of
benzoic acid and other soluble acid (D) present in the filtrate
from (B ). The molecular formula of the acid (D) is

C'HQNO; + H,O * C7H503 * CzH'NOz.
(A) (B) (D)
The acid (D) liberates nitrogen when acted upon by nitrous
acid ; it therefore contains NH, group. Subtracting NH, and

COOH from the molecular formula C,HsNQO,, we get CH, to
which obviously the two groups are attached. The acid (D) is,
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therefore, glycocoll NH,:CH,-COOH. This is confirmed by the
characteristic blue colouration with copper sulphate solution.

The original aromatic acid ( A ) is then hippuric acid.
CONHCH,COOH

The various reactions can be represented as follows :

CONHCH,COOH COOH
clh o
HCI + NH,COOHy
-—-:Tz'vo pe

(A) Hippuric acid (B) Benzoic acid (D) Glycocoll

Distilling calcium
h salt with soda lime.

()

(C) Benzene

( 8) The bromo derivative of a paraffin when analysed gave
the following results:

(a ) 0-109 gm. of the substance gave 0-088 gm. of carbon
dioxide and 0-045 gm. of water.

(5) 0-185 gm. of the same substance gave 0-319 gm. silver
bromide.

Find the molecular formula of the compound.
) i
Per cent. gm. atom atomic ratio

c = 008844* xléﬂx’:wwo = 2200 1833 2
H = 00‘:58 x 20';09100 = 458 458 5
e -

9997
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The empirical formula is C,HBr which is also the molecular
formula.

The substance is Ethyl Bromide,

(9) An aromatic compound (A ) gave the followiné
results on analysis : —

0-25 gm. gave 0:638 gm. carbon dioxide and 0-129 gm.
water. Further 0-42 gm. gave 389 c. c. of dry nitrogen measured
at 0°C. and 760 m. m. pressure. ( A) gives an oxime containing
20-6°/, nitrogen. ( A ) condenses with an aliphatic compound (B )
containing carbon 54-5°/,, hydrogen 9-1 °/,. The vapour density
of (B)is 22. (C) the product of condensation is a heterocyclic
compound containing carbon 83:7%, hydrogen 5:57,, nitrogen
10-9°/,. { C) on oxidation yields a dibasic acid ( D ) containing
carbon 50-3°/,, hydrogen 3°/., nitrogen 8-4°/,. Assign constitu-
tional formula to the compounds (A ) to (D) inclusive. '

The aromatic compound ( A ):

Per cent. gm.atom atomic ratio
0-638 x 12 x 100

c = XA = o0 580 7
0129 x 2 x 100 _ 5 :

H s = 513 573 7
~ 389 x 28 x 100 . .

N =¥ B 1158 082 1

(o) by difference = 13-09 0-82 1

The empirical ( and probably the molecular ) formula of ( A )
is C,H,NO. As it forms an oxime, it must contain an aldehyde
group.

The compound (B ):
The molecular weight of this compound is{ 22 x 2 = )44,

Per cent, gm. atom atomic ratio

c = 545 4541 2
a = 91 9100 4
O  bydifference = 364 2275 1
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The empirical formula of ( B) is C,HO (44 ).

As the molecular weight is 44, C,H,O represents also the
molecular formula. The compound is CH,CHO acetaldehyde.
( A) condenses with this; it may, ‘therefore, :contain an amino

( NH, ) group.
The compound (C):
Per cent. gm.atom atomic ratio

C = 83-7 697 9
H = 5-50 5.5 1
N = 10-9 0-78 1
O is absent.

The empirical (and probably the molecular ) formula is
C,H,N. On comparing the formulzx of (A), (B) and (C), it
will be seen that ( C ) is formed with the elimination of 2H,0.
[ by condensation of (A)and ( B) ]

The compound (D ):
Per cent, gm.atom atomic ratio

c = 503 42 7
H = 30 30 5
N = 84 0-6 1
O by difference = 383 2-4 4

The empirical ( and probably the molecular ) formula of
(D) is C;H,NO,.

As it is a dibasic acid, it must contain 2 carboxyl groups,
and as it is derived from a heterocyclic compound, the remaining
atoms CgH,N must form the heterocyclic ring which i§ present
in(C). To review the analytical results :—

The compound (A) contains (i) benzene ring (i)
aldehyde group and (iii ) an amino group. As the compound
(A) condenses with ( B ) and forms an heterocyclic: compound
the aldehyde and amino groups are in ortho position with each
other. The compound (A ) can, therefore, be represented as
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CHO

o-Amino benzaldehyde ( C,H,NO ).
The compound ( B ) is acetaldehyde CH,CHO.

It condenses with ( A) forming a heterocyclic compound
( C) with the elimination of two molecules of water. The
reaction can be represented as.

CHO CH, CH-—CH
+ ] - l
NH, CHO N—-CH + 2H,0
Acetaldehyde
o0-Amino benzaldehyde Quinoline ( CgH,N)

The compound ( C ) gives on oxidation a dibasic acid
containing a heterocyclic ring of C;HgN. The reaction can be
represented thus:

(/\() oxidation Ocooa
-——-———_-—-——-’
COOH

N N
Quinoline Pyridine dicarboxylic acid or
CH,N Quinolinic acid ( C,H;NO,)
. To sum up,
CHO oxidation COOH
Om . cHGHO - (I) » (o0
N N
(A) (B) (C) (D).

Pr. 0.C. 3
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(10 ) The nitro derivative of an aromatic hydrocarbon
gave the following results on analysis :—

0-28 gm. gave 0:629 gm. carbon dioxide and 0-129 gm.
water. Further 0-18 gm. gave 17:25 c. c. of nitrogen at 27°C.
and 710 m. m. pressure. On reduction the above compound
gave the product ( B ) containing 78:5°/, carbon ; 8:4°/, hydrogen
and 13:1°/, nitrogen. (B) gave an acetyl derivative (C) which
contains 9:4°/, nitrogen. (C) on oxidation and hydrolysis gave
anthranilic acid. Assign a constitutional formula to the ori-
ginal nitro derivative.

The compound (A) ( original nitro derivative of an aromatic
compound ) :

Per cent. gm.,atom atomic ratio
0629 x 12 x 100

C = ‘—“4—4- _;_6‘018~~ = 61'27 5'10 7
_ 0129 x 2 x 100 _ . B
H= Y222 = 512 512 7

_ 17:25 x 273 x 710 x 28 x 100 _ )
N = 355" 760 » 22400 x 018~ 0% 073 1
O by difference = 2342 146 y

The empitical (and probably the molecular ) formula of (A)
is C;H,NO, and the compound can be represented as

CH,
NO,

o-Nitro toluene.

The CH, and NO, groups must be in ortho position with
respect to each other as the final product is anthranilic acid, §. e,
o-amino benzoic acid.

The substance (B ):
Per cent. gm. atom atomic ratio
C = 785 6-54 7
H = 84 8-40 9
==

N 131 0-94 1
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The empirical (and probably the molecular) formula is
CyH,N.

The compound contains an amino ( NH, ) group as it is the
reduction product of a nitro compound (A). The acetyl
derivative will be C,H,NCOCH, which contains

( 14 129100- = ) 9-396 per cent. nitrogen. This agrees well with
the data given 9:4%.
The various reactions can be represented as :
CH, CH, CH,
NO, NH, NHCOCH,
reductlon CH,COOH
——
o-Nitro toluene o—Toluidine Acetyl derivative of (B).
{A) original nitro (B)
compound
CH, COOH COOH

NHCOCH, NHCOCH, NH,
oxidation hydrolysis
_— g

Anthranilic acid §. e.
o-Amino benzoic acid

The original compound as assumed before, is
CH,

NO,
ortho-nitro-toluene. -

(11) An aromatic hydrocarbon of vapour density 46 gave
the following results on analysis:—0-192 gm. of the substance
gave 0-642 gm. carbon dioxide and 0-152 gm. water. On treat-
ment with a mixture of concentrated nitric and sulphuric acids,
this hydracarbon gave two isomeric compounds both containing
61-3°/, carbon, 5-1°/, hydrogen and 102°/, nitrogen. What
are the structural formul® of these two isomeric compounds?
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The aromatic hydrocatbon :
Per cent. gm. atom atomic ratio
= 0642x12 x 100 _ o, .
C = 44 % 0192 = 91.20 7-60 7
0152 x 2 x 100 _ ) )
H = -—,g—m-gi“‘* = : 79 8 79 8
! 99.99

The empirical formula is C,H. (92).

The molecular weight of this hydrocartbon is 46 x 2 = 92
Therefore the molecular formula is the same as the empirical one
and the hydrocarbon is Toluene CgHgCH,. On treatment with
nitric and sulphuric acids, ortho and para nitro compounds

are formed.

Per cent, gm. atom atomic ratio
C = 61-3 51 7
H = 5-1 51 7
N = 10-2 0-73 1
O by difference 23-4 1-46 2

The empirical formula of the nitro compound is C,H,NO;.
The molecular formula is also the same. The two isomeric
compounds can be represented as

CH, CH,
ONO: O
NO,
o-Nitrotoluene p-Nitrotoluene

(12 ) A hydrocarbon containing 93-75 per cent. carbon and
625 per cent. hydrogen when heated with concentrated sulphuric
acid yielded a monosulphonic acid, 0-208 gm. of which required
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10¢c. c. of —i% caustic soda for neutralisation. On oxidation

the.hydrocarbon gave a dibasic acid, the anhydride of which
when heated with dry ammonia formed an imide. This imide
when treated with caustic potash and bromine yielded a mono-
basic acid containing 10-22 per cent nitrogen. Assign a structural
formula to this acid.

The hydrocarbon,

Per cent. gm. atom atomic ratio
C = 93-75 7-81 5
H = 6:25 6:25 4

The empirical formula is C;H, (64 ).

The equivalent weight of the sulphonic acid of the above'

0-208 x 10000
““——10—"—-' = 208.

The molecular weight of the hydrocarbon can be found
by deducting SO, (80) from the equivalent weight of the
mono sulphonic acid. The molecular weight, therefore is
(208 - 80 =) 128. The molecular formula of the hydrocarbon
i8:CyoH,. The hydrocarbon is probably naphthalene which on
oxidation gives phthalic acid, CgH{ COOH ), - a dibasic acid.
This dibasic acid yields an anhydride—phthalic anhydride—
which when heated with dry ammonia, gives an imide—
phthalimide. When phthalimide is treated with caustic potash
and bromine, anthranilic acid C;HNH,COOH is formed.

The percentage of nitrogen in anthranilic acid is

1_4_%;1_92 = 10-22, exactly the same as given in the problem,
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The various reactions are represented as :—

[:(:}___H§O4 (:(>axu

Naphthalene Mono sulphonic acid.

l oxidation
J
COOH R CO > O - Cco >NH
COOH co co
Phthalic acid  Phthalic anhydride Phthalimide

caustic potash
and
bromine

KOH
+ Br

i

‘ COOH
NH,
Anthralinic acid.

The final product of the series of reactions is anthralinic
acid or o-amino-benzoic acid

COOH
, NH,

( 13) An aromatic monobasic acid ( A ) gave the following
results on analysis :— (g ) 0-153 gm. gave on combustion 0-289
gm. of carbon dioxide and 00462 gm. of water. () 0-1045 gm.
gave 6:58 c. c. of dry nitrogen at 27° C and 710 mm. pressure ( ¢
0:500 gm. required 23-92 c. c. of decinormal sodium hydroxide
solution for neutralisation. On treatment with bromine in
chloroform solution the acid ( A ) absorbed bromine and yielded
%' bromoderivative containing 43:3°/, bromine. On reduction

el
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the acid ( A ) was converted into a second monobasic acid ( B)
which contained 45:9°/, C, 2.74°/, H, 7-65°/,N and 43:71°/,O.
The acid (B) on reduction with tin and hydrochloric acid,
diazotisation and boiling with absolute-alcohol, yielded salicylic
acid. Heating with zinc dust converted the acid (B) into
p-nitrobenzoic acid. Assign structural formule to (A ) and (B).

That, salicylic acid and p—nitrobenzoic acid are formed
from the acid ( B) shows that (OH) and (NO,) groups are
present in that acid and also in the acid ( A } and occupy respec-
tively ortho and para positions with tespect to COOH in (B)
and the side chain containireg COOH group in (A ).

The monobasic acid (A ):
Per cent. gm.atom atomic ratio

0289 x 12 x 100 o
c=022 X 12X =5247 437 9
_ 00462 x 2 x100 _ .

H=2 Ll =335 335 7
= 058 x710%x273 x28 x100 _ 48
N= 760 < 22400 % 300 x 0-iod5~ =067 048 1
O by difference =37-49 2:34 5

The empirical (and probably the molecular ) foirmula of (A)
is CgH,NO; (209).

The equivalent ( and molecular ) weight of ( A):
0:50 x 10000
=
Therefore, the empirical formula is also the molecular
formula.

The molecular weight of the bromo derivative of (A ).
100 x 80 _ .
35 = 184-8.
The lower value of the molecular weight of the bromo derivative
shows that more than one-atoms of bromine are-added. The
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unsaturated linkage takes up bromine in pairs of atoms. At least
two atoms of bromine must have been added. The molecular
weight of the bromo derivative on this assumption is 369-6.
Deducting 2 atoms of bromine (160 ) will give the molecular
weight of the original substance (A). It is ( 369-6 — 160 =) 209:6—
in excellent agreement with the one found above.

This unsaturated linkage ( double bond ) is in the side
chain of ( A') which consists of

[C.H,No.-c,H.No, ( OH) = ]C,H,O,. As(A)is

NO,
a monobasic acid, this side chain may be CH=CHCOOH.

The probable structural formula of ( A ) is

CH=CHCOOH
OH
NO,
o-Hydroxy p-nitro cinnamic acid.
The acid (B):
Per cent. gm. atom atom ratio
C= 45.90 3-825 7
H= 2:74 2:740 5
N 7:65 0-546 1
o} 43.71 2-732 5

The empirical ( and probably the molecular ) formula of the
acid (B) is C,H,NO, ( 183).

It has been showa above that the acid ( B ) contains (OH )
and ( NO,) groups in ortho and para positions with respect to
COOH group. The structural formula of (B) |
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COOH
OH

NO,

o-Hydroxy p-nitro benzoic acid ( C;HsNOy ).

(BY

This acid when heated with zinc dust will lose O of the
{ OH ) group and will give p-nitrobenzoic acid. (NO,) will be
replaced by ( H ) when itis reduced to ( NH, ) in acidic reducing
solutions, and heated with absolute alcohol after diazotisation.

The various reactions and the structural formula of ( A)

and ( B) are given below :—

CH=CH COCH
OH

Bromine
-
NO,
Acid (A)
o-Hydroxy p-nitro cinnamic acid.
i oxidation
COOH
OOH Zinc dust
—
NO,
Acid (B)

o-Hydroxy p-nitro.benzoic acid

CHBr—CHBrCOOH
OH

NO,

COOH

NO,
#-Nitro benzoic acid

heating with absolute alaohol

l Reduction, diazotisation and
¥

COOH
OH

Salicylic acid
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(14) An aromatic monobasic acid ( A) containing C, H
and O gave the following results on analysis: (a) C=68-85°/
and H = 4.92%; () 0-244 gm. of the acid required for neutrali-
sation 20 c.c. of —II% NaOH solution. The acid chloride of (A)
on treatment with ammonia gave a compound ( B) containing
69-43% C, 5-78%H, 13-22% O and 11:57°/ N. On distillation with
P,O, (B ) gave a nitrile (C) which gave the following results
on analysis: (g ) C = 8155°/,, H = 4-85°/,; ( 5) 0:103 gm. gave
11:20 ¢, c. nitrogen at N, T. P. Assign structural formula to (A )
(B)and (C).

The monobasic acid (A ) :

Per cent. gm, atom atomic ratio
C = 68-85 574 7
H = 492 4-92 6
O by difference = 2623 1-64 2

The empirical formula of ( A ) is C;HeO, ( 122).

The equivalent and molecular weight of (A)

0-244 = 10000 = 122

20

The empirical formula is therefore the molecular formula.
The acid can be represented as CgH,COOH ( Benzoic acid ).

The substance (B) :

' Per cent. gm. atom atomic ratio-
C = 69-43 5.785 7
H = 5-78 5-780 7
O = 13-22 0-826 1
N = 11-57 0-826 1

The empirical ( and molecular ) formula of ( B) is C,H,NO.

As it is prepared by the action of ammonia on acid-chloride
the substance ( B ) is an amide—benzamide C;H,CONH;..
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The compound (C) : nitrile,

Per cent, gm. atom  atomic ratio
C = 81:55 6:796 7
H = 4-85 4-850 5
28 x 1120 x 100
- — — e e e . » 1
N = 00 x o103 = 1>5° 0971 .
O is absent.

The empirical (and molecular ) formula of (C) is C,H,N.
As it is a nitrile, it can be represented as CgHs CN.

The various reactions and structural formule of (A ), (B)
and ( C ) are represented below:—

COOH CocCli CONH, CN
(A) (B) (C)
Benzoic acid Acid chloride Benzamide Benzo nitrile
C,H.O, of (A) C,H,NO C,H N

(15 ) (a) An organic substance was found to contain 16-7%
chlorine and 0-2125 gm. of it gave 0-484 gm. of carbon dioxide
and 0-117 gm. of water. (5) 1-062 gm. of the substance when
vaporised displaced air that measured 112 c.c. at N-T. P. (¢) when
warmed with a solution of sodium hydroxide, it gave (i) the
sodium salt which when heated with soda lime gave chloro-
benzene. (ii ) The liquid (0-074 gm.) on complete oxidation gave
carbon dioxide (0-176 gm. ) and water (009 gm.). On limited
oxidation it gave dimethyl acetaldehyde.

Discuss the constitution of the original substance.
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The empirical formula of the original substance :

Per cent. gm.atom atomic ratio
C = 0‘4’84 x 12 x 100

44 % 02175 = 62120 5176 11
0117 x 2 x 100
H=e 2 7. 2 " .
18 % 0-7i25 6119 6119 13
Cl given = 1670 0470 1
O by difference = 15061 0-942 2
The empirical formula is C,,H,,0,C1(212).
The molecular weight = 1240% 1x2 “(: 062 = 2124,

The empirical formula is therefore the molecular formula.
As the substance is hydrolysed by NaOH, it is an ester and as the
sodium salt gives chlorobenzene, the ester is one of chlorobenzoic
acid. The alcohol forming this ester contains :

( C,,H,,0,Cl - C,H,0,Cl or CIC,H,COO ) = CH, + OH or
C‘H|°O.

The empirical formula of the alcohol (liquid ) :
Percent. gm.atom  atom ratio

_ 0176 +12x100 _ _
C = B 004 = 64-71 5-39 4
009 x 2 x 100 _ .
H 8 x o004 13.51 1351 10
O by difference = 21.78 1-36 1

The empirical formula of the alcohol is CH,,0O and this is
also the molecular formula. As the alcohol gives on limited
oxidation dimethyl acetaldehyde, it must be dimethyl ethyl
alcohol

CH,

l
H—C'—-CH,OH
CH,
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The various reactions can be represented as :—

.
COOCH,—C—H
| CH, CH,
CH, | limited |
+ NaOH - HC—CH,0OH ——— HC—CHO
Cl Oxida. I
CH, H,
original substance : Dimethyl acetaldehyde
ester of chloro- COONa
benzoic acid and b ith
dimethyl ethyl eat wi -
alcohol Sodalime
Chlorobenzene.

\/ (16 ) An organic substance ( A ) gave the following results
on analysis : (a) 0-123 gm. gave 0-264 gm. carbon dioxide and
0-045 gm. water. () 0-1845 gm. of the substance gave 16-8 c. c.
nitrogen at N. T. P. when heated with iron and hydrochloric
acid it gave a substance ( B ) containing 77-41°/, C, 7-53% H
and 15-05% N.

The substance ( B ) when diazotised and treated with KCN
gave a compound ( C ) which on hydrolysis yielded benzoic acid.
Assign structural formule to (A ), (B)and (C).

The substance (A ):

Per cent. gm.atom atomic ratio
0:264 x 12 x 100

c = B = 5854 4.88 6
= 0045 x2 x 100 _ .

H = =5~ 0is = 406 406 5
_ 168x28x10 _ .

N = 00 = o185 = 138 o8 1

O by difference = 2602 1-62 2

) The empirical ( and probably the molecular ) formula of the
substance ( A )is C.HgNOg . !
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The substance (B) :
Per cent. gm. atom atomic ratio
C = 77-41 6-45 6
H = 7-53 7-53 7
N = 15-05 1075 1
O is absent.

The empirioal ( and probably the molecular) formula of the
substance ( B) is C,H,N.

As the substance ( B) is the reduction product of ( A) and
as it can be diazotised, it must contain NH,. The formula can be
written as C,H;NH,.

The substance ( C ) is formed by diazotising (B ) and treat-
ing it with KCN in which process the NH, group is replaced by
CN and benzonitrile CgHsCN is formed. Benzonitrile on
hydrolysis gives benzoic acid, C;H;COOH.

The various reactions and formulee are given below :

NO, NH, CN
Reduction with diazotised and
O iron and HCIP' O treated with KCN O
Substance (A) Substance (B) Benzonitrile
Nitrobenzene Aniline h
ydro-
l 17818
COOH
]
Benzoic acid

(17 ) A neutral substance gave the following results on
analysis : 0°25 gm. gave 0-6644 gm. CO,; 0'1660 H,O and 18 ¢, c.
of Nat N, T. P. On heating with dilute mineral acid it gave
a monobasic acid (A ), 0-244 gm. of which required 20 c. c.
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—i—% NaOH for neutralisation and a base ( B ) having the vapour

density of 22°5. On heating the acid ( A ) with soda lime benzene
was produced. What is the probable structure of the neutral
substance ?

The original substance :

Per cent. gm.atom atomic ratio
0-6644 x 12 x 100

C = 4% 025 = 72.48 6-04 9
_ 01660 x 2 x 100 _ .
H = 18 x 025 = 737 1-37 11
18 x 28 x 100 _
N = 0 x025 =90 067 1
O by difference =10-75 0-67 1

The empirical (and probably the molecular ) formula is
C.H,,NO.

The acid (A):

0244 x 10000

20

The acid gives benzene on heating with soda lime, it must
therefore contain a benzene ring and a carboxyl group. It is
therefore C;HsCOOH.  This agreees well with the equivalent
weight found above.

The base (B ) :

The #nolecular weight of the base = 22-5 x 2 = 45,

Its erapirical formula is C;H,,NO - C,H,O + H = C,H,N.

The equivalent weight = = 122,

This is in perfect agreement with®he molecular weight. As
it is a base, it must contain NH, group and the structural formula
can be written as C,H,NH, or CH,CH,NH, ethyl amine.

The original neutral substance is formed by the action aof
the acid ( A ) on the base { B) when one molecule of water is
eliminated in the process:
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C,H.Oz + CzH-’N b C.H"NO + H;O.

acid base neutral
substance

The neutral substance is, therefore, an amide. The reactions
and the structural formula of the amide can be represented as :

COOH CONHCH,CH,
Benzoic Acid Ethyl amine Amide
(A) (B) The original neutral substance.

(18) 0148 gm. of an aromatic anhydride( A ) gave on
combustion 0°352 gm. CO, and 0036 gm. H,O. ( A )'was conden.
sed with benzene in the presence of aluminium chloride produ-
cing a substance ( B ) having the formula C;H¢O,;. On treat-
ment with phenyl hydrazine ( B) gave a hydrazone containing
14'43°| N, The action of bromine on (B ) gave a dibromo
derivative which on fusion with caustic potash gave alizarine.
Assign structural formula to (A ) and (B ).

The anhydride ( A ):
Per cent. gm.atom atomic ratio

0352 x 12 x 100 _ -
C = T4 %018 = 64-87 5-40 8
= 0036 x2 x100 _ .
H 18 % 0148 = 269 269 ®» 4
O by difference = 32.44 2.03 3

*
The empirical ( and probably the molecular ) formula of ( A )
is CH,O,. As (A) condenses with benzene and gives a
compound containing 14 atoms of carbon, its molecule must
contain { 14 — 6 =) 8 carbon atoms. The empirical formula
is therefore the molecular one. Further as it is an anhydride,
( A ) must contain :
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coy

co /O group, the remaininggroup being CgH,. The anhydrideis

CO\
/0 Phthalic anhydride-
CO

(A)

Its condensation with benzene is accompanied by the elimi-
nation of water, as is shown by the following equation :—
C°H403 + CSH“"‘) C|.H‘01 + Hzo.

The condensation can be expressed as :—

(e~ () - Q (j+ﬂ,

Phthalic anhydride Benzene Anthraquinone
(A) (B)

Anthraquinone gives with phenylhydrazine an hydrazone
according to the following equation : —

N

O O + 2 C(H;NHNH,
N/
co

CI):NNHC,H,

- + 2H,0.
N/ N

|
C:NNHC H,

20210 oy 14439,
nitrogen exactly the same as given in the protlem.

Pr. 0.C. 4

This hydrazone ( C,6H,0N, ) contains (
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Anthraquinone gives dibromo derivative which on fusion
with caustic potash gives alizaring. The reaction follows the
course as shown below :—

CO Br CO CH

$90E=1000""000n

Anthtaqumone Dibronw—denvatlve Potash Alizatin.

The substances ( A ) and (B ) are:—

O O O

(A) ( B )
Phthalic anhydride Anthraquinone.

(19) An ester of a monobasic acid gave on analysis the
following results:—

C = 75:88°/,; H = 5:75°[,; O = 18-4°/,. It is dissolved in
conc. H,SO, and the solution poured in water. The resulting
substance (A )gave on analysis :—C = 68:75°/,; H = 6:25°/4
O = 25°/,. The substance (A) readily reacts with metallic
sodium in alcoholic solution and the sodium compound on
treatment with CH,l gave a substance ( B) which on analysis
gave :—C = 69-9°/,; H=68°/,; O=23-3°/,. The substance (A)
when treated with dilute alkali in the cold gave a crystalline acid
(C) which gave on analysis :— C = 65:85°/,; H = 4-87°/,; O =
29:27°/,. When the substance (C) is heated with dilute H,SO,,
CO, is evolved and acetophenone is formed. Assign possible
formula for the original ester and for the compounds ( A), (B)
md (C).
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The empirical formula of the ester :— .
per cent. gm. atom atomic ratio

C 75-88 6-32 55 11
H 5-75 5-75 50 10

O 18-4 1-15 1 2
The empirical formula is :—C,,H,,0,. ‘

The substance ( A)on analysis contains the elements :—

per cent, gm. atom atomic ratio

C 68-75 5+73 367 11
H 6-25 6-25 4 12
O 25-0 1.56 1 3
The empirical formula of ( A ) is C,,H,;O,.

Na

The compound ( A ) C,,H,,0,

— ( B ) containing
CH, ,
per cent. gm. atom atomic ratio

C 69-9 5-825 4 12
H 6-8 6-€ 47 14
O 23-30 1:456 1 3
The empirical formula of ( B ) is C,,H,,O,.
dil.
The compound ( A ) C,,H;,0, — ( C) containing
alkali
.per cent. gm. atom atomic ratio
C 65-85 5-49 3 9
H 4-87 4-87 267 8
(o) 29-27 1-83 1 3
The empirical formula of ( C ) is CaH,O,.
4 (C) GHO, ——t hen
The compoun — acetophenone
? > "3l HSO,

and CO,.
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The empirical formula of acetophenone is CgHgO having
the, constitutional formula C,H;CQOCH,.
The summary of the results of analysis and of the reactions
gives indication of the structure of A, B, and C.
The a¢id (C) CyHgO, gives acetophenone C¢HsCOCH,
and carbon dioxide. It can therefore be represented as
CH,COCH,COOH.

This acid is formed by hydrolysis of the ester ( A ) C;H;,0;
which has C,H, more than the acid. The ester (A) is therefore

CHsCOCH,COOC,Hs.

This ester ( A ) is formed from the original ester with the
help of H,SO,. The original ester C,,H,,0, can therefore be
represented as

CH.C : C.COOC,H.. .

The CH, group in the ester ( A ) CgH.COCH,COOC,H; 1s
between two carbonyl groups; its hydrogen atoms therefore
have an acidic reaction; and can be replaced by Na. The Na
compeund reacts with CH,l and gives (B). The reactions can
be represented as

CeH;COCH,COOC,H; + Na -» C;H;COCH NaCOQC,H,

C,HsCOCH NaCOOC,H; + CH,l —»

CeH;COCH (CH, ) COOC,Hs + Nal
C (B)

CH3 CH:“"CO
(20 ) A ketone having >C\ >CH
CH, CH,—C—Cl

L ]

F)

+as structural formula, was reduced with sodium alcoholate.
The resultant product gave the following results on analysis :—

(a) 01499 g. of the compound yielded on combustion
2 0-3835 g. of CO, and 0-1559 g. of H,O.

(b) 0-3445 g. of the same, when reduced with hyddodic
acid, yielded ethyl iodide corresponding to 0-4704 gm. of Agl.
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(¢) The product when treated with acetyl, chloride , was
converted into another product which contained 67°33°/.C,
10°41 °/, H. What are the most probable structural formule of
the compounds.

(a) The empirical formula from the results of analysis is :—

per cent. gm. atom atomic ratio

C=""4 < 0149

_ 01559 x» 2 x 100 _ .. )
H = 18 x 0149 ~ = 11-54 11-54 10
O = by difference = 18-68 1-16 1

The empirical formula of the compound (a) is C4gH,,0.
The molecular formula of the orignal ketone is C,H,,OCI.
~. The molecular formula of the compound ( @ ) must have
more than 8 carbon atoms, In the reaction. '
CH CH,—CO

3

>c;< >CH + C,H;ONa
CH, CH,—C—Cl

reduction, and substitution of Cl by OC,H, group ‘take

place and
H OH

| /.
CH,  CH,—C
\C < ‘->CH, + NaCl are formed.

7
CH, CH,—CH
de.H,
(CyoH30,) (a)
The molecular wt. of ( a ) is 172.
The moletular wt. of (a) as obtained from results in ()

0-3445 x 235 _
is *—W = 172‘
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The empirical formula of the compound (¢ )

per cent. gm. atom atomic ratio

C 67-33 5-61 12
H 10-41 10-41 22
O by difference 22-26 1-39 3

' 'f'hC Compound is C|.H2203o

Compound ( ¢ ) is obtained by reacting the compound (a)

with acetyl chloride :
CmHzoOg + CH,COCl = C|gHggO:, + HCI

The structure, therefére, is
CH, . CH,—COOCCH,

N/ H\CH

2

VAN /
CH, CH,—CH

The various reactions can be represented as:
CH CH,—CO

Origingl substance C;H,,OCl : ‘>C < SeH
CH, CH,—C—Cl
Reduction + C,H,ONa {
) /OH
cy, CH: —c.
Product (2) CioHyOs >c H
CH “on,2c”
|
OC,H,

Original substance + C,H;O + 4H - Cl. This contains
OH group as it is acted’ by acetyl chloride.

Mol. wt. is confirmed by (b)
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Product (a ) C,oH,;00, with CH,COCIl
( C,oH;s0, + OC-CH,) H of
OH being eliminated as HCI.

Product (¢c) C,,H,,0,.

OOC'CH,
/
CH, CH,—-C
\_/ H\
C CH,
7\ H

CH, CH, —COC,H;,

(21 ) A monobasic acid (A ) gave the following results
on analysis :— 0-1430 gm. gave (-3465 gm. CO, and 0-0592 gm.
H,O. 0-2546 gm. required 11:7 c. c. of N/10 NaOH for exact
neutralisation. On treatment with bromine (A) gave a compound
(B ) which was analysed with the following results: 0-1821 gm.
gave 0:1787 gm. CO, and 0:0304 gm. H,O; 0-1520 gm. gave
0-2124 gm. AgBr. 0:1944 gm. of ( B ) when dissolved in 10 gms.
benzene lowered the freezing point by 0:18°C. ( When a gram
mol. is dissolved in 100 gm. benzene the depression of the freezing
point is 50°C ). Oxidation of ( A) gave first a compound of the
formula CgH,O, and subsequently an acid CgH,O, which on
heating with hydrochloric acid yielded protocatechuic acid viz.
3 : 4 —dihydroxy benzoic acid. Assign a structure to the acid
( A ) giving reasons.

Empirical formula of acid ( A )is

per cent. gm. atom atomic ratio
12 x 0-3465 x 100

C= 2 % 01430 = 66-09 551 3 6
_ 00592 x 2 x 100 _ )

H= 18 % 0.1430 = 460 4-60 25 5

O by difference = 2931 1-83 1 2
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The Empirical formula of { A ) is CgHyO,. (109 )
0-2546 x 10000
11.7
= 2176 or 218

Further the equivalent weight of (A )is =

~. The mol. formula of the monobasic acid ( A ) is C,,H ;004

The empirical formula of the bromo-derivative (B) is
obtained thus :

per cent. gm.atom atomic ratio

= 01787 x 12 x 100 _ ¢ .

C= 44 % 01821 = 26:76 2-23 3 6
_00Mx2x100

H = 18 X 01821 = 185 185 25 5
= 02124 %80 x 100 _ oo :

Br = 18=0.1500  — 59-46 0-74 1 2

O by difference 11-93 0-74 1 2

The empirical formula of (B) is C;HyO,Br,. (269). The
molecular weight must be double this as the original acid
contains C,,H,,O4 This is confirmed by the lowering of the
freezing point of benzene as given below :—

100 x 0-1944 x S0
018 x 10

= 540.

The molecular formula of ( B) is, therefore, C,,H,,0,Br,. So
the monobasic acid ( A ) gives a tetrabromo derivative (B ) as an
addition product.

» The substance (A ) is an unsaturated acid with two
double bonds.

Further the substance (A)on oxidation gives CHQ,
( A) contains a side chain.

As CH,O, gives on further oxidation an acid CH,O,
& CaHeO; is an aldehyde. . )
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The acid CyHO, on heating with HCL gives protocate-
COOH

chuic acid.

OH

The structural formule of the monobasic acid ( A) and the
various compounds resulting from it are :—

CH = CH:CH = CH-COOH '

CHBr-CHBr-CHBr-

[ Bromination CHBr-COOH
®) - .
O o
CH AN
Monobasic acidz( A —CH,
C,,H,004 Tetra bromo piperic acid
Piperic acid
j Oxidation
CHO
O o Piperonal CgHgO,
N\
O—cn,
! Further oxidation
COQH
o Piperonylic acid CoH¢O4
N
O—CH,
l Heating with HCI
¢
COOH

Protocatechuic acid C,H¢O4
, JOH

OH
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(22 ) -An organic acid capable of yielding a trialkyl
derivative, has the molecular weight of 168 and analyses as
follows : (a) 0-1 gm. of the substance gave 0-02143 gm. of
H,0 ; and 0-13095 gm. CO;; and 2666 c. c. of nitrogen at
N.T.P.

The sodium salt of that acid, on treatment with POClI,,
yielded a hydroxy dichloro derivative, which-analyses as follows :
( 5) 01 gm. of the substance gave 0-14 gm. AgCl, 0-1073 gm.
CQO,; 0-00878 gm. H,O ; and 21-85 c. c. nitrogen at N. T. P.

i The above hydroxy dichloro derivative can be changed into
a trichloro one by means of PCl,. The resulting substance which
loses all its oxygen, analyses as follows: ( ¢ ) 0-1 gm. of the subs-
tance gave 0:1920 gm. of AgCl; 0-09843 gm. CO,, and 0-00403 gm.
H,0 and 29 ¢c. c. of nitrogen at N. T. P.

The trichloro derivative on treatment with Hl at 0°C and
then on further treatment with H,O and Zn dust, gave a sub-
stance having the formula C;H,N,. The original acid on oxida-
tion with cold HNQO, left in tact a six membered ring compound
and carbamide was split of. With KMnO, solution it left
behind a five membered ring compound.

What is the probable nature and constitution of the original
acid and various derivatives above mentioned ?
The empirical formula of the organic acid is :—

per cent. gm.atom atomic ratio-

0-13095 x 12 x 100 35.73  2.98 5

C= 44 x0-1
_ 002143 x 2 x 100 . )
H= ~—i{8%01 2-38  2-38 4
2666 x 28 x 100
N= BRI 3334 238 4
O Dby difference 28:55 178 3

'

». The empirical formula of the original acid is CgH,N,O,.
This is as well its molecular formula.
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(b ) The hydroxy dichloro derivative :

per cent. gm.atom atomic ratio
0-1073 x 12 x 100

_ LA = 2925 2-44 5
_ 000?788:02: 100 (.076 0976 2
2128254;302>£3 (;1100 = 1 !

cl = 0.111,4;;53(;1100 = 3463 0-98 2
O by difference 7-824 049 - 1

The empirical formula of ( ) is CsH,Cl,N,O.

(¢) The trichloro derivate :

per cent. gm.atom atomic ratio
c= 0O IN 2684 224 5
p= O0HOAXIN0 o w8 oMs 1
N = »1‘%2’;—3-08—;%010— = 2500 179 4
cl = IR0 BN 475 1339 3

Q is absent as the total of percentages is 99°788 or nearly 100.
The empirical formula of ( ¢ ) is CsHCI N,

The structural formula of the original organic acid and the
various derivatives are as follows :—

r]z = cl:~ox‘rl 1;1 = cf.c1

C-OHC—NH " C-Cl C—NH

[} I >C.0 ; I i ~»C-OH

N— C—N ) — C—N

Organic acid Hydroxy dichloro comp.
CsHN,O, CsH,CI,N,O

Uric acid. 2 : 6-dichloro 8-hydroxy purine.

(a) (b)
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-
C-Cl C—NH with HI at 0° — C1 C—NH
Il I >C.Cl fi i »>CH
—C— N-—-C—N
Trichloro Comp. Diiodopurine
CsHCI,N, C H,I,N,
Trichloro purine.
(c)
N = CH
Diiodopurine | |
with water and Zn dust - CH C—NH
I i »CH
CgH,N,
Purine

Further, reactions of the original acid (a) confirm its

structure :—

oxidation

C5H4N4Os -
with cold HNO,

oxidation

CsH‘N403 ————>
with KMnO.

I\IIH-—(]:O /NH,

CO (.'TO and CQ

NH—-CO NH,
Carbamide

e

CO CO—NH

| | >CO

NH—CH—NH

five membered ring compound. .
Allantoin.

(23) A ketone of a dicyclic terpene 0:152 gm. in weight,
when dissolved in 50 gm. of C¢H¢ showed - 1°C as the depression
of the F. P. On oxidation, the ketone gave a dibasic acid, the
anhydride of which gave the following results on analysis :—
0-091 gm. of the substance gave 0-22 gm. C(, and 0 063 gm. H,O.
This anhydride on reduction with sodium amalgam produced a
substance ( A ) which on analysis gave C =: 71.43°/ ; H = 9:52%.
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On treatment with KCN the substance ( A ) ‘gave a nitrile of a K
« salt of the formula C"H“O:NK.

This nitrile when hydrolysed produced a dibasic acid (B)
which on combustion gave C = 61:69°/,; and H = 8-41°/..

The calcium salt of ( B ) gave the original ketone on distillation.
What conclusions would you draw with regard to the proba-

ble constitution of the various substances? ( When a gram

molecule is dissolved in 100 gm. C¢Hg depression of the F. P.
= 50°C).

The molecular weight of the ketone of the dicyclic
terpene is :—

The anhydride of the dibasic acid :

per cent. gm, atom atomic ratio
0-22 x 12 x 100

c= DBARGN - su s 10
_ 0063x2x100 _ _

H= oo - 7 9 u

O by difference = 2637 1-65 3

The empirical formula of the anhydride is C,gH,,0,.

The substance ( A ) obtained on reduction of the anhydride
CIOH|QOS'

per cent gm, atom atomic ratio

.. C 71:43 5.95 10
H 9-52 9.52 16 .
O Dby difference 19-05 1-19 2

s The empirical as well as the molecular formula of (A )
is C,oH 60, because

CigHyeO; + KON > C,iHO:NK
(A Nitrile of a K salt
The nitrile on hydrolysis produces a dibasic acid ( B )
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The dibasic acid ( B )
per cent, gm. atom atomic ratio
C 61-69 5-14 11
H 841 841 18
O by difference 299 1-87 4

The empirical formula of the dibasic acid ( B )is C;,HsO,

The ketone is of dicyclic terpene class and its molecular we.

is 152.
It is camphor : C,oH,¢O.

lCH’ _ | oxidaion CHi———CH—COOH
| |

CH, — C—CH,
Hy——C——CO | |
| CH:-—-——?——-—COOH

CH,
Camphor : C,oH,¢O. CH,
Campbhoric acid
T d CH,—CH—C
sodium ~—CH—
-oICH,-—C ——CH,>O - I o Ii’
| amalgam CH, —C—CH, /O
Hg C""‘"—" ' .
CIH CH,—(IJ———CO
Camphoric': anhydride CH,
CioH O, Campholide
CIOH I'Ol
. (A)
CH,—CH—CH,CN
KCN I | _ CH;—CH—CH,COOH
A——— CH, —C —CH, hydrolysis |
[ — | CH,-C—CH,
CH,—C—COOK |
'CH CH;—-—Cll-—-COOH
Nitrile of’K salt CH,
C,HsO,NK Homo camphoric acid,

C,H,sO4, ( dibasic acid)
(B)
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[ % CH,—-CH——CH,
CH, - C-CH, Ca |
/. Distillation | CH,-C ~CH,
COO -
CH, |
Ca-salt CH,
of the dibasic Camphor
acid (B) C1oH 6O

(24 ) A neutral organic substance gave on combustion
the following data:— 56-8°/,C; 9-5°/, H and 33-7°/, O;
1-266 gm. when converted into vapour gave a volume calculated
at N. T. P, of 149-33 c. c. When warmed with a solution of
KOH it was decomposed giving ( @ ) the K salt of an acid and
(&) aliquid.

(a) The free acid on combustion gave 48:7°/,C; 8-1°/.H
and 43:2°/,0 and its silver salt contained 42-35°/, Ag. In a Zeisel
determination 0:296 gm. of the acid gave 0-940 gm. of Agl. (5)
The liquid on analysis gave 60°/, C ; 13-3°/,H; 26:7°/,O, and on
oxidation gave another neutral body containing 62-1°/,C ;
10:3°/, H ; and 27-6°/,0 ; and its vapour density was 29. What
conculsions do you draw as to the nature and constitution
of the material ? ( Ag = 108;1 = 127 ).

The empirical formula of the neutral substance which is
obviously an ester is :

per cent. gm. atom atomic ratio
56-8 4.73 9
H 95 9.5 18
O 377 2-1 4

The empirical formula is CgHy5O04.

Further its mol. wt. is

1-266 x 22400
T 14933

S its mol. formula is C;H,,O,

19
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(a) The free acid.
per cent gm. atom atomic ratio-

- C 48-7 4-06 3
H 81 81 6
¢« 0 432 27 2

The empirical formula is C,H,O,

The equivalent wt. and eventually the mol. wt. of (a) can
be obtained. from the percentage of Ag in its silver salt:

100 x 108 _ _
. -'—4—2'753—— - 108 + 1 = 255 - 107 = 148
The mol. formula of (a) is C¢H,,0, = CH,,0,COOH.
The number of ethoxy or methoxy groups ( Zeisel method )
0-296 x 235
The three possible acids are :—
, 2 methoxy groups : (CH,O ), C;H;COOH
{ 2 ethoxy groups : ( C,H;O ), CHCOOH

1 methoxy and 1 ethoxy group :
, (CH,0 ) (C,H;0) C,H,COOH.

*+  {'b) The liquid must be a alcohol and a secondaty one as
it gives on oxidation a neutral substance—a ketone.

per cent gm. atom atomic ratio

C 60 5 3
' H ‘ 133 13:3 8
O 267 17 1

~.  The empirical formula is C;H,O, and the probable
structure (CH,CHOHCH,). The oxidation product of the
liquid (b):

per cent gm. atom atomic ratio

C 62-1 52 -3
H b 10:3 10-3 "6
o) 27-6 1-7 1

o The empirical forntula is C,H,O.
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Its vapour density is 29 .. the mol. formula is CH.QO
(58). Acetone.

The original neutral substance is therefore an ester of iso-
propyl alcohol of one of the acids given above.

(25) 0-142 gm. of a heterocyclic organic compound
(A) gave on combustion 0:176 gm. CO, and 0-018 gm.
water. Also 0200 gm. gave 37'2 c. c. nitrogen at 27-C, and
710 m. m..{ A ) gives an oxime (B ) having 30-6% C, 26-8% N,
and 19, H. On reduction this oxime yields a compound (C)
having 33:6°/,C, 29:4°/, N and 3-5°/, H. Cyanic acid reacts
with ( C) and gives uric acid. Suggest constitutional formule
for (A), (B)and (C). Are there any other possible formule
for the same compounds ?

The heterocyclic Compund ( A ).

Per cent. gm.atom atomic ratio

_ 0:176 x 12 x 100

C TETRL = 338 28 2
0018 x2x100  _ , .

H AT = 141 141 1

N 2372710 %273 x28x100_ 1920 1.4 .

~ 300 x (60 x 0-200 x 22400

(@) by difference 45-02 2-81 2
The empirical formula of comp. (A )is C,HNO,.

The oxime ( B).

Per cent gm. atom atomic ratio

C 306 2.55 4
H 1.9 19 3
N 268 191 3
O by difference 40-7 2:54 4

‘. The empirical formula of oxime (B )is CH,N,O..

s The molecular formula of (A) is C;H,;N,O,.
Pr.0.C 5
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The compound (C)
Per cent. gm. atom atomic ratio
C 336 2-8 4
H 3.5 3.5 5
N 294 241 3
O by difference 335 2:1 3

The empirical formula of compound ( C) is C,HsN,O,.
Cyanic acid reacts with ( C) and gives uric acid.

Compound ( C ) is uramil.

I\lIH—(':O
CeHsNO, or CO CHNH,
(C) | |
NH—CO

As the uramil (C) is obtained by the reduction of dee
oxime ( B ) the compound (B ) is violuric acid

NH—CO
CeH,N:O4 do cl:: NOH
(B) | |
NH—CO

As the oxime (B) is obtained from (A), the latter com~
pound is alloxan.

NH—-CO
CH,N,O, | l
CO CO
(A) | I
NH—CO
NH —CO NH —CO NH - CO
I Hydroxyl- | | é |
CO O amine CO C:NOH O CH:NH,
| | — L} —_— | ]
NH —CO H—CO Reducdion NH—CO
Alloxan Violuric acid Amino barbituric aid
C‘NgH'OA C.H,N,O. ( Uramil ) C.H.N,O.

(A) (B) (C)
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Uramil
| HCNO
NH—-—C'ZO ITIH . (I:O
CO C—NH CO CH-:-NH-CO -NH,
HO + | | >co - 1
NH—C—NH NH—CO
Uric acid Pseudo uric acid

(264) An acid derived from :p-xylene (CH,C,H,CH,)
gave the following results on analysis :—3:240 mg. gave 8-03 mg
CO, and 286 mg. H,O. When treated with bromine it
was converted into a bromoderivative containing 36:2°/, of
bromine, and this when digested with alcoholic potash, yielded
an acid which gave the following results on analysis : 3-400 mg_
gave:8-552 mg. CO, and 2:618 mg. H,O. What can you deduce
from the results ?

The acid from p-xylene.
8-03 x 12 x 100

Per cent. gm. atom atomic ratio

C = @324 67-6 563 4
_ 2:86 x2 x 100 . .

H = 18%324 9.8 9-80 7

O by difference 226 1'41 1

The empirical formula of the acid is C,H,O.

The acid is derived from p-xylene and it must contain 2
oxygen atoms. The molecular formula of the acid is therefore
CoH(O,. The bromoderivative of the acid will be C,H,,BrO, ;
Its molecular weight ( 221 ) is confirmed by the percentage of Br.

l‘%’}zﬁ‘-’ = 221.
The second acid.
Per cent. gm.atom atomic ratie

8552 x 12 x 100 -

C = 44 %34 68-6 51 4
2-618 x.2 x 100

H= “8x34 = §-55 855 e 6';.”

O by difference 22-85 143 1

The empirical formula of the second acid is CHO.
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As it is an acid it must contain 2 oxygen atoms ; besides it is
obtained from the bromoderivative CgH,,BrO,.

The molecular formula of this second acid is CgH ;O,-

The original acid is derived from p-xylene and its molecular
formula is C;H,,0,.

CHCH,
CH
Therefore it must be 2 CH,
CH, CH,
CHCOOH
The bromoderivatative is CgH,,BrO, and its structure is
CHCH, CHCH,
H‘C CH 2 alcoho]ic HZC C H
- —_——
H, CHBr potash H,C CH
CH-COOH CHCOOH

( tetra-hydro-p-toluic acid)

(27) (a) 025 gm. of a hydrocarbon gave on combustion
0-8593 gm. CO, and 0-1406 gm. H,O. (b) When heated
with conc. H,SO, a monosulphonic acid was formed, 0-208 gm.
of which required 2 c. c. of 0-5 N NaOH for neutralization. (¢ )
The hydrocarbon when oxidised yielded a dibasic acid 0-95 gm.
of the silver salt of which left on ignition a residue of 054 gm.
silver. ( d) The dibasic acid on heating gives an anhydride, which
when heated with ammonia and then with KOH and bromine
yielded a monobasic acid containing 10-22°/, nitrogen. Assign
the structural formula to the monobasic acid mentioned in (d ).

The empirical formula of the hydrocarbon (a)

Per cent. gm.atom atomic ratio
08593 x 12 x 100 _

c= BB 957 78 s
01406 x 2 x 100
H= =1%o 63 63 4

‘The empirical formula is C;H, ( 64)
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The equivalent weight of the monosulphonic acid derived
from the hydrocarbon (a) is

2%, = 208.

The molecular weight of the hydrocarbon can be got by
substracting SO, (80 ) from the equivalent weight of the mono-
sulphonic acid 208 208 - 80 = 128.

The molecular formula of the hydrocarbon is therefore

‘CyoHy ; it is therefore:naphthalene @

The hydrocarbon ( @) on oxidation yields a dibasic acid (c):
The molecular wt. of the silver salt is

0-54 gm. Ag 216 : : 095 Ag salt : 380
~. The mol. wt. of the dibaic acid (¢ ) is 380 —~ 216 + 2 = 166.
As it is a dibasic acid, its constitution can be represen-

ted as :
COOH
COOH  phthalic acid

The molecular wt. of the monobasic acid ( d ) is
100 x 1
~103 = 137

And its structure can be represented as:

NH,
COOH
The various reactions are as shown :—

(&) Hydrocarbon C,oH, (5) Monosulphonic acid
Sulphonation O,H

s =3

Naphthalene
Mol. wt. 166 Mol. wt, 208
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( @) Hydrocarbon C,,H,

i oxidation
COOH
(¢) Dibasic acid Phthalic acid
COOH
i heating
(¢,) anhydride co AN O Phthalic anhydride
CcO

ll heating with ammonia

CO \
(cy) s NH Phthalimide
CO
| KOH + Br,
NH,
(d) Amino benzoic acid
COOH

(28) An organic compound ( A ) containing C, H, and O
only and having a molecular weight between 178 and 182 (i)
gives on combustion C = 66:7°/,; H = 66°/,; (ii) forms a
phenylhydrazone containing N = 10-:37°/, and (iii) gives on oxi.
dation an acid (B) CgH,,O, characterised by the formation of
an ester which resists hydrolysis with alkali under ordinary con-
ditions. The acid ( B) on heating with soda lime gives a neutral
liquid (C) [C = 69:5°/,, H = 7-2% ] which on heating with an.
hydrous AICI, gives resorcinol. Assign giving reasons the pro-
bable structure of (A ),(B ), and ( C).

The compound (A ).

(i) Per cent. gm. atom  atomic ratio
C 66-7 5-56 10

H 66 66 12

O by difference 267 1-67 3

The empirical formula C,H,,0, of the compound is also
the molecular formula as the molecular weight (180) calculated

therefrom is between 178 and 182 as given.
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(ii) The compound (A) forms phenylhydrazone which
should have the mol. wt. 270 as the following reaction shows

CicH120s + Ce¢HsNH-NH,
= C,H,;0;: NNHCH; + H,O
Phenylhydrazone
(270 mol. wt.)

The molecular weight 270 is confirmed by the percentage of
nitrogen.

100 x 28
10.37

= 270.

The fact that the compound forms a phenylhydrazone
indicates the presence of aldehyde or ketone group in the
original compound.

(iii) The compound ( A ) gives on oxidation an acid (B)
CgH,,O,. The acid contains less number of carbon atoms than
the original substance, and eliminates the choice of aldehyde
group. The original substance therefore contains a ketone group.

The acid ( B ) is further characterised by the formation of
ester which resists hydrolysis with alkali under ordinary condi-
tions. This means that there is steric hindrance and the two
adjacent positions on either side of COOH are occupied.

The neutral liquid (C).

Per cent. gm. atom atomic ratio
C 69-5 5-79 8
H 7:2 7-2 10
- O by difference  23-3 1-45 2

The molecular formula is CyH;(O,. This neutral liquid on
heating with anhydrous AICl, forms resorcinol C,HO,; this
shows that liquid is ether, and that it is methyl ether is indicated
by the difference of 2CH, in the molecular formula.
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So starting from resorcinol, we get the structure of the
neutral liquid by substituting H of OH groups by CH, groups

HOOOH CH,OOOCH,
e 3

Resorcinol the neutral liquid (C)
(CeHO,) (CeH1602)

The neutral liquid is formed by heating the acid (B) with
soda lime. This acid requires that both the adjacent positions
to be occupied. The structure of the acid therefore can be' con-
structed by putting COOH between the 2 OCH, groups.

COOH

CH,0 OCH, The acid (B)
CQH |OO‘

- The acid (B) is formed by the oxidation of the original subs-
tance (A) which contains CO group. The structure of the
original substance would be

COCH,

CH,OOOCH, CioH 05

The various reactions will be summarised as

COCH, COOH
CH,0/ \OCH, —_— CH,OOOCH,
oxidation
The orignial substance (A) O The acid (B)
Cotti.0, C‘b\x—\’). /L GeH,004
heating
with
soda lime
HOOOH heating with CH.OOOCH.
P
anhy. AICIl,
Resorcinol The neutral liquid { C)

GH,(0;
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(29) A primary amino fatty acid (A) gave a benzoyl
derivative (B). 0-15 gm. of (B) yielded 10-3 c. c. of nitrogen
measured over water at 20°C. and 757 mm. pressure (vapour
pressure of water at 20°C = 18 mm.). The molecular weight
of (B) was found to be 179. (B) when condensed with
benzaldehyde gave a product (C) which was reduced to (D).
(D)on hydrolysis gave an acid (E) containing C = 65-3%s
H = 6:7%, N = 85%, the remainder being oxygen. Assign
structures to compounds from ( A ) to (E).

The molecular weight of ( B) can be calculated from the
nitrogen measurements.
Percentage of Nitrogen
28 x 742 x 10-3 x 273 x 100 _ .4
293 x 760 x 22400 x 0-15
The molecular weight of ( B ).
100 x 14
7-8
This agrees well with the molecular weight given 1. e. 179.

= 179.5.

( B) is a benzoyl derivative of a primary amino acid and can
be represented as

CeHs;CONH X COOH, where X is the middle chain, the
nature of which can be ascertained by deducting the total weight
of the known atoms from the molecular weight s, e. 179. |

179 - 165 = 14
X is therefore CH,, and (B) becomes CsH,CONHCH,COOH
and the primary amino acid ( A ) NH,CH,COOH.

The condensation of ( B) with benzaldehyde can be repre-
sented as

C,H,CONH C|H,COOH CHsCONH % COOH +H,0
O
C‘H|C< | = C.HQCH

(<)
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( C ) on reduction will give
CsH;CONH (.}H COCH

C,HsCH,
(D)
where double bond vanishes by the introduction of 2 H atoms.
(D) on hydrolysis gives an acid containing nitrogen which

means that the benzoyl group is eliminated. The resulting com-
pound will be

C,H;CO §NH<|:HCOOH s MO - CJH,COOH
CeH,CH, NH,-CH-COOH
CHsCH,
(E)
CoH,,NO,

The molecular formula of ( E ) agrees well with the analyti-
cal data.

Per cent. gm. atom atomic ratio
C 65-3 544 9
H 67 6-7 11
N 85 0-60 1
0] 19:5 1-2 2
C.H,,NO,

The structures.of the various substances are, therefore,
(A) NH,:CH, . COOH
(B) CgHyCO - NHCH,COOH
(C) CgHyCONHC - COOH
'C.H,,EIZH
(D) CgH,CONHCH - COOH

c.d,
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(E) NH,.CH - COOH Phenyl-alanine
| ( @ amino B phenyl
C,H,CH, propionic acid ).

(30) 0-138 gm. of an organic acid ( A ) is neutralised by
100 c. c. of N/10 alkali. With acetic anhydride it yields a com-
pound ( H ) containing 60-00 per cent. carbon, 4-44 per cent.
hydrogen and 35-56 per cent. oxygen.

Another substance ( B ) obtained by the action bromine on
benzoic acid contains 39-8 per cent. halogen and on fusion with
alkali yields, a product isomeric with ( A). Upon nitration, B
yields two isomeric substances (C ) and (D) containing 5:6 per
cent. nitrogen, but both of these reduce to the same halogen-free
product (E). Diazotization and boiling with water converts ( E)
to (F) ( Salicylic acid ) which is also isomeric with A.

Assign a structure to ( A ).

The empirical formula of the compound (H) can found
from the percentages of the elements which are C, H and O only

per cent. gm. atom atomic ratio
C 60-00 500 9
H 444 444 8
O 35-56 222 4

The empirical formula of the compound (H) is CoH4O4,
and that of (A) (C.HQO‘ - OCCHS + H) C7H.Os (138)
which agrees well with the equivalent weight

0-138 x 10000 _
10 = 138.

The substance ( B ) obtained by the action of bromine on
benzoic acid CeHyCOOH (122 mol. wt.) contains 39-8 per
cent. halogen; that means it is a ‘mono bromo benzoic acid
CH,BrCOOH which contains 5%12‘9
bromine. The bromine atom occupies the meta position, because
it is. then only possible to get two nitro compounds (C ) and (D)
which will on reduction give only one halogen free substance

= 39.8 per cent.
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(E). The compound (C) and (D) contain only one NO, group,
this is confirmed by the percentage of nitrogen :

. x

“ 2471'(& = 5:66.

Compounds (C ) and (D)

C¢H Br:NO,COOH.

The various reactions involved can be represented as
COOH COOH COOH

O Br O fusion with O
—— —>
Br alkali OH

Benzoic {B) meta bromo meta hydroxy
acid benzoic acid benzoic acid

Nitration

Y ¢
C
COCH OO?,,

Br Br

3 bromo 2 nitro 3 bromo 6 nitro
benzoic acid benzoic acid

(C) (D)

The substances ( C ) and (D) will be reduced to only one
halogen.free amino acid i. e. ortho amino benzoic acid which
on diazotization and boiling with water gives ortho hydroxy
benzoic acid ( F) 1. e. salicylic acid.

COOH COOH
(E) (F)

This ortho acid, and the meta acid found by the fusion of
( B) with alkali are isomeric with the acid (A ) which is there-
f ore para hydroxy benzoic acid,
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COOH

OH

whose equivalent weight is 138. This will react with acetic
anhydride and will form a phenolic ester

COOH

O-OCCH,

having the molecular formula CyH O, which agrees well
with the analysis.

The organic acid ( A ) is therefore para-hydroxy-benzoic acid
COOH

OH



CHAPTER 1lI
PROBLEMS FOR SOLUTION

(31) A substance containing carbon, hydrogen and oxygen
gave on combustion the following results ; Substance, 0:32 gm.;
CO,, 0-44 gm.; H,0, 0-36 gm. What is the simplest formula for

the substance ?
Ans. : CHO.

(32) If 0-360 gram of an organic compound which con-
tains only carbon, hydrogen and oxygen yields on combustion
0:528 gram of carbon dioxide and 0-:216 gram water, what is the

empirical formula ?
Ans. =/C}H,O.

(33 ) A substance containing only carbon, hydrogen and
oxygen was found on analysis to contain C = 5215, H = 13:1
per cent.; a vapour density determination gave D = 23. Deter-
mine the molecular formula of the substance.

Ans. : C,H,O.

(34 ) 0-37 gram of a substance containing carbon, hydrogen
and oxygen gave on combustion 0-66 gram CO, and 0-27 gm.
water. Further 0-123 gram of the substance displaced 39-6 c. c.
of air at 17° C. and 760 mm. in a determination of its vapour
density by the Victor Meyer method. Assign from these data
the molecular formula of the substance.

Ans, : C,H.O..

(35) A liquid containing C, H and O gave on analysis the
following results ; 0:1746 gram gave 0-3492 gram carbon dioxide
and 0-1426 gram water. The vapour density of the substance
was found tobe 22 (H = 1.). Find the formula of the liquid.

: Ans. : CH,O.
78
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(36) The analysis of an organic substance gave the follow-
ing results: 0-2115 gram on complete combustion gave 04655 gram
carbon dioxide and 0-2533 gram of water. The vapour density
of the substance was 29-7. Calculate the molecular formula,
and give the names of the substances possessing this formula.

Ans. : C,HO ( Propyl alcohol.
Iso-propyl alcohol, Methyl ethyl ether ).

(37) 0-1027 gram of a substance gave on combustion
0-2178 gram CO, and 0-0303 gram H,O. 0-1130 gram gave 0-0643
gram AgBr. What is the simplest possible empirical formula of
the substance ?

Ans. : C|.H||Og Bt.

(38) A substance gave the following results on analysis :—

(a) 0-1836 gram gave by combustion 0-1934¢ gram of CO,
and 0-0693 gram of H,O.
(b5) 0-3212 gram gave 0-3616 gram AgBr.
What is the simplest formula for this substance ?
Ans. : C‘H-,O,Bl'.

(39) A dibasic acid containing only carbon, hydrogen and
oxygen was found by analysis to contain C =26-7°/,, H=2-2°/..

A determination of the vapour density of its methyl ester
gave A = 59. What is the acid ?
Ans. : C,H,0, oxalic, acid.

(40) A substance gave the following results on analysis :—
0-2500 gram gave 0-6027 gram CO, and 0-339 gram H,O.

0-2000 gram gave 33-4 c.c. of nitrogen at 20°C. and 750 mm.
Its vapour density compared with hydrogen was 37. Calculate

the composition of the substance and give the constitutionil
formulee of the possible substances of this composition.

Aﬂs. : C‘}is"No
(i) CH,:CH,-CH,-CH, NH,.
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(ii) CHy\
/CH * CH: * NH:-
CH,
(iii) CH,\
CHS* C 'NH:.
CH,
( iV ) CH’ M CHZ\
/CH - NH,.
CH, ’
(V) CHS ‘ CH: ¢ CH1>NH
CH,”-
(vi) CH;-CH
3 2>NH
CH’ * CHz
( vii ) CH’\
CH
CHy” _ DNH
CH,
(viii) C,H
CHON.
CH,”

(41) A ketoxime on analysis, was found to possess the
following composition :—

Carbon 55-2, hydrogen 10-3, nitrogen 16-1 per cent. What
is the formula of this compound and from what ketone is it
derived ?

An H CH'\
P C: N - N - OH from methyl ethyl ketone.

C,H, -
(42) A substance gave the following results on analysis
(@) 0-1836 gram gave, on ‘combustion, 02241 gram CO,

-and 0-0420 gram of H,O.
(&) 0-3212 gram gave 0-3736 gram of AgBr.
What is the simplest possible formula for the substance ?
Ans : CiHO,Br,.
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{43 ) Two liquids, one boiling at 83°C and the other at
57°C gave on analysis the same results, viz. 0-2376 gram gave, on
combustion, 0-2112 gram CO, and 0-0864 gram H,O; 0-121 gram
gave, when heated with silver nitrate and nitric acid, 0-351 gram
AgCl. Calculate the simplest formula for these substances, How
do you account for two substances having the same composition,
and what do you regard as the true formula of each compound?

Ans. : Empirical formula CH,CI,

CH,CI CH,
and

|
CH,CI CHCI,.

(44 ) A substance gave the following results on analysis :—
0-197 gram gave 0-293 gram CO, and 0:150 gram H,O.

By the Kjeldahl method 0:59 gram required 10 c.c. of N
H,SO, for neutralisation of the ammonia. The original substance
when boiled with caustic soda, evolved ammonia and the dry
residue heated with soda lime, gave off methane. What is the
substance ?

Ans. : CH,CONH,, Acetamide.

(45) Calculate the formula of the aliphatic dicarboxylic
acid which gave the following results on analysis :—

0-1340 gram gave 0-1760 gram CO, and 0-0540 gram H,O.
Ans.: CH (OH ) COOH

|
CH,COOH.
CH,C (OH) (COOH), Isomalic acid
CH, (OH) CH (COOH ), B-hydroxy iso-

succinic acid.

Malic acid

(46) 0-2543 gram of a liquid hydrocarbon gave on com-
bustion 0-8513 gram CO, and 0-1991 gram H,O; a vapour
density determination gave D = 46. Find its empirical formula.
The hydrocarbon on oxidation gave an acid of the empirical
formula C,H¢O,. Find the structural formula of the hydro-
carbon.

Ans. : CHy;CH,.

Pr. O. Co 6
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(47) The combustion of 0-246 gram of a liquid hydrocar-
bon yielded 0-792 gram of carbon dioxide and 0-270 gram of
water. The hydrocarbon absorbed bromine readily, and yielded,
a compound containing 79-6 per cent. of bromine. From these
data what conclusions do you draw as to the formula of the
hydrocarbon ?

Ans.: CgH,, A doubly unsaturated aliphatic hydrocarbon.

(48) 0-2 gram of an anhydrous acid gave on combustion,
0:040 gram H,0 and 0-:195 gram CO,. The acid is found to be
dibasic, and 0-5 gram of the silver salt leaves, on ignition, 0-355
gram silver. What is the simplest formula for the acid, and
what is its molecular formula ?

Ans. : CHO,, C,H,0,.

(49) A mono-acid organic base gave the following results
on analysis :—

0-100 gram gave 0-2882 gram CO, and 0-0756 gram water.
0200 gram gave 218 c.c. nitrogen at 15°C and 760 mm.
pressure. 0-400 gram of the platinichloride left on ignition
0125 gram of platinum.

What is the molecular formula of the base ?

Ans. : C;HgN.

(50) Certain white crystals having, in aqueous solution, a
strongly acid reaction were found to comsist of H = 4-76,
C = 1905, O = 76-19 per cent. What is the simplest formula
which would express the results of the analysis ? Is the formula
adopted for the compound ? If not, why ?

Ans. : CH,O; : The compound is ( COOH ),, 2H,0.

(51) A hydrocarbon of the formula CgH,; yields on oxida-
tion, a colourless crystalline dibasic acid, containing 578 per cent.
of carbon, 3+6 per:cent, of hydrogen. The silver salt contains
56-8 per cent. silver. On heating the acid it is converted into
a compound of the formula C;H,O,. On distillation with lime,
benzene is formed. Discuss the structure of the original
hydrocarbon.

Ans. : 0-Xylene CgH, (CH, ),
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( 52) The monocyclic carbon compound ( A ) containing
only carbon, hydrogen and oxygen gave the following
results on analysis : 0-1120 g. gave 0-2638 g. CO, and 0-0720 g.
H,O. When heated with ethyl alcohol and 5 per cent. sulphuric
acid, ( A ) was converted into a substance containing C = 6846,
H =867 per cent.

When ( A) was heated with bromine in chloroform solu-
tion, bromine was absorbed, hydrogen bromide evolved, and a
compound produced containing Br = 4178 per cent. With
hydroxylamine hydrochloride ( A ) gave a substance containing
N = 19-84 per cent.

‘What information can you deduce from these data regarding
the presence of any particular groupings in (A), and what formula
can you suggest which would be in accord with the observed

facts?
Ans. The simplest formula C,H,O.
The bromine derivative CgH,BrO,.
The ethyl ether CeH, (C;Hs ) O,.
The dioxime Cg¢Hg (N-OH  ),.

The formation of ether indicates the presence of— OH
group, and the formation of dioxime, the presence of two
ketone groups and ( A ) can be represented as

CH,—CO CH,—CO
/ AN / AN
CH, CH, = CH, CH
AN / AN 7
CH,—CO CH,—COH

(53) A substance of the formula
CH, _ CH,—CO
VAN z 7
CH, CH,—CH
on oxidation with potassium permanganate gave a product which
was analysed with the following results :—

0111 g. gave 0-2142g. CO, and 0:0654 g. H,O.
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0-2019 required 12-85 c. c. ;I) sodium_hydroxide for neutra-

lisation in the cold and a further 11-9 c.c. on warming.
What structural formula would you assign to this oxidation
- product ?
(|3OOH
CHs\ /CH-—-(l)
cH,” \CH2 Co.
Lactone of a-hydroxy 8 S8-dimethyl glutaric acid.

On warming the glutaric acid is formed thus requiring
further amount of alkali for neutralisation.

COOH

|
H(I:—OH
CH,—C—CH, a — hydroxy B B-dimethyl glutaric acid.

|

i
COOH

Ans. :

(54) The ammonium salt of a non-nitrogenous organic
acid gave the following results on analysis: 0-2856 gram gave
0°3102 gram CO, and 0-180 gram H,O and 0-1562 gram gave
22-1 c.c. of dry nitrogen at 13°C, and 779 mm. pressure. Find
the simplest formula for the salt and for the acid.

:Ans. : salt, CgH,,0,N, ; and acid, C¢H;O, or C,H,O (COOH),
i.e. Citric acid or an isomer.

(55) A ketone having the formula
- CH,—CO

/ AN
(CH,), C CH
AN /4
CH,—CCl
was reduced by means of sodium in absolute alcoholic solu-
tion ; 0-1499 gram of the resulting compound ( A) gave, on
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combustion, 0-3835 gram CO, and 0-1559 gram H,0. When
treated with benzoyl chloride, ( A ) was converted into a sub-
stance ( B ) which contained 73-75 per cent. of carbon and 8-85
percent of hydrogen. What are the most probable formule for
(A)and (B)? Explain the reactions by which they are produced.

Ans. : The reduction by means of sodium in absolute alcohol
is accompanied by ether formation. Though the two processes
take place simultaneously, they can be represented in two stages
as follows :—

(i) Reduction proper

CHg“’"CO , CHg_CO H
/. N /7. H\
(CH,).C CH —(CH,),—C CH,
AN / /
CH,—CCl CH,—CHCI
(ii) Ether formation
CH,—COH CH,—COH
/. H\ /. HX
(CH,;).C _ CH, + NaOC,H;—( CH, ),C VCH,
CH,—CHCI CH,—CH-OC,H,

+ NaCl.

When ( A) is treated with benzoyl chloride, an ester of
benzoic acid is formed with the evolution of hydrochloric acid.

CH,—COH
/ H\

( CH,),C /CH, + CICOCH;
" CH,—CHOC,H;

(A)
fH,—CHOCOC.H,
- (CH,),C’ CH, + HCI,
.\-‘ g
CH,—CHOC,H,

(B)
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(56 ) An acid derived from p-xylene, gave the following
tesults on analysis : 0-162 gram gave 0-4015 gram CO, and 0-1430
gram H,O. When treated with bromine, it was converted into a
bromo derivative containg 36:2 per cent. of bromine and this,
when digested with alcoholic potash yielded an acid which gave
the following results on analysis : 0-17 gram gave 0-4276 gram
CO, and 0-1309 gram H,0. Assign constitutional formule to
these acids, stating your reasons for their selection.

AnS. : CHZ—’ CH 2
/ AN
CH,—CH CHCOOCH
N /
CHz"“CH 2

This formula agrees well with the molecular weight calcu-
lated from the bromine percentage of the bromoderivative. The
other acid is

CH,—CH,

/ N

CH,—CH CCOOH
AN /J
CHz"_ C H

(57) A dibasic acid gave on analysis, the following results :
0-1740 gram gave 0-3388 gram CO, and 0-1008 gram H,0O. When
it was treated with bromine, it yielded a dibromo derivative
which gave on analysis C=26-4, H =32 and Br =503 per cent.
Oxidation with permanganate converted the dibasic acid into
dimethyl malonic acid and oxalic acid. What is the constitu.
tion of the acid ?

Ans.: a, a—dimethyl glutaconic acid
COOH-C (CH, ), CH : CH (COOCH).

(58 ) An organic acid gave the following results on analysis :
0-1792 gram gave 0-3826 gram CO, and 0-1370 gram H,O. The
silver salt contained 430 per cent. of silver, and oxime contained
8-8 per cent. of nitrogen. What constitutional formulz may the
acid have ?

Ans. : CH, (CH,), CO—CH,-.COOH.

or
CHO - ( CH, )s COOH.
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{59) An organic acid gave the following results on analysis:
0:1531 gram gave 0-3883 gram of carbon dioxide and 0-1410
gram of water. The silver salt gave 41-1 per cent. of silver, and
when the acid was treated with bromine and afterwards with
alcoholic potash it gave an acid containing 70-1 per cent. of car-
bon and 9-1 per cent. of hydrogen. The latter on heating with
sulphuric acid was converted into an aromatic acid which yielded
m-xylene on distillation with lime. Suggest formulae for the
three acids.

Ans. : The first acid : ( CH, ), CsH,COOH.
Hexa hydro dimethyl benzoic acid.

The second acid : ( CH, ),C¢H,COOH.
Tetra hydro dimethyl benzoic acid.

The third acid : ( CH, ),C¢H,COOH.
Dimethyl benzoic acid.

(60) The ethyl ester of a dibasic acid, to which a normal
catbon chain is assigned, has the composition: C=61-11;
H=09-26; and O=2963 per cent. When heated at 120° with
sodium and a trace of alcohol this ester is converted into a
substance A of the composition: C=63-53, H=8-23; O =2824
per cent. From A, when boiled with dilute sulphuric acid, a
second substance B is obtained of the composition: C = 7347 ;
H = 10-20; O = 1633 per cent., the oxime of which contains
N = 12-39 per cent. What is the probable constitution of B ?

Ans. : C{:H,——CH,—-—CHZ

CH,—CH,—CO
(61) A monobasic organic acid A gave the following results
on analysis. 0-1430 gram gave 0:3465 gram CO, and 0-0592 gram
H,O; 03819 gram rtequired 1755 c.c. —11% NaOH for exact

neutralisation. On treatment with bromine A gave a compound
which was analysed with the following results : 0-1821 gram gave
0:1787 gram CO, and 0-:0304 gram H,O; 0-1520 gram gave 0-2124
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gram AgBr and M. W. = 540. Oxidation of A gave first a com-
pound of the formula CgHeOj; and subsequently CgH,O, which
on heating with hydrochloric acid yielded 3:4-Dihydroxy.benzoic
acid. Assign a structure to the acid A.

Ans. : A is piperic acid-C,,H,,0,.
/7 SN

CH, CeH; - CH: CH - CH : CHCOOH.
\O/_

(62 ) An organig compound (A ) of M. W. 177 containing
C, 61:0°/,; H, 3:9 %; O, 27-1°/, and N, 7-9°/, on mild oxidation
gave a compound of the formula C;H,O,N which with dilute
acid potassium permanganate gave a product of the formula
C,H;O,N and (A) on reduction with ammonium sulphide gave a
compound which loses one molecule of water to give quinoline.
Indicate the structure of ( A )and the cause of the reactions
described above.

Ans. : (A), —CgH,O3N o-nitro cinnamic aldehyde

CH : CH-CHO W
NH, - + H,0
N

o-amino cinnamic

aldehyde Quinoline
Tammonium
l sulphide

CH:CH:-CHO CH : CH.COOH
mild_
« /NO; oxidation NO.
o-nitro cinnamic o-nitro cinnamic
aldehyde acid

Alkaline
Permanganate OCH (OH)-CH(OH)-COOH

Ocoou NO,
3-o-nitrophenyl

NO,

o-nitrobenzoic glyconic acid v

acid.
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(63) A cyclic hydroxy-monobasic acid yielded on analysis
the following results :—

0-1800 g. gave 0-3854 g. CO, and 0-1346 g. H,O. When
this acid was treated with dehydrating agents an unsaturated
acid was obtained which gave on analysis, C, 66:7°/,; H, 7:9%.
The latter on oxidation gave y-aceto-butyric acid. Discuss the
constitution of the hydroxy acid and the unsaturated acid.

Ans. : C|JOOH (fOOH
HC—CH OH CH—CH
I | - | I -
CH: CH'CH, CHz C'CH'
N/ N /.
CH, CH,
Hydroxy acid Unsaturated
C;H .04 acid
C,H,00,
COOH COOH
AN / CH,—CO—CH,CH,CH,:COOH + CO,
- CH —y

| vy-aceto butyric acid
CH,

I
CH,—CO—CH,
Intermediate compound

(64) Two isomeric substances A and B gave the following
results on analysis :—

0-197 g. gave 0-293 g. CO, and 0:150 g. H,O. By Kjeldahl
method 0-59 g. required 10:0 c. c. of N H,SO, for neutralisation
of ammonia. The substance A when boiled with caustic soda
evolved ammonia and the dry residue heated with soda lime gave
off methane. The substance B on reduction gave ethyl amine.
Give the structural formulae of the two substances.

Ans. H A - CH,CONH:, Acetamide-
B— CH,CH : NOH, Acetaldoxime.
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(65) An organic compound ( 0-1438 g.) gave on combus-
tion 03616 g. CO, and 0-0522 g. H,O. By the Dumas method
0-1836 g. gave 69 c.c. of nitrogen at N.T.P. A Carius estima-
tion on 0-2490 g. gave 0-1201 g. AgCl.

The substance was soluble in aqueous NaOH and the solu-
tion yielded a red dye with diazo-benzene chloride. By hydro-
lysis with strong acid or alkali under pressure the original
substance gave an acid (I) and a primary amine (II). When (1I) was
diazotised and boiled with absolute alcohol, the product was
chlorobenzene. Distillation of (I) with soda lime gave S-naphthol
and an alcoholic solution of (1) exhibited an intense colour with
ferric chloride ( FeCl, ). Discuss the constitution of the substance
and outline its method of preparation.

Cl
OH

C,,H,,0,NCL

(66) An organic compound ( A) containing 92-32°/, C and
7-68°/, H and having a vapour density 39 was condensed with a
second organic compound (B ) containing 14-1°/,C ; 2-35%, H and
83-55°/, Cl in the presence of aluminium chloride ( AICly). The
vapour density of (B) was 42-5. The condensation product
(C) reacted with bromine to yield a compound (D) containing
32:35°/, bromine. The compound (D) when heated with water to
about 150° C, is changed to ( E ) which contains 84-8°/ ,C, 654°/,
H and 8:66°/, O. Assign structural formulz to compounds from
(A)to(E).

Ans.: (A) C¢H,.
(B) CH,Cl,.
(C) C¢Hy—CH,—C¢H;
(D) CeHs—CHBr—C¢H;
(E) CeHs—CH ( OH )~—CqHj.
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(67) An unsaturated ketone gave the following results:
0-1633 g. gave 044 g. CO, and 0-15g. H,0O. 1.96 g. of the ketone
on treatment with an excess of HCN gave 2-50 g. of the cyanhy-
drin. When oxidised with KMnO, solution, the ketone gave
another ketone and a ketonic acid which readily yielded on
oxidation CO, and acetic acid. Assign a structural formula to
the ketone.

Ans.: CH,
/C=CHCO CH,, Mesityl oxide.
CH,

(68) 0-100 g. of an aromatic anhydride ( A) gave on com.-
bustion 0-234 g. CO, and 0-024 g. H,O. ( A ) was condensed with
benzene in the presence of anhydrous aluminium chloride (AICl,)
producing a substance ( B) which on treatment with phenyl-
hydrazine gave a hydrazone containing 14:43 per cent. N. Action
of bromine on ( B ) gave a dibromo derivative which on fusion
with KOH gave alizarin. Assign structural formulato (A)
and (B).

Ans. :

co /CO\
No
O /
CO \CO/
(A) (B)

(69) An aromatic acid ( A) gave the following results
on analysis :—0:327 gm. gave 0671 gm. CO, and 0-106 gm.
H,0. 0-375 gm. gave 25-59 c. c. nitrogen at 30°C and 710 m. m.
pressure. 0-400 gm. of the silver salt left a residue of 0-144
gm. silver.

When treated with bromine and caustic potash the acid
( A) gave another acid (B ) which contained 56-52°/, carbon,
2-62°/, hydrogen and 7:34°/, nitrogen. Under the influence
of alkali, the acid ( B ) undergoes isomeric transformation and
produces a third acid ( C ) which in its turn yields isatin by the
loss of a molecule of CO,.



92 PROBLEMS IN ORGANIC CHEMISTRY

Suggest constitutional formulz for the acids, (A ), (B),
and (C).

Ans. :
OCH . CH-COOH OC;C-COOH -—(l:O

NO, NO, .\"/C\"COOH
(A) (B) N o
Ortho-nitro- Ortho-nitro (C)
cinnamic acid  phenyl-propiolic Isatogenic acid

acid

‘/(70) An aromatic hydrocarbon (A) is found to have
91-37°/, C ; and 8:7°/, H. On treatment with HCl gas and SO,
a compound ( B ) is formed having 44-1°/, C; 3-68°/, H;16:8%
S;and 18:6°/, Cl. (B) is treated with ammonia and a com-
pound (C) is obtained which has 48 8°/, C; 5-3°/, H; 18:6% S and
8:1% N. The compound ( C ) when oxidised yields an acid (D)
having 41.67, C ; 4-0% H; 15-8%,S; and 697 N. (D) loses a
molecule of water and yields saccharine. Assign structural for-
mula: to (A), (B),(C),and (D).

SO,CI SO,NH, SO,NH,

(A) (B) (C) (D)

(71) A hydrocarbon ( A ) containing C = 915, andH =
8:5% the vapour density of which is 59 gives on treatment with
dilute alkline KMnO, a dihydroxy derivative ( B ) containing C =
71% andH = 7-9%. The compound (B) on vigorous oxidation
with acid KMnO, yields a dibasic acid (C) containing C =
57-84%, H 3-67,. 0-83 gm. of the acid requires 10 c. c. N NaOH
for neutralisation.

The acid (C) on heating forms an anhydride and on
distilling with lime gives CsHg. Assign structural formulae to
A, B, and C.
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Ans. :
OCH, OCH, UCOOH.
CH:CH, .~ CH-OH-CH,OH ’COOH.
(A) (B) (C)

(72) Anaromatic compound (A) gave the following results
on analysis i— 0-294 gm. gave 0:792 gm. CO, and 0-162 gm.
water : 0-200 gm. requires 13-62 N/, H,SO, for neutralisation of
the ammonia in the Kjeldahl method. (A) gives an oxime
which contains 17-28% nitrogen. On oxidation (A ) gives a
monobasic acid which contains C=614%; H=5'1, and N=
10-27,. The acid gives a lactam having C=70-5%; H=427,,
N =11-8%. The original compound ( A ) gives on dehydration a
heterocyclic compound containing C=83-7%; H=54°/,; N=
10-9°/,. Assign structural formulee to (A) and its derivatives.

Ans. : The structural formula of A, with a short sum-
mary of the reactions is given below :—

CH
Oi)cn OCH:CH-CHO OCH:CH-CH:NOH
« -
CH NH, NH,
N

_ (A) oxime
Quinoline  ,_,rino—cinnamic ~ (mol. wt. 162)
aldehyde .
oxidation
y
OCOOH Oco
—_—— |
NH, NH
mono-basic acid Lactam

. amino-benzoic acid

¢(73 ) An organic compound of the formula CgH,, (A)
gave on oxidation a dibasic acid (C=57-8°/,; H=3-6°/,); the
silver salt of which contained 56-8°/, of Ag. On heating, it gave
a substance C,H,O, ( B ) which reacted with fused ( NH,),CO,
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to give a substance CgH;O,N ( C ). This substance formed a K-
derivative with alcoholic caustic potash. (C) was converted by
NaQCl into a substance which reacted with HNO, to give sali-
cylic acid. What were the substances (A ),(B)and (C)?

Ans. :
CH CO CO
Ok O Qo
CH, CO CO
(A) (B) (C)
Ortho-xylene ; Phthalic anhydride ; Phthalimide.

(74) A bheterocyclic compound (A) having a vapour
density 64, gave the following results on analysis:—0-213 gm.
gave 0-654 gm. CO, and 0-104 gm. H,O. 0-293 gm. gave 25-43 c.c.
Nitrogen at 0°C and 760 m.m. pressure. On oxidation ( A ) gives
a dibasic acid (B) having C=50'3%; H=3:0°/,; N=8-4°..
which on heating gives a second acid (C) [C=585°/,; H=
41°/,; N=114%1. The acid C on heating with soda lime gives
a heterocyclic compound ( D) having the following composition,
C=176); H=6-3%; N=17-7;. Assign the structural formulee
to(A)to (D).

Ans. : The structural formulae of the compounds (A)
to ( D) with important reactions are given below :—

(A) CgH,N Heterocyclic compound
oxidation

v N

(B) C,H,NO, Dibasic acid

7 ¥ C,H,N (COOH), OCOOH
COOH

| heating N

(C) CgH,NO, Loss of CO, .. mono
basic acid
COOH
N

heating with lime

i
(D) CsHsN Heterocyclic compound

O
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(75) An unsaturated ketone gave the following results on
analysis :—0-2000 gm. gave 0-5368 gm. CO, and 0-1830 gm. H,O.
When oxidised with KMnO, solution the ketone gave acetone
and a ketonic acid, which readily yielded on oxidation CO,
and a monobasic acid (equivalent wt. = 60). On treatment
with NH,OH in alkaline solution, the ketone gave a compound
having CgH,,0O,N as the molecular formula. Assign a structural

formula to the product obtained, by the action of NH,OH.
upon the ketone.

Ans, :
CH,\_ CH,
/C:CHCOCH3 + NH,OH — >C—CH=—CO—-CH,
CcH,”. CH, |
k;tone ® NHOH

additive compound.

76) 02876 gm. of an organic compound gave on
combustion 0:7232 gm. CO, and 0-1044 gm. H,O. and. 0-1836
gm. gave 6-9 c.c. of N, at N. T. P. and 0-0889 gm. silver chloride.
The substance was soluble in aqueous caustic soda and hydro-
lysed with strong acid or.alkali under pressure giving an acid (A)
and a primary amine (B). When (B) was diazotised and boiled
with absolute alcohol the product was chlorbenzene. Distillation
of ( A ) with soda lime gave S8—naphthol. Deduce the consti-
tution of the substances (A )and ( B).

Ans.: COOH NH,
(A) (B)

(77) A neutral organic substance C,;H;;,O,NBr when
heated with a mineral acid gives an acid CgHgO, ( A ) and a base
CgH¢NBr (B). When (A) is heated with HI, salicylic acid is
produced. When ( B) is diazotised and warmed with absolute
alcohol, it yields bromobenzene. Give the probable constitution
of the neutral substance.

Ans.: OCH,

oo ™

(Br may be in any position ) .
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(78) An organic compound (A) contains C =68 00°/,;
H=5-33°/, and = OCH, =20:66°/,. On hydrolysis with a strong
solution of caustic soda, {( A) yields p-methoxy benzoic acid and
a phenolic ketone ( B ) having the formula C;H,,0,. The ethyl
ether of ( B) when heated with sodium hypochlorite gave chlo-
form, and 2-ethoxy 4 methoxy benzoic acid. Assign structural
formulee to (A ) and (B).

Ans. : The structural formule of the compounds (A)
and (B) are as given below :—

OCH, OCH'
Oro-cocoens  (on

Co cocH,

CH, (Cy7H,605) (CoH,404)

(A) (B)
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PREFACE

As sciences advance, the lines of demarcation between them
tend to disappear and every science, especially in its advanced
stage, makes a free use of facts of sister sciences. This is parti-
cularly true of Physical Chemistry. To represent different
chemical facts by formul®z, to fix up conditions best suited
for particular reactions, to study the crystalline condition, to
understand a molecular structure, and to investigate such other
problems, the help of Mathematics and Physics is indispensable.
Hence in working out..Problems in Physical Chemistry, the
student has to be conversant with these sciences.

We have, therefore, given at the beginning of each chapter a
concise mathematical treatment of the subject and derived the
necessary formulz to enable the student to become thoroughly
familiar with the theoretical back-ground of the methods used
for solving such problems. A few typical problems have been
fully worked out and a few more still are given for solution,

Apart from the immediate aim of getting through examina-.
tions, the student should bear in mind that physico.chemical
methods have a wide application both in theoretical and applied
research, and a thorough acquaintance with them will be of
material help to him, when in later life, he might be required to
face new problems both theoretical and industrial.

We have to thank Mr. V. L. Pradhan for his all-round and
ever.ready help which he gave us so willingly and also Mr. V. S,
Kulkarni for going through the proof-sheets. Our printer and
publisher also deserve our thanks for the pains taken by them
for the printing and publication of this book which is of
a technical nature. ‘

POONA

15th Aug. 1950 5 Authars

(iii)
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Problems in Physical Chemistry
for Advanced Students

CHAPTER 1
GASES AND LIQUIDS

1. Boyle’s Law.— Let a unit cube (1c.c.) of a gas at a
given temperature and given pressure contain x molecules. As
the temperature is fixed, they may be supposed to move with a
fixed velocity u. Let the mass of each molecule be m. The
change of momentum when a molecule strikes a wall and
rebounds is therefore 2 mu. As the velocity is # and the distance
between the walls is one cm., the total change of momentum per
second for each molecule is (2 mu x u) = 2 mu®. For all the
x molecules, it will be 2 xmu?. The total force is exerted on
the six walls of the cube, and is felt as pressure. The pressure
p i. e force on one square cm. (unit surface) is, therefore,

2
2 x6mu_ or p = —;— xmu?,

xm (the total mass of the gas per unit volume) is the
density p of the gas.

Therefore, p= —:-i- put.

M
p can also be written as o where, M = mass, and

v = volume.

1M
=3 "
or, pv=-—:1;-Mu‘=-:2T x -—;—Mu'.

As the temperature is constant, the total kinetic energy
«%- Mu? is also constant,

Therefore,  pv = constant ( Boyle’s law ).
1
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Combining this with Charles’ or Gay Lussac’s law,

%.2 = constant (T = temperature in absolute units).

If V is the volume of a gram-molecule at pressure P in
atmospheres and at temperature T ( absolute ), the constant has a
definite value and is denoted by R. The equation then assumes
the form:

PV
T =R
or PV = RT.

Generally when 7 is the number of gram-molecules in

volume o at a pressure p and temperature T,
pv = n RT.
R will have different values according to the unit chosen.

(1) Value of R in litre atmospheres :—

= 0-08204 litre atmosphere.

(2) Value of R in ergs:—
1 atmosphere = 76 x 13:6 x 981 ergs. :
R = 76 x 136 x 981 x 22412
213-20
= 8-313 x 107 ergs.

(3) Value of R in calories :—
1 calorie = 4-186 x 107 ergs.
o o B3 X 107
4.186 x 107
= 1.985 calories.

2. Avogadro’s Hypothesis.—Let two gases ocoupy a
volume v at the same temperature and pressure., And let x,,
m,, 8, and x5, Mm,, 4, be their number, mass, and velocity respec-
dvely in that volume,
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For one gas,  pv = %—x. my u*;

for the other gas, pv = —;;— Xy My U2,
Since the -pressure and the volume :of the two gases is
the same,
Xy my U = X, my Ut
At the same temperature the mean kinetic energy of each
gas is the same, 7. e.

5 myu’ = —%— mals?,

. Xy = X
The number of molecules of two gases at the same tempera-

ture and pressure in the same volume is the same ( Avogadro’s
Hypothesis).

3. Graham’s Law,—

p= -;- pu?, where p = xm = density of the gas.

. 3 -

= u?;

p ——
or, u =\/ 3.
P
The velocity of a gas at the same pressure is inversely

proportional to the square root of its density. A light gas,
therefore, difuses faster than a heavy one ( Graham’s Law ).

4. Molecular Velocity.— Molecular velocity of a gas can

be calculated from the equation, u = J 3.
P

5. The Specific Heats.— The kinetic energy ( -%—\x mu“')

of a perfect gas, being all translational, is proportional to its
absolute temperature T,. The kinetic energy of G. M. V. of

the gasat T, is —%— x mu,® where u, is the velocity of the gas at

the temperature T, and x is the number of molecules in a
gram molecule,
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But' —;—-xmu,' = PV,

Since PV = RT for a gram molecule,

L x mu = RT,

3
or -%— x mu,t = %—RT, . (A).
Similarly at a temperature T,
—;— x mug® = —;—- RT,, where u, is the velocity

at T, (B).
The difference in the kinetic energy of the gas at the two

. 1
temperatures is = x muy® — 5 % mu?,

| Nl.—-

R(Tz - Ta)-

2

If T, — T, is one, the difference in the kinetic energy of the
gas ( due to the heat absorbed by the gas at constant volume to
raise its temperature through one degree) is the specific heat
(Cu) of the gas at constant volume.

Therefore, Co = -g— R.

But, R = 1985 calories.
W Cp= X 1.985
.e v — FY

2
= 29775 = 3 calories.

If the pressure is kept constant during the rise of tem -
perature from T, to T,, the volume will be changed from
V,to Vy

PV, = RT,,
PV, = RT,,
P(V, - V,)=R(T, - Ty),
If the temperature difference (T, - T,}) is one,
P(V,-V,)=R
= 2 calories approximately.
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P (V, - V,)is the work done during expansion. The heat
absorbed by a gas to raise its temperature through one degree at
constant pressure, is Cp. The difference of the specific heat at
constant pressure ( Cp) and the specific heat at constant volume
(Cu) is, therefore, equal to 2.

Cp-Cv=2
i,e. Cp- 3=2
Therefore, Cp = 5.
. Cp .5 '
The ratio Co (usually called y ) is 3 = 1-666, for a petfect
gas z.e., one in which no internal work is done in raising the
Cr

temperature. Co for monoatomic gases, approximates this

value ;
e. g., for Helium, it is 1-666,
and for Argon, itis 1:67.

For a perfect gas all the heat absorbed at constant volume
increases its kinetic energy.

For diatomic gases cr =~ 1-4. For gases containing more

Co
Cop . . h

than two atoms Cy still less, and approaches unity, as the
number of atoms in the molecule increases. Since the internal
work increases with the number of atoms in a molecule, the
equation —g—% = —;—, true for a monoatomic gas, must be modi-
fied by adding x (1. e., the heat required for internal work)
both to the numerator and denominator of the right hand side.
For gases containing two or more atoms in a molecule the equa-
tion becomes

Cp _5+=a

Co 3+ x

6. The Mean Free Path, :. e, the distance a molecule of a
gas can travel before colliding with another molecule, depends on
its velocity, density and viscosity ; and these magnitudes can be
shown to be related by the following equation :
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1
n= 3Pku

where, 9 = viscosity,
p = density,
A = mean free path, and
u = velocity.

But u=,\/_3f .

R = [PP
=

or A =7 3

y 24

( The frequency of collision is given by %) .

7. Van der Waals’ Equation and Critical Constants.—
For an ideal gas the value of pv should be independent of
pressure. It is, however found that this is not true. At ordinary
temperature, in the case of most gases, pv first diminishes and
then increases with rise of pressure, while for helium and hydro-
gen pov at ordinary temperature increases with pressure. Van der
‘Waals modified the general gas equation by introducing two cons-
tants, ‘ @’ to represent the attraction between the molecules, and
‘b’ to represent their actual volume. This equation is, therefore,
written as follows :—

(P +a ) (v-b) = RT.

The above equation assumes that one gram molecule is
present in V litres. The general equation when ‘7’ molecules are
present in o litres is

(p+f£;-) (v-nb):nRT

since total attraction is directly proportional to the square of
the number of gram molecules, and inversely proportional to
the square of the volume.

On simplification, one gets the following cubic equation in Vi
V2 -~ (b ~!—IEPI)V2 +—1§-V——9PI’ = (.

* i



GASES AND LIQUIDS 7

At a particular temperature and pressure ( called the critical
temperature and pressure), the three roots of the equation be-
come identical, i.e., V has only one value. Let it be v at the
pressure p., and the temperature T,

Then, (V=-090)=
V330, V2 + 302V -9 =0.

Van der Waals’ equation for critical temperature and

pressure will be

\'A (b + —= RT, )V‘ 2 v- ab _ = 0.
Pe Pe Pe
Equating the coeflicients of the like powers of o,
3o, =b + RT, ,
(1
3ok = ";"‘ N and
s — _Gé
L2 P‘
one gets, v, = 3 b,
a
PC = 27[)3 ’
=8 .a
Te=77 "
RT 8 N. B.—It should be noted that
—£ = 3 the value of vc at T; and p, is 2-67
Pele 5,67, times less than that found by the

general equation pv = n RT.

8. The Limiting Density.—If W is the mass of a gas
ata pressure ‘ p’, and volume ‘¢’, the quotient W will be its
density per unit pressure. According to Boyle’s Law, po is
constant for a given temperature ; then -g—:;— should be constant

at a given temperature for an ideal gas, . e., a gas whose particles
do not exert any attraction, or do not occupy appreciable space.
In the case of all gases, this, however, is not the case. On
account of the slight attraction (4) between the molecules and
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the actual volume (b) that the molecules of (a non ideal or) an
iroperfect gas occupy, the relation will only be true, when the
pressure approaches zero and the volume approaches infinity.

At the limiting value pov, (for a pressure (p,) approaching

( the limiting density ) will be constant at a given

w
Po%o
temperature for any gas. The normal density ;I;

1%

measured at p,, when the pressure ( p, ) is one atmosphere.

2ero0),

is commonly

114 . . v

Py = normal density. Multiply by -11: ;;;-
W_, 20 normal density x oy W
PV po¥ Po%o Po%

But, is limiting density.
oo
& limiting density = normal density x 2 'z‘ .
oYo

For gases deviating only slightly from Boyle's Law, the
relative variation of po is proportional to p, i.e.,
D% — Pv _
o P
a is known as the compressibility coefficient.
If p, is the pressure of one atmosphere, and v, the corres~
ponding volume, then

P% — o _ a,

D10
; Do%  _ 1=
1.6 e a.
Po¥o
Pion =(1+ a).
. 2o 1|
* Po% 1+a

Substituting this value in the above equation, we get,

Limiting density = Nomlu.l‘.d:nslty .
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The value of a can be determined from two readings of pw
between zero and one atmosphere.

9. Surface Tension.— (7) Molecular Weight (i) Degree
of Association ( Ramsay and Shields equation ).

v, the surface tension, can be calculated from the rise
of a liquid in a capillary tube, with the help of the following
equation :—

=L
v = Zgrhd

where, g = gravity (981-1 cm. [sec.?)
r = radius in cm.
h = height in cm.
d = density gm/c. c.
If v, and vy, are the surface tensions of the two liquids, and
m, and m, are the masses of single drops of the two liquids
which remain suspended from a tube, then,
4 R ]
Y2 - my’

3

o~

v (Mo )§ = molecular surface energy, ( volume) o =

The relation of molecular surface energy with temperature
is given by the following equation ( Ramsay and Shields),

s (M'{u)i - ’Yz(M”zE
 — t
The temperature cocfficient of surface energy is constant,
This is the case of liquids which are not associated. If the
molecules in the liquid are associated to the extent x, the above
equation becomes,

R4 (vai)§ - Y2 (x M03)§
tz - t|

10. Viscosity.— It is measured by noting the time required
for a definite volume of a liquid to run th rough a definite length
in a tube under definite pressure. The coefficient of viscosity

() is expressed by the equation :—

= 2-121.

= 2-121.
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= pressure,
t = time in seconds,
r = radius,
! = length, and
v = volume,
Dunstan discovered the following relationship between
viscosity and molecular volume :—

4, n x 10° = 40 to 60
m

This holds only for normal liquids. Associated ones give
greater values.

11. Parachor.—It is an additive property modified by con-
stitutive influences and is given by the following formula :—

_( M \_1
P"(D—d)”

where, M = molecular weight,
D = the density of the liquid,
d = density of the vapour of the liquid, and
v = surface tension.
As d is very small compared with D, it is neglected in
approximate work.

Problems with Solutions

Problem 1. A porcelain bulb containing initially 285 c.c.
of airat Ty = 290° and p = 766-4 m.m. was heated in the vapour
of boiling cadmium. The bulb was then sealed. The volume of
the contents measured afterwards at the initial temperature and
pressure was 72 c. c. What was the temperature of the boiling
cadmium ?

Solation: The volume of 285 c. c. (v, ) at the temperature
of boiling cadmium (7,) is reduced to 72 c. c. (9,), when cooled
to Ty, 290°. The pressure remained the same at both the
temperatures. If T, be the temperatute ot boiling cadmium,
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Uy __ D
T, T,
_ 9T,

T
_ 285 x 290
- 72 ?
= 1148.

Ans. The temperature of boiling cadmium, (T,) = 1148°

Problem 2. Ethyl ether ( C;H,,O ) is to be vapourised in a
Victor Meyer apparatus at 100° C. and 760 mm., and the air
collected at 15° over mercutry, the maximum capacity of the
collecting tube (¢ = 12°) being 100 c. c. The absolute density of
H,at N. T. P.is0-00009. What is the greatest weight of ether
that can be used.

Note :—The volume of the collecting tube will practically
remain constant ( 100 c.c.), when the temperature is altered from
12°C. to 15°C. since the coefficient of expansion of glass is very
small, as compared to that of the gas.

Solution : Converting this volume, which corresponds to
the volume of ethyl ether at 15°, to that at N. T. P.,
273 x 100
T agg = 48
The weight of this volume of ether is the greatest weight
that can be used The density of ether vapour can be calculated
from that of H,,

3
»n
I

0:0000% < T+ = 0.00333.
The weight of 94-8 c. c. of ether at N. T. P. is
94.8 x 000333 = 0-3157.
Ans. The greatest weight of ether that can be used is
0-3157 gram.

Problem 3. 0-02 g. of NaHCO, when introduced into a
constgnt volume apparatus kept at 300°C, gives rise by its com.
plete decomposition to a pressure increase of 98 mm. of Hg.
Calculate the volume of the apparatus.
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Solution: The decomposition of NaHCO, is represented by

the equation, 2 NaHCO, = Na,CO, + H,O + CO,,
168 2 mols.

168 grams of NaHCOj give two mols. (one of H,O and one
of CO,). Hence 0-02 gm. will give
0.—012 6~8X-~2-— mols. or _goz__ng_g_xl_z_;‘*_ litres at N. T. P.

The volume of the apparatus can be calculated by making use
of the equation

VP _ V,P,
T - T
0-02 x 2 x 22-4 x 760 x 573 _ .
e ‘1—68— x‘“i?“g'“;“ﬁs = (0-08681 litre.
= 868l c.c.

Ans. The volume of the apparatus is 86-81 c. c.

Problem 4. Two vessels 4 and B containing respectively
chlorine and a mixture of oxygen and another gas, are con-
nected by means of a short capillary tube. The mixture contains
10 p.c. of oxygen. After diffusion for a limited time, the chlorine
in A4 is absorbed by potash, and the remaining gas contains 11-05
p. c. of oxygen. What is the density of the second gas?

Note :— Gases in a dilute mixture diffuse independently of
each other. The presence of ‘Cl’ has no influence on the diffusion
of the other gases.

Solution: The diffusion is proportional to ,\/ -}1-' where d

is the density of the gas.
Let x be the amount of the mixture of oxygen and the other
gas. The amount of oxygen diffused,

= 010, [ g.

The amount of the other gas diffused,
=092 {-L.
d

d and d, being the densities of oxygen and of the other gas-
respectively.
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0-10x \[_1_
d _ 1105
T = 8895
090, [-L
N L

. (1105 x Q_)
T4 T \889% x 10
d of oxygen =P2—i%0—0_

11.05 x 90)2 L 3
8895 x 10 22,400

gff = 1-785 x 10 =3 gram per c. c.
Ans. lmx 10 ~* gram per c. c.

Problem 5. The density of hydrogen at 0° and 760 mm.
pressure is 0-00009 gram per c.c. Find the root mean square
velocity of hydrogen molecules.

d, of other gas = (

Solution: The root mean square velocity is given by the

equation, u = '\l 3p
P

Substituting the values of p (dynes) and p,
u= 3><76><l359x981

T 00008
= 183800 cms. per sec.

Ans. 1838 m. per sec.

Problem 6. For chlorine, @ = 5-34 x 10°® atm. per (c.c.),®
and b = 46 c. c./mol. Calculate the pressure of Cl, at 50°C,
when 2 mols. of the gas occupy 30 1.

Solution: Using the equation,
2
(p + —"Wf)(v - nb) = aRT.

In this equation, the value of @ expressed in c. c.s, is 30,000
and the value of R in centimeter-atmospheres, is 82:04.

. 8
( i.’{é%%ﬁa%r&) (30,000 - 92) = 2 x 82:04 x 323

(p + 002373) 29,908 = 53,037
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53,030
p + 002373 = 2500
= 1-774.

p = 1.774 - 0-02373
= 17502

Ans. The pressure of chlorine is 1-7502 atmospheres.

Problem 7. For H,,T, = 33-18°abs. and p, = 12.80
atmospheres. Calculate @ and b, and find at what temperature
8 gms, of H, will occupy 100 ! under a pressure of 1 atm.

Solution ; Calculate b first,

a
Pe = 77

8a
T = 7785

T, _ 8a_ 278

¢ 2IRb = a

3318 _ 8b
128 © R

The value of R ( l-atm-mol.) = 0-08204.
5 = 3318 » 0:08204
8 x 12-8
= 0:02660.
To calculate a,
be = T
a = p; x 21p*
= 12-80 x 27 x (0:02660 )*
= 0:2444.
Substituting the respective values of @ and b in Van der
‘Waals’ equation,

{p + a (%)z} (v = nb) = nRT

(4) x 0-2444 - ’
(1+ o0 )(mo 4 x 0-02660)
=4 x 008204 x T,
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As v is expressed in /, R is taken as 0-08204.
(1 + 39104 x 1074) (100 — 0-1064 ) = 0-32836T

100039104 x 998936 _ 50,

T="""0383%
Ans. (1) a = 0-2444; b = 0-02660.
(2) 3042 Absolute, or, 31:2°C.
Problem 8. If a, b, and R for carbon dioxide have respe-
ctively the values of 0-00874; 0-0023 and 1—.%076;‘;, find the

critical temperature of carbon dioxide.
. _  8a
Solution : T, = 27Rb
_ 8 x 000874 x 273
T 27 x 1-00646 * 0-0023

Ans. 3054 Absolute or 32-4°C.

Problem 9. Moles and Salazer ( Anales Soc. Espan. Fis.
Quin. 1932, 30, 182) found the density of carbon monoxide under a
pressure of 1 atmosphere and at 0°C, to be 1-25010 gms. per litre.
The value for (1 + A ) was 1-0050. The gram molecule
occupies a volume of 22-414 litres. Calculate the molecular
weight of carbon monoxide, and the atomic weight of carbon,

The limiting density = _Theﬁncirg:_ glxglggs_il
125010
~ 1-0050
= 1-244.

The molecular wei_ght = 1244 x 22414
of carbon monoxide

= 27-88.
The atomic weight of Catbon = 27-88 — 16 = 11-88,
Ans. (1) Molecular Wt. of catbon monoxide, 27:88;
(2 ) Atomic Wt, of carbon, 11-88.
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Problem 10. The following valuss of pv and p,v, were
found for oxygen.

Po%o po
139, 769 139, 628
139, 087 138, 959

56, 311 56, 256

Calculate the mean value of a and the ideal weight of a
litre at N, T. P., if that actually found is 1-429 gms.

Solution : }% =1 : -
(1) gg 68 = 09991 @ = 00009
) 43 o = 09992 ta = 0-0008
(3) gg” ﬁf = 0-9988 ta = 00012

The mean value of a = 0-00097

The ideal weight of a litre of oxygen

_ 1429
= 1-00097

Ans. 1-428 gm.

Problem 11. 50 c. c. of water in a stalagmometer give 145
drops. The surface tension of water is 72 dynes per cm., whilst
that of ether is 17 dynes per cm. Calculate the weight of one drop
of ether under the same conditions with the same stalagmometer.

Solution : The relation between the weight of one drop
and the surface tension is given by the equation,

No_m ( m, and m, are the weights of drops of the)

V2 my respective liquids.
Substituting the values for water and ether,
7 _ 5 |
7T T ™
50 17

oMy = _ITS— X £/ = 008142,
Ans. 0-08142 gm. ( the weight of one drop of ether ).
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Problem 12. Normal butyl alcohol at the temperature °
and density d rose to a height %4 in a capillary tube of radius
0-01425 e¢m. Calculate its factor of association and molecular
weight from the following data:

t°C G h
17-4 0-8115 4-305
457 0-7907 4-005
Solution : First find the surface tension at the different
temperatures: vy, = 4 grhd
= 0-5 x 981-1 x 0-01425 x 4-305 x 0-8115
= 24-420
Y2 = 05 x 981-1 x 0-01425 x 4-005 x 0-7907
= 22-136

The mean molecular weight between 17-4°C. and 45-7°C. is
given by the equation,

yo(mid B —W)',(wmﬂjdzf

te - 1 = 2:121;
3 [ 1\# § J
m M\ <5 - Y2\
ie. ( d'-)w ( "') = 2121,
tg - t|
Substituting the values, we get,
3 [ Y S 1 §]
457 - 174 S >
% 128070 - 25:889]
m == e
1. 6. - 2"8:3 - - = 2 121.
.. gt = 2121 x 283
R -1
. (ml_x_yzs)*
* 2-181
= 144.38.

P.P.C,2
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The factor of association can be found by dividing the mean
molecular weight by the theoretical molecular weight (74) of
butyl alcohol ( C,H,OH )

14438 _
4 = 1949
Ans. (1) 1949 is the factor of association.

(2) 144-38, molecular weight of butyl alcohol ( mean
value.)

Problem 13. The viscosity of nitromethane ( CH,NO, ) is
0-00627 at 25°C. Its density is 1-1312. What conclusions do
you draw as to its molecular complexity in the liquid state ?

~ Solation : The molecular weight of CH,NO, is 61. Using
Dunstan’s equation,

4. n x 10% = 40 to 60,
m

constant = 1—163112 x 0-00627 x 10°%,
= 11627
Ans. The value of the constant is considerably greater
than 60. The liquid is, therefore, associated.

Problem 14. From the following density and surface ten-
sion data, calculate the parachors of the two substances and com-
pare them with the calculated values.

Substance =~ Temperature  Density Surface Tension

Phosphorus
tribromide 24 2-883 458
T, 33 2-861 44-1
Azoxybenzene 51 1-145 ' 43-34
775 1-122 40-26

Solution : The densities in the vapour condition of both
the substances may be neglected. m of phosphorus tribromide
is 271.
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At the temperature 24,

= (m). i
? = (d ) Y
_ [ 271\ 4e ol
- ( 2-883 ) 48
= 244-54.
At the temperature 33,

p= (22-;’:1') wit

= 244-1.  (244-32 mean value).
Theoretical value of parachor for PBr, is,
{[1P =377]1 + [3Br = (68 x 3)1} = 241°7.

m of Azoxybenzene is 198.

At the temperature 51,
198
p= (11%)4334i
= 443.-7.
At the temperature 77-5,
_{ 198_ . 1
- < 1-122 ) 40-26

= 443-53 (44361 mean value).

Theoretical value of parachor for azoxybenzene,
N-0O
CeH,N = |
Az H
12C =576,(12 x 48); 10H = 171-0, (10 x 171);
2N =25,(2 x 12:5); 10 = 200;
7 double bonds = 162:4,(7 x 23-2);

2 six membered rings = 12:2,(2 x6:1). Total = 4482
1 co-ordinate link s = - 16
Adding up all these values = (448:2 — 1 6)

= 446:6.

Ans. Phosphorus tribromide (1) 244-32 Calculated.
(2) 24170 Theoretical.
Azoxybenzene (1) 44361 Calculated
(2) 446-60 Theoretical,
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Problem 15. Liquids C,H,Cl and H,0O are practically
immiscible. At 90° and 91° theit vapour pressutes are as
follows : —

Liquids Temperature Pressure
CeH;Cl 90° 208-35
» 91° 215-80
H,O 90° 525-45
" 91° 545-80

At intermediate temperature the variation of pressure
may be assumed to be linear. What is the boiling point of the
mixture under an external pressure of 740-2 mm,, and what will
be the percentage composition of the distillate.

Solution : Total pressures at 90° and 91° are :

at 90°, H,O 525-45,
C.H,Cl 208-35
total 733-80

and at91°, H,O 54580
CeHsCl 215 &
toral 76160

The increase in pressure from 90° to 91° is,
761-60 — 733-80 = 27-80.
At the external pressure of 740-2 mm., the increase is
7402 - 733-8 = 64 mm.
The increase in the boiling point will be, —26748- = 0r2302.

The boiling point = 90 + 0-2302
-= 90-2302.

To find the percentage of water and chlorobenzene in the
distillate, calculate the respective increase in pressure from 90° to
91° for, water and chlorobenzene, H,0O = (545-80 - 525-45)
= 20:35,and CgH,Cl = 215-80 -~ 208-35 = 7:45,

Therefore, in the total increase of 27:8 in the vapour pressure,
the increase in.pressure for water vapour is 20-35, and that for
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chlorobenzene.is 7-45. For the total increase of 64, the increase
in vespective pressures will be,

_ 64x2035 _,
for water = 578 = 4685,
and for chlorobenzene = ——6—'—4—2;—8—7-'4»5 = 1.715.

The individual pressures at 90-2302° will be, H,O, ( 52545 +
4.685) = 530-135, and C¢H,Cl, {208:35 + 1-715) = 210 065.

The percentage by volume of H,O and CH;Cl in vapour

condition will be,
530-135 x 100

for H,O = 2407 = 71-63,
210-065 x 100
and for CgH,Cl = —7%3‘2 = 28.37.

To find the percentage by weight, multiply the above per-
centages by volume, by their respective molecular weight.

For water, 71-63 x 18 = 1289-34,
and for chlorobenzene, 2837 x 112:5 = 3192-:00.
The total = 4481-34.
. 3192 x 100 .
The amount of C4H;Cl will be = TTadgiEd = 71-22%.
. _ 128934 x 100 _ ., 0
The amount of H,O  will be = 448134 = 28-77%.

Ans. (1) The boiling point of the mixture at the external
pressure of 740:2 mm. = 90-23°.

(2) Percentage by weight in the distillate,
H,O = 28 77 %.
C‘HsCI = 71'22 0/().

Problem 16. 1f the volume of an aqueous solution of
benzoic acid of known strength be 1 litre, and that of the ether
added each time be 200 ¢ c., find the quantity of the acid which
will be left in the water at the end of the third extraction.
“The partition coefficient of benzoic acid between water and ether
18 1/80.
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Solution: Let x be the amount of benzoic acid in
1000 c. c. of water in the beginning, and y be the amount of
benzoic acid extracted in 200 c. c. of ether. Then after

Ist extraction :—

-y .y -1
1000~ 200 - 80
Lz - y)200 _ 1

—

1000 x y 80

x-y 1.
5y 80
-y L
y 16
y=16(x - y)
= 16x - 16y
17y = 16x
yETr
16x . 176 — 16x _ x
Hence, x - 17 e g =1 is the amount

of benzoic acid in water at the end of the 1st extraction.

2nd extraction :—

-{7« is the amount of benzoic acid in 1000 c.c. of water at
the beginning of 2nd extraction and y, benzoic acid extracted
in 200 c. c. of ether

x—= 17y, 200 _ 1
17 = 1000 Y2 80
X - 17L =__1_

17 x5 xy, 80

¥ = 17y, _ 17

Ve 16
16(x = 17y,) = 11y,

16 .
"l‘i‘x - léyg = Y2
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16
17y2 = '1“7' X

= . 16x
Ve 17 x 17
Amount of benzoic acid in water at the end of the 2nd
extraction, or at the beginning of the 3rd extraction,

_ x _  l6x
=117 x17

x 16
"1"7(1"17)
- x (1
=17 (17)

. - %
te. = 7y

At the end of the third extraction the amount of benzoic
acid in water will therefore, be

L2 1 - %
(177 © 17 ~ (179
= 0-0002008x

or = (002008 per cent.

Ans. 0-02008 per cent. of the original amount remains in the
aqueous layer at the end of the 3rd extraction.

Problem 17. At 25°C. a solution of iodine in water con-
taining 0-0516 g. per litre is in equilibrium with CCI, solution
containing 4-412 g. of iodine per litre. The solubility of iodine
in water at 35°C. is 0:340 per litre. What is its solubility in
CCl,?

The partition coefficient,
= G
K = C,
are the concentrations of the iodine in water and in carbon
tetrachloride. Substituting the values given above
_ 00516
K =Zan

where C, and C,
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0-?0 ; where x is the solubility of iodine

in grams per litre in carbon tetrachloride at 35°C. Equating
the two equations

and also, K =

00516 _ 0-340
4412 T

Ans. The solubility of iodine in carbon tetrachloride at
35°C. i5 2947 g /1.

Problems for Solution

Problem 18. Calculate the amount of work required to
compress a litre of a gas from a pressure of one atmosphere to
two atmospheres at 25°C.

Ans. 16-7 cals.

Problem 19. Calculate the velocity of a molecule of
nitrogen at 0°C. given that one atmosphere equals) 1:013 x 10¢
dynes per sq. ¢cm. and that the gram molecular volume is

22,400 c. c.
Ans. 49307 x 10* cms. per sec.

Problem 20. A matural water on boiling gave a mixture of
the following composition :

Og 20‘9%; Ng 39'5 0/0; CO: 39'()% .

Assuming that the water had dissolved these gases from the
air with which it had bzen previously in contact, calculate the
composition of the air.

Solubility coefficients of, O, = 004: N, = 0-02; and
CO, = 1:79 respectively.

Ans. Oz = ?0'83%; Nz = 78'7“‘0/0; CO. = 0'4‘30/;.
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Problem 21. The relative rates of diffusion of oxygen,
hydrogen and nitrogen are respectively 0-96, 3-80 and 1-015.
What deductions may be drawn from these figures concerning
the density of nitrogen ?

Ans. The density of nitrogen as compared to that of
hydrogen is 1406, and to that of oxygen is 14-36.

Problem 22. 1f 50 c.c. of hydrogen take 10 minutes to
diffuse out of a vessel, how long will 20 c.c. of nitrogen take
to diffuse under the same conditions,

Ans. 15 minutes.

Problem 23. If 50 volumes of hydrogen take 85 seconds to
diffuse from a vessel, how long would it take 35 volumes of
nitrous oxide to do so under the same conditions ?

Ans. 279 seconds.

Problem 24. 1f, in Soret's apparatus 100 c. c. of HCl gas
had been mixed with oxygen and 18 c. c. had diffused in half an
hour, what molecular weight would you assign to an acid gas
12 c. c. of which (out of 100 c.c.) diffused under the same
conditions ?

Ans. 82, molecular weight of the gas.

Problem 25. It was found that ozonised oxygen containing
86:16 p. c. ozone by volume required 450 seconds to diffuse
whereas the same volume of oxygen required 3674 seconds under
the same conditions. Find the density of ozone.

Ans. 22-95.

Problem 26. To determine the molecular weight of radon,
Perkin found the rate of diffusion of radon and compared it with
that of mercury vapour. 0-025 c. c. of radon diffused through a
porous membrane in the same time as 0027 c. c. of mercury
vapour. Mercury vapour like radon, is mono-atomic and its
atomic weight is 200-6. Calculate the molecular weight of radon.

Ans. 234.
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Problem 27. Soret found that when chlorine mixed with
oxygen diffused through a small aperture into oxygen, the propor-
tion of the diffused chlorine to that in the remaining vessel in 45
minutes was represented by the number 0-2270 ; whilst in a similar
experiment made with ozonised oxygen the proporrion of the
diffused ozone to that remaining in the vessel in 45 minutes was
0:2708. From these numbers determine the density of ozone (2)
with chlorine as unity and (b) with hydrogen as unity.

Ans. (a) 0:7025, (b) 24-94.

Problem 28. The value of pv at 0°C, and one atomsphere
taken as unity, in the case of oxygen, becomes at 0°C. and 0-5
atmosphere, 1:00047 (O,.). Assuming that « remains uniform
down to p = 0, find the relative density (d,) of oxygen at zero
pressure, if 4 at N. T. P. is 15-90.

Ans. 15-89.

Problem 29. In the case of gaseous HCl pv = 54,803 and
2o% = 55,213, The weight of a litre of HCI at N, T. P. being
1:63915, what is the molecular weight of HC1? (O, = 32, limiting
density of O, = 1:4276 ).

Ans. 36-49.

Problem 30. Cawood and Patterson give the following
results for the normal densities and effective compressibility
coefficients.

Gas Normal Density 1 + v
Ethylene 12606 1-0073
Carbon dioxide 1-9767 1-0066
Nitrous oxide 19777 1-0071
Sulphur dioxide 2-:9265 1-0249
Dimethyl ether  2:1100 1-0281.

Calculate the molecular weight of these compounds, and the
atomic weights of carbon, nitrogen and sulphur.

Ans. Molecular Weights : Ethylene 28:05; Carbon dioxide
44-015; Nitrous oxide 44:016; Sulphur.di-oxide 64; Dimethyl
ether 46-001.
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Atomic weights: Carbon 12:010 from Ethylene
" 12-015 ,, Carbon dioxide
' 1198 ,, Dimethyl ether
Nitrogen 14-008
Sulphur 32-00.

. Problem 31. Given that the solubilities of I, in water and
CS, are respectively 1 to 590, and that the mole. condition of 1, is
the same in both. What will be the weight of I, left in one litre
of an aqueous I, solution, originally at 18°C. after having been
shaken with 100 c. c. of CS,? Solubility of I, at 18°C. =1 gram
in 3636 of water.

Ans. 0-00460 gm.
Problem 32. Show from the following data that the

molecules of formic acid in the liquid state, are associated, but
they gradually dissociate as the temperature rises.

Radius of capillary = 0-01425 cm.

Temperature : 16-8 46-4 79-1°C
Height of liquid : 4:442 4-205 390 cm.
Density : 1-207 1-170 1-129

Ans. The molecular weight calculated from first two deter-
minations = 160, and that from the last two = 145. The
theoretical molecular weight of formic acid is 46.

Problem 33. From the following data determine the mole
cular weight of liquid nitrogen peroxide. Liquid nitrogen
peroxide rises to a height of 3-14 cms. at 1-6°C. in a capillaty tube
of 0-0129 cm radius, and to a height of 2:905 cms. in the same
tube at 19-8°C. The density of the peroxide is 1:486 at 1.6°C.
and 1-444 at 19-8°C.

Ans. Formula for nitrogen peroxide is N,O, and the
molecular weight is 92.

Problem 34. In the case of formic acid, the increase in the
molecular surface tension between 16:1°C. and 46-4°C. was found
to be 0-902 per 1° and between 46-4°C. and 79-8°C., 0-991 per 1°.
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If the mean constant for the non associated liquids is 2-121,
find the mean degree of association (x ) over the two intervals of
temperatures.

Ans. x = 3605 between 16:1°C. and 46-4°C.;
x = 3-131 between 46-4°C. and 79-8°C.
Problem 35. The surface tension of chloroform (density

= 1-526 gm/c.c.) is 27-2 dynes per cm, Calculate its parachor
-and compare it with the theoretical value.

Ans. Calculated = 178-8; theoretical = 1843,
Problem 36. The surface tension of benzene is 29-2

dynes/cm. and its density is 0-88 gm,c. c. Calculate its parachor
and compare it with the theoretical value.

Ans. Calculated = 206: theoretical = 206-1.

Problem 37. What is the surface tension of water at 4°C.?
Atomic parachor for hydrogen is 17-1, and atomic parachor for
oxygen is 20-0.

Ans. 82:19 dynes per cm.



CHAPTER 11
THERMODYNAMICS AND THERMOCHEMISTRY

12. First Law of Thermodynamics :—The different kinds-
of energy in an isolated system arc capable of being mutually
transformed wholly or partially; but the sum total of the
energy in the system remains constant. This is the principle of
the conservation of energy. The first law of thermodynamics
based on this, emphasiscs the quantitative interconvertibility of
heat and mechanical energy.

If U is the energy of a system, and if it absorbs isothermally
and reversibly an amount of heat (Q ) and performs work ( A )
due to expansion against external pressure, then,

= dQ - dA or, dQ = dU + dA

where dU represents the increase in the energy of the system,
dQ the heat absorbed, and dA the work done.

If the system evolves (7 ¢. loses) an amount of heat (Q)
and the work done on the system is (A ) then,

dU = dA - dQ
where dU represents the decrease in the energy of the system,.

dA the work done on the system, and dQ the heat lost by
the system.

In a chemical reaction, when heat is evolved, the system
becomes poorer by that much amount of energy, and the evolved
heat should be shown as — ve, while, if heat is absorbed by the
system, it becomes richer by that much amount of energy, md
the heat absorbed should be shown as + ve.

Important applications of the first law of thermodynamics:—

(i) The heat evolved in a reaction, depends only on the
initial and the final conditions of the system, and not on the
stages in which the final condition is reached. It is, therefore,
constant, whether the reaction occurs in one step or in a series of

29
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steps This is the Law of Hess. It enables one to determine the
heat of formation of substances, which may not be capable of
being conveniently determined by direct experiments. Knowing
for example, the heat of combustion of carbon, hydrogen, and
marsh gas, the above law enables us to determine the heat of
formation of marsh gas.

(ii) First law of thermodynamics makes it possible to deter-
mine the maximum work done, during an isothermal expansion
of a gas, provided, the expansion is carried out in a perfectly
reversible manner. *

If the expansion occurs between the limits V, and V,, ata
pressure p, the maximum work ( A) done is :—

['/)
A =5 * Pdo, but, P = "P;T
Uy

v
A=S : aRT do_
o \Y
1

nRT log, x’
]

= 2302 #RT log 2.

Vv,
If »n=1,
V
A = 2:302 RT log —% v
1
or, = 2302 RT log II;' -
2

(iii) The determination of the relation of specific heats
[Co = 3cals,and Cp = Co = R = 2 cals.], and that of heat
capacities of a system, are based on the first law of thermo-
dynamics. The energy of a perfect gas, assuming it to be all

l
translational in character, is —— 2 , where ¢ is the velocity of
the gas. Then,

® A reversible reaction in thermodynamic sense is one which can be made
to occur in either direction, This is only possible if the conditions governing the
equilibrium undergo an infinitesimal change during the reaction.
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=1
PV = 3 nme

= 2. nmc
PV = 3 2

As ¢ depends on temperature, P varies as T, and is constant
for a given temperature. A gram molecule, at a definite tempera-
ture and pressure, occupies a definite volume; and PV = RT
for a gram molecule, the value of R being approximately 2 cals.

2 nmc? . 2 _mmc
Now, PV=-5'--—T—- 3 7

= RT.

nmct

( kinetic energy of the gram molecule of the gas)

/?,( % 27
At Ty, (PV)p = RT,, and atT,, (PV )y, _—32—)((,,

The difference in the kinetic energy of a gram molecule of a

gas, between T, and T, is - 3 R(T, - T,)

If, T, — T, = one, the difference’in the kinetic energy of ®
gram molecule at constant volume is —%— R, and, as R =2, Ce
( for a pefect gas) = 3 cals.

If, as the temperature increases, the volume is allowed to
increase at constant pressure, the work done is Pdo = 2 cals.

= Cp = Cy = 2 cals, for a perfect gas.

(iv) The relation between P and V in an adiabetic expar.
sion, is based on a relation dU = dA + dQ. Heat is not sup-
plied to the system during an adiabetic expansion, and so,

Q"—"o) & dU = dA.

The work done during such an expansion has to use the
energy of the system. There is, consequently, a fall of tempera-
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ture dz, and if C,, is the specific heat at constant volume, the
heat utilised during expansion is :
dA = Cudt, but, dA = Pdv
Pdv = C.dt.
But for a gram molecule, P = R{/I'

RT ‘\1/" = C.pdt.

Integrating between V, and V, and T, and T,,
Vi o I,
R 108¢ V; = Cv logc T] 3
but, R = C,-C,,

- Vi _ I,
(Cp Cyv) log, Vz = Cv loﬂe T,

Vi

Cp-Co
< v

— log,
v

= log, %: .

If, S{’ is taken = v,
Cyo

v, _
('Y"l)loga V2 = IOSe T,
(.\_’1)7-1 = L2,
V, -
TV~ 1 =T, v,y L

PV,

T.=£‘—Y-'-and T, = R

R
\Y -1 P,V -
e A L

But,

P, (V,)Y = Py (V)Y

: _&=(_Yz)7.
Py V,
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(v) An explanation of the Joule' Thomson effect can be
obtained by the application of the first law of thermodynamics,
As PV is constant, the energy of an ideal gas should be indepen.
dent of its volume. Most of the gases, however, if compressed
and then allowed to diffuse into a chamber kept at a low pressure,
become colder (Joule Thomson effect). The particles of an
ideal gas do not exert any attraction on one another, and further,
the actual volume that the particles occupy is so small, that it
may be taken as zero. But the particles of gases generally possess
some attraction for one another, and the actual volume that the
particles occupy cannot be taken as zero, except at avery low
pressure. Further, in gases which are not monoatomic, work has
to be done to overcome the attraction between their component
atoms during expansion.

If PV is plotted against pressure, for an ideal gas, the graph
should be a horizontal line (Fig. 1). In the case of ordinary gases
(like O,, N, etc.) there is a decrease in the value of PV at
moderate pressures, and
at high pressures there is
an increase in the value
of PV, while, in the case
of H,, He, at ordinary
temperature there is no
decrease in the value of
PV (even at moderate
pressures, ) but, a conti-
nuous increase in the
] value of PV. Van der
1 Waals introduced the
., P (ATMOSPHERES)——  ,nstants @ and b in the
“0 2] i20 160 200 240 280 .

. gas equation to explain
Fig. 1 the above behaviour.

If an ideal gas is compressed to a high pressure at ordinary
temperature, and then allowed to expand without doing any
external work, it should not change its temperature. Gases like
Oy, N; etc. under such conditions become cooler (Joule Thomson
effect ), while, He and H,; under similar conditions get slightly

P, P.C. 3
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warmer. With gases O, and N,, as the gas is compressed at
moderate pressure, and allowed to expand, P, being < P, and
P,V, being greater than P,V, , the gas does work. At the same
time as V, > V, it does work in overcoming the attraction
between the particles of the gas;* and both these effects produce
a Jowering in temperature.

When a gas like O, compressed at a high pressure, is allowed
to expand, P,V, being less than P,V,, work is done on the gas;
but V, being-greater than V,, it also does internal work as before.
First effect makes the gas hotter, but it is more than counter-
balanced by the second effect, and the temperature of the gas.
therefore gets lowered.

In the case of H,, the first effect predominates over the
second effect, and the gas gets hotter when expanded at ordinary
temperature.

1f, however, H, is previously cooled by liquid air to about
— 70°C. (inversion temperature ) the second effect predominates
over the first one, as in the case of O,and N, , and H, also gets
cooled on expansion. Linde’s method to liquefy O,, N, and
H, (initially cooled by liquid air ) is based on the above effect.

13. Thermo-Chemistry.—

Important formula :—

(1) Hess’s Law, (2) Heat at constant volume and at
constant pressure.

(1) Hess’s Law:—The heat of a chemical reaction for a

given quantity of the reacting substances is the same, whether
the reaction takes place in one or several stages.

(2) The relation of heat at constant volume and heat at
constant pressure (of a chemical reaction) is given by the
equation

* There is also in the case of di or poly atomic gases the possibility of work
being done in expansion in overcoming the attraction between the component atoms
of the molecules, )
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Qv = Qp + aRT
where, Qu = the heat at constant volume
QP = FTIEYY ”» pressure

n number of mols (gas ) in the final state in.
excess of the number of mols ( gas ) in the
initial state.

R = constant expressed in calories, 7. e., 1-985.

T = Absolute temperature at whxch the reaction
takes place.
14. Change of State.—1. Variation of the temperature of
fusion with pressure can be calculated by a cyclic method.

At the melting point T, the solid and the liquid have definite
vapour pressure P, and are in
P equilibrium with each other,
and the work done in the
T process of fusion depends on
i AN “T-dT the :difference of volume of
the solid and the liquid
(Vi —.V5). The influence
of this change in volume can

A4 be studied by carrying out
] ) the process in a cyclic way
Fig. 2 Clausius Equation represented by a P - V dia-

Vs = Volume of solid
V] = Volume of liquid

(i) Melt a gram of the solid at a pressure P and at the
corresponding temperature T (the melting point of the solid
under pressure P). Hel g (latent heat of fusion /) is absorbed
at T. Work W, done in the change of V = P (V; - Vj).

(ii) Change the pressure on the liquid to P- dp and
change the temperature to T — d; ( melting point of the solid at
P - dy)

( iii) Change the liquid into the solid at the pressure P — 4
and the temperature T = d;. Heat ¢ is evolved, at T — d; and
the work W, done in the change in volume is

(P = dp) (Vs = Vi)

(iv) Change the pressure on the solid from P —- dp to P
and change the temperature from T — d¢ to T to restore the
original condition.

gram. (Fig.2)
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Stages ii and iv approximately cancel each other.

In (i) heat g is absorbed at the temperature T and in (iii )
heat g is liberated at the temperature T — d¢, while the net work
dw due to change in volume is W, + W,.

dw =W, + W,
P(Vi=Vs)+(P-dp) (Vs=Vy)
P(Vi=Vs)=(P-dp) (Vi-Vy)
= dp (Vi-Vs)
This is the area of the parallelogram in P = V diagram.

But, dw = q%

dT

dp(Vz—-Vg)=q—.1—:
dT _ T(Vi-Vg)

or Ty =

This is called the equation of ‘ Clausius .

It should be noted that if V;is greater than V;(as in the
case of water ) Vi~ V; is negative and dT and dp have opposite
signs. The melting point falls with rise of pressure in such a case.

2. Variation of pressure with temperature in the process of
vaporisation.

At a given temperature T, a liquid has a definite vapour
pressure, and the liquid and its vapour are in equilibrium. The
work done in the process of evaporation depends on the dif-
ference in volume of the liquid and that of the vapour in which it

p is converted. The influence of
this chfhge in volume on the

Vi L7 J relation between pressure and
Tdp \ _.y_qr temperature, can be studied

by a P -~ V diagram as in the
process of fusion.

(i) Vaporise a gram mole-
v cule of a liquid having a
i volume V; at a pressure P and
Fig. 3 the corresponding temperature

Vi = Volume of the liquid T and the vapour formed has
Vg = Volume of the vapour in a volume' V.
which it is converted.
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¢, the molecular latent heat of evaporation L, is absorbed
at the temperature T and the work W, done in the change of
volume is P (Vg - V)).

(ii) Change the pressure to P = dp and change the tem.
perature to T — 4T ( corresponding temperature ).

(iii) Condense the vapour V, to liquid V; at the tem-
perature T — dT. g, molecular latent heat of evaporation L,
evolved at the temperature T — dT, and work W, done, in the
change of volume is (P = dp) (V) = Vy).

(iv) Change the pressure on the liquid from P - dp to P
and change the temperature from T - 4T to T to restore the
original condition.

Stages (ii) and (iv) approximately cancel each other. In (i),
heat g is absorbed at the temperature T and in (iii), heat ¢ is
evolved at the temperature T — dT, while the net work done
dw = W, [the work done in the change in volume at P =
P(Vy-Vi)] + W,, [the work done in the change in volume
atP - dp = (P-dp)(Vi-V,)]

dw = W, + W,
=P (Vg=Vi)+(P-dp) (VI-V,)
P (Vg=Vi)=(P-dp) (Vg—Vz)
= dp (Vg- Vi)

i

But, dw = qfi,—rI
dp(Vg-Vi) = ¢ &L,

ap _ 9 = 9.

dT T (Vg-Vi) T- Vg

Vi being very small compared :to V,, can be neglected
Assuming that the vapour follows gas laws,:
P Vg = RT or Vg =

P = g

dT TxRTle,—

RT
P
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. 1 dp _ ¢

P gT TRT*

dlog P __qil
RT?

dT
1 = q -
Jarsr = 2%

Integrate between P, and P, and, T, and T,
T, - T
logP, — logPy = .4 ( ! ,,:)
og &y Oof L'z R T, T,
P, and P, are pressures at T; and T, and g is the heat of the
reaction.
If S, and S, are the solubilities at T, and T, and g is the heat
of solution, a similar expression :—

logS, — log$§, = ,é (T:T:Tjt) gives relation between

these magnitudes.

15. Second Law of Thermodynamics.—If a system
changes from A to B, the First Law states that the total energy
remains constant. It does not define the conditions under
which such a change can occur. Second Law of Thermo-
dynamics specifies these conditions.

1. No such change can occur, unless there is a difference in
level, or, there is a gradient. Transfer of heat from a hot body
can only occur, if it is brought in contact with a cold one. A
flow of electric energy from A to B can only occur when a body
A at a higher potential is connected with a body B at a lower
potential,

2. No such difference of level could be produced artificially.
No machine has been devised which can separate the vast amount
of heat present in water of oceans into one portion at a higher
temperature, and another at a lower temperture, and obtain work
by allowing them to equalise.

3. Maximum amount of work in such transfers can only be
obtained if the transfer is made to occur in a perfectly reversible
manner. As most spontaneous processes are irreversible, or not
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¢ompletely reversible, whole or part of the energy is transferred
into heat and maximum amount of work is not obtained. Since
our environments are not at zero level with respect to heat
energy, part only of the heat so produced can again be converted
into work.

The Second Law of Thermodynamics thus shows that in all
transfers of energy, some part of the energy, which is already
converted into heat becomes incapable of being again completely
atilised. The Law is sometimes, therefore, defined as the
Principle of the Degradation of Energy.

Carnot’s Theorem gives the maximum amount of work
obtained during the conversion of heat into work under per-
fectly reversible conditions by a cyclic process.

The conversion of heat may be supposed to occur in four
stages, an ideal gas being the working substance.

(1) Isothermal expansion of one mol of the gas at tempe-
rature T, from volume v, to volume v, is carried out, when Q
heat is withdrawn at T, from the reservoir.

According to the First Law :—
A' = RT, log, L2
Uy

A’ being the work done by the gas by absorbing Q at T, .

(2) The expanded gas is then further allowed to expand
adiabatically to v,, its temperature falling to T,

(3) Isothermal compression to v, is then done, when Q
heat is given to reservoir at T, ,

A" = RT, log. —? » A’ being the work done on the gas,
4

being equal to heat Q given back at T, .

(4) The gas finally compressed adiabatically from v, to o,
when the temperature rises to T,. Cycle is complete and the
gas is brought to the initial state.

Since, stages (2) and (4) areadiabatic, thereis no energy
change in the system during these two stages. In(1) heat Q is
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d from the reservoir at T, and in (3) heat Q is given
back at Ty. The net amount of external work,

dA = A'- A"
= RT, log, !~ RT,log, .
(5) From the adiabatic changes occurring in (2 ) and (4)
T2, V' = Ty,
Tgf)x V1= T|vjy-l

UV _ Vg
4 Vs

dA = RT, log,~2 - RT, log, 2
1 1

=R(T, - T,)log,-%g.

Expressing the output of work as a fraction of the work,*A*
being equal to the heat Q absorbed at T,, one gets

- )
aa _RTe - Tolose
Q RT, log, D
4
T, - T,
= T, .

If the temperature difference T, — T, is very small, it can be
expressed as AT and the workas A A and,

AA AT
Q T
AA dA
ot, Q =T AT ©f T?—r—;

Gibb’'s Helmholtz Equation.— According to the First Law
of Thermodynamics

U=A-Q

U being the change in the energy of a system, A, the work done
and Q the heat evolved.

e A"U=Q
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and according to the Second Law of Thermodynamics

L dA

_rdA
A—-U-Td.r

Problems with solations

Problem 38. The adiabatic compression of a mixture of
2H, + O, from 377 c.c. to 30:7 c.c. caused explosion; the
initial temperature was 18°C. and initial pressure 1 atmosphere.
Calculate the temperature of the explosion and the pressure at
the moment of its occurrence (y = 1-4).

Solution : Calculate the pressure at the moment of explo-
sion using the formula

PVY = P,V,Y

1-4 14
i.e.,, 1 x 0377 =P, x 0-0307

p __< 0-377‘)"‘
'\ 00307

1.4
(12:27)
33-51 atmospheres.

The formula (-iv-g )y -1 21
v Tg

1

gives the temperature of explosion
(_9'_03197 )° ‘oM
T,

0377
_ 0377 \°4
T, = 291 ~ ( o-0307)
= 7936,

Ans. 520-6°C; 33-51 atmos.

Problem 39. Calculate the change in temperature corres--
ponding to a pressure difference of one atmosphere ( the Joule:
Thomson effect) for oxygen at 0°C. a = 1-36; b = 0-0316;
RT = 22+4. Taking 1 litre as the unit of volurre; Cp, = 69.
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Solution : The change in temperature is given by the
equation

2a

=2 _
_ RT
K——ClJ x 24-1

: 241
Ty = Ty = fall in temperature = (72— 00316 )21

= (.31.
Ans. 0-31.

Problem 40. Calculate the temperature (the inversion
temperature ) below which there will be a cooling effect (on
lowering of pressure) in the case of hydrogen. a = 0-19;
b =0023; C, = 69.

Solution : Change in temperature is given by the equation
_ [ 2a ) 24-1
K=(gr-8)~ c,
At the temperature (point of inversion) the value of K
changes sign i. e., it vanishes.

2a

rRT ~ =0

2a
RT=?
2a = RT?

_ 2a
T=%
= .. 038
0-082 x 0-023
2015 or - 71.5°C.

Ans. - 11-5°C,
Problem 41. Calculate the heat of formation of CH,
from the following data :—
(I) CH, + 20, = CO, + 2H,0 + 213800 cals.
(1 C + O, =CO0O; + 94300 cals.
(I H, + 10, = HO + 68300 cals.
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Solution : Subtract (1) from (I1I) and add twice (III) :
(C + O, - CH, - 20,) + 2(H, + 10,)
=CO0, - CO, - 2H,0 + 94300 - 213800 + 136600 + 2H,O
i.e. C + 2H, = CH, + 17100 cals.

Ans. The heat of formation of CH, is 17100 cals.

Problem 42. The heat of formation of liquid water is
68360 cals. and of carbon dioxide 96960 cals. both at 17°C. and at
constant pressure. The heat of combustion of ethane under the
same conditions is 370440 cals. Calculate the heat of formation
of ethane at 17°C. (a) at constant pressure and ( 4) at constant

volume.
Solution : H, + 10, = H,O + 68360 (A)
C+ O,=CO, + 9690 (B)
C,He + 30, = 2CO, + 3H,O + 370440 (C)

Multiply A by 3 and B by 2, and add them together.
Subtract C from this sum.

3H, + 30, + 2C + 20, - C,Hq - ;0.
= 3H,0O + 2CO, + 3 x 68360 - 3H,0 - 2CO, + 2 x 96960
- 370440
3H, + 2C - C,H, = 205080 + 193920 - 370440

2C + 3H, = C,H, + 28560 cals. at con-
stant pressure.

To find the heat of formation at constant volume, use the
&quation

Qv = Qp + nRT
= 28560 - 2 x 1.985 x 290
= 28560 - 1153

= 27407 cals. at constant volume.
Ans. The heat of formation of ethane at
(a) constant pressure is 28560 cals., and at
(b) constant volume is 27407 cals.



44 PROBLEMS IN PHYSICAL CHEMISTRY

Problem 43. The heat of formation of liquid water is
68360 cals. and that of carbon dioxide 96900 cals. both:at 14°C.
and at constant pressure. The heat of combustion of ethylene
under the same conditions 333350 cals. Calculate the heat of
formation of ethylene at 14°C; (a) at constant pressure and
(b) at constant volume.

Solution : The reactions are represented as follows :—

(A) H,. + 30, = H,O + 68360
(B) C + O, =CO, + 96%0
(C) CH, + 30, = 2CO, + 2H,0 + 333350

Multiplying A and B by 2 and deducting C from their sum.
(2A + 2B - C) we get,
2H, + 2C + 30, - C,H, - 30,

2H,0 + 2CO, - 2CO, - 2H,0 + 136720
+ 193800 - 333350

C,H, 4330520 - 333350

C,H, — 2830 at constant pressure.

2H, + 2C

To find the heat at constant volume, use the equation
Qv = Qp + sRT
Qu= - 2830 - 1 x 1-985 x 287
= - 3349.
Ans. The heat of formation of ethylene at
(a) constant pressure = - 2830 cals., and at
(b) constant volume = ~ 3349 cals.

Problem 44. The heat of formation of SO, and CO, are
respectively 71000 and 94300 cals. and the heat of combustion of
CS, is 265100 cals. Calculate the heat of formation of CS,.

Solation: S + O, = SO, + 71000 (A)
C+ O,=CO, + 94300 (By
CS;, + 30, = CO, + 280, + 265100 (C)

* Multiply A by 2, and add it to B; then subtract C from
their sum,
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2S + 20, +C + O, - CS, - 30, = 2580, + CO,
- CO,- 280, + 2 » 71000 + 94300 ~ 265100.
2S + C - CS§; = 142000 + 94300 - 265100
C + 2S5 = CS, - 28800 cals.

Ans. The heat of formation of CS, is - 28800 cals.

Problem 45. The heat of combustion of carbon monoxide
s 68000 cals. while that of hydrogen is 68380 cals. Calculate
the calorific value in cals. per litre (at N. T. P.) of a water gas
containing 50 per cent. hydrogen, 44 per cent. carbon monoxide,
3 per cent. carbon dioxide and 3 per cent. nitrogen by volume.

Solution : The percentages of carbon dioxide and nitrogen
have no significance in calculating the calorific value. They may
be neglected. One litre of the water gas contains 0-5 litre of

hydrogen and 0-44 litre of carbon monoxide, or, —2-02—54- mols of

hydrogen, and o4 mols of carbon monoxide. The heats

224
liberated by them on combustion will be,
by hydrogen 552 x 68380 = 1526 cals.
and by carbon monoxide (2)24: x 680CC = 1336 cals.

The total heat liberated will be
1526 + 1336 = 2862 cals.

Ans. The calorific value of water gas per litre (N. T. P, ) is
2862 cals.

Problem 46. The heat of combustion of ethane, ethylene
and hydrogen are respectively 370440, 333350, and 68400 cals.
Calculate the energy change when ethylene is reduced to ethane.

Solution : The reactions of combustion are as follows :
(A) CHe + 70 = 2CO, + 3H,O + 370440
(B) C,H; + 30, = 2CO, + 2H,0O + 333350
(C) H, + O = HO + 68400
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Add B and C, and subtract A from the sum.
CH, + 30, + H, + O - C,Hs - 70
= 333350 + 684@ - 370440
C,H, + H, = C;Hs + 401750 - 370440
= C,H¢ + 31310
Ans. 31310 cals. are liberated.

Problem 47. Expressing the weights of carbon and steam
in kilograms and quantities of heat in kilogram calories the
following are the thermo.chemical equations for the reactions
in a gas producer.

1 1
-1-2—( C + o,) = ﬁ<co,) + 8100 kg, calories.
117( C + ;o,) = %(co) + 2430 kg. calories.
1
1—;—( H,O) steam = -1—8( H, + 10, )-— 3196 kg. cals.

It is estimated that in a large producer, 10 per cent. of the
total calorific value of fuel is required to balance losses by radia-
tion, etc. How much steam, therefore, can be decomposed by
each kilogram of carbon burnt.

Solution : The total calorific value of the fuel (in kilogram
calories ) is 8100 kilogram calories; the heat required to balance
the losses by radiation is 810 kg. cals. The heat available for
the decomposition of steam is,

2430 - 810 = 1620 kg. cals.

because in a producer, C is burnt to CO only, and the heat
is produced to the extent of 2430 kg. cals. per kg. of C burnt.

The amount of steam decomposed will be,

1620 _
319§ = 0-5069 kg.

Ans.  0-5069 kg. of steam will be decomposed by each kilo-
gram of carbon burnt.

Problem 48. The heat of formation of CO; and H,O are
respectively 94380 and 68380 cals.. #nd the heat of combustion of
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propane is 526300 cals. The heat of rupture of C—H is 93600
cals. Calculate the heat of rupture of C—C linkage.

Solution : First find the heat of formation of propane,

C + Op,= CO, + 94380 (A)
H, + 30, = H,O + 68380 (B)
CyHg + 50, = 3CO, + 4H,0O + 526300 (C)

Multiplying A by 3, and B by 4 and subtracting C from.
their sum, the heat of formation of propane 1s,

94380 < 3 = 283140 ) _ j _
68380 x 4 = 273520} = 556660 — 526300 = 30360

The heat of formation does not include the heat of atomiza-.
tion of the elements. The heat of formation of propane from
its constituent atoms will be the heat of formation as found
above plus the heat of atomization of elements 7. e., C and H.

The atomic heat of formation = The heat of formation

+ The heats of atomization of the elements.
= 30360 + 3 x 150000 + 8 x 51500
= 892360 cals.

In propane there are 8 C—H linkages and 2 C—C link-
ages; subtracting the heat of rupture of C—H linkages from the
atomization heat of formation, and dividing the remainder by 2
will give the heat of rupture of C—C linkages.

93600 x 8 = 748800 cals. heat of rupture of

8 C—H linkages.
892360“; 748800 _ 71780 cals.

Ans. The heat of rupture of C—C linkage is 71780 cals.

Problem 49. The atomic heats of formation of benzene
and naphthalene are 1193:2 and 1881-5 kg. cals. per gram mole
cule respectively. Calculate the heats of rupture of the C—C,
and C —H linkages in aromatic comoounds, benzene and
naphthalene.

Solution : In benzene there are 6 C—C linkages and as
many C—H linkages. In naphthalene they are 11 and 8 respec-
tively.
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If x be the heat of rupture of C—C linkage and y be that
of C—H linkage, then
6x + 6y = 11932 (D
11x + 8y = 1881-5 (11)
Multiplying (1) by 8 and (II) by 6 and subtracting the first
from the second, we get,
48x + 48y = 11932 x 8
66x + 48y = 18815 x 6

18 x = 1743-4
x = 96-855 kg. cals.
From (I) « + y = 198:866
y = 198-8¢6 - 96-855

= 102-011 cals.

Ans. The heat of rupture of C—C is 96-855 kg. cals.
% »w of C—H is 102011 kg. cals.

Problem 50. The heat of reaction :
K + H,O + ag = KOHag + iH, is 48000 cals.
How much potassium must be added to 100 grams of water
at 15°C. in order to make it boil, assuming that 60 per cent.
of the heat is absorbed by water.

Solution : The heat required by water to be raised to the
boiling point is
100 (100° - 15°) = 100 x 85
= 8500 calories.
As only 607, of the heat is absorbed by water, the total heat
8500 x 100 _ 14170. The amount of potas-

60
slum required to liberate this heat is 141478%08—39 = 11:51 grams.

to be generated is

Ans. 11.51 grams potassium must be added.

Prablem 51. Calculate the heat of formation of potassium
hydroxide from the following data : —
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(A) K + H,O + ag = KOHag + 3H, + 48000 cals.
(B) H, + 10, = H,O + 68380 cals.
(C) KOH + ag = KOH ag + 14000 cals.

Solution : Add (A) and (B) and deduct (C) from their
sum: A+ B - C,

K+ HO+H, + 10, + ag -KOH-aq
= KOH a¢ + H,O + iH, + 48000 + 68380 - KOH agq
- 14000
i.e, K + {H, + 10, ~KOH = 102380 cals.
K + IH, + 30, = KOH + 102380 cals.
Ans. The heat of formation of KOH is 102380 cals.

Problem 52. The heats of neutralisation of sodium hydro-
xide and ammonium hydroxide with hydrochloric acid are
13680 and 12270 cals. per gram mol respectively. Assuming that
ammonium hydroxide is practically undissociated, calculate its
heat of dissociation.

Solution: NaOH + HCIl = NaCl + H,O + 13680 (1)
Assuming that NaOH, HCI and NaCl are completely
dissociated, the above equation can be written as
Na®* + OH’ + H* + ClI' = Na* + CI'’ + H,O + 13680
or H*' + OH' = H,O + 13680.
In the equation of neutralization of ammonium hydroxide
by hydrochloric acid,
NH,OH + HCl = NH,CI + H,O + 12270 (m
HCI can be written as H* + CI'
NH/CI can be written as NH,;* + CI’
H,O can be written as H* + OH’ -~ 13680 from above.
The equation II then assumes the form
NHOH + H* + CI'’=NH; + CI' + OH’ + H*
+ 12270 ~ 13680
NH,OH = NH; + OH’ - 1410 cals.
Ans. The heat of dissociation of NH,OH is — 1410 cals.

P, P, C. 4
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Problem 53. The heats of neutralisation of HNO, and
CHCI,COOH by NaOH are respectively 13680 cals., and 14830
cals. When one equivalent of NaOH is added to a dilute
solution containing one equivalent of HNO, and one equivalent
of CHCI,COOH, 13960 cals. are liberated. Calculate the
relative strengths of the two acids.

Solution: The relative strengths of the two acids are
proportional to the equivalent of NaOH neutralised by them.
Let x be the equivalent of NaOH neutralised by HNO,;
then, 1 - x will be the equivalent of NaOH neutralisad by
CHCI,COOH. When neutralised the heat liberated will be,
by HNO, = x x 13680 cals.
and by CHCI,COOH = (1 - x) x 14830 cals.
Then, x x 13680 + (1 — x) x 14830 = 13960.

i.e., 13680x — 14830x = 13960 - 14830
- 1150« = - 870.
x = 0-7565
Therefore, 0:7565 mol of NaOH is neutralised by HNO,
and 0:2435 mol by CHCIL,COOH.
The relative strength = ;Eeitﬁf?(%%f%_'o-ﬁ
_ 07565
0-2435

= 91— approximately.

Ans. HNO, is 3 times stronger than CHCI,COOH.

Problem 54. A molecule of N, at 1 atmosphere and 0°C.
is used as the working substance in a reversible engine. It is
expanded isothermally to three times, and then adiabatically to
four times its original volume. It is then compressed isother-
mally to a certain volume and finally adiabatically to its initial
condition. What is the efficiency of the process? (y = 1:4).

Solation : Let v be the initial volume, the initial temp.
T = 273°. The work A, in the first part of the cycle is,
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2:3026 nRT log %’-’

A,
= 2:3026 x 1 x 0-06204 x 273 x 1og—33
= 2:3026 x 0-08204 x 273 x 047712
= 24605 [l atmospheres.

To calculate A,, the work in the second part of the cycle
the temperature T, after adiabatic compression must be known,

(5)" 3
U Tl

(40)04 23
30 -

273
1-122 = T

2
273
T = 1123
= 243-2.

=R(T, - T,)
A = Sty
0-08204 x 29-8

=704
= 6:112 I atmosphere.

The work A, in the third part of the cycle is
As = 008204 x 243-2 x 2-3026 log 4

The value of —';—' is calculated from the initial ( 243-2 ), and
the final (273 ) temperatures of the last part of the cycle.

(94_)”"1 _
v = 2432

—v!- (1122 )'1
= 1-3333
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{f‘» = 0-3333
v

o Ay = — 008204 x 2432 x 2:3026 x 0-47716
. = — 21:921 [. atmospheres.

A, is numerically the same as A, but with — ve sign.
24-605 - 21-921

- The efficiency = 24605
= 2684
24-605
= (0-10907.
It can also be calculated from temperatures.

The efficiency = T ; T, . 213 2_73243'2
1

298

273

= 0-1091

Ans. 01091

‘ Problems for Solution

Problem 55. A column of gas of composition represented
by H, + 30, and of length 540 mms. was compressed adiabati-
cally into a length of 40 mms. without ignition ; into a length
of 36 mms. with ignition resulting. The initial temperatures of
the gases are 17-6°C. and 15°C. respectively. If v is 1:4, calculate
the temperatures between which the ignition temperature lies.

Ans. 550°C. and 578°C.
Problem 56. Calculate the change in temperature corres-

ponding to a pressure difference of one atmosphere. (Joule
Thomson effect ) for carbon dioxide at 0°C.

a=36l; b= 00428; Cp =89,
Ans. 0:770°.
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Problem 57. Calculate the change in temperature corres-
ponding to a pressure difference of one atmosphere. ( Joule
Thomson effect ) for hydrogen at 0°C.

a=019; b=0023; C,=68.
Ans. + 0:02. There is a slight heating effect.
Problem 58. Calculate the molecular heat of reduction
of ethylene to ethane, given the following data :—
Molecular heat of combustion of hydrogen 64-49 g. Cals.
i "o " » ethane  369-00,, ,,

" s " » ethylene 332:00,, ,,
Ans. + 27-49 Cals.

Problem 59. Calculate the heat of formation of formic
acid from the following data :—

Heat of combustion of Catbon (C, Q,) = 96960 Cals,
e . »» Hydrogen (H,, O) = 68360 ,,
v e " ,,» formic acid (CH,0,, O) = 65900
Ans. + 99420 Cals.

Problem 60. Find the heat of formation of aldehyde
(i) gaseous (ii) liquid, from the following data :— )

(2C,HO, 50, ) liquid = 551 Cals,
(2C,H,0, 50,) gaseous = 564 Cals.
(CO,) = 97 Cals.
(2H;, O, ) to water = 136-7 Cals.
Ans. (i) + 48:7 Cals. (ii) + 55-2 Cals.

”»

Problem 61. A gaseous hydrocarbon was analysed by ex.
plosion with the following result:—20 c. c. of hydrocarbon with
80 c. c. of oxygen gave 50 c. c. of residual gas, of which 40 c. c.
were CO, and 10 c.c. O,. When 2-86 litres of this hydrocarbon
(measured over water at 13°C. and 751 mm.) were burnt in a
Junker calorimeter, 26 litres of water were heated from an
average temperature of 4° to an average temperature of 22°, and
5 ¢. c. of water were condensed from the products of combustion.
Calculate the molecular heat of combustion (cals. evolved by-
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burning 22-4 litres ) when the hydrogen of the hydrocarbon is
burnt to steam and the carbon to carbon dioxide. Determine
the hydrocarbon. Latent heat of steam 540 cals. Pressure of
aqueous vapour at 13° = 11 mm.

Ans. C,Hg; 371630 cals.

Problem 62. Calculate the gross calorific power of a
cubic foot (at 0° and 760 mm. ) of dry gas containing
CO, = 132; CO = 153; H, = 19-5; CH, = 3-8; N = 48:2
per cent., assuming the following molecular heats of com-
bustion :—

H, + O = H,0O(water) = 684 Kilogram centigrade units.
CO + O = CO: = 68'0 ” ” ”
CH, + 20, = CO, + 2H,0=213-0 " » »

1 cubic foot of water = 28-3 litres. The gross calorific
power includes the heat of condensation of the water. The net
calorific power corresponds to the formation of water.

Ans. 40:2 Kg. cent. units.

Problem 63. Calculate the calorific intensity of carbon
burning in oxygen and in air respectively if (CO,) = 96960 ;
specific heat of CO, = 0:2164 ; specific heat of N, = 0.2438
Composition of air = 79 volumes of nitrogen and 21 volumes of
oxygen.

Ans. 10180°; 2755°

Problem 64. On dissolving 100 grams of anhydrous copper
sulphate in water, the heat evolved amounted to 9900 calse
whilst the same weight of crystallised copper sulphate
(CuSO,, 5H,0) gave an absorption of heat amounting to 1100 cals.
Determine the heat of formation of the gram molecule of
CuSQ, into CuSO,, 5H,0.

Ans. + 18535 cals.
Problem 65. Anhydrous magnesium chloride is to be
prepared from magnesia, chlorine, and catbon. The heat of

combustion of magnesium and oxygen, of magnesium and
chlorine, and of carbon and oxygen are 145860, 151000, and
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28600 cals. respectively in gram calories per gram molecule.
Calculate the balance of gram calories given out or absorbed.

Ans.  + 19440 cals.

Problem 66. From the following data calculate the thermal
effect produced by the decomposition of ozone by hydrogen
peroxide : —

(H,O) = 68000 cals.
(H;0,) = 45000 cals.
(0,0) = — 30000 cals.

Ans. + 53000 cals.

Problem 67. Calculate the heat of combustion of calcium
and oxygen from the following equations : —

CaO + 2HCI = CaCl, + H,O + 52-7 Cals.
Ca + Cl, = CaCl, + 169-8 Cals,
H, + O = H,O + 579 Cals.
H + Cl = HCl + 22-0 Cals.

Ans. + 131-0 Cals.

Problem 68. From the following data calculate the heats
of formation of gaseous hydrochloric and hydriodic acids
respectively

H, + Cl,(gas) + ag = 2HCl aq + 78600 cals.
HCl(gas) + aqg = HClaq + 17300 cals.

2Hlaq + Cly(gas) = 2HClaq + I, + 52400 cals.
HI(gas) + aq = Hl aq + 19200 cals.

Ans. [H,Cl] = + 22000 cals.; [H,I] = - 6100 cals.

Problem 69. From the following data, calculate the heat of
formation of solid potassium chloride from its elements :—

(i) KOHaq + HClag = KClaq + 1375K
(ii) H, + Cl; + ag = 2HClaq + 786 K
(iii) 2H, + O, = 2H,0O + 136-8K
(iv) 2K + 2H,0 + aq = 2KOHaq + H, + 962K
(v) KCl + ag = KClagq - 4 K.
Ans. + 10555 K.
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Problem 70. The heat of formation of hypochlorous acid
has been determined by two independent methods by Thomsen ;
his results are given below. From both sets calculate the heat of
formation of an agueous solution of the acid (H, Cl, O, aq).

A B

(2NaOH aq Cl,) = 24647 (HOCIl aq 2HI aq) = 51435
(NaOHaqHCIOaq) = 9976 (H,Ilaq) = 13171
{NaOH aqg HClag = 13740
(H,Claq) = 39315
(H, O) = 68357.

Ans. A 29973. B 29895.

Problem 71. In order to determine the heat of formation
of ammonia, Thomsen passed chlorine into its aqueous solution
and found for the reaction [4NH;aq 3Cl] an evolution of
119613 heat units ; he also found for

[ H,Cl ] = 22001; [NH;aq HCl aq] = 12270

[HCl aq] = 17314, [NH, aq] = 8435.
But afterwards by the combustion of ammonia he found
[2NH,30] = 1812%; [H, O] = 68357.

Calculate the heat of formation of ammonia from each set of
data, and compare and contrast the reliability and probable
sources of error in each method.

Ans. (1) + 26707 cals.; (2) + 11887 cals.

The second method is more direct than the first one,
involves only two operations and is, therefore, less liable to error.

Problem 72, Calculate the heat of formation of water
from the following data obtained by Than. Oxygen and hydrogen
were exploded in a bomb in an ice calorimeter. For two grams
of hydrogen, 838-6 grams of ice were melted. The latent heat of
fusion of ice is 799 gram cals. Ostwald has shown that 970 gram
cals. must be added, for correction. (H = 1-008).

Ans. 67510 gram cals.
68480 gram cals. after Ostwald’s correction.
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Problem 73. From the following data, two independent
calculations of the heat of formation of iodic acid in aqueous
solution may be made. Determine the mean value of this
quantity :—~ (1) The reduction of one gram molecule of iodic acid
by hydriodic acid to iodine in aqueous solution is accompanied
by the evolution of 83:33 Cals. (2) The oxidation of one gram
molecule of hydriodic acid to iodic acid by hypochlorous acid in
aqueous solution is accompanied by a heat evolution of 70-68 Cals.

(H, 1, Aq) = 13-17 Cals. ;( H, Cl, Aq) = 39-32 Cals. ;
(H, Cl, O, Aq) = 2993 Cals.; (H,, O) = 68-35 Cals.
Given further that the heats of solution of iodic acid and iodine
pentoxide are respectively = 2-17 Cals, and 1-79 Cals. Calculate
the heats of formation of solid iodic acid and iodine pentoxide.

Ans. The heat of formation of iodic acid in aqueous
solution by (1)is 55-68 Cals. and by (2) 55-90 Cals.
The mean value is 55-79 Cals.

The heat of formation of solid iodic acid calculated
from the mean value is 53-62 Cals. Similarly the heat
of formation of iodine pentoxide is 51-83 Cals.

Problem 74. From the following data calculate the heat of
formation of HNO, aq.
NHNO, = N, + 2H,O + 71770 cals.
2H, + O, = 2H,0 + 136720 cals.
N, + 3H, + ag = 2NH, aq + 40640 cals.
NH; ag + HNO, aq = NHNO, aq + 9110 cals.
NHNO, + aq = NH,NO, agq - 4750 cals.

Ans. H + N + O, + ag = HNO, aq + 30770 cals.

Problem 75. From the thermo-chemical equations given,
<alculate the heat of formation of (1) CuO, and (2) CuCl,
(anhydrous ).

CuSO4aq + Fe = FeSO,; + Cu + 374 cals.:
Fe + H,SO,aq = FeSO,aq + H, + 24-84 cals.
H, + O = H,O + 6836 cals.
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CuO + H,SO,aq = CuSO,aq + H,O + 18-8 cals.
CuO + 2ZHClaq = CuCl,aq + H,0O + 1527 cals.
H, + Cl, + aqg = 2HCl aq + 786 cals.
CuCl, + aq = CuCl,aq + 11-08 cals.
( These are big calories).
Ans. (1) Cu + O = CuO + 37 cals,
(2) Cu + Cl, = CuCl; + 5143 cals.
Problem 76. From the following data calculate the heat
of formation of Pb ( NOs ), from its elements :—
PbO + 2HNQ; ag = Pb (NQO;), aq + H,O + 17000 cals.
2Pb + O, = 2PbO + 101600 cals.
H, + N, + 30, = 2HNO, + 83200 cals.
HNO, + ag = HNO,aq + 7180 cals.
2H, + O, = 2ZH,0 + 136000 cals.
Pb (NO,), + aq = Pb (NOy;), aq ~ 8200 cals.

Ans. 105560 cals. heat of formation.

Problem 77. The molecular heat of formation of liquid
water from gaseous oxygen and hydrogen is + 68000 cals.
When 10 grams of sodium react with large excess of water
+ 188C0 cals. are set free and when 20 grams. of Na,O react
with a large excess of water + 204C0 cals. are set free. From
these data calculate the heat of formation of Na,O.

Ans. 91240 cals.

Problem 78. A regenerative furnace holds 10 crucibles
each containing 100 lbs. of steel. Assume (1) that the total heat
in each lb. of steel when melted = 300 cals.; (2) that the
furnace is fed by a gas with a calorific power of 480 cals. per
cubic foot; (3) that only 5 per cent. of the heat generated is
used for melting steel. Required the number of cubic feet of
the gas for melting 1 ton ( = 2000 lbs. ) of steel.

Ans. 25000 cubic feet.



THERMODYNAMICS AND THERMOCHEMISTRY 59

Problem 79. Calculate the temperature of hydrogen flame
burning in (@) oxygen, and () dry air. Heat of combustion of
1 cubic metre of hydrogen is 2613 kilo. cals. The mean specific
heat of water vapour between 0° and #° = 0-34 + 0-00015¢, and
that of oxygen and nitrogen = 0-303 + 0-000027 ¢.

Ans. 3660°; 1950°.

Problem 80. From the following data, based on the use
of semi-normal solutions throughout, calculate the heat which
should be liberated in the production, in aqueous solutions, of
one gram molecule of ammonium acetate. 250 c.c. of caustic soda
mixed with an equal volume of hydrochloric acid liberate 1710
calories ; the same volume of caustic soda and acetic acid liberate
1620 cals. and of ammonia and hydrochloric acid 1530 cals.
For the purpose of calculation, it is assumed that in the solution
employed, the caustic soda and hydrochloric acid are fully
dissociated.

Ans. 11520 cals.

Problem 81. According to Thomsen the mixture of
2NaOH aq with 2NHO, aq evolves 27364 cals. 2NaOH aq +
H,SO, aq, 31378 cals. and 2NaNO, aq and H,SO, aq 576 cals.
Calculate the thermal effect of mixing 2HNO, aq with Na,SO,aq
( dilute solutions are used throughout ).

Ans. 3438 cals. will be absorbed.

Problem 82. The specific volume of ice is 1-091 c.c. and
that of water is 1:00 c. c., and the latent heat of fusion of ice is
79-8 cals. per gram. Calculate the lowering of the melting point
of ice if the pressure is increased by one atmosphere. ( 1 gram
cal. = 42670 gm. cm., and 1 atm. = 1033-3 gm. per sq. cm. ).

Ans. 0-0076.

Problem 83. The transition point of rhombic sulphur
into monoclinic sulphur under its own vapour pressure is 95:5°C,
What will be its transition point under a pressure of one atmos-
phere? Latent heat of conversion per gram is 2:52 cals. Specific
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volume of monoclinic (Vm ) is greater than that of rhombic
(Vr). Vm - Vr = 0:0126 c.c. Calorie = 41:3 c. c. atmos-
phere.

Ans. 0-045°C. rise in transition point per atmosphere.

Problem 84. The vapour pressure of water at 99-8°C. is
754-58 mms. and at 100-2°C., it is 765-45 mms. Calculate the
latent heat of vaporisation for 1 gram of water at 100°C.
Regnault’s value for 100° is 537 cals. How do you account for
the difference between the calculated and experimental values?

Ans. 551:6 cals./g. The difference is due to the assump-
tion that steam behaves like a perfect gas.

Problem 85. At what height must the barometer stand in
order that water may boil at 101°C?

In = log x 2:303; L = 536 cals perg.
Ans. 1857 mm.

Problem 86. The vapour pressure of an organic liquid at
20°C. and 40°C. are 746 mm. and 1818 mm. respectively. The
gas constant R = 2 calories (approx.) and log, ¥ = 2-303 log,, #.
Calculate the latent heat of vaporisation of the liquid.

Ans. 8168 cals. per gram mol.



CHAPTER 111
SOLUTIONS

16. Relation between the lowering of vapour pressure
in a solution and its concentration :

Raoult’s Law : —
P, -P - n
P, N+ n
where P, = vapour pressure of the solvent;
P, = vapour pressure of the solution ;
n = mols of solute; and

I~ —I% ( when the solution is dilute ),

N = mols of solvent.
The relation can be derived by the following cyclic
operation : —

(i) Remove —13— molecules of the solvent ( which contain

one mol of the solute) from the solution osmotically.*

Work is done on the solution and it is — RT. It is
assumed that the total volume of the solution is so great that

the removal of —Ij— molecules of the solvent will not appreciably

alter its concentration.

(ii) Vaporise the removed solvent at P,, then the work
done is

N
;" P|V|.
(iii) Lower the pressure from P, to P, isothermally and
reversibly, then the work done is

RTlog-l;—'--Ini-
[

® This could be done reversibly by employing a pressure slightly more than
the osmotic pressure of the solution, the solvent being farced out from the solution
through the walls permeable to the solvent.

61
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(iv) The vapour at P, is allowed to mix with the solution
at Py, then the work done in the condensation is,

l:— P,V, and the cycle is complete.
Wotks done in (ii) in evaporation and in (iv ) in the con-

densation are equal,
- _E—‘ . E —
~ RTlog P, n RT 0

N
n

or RT log -% . = RT
o

g

ButRT log 5! = - RTlog [ = - RTlog(l B 1.’.1)
o 1

Note:- log(l - x)= - x + 2* = x’ccceeeecand if x is
small, higher powers of x can be neglected and

log(l - x) = - «.

Since P, ; Po, is small,
1

- RT.log (1 - —P—'—%—E"—)zl’\'[‘—li—i;i
1 1
RTL.:&.}S.,;RT
P| n
,1_)'_"__30 ._11].~1

P, n

P_'___go ~_!‘_.
P, ~ N

Extending the gas laws to solution :—
PV:= nRT, (P is the osmotic pressure of the solution ).

. . nRT
-s P — V

If S, is the density of solution,

V = Nem_ » (m = molecular weight of solvent ).
1
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p = RT _ S _ n SRT _nSRT

N e—— 0 e

1 Nm N m Nm °
(In a dilute solution S, = S the density of solvent. )
P| - Po

Thus, P, —;—:]— and P could be determined if one of
1
the magnitudes is known.

If S is the density of the solvent (c.c. being the unit),
the value of P in atmospheres, when R is taken as being equal

to 8204 c. c. atmospheres, will be :
P=~S x 82.04 x T_ « P, - P ‘

- m P|

If a litre (1,000 c.c.) is used as the unit, R = 0.08204
licre atmos. and

p = LOOO S x 008204 x T _ Py - Py

- m’ P ]

17. Relation between the depression of the freezing
point of a solution, its concentration, and the latent heat
of fusion of the solvent.

It is determined by the following cyclic process :—
T, freezing point of the solvent;
T - dt, freezing point of the solution ;

n, number of mols of solute present in N mols of
solvent, whose molecular weight is m ;

H, the latent heat of fusion of one gram of the solvent.

1. —I’% mols of solvent ( which contain one mol of solute)
are frozen out from the solution at T ~ d¢.

It is assumed that the solution is present in such large
amounts that removal of —13- mols of solvent would not appreci-

ably alter its concentration.
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m-N . .
Heatg = H- . calories which are evolved at a tem-

perature T - di.
Ila. Both the solid and the solution are warmed from

T - dtto T.

116. The solid solvent -I—:— is fused at T.
by f

Heat ¢ = H- _m_nN_ which is absorbed at the temperatare T.

1I. The solvent is reversibly and osmotically mixed with
the solution. Work done by the system = RT.

1 [l
IV. The solution is cooled from T to T - df to restore

the original condition.

Operations Ila and 1V approximately cancel each other.
In 115, heat g is absorbed at a temperature T, and heat g is
evolvediin 1 at a temperature T — d¢, and dA is work done

which = ¢. ar , and RT is the work done in IIL

T
Thus ¢ -4 = RT.

. 4o RT* _ oo, .mN _ RT'
Sodt = 7 —RT.Hn = HamN
= RT:  n

H W

k mN, the weight of the solvent which contains ‘n’ solute is
called W.)

If one mol is dissolved in 100 grams of solvent,

- RT* 1
= =g 0o

o z :
~ 0-02T v (R=2cals.}
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18. Relation between the elevation of the boiling
point of a solution, its concentration, and its latent heat
of evaporation.

It is determined by the following cyclic process :—
T, the boiling point of the solvent;
T + dt, the boiling point of the solution ;

n, the number of mols of solute present in N mols of
solvent whose molecular weight is m ;

H, the latent heat of evaporation of one gram of the
solvent ;

L. l:— mols of solvent which contain one mol of solute are
removed from the solution at T + df reversibly by evaporation.
Heat ¢ = H- —'L;I\l- is absorbed at T + dt. It is assumed that
the solution is present in such large amount that removal of

mols of solvent from the solution by evaporation would

mot appreciably alter its concentration.

IIa. Both the vapour and the solution are cooled from
T+ dt toT.
.mN_

Il 5. The vapour is condensed at T. Heat ¢ = H R

1s evolved at the temperature T,

IIl. The condensed solvent is reversibly and osmotically
mixed with the solution ; work done by the system = RT.

IV. The solution is warmed from T to T + dt to restore
the original condition.

Operations 11 a and IV approximately cancel each other.

In 1, heat g is absorbed at T + d¢, and in 11 b heat ¢ is evolved
at T, and dA, the work obtained = ¢ -‘%‘- ; and RT is the work
done in 1IL

P, P.C. 5
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q—g—.‘-=RT.
= R _ppe.py.-mN _ RT%n
di= = — =RT*+H.H% = o0
= RT* n
SH W

( mN, the weight of the solvent containing # mols of solute
is called W ).

.~ If one mol is dissolved in 100 grams of the solvent
(n=1and W = 100), then

_RT* 1 _ 00T

dt = o 100~ o (R =2cals.)

19. Relation between P, the relative lowering of the vapour

pressure -P'——;— P , the concentration —1%, the lowering in the
1

freezing point and the elevation of the boiling point, are sum-
marised below :

g =BT, »n _RT* 7

" H mN ~ Hm N

RT* P, - Py
M'H P|
RT* P, m
mH = SRT
T m
mHES

dt
or P—--—T- H-S

—

N. B.— Relation between calorie and c. c. atmosphere :—

1 cal. = 41:33 c. c. atmosphere
1 c. c. atmosphere = 0-02423 cal,
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Problems with Solutions

“Problem 87. The vapour pressure of a 2-1% of aqueous

solution of a non-electrolyte at 100°C. is 755 mm. Calculate the
molecular weight of the solute.

. P-P, _n P - P,

Solution : PN where — P is the relative
lowering of vapour pressure and # and N are the molecules of
the solute and solvent respectively in the solution.

760 — 755 _ 21 x 18

- 760 = M x 100

_ 21 x 18 x 760
M= 100 » 5

= 57-46

dns. The molecular weight of the solute is 57- 46.
Problem 88. The vapour pressure of water at 98°C. is 707-3
mm. What is the latent heat of evaporation ?

Solution : Use Clausius formula which gives the relation
between vapour pressure and temperature.

Assuming that
vapour of water at 100°C. is 760 mm.,

log Bt = =L (T'_T:‘L)
P, T 73R T, T,
-L = T,To_

LiTo . Py
= T, T, X 23R x log P,

L= 1985 x23x 371 %373, 7073
i.e. L= - og —2e5
_ 1985 x 2:3 x 371 x 373 x 003121
= 2

_m

[

— 9856 cals. per gram mol.

Ans. The latent heat of evaporation of water is — 9856
cals, per gram mol.
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Problem 89. The osmotic pressure of a solution of 0-184¢g
of urea in 100 c. c. of water is 55 cms. of mercury at 30°C. Cal-
culate the molecular weight of urea.

Solution: Using the formula mv = aRT,
where = = osmotic pressure in atmospheres and
n = number of urea molecules in one litre,

56 - 0184 .
6 x C1 = M x 0-08204 x 303.
M = 0-184 = 0-08204 x 303 x 76
- 56 x 0-1
= 62:07.

Ans. The molecular weight of urea is 62-07.

/NH,
Theoretical molecular weight of urea OC \ is 60.
NH

2

Problem 90. The osmotic pressure of a solution containing
3-42 grams of NaCl in 100 c. c. of water is 2268 cm . at 60°, Cal.
culate the percentage dissociation of the salt.

Solution: The apparent molecular weight of NaCl is first
calculated with the help of the following equation, =v = nRT.

If M' = apparent molecular weight of NaCl.
2268 x 0-1 _ 3-42
then °

e =y * 008204 x 333,
. Mt = 342 x 008204 x 333 x 76
- 2268 % 01
= 3130,

“If a is the degree of dissociation,
M'(1 + a) = M, where M =the true molecular wt.

. = 983

S l+a= 3135
. _585-313
o a = I

313
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_ 12
= 313
= 0-8670 or 86-70%.
Ans. 86-70%.

Problem 91. When C:3 g of a substance ( mol. wt. 150) is
dissolved in 42 g of a certain solvent, the freezing point of the
latter is lowered by 0-233°C. When 0-:27 g of another substance
is dissolved in 56 g of the same solvent, the observed depression
of the F. P. is 0-218°C. Calculate the molecular weight of the
second solute.

Solution: Find K from the data of the first solute, and use
it to calculate the molecular weight of the second solute.

« — OMb '
100a
_ 0233 x 150 x 42
- 100 x 0-3
= 48.93.
If the molecular weight of the second solute is M!,

100aK
then M! = ~Ab
= 100 x 0-27 x 4893
- 0218 x 56
= 108-22
Ans. The molecular weight of the second solute is 10822, ,

Problem 92. A solution of 0-025 g of sodium in 100 g of
mercury lowered the F. P. of mercury by 0:45°C. Given that the
molecular depression of the F. P. of mercury is 425°C. per 100 g,
calculate the molecular weight of sodium in the solution.

. K100a
Solution: M = Ab
425 x 100 x 0-025
100 x 045
= 23-61.

Ans. The molecular weight of sodium in mercury is 23-61.
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Problem 93. 0:1315 g of camphor (C,oH,sO) dissolved
in 5 g of p-toluidine (M. P. 42:1°) depresses the F. P. by 0-940°,
Calculate the freezing point constant, and the latent heat of
fusion per gram of p-toluidine.

AMb
100 a
The molecular weight of camphor is (152).

152 x 5 x 0-940
1100 x 0-1315

= 54-33, the freezing point constant.

002 x (3151 _ L
The latent heat of fusion = 54.33 = 36-55

Ans. 54-33 F. P. constant ; 36:55 cals. per gram.

Problem 94. The F. P. of 0-25N KCN solution is
- 0-860°, and that of the same solution containing 0:25 gram
mol of AgCN per litre is — 0-830°. The solution of AgCN in
KCN takes place as,

AgCN + mCN’' = Ag(CN) iy
Calculate the value of m to the nearest whole number, given

= 1-86.

Solation : 0-25 mol of AgCN has been dissolved by com-
bining with CN' ions supplied by KCN which progressively
¢ disseeintes it more and more as CN' are removed as ( AgCN) ..
The dissolved AgCN should produce an increase in the lowering
of F. P. by 1-86 x 0:25 = 0-465.

If CN’ from KCN had not been removed to form the com-
plex ion, the total lowering should have been (0-860 + 0-465) =
1-325. The actual lowering, however, is 0-83. The difference
in the lowering is (1-325 - 0:83 = ) 0-495. If one gram mol
of CN' has to be removed, the difference would have been 1:86.
Therefore, the number of CN’ removed for the given difference

0-495

"’i“—- = 0'2664.

Solation: K = , { the freezing point constant).

K= -

i
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These ions are removed by 0-25 gram mol of AgCN. There.

fore, 1 mol of AgCN will remove,
0-2664 _
025 = 1-064.

Ans. m = 1 (approximately).

N. B.— The degtee of dissociation ( 0-85 ) of KCN need not
be taken into consideration, as is sometimes done in solving the
problem. Since as CN'’ ions are taken up by AgCN to form the
complex ion Ag(CN),,.n, progressive ionisation of KCN
occurs till it gets completely dissociated.

Problem 95. A solution containing 0-5 g of a substance of
molecular weight 182 dissolved in 42 g of CgH, boils at 80-175°C.
The B. P. of CgHg is 80°C, What is the latent heat of
e\{aporation ?

Solution : First find the constant K, and then with the
help of this value, calculate the latent heat.

A = K100a  where, A = elevation of B.P.

Mb M = mol. wt. of the substance
b = wt. of solvent
a = wt. of the substance dissolved.
- K = AMb — 0'175 b3 182_x~4_2_ = 26'754

100a 100 x 0-5

_ RT* _ 1.985 x (353)2

The latent heat H = 100K = 100 x 26754
= 9245,

Ans. 92+45 cals. per gram.

Problem 96. A solution containing 0-4344 g of anthracene
in 44-16 g of acetic acid ( B. P. 118:1°) boils at 118-240°C. Cal-
culate the molecular weight of anthracene, given that the latent
heat of evaporation of acetic acid per gram is 121 calories.

Solution : First find the value of K;
RT?

K = 10007
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= 1985 x (391-1)
1000 = 121
= 2.509
Now use this value of X to find the value of M
_ K x 1000 x a

_ 2509 x 1000 x 04344
= 0140  44-16

= 176-4.

Ans. The molecular weight of anthracene is 176-4. Theo-
retical molecular weight of authracene ( C,H,,) is 178.

Problem 97. An aqueous solution of Ba( NOj;), containe
ing 120-1 g/ litre boils at 100 4«"C N3 Calculate the degree of dis.
sociation of the salt. (1 for watér = 536 cals. )

Solution: Calculate the constant K from the given latent
heat for water, Using this value, find the apparent molecular
weight of Ba (NQO, ), from which the degree of dissociation can
be readily found out.

RT*
1000
_1985(373 2
1000 x 536
= 0-5164.
The apparent molecular weight (M') of Ba ( NO, ), is
K 1000 a a = substance dissolved
M'= ———— wh ’
Ab where = weight of the solvent,
= 124-3. P elevation of B. P.
M of Ba(NO, ), is (137-4 + 28 + 96) = 261-4.
If a is the degree of dissociation, then,
M' (1 + 2q4) =M

K =
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s 1243(1 + 2a) = 2614,
2614
1243
1371
1243

1371
124-3

= 1104
or, a = 0-552.
Ans. The degree of dissociation is 0-552 §.

2a =

Problems for Solution

Problem 98. The vapour pressure of a solution contain-
ing 8:89 grams of dextrose in 100 gr ams of water is 4:582 mm.
at 0°C. and that of pure water at the same temrerature is
4.620 mm. Calculate the molecular weight of dextrose.

Ans. 19455 molecular wt.  The theoretical molecular
wt. of dextrose ( CgH,,04, H,O)is 198.

Problem 99. The vapour pressure of benzene at 20°C. is
75:0 mm. and at 30°C., 118:0 mm. of mercury. Calculate the
molecular heat of vaporisation of benzene.

Ans. - 7978 cals. per gram mol.

Problem 100. A current of dried air was passed through a:
solution of 3:458 grams of a substance in 1C0 grams of ethyl
alcohol, and then passed through ethyl alcohol alone. The loss
in weight of the solution was 0-9420 gra m and that of the ethyl
alcohol, 09675 gram. Find the molecular weight of the dissolved:
substance.

Ans. 61-2.
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Problem 101. The vapour pressure lowering of alcoholic
solutions gave the following results by the dynamic method :—

Nitrobenzene 4.1 2:034 0-0684.
Benzoic acid 428 1-8315 0-0731.
Acetamide 5.04 0-6073 0-0525.
Atropine 505 1-467 0-027.

Vanillin 24 1.6895 0-0312.

b, = loss in weight of the solution,
b, = loss in weight of alcohol.
Calculate the molecular weight of these substances from the
above data.
Ans. Nitrobenzene = 112-1; Benzoic acid = 98:6;
Acetamide = 53-6; Atropine = 252;
Vanillin = 119:5,
Problem 102. Raoult found that a solution of 11:346
-grams of turpentine in 100 grams of ether (C,H),0 had a
wvapour pressure of 360:1 mm. At the temperature of the experi-

ment, the vapour pressure of pure ether was 383, Calculate the
molecular weight of turpentine.

Ans. 132-2.

Problem 103. Berkley and Hartley found the following
tesults in experiments on the lowering of the vapour pressure of
-sugar solutions by the dynamic method :—

«onc. of Sugar solu- density of solution, loss in weight

tion, g per litre . glec solution  water
285 1-119 1-8054 0-0380
420 1-187 12882  0-039%4

«Calculate the molecular weight of the sugar.
Ans, 292.2; 322-2.
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Problem 104. Frazer, Lovelace and Bogers found that
17-930 grams of mannitol dissolved in 1900 grams of water
lowered the vapour pressure of water at the temperature of the
experiment by 17:19 mm. Calculate the molecular weight
of mannitol.

Ans. 180-5.

Problem 105. An amalgam containing 1:142 g of tin
dissolved in 100 g of mercury, was heated in the vapour of
mercury boiling at a pressure of 768:8 mm. The vapour pressure
over the amalgam was 754:1 mm. What is the molecular weight
of tin.

Ans. 119-8.

Problem 106. De Vries found that a 3-42% solution of
cane sugar was isotonic with 5967 solution of raffinose,
molecular weight of cane sugar being 342. Calculate the mole-
cular weight of raffinose.

Ans. 596.

Problem'107, A _}_\]0_ solution of NaC,H;0, is ionised to

the extent of 807, at 18°C. What is the osmotic pressure of the
solution at this temperature.

Ans. 4-253 atmospheres.

Problem 108. A solution of urea in water at’50°C. has a
vapour pressure of 90-62 mm. Water at the same temperature
has a vapour pressure of 92 mm. Calculate the osmotic pressure
of the solution.

Ans. 22-15 atmospheres,

Problem 109. Vapour pressure of a sucrose solution
containing 342 grams of sucrose in 100 grams of water is
4517 mm. at 0°C. Vapour pressure of water at 0° is 46 mm.
Find the osmotic pressure of the solution.

Ans. 22-5 atmospheres.
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Problem 110. A 1467 solution of cane sugar has an
osmotic pressure of 783 mm. at 30°. What is the molecular
weight of cane sugar?

Ans. Molecular wt. of cane sugar is 352:2. (Theoretical
molecular wt. of cane sugar ( C,,H;,0,, ) is 342.)

Problem 111. 3-29 grams of a substance dissolved in.
100 grams of water (K = 18:5) gave a depression of the freezing:
point of 2:04°C. Find the molecular weight of the substance.

Ans. 30+4.

Problem 112. Successive quantities of 0-317, 0:394 and
0-5152 gram of a substance were dissolved in 18054 grams of
benzene. The depression of freezing point were 0-278°, 0-348°,
and 0:452° respectively. What was the molecular weight of the
substance? The molecular lowering of the freezing point of
benzene in 100 c. c. is 50°.

Ans. 315.

Problem 113. The addition of 0-1407 g of mesitylene
(C;H,,) to 11375 g of palmitic acid ( C,eH3;0,) lowered the
F. P. of the latter from 62-25°C. to 61-81°C. Find the latent heat
of fusion per gram of palmitic acid.

Ans. 52:61 cals./g.

Problem 114. Beckmann determined the molecular weight
of selenium tetrachloride ( SeCl;) by the F. P. method, using
solutions of the substance in glacial acetic acid. The following
results were obtained :—

Weight of acetic acid Weight of SeCl, F. P. lowering
gm. gm, °C.
203 0-1337 0-180
20:3 02209 0-295
20-3 0-3112 0409

The depression constant for acetic acid (for 100 g) is 39°C.
Calculate the molecular weights.

Ans. 1428: 143-8; 146:2. (Theoretical = 221.)-
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Problem 115. The freezing point of naphthalene is 80°C.
©On adding to 10 grams of naphthalene, 2 grams of a certain
substance, the observed freezing point was 78:6°C. The latent
heat of fusion of naphthalene is 35-5 cals. per g. Calculate
the molecular weight of the added substance.

Ans. Molecular wt. of the added substance is 995-6.

Problem 116. The melting point of phenol is 40°C. A
solution containing 0:344 g of acetamide in 2508 g of phenol
freezes at 39:45°C. Assuming that acetamide has normal mole-
<cular weight in phenol, calculate the freezing point constant, and
latent heat of fusion' of phenol? (The molecular weight of
acetamide = 135).

Ans. K = 5413 (53 given in text books).
34.92 cals. per gram.

Problem 117. 100 grams of water dissolve 3 and 5-33
grams of a solid acid at 0°C. and 10°C. Find the molecular heat
-of solution of the acid.

Ans. - 8162 cals.

Problem 118. 2-447 gram of chloral hydrate dissolved in
100 grams of acetic acid lowered its freezing point by 0-755°.
Assuming K = 39 in the case of acetic acid, calculate the degree
of dissociation of the chloral hydrate.

Ans, 031,

Problem 119, Calculate the osmotic pressure of an aque-
ous solution containing 5-0 grams of a dissolved substance pet
litre at the freezing point of the solution, given that the solution
freezesat — 0-25°C. The molecular lowering of the freezing
point may be taken at 18-5.

Ans. 3:02 atmospheres.

Problem 120. Calculate the latent heat of fusion of tin
from the following data : melting point of tin = 232°C. The
depression of the freezing point of 1 gram atom of silver per 100
gram atom is 3-0°C.

Ans. 1688 calories per gram atom.
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Problem 121. A solution contains 85:5 g of sucrose in
1000 g of water and is also ~1~1510- with respect to HCI. Calculate
as nearly as possible the F.P. of (i) the freshly prepared solution;
and of (ii) the solution after half of the sucrose has been
inverted. Molecular depression for 1 kg of water = 1:855.

Ans. - 0-5008°; - 0-7326°.

Problem 122. A solution containing 0:001 g molecules
of ZnCl, in 1000 g of water freezes at — 0-0055°C. while one
containing 0-081 g mols freezes at — 0-3854°C. If the constant
for water is 1-85 per 1000 g, calculate the degree of dissociation
of ZnCl,.

Ans. 0-9865; 0-7705.

Problem 123. An element exists in two allotropic forms
aand 8. The a form is insoluble in carbon disulphide. A pure
sample of the 8 form initially melted at 119:25°C. but in the
course of a few minutes the melting point fell to 114-5°C.
When the element had completely melted at this temperature,
the liquid was plunged into ice cold water, and 3:6% of the
resultant solid was then found to be insoluble in carbon disul-
phide. Deduce the molecular weight of the a form. The latent
heat of fusion of the 8 form is 9 cals. per gram.

Ans. Molecular weight of the a form is 183-9.

Problem 124. The freezing point of a solution of barium
hydroxide containing one gram molecule of the salt in 60 litres
is ~ 0-0888°C. Calculate the degree of dissociation of the salt,
and the pH of the solution, given K = 1-89 for concentrations
in gram molecules per litre, and the ionisation constant for
water = 1-2 x 107",

Ans. Degree of dissociation, 0:9095; pH = 12:4024.
Problem 125. A solution of 0-684 gram of cane sugar in

100 grams of water has the freezing point = 0:037°. A solution
of 0-585 gram NaCl in 100 grams of water freezes at - 0:342°,
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Calculate the apparent molecular weight of NaCl and its degree:
of dissociation.
Ans. Apparent molecular weight, 31-65.
Degree of dissociation, 0-848.

Problem 126. 2-012 grams of resorcinol are dissolved in.
100 grams of ether. The rise in the B. P. is 0:399°. Find the
molecular weight of resorcinol, being given that the B, P. of ether
is 34-8°, and the latent heat of vaporisation is 84-5 calories.

Ans. 112-1.

Problem 127. A solution containing 0'5 g of a substance
of molecular weight 182 dissolved in 42 grams of benzene boil;
at 80:175°. The boiling point of benzene is 80-000°C. What is
the latent heat of evaporation?

Ans. 9317 cals./ g.
Problem 128. Beckmann determined the molecular weight

of sulphur in bromine by the elevation of the boiling point with:
the following results :—

Wt. of Bromine Wt. of Sulphur Elevation
g g °C.
42:0 0-0666 0-132
42:0 0-1076 0-903
420 0-1745 0-319
42:0 0-2863 0-511

The elevation constant of bromine for 100 g is 52. Calculate
the molecular weights of sulphur.

Ans. 62-47; 65:6; 67-74; 69-39.

Problem 129. The boiling point of pure acetone is 56-38°C.
at normal barometric pressure. A solution of 0:707 g of a
compound in 10 g of acetone boiled at 56-88°C. What is the
molecular weight of the compound if the molecular elevation
constant for acetone per 100 g is 16-7?

Ans. 236.



80 PROBLEMS IN PHYSICAL CHEMISTRY

Problem 130. 0-4559 g of iodine dissolved in 30-14 g
of ether raised the boiling point from 35°C. to 35-126°C. The
molecular weight of ether is 74, and the latent heat of evapora-
tion is 90 cals. per gram. Find the molecular weight of iodine.

Ans. 253-1.

Problem 131, The following values of the elevation of
the boiling point were obtained when naphthalene ( C,,Hs ) was
dissolved in chloroform ;—

Naphthalene 1-0171 2:02€6 5-0695 7-0898 grams
Elevation  0-475° 094 2.320° 3.205°C.

60-81 grams of chloroform were used throughout. The boiling
point of chloroform is 61:2°C. and the latent heat of vaporisa.
tion of one gram of chloroform is 61 cals. Calculate the mole-
cular elevation for 100 grams of the solvent both from the latent
heat of vaporisation, and from the elevation of the boiling point.

Ans. 36:35 from the latent heat:
35.25 from the elevation of the boiling point.

Problem 132. Calculate the molecular weight of a sub-
stance from the followin g data :—

Weight of the substance 0:260 gram.
Weight of the solvent 10-8 grams.
Rise of B. P. 0:400°C.

B. P. of pure solvent 80-2°C.

Heat of vaporisation of solvent 93:4 gram calories.
Ans. 160-8.

Problem 133. The solution of 1:065 grams of a substance
in 3014 grams of ether produced a rise of 0:296° in the B. P,
The constant of ether is 21-1.  Find the molecular weight of the
substance and explain fully the principle involved,

Ans. 2519 molecular weight. For the principle involved
vide p. 65.
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Problem 134. 50 grams of pure CS, were placed in a
boiling point apparatus. The B. P. was found to be 46-3°C.
Benzoic acid was added and the following results were obtained.

Benzoic acid added Elevation of the B. P.
16430 grams 0-320°
4-5520 grams 0-790°.

Latent heat of vaporisation of CS, is 853 cals. per gram. What
conclusions do you draw as to the state of benzoic acid in the
solution.

Ans. Benzoic acid is associated and the degree of associa-
tion varies directly with concentration. Molecular
Wts. 2455 and 275+4.

Problem 135. Under a pressure of 760 mm. ether boils at
35°C. A solution of 10-44 g of aniline in 100 grams of ether has
a vapour pressure of 333 mm. at 15-3°C. The latent heat of
evaporation of ether is — 89:73 cals. per gram, Calculate the
molecular weight of aniline in the solution.

Ans. Mol. Wt. 89:32, ( Theoretical Mol. Wt. = 93).

Problem 136. The boiling point of a solution containing
3.40'grams of anhydrous BaCl, in 100 grams of water is 100-208°C.
Calculate the degree of dissociation of BaCl,. K for 1000 grams
of the solvent is 0-52 (Ba = 137-4; Cl = 35-46).

Ans. The degree of dissociation is 0+725.

P, P,C.6



CHAPTER 1V
MASS ACTION

20. The Law of Mass Action.— In the reaction
mA + nB & pC + ¢D,

at a temperature T, when it reaches equilibrium, the following
relation is valid and is called the law of mass action :

PcP x Pd? K

Pa™ x Pp" T
A, and B are the substances which react, C and D are the
products formed, Pa, Pb, Pc and Pd are their respective partial
pressures at equilibrium, m, n, p and ¢ are the number of mols of
the respective reacting substances and products formed and K
the constant.

Van’t Hoff assumed the reaction to occur in equilibrium
boxes, kept at different pressures, and by carrying out the
reaction in a cyclic way, he obtained a rigid proof of the Law of
Mass Action.

K P

Fig, 4, Equilibrium Boxes
82
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I and II ate two equilibrium boxes; I contains A, B, C and
D at the equilibrium partial pressures Pa, Pb, Pc and Pd at the
temperature T and, Il contains A, B, C and D at the equilibrium
partial pressures P'a, P'd, P'c and P’d also at the temperature T.
Portion of the wall EF in I and E'F' in Il is permeable to A; FG
and FG' to B; LK and L'K’ to C; and HK and H’K’ to D.

I. Remove* reversibly through the wall permeable to A
m mols of A at the pressure Pa; work done being mRT.

Ia. Change the pressure from Pa to P’a isothermally and

reversibly. W,, the work done is mRT log {—;— .

Ib. Introduce m mols of A at the pressure P’g into Il rever.
sibly ; work done on the system is = mRT.

1. Remove reversibly through the wall permeable to B,
n mols of B at the pressure P4 ; work done being nRT.

Ila. Change the pressure from Pb to P’6 isothermally and
Pb
b
IIb. Introduce » mols of B at the pressure P'd into 1l reversi-
bly ; work done on the system is — nRT.

reversibly. W, the work done is #RT log

III. In 1L, m mols of A and # mols of B at the pressures P'a
and P'b respectively are allowed to combine to form
p mols of C and’'g mols of D. No work is done in the

conversion.
IV. p mols of C are withdrawn from Il at the pressure P'c;
work done being pRT.
iIVa. The pressure is then changed isothermally and reversibly

from P'c to Pc. W,, the work done is pRT log —1;05

IVb. p mols of C at the pressure Pc are then introduced into
I; work done being - pRT. .

* The boxes contain A, B, C and D in such large amounts that removal or
addition of m, n, p and ¢ mols of A, B, C and D respectively'does not apprecially
alter the partial pressures in the two boxes,
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V. Similarly ¢ mols of D are withdrawn from II at the pres-
sure P'd ; work done is gRT.

‘Va. The pressure is then changed from P'd to Pd. W,, the

’

work done is gRT log -}11);1‘—1— .

Vb. ¢ mols of D at the pressure Pd are introduced into I;
work done being — ¢RT.

VI. In], p mols of C and g mols of D are converted at the
respective pressures Pc and Pd reversibly into m mols of
A and 7 mols of B, to restore the original condition ;
no work is done in the conversion.

The work done in withdrawing A and B from I and intro-
ducing them into II, and the work done in withdrawing C and D
from Il and introducing them into I ( + mRT - mRT, + sRT
- nRT, + pRT, — pRT, + ¢gRT and — ¢gRT) cancel each
other. Since the original conditions are restored, the net
work in the changes in pressures should be zero :

W|+W2+W3+W4=o

Pa Pb P'c
mRT log Pa + nRT log pp T pRT log-—PC—
P'd
1 gRT log 55 = 0.
P

Collecting terms containing Pa, P, Pc and Pd, and P'a, P'b, P'c
and P'd together, one gets,

RT log Pa™ + RT log Pb" — RT log Pc? - RT log Pd%
— RT log P'a™ — RT log P's" + RT log P'c? + RT log P'd4

P'cP x P'dl m n
= RT{ log Fepin ] + RT {tog 252 ] b | =0
b, PP x Pd? _ . PP x P
o log g = o8 g

. Pe? x P'@? _ Pc? x Pd!
“ Pa™ x P'b" ~ Pg™ x Py
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This relation is valid for all values of pressures, provided A,
B, C and D are in equilibrium.
Pc? x Pd?
Pa™ x Pb"
pressures of the reacting substances, itis called Kp. Asconcentra-
tions are proportional to pressures, one gets,

_ng___x__c_'gii =K
Cam x Cbn - c -
The relation between K¢ and Kp can be found by the appli-
<ation of gas laws.

= K, and if K is determined in terms of

Since PV = RT, P=~1§7T—=Rrxc

. (RTCcPP x(RTCAY _
" (RTCa)" x (RTCh )" ~

Cc? x Cd?
Ca™ x Cb"
(RT) x (RT
(RT )m X ( RT )n

RT )P+4
or K, x ((RTjran- =Kp

P

But = KC .

XK5=KP;

or Kg x (RT)CPHr = amimess o g

If in the reaction mA + nB...... = pC + ¢D......... any
of the substances are not gaseous or in the condition of a
dilute solution, their vapour pressures being constant, they may
be neglected, in determining K, or K.

21. The Effect of Temperature and Pressure on Chemi-
<cal Equilibrium :—

The principle of Le Chatelier : If any constraint is applied
to a system in equilibrium, the equilibrium is shifted in such a
way as to annul the constraint. As rise of temperature applies
constraint in the form of heat to a system, it favours reactions in
which heat is absorbed and wice versa. As pressure reduces
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volume, increase of pressure favours reactions in which there is
a decrease in volume and vice versa. e. g. SO, and O, combine
with a rise of temperature, 7. ¢., with production of heat. Fall of
temperature favours and rise of temperature retards the formation
of SO,. In the combination of N, and H, to form NH,, there
is a decrease in volume, while in the decomposition of O, into-
O, there is an increase in volume. Pressure favours the first
reaction and retards the second.

These conclusions follow from the application of the Law of
Mass Action, to such reactions. Dissociation of PCls will serve
as an illustration,

In the reaction,
PCl, = PCl, + Cl,,
if a = gram molecules of PCl, initially present,
V = Volume which is kept constant during decomposition.
x = gram molecules of Cl, and PCl, formed,
the respective concentrations at equilibrium will be,

[CL]=<;

[PCI,]=—\"—°,-;

[PClL] = 257 -

According to the Law of Mass Action,
_ [PCL][Cl,]

K= ""Tpc1]
G
()
xl

"{a-=V '
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2
It will be seen that if V is increased ( ':—x—j- must be in-

creased to keep the value of K constant. x, the amount of
dissociation, must therefore be greater. Increase of volume
or decrease of pressure produces increase in the dissociation and
vice versa.

In gases, partial pressures of the reacting substances are often
used to represent the concentrations. The equation will have
then the following form :—

_ (B
=
where, P, = partial pressure of PClj
P, = partial pressure of PCly and Cl,, and
Kp = equilibrium constant.

When concentrations are used in the above equation, the

constant obtained is called K, and the relation

KP = K;(RT) (PHQeer) = (M+Neee)
has already been given.

22. Van’t Hoff’s Isotherm.—

It gives the maximum work which can be obtained in a
homogeneous chemical reaction, ( a reaction occurring in gaseous
systems ) at constant temperature and volume in terms of the
equilibrium constant, and the concentrations of the reacting
substances and the concentrations of the products formed. The
maximum work is a measure of the affinity of the reaction. In
deriving the relation, the device of the ‘ Equilibrium Box’ is used
as in deriving the Law of Mass Action. The reaction,

A+B=C+D

is made to occur in the Equilibrium Box The ‘ Box’ is supposed
to have one wall permeable to A, a second one to B, a third one
to C, and a fourth one to D. The reactants (A and B) and the
products ( C and D ) are assumed to be petfect gases.

Let pa and pb be the initial partial pressures of A and B, and
pc and pd be the final partial pressures of the products formed,
and let p'a, p'b, p'c, and p'd, be their pressures at equilibrium.
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(1) The pressure of A is changed from pa to p’a; the work

done is RT log, -f,g- .
p'a

(2) Similatly, the pressure of B is changed from pb to p'b
the work done is RT log, —;% .

(3) The gases are introduced into the ‘Equilibrium Box’
through the respective permeable walls, Work done by the gas
in the process is RT per mol. A and B at equilibrium pressures
then react to form C and D at equilibrium pressures in the
‘ Equilibrium Box ’ and no work is done during the conversion.

(4) C and D are then removed from the ‘ Equilibrium Box’
through the walls respectively permeable to them. Work done
on the gas is RT per mol.

(5) Cand D are then brought to their final pressures, the

work done in the case of C is RT log, ?¢ and that in the case
pc

of D is RT log, ._Iiil_
pd

The total work :—

W = RT log, 2% + RT log, 2% + RT log, -2
pa b pe

+ RTlog, p'd

= RT {log, p'c + log, p'd — log, p'a — log, p'b
+ loge pa + log, pb - log, pc - loge pd }
= RT{log,?'c x pd + log, pa x b))
pla

x p'b pc x pd )

=R Pr X P4 _ pTlog, 26X 24
on = RTIB oo " pa % pb

pec x p'd
pla x p'b

But,
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ART
5 W = 2303RTlog K - 2303 log 2¢ % 4.
pa *x pb
In general, when 7, mols of A, n, mols of A,, ......... react

reversibly to form #' A’y + n',A’, + ... ,

A" A2 .
W = 2303 RT log K - 2-303 RT log - -
& A" [A]"......
or, W = 2303 RT logK - 2303 RT 3 n logC.

W is the maximum work obtained in a homogeneous chemical
reaction, and the above equation is known as van’t Hoff’s
Isotherm.

If all the reactants are taken at unit concentration (or unit
pressure ) and all the resultants obtained are at unit concentra-
tion (or unit pressure ) the second term disappears, and the
isotherm becomes,

W = 2-303 RT log K.

The equation assumes that in the reaction, the number of
mols that react are equal to those that result, or that the
reaction is carried out at constant volume. If however, that is
not the case, and if

the resultant molecules - the reactant molecules = 2,

the work done in the change of volume must be taken into
consideration, and the equation then becomes :

W = 2:303 RT log K + »RT.
W —~ »RT = 2-303 RT log K.
If A is the change in the free energy, then,
AF=W - aRT = 2:303 RT log K.

23, Van't Hoff's Isochore.—
It summarises the influence of temperature on equilibriu m
constant, and can be derived from the Isotherm.

At constant volume, W = RT log, K, and taking W = A
(the change in the free energy )
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A = RTlog, K
Differentiating with respect to T and K,
dA = Rlog, KdT + RTdlog, K.

On multiplying by 711:1' one gets,

dA

dA 12 dlog K |
dT

T ar

= RT log K + R

but A -U = T - (Glbb’s Helmholtz’s Equation ) and:if Q,

the heat evolved, represents U, the total diminution in the

energy, A - Q=T- f;‘% .

A - Q=RTlog,K + RTzd—I‘;’T’lLE

but, A = RTlog, K
_ ., dlog, K
Q = RT dT ’
dlog. X _ _ _Q |
dT RT?
Integrating between K,, K, and T,, T, one gets,
log, K, - log. K, = g ( ’:r—T;’—) .
Changing logs to the base 10,
Kz__ "Q__(TS-TI)
log %~ = 7303K T,T:
This i¢c van’t Hoff’s Isochore. In the above formula K, and K,
are the equilibrium constants at T, and T,, Q is the heat of
the reaction at constant volume, and R = 1-985 calories.

24. Unimolecular Reactions* .—
A unimolecular reaction can be represented as,
A—> B+C+......

® It is assumed that products formed react to a very small extent and the
reactions therefore may be supposed to run only in one direction,
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If a is the initial concentration of A and x the amount
transformed after a time £, then by the law of mass action,

dx _
e K(a. - x)
or dx = Kdi.
a-x

On integration,
- log,(a—-x) =Kt +C, WhereC is a constant..

The value of C can be determined by making =0, when x=0.
C= -logea
Putting this value in the above equation, one gets
- log.(a - x) =Kt - log,a
log.a — log.(a - x) = K¢

= K

L rog, —©
: o8 (a - x)

o Ko 2303
t a-x

If », and x, are the amounts transformed after time intervals
¢, and ¢, respectively, then,

2-303log 7 * = Kt,
1

and 2303 log —2 = Kt,.
a —~ xz
Subtracting the former from the latter,

2303log 2= 7' = K (8 - 1,)
2

or 2-303 log &=% =
’tg-'t| ga—xg—

In unimolecular reactions, the value of K (velocity constant »
is independent of the unit chosen for concentration.
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25. Bimolecular Reactions* .—

The reaction may be written as,
A+B—sC+D+E+......

(i) The initial concentrations of both A and B are equal.

Let the initial concentrations be @ and let x be the amount of
tboth A and B transformed in time ¢, then
dx _ 2
i = K(a - x)
Integrating one gets,
1 x

K= — . ->_

at  a - x
(ii) The initial concentrations of A and B are different,
that of A being* a’ and that of B being * 5.

Then, ‘—% =K(a~-x) (b - x)

To facilitate integration, the equation may be written as
follows :—
dt 1
o _
dt _ 1 1 1
dx ~ K(a-=1b) (TI—“& T a —”E)
1 1
@t Ka=-b)=de(3E- - 1)

dx[(b - %) - (a- x)"]

farxa-n =5dx[(b me -
=5dx(b - %) - jdx(a_ <)

t‘K(a-5b)= -log.(b - x) +log.{a-x) +C

_ a-x
= log, — + C.

® |t is assumed that products formed react to a very small extent and the
weactions therefore may be supposed to run only in one direction.
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The value of C can be found by putting ¥ = 0, when,
t-K(a - b)will also be equal to zero.

O=log,-gb—+C

a .,
b
Putting this value in the above equation,

or, C = -~log,

3 b(a - x)
—logp a(b__x)'
.1 b(a - x)
Therefore, K= t(a-0) log, alb - x)
2303 b(a - x)

= - 1 - .
t(a-15) % a(b-ux)
For a bimolecular reaction, the value of K depends on the
unit of concentration chosen. If a unit is —i— th of the unit

used, the equation becomes :—

. 2-303 nb-n(a- x)
K'= tn(a-5) B unanlb-x)
W 2303 . b(a-=x)
K = t(a-05) log a(b - x)
or, K = nK'.

26. The Order of a Reaction.—

(1) Direct method :—Determine the changes in the concen.
tration of the substances taking part in the reaction with time
and substitute the values of the concentration and those of the
corresponding time in the different equations, on the assumption
that it is unimolecular, bimolecular or of a higher order and
determine the constants. The order of the reaction is shown by
the equation which gives the best constant.

(2) Calculate the time taken to alter the original concen-
trations of the reacting substances to one half of their value.



94 PROBLEMS IN PHYSICAL CHEMISTRY

(i) In a unimolecular reaction when x = -122—

K= Gl
=—1t—loga _a_ﬂ_
2 .
=-—1t-log2
or, t=-ll<—log2

The time required is independent of the original concentration.

(ii) In a bimolecular reaction when x = —‘-21—-
= 1. LA
K= t al(a-x)
a
=1 2
t a(a__a_)
2
=1 1
4 a
= 1.1
or, ¢ T K a

The time required is inversely proportional to the initial
concentrations.

In general, for a reaction of the nth order, the time (#3)
required for half decomposition is inversely proportional to the
{n — 1)th power of the initial concentration,

1
or, t} = P

Carry out the reaction with two different initlal concentra-
tions 4, and a,. If #, and ¢, are the times required for half
decomposition,
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ho_ @]
A a,™
t a
log & = (5 - 4
og 2 (n - 1)log a,
log —t;l-
— a‘ +1=n.
=2
log a,

(3) Graphical Method : -
(i) The equation for unimolecular reaction is,

1 a
K=l s

Kt =loga — log(a - x).
This is of the form y = C — mx which is the equation for a

straight line.

for a unimolecular reaction when ¢ is plotted against
log (a ~ x), the graph should be a straight line.

(ii) The equation for a bimolecular reaction is,

=1 . =
K= t a(a - x)
akt = ==
a - x
Kt =—"5 .
a-x
1 _ a
K T x L

If a straight line is obtain ed, when ¢ is plotted against ’i 5 OF

when -lt- is plotted againtst —g—-, then the reaction is bimolecular.

(4) If two or more substances take part in a reaction, the
order with respect to each substance can be determined by any of
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the above methods, provided all the other substances are taken
in sufficiently large amounts so that their concentrations do not
appreciably change during the course of the reaction.

27. Relation between Temperature and Velocity of a
Reaction.— (i) Arrhenius suggested an empirical formula to
represent this relation. It is found that for an increase of 10° in
temperature, velocity increases two to three times.

CHBr COOH CBr COOH
In the reaction + HBr

= |
CHBr COOH  CHCOOH

the velocit§ constants at 40°, 50°, 70° and 80°C are 0-0CC0863,
0-000249, 0-00169, and 0-0046 respectively.

K50° _ 0-000249

“K40°” T 70-0000863

= 2-88
g KO _ 00046
K70° —  0-00169

= 2:72.

~

The increase in the kinetic energy for 10°C. rise = 2%, and
cannot explain the great rise in the velocity. The temperature in-
creases in arithmetical progression, while velocity of the reaction
increases approximately in geometrical progression, (the increase
between 40°C. and 50°C. is 2-88 and that between 70°C. and 80°C.
is 2:72). Arthenius therefore suggested,

logK = -——‘%+B,

where K = velocity constant ;
T = Temperature ;
A and B are constants.

On differentiation, the expression assumes the following
form :—

— — @ s

dlogK _«E 1
d¢ ~— R T? )
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where A is taken to be = —:—i—— .

On integration between the limits K, and K,, and T, and
T,, itgives

logK, - logK, = _RE (

T - T:) .
T,T,

Arrhenius considered E as the activation energy which the
reacting molecules must possess before they react. A certain
fraction of the molecules favourably situated gets this energy
€rom the rise in temperature.

(ii) The relation can be derived from the kinetic energy of
the molecules and Maxwell’s law of the distribution of velocities.
(It is assumed that collisions between molecules is recessary for
reaction. )

Z, the number of collisions ketween molecules in one c.c.
in one second = \/2 -nﬂ"u‘n‘

'
where ¢ = the effective diameter of the molecules,
L e
u = the mean square root velocity,
n = the number of molecules in one c. c.

According to Maxwell’s law of the distribution of velocities,
the fraction of molecules at T, which possess the activation

energy E, is e (—_P:?E) (e is the bate of natural log ) ard as

only this fraction reacts on collision,

thevelocitv-%:— =7 % e( R.f)

dx
But — - = Kn? - E
dt . = —_.
ve K”l hand Z X e ( RT ) b}

=(\/f'n$’u)n' x e ( I{E)

s K= (\/iw{f:u) X g ( ;{l?).

?P,C. 7
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But for a small change in temperature, ¥ does not apprecia-
bly alter and V2 »Q*u is approximately constant.
3
2 . - B
s K @ ég* T ’

dlog. X _ - E
dt ~ RT?

which gives on integration, log K; = log K, = :_RE (_I_%r_-;r__'l_'_,_)
112

(iii ) The relation can be derived from van’t Hoff’s Isochore.
dlog, K- _ -Q

dt  RT?
Q, the heat of the reaction may be taken as the difference
- ¢', ¢ being the heat of the forward reaction and ¢’, the heat
of the backward reaction. The equilibrium constant K is the
ratio of the velocity constants, %, of the forward reaction and
&, , of the backward reaction.

k
oo dleegr -
* dt RTZ
dlogk _ 9
dt ~ RT?
and dlogk _ ¢
dt RT?

Considering only the forward reaction, ¢ becomes the activa-
tion energy of the reacting molecules and one gets :—

dlog k -q _ —-E

di T RT* RT*
which on integration gives,
]ng,—kg-‘? "E (Ti_Tg)
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Problems with solutions

Problem 137. When 5:71 mols of iodine and 6:22 mols of
hydrogen are heated to 357°C. till the equilibrium is established,
9:55 mols of hydriodic acid are formed. Calculate the equilib.
rium constant.

Solution: The reaction takes place according to the
equation,

H, + I, = 2HIL
to form 9-55 mols of HI, 4-775 mols of H, and 4-775
mols of I, are used up. At equilibrium the respective concentra-
tions will be,
H,, (6:22 - 4:775) = 1-445 mols.
I,, (5710 — 4-775) = 0-935 mols.

2 HI = 9:55 mols.

The equilibrium constant K = ——=-

= . (4755
(1-445) (0-935)
K = 16-880.
As there is no change in the number of molecules, the volume
does not come into consideration.

Ans. The equilibrium constant is 16-880.

Problem 138. Selenium ( Se) dissociates according to the
equation Seg == 3 Se,; 00755 g of Se at.700°C. and 185 mm.
pressure was found to occupy a volume of 114-2 c.c, Calculate
the degree of dissociation and the equilibrium constant Kp.

Solution: (1) From the equation
SC‘ =3 Seg

if x be the degree of dissociation, the total number of mols at
the equilibrium will be 1 + 2x. The apparént molecular weight
M! ) of Se will be found by the equation
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PV = aRT.
Expressing P and V in atmospheres and litres respectively, one gets
%_ x 01142 = 0-0755 x 0;318‘204 x 973 |
M = 0-0755 x 008204 x 973 x 760
185 x 0-1142
= 2169.
Then, 216:99(1 + 2x) = 473:76 (Mol. wt. of Seq = 473-76 )
1 +2x = _‘}27%'%5_
= 2-186.
Lo 2186 -1 _ 1186
2 2
= (0-593.

The degree of dissociation is, therefore, 0-593.

(2) To find the equilibrium constant Kp, first calculate
the pressure of Se, and Se,.

The pressure (of £ mol) of Se, = 9—5923'“1‘;3‘@5*
= 50:20 mm.
The pressure (of 1 — x mol) of Seg = 9;@’27.1;6185
= 3445 mm.
(S
. =\ 760 /
760
___(5020p _
T (760) x 3445
= 0-006357.

Ans. (1) Degree of dissociation = 0:593.
(2) Equilibrium constant = 0:006357.
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Problem 139. The dissociation pressure of NH,I at 440°C.
is 1870 mm., the vapour consisting entirely of NH, and HI.
If the vapour is kept at this temperature, the pressure rizes to p,

owing to the reaction, ZHI = H, + I,. K= #H: pl
p*HI

= 0-0198, calculate p.

Solation : The pressure of 1870 mm. (say P) is equally
divided between NH, and HI.

pNH, - pHI = _141'-

If » be the increase in pressure, the new pressure of NH,

will be P ; ¥ and that of undissociated HI will be
B, 2 P
4 P+zx 2(P + x)
2
P ; * _ X PP ) i. e., the difference of the pressure of

total HI formed by the dissociation of NH,I and that of undis-
sociated HI, is again shared equally by H, and I,. Therefore,
their individual pressures will be

1 [(P +x) - P‘]_

4 (P + %)

1 [(P+axp-P }z
pH, pl, _{4 [ (P + x) ]
Then, pPHL p? 2
{ 2(P + =) }
%-DP+=F—PT

= = K.
Pt

s [(P+ap-pT

pe = 4K.
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. (P+ax2-P?
e —-PTWM

2
(P;,xl-=2s/K+1

(P+xP=(2vK +1)P

=2vK

P+ax=(2vkK+1)}P.

(P + x)is the final pressure, which can be calculated ( without
finding the value of x) by substituting the values of K and P in
the right hand side of the above equation :

P+x=[2(00198)% + 11 x 1870
= 1132 x 1870
= 2117 mm,
Ans. The final pressure is 2117 mm.

Problem 140. The vapour pressure of solid NH,CN at 11°C,
is 22:7 cms. Assuming that the vapour is practically completely
dissociated into NH,and HCN (i) what will the partial pressure
of HCN if solid NH,CN is sublimed at 11°C. in a closed vessel,
filled with NH; at a pressure of 32:28 cms. and (ii) what will be
the total final pressure ?

Solution : According to the law of mass action,
pNH, pHCN _
pNH, CN
But so long as solid NH,CN is present, pNH,CN remains
constant, and then the above equation becomes,
#NH, pHCN = K'.
pNH, pHCN = (11:35 )3,
** pNH, = 11-35 and pHCN = 11.35.
Let x be the partial pressure of HCN when NH, is present

at 32:28 cms. Then the total pressure of NH, in the vessel will
be, 32:28 + x; and
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(3228 + x) («) = (11:35 )2
xt 4+ 3228x = (11:35)p
x® + 32.28x +(16:14)* = (1135) + (16:14)*

(x + 1614 = (1973 )

x + 1614 = 1973
x = 1973 - 16-14
= 3.59
Ans. (i) The partial pressure of HCN in the presence of
NHj, at 32-28 c¢ms. will be 3:59 cms.

(ii ) The final pressure will be
(3228 + 359 + 3.59 =) 3946 cms.

Problem 141. A mixture containing initially 49% HC1
and 51% O, was caused to react under the influence of a catalyst
at a pressure of 723 mm. and at 480°C. The fraction of HCIl
transformed was 0-76. Calculate the equilibrium constant Kp
{ P in atmospheres ).

Solution: Find the initial concentration in mols/! by
using the general gas formula PV = nRT

n P

o v =RT

- 723 ‘
760 x 0-08204 x 753
- = (00154 mols/ l.
mol of HCl = 0:0154 x 0:49 = 0-007546.
mol of O, = 0:0154 x 0-51 = 0-007854.
mol of HCI transformed = 0-007546 x 0-76
= 0-005735.
mol of O, required for this transformation,
= 0-001434
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s. e., one fourth of HCI mols, as per equation :
2HCI + $ O, = H,O + Cl,.
At the equilibrium, the mols present are :
HCIl, 0-007546 — 0-005735 = 0-001811
0,, 0:007854 - 0-001434 = 0-006420
H,0, (2 xmols of O, used) = 0-002867
Cl,, ( " ) = 0-002867

total number of molecules = 0:013965.

The pressure in atmospheres per mol,

_ 723
=~ 763 x 0-013965

The individual pressures will be,

= 68:19 atmospheres.

HCl = 0-001811 x 6819
O, = 0-006420 x 6819
H,O0 = 0-002867 x 68-19
Cl; = 0-002867 x 68-19.
The equilibrium constant will be,
pH:0 pCl,
K, = e F
p*HCl p* O,

(0-002867 x 68-19) (0-002867 x 68-19)
(0-001811 x 68:19)(0-006420 x 68-19 )%
= 3.789.

Ans. The equilibrium constant K is 3-789.

Problem 142. The value of the equilibrium constant

[HCI]® 11:4°
K = Tﬁ—ﬁ—a—]- at 900°T is 10''4, and the fractional dis-
2 2

sociation of water vapour at the same temperature and at 1
atmosphere, pressure is 1077%, Calculate for this temperature
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2
the Deacon reaction constant Kp = %g_:-—-——%;glli , pressure being

expressed in atmospheres.
Solution: Find the equilibrium constant K for water
vapour by the formula PV = nRT.

If P is 1 atmosphere, and V in litres,
then n = -—1—- = —- l‘_.__.___
RT ~— 0-08204 x 900

= 0-01355 mols per litre.
As the fractional dissociation is 10°7°4® at the equilibrium of
the dissociation, 2H,0 == 2H, + O,.
H, mol = 1-355 x 1072 x 10774
O, mol = 0-678 x 1072 x 10°74®
H,0 mol = 1:355 x 1072 - 1.355 x 1072 x 10°™4®
= 1-355 x 1072 (1 - 10°7'*?), but for calcula-
tions, 1:355 x 1072 may be taken.
The equilibrium constant for water
k. o [HJ[O,]
‘o [HO}?
= (1.355 % lQ-o-ns)z (6-78 x 10—10.49)
(1:355 x 10°2)2
= 678 x 1071498 x 1(0-10-49
= 678 x 107247,
[ HCl]2
K = -t df o qono
3 [Hg] [Clg] 10 e .ee (A)v

2
Ko = L%l]ib[%l =678 x 104 . (B).

Multiplying B by A?,

= [HC}F[C,] _ . -15.47 .
Ka = GoFTOLr =678 * 107 x 10,

To convert gm mols/ ! into pressure, multiply each term of the
above equation by RT or 0:08204 x 900. Then
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= p'HCIpO,

= 678 Q-267 082 900
- S0 °Cl; 678 x 1 x 0:08204 x

= 500-5 x 107%'%7

or = 05005 x 10°'%,
1
But Kp, = -5,
4] KP
1
Ky =
4 K "
<~ Kp = P*HiO p*Cl; = 1

2*HCI O, 05005 x 10°%
1.998 x 107°%,
Ans. The reaction constant Kp = 1.998 x 107°'%, _

Problem 143. At 2000°C. the equilibrium copsdt for
pressures in atmospheres for the reaction CO + ¥ O = CO, is
1-07 x 102, What is the maximum work obfainable by the
formation at 2000° of one gram molecule of CO, at atmospheric
pressure from one gram molecule of CO and # gram molecule
of O,, both at atmospheric pressure ?

Solation : The maximum work can be obtained by the
use of van’t Hoff’s Isotherm which is expressed by the equation,

A = RTlog K - RT log, 24 2¢

pa pb
for a reaction A + B=C + D, where K is the equilibrium
constant and pd, pc, pa and pb are pressures of the reacting sub-

stances ( gases ). Since there is no change in pressure as a result
of the reaction, the second term of the Isotherm disappears.

A = RTlog. K.
= 2:302 RT log K
‘Substituting the values, we get,
A= 2302 x 1985 x 2273 log 1-07 x 10
= 2:302 x 1-985 x 2273 x 2-0294
= 21078 cals.
Ans. The maximum work = 21078 cals.
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Problem 144. The vapour density of nitrogen peroxide at
27°C. is 38:33 (H = 1) and at 111°C. it is 23:83. Calculate its
(1) degree of dissociation and (ii) the equilibrium constants at
these temperatures, and (iii) the heat of dissociation at the
mean temperature of 69°.,

Solution : Nitrogen peroxides dissociates according to the
equation,

N,O, = 2 NO,,
The apparent molecular weight from the density will be
3833 x 2 = 76-66.
If a be the degree of dissociation, then
7666(1 + a) = 92,

_ %
7 666
=12-1

= 0-2.

To find the equilibrium constant, first calculate the volume
{in litres) of 1-2 mols at 27°C,,

_ 300 x 224 x 12
- 273
29-54,

_ [NO,1[NO,1
The equilibrium constant K = [N;O,]

-

(1l - a)

where, a = degree of dissociation; v = volume in litres.
Substituting the values of a and v in the above, one gets
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Ko (028
2954 x 0-8
= 00016927
or = 0-0017.
(i) The degree of dissociation at 27°C, is 0-2 and

(ii) The equilibrium constant at this temperature
is 0-0017 (K, ).

Similarly by using the same equations for 111°C.,
(i) The degree of dissociation = 0-9304 and
(ii) The equilibrium constant = 0-2034. (K,)
(iii) The heat of dissociation at the mean temperature 69°C.
is calculated by using van’t Hoff’s Isochore
_ 2302 x R x T, T, K,
Q - Tg - T| log Kg
_ 2302 x 1985 x 384 x 300 o 0-0017
(384 - 300) g 0-2034

_ 2302 x 1-985 x 384 x 300 x 2-0779
- 8¢

= = 13050.

Ans. (i) The degree of dissociation at 27°C. 0-20
woow » at 111°C, 0-9304
(ii) The equilibrium constant K, at 27°C. 0-0017
" . " K, at 111°C. 0-2034
(iii) The heat of dissociation at the mean temperature
(69°C.), — 13050 cals.

Problem 145. Potassium persulphate and potassium iodide
interact with liberation of iodine. 25 c.c. of a solution which

was -31% with respect to both persulphate and iodide, were titrated

from time to time with ’11‘23 Na,S5,0,. From; the following
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vesults show that the reaction is bimolecular, ¢ is time in
minutes and x the number of c. c.s of thiosulphate required.

t 9 16 32 50
x 4.52 7-80 1419 2005

The initial concentration } _ 100 x 25
or, final titration - 30

= 83:33 c.c.8

Solation :

The velocity constant formula for the bimolecular reaction s,

Substituting the respective values of a, x and ¢, the values of the
constant K are calculated, which should nearly be the same.

=1 4-52 . ]
K= 5 53308335 = 457) = (647 x 107

=1 . 7-8 _ ’
k= 16  83:33(83-33 - 7-80) 77455 x 1075,

=_1_. 14-19 . i

= 1 205 . s
K = 5 " §533(8333 = 2005) = (605 x 10

Ans. The values for constant K are nearly the same. The
reaction is, therefore, a bimolecular one.

Problems for Solution

Problem 146. What is the theoretical amount of acetic
ester formed from (a) one gram molecule of ethyl alcohol, and
(b) from eight gram molecules of ethyl alcohol (K = 4).

Ans. (a) 66-6 per cent, (b) 96:6 per cent.
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Problem 147. The value of the constant for the sapont-
fication of ethyl acetate is 6:94 at 25°C., concentrations being
expressed in gram molecules per litre and times in minutes. In.
what time will 3 of the ester be saponified if equal volumes of

20
Ans. 1:441 minutes.

XN ethyl acetate and %caustic soda are mixed at 25°C.

Problem 148. A bottle contains 500 c. c. of 507 alcohol.
If 5 grams of ethyl acetate are added, how many grams of acetic
acid must also be added to preserve the equilibrium. (The
equilibrium constant of ethyl acetate is 4 ).

Ans. 2:178 grams,

Problem 149. The molecular weight of PCl, is 208. It
dissociates into PCly and Cl,.. At 182°C. its density is 735 and
at 220°C., itis 62. Find the degree of dissociation at the respec-
tlve temperatures.

Ans. Temperature Dissociatio;x
182°C. 41-6 per cent.
220°C. 67-8 per cent.

Problem 150. The degree of dissociation of 1 original
molecule of hydrogen iodide at 450°C. and one atmospheric
pressure is0-2198. Calculate the dissociation constants Kp and K.
Also, show that the degree of dissociation is unaffected by the
change of volume, and find the partial pressure of I, when the
volume of the equilibrium mixture is doubled.

Ans. (i)Kp = K, = 0-01988. (ii) P = 0-05495.

Problem 151. In four experiments in which one gram
molecule of acetic acid was allowed to react with the following
different: quantities (x gram molecules) of ethyl alcoho! while
equilibrium was established. It was found that the following
amounts of ethly acetate ( y gram molecules) were produced.
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1 Il I v
x 05 1-0 2:0 12:0
» 042 0-56 0-83 0-98

Show that these results are in accord with the law of mass action.

Ans.

-800. HI K = 3-464

Ccster . C water [ 3
3:946. IV K = 4337

K = . K
Cacd - C alcohol I K

Problem 152. Natausan obtained the following numbers
for the equilibrium N,O, = 2NO, at 21°. Calculate for each
pressure (i) the percentage dissociation of N,O, (ii) the partial
pressures of N,O, and NO, respectively, (iii) the equilibrium
constant,.

Pressureinmm. 43-58 101-64 230-6 4921 6176
Density (Air = 1) 2-049  2-283  2.501  2:684 2.722
The vapour density of NO, = 1-589 (Air = 1).

Ans. (i) The percentage dissociation :

5509 3920 2707 1840 16-75.

(ii) Partial pressures
N,O, 12:62 4439 1324 339-1 440-4,
NO, 309 5725 982 1530 177.2.

(iii) The equilibrium constant
_ [NO,]?

K= +to—2l

[N;O4) °
759 138 729 690 11-3.

Problem 153. 1f nitrogen peroxide is half dissociated
under certain conditions, what proportion will remain undis-
sociated when the volume is increased to ten times the original
value, while the temperature remains the same.

Ans. 14-6 per cent.
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Problem 154. Bodenstein found that at 443° the dissocia-
tion of hydrogen iodide according to the equation,
2HI=H, + I,
was 21.98 per cent. For experiments at the same temperature
starting with varying amounts of hydrogen and iodine, the
amount of hydrogen iodide present when equilibrium was
attained is given by the following numbers :—

Iodine

{ c. c. vapour)
initial 294 530 927 1444 2753 33-10

Hydrogen :
c. . initial 810 7-94 8-07 812 8:02 7-89

Hydrogen iodide
c.c. formed 5:66 952 1334 1482 1540 15-12

Calculate the amounts of hydrogen iodide to be expected
from the law of mass action and compare them with those

actually found.
Ans. 564; 949; 1347; 14.93; 15-54; 15-40.

Problem 155. The variation in the density of nitrogen
peroxide with change of temperature is given below :—

temperature 184°C. 279°C. 494°C, 620°C.
c.c.(N.T.P.) 1435 " 1166 586 19:6
weight in g 0-287 0-226 19:6 0-027.

If the dissociation takes place according to the equation

2NO,=2NO + O,,

calculate for each temperature the percentage of dissociation of
nitrogen peroxide.
| dns. 5%; 12%; 59%; 98%.

Problem 156. At 49-7°C. and under a pressure of 93.75

mm., NyO, is 77-8 per cent. dissociated into NO,. At what
pressure would the gas be 50 % dissociated ?

Ans. 431-1 mm.
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Problem 157. In an experiment by Nernst and Warten-
burg in which water vapour, oxygen and hydrogen were passed
through a heated tube at 1207°C., the residual gases measured
0:6645 c. c. at (N. T. P.) and completely condensed to water,
after exploding without leaving any residue. In addition to
these gases, 1:66 c. c. of water wasalso collected. Calculate the
percentage of dissociation of water.

Ans. 0:022 per cent.

Problem 158. At 14° the distribution coeficient of iodine
between carbon tetrachloride and water is 79. A solution of
iodine in tenth normal potassium iodide was shaken up with
carbon tetrachloride. After equilibrium had been attained,
1 litre of the carbon tetrachloride phase contained 0-2022 gram
molecule, whereas the same volume of the aqueous phase con.-
tained 0-02118 gram molecule of iodine. Calculate the equili-
brium constant of the reaction KI + I, = Kl,.

[KITIL] _ .
Ans. - 1KLL = 0-000967.

Problem 159. According to the measurements of Natausan
at 21:5°, the degree of dissociation of N,O,4 at 59-7 mm. pressure
is 0-483, and at 617-6 mm. pressure, it is 0:174. Compare the
values of Kp at the two pressures. Hence find the volume
occupied by one molecule of N,O, at 59:7 mm. pressure.

Ans- ( 1) ngq = 0'1816; (2) Kar,.g = 0'1972; and
(3) V;g-, = 4229 litfes.

Problem 160. The value of the equilibrium constant of
the reaction between nitrogen and oxygen at a certain tempera-
ture is given by,

[NO P
e = 400 x 1074
[N,100,1 = *
Calculate approximately the yields of NO at this temperature
and at atmospheric pressure given by a mixture of oxygen and

P,P.C. 8
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nitrogen where oxygen forms—10, 40, 70 and 80 per cent. by
volume of the initial mixture. What mixture will give the
maximum yield ?
Ans. (i) 0-58; (ii) 095; (iii) 090; (iv) 0-78.
The mixture containing 40% oxygen will give the
maximum ( about one per cent.) yield.

Problem 161. The partition coefficient of iodine for
CS,/wateris 410. A solution of KI containing 8 grams per litre was
shaken with CS, and iodine till equilibrium was established. The
concentrations of iodine in aqueous and CS, layers, determined by
titration with sodium thiosulphate, were found to be 2:15 grams
and 35-42 grams per litre respectively. Kl reacts with iodine in
aqueous layer as K[ + I, = Kl;. If Kl and KI3 are assumed to
be insoluble in CS, and the concentration of the iodine in the
aqueous layer, obtained by titration, is the sum of free iodine and
the iodine combined with KI, cal:ulate the dissociation constant
of the tri-iodide expressing the concentrations in gram molecules
per litre.

Ans. K = 0-001678.

Problem 162, At 1000° K, the degree of dissociation of
steam is 300 x 107% per cent. Calculate the affinity of H, for
O, at this temperature,

Ans. 45440 cals. [ H,O.

Problem 163. At 360°C. HI is dissociated to the extent of
20 per cent. Calculate the maximum amount of work obtain-
able at this temperature, when 2 g of H, and 254 g of gaseous I,
yield 256 g of HI, both of the reactants being initially at unit
concentration and the products being finally at unit concentra-
tion.

Ans. 3590 cals.

Problem 164. The dissociation pressure of the decahydrate
of sodium sulphate at 15°C. is 79 mm. and the vapour pressure
of water at the same temperature is 12:7 mm. Calculate the
affinity of sodium sulphate for water.

Ans. 818-7 cals,
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Problem 165. Examine the conditions for the formation
of red lead from litharge, the following red lead dissociation
pressures being given :—

Temperature °C 445° 500° 555° 636°
Dissociation pressure
of oxygen 5mm. 60 mm. 183 mm. 763 mm.

Ans. The maximum yield would be at about 520°C.

Problem 166, The equilibrium constant when hydrogen
and iodine react at 445°C. (the B. P. of sulphur), is 50°C. Cal-
culate the affinity between hydrogen and iodine at that tem-
perature,

Ans. 5875 calories.

Problem 167, Dissociation pressure of calcium carbonate
is 34-2 cms. at 840° K and 42 cms. at 860° K. Find its heat of
dissociation between these temperatures.

Ans. - 31530 calories.

Problem 168. The dissociation pressure of CaCO, at
810°C. is 678 mm. and at 818°C., it is 760 mm. Calculate the
affinity of CaO to CO, at atmospheric pressure at 810°C.

Ans. 246 cals.

Problem 169. Determine the heat of reaction of
Fe + H,O = FeO + H,

given that the partial pressures of hydrogen and water vapour at
equilibrium are tespectively, 427 mm. and 333 mm. at 1025°C,,
and 450 mm. and 310 mm. at 900°C.

Ans. 3018 cals. per gram mol.

Problem 170. The heats of combustion of ethyl alcohol,
formic acid and ethyl formate are 326:0 cals.,, 62-9 cals., and
391-7 cals. respectively. From this data, explain whether in
the reaction



116 PROBLEMS IN PHYSICAL CHEMISTRY

C,H,OH + HCOOH = HCOOC,H, + H,0,

the esterification would be helped by the elevation of tempera-
ture.

Ans. It will be retarded because though the sum of the
heats of combustion of ethyl alcohol and formic acid
is less than that of combustion of ethyl formate, by
2-8 cals., the heat of formation of water is far greater
than this difference and the reaction is exothermic.

Problem 171. The ratios of the pressure of water vapour
in equilibrium with BaCl,, 2H;O ( crystalline ) to the pressure in
equilibrium with pure water at the same temperature are 0:1905
at 18:5°C. and 0-3204 at 43-45°C. What is the heat of hydration
of BaCl, per molecule of crystal formed ?

Ans. 3819 cals.

Problem 172, Calculate the approximate molecular heat
of solution of aniline ( C¢gH,N) in water, given the following
data: 1 part by weight of aniline dissolves in 31:5 parts by
weight of water at 12:5°C, and in 32-1 at 16°C.

Ans. 8833 cals.-

Problem 173. The theoretical density of N,O, undisso-
ciated is 3:119 with respect to air as unity. The density falls to
2+65 at 26:7°C. and to 1:65 at 111:3°C, Calculate the heat of
dissociation of the reaction N,O, = 2NO,.

(log, x = 2-302 logyo #; the gas constant R = 2 calories. )}

Ans. 12780 cals.

Problem 174. 1f the heat of an equilibrium reaction is
20,700 cals. per gram molecule at 27°C,, calculate the percentage
change in the equilibrium constant per one degree change of
temperature.

Ans. - 10-87 % per degree rise in temperature.

Problem 175. Vapour pressure of benzene at 20°C. is
78 mm. while that at 30°C. is 118 mm. Find the latent heat of
vaporisation of benzene.

Ans. - 8004 calories. .
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Problem 176. Calculate the heat of solution of succinic
acid, given that the solubility of the acid at 0°C. and 8:5°C. is
equal to 2-88 and 4:22 grams per 100 grams of water respectively.

Ans. - 6901 cals, per gram mol.

Problem 177. In the synthesis of nitric acid, the primary
reaction is :

N, + O, = 2NO - 43200 cals.

Assuming that the heat of the reaction is independent of
the temperature, calculate the equilibrium constant at 2500° Abs.,
given that at 2000° Abs.

NO
(N} (O,
Ans. K, the equilibrium constant at 2500° Abs. = 0-04538.

= 0-0153.

Problem 178. At equilibrium the reaction
CO, + H,=CO + H,0

is found to have — 10,500 cals. as the heat of reaction and
Kp = 1-62 at 1273° Abs. Find the value of Kj at 973° Abs. and
in the light of the result obtained, indicate which of the two tem-
peratures you would choose for the industrial manufacture ‘of
hydrogen from water gas.

Ans. Kpat 973° Abs, = 0-4505.

The temperature of 973° Abs. is to be preferred. As
the dissociation constant and consequently the
amount of CO is greater at higher temperature, the
concentration of hydrogen will therefore, be greater
at the lower temperature.

Problem 179. Diazoamido benzene (CgHs N : N-NHC H,)
is converted into amidoazobenzene (CeHjs N: NCH/NH, )
under the the influence of aniline hydrochloride. The former
compound liberates two-thirds of its nitrogen when boiled with
dilute acids; the latter gives no nitrogen under these conditions.
The progress of the reaction was therefore followed by withe
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drawing from time to time a weighed portion of the reaction
mixture and determining the volume of nitrogen evolved. From
the following results of a series of measurements show that the
reaction is monomolecular. The original mixture consisted of
0-6475 gram of aniline hydrochloride, 4:925 grams of diazoamido-
benzene and 50 grams of aniline which acted as a solvent.

Timein Wt of c.c.of Barometric Temperature.
hours. sample.  moist N,. pressure,
1811 2-645 22:8 750 14-0
66-25 5255 21-8 748 12-5
115-20 5.940 12.9 753 85

Ans, As the values of the velocity constant (K = 0-01300;
0:01453; 001376 respectively ) are nearly the same, the
reaction is monomolecular.

Problem 180. The transformation of y-hydroxy butyric
acid into its lactone is a reversible action of the first order, as
represented by the equation

C,H,0OH (CH,), COOH = CH,— CH,—CH,— CO + H,0.

|
o

Assuming that only the acid is present in a solution at the com-
mencement of the reaction, show that the course of the
reaction will be represented by the formula :

1 1 A
T B A (1+a)a
centration of the acid at the commencement of the reaction,
x is the amount of lactone formed after the time ¢ and a the
ratio of the concentrations of the lactone and acid when equilib-
rium is attained. Verify the formula for the following values
of ¢ and », when A is 18:23 and a is 0-:373.

t 80° 100° 160°
x 708 811 10-35.
Ans. constant = 0-00414; 0-00410; 0-00410.

= constant, where A is the con-
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Problem 181. In the reaction between equivalent quanti-
ties of potassium persulphate and hydrogen peroxide, the rate of
decomposition of hydrogen peroxide was measured. The numbers

. N .
given below represent c, c. of {o~ Potassium permanganate equi-

valent to the peroxide remaining in solution. What is the orcer
of the reaction?

Time in hours 0 1 25 3.5 5 7
c. c. of KMnO, 146 1319 12.05 1135 1036 9-16

Ans. (1) Monomolecular; (K = 0:06168, mean ).

Problem 182. In the decomposition of hydrogen peroxide
by colloidal platinum, the rate of decompo:ition of hydrogen
peroxide was measured. The numbers given below represent
c. c¢. of N/ 100 KMnQ, solution equivalent to the peroxide
remaining in solution :—

Time in min. 0 5 15 25 35
c.c.of KMnO,sol. 21:2 192 159 13-1 10-8

What is the order of the reaction? Calculate the velccity con-
stants of the reaction.

Ans. (1) The reaction is unimolecular.

(2) c. c. of KMnO, K
0 21-2 —_
5 19:2 0-:01975
15 159 0-01916
25 13:1 0-01925
35 10-8 0-01927

Problem 183. The decomposition of AsH, into solid
arsenic and hydrogen can be followed by measuring from time to
time the pressure of hydrogen (generated in the decomposition) at
constant volume. In an experiment at 310°C. the pressures ‘p’
in mm., of mercury were obtained after the times ‘2’ hours,
Show from these figures that the reaction is of the first otder.
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t in hours 0 5.5 65 8
2 in mm. 733:32 805-78 818-11 835-34

Ans. As the values of the velocity constant differ very little,
from the average value (0:04037 ), the reaction is of
the first order.

Problem 184. When electrolytic gas was circulated over
porcelain heated to 450°C. the following observations were made
of the pressure of the gas remaining (dry) at intervals of 24
hours :—

Time in days 0 1 2 3 4 5
Pressure in mm. 465 232 116 58 29 145

What information do these figures afford as to the order of the
change occurring?

Ans. The pressures indicate the reaction to be unimolecular,
but, since it takes place on the surface of the porce.
lain, no definite conclusion can be made as regards
the order of the reaction.

Problem 185. In an investigation of the reaction between
hydrogen peroxide and hydriodic acid, the following results were
obtained :—

Experiment. Concentration of HI.  Concentration of H,0,.

1 0-02 0-02
I 0-01 0-01
I 0-005 0-005

The time taken for the completion of one.fourth of the
reaction was respectively 21:7, 43:2, and 97-4 minutes. What is
the order of the reaction?

Ans. Bimolecular.

Problem 186. The concentrations of a compound under.
going complete change were, 5:72, 3-23 and 1-96 at the times 10,
30, and 60 hours from the commencement of the reaction.
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Ascertain the apparent order of the reaction, the probable initial
concentration of the compound, and the velocity constant.

Ans. (1) Bimolecular; (2)Initial concentration ( mean )
=9.26. (3) Velocity constant (mean) = 0-00670.

Problem 187. The rate of reaction between iodine and
potassium phenylpropiolate in equivalent quantities was deter-
mined by measuring the rate of disappearance of the iodine.
25 c. c. of the solution were withdrawn after suitable intervals
from the reaction-mixture and titrated with N/10 sodium
thiosulphate. The following figures were obtained :—

Time in hours 0 20 24 28 42
Titration 2496 10-39 925 845 6:36 c.c.

What is the order of the reaction, and what is the velocity
constant?
Ans. (1) The reaction is bimolecular
(2) K, the velocity constant is 0-002805 (mean value).

Problem 188. In an experiment on the rate of reaction
stween sodium thiosulphate and ethyl brom acetate which react
according to the equation,:—
CH,BrCOOC,H; + Na,S,0,
= CH, (NaS,0,) COOC,H; + NaBr,
50 c. c. of the reaction mixture required the following amounts

of 0:0110 N iodine at the corresponding times from the com-
mencement of the reaction :—

t in min. 0 5 10 25 40 «

c. c. of lodine sol. 37-25 24.70 1875 11-60 8-85 4-40
Show that the reaction is of the second order and calculate the
value of the velocity constant, expressing the concentrations in
gram equivalents per litre.

Ans. K = 0:2902 (average ).
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Problem 189. Daniel and Johnston obtained the fol-
lowing results for the velocity constant of the reaction
N305= N,O. + %Oz —

Temperature 45° 25° 0°
K 0-0299 0-00203 0-0000472

In calculating K, the times were expressed in minutes.
Calculate the heat of activation from these results.

Ans. (1) 22940 cals. ( between 45 and 25)
(2) 24320 cals. ( between 25 and 0).

Problem'190. From the following values obtained for the
velocity coefficient of the decomposition of N,O,, find the energy
of activation.

°C. 45° 35° 25°
K x 104 4-95 1-35 0-338

Ans. 25290 cals. between 45 and 35
25250 ,, ., 35, 125



CHAPTER V
ELECTROCHEMISTRY

28. Transport Number.— The transport number of an
jon is the fraction of the electricity that flows through the
electrolyte. It is usually determined by observing the fall in the
concentration { either, near the cathode or near the anode ) and
the total electrolyte decomposed by the current during the given
time. The transport number of the anion is called n.

fall in concentration at cathode

~ amount of the electrolyte decomposed by the current

The transport number of the cation is called (1 - n).

(1 -n)= __fall in concentration at anode
amount of the electrolyte decomposed by the current

The manner in which the concentration changes in the
cathode and the anode regions will be understood by considering
the stages occurring during the electrolysis:

Stage I represents the condition of the dissolved electrolyte
before closing the current.

Cathode Anode

+ o+ + + |+ o+ |+ o+ o+ o+

Stage| = — — — —|= = = = = | = - - - —

I Cathode Anode
compartment compartment

Let us assume that each compartment contains five pairs* of
ions, the concentration being uniform throughout the solution.

* The number of ions in each compartment is very great but the calculation
adopted in considering the relative fall in the anode and the cathode compartments.
will not be affected by this great number,

123
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Stage II. When the circuit is closed, the ions are set in
motion ; the positive ions ( cations) move towards cathode, and
the negative ions ( anions ) towards the anode. If the mobilities
of cations and anions are in the ratio of 2:3, during the time
two cations leave the anode compartment and migrate towards
the cathode, three anions leave the cathode compartment and go
towards theanode. The cathode compartment will be poorer
by three anions, while the anode compartment will be poorer by
two cations. The distribution of ions at the end of the period
and before any discharge occurs will be as represented below : —

Cathode Anode
o 2k R e T T IS S S P

Stage U PR
11 Cathode | Anode

compartment compartment

Stage III. There are five ions in each compartment
which have no partners and they get discharged at the electrodes
and the distribution of ions after the discharge will be as
zepresented below :—

Cathode Anode
P i U

R - -

Anode
compartment

Stage - -
11 Cathode

compartment

§
I
|

It is assumed that no secondary reactions occur at the
<athode or at the anode. It will be obsebrved that:

(1) The total number of ions discharged, at the cathode
and at the anode is five. This is the result of the total
quantity of electricity that flowed through the solution
in the given time.
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(2) The fall in concentration round the cathode is
proportional to the mobility ( migration velocity ) of
anions.

(3) And the fall in concentration round the anode is
proportional to the mobility ( migration velocity) of
cations.

(4) The concentration of the middle compartment is
not affected.

In electrolysis, secondary reactions however often occur;
the products discharged at the electrodes may decompose if they
are unstable or they may react with the electrodes or with water.
When the metal of the electrode is acted on by the anions, the
concentration in that compartment is increased as represented
below :—

Cathode Anode

|

+ + + o+ o+ + At A+ E

i Cathode

compartment

l
|
! Anode

compartment

In calculating the transport number, correction for such an
increase in concentration in the anode compartment must be
made. Thus in the above illustration, this amount is five, pro-
duced by the action of the discharged ions on the anode. From
the actual concentration as determined by analysis (eight)
substract ( five) the initial concentration. Then three (8~-5)
will represent the concentration ( near the anode) which would
have been observed, had there been no secondary reaction.

29. Views of Nernst about of the origin of E. M. F.
and E. M. F. produced when a metal is immersed in pure water
or in a solution of its salt. '

When a substance (e.g. NaCl) is added to water it continues
to dissolve till a saturated solution is formed. In a saturated
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solution, the solid and the dissolved part are indynamic equilib-
tium. The solid still continues to dissolve while the dissolved
part passes back into the solid condition. But in the saturated
solution the velocities of the two processes being equal, no change
in the concentration occurs. The tendency of the solid to dis-
solve is called its solution pressure and depends on the nature of
the solid. The tendency of the dissolved body to pass back
into the solid condition depends on the osmotic pressure of the
solution.

Nernst extended this idea to the solution of metals in pure
water or in solutions of their salts. He assumed that each
metal has a characteristic solution pressure which measures the
tendency of the metal to pass into solution. A metal, however,
passes into the solution as charged particles or ions while the
.osmotic pressure of the ions causes the ions to deposit themselves
on the metal as discharged metallic particles. When a metal
passes into solution as a positively charged ion, the metal be-
comes negatively charged and an electric double layer is formed
at the surface of the metal, and inspite of the difference in the
solution pressure of the metal and the osmotic pressure of ions,
solution of the metal does not continue till this electric double
layer is destroyed. The E. M. F. between the metal and the
surrounding layer of ions (which opposes solution) can be
measured, by the work done to equalise this difference between
the solution pressure of the metal and the osmotic pressure of
the solution in which the metal is immersed.

The work done when a gram molecule of a gas changes from
a pressure P to a pressure p, is 2:303 RT log L. Suppose Ag is
immersed in a solution of its salt, and assume that the passage
of metal particles into the solution follows the gas laws. As

Ag particles pass from a solution pressure P to a pressure p,
which is the osmotic pressure of the Ag ions in the solution, the

work done during the change is 2-303 RT log % « But the solu-
tlon of silver can occur only when the electrical double layer

is eliminated. The electric work done, when a gram atom of
silver changes into Ag ions, is EnF where
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E =E.M.FE involts, =n = valency of the metal, and

F = aFaraday, i. e., charge carried by a mono.valent gram
atom in the form of ion.

The electrical work is also equal to the work done when a gram
atom of Ag passes from a pressure P to a pressure p.

EnF = 2:303 RT log —;’-

or, E = 2303 RT lo £
? nF g p
To obtain E in volts, R must be expressed in volt-coulomb-
units. (R = 8:317 volts-coulombs. )

For a temperature of 18°C,,

P23 x 837 x 291 P
= a x 96540 8 5
: _ 00577, P
i.e. E = " log 7
and for a temperature of 25°C.,
0-0591 P

E = log ry

As pressure is proportional to concentration in dilute solu-
tions, instead of the pressures P and p, the concentrations C
and ¢ can bz used. Then, for ordinary temparatures ,

E = 0058 log < .
n ¢

The E. M. F. of a cell of the form:
metal A . metal B

solution of a salt | solution of a salt
of metal A of metal B

E, E,
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is E = E,—E,=949§—8— {log-g—L‘- log-—q’— }.
Cy Ca

E, = electrode potential of the metal A = —0:(:%8" log % -
1

E, = electrode potential of the metal B = -g—onég- log %‘-
2

It is assumed that both the metals have the same valency.

30. The E. M. F. of a Concentration Cell,— The E. M. F,
of a concentration cell (E) of the form

metal metal

metal salt solution | metal salt solution
concentration, ¢, | concentration, ¢,

E| Ez
i‘ E = E| - Ez.
In this equation the difference in potential at the junction
of the two solutions is neglected.*

. C
E, = ~0—2§§— log o
. 0-058 C
Ez = n log A
058 C C
El"E3=025 {log"c':'"‘log';;}
E = 0.258 log :

Normal potential when the electrode passes into the solution
asa positive;ion can 12& cg}cu]ated by using the formula :

* The potcﬁti‘:ﬂ difference at the junction of the two solutions is generally
eliminated by interposing a solution of a salt, (1) which does not react with the
solutions of the salts of the metal or metals, e. g. KCl or NH4NOg, or (2) the
migration velocities of whose ions are approximately equal.
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P
E = 0058 log ;— .
Since p =1,
E = 0-058(logP - log1)
= 0-058 log P
= e,.

en is called the normal potential. e for concentration ¢ is
0058 log = = 0:058 log P ~ 0058 log ¢

= e, — 0-058 log c.
Here the electrode is negative.

For an electrode like Cl, which pass into solution as nega-
tive ions, the electrode is positive and ions are negative.

S.e =¢e, + 0058 logec.

The E. M. F. at a given temperature can be calculated,
when heat of the reaction (Q) and the temperature coefficient of
E.M.F. (%.]i'.) is known, by the application of Gibbs Helm-

holtz’s equation

=T 9A.
A-Q=T. T
Since A = EnF,
= .4E |
E=-F+T aT

The E. M. F. measurements are specially useful in deter-
mining : —

(1) The solubility of sparingly soluble salts.
(2) The valency of the ions.
(3) The hydrolysis of salts.

P, P, C.9
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31. The E. M. F. of the Liquid-Liquid Junction in
solutions which contain the same univalent ions in different
concentrations. Let us consider the following concentration
cell where ¢, > ¢,.

I II
Ag AgNQ, soln. AgNQO; soln. Ag

When a gram ion is discharged at the electrodes, the total
E.M.F can be calculated from the amount of the ions that

migrate :—

(i) —u——:‘_—v— equivalents of Ag ions migrate from Il to 1,

while one equivalent of Ag ions is discharged at the electrode in

. . u
1, which becomes poorer in Ag ionsby 1 — —— or
U+ v U + v

equivalents; while that in II becomes richer in Ag ions by

u v .
1 - -——————~) or ——- equivalents.
u + v u + v

(ii) - _—}_ " equivalents of NOj ions migrate from I to II,

. . v
the solution in I becomes poorer in NQOj ions by P NO,

NO; ions.

. v
ions and that in II becomes richer by p—

The net result in the working of the cell is thus the transfer

. v .
from the stronger to the weaker solution, of Tr o Ag ions

and NO, ions from I to II.

v
u + 9
The work done in electrical terms is :

EF = ~—-24"——— RT log
Uu
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The total E. M. F., E, produced is
2o RT cy

Bv= o F loee (

If the electrode processes are only taken into consideration ’
EF = RT log, L ,
Cp

_ RT L,
E-————F——loge .

Since the ions are univalent, F = 1

- v €y _ €,
E, = i+ o RT log, o and E = RT log, o
The total E. M. F. is equal to E, (E. M. F. due to the liquid
junction potential difference) minus E (E. M. F. due to the
electrode processes ).

E, - E= ' .RT log, - - RT log, £
-—{ *;‘-2_:)7) -1 } RT logefi-
=Y i) R
= - '~ RTlog,

The negative sign shows that the anode becomes more
negative by this amount. The potential difference is taken in
the same direction as the E. M. F. of the cell, when the liquid
junction potential difference is neglected. It will be thus evident
that E is increased if v is greater than u as in the cell considered
above ; while E is decreased if o is less than u as in a cell, where
the electrolyte is * HC1’ solution of different concentrations.
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Problems with Solutions

Problem 191. The same current is passed through acidu-
lated water and a solution of stannous chloride. What volume
of detonating gas ( mixture of H, and O, ) measured at 0°C. and
760 mm. pressure is evolved from the water when one gram of
tin is deposited from the other solution ?

Solution : Tin (Sn-ous ) 2H O
119 2 16 °

. 2x1 16

119 119

The volume of -13-19— g of H, at 0°C. and 760 mm. will be

22400 x 2 _
"—1—19 “x“i-‘ = 1882 c.c.

and that of —}-?9 g of O, under the same conditions

22400 x 16
119 x 32

The total volume of the detonating mixture is, therefore,
= (1882 + 94;1 =)282-3 c.c.

Ans. The volume of the detonating mixture is 282+3 c.c.

= %1c.c

Problem 192. The same current was passed through the
aqueous solutions of copper sulphate and silver nitrate. Calcu-
late the quantity of silver deposited if 5-38 g of copper sulphate
were decomposed by the current.

Solation: CuSO,, 5H,0 2 Ag
2495 216
: _ 216 x 538
The silver deposited = 55—
= 4658

Ans. The amount of silver deposited is 4-658 g.
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Problem 193. A conductivity cell has horizontal circular
platinum electrodes of radius 0:77 cm. and the distance between

them is 1:43 cm. The cell is filled with i%l- sodium nitrate

solution and it is found that a potential difference of 0-61 volts
produces a current of 3:13 x 10°® ampere in the cell. Calculate
the specific and equivalent conductivity of the solution.

Solution : R = —(]%

_ 061
3-13 x 1073
As the resistance is directly proportional to the length and
inversely proportional to the cross section,

. = 061 x 3:14 x 077 x 0-77
the specific resistance = 313 x 109 % 143

313 x 10° % 143
061 x 3:14 x 0-77 % 077
= 3.941 x 107
The equivalent conductivity = 20000 x 3941 x 107
= 78-820.
Ans. (a) Specific conductivity, 3941 x 10°®
(5) Equivalent conductivity, 78-820.

. The specific conductivity =

Problem 194. The resistance of 0-1N solution of KCl in a
conductivity cell is found to be 76-52 ochms and that of 0-04N
solution of AgNOQj, to be 211-4 ohms. If the specific conducti-
vity of KCl solution is 11-2 x 1073 1. 0., calculate the equivalent
conductivity of AgNQ, solution.

Solution : The cell constant Cis given by the equation
C = RK,

where, R is the resistance and K the specific conductivity. Hence
from the data of KCl soln.,

C = 7652 x 11-2 x 10°®.
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If K, is the specific conductivity of AgNO, solution,
C = 2114 x K,.
Then, 21144 K, = 7652 x 11-2 x 10°°
L g o 1652 % 112 x 107,
. ! 211-4
_ K, 1000
==t

_ 652 x 112 x 107 x 1000
. 21144 x 0-04
101-4,
Ans. The equivalent conductivity of 0-04N AgNO, solu-
tion is 101-4 r. o.

Problem 195. The specific conductivity of a solution con-
taining 0-167 gram equivalent of acetic acid per litre is 5:84 x 1074
r. o. If the ionic conductivity of H* and CHCOO’ ions are
respectively 318 and 32 r. 0., calculate (i) the degree of dis-
sociation, and (ii) the H* ion concentration and (iii) the dis-
sociation constant of the acid.

Soluation : Equivalent conductivity;, A =K x 1000V

where the equivalent conductivity = A

= % 1000.
A = 58 x 107 x 1000
- 0-167
= 3-497 . o.

" The equivalent conductivity at infinite dilution,
Ao = 318 + 32
= 350r. o.

(i) The degree of dissociation,
A

“ = Al
_ 3-497
~ 7350

0-009991.
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(ii) The H* ion concentration = 0-009991 x 0-167.
= 0-001668
or, expressed as pH = 2-7777.

(ac)l
1-a)

(iii) The dissociation constant, K = 1

. (0-009991 x 0-167 )?
€5 T(1 = 0:00991) x 0-167
Ans. (i) 0-009991, the degree of dissociation.
(ii) 0-001668, the H* ion concentration.
(iii) 1-68 x 107%, the dissociation constant.

= 168 x 1075,

Problem 196. Given that the dissociation constant of
acetic acid at 25°C. is 1-8 x 107®, find the pH value of (a) a
solution containing 0-185 g mol of acetic acid and 0:015 g mol
of sodium acetate per litre, and (5 ) a solution containing 0-019
g mol of acetic acid, and 0:181 g mol of sodium acetate per litre

Solution : (a) It is assumed that sodium acetate is com-
pletely dissociated. If x be the degree of dissociation of acetic
acid in the presence of sodium acetate, the concentration, (i) of
[H*] = 0-185x, and (ii ) of [ CH,COQ'] = 0-185x + 0-015.

[H*] [CH,COO'] _ 0185 (0-185x + 0-015 )

““[CH,COOH] ~ =  (1-=#)x0185 = 18x10%

As x is very small compared to 1, 1 — x becomes 1 and
0-185x + 0-015 becomes 0:015. The above equation then
reduces to

0-185x x 0-015

= 1.8 x 107°.

0-185
0-015x = 1.8 x 103
_ 18 x 10°
¥ = 770015

12 x 1075
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The H® ion concentration = 0:185 x 1-2 x 10°® gram ion/ L
= 02220 x 107°
= 2:220 x 1074
log [H'] = 4-3464
- 3+6536.
36536

pH

(5) Similarly,

0019 (00195 + 0-181] _ i
(1 = x)0-019 =18 x 107,

Simplifying as in (2 ), one gets
0-181x = 18 x 1075,
x = 9945 x 107°
[H°] = 9945 x 1075 x 0-019

= 0-189 x 1073
log[H'] = 62764
pH = 57236

Ans. (a) pH, 36536 and (5) pH, 5-7236.

Problem 197. In order to ascertain whether a process for
the electrolytic deposition of copper was economical, an electro-
lytic cell was placed in series with a voltameter. One gram of
copper was deposited in the cell while 723 c. c. of moist hydrogen
at 14°C. and 765 mm. Hg pressure was collected in the wvolta-
meter, ( Tension of water at 14°C, = 11:9 mm.) What is the
current efficiency ?

Solation : Find the number of molecules (M) of H,
liberated.

Pressure of dry Hydrogen = 765 - 11.9 = 753-1.
PV = aRT.
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7531 x 0-723

760 =n x 008204 x 287

= 1531 x 0723
~ 760 x 0-08204 x 287
= 0-03043.

Amount of Cu to be theoretically liberated

= 1932
Efficiency = —1791—37— = 0:5175 or 51:757%.

Ans. Efficiency 51-75%.

Problem 198. If the dissociation constant of propionic
acid is 1-3 x 107% at 25°C,, find the concentration of the solu-
tion having [H*] = 5 x 1073,

Solution: C,H,COOH = C,H,COO’ + H".
[C,H,COO'] [H" ]
[ C,H,COOH ]

If[H°] =5 x 103 then [ C,H,COO'] must have the
same value. Then if ¢ be the required concentration in g mol
per litre,

= K.

(5 x 1073
(¢ -5 x10%,
5 x 107® being very small compared to¢, ¢ — 5 x 10°® can be
taken as ¢ only. Then,

=13 x 10

-3 2
(5 xclo 2o 13 x 107
_ 25 x 10°®
C =T 13 x10°

= 1.923 mol/ ..
Ans. The required concentration is 1:923 mol/ L.
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Problem 199. A solution containing 0-0847 g of AgNO; in
10-058 g of solution was electrolysed between silver electrodes.
After electrolysis 27-04 g of the anode solution was found to
contain 0-2818 g of AgNQ,. In a silver voltameter in series with
the electrolytic cell, 0-06588 g of silver was deposited. Calculate
the transport number of Ag® and NOj' ions.

Solution: The total quantity of electricity passed through
0-06588 x 96540
10»

The amount of Ag in 27-04 g of the solution i1. the begin-
0:0847 x 27-04 x 1C8

the solution is -

ning is - — 10058 x 170 = (-1446 g.
The amount of Agin 27-04 g of the anode solution after
electrolysis is Q~2—8—§17S 108 _ 01790 g.

This increase is due to the amount of Ag dissolved by NO,’
from the silver anode. The amount so dissolved will be the same
as deposited in the voltameter. Had there been no secondary
reaction (Ag + NO, — Ag® + NO,’) the amount would have
been 0:1790 - 0-06588 = 0-1131 and the fall in concentration,
0-1446 - 0-1131 = 0-0315.

The transport number of Ag® ions

Fall (in gm equivalent ) round the anode
Total amount of electricity passed

0-0315 x 96540 , 0-06588 x 96540

108 N 108

00315
0-06588

= 0-4779.
The transport number of NO,' ions = 1 — 0-4779 = 0-5221.

Ans. (1) Transport number of Ag® ions is 04779
(2) Transport number of NO,' ions is 0-5221.
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Problem 200. At a given temperature a litre of a saturated
solution of silver bromate contains, S = 0-0081 gram mol of the
salt. ¢ = 0-0085 gram mol of AgNQ, is then added. Calculate
the new solubility S" of silver bromate, assuming that both the
salts are practically completely dissociated in the solution.

Solation :
The solubility product of silver bromate = ( 0-C081 )?

Let x be the gram equivalent of Ag® and BrO,' in a litre
after addition of 0-0085 gram mol AgNQO,. Then,

(0-0085 + x) (x) = (0-0081 ?
x? + 0-0085x = (0-0081 )?
x® +0-0085x + ( 0-00425 )* = (0-0081 )* +(0-00425 )?
(x +0-00425 ) = 83-67 x 107°
vx +0-00425)% = (9-147 x 1073 )2
S (x4 000425 2 — (9147 x 10732 =0
(x + 000425 - 0-009147) = 0.
x = 0-009147 — 0004250
= 0-004897.

Ans. The solubility S’ of AgBrOj is 0-004897 gram mol/ L.

Problem 201. At 125°C. the E. M. F, of the cell

Ag| 0-1IN AgNOQO, | saturated NH,NO, | 0-1N calomel electrode
is 0-396 volts and that of the cell

, saturated solution | saturated | .
Ag I of Ag (C;H,0,) I NH, NO, l 0-1N calomel electrode

is 0-383 volts. If 0-IN AgNO; is 82% dissociated, calculate
(a) the Ag' ion concentration in the saturated solution of silver
acetate and (b) the degree of dissociation of the saturated
solution, given that the solubility of the silver acetate at 25°C.
is 0-0664 gram molecule per litre.
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Solution :
Let ¢, be the concentration of the metal ion in calomel.

» N o'lN ASNOQ
» » Ag acetate.

C| L] E2] 2 ” 2 ”

€2 5 » ’» [ I 1] ’»

and E,the E.M.F. of Ag) 01N AgNO; cell.

Saturated
and E; » s Af| ppacetate
Then, E, = 208 5 <& - A
n Co
_ 0-058 (23
E, = 7 log Co - P
Subtract B from A :

E, - E = -9—25-8 (log ¢ = logco — logea + logeo).

Substituting the values(n = 1) :
0:396 — 0-383 = 0-058 (log 0-:082 — log ¢;)

. v
v 0013 50138 - log e

0-058
v 02241 = -1-0862 — log ¢,
1:3103 = ~loge,

- 1.3103 = log e,
26897 = log c,
¢; = 0-04894 concentration of Ag'.

Ans. (a) The con centration of Ag’ is 0-04894.

_ 004894 _
(b) The degree of dissociation = 006640 = 0 7375.

Problem 202. In a saturated solution of sulphuretted
hydrogen, [H']* x [S”] = 11 x 107 is stated to hold.
Assuming that a dilute solution of hydrochloric acid is com-
pletely ionised and that the solubility product of ferrous sulphide
is 1-5 x 10"'%, calculate the minimum concentration of hydro-
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gen chloride required to prevent the precipitation of ferrous
sulphide from a solution containing 0-112 g Fe** per litre,

Solation : Ionic concentration of Fe = QS%L =2 x 107,
Concentration of sulphur ion in ferrous sulphide solution is
= }5 x !O‘ID
0-002
= 075 x 10°'®
=75 x 10" (conc. of S")
Concentration of H' ion in H,S solution
a1 x ~23
o - LI
= 0-1467 x 10°®
= 14-67 x 10°%.
[H'] =383 x 1074,
s [HCI] = 383 x 10°*
Ans. The minimum concentration of HCl required is
3-83 x 10™* gram mols | litre.

Problem 203. The specific conductivity of a saturated
solution of silver bromide is 0-057 x 107® reciprocal ohms, after
allowing for the cond uctivity of water. If the ionic conducti-
vities of the silver and bromide ions are 56:3 and 69-5 respecti-
vely, calculate the solubility of silver bromide.

Solation : It is assumed that AgBr is at this dilution
completely dissociated, so that the equivalent conductivity at

this dilution is equal to the equivalent conductivity at infinite
dilution.

S A = As
Aw =563 + 69-5
= 125-8
A = 1000 K

c
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where K is the specific conductivity and ¢ the concentration in
gram equivalent per litre.

1000 x 0057 x 10°®

125-8 =
c
— 1000 x 0-057 x 107%
€= 125-8

= 4-531 x 10”7 gram equivalent per litre.
Ans. 8-519 x 107% grams per litre.

“Problem 204. The E. M. F. of the cell
Ag| Aglin 0-INKI| 0-IN AgNQ, | Ag

is — 0814 volts at 18°. Assuming that KI and AgNQO, are
completely dissociated, calculate the solubility of Agl at 18°.

0058 | e

Solution : E =
C2

- 0814 = 0-058 log 5‘—_'1
_ o814
0-058
-1404 -1 = log ¢,
- 1504 = log ¢,
1696 = logc,
912 x 107" = ¢,
The solubility product of Agl
= 912 x 107" x 1 x 107
=912 x 10°"7 '
= 912 x 1078,

+ log01 = loge,.

The solubility of Agl = 4/91-2 x 10-'®
= 9:55 x 10-%
Ans.  Solubility of Agl at 18°is 9-55 x 107 gram mol |
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Problem 205. The distribution coefficient of ammonia
between water and chloroform is 26:3. An aqueous solution
containing copper sulphate and ammonia in the ratio 1 : 18 gram
molecules was shaken up with chloroform ; after equilibrium had
been attained, one litre of the chloroform phase contained 0-225
gram of ammonia whereas the same volume of the aqueous solu-
tion contained 7:650 grams of ammonia. Calculate the ratio in
which coppet and ammonia combine to form complex copper
ammonium ion.

NH, in water

NH, in ‘chloroform 26-3.

Solution :

_ NH,; in water

0225 = 26:3.
NH, in water = 26:3 x 0-225
= 5.919,.

Thus 5-919 is the amount of free ammonia in water.

7:650 — 5-919 = 1-731 grams of NH; are combined with
copper sulphate in water,

To find the amount of copper sulphate present in water:
7-650 + 0-225 = 7-875 grams (or 815 — gram mol ) which is

17
the total amount of NH, present originally in water.
. _ 1875
<. copper sulphate in water = 17 x ig &m@m mols that

have combined with *-.1273—1—— gram mols of NH; .

1 gram mol of copper sulphate will combine with,

1-731 " 17 x 18
17 7-875

i.e., = 3957,
or = 4 gram mols of NH,,
Ans. Cu : NH; :: 1: 4.
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Problem 206, When CuCl is dissolved in KCI solution a
complex salt of the formula (KCl),:(CuCl),, is formed,
which dissociates giving the ions K* and Cu,, Cl'y,.p. Two very
dilute solutions of CuCl in 0-1N KCl were prepared, the one
containing 4 times as much CuCl as the other. The E. M. F. of
the cell

dilute solution of | conc. solution of c
c CuClin KC1 CuClin KC1 Cu (Cell No, 1)

was 00351 volt at 18°. On the assumption that practically the
whole of the dissolved CuCl is present as complex salt, and that,
on account of the very large excess of KCl over CuCl, the CI'
ion concentration in the two solutions is the same, and that the
dissociation of the KCl and of the complex salt is complete,
calculare the value of m.

Further, two solutions of KCl, one 0-21 N and the other
0-1 N, and each containing 0-0002 gram-molecule of CuCl per
litre, were prepared. The E. M. F. of this cell No. 2

Cu | dil. KCI solution | conc. KCl solution | Cu  (Cell No. 2)

was 0:0374 volt at 18°, Calculate the values of m and n, and
give the formula of the complex salt.

Solution: The complex salt (KCl),, - (CuCl),, or
KuCum Clyip dissociates completely into nK* and Cuy, Cl'ppigs
It must be assumed further that the complex anion
Cu,, Cl'y 4y also dissociates slightly into mCu’ + (m + n)Cl'.
K = [Cuo ]m [Cl' ]miﬂ .

Cuy, Clyig

In cell No. 1, for dilute solution
LCuw g™ [Cllg ™"
L Cum Clmﬂ: la

where Cu'gis Cu’, Cl'y is Cl' and ( Cu,; Cly+p)d is undissoe
ciated complex anion in dilute solution.

K =
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For concentrated solution
g o LCaamicryms
L Cum C]m+n 1e
Since Cl’ ions are derived from KCl which is 0-1N in both dilute
and concentrated solutions,
[Clg)™” = [Cl' ]™"

The concentrated solution contains 4 times as much CuCl
as the dilute one.
. (Cuy Clypan)e = 4 (Cuyy, Clyin )a
LCug]?[Cla)™" _ o [Cu” [Cle ]
[Cu, Clm«fn la 41 Cum Cliy+nla

[Cug]™ — [Eum_clm;ﬂd

TCU'G m T4 [Cup Clyminla
Cug " _ 1
Cu'; - 4‘

Substituting this value in the following equation :

E = 0-058 log —g—z:‘L , where
¢

E is negative, since Cu electrode in dilute solution is negative,

1
one gets - 0:0351 = 0-058 x log (—i—)"‘

L
= 0-058 x log (0:25)™

= —0:058 x -~ x 0-6021.
m

.0-058 x 0-6021

m =

0-0351
= 0-9949
or, =~ 1.
In cell No. 2,
[Cug]™ [Clg ™" [Cug ™ [Cl ™"

[Cum Clmsnld = [Cup Clminle

P. P, C, 10
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In this cell the amount of CuCl is the same in both the
dilute and the concentrated solution.

[Cup Clminld = [ Cum Clm+n 1

The strength of KCl in dilute solution is 0-1 N while in the
concentrated one it is 0-21 N.

[Cl'g]™" = [0-1]m*"
and [Cl'./]™*" = [0-21]"*"

Substituting these values in the above equation :

[Cugl™[01)™" _ [Cu,]™[021]™"
[ Cum Clien ld [ Cum Clminld
_l Cu'g ]m _ __[__. ~1 ]mn
l. Cu-c ]m L 0 1 ]m-m

(ST war

Cud _ (gt
Cu‘,,- - (2 1) m
Substituting this value in the following equation :
Cuyg_
E = 0:058 log Cu,
m+n
one gets 0:0374 = 0058 log (2:1) ™ .

m+n

0-0374 = 0-058 x —— x 0-3222
m+n = 0-0374
m 0-058 x 0-3222
= 2-002.
Since, m=1, =n=1002, or =1.
The complex salt is, therefore, KCl CuCl or KCuCl, .

Ans. (1) m=1, and n = 1
(2) The complex salt is KCuCl,.
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Problem 207. The percentage of hydrolysis in 0-1 N KCN
solution is 0-88. 1f the dissociation constant for HCN is 1-3 x 107®,
calculate the ionisation constant of water.

Solution: KCN + H,O = K° + OH' + HCN.
It is assumed that KOH and KCN are completely dissociated.
The concentration of OH' and HCN will be,

01 x 088 _ oo .,
-"’—166——-‘ = 8-8 x 10 N.
and that of CN’ = 0-1 N.
Then, “_{&égl? 1 - K, the dissociation constant for HCN.
[H']x01 _ .. -9
88 x 104 = 12 % 10
[H]=13 x 10® x 88 x 10 x 10

= 1144 x 107®

[H']J[OH'] = 1144 x 107'®* x 88 x 104
= 1006 x 10°'7,

= 1.006 x 1074,
Ans. The ionisation constant of water is 1-006 x 10°'4.

Problem 208. The following figures were obtained for the
inversion of cane sugar in the presence of 0-5 N Al(NO,),
solution at 80°C.

£ (min.) 0 45.7 76-8 ™
a’ 10-50 315 0-33 - 308

where a° is the polarisation of the solution. The inversion con-
stant in the presence of 0-001N HNO, ( completely dissociated )
using time in minutes is 0:00225. Calculate the degree of hydro-
lysis of :Al ( NO; )s solution at 80°C.
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Solation: Find the inversion constant in the presence
of 0-5N Al (NQO,;); using the equation for monomolecular

reaction}
_ 2:302 a
K = 7 log P
(1) t = 457 min.;

a = (1050 + 3-08 = ) 13-58
a - x= (315 + 3.08 =) 6123.
S ubstituting the values in the above equation,
_ 2:302 13-58
K= "7l

- 2302 x 0-3377

457
= 0-01700.
() t = 768
a = 13-58;
a - x = 341.
_ 2:302 13-58
K=-"268 18347
_2:302 x 0:6
- 76-8
= 0-01797.

The mean of (1) and (2) = 0-01748.

On the assumption that the inversion constant is propor.
tional to the concentration of the acid, the concentration of
the HNQ, formed by the hydrolysis of Al ( NOy); will be,

_ 0:001 x 001748
[HNOsT = 550775

= 0-007761.

. Now if x be the degree of hydrolysis of Al( NO;), the
concentration of HNO; so formed will be 05 x x



ELECTROCHEMISTRY 149

or, 0:5x = 0-007767

0007767
¥="705

= (01553
Ans. The degree of hydrolysis of 0-5 N Al ( NO, ), at 80°C,
is 0-01553 or 1:553 per cent.

Problem 209. The hydrolysis of %, methyl acetate at

100°C. by 3.%]0 HCI proceeds as follows:— a is the titre of 10 c.c.
of the solution at time ¢ minutes.

t 0 64 113 152 ®
a 110 415 603 735 1570 c.c. N/50 NaOH.

If the velocity constant for the hydrolysis of 3N2 methyl

acetate by a solution of AICI; containing L gram molecule
32

per litre is 0-00216 at 100°C., calculate the degree of hydrolysis
of AICl; solution, assuming the velocity constant to be propor-
tional to the concentration of HCI,

Solution : Find the velocity constant K for —— HCI with

500
the help of the formula for a monomolecular reaction.
K = 2-302 log a
t a-x

a = (1570 - 1-10) = 14-60
(1)t =64; a=146;a - x = (1570 - 415 =) 1155

2:302 1 14-60
og

o {85 = 0:003659.

K =
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(2)t=113; a = 1460; a = x = (1570 - 6:03 =) 967

2302, 1460
K =73 loege7

(3)t=152;a = 1460; a — x = (1570 = 7-35) = 835

2302 | 14:60
152 °87g35

The mean of the above three constants = 0-0036596.

= 0-003646.

K = = 0-003674.

The velocity constant for —- 32 gram molecule of AICl; is equal to

0-00216. Assuming that the velocity constant to be propor-
tional to the concentration of HCI, the concentration of HCI
produced by the hydrolysis of AlCl,

0-00216 N

= "0-0036596 ~ 500
= 000118 N.

The hydrolysis of AICl, proceeds as,
AlCl; + 3H,0 = Al(OH), + 3HCL

If x be the degree of hydrolysis of 312 gram mol of AlCl,,

the concentration of HCI so produced will be 3 ;ZN

. 3xN

33 = 0:00118 N

0-00118 x 32
x &= ———— e
3
= 0-01259

Ans. The degree of hydrolysis of AICI, (5% gram mol) is
0:01259 or 1:259 per cent.

Problem 210. At 25°C. the dissociation constant of ani.
line is 48 x 10°'°, and that of acetic acid 1-8 x 107%. The ionic
product of wateris1-2 x 104 Calculate the pH of 0-5 N
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solution of aniline acetate, if the unhydrolysed aniline acetate
is assumed to be completely dissociated.

Solution: Let x be the degree of hydrolysis of aniline
acetate.
0:05 x aniline and 0:05 x acetic acid.
005 (1 - x) aniline acetate unhydrolysed which gives
0:05(1 - x) aniline’ and
0:05 (1 - x) acetate’.
The dissociation constant of acetic acid Kz :
TH][005 (1= 2)]
0-05x
1.8 x 10°® x 0-05¢ _ 1-8 x 107® x
005 (1 - x) - 1-x *
[ OH' ] from ionic product of water :

o 12 x 10 x (1 - x)
[OH]"' 18)( 10—5 x x .

The dissociation constant of aniline:
[ OH'] [ aniline’ ]
[ aniline ]
12 x 10" x (1 - x) x 0:05(1 — #)
1.8 x 107%x x 0-05x
= (1 - x ) « 1.2 x 107
x* 1.8 x 107

(1 - x)z _ 48 x 107" x 1.8 x 107
- 1.2 x 1074

Kac = = 1.8 x 107®

or, [H'] =

= 48 x 107"

48 x 107" =

0-72.
PR it Y V7.V —i— - 1=08484; -:— = 1-8484.

x = i‘%‘iﬁ = 0-5420 or 54-2% hydrolysis.
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. -5
(1] = 18X 107 < s

- X

1.8 x 107 x 0-5420

=TT -05420)
= 213 x 10"
log [H'] = 5-3284
= - 4.6716.
pH = 4-67.
Ans. The pH is 4-67.

Problem 211. The E. M. F. of the cell
H, | 0-5N HCl | 0-1 N NaOH | H,
at 25°C. is 0721 volts. If the H, at each electrode is under
atmospheric pressure and if the diffusion potential is neglected,
calculate the pH and the degree of ionisation of the NaOH
solution, given that the pH of the HCI solution is 0:3615 and
the ionic product of water 1:2 x 107'4,
Solution : First find [ H' ] in 0-5 N HCI solution.
pH = 0-3615
log[H'] = -0-3615
= 16385
[H'] = 0435 gram equivalent | L.

Substituting this value and that of E. M. F. in the equation :

E = 0058 log <*
n Ca
one gets, 0-721 = 0-058 log 0-435
n C2
0:721
g ~0:058 = - 03615 - logec,

1243 + 03615 = -loge,
pH = 12-7915.
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To calculate the degree of ionisation of 0-1N NaOH, first find
the [ H' ] in that solution.
- logc, = 127915
log ¢, = -12:7915
= 13-2085
¢, = 1-616 x 10°'® gram equivalent / litre.
The ionic product of water is 1:12 x 10°
or [H'][OH'] 1.2 x 107¢
1616 x 107" x [OH'] = 12 x 107"
, 1.2 x 10714
[OH'} = “1616 x 10
= 0-07424
The degree of iorisation of 0-1 N NaOH

0-07424
01

Ans. (1) The pH is 12:7915 ;
(2) The degree of ionisation is 0-7424.

Problem 212. The dissociation constant of HCN is
1-3 x 107® and the ionic product of water is 1-0 x 10°'%. What

N solutlon of NaCN?

is the percentage of hydrolysis of -—-

Solation : If x be the degree of hydrolysis of 0-01N NaCN,
then NaOH = 00lx, and HCN = 0-01x«.
[OH'] = 0-01x, as NaOH is completely ionised.
] = L0 x 1074
[H'] = =451
[CN'] =0:01(1 - x), as NaCN is completely ionised.
[HJICN] _ 10 x 100" x 0-01(1 - ) « 1
[HCN] 0-01x 0-01x
10 x 107" x (1 - «x)

..04 1'3 x 10-' o "'—0:01 x xg__—_-
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= 10 X 107 x (1 - a)
001 x 13 x 10°°

As x is very small compared to 1, 1 — & becomes 1, then

, _ 100 x 107"
T 13 x 107"

x=J1°" 10

= 0:02773 or 2-773 per cent.

X

Ans. The percentage of hydrolysis of % NaCN is 2:773.

Problem 213. Find the solubility product of magnesium
hydroxide from the following data :—

The precipitation of mangnesium hydroxide on adding an
alkali solution drop by drop to 0-00025 molar solution of
magnesium chloride is followed by a hydrogen electrode against a
calomel electrode, and the value of E. M. F, when precipitation
begins is 0-892. pK, = 14-1 and E. M. F. of calomel electrode
= 0-283.

Solution: 0-283 - E (observed) = 0-058 log H"

0-283 - 0-892 = 0-058 log H*
- 0-609 = 0-058 log H*

_0-609
0-058

- 10-6 = logH"
10"10-6 = H-
The ionic product, Ky, = H* x OH’ = 107"
1071%°'¢ x OH' = 10~
OH' = 1073

= log H"
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Solubility product of Mg ( OH ), = Mg™ x (OH')?
= 2.5 x 1074 x (1073%)2
=25 x 10 x 1077
= 2.5 x 107",
Ans. The solubility product is 2-5 x 107"\,

Problem 214. The E.M F. of the cell
Ag | AgCl | ZnCl,, 5H,O| Zn
isgivenby E = 1.015 - 2:1 x 1074 (T - 283). Calculate the
heat of reaction :
Zn + 2 AgCl = ZnCl, + 2 Ag
at 0°C. (1 Volt-coulomb = 0-238 cal.; F = 96540 coulombs).
Solution : Use the affinity equation :
A = nFE volt-coulombs
= 0-238nFE calories.
E at0°C. = 1-015 - 21 x 107%(273 - 283)
= 1-015 + 2-1 x 10™* x 10
= 1015 + 0-0021.
= 1.0171.
Substituting the value of E in the above equation,
A = 0238 x 2 x 96540 x 1-0171
= 46737 calories

Ans, The heat of reaction is 46737 calories.

Problem 215. The heat of reaction
Hg + AgCl = Ag + HgCl
is — 3369 cals. If the temperature coefficient of the E. M. F.
of the cell :
Hg | HgCl KCl sol. | AgC1 KCl sol. | Ag
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is 0-000338 volt per degree, calculate the affinity of the reaction
at 25°C. Show by means of an arrow the direction in which the
current flows inside the cell.

Solution : First find the E. M. F. of the cell at 25°C.

- 4dE
E=F * Tor
= ‘ﬁé%();{ + T —(%57 where F is expressed in cals.

Substituting the respective values in the above,
_= 3369
23040
= - 0-1462 + 0-1007
= - 0-0455.
The affinity A = »FE
= 23040nE
= - 23040 x 0-0455
= - 1048.
Ans. (a) The afinity = - 1048.

( b) The current inside the cell will flow from
Hg to Ag.

Hg | HgCl KClsol. | AgCl KCl sol. | Ag.

-

+ 298 x 3.38 x 104

Problems for Solution

Problem 216. An electric current was passed simultaneously
through the following solutions: hydrochloric acid, ferrous
sulphate, ferric sulphate, and silver potassium cyanide. If 5-2
litres of hydrogen (at N, T. P. ) were evolved from the hydro-
chloric acid solution, how much metal would be deposited in
the case of iron and silver salts ?

Ans. Iron (Ferrous)=13:0, Iron (Ferric)=8-67 and
Silver = 50-14, grams respectively.
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Problem 217. An electric current is passed through a
series of cells containing respectively (1) acidified water, (2) aque-
ous solution of common salt, (3) copper sulphate, (4)silver nitrate
and (5) potassium acetate, What is the nature and amount of
substances liberated in each cell if the current is allowed to pass

until 50 c. c. of oxygen (at N, T. P.) have been liberated in the
first ?

Ans. Cathode Anode
1st cell 100 c. c. H,; 50 c. c. Oy;
2nd cell 100 c. c. Hy; 100 c. c. Cl,;
0-3572 g NaOH. ( less amount dissolved )
3rd cell 0-2835g Cu 50c.c. O,
04375 g H,SO,
4th cell 09654 g Ag 50c. c.O,;
0-5623 g HNO,
Sthcell 100 c.c. H, 100 c. c. C,H;
0:500 g KOH 200 ¢c.c. CO,

Problem 218. Find the pH at which methyl red can be
used as an indicator given that its dissociation constant is
79 x 1078

Ans. From 4-1 to 6-1 pH.

Problem 219. Calculate the degree of ionisation in each
of the following solutions of acetic acid ; find also the dissociation
constant of the acid. (Temp. = 25°)

V ( liters ) 128 256 )
Mol. conductivity 16-99 23-82 364

Ans. (a) Degree of ionisation
of acetic acid : 0:0467; 0-0654

(&) Dissociation
constant (vinc.c.): 1-785 x 10°%; 1.791 x 10"®
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Problem 220. A gram moleculer weight of an acid is con-
tained in 30:15, 60-3, and 120-6 litres of solutions respectively.
The observed resistances for these concentrations are (i) 929
ohms, ( ii ) 135:4 ohms, and (iii) 200 ohms. The resistance of

;5%]‘ potassium chloride is 57 ohms in the same cell, and the

molecular conductivity for potassium chloride of the same
strength is 129:7. Calculate the value of K for each concentra.
tion. (uw for the acid is 350.)

Ans. 7191 x 107%; 71-93 x 107%; 7178 x 10"®(vinc.c.).

Problem 221. Calculate from the following data the
volume of the solution which contains 1 gram molecule of silver
chloride at 13:8°. The ratio of known resistance to that of the cell
and contents is 1: 53-02, the known resistance being 2140 ohms ;
limiting ionic conductivities of Ag and Cl are respectively 45-8
and 55-4. Cell constant K = 111-7.

Ans. 102800 litres.

Problem 222. Given that the specific conduction of water
at 18° is 0-038 x 10"® mhos and that the ionic condutivities at
infinite dilution of hydrion and hydroxidion are 318 and 174 res.
pectively. Calculate the degree of ionisation of water, in gram
mols per litre.

Ans. 77 x 107 gram mol / litre. \/

Problem 223. Phenolphthalein readily shows the presence
of H' or (OH ) ions when their concentration in a solution ex-
ceeds 10°° normal. Calculate the (OH )’ ion concentration in
—1-%- solution of CgHsONa and show that it should react alkaline
towards phenolphthalein. The dissociation constant of water is
12 x 107" and that of phenol is 1-3 x 107'°,

Ans. OH' = 3:39 x 1073,

Problem 224. Aluminium is manufactured by electrolys-
ing a mixture of alumina, aluminium fluoride, and sodium
fluoride. The heat of combustion of Al,O, is 392 cals.; of AlF,
is 249 cals. ; of NaF is 102:6 cals., all being stated in large calories
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per gram molecule. The current is passed from one electrode to
the other at a pressure of 6 volts. State what reactions occur
and why ? And calculate the fraction of the energy which is
used in producing aluminium, and also state what use is made
of the balance. (One large calorie = 4200 joules. One gram
equivalent requires 96540 coulombs ).

Ans. (i) The main reaction is the decomposition of Al,O,
as it requires the least amount of energy. (ii) The
fraction of energy used = 47-4 %. (iii) The balance
of the energy is used for heating the mixture to the
required temperature.

Problem 225. The velocity of migration of the silver i5n~
at 18°C. is 0-000577 cm. per second and that of the nitrate ionis
0-000630 cm. per second. Calculate the equivalent conductivity
of 0-1N silver nitrate solution, if the van’t Hoff factor (i) is
1-8. All observations are made at the same temperature.

(F = 96540 coulombs ).

Ans. 93-168 equivalent conductivity. w

Problem 226. It is required to mix 0-1N, CH,COOH
( K acetic acid = 18 x 10%) with CH,OHCOOH
(K glycollic acid = 15 x 10™%) in such a way that there is
no change in the hydrogen ion concentration. What con-
centration of glycollic :acid is required?

Ans. 0012 N.

Problem 227. A5 per cent. solution of cane sugar has a
rotation of @° = + 66:7° in a 2 cm. tube. After complete
‘inversion of the solution it is — 19:7°. If the solution is 0-01IN
with respect to hydrogen chloride, the angle of rotation decreases
by 682° in 20 minutes. What is the velocity constant of
inversion? What would be the value of the velocity constant if
the hydrogen chloride were replaced by 0:1 N lactic acid, the
dissociation constant of which is 14 x 1074, The hydrogen
chloride may be taken as completely dissociated in 0-0IN solution.
( N. B.—v is in litres in dissociation constant )

Ans. 0-07785; 0-02859.
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Problem 228. A current which deposited 0-161 gram of
silver in a silver voltameter was passed through a solution of silver
nitrate. After the experiment, the anode liquid gave 1:6347 gram
of AgCl, and equal volume of the solution before the experiment
gave 1:7463 gram of AgCl. Calculate the transport: number of
the ions of the solution.

Ans. Transport number of
Ag'ions = 0-478; NOj' ions = 0-522. \_ -

Problem 229. From the electrolysis of hydrochloric acid
in a cell with cadmium anode the following results were obtained :
change in concentration of chlorine at anode and cathode was
respectively + 0-00545 gram and silver deposited in voltameter
connected in series with the cell weighed 0-0986 gram. Calculate
the transport numbers of hydrogen and chlorine.

Ans. Transport number of
H' ions = 0:832 and that of Cl’ ions = 0-168.

Problem 230. A current which deposited 0-047 gram of
copper in a voltameter containing copper sulphate was passed
through a solution of silver nitrate using silver electrodes. The
liquid from the cathode contained, before the experiment, 1315
gram of silver, and after the experiment, 1-231 gram of Ag.
Calculate the transport number of the ions in solution.

Ans. Transport number of
Ag'ions = 0-475 and that of NO,ions = 0-525.

Problem 231. A solution of potassium chlorate is electro-
lysed, and during electrolysis 0-3514 gram of silver is deposited in
a silver voltameter in series. 41-079 grams of solution gave before
electrolysis 1:0576 gram of potassiumg sulphate. The anode solu.-
tion after electrolysis weighed 59:954 grams and gave 1-3802 grams
of potassium sulphate. The anode was cadmium and was not
attacked by chlorate ions. Find the transport number of the
cation.

il

Ans. Transpoté number of cation = 0-5759.
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Problem 232, Calculate the transport number of the
cation from the following experimental data :— A current of

0:9 milli.ampere was passed through —1—2%— solution of silver

nitrate between silver electrodes for 6 hours and 52 minutes.
After the experiment, 14-22 c.c. (the total anode solution ) re-

quired 6-90 c. c. of %6 HCI for complete precipitation.

Ans. Transport number of the cation = 0-4458.

Problem 233. A solution containing 0-1605 per cent. NaOH
was electrolysed between platinum electrodes. After electrolysis,
55:25 grams of the cathode solution contained 0-09473 gram
NaOH, whilst the concentration of the middle portion of the
electrolyte was unchanged. In a silver voltameter in series,
silver equivalent to 0-029 gram NaOH was deposited during
electrolysis. Calculate the transport numbers of the Na' and
OH'’ ions.

Ans. Transport numbers of
Na' = 0-:209 and OH’' = 0-791.

Problem 234. Three litres of a solution of 2N HCl is
divided by diaphragms into three equal parts:— Anode ( A),
Central, and Cathode (K) A current of 5 amperes is passed for
10 hours between unattackable electrodes. Assuming that the

transport numbers of H and Cl’ are % and —‘15—— , calculate the

changes in the concentration in A and K, and compare them
with the change in concentration which would prevail in the cell
if the contents were not separated by diaphragms and were well
stirred during electrolysis, .

Ans. (1) 11-4 grams will be the fall ir concentration of
HCl in the cathode chamber.
(2) 56:7 g will be the fall in the anode chamber.

(3) If effectively stirred, the concentration in the
anode chamber will fall by 17:01 g and 24-4

PP, C, 11
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g of HOCI will be formed on the assumption that
the hydrolysis of the liberated chlorine occurs to
the extent of 50 %, the rest of the chlorine
remains dissolved in water and that the cell is
kept cool.

Problem 235. The specific conductivity of an acetic acid
solution, when a mol is dissolved in 18-1 litres of water, is
0-0003464 r-ohms, and that of 0-1N sodium acetate solution is
0-00781 r-ohms. Ionic conductivities of Na' and H' ions at
infinite dilution are 444 and 311 r-ohms respectively. Assuming
that sodium acetate is completely dissociated, calculate the disso-
ciation constant of acetic acid.

Ans. 1-789 x 1075,

Problem 236. A solution of CdCl, containing 0:2016 per
“cent. of chlorine was electrolysed between Cd anode and a Pt
cathode. After electrolysis, 33:59 grams of the anode liquid con-
tained 0-08020 g of chlorine. In a silver voltameter in series
with the electrolytic cell, 0-06662 g of silver was deposited during
thg electrolysis. Calculate the transport number of Cd™* and CI’
jons: (Cl = 35-5and Ag = 108).

Ans. Transport numbers of
(a) Cd” = 043 and (5) ClI' = 0-57.

}o/ Problem 237. A transport number apparatus contained a
lution of AgNQ;. Initially 30:-6 grams of the solution were

equivalent to 81 c. c. of _ZI§ KCNS. A silver voltameter placed

in series after electrolysis was found to contain AgNO, equivalent
to 7+4 c. c. of KCNS. The anode liquid of the apparatus weighed
20-1 grams and was equivalent to 92 c. c. KCNS. Find the trans.
port number of Ag’ and NO;'.

Ans. - Transport numbers of
Ag' = 0-4757 and NOj’' = 0:5243. ¢
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Problem 238. 1n a transport number experiment with plati-
num electrodes, a solution of KOH originally contained 0-200 g
of KOH per 100 g of water. After electrolysis, it was found that
in the cathode compartment there were 0-180 g of KOH in 60-18
g of the solution. The copper deposited in a voltameter placed
in series weighed 0-128 g. Calculate the transport numbers of K*
and OH’ ions. ( Atomic wt. of K is 39 and that of Cu is 636 ).

Ans. Transport numbers of
K = 0:2643 and OH' = 0-7357.

Problem 239. In a transport number apparatus, a solu-
tion of AgNQ; containing 0:0074 g of silver nitrate per gram of
water was electrolysed with silver anode. During the experiment
0-0785 g of silver was deposited in a silver voltameter placed in
series with the transport number apparatus. After the experi-
ment 25 g of the anode solution contained 0-:2553 g of AgNQsg.
Calculate the transport numbers of the silver and the nitrate
ions. (Ag = 1079, N = 140, O = 16.)

Ans. Transport numbers of
Ag = 04313 and NO, = 0-5687.

Problem 240. The molecular conductivity of a solution
of AgNO; at infinite dilution is 117. A current of 0-1 ampere
is passed for 61 minutes into a decinormal solution of AgNQO,.
After electrolysis, 50 c. c. of the solution from the cathode

chamber required 61:1 c.c. of -iN(-) KCNS solution. Use the

data to ascertain (a) the transport number, (b) the ionic
velocities, and (c) the absolute velocities of Ag and NO,' ions.

Ans. (a) The transport numbers: Ag" = 0-4881;
NO,' = 0-5119;
(b) Ionic velocities: Ag" = 57:11; NOy' = 59-89.

(c) Absolute velocities :
(cm. [ sec. for a potential gradient of 1 volt/cm.)

Ag' =5916 x 10, NOJ = 6:203 x 1074,
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Problem 241. A solution of NaCl containing 0:2081 gram
of NaCl in 100 grams of solution was electrolysed by a current,
which deposited 0-4125 g of silver in a coulomb-meter in series
with it. The anode solution was now found to contain 0-1375
g of Cl, per 100 g of solution. The total weight of anode
solution was 718:5 g, Calculate the transport number of CI'.

Ans. The transport number of Cl’ = 0-5950; it is assum-
ed that the Cl, evolved dissolves the anode.

Problem 242. Calculate the solubility product of TICI
and its degree of dissociation in a saturated solution from the
following data: the specific conductivity of a saturated solution
is 1680 x 107® ohms™ at 20°, and the solubility at the same
temperature is 1-36 x 102 gmol[l. A = 137:3 ohms™.

Ans. (1) Solubility product, 1-5 x 1074,
(2) Degree of dissociation, 0-9.

Problem 243. The solubility of uric acid in water at 18°C.
is 0:0001506 mols per litte. The molecular conductivity of the
saturated solution is 32:24 and the ionic conductivity of anion is
21 and of cation is 318. Find the degree of dissociation of the
acid in the pure saturated solution and solubility of the acid
in normal hydrochloric acid; the dissociation of hydrochloric
acid at this concentration may be taken to be 78 per cent.

Ans. (1) The degree of dissociation = 0-091.

(2) Solubility of uric acid in normal hydrochloric
acid = 2-818 x 107'° gram mols per litre.

Problem 244. The E. M. F. of the cell

AgClin | saturated )
Ag | 0.INKCI l NH,NO, l 0-IN AgNO, | Ag

is —0-450 volt at 25°C. 0-IN KClis 85 per cent. dissociated
and 0-1N AgNO;, 82 per cent. Calculate the solubility product
of AgCl, assuming that diffusion potential is eliminated and

23RT _,.
S =005

Ans. 1649 x 107"
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Problem 245. A cell is arranged by having one electrode,
a platinum plate surrounded by an atmosphere of hydrogen
over a normal solution of an alkali (80 per cent. dissociated ), and
the other electrode, an atmosphere of hydrogen over a normal
solution of acid ( 80 per cent. dissociated ). Calculate the E.M.F.
given by this cell, neglecting the P. D. at the boundary of the
solutions, and state what change accompanies the discharge.

Ans. (1) The E. M. F. given by the cell is 0-7573.

(2) Hydrogen will be liberated at the cathode and
oxygen at the anode.

Problem 246. Calculate the E. M. F. of the Daniel cell
given that Zn + CuSO, = ZnSO, + Cu + 50110 «cals.
1 volt-coulomb = 0:24 cal.; 1 Faraday = 96540 coulombs.
Temp. coefficient = — 0-000034 volt per degree,

Ans. 1-070 — 0-000034 z.

Problem 247. What is the total E. M. F. at 18° of the cell
H, | 0-1IN HCI | 0-00iN HCl | H,

if the H, at each electrode is at atmospheric pressure? The
0-1N HCl is 92 per cent. dissociated and the 0-001N HCI is com-
pletely dissociated. The ionic conductivity of H' is 318 and of
Cl' is 65+4.

Ans. 0-1889 volt.

Problem 248. The normal potential of copper and silver
are 0-34 and 0-80 volt respectively. Calculate the E.M.F. of
the cell

Cu| 0:1 Mol CuSO, | AgCl (sat. solution) | Ag

at 25° if the concentration of silver ions in the saturated solu-
tion of AgClis 1-25 x 10" and CuSQ, is 60 per cent. dissociated,

Ans. (1) 0-1977 volt.
Cuis —ve (-0:3129); Agis + ve (+0:5106).
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Problem 249. Find the E. M. F. of the cell

0-1N KI saturated | saturated )
Ae with Agl NH,NO, l 0-IN AgNO;, | Ag
at 25°. 0-1N KI is 88 per cent. dissociated and 0-1N AgNOQO,, 82

per cent. The solubility product of Agl is 1:0 x 107'¢, The diffu-

sion potential is eliminated. (%&t = (0-059 at 25°C. )

Ans. The E. M. F. is 0-8179 volt.

Problem 250. A concentration cell is made up with silver
electrodes immersed in decinormal and centinormal silver
nitrate solutions. What is the E. M. F. of the cell at 25°C,
ignoring the diffusion E. M. F. at the contact of the two solu-
tions and taking the dissociations of decinormal and centinormal
silver nitrate solutions to be respectively 82 % and 84 %?

(E = 0058 log —"—)
(2
Ans. The E. M. F.is 0-05738.

Problem 251. Calculate the diffusion potential between
0:025N silver nitrate and 0-0C15N silver nitrate solutions, given
that the degree of dissociation of these two solutions are 91-0
per cent. and 98-5 per cent. respectively and that the ionic con-
ductivities of Ag' and NO,' are 56 and 61 respectively.

Ans. 4702 x 1074 volts.

-/
-.Problem 252. The E. M. F. of the cell

0-1N KCl1
saturated

with AgCl
is 0-44 volt at 18°. The degrees of dissociation of AgNO, and
KCI solutions are 82 and 85 per cent. respectively. Calculate
the solubility of AgCl in g per 100 c. c. of pure water.

Ans. 00001925 g.

Ag Ag

0-IN AgNO, ’ saturated KNO,
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Problem 253. The normal potential of Zn referred to the
H-’ electrode as zero, is — 0:770 volt and of Cu, 0:329 volt. If
excess of Zn is added to a solution of CuSO,, Zn displaces Cu
till equilibrium is established. 'What is the ratio of the concen-
tration of the Zn ' ions to the Cu"* ions at equilibrium ?

Ans. BB _ 794 x 107

Cu

Problem 254. The normal potential of iron referred to
the normal hydrogen electrode is — 0:46 volt and of copper,
0-329 volt. When excess of iron is added to a solution of copper
sulphate at 25°, iron displaces copper until equilibrium is reached.
Calculate the ratio of the concentration of Fe'* to Cu’" ions at

equilibrium. (at 25°, E = 0'(3158 ]og‘o—(-c:—) .
Ans. 1:585 x 10?7,

Problem 255. The normal potential of silver referred to
hydrogen electrode as zero is 0-771 volt and that of chlorine at
atmospheric pressure is 1-366 volts at 25°C. 1If the solubility pro-
duct of silver chloride is 2 x 107'%, calculate the E.M F of the
cell : Ag | asaturated sol. of AgCl | Cl, (at atmospheric pressure).

Ans. - 1:167 volts,

Problem 256. The cell:
Ag | O-1N AgNQO; | 1'O0N KCI, AgCl| Ag
has an electromotive force of 0:52 volts neglecting the d fusion
potential at 18°C. Assuming complete dissociation ot silver
nitrate and potassium chloride, find the solubility ot AgCl
0:058 log.o—li)

»

in molecules per litre. (At 18°E =

Ans. 104 x 10°° mols per litre.

Problem 257. At a given temperature, a litre of saturated
silver bromate solution contains 1:9116 grams of the salt; 1 4450
grams of silver nitrate are then added. Calculate the new solu.
bility of the bromate, assuming both the salts to be completely
dissociated in solution.

Ans. 0-004895 gram molecule per litre
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Problem 258. Calculate the E. M., F. of the cell :
Ni | 0-1 Mol NiSO, | saturated sol. of AgCl | Ag

at: 25°C. neglecting the liquid junction potential. It is given
that nickel sulphate is 60 per cent. dissociated and that the
normal potentials of Ni and Ag are —0-22 and 0:80 volts

respectively.

Ans. - 0-766 volt.

Problem 259, When AgNO, is dissolved in KNO, solu-
tion, the complex anion Agy, (NO,)n is formed. The E. M. F. at

25°C. of the cell :

A I 0-584 N KNO, | 0-584 NKNO, | ,
€ 1005 N AgNO, | 0:025 N AgNO, | 8
is 0-017 volt, and of the cell:
A l 0:379 N KNO, | 0219 NKNO, | ,
g ] 0-025 N AgNO, | 0:025 N AgNO, | “*8

is — 0-0295 volt, Assuming that practically the whole of the
dissolved AgNO, exists as a complex ion and that the NO,’ ion
concentrations are proportional to the KNO, concentrations,
calculate the values of m and n, and hence the formula of the

complex ion.
Ans. m = 1-04; 2 = 21, n=2.
m

The formula of the complex ion is Ag( NO,),".

Problem 260. The E. M. F. of the cell:

0-025N AgNO
Ag in normal NH: 0-0093N AgNO, | Ag

at 25°C. is 0-3879 volt. Calculate the dissociation constant of the
complex ion Ag (NH,),. In the 0:0093 N AgNO, solution, the
silver nitrate may be taken as completely dissociated.

Ans. 124 x 1076,
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Problem 261. Calculate the percentage hydrolysis of
sodium acetate in tenth normal solution at 25°, from the follow-
ing data, assuming that the salt is completely dissociated :—
Dissociation constant of acetic acid = 0-000018 ; ionic product
for water = 1-21 x 1074,

Ans. 0:0082 per cent.

Problem 262. At 25°C. the molecular conductivity of
aniline hydrochloride at a dilution of 256 litres is 130-5. At the
same dilution, but in the presence of sufficient excess of aniline
to practically prevent hydrolysis, it is 107-1. The conductivity of
aniline in presence of its hydrochloride may be neglected. The
equivalent conductivity of hydrochloric acid at a dilution of
256 litres is 410. Calculate the degree of hydrolysis of aniline
hydrochloride at this dilution.

Ans. 1-72 per cent.

Problem 263. The neutralisation of caustic soda by
hydrochloric acid ( gram equivalents ) produces 13700 calories at
18°C. Show that the change of the ionic product of water per
1°C. at 18°C. is about 8 /;, of the ionic product at that temperature.

Problem 264. The molar conductivity of aniline hydro-
chloride at 25°is 113-7 r. 0. at a dilution of 128 litres per gram
molecule. In the presence of excess of aniline, the conducti:vity
is 98 r. 0. If the equivalent conductivity for hydrochloric acid
at infinite dilution is 383 r. 0., calculate the degree of hydrolysis
and the hydrolytic constant of the salt, and the dissociation
constant of aniline as a base, given K,y = 1-2 x 107'4,

Ans. (1) Degree of hydrolysis, 7:528 per cent.

(2) Hydrolytic constant, 4-788 x 1073
(3) Dissociation constant
of aniline as a base, 2-5 x 10°'°,

Problem 265. In an experiment, one litre of water contain-
ing 0-1 gram mol of CgHsNH,HC] was shaken with 50 c. c. of
benzene. The benzene layer contains 0:0001 g mol of aniline per
¢. c¢. The partition coefficient ( benzene / water ) = 10. Find the
degree of hydrolysis of aniline hydrochloride in water.

Ans. 4114 per cent.
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Problem 266. From the .following data calculate the
hydrogen ion concentration in ammonium acetate solution and
show that though a normal solution of the salt is appreciably
hydrolysed, it is neutral to all indicators which can detect acidity
to the extent of 10°® normal. Dissociation constant of acetic acid
is 1-8 x 107° and of ammonium hydroxide is 2-3 x 1075, Ioni.
sation constant of water is 1.2 x 10714,

Ans. (1) Degree of hydrolysis for N ammonium acetate
. solution = 5-384 x 1073
(2) H’ ion concentration = 1:06 x 1077,

Problem 267. Calculate the ionisation constant of water
£rom the following data :—
The E. M. F. of the cell
H, (Pt)| N/1I0KOH | N/10 HCl | H, (Pt)

ds equal to 0-6951 volt at 10°C. ; N/10 HCl is ionised to the extent
of 88-2 per cent. and N/10 KOH, 89:2 per cent.

Ans. 0-8106 x 1074,

Problem 268. The E. M. F. of the cell;
at 25°C. is — 0-738 volt. If hydrogen at each electrode is under
atmospheric pressure and if the liq. | lig. potential is neglected,
calculate (i, the pH of the NaOH solution and (ii) the ionic

product of water, given that the degree of dissociation of 01 N
NaOH is 0-9 and that of 0-5N HCl is 0-87.

Ans. (i) pH = 12-87; (ii) Ky = 1:2 x 1074

Problem 269. Calculate the pH of a solution which is
©-1N with respect to acetic acid and sodium acetate. The disso-
ciation constant of acetic acid is 1-8 x 1075, .

Ans. pH = 4:7447, assuming that sodium acetate is com-

pletely dissociated and acetic acid negligibly, and
that CH,COOQ'’ ions are supplied by sodium acetate
only.
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Problem 270. The distribution coefficient of aniline bet-
ween benzene and water is 10-1. A litre of solution containing
0:03148 gram equivalent of aniline hydrochloride was shaken
with 75 c. c. of benzene. After the equilibrium was established,
45 c. c. of the benzene layer were found to contain 0-02624 gram
of aniline. Calculate the hydrolytic constant of aniline hydrochlo-
ride and the dissociation constant of aniline. (Kg =1:2 x 107'4;
molecular weight of aniline = 93 ).

Ans. Hydrolytic constant, 0:001672
Dissociation constant of aniline, 2-055 x 107'°

Problem 271. The velocity constant of inversion of cane
sugar by 0-25N acetic acid at 25° is 0-75 x 10"®* Find the value
of the constant when the acid solution is also 0-025N with respect
to sodium acetate, being given that the dissociation constant of
acetic acid is 0-000018, and that the sodium acetate is dissociated
to the extent of 86 per cent. ( N. B.— v is in litres in dissociation
constant ).

Ans. 029 x 1073,
Problem 272. Find the E. M. F. of an oxyhydrogen cell
from the following data:—
H, + O = H,0 + 67520 cals. ;
1 Joule = 0:24 cal;
1 Faraday = 96540 coulombs;
Temperature coefficient of the cell = —0:0014 volt per degree.

Ans. 1-037 - 0-0014 ¢.
Problem 273. Calculate the heat of formation of lead
chloride at 498° from the following data :—

The E. M. F. of the combination :
Cl, | molten PbCl; | Pb

is given by the formula e = - 0000679 (z — 498) volts.
F = 96540 coulombs 1 Joule = 0:2391 cals.

Ans. 815 cals.



172 PROBLEMS IN PHYSICAL CHEMISTRY

Problem 274. The temperature coefficient of the cell :
Pb | Pb** | Pb amalgam | Pb

is 0-000016 volts per 1°C. and the E. M. F, at 25° is 0-0057 volt.
Calculate (@) the latent heat of the cell at 25°C. (3) the heat of
the reaction at this temperature (c) entropy change and (d) the
change of the free energy.

Ans. (a) 0:0477 volt-coulomb (5) 1934 cals. (absorbed )

(c) 7-37 cals/1° (d) - 262-9 cals.

Problem 275. A cell is made up of zinc and silver in
contact with the solutions of the respective chlorides. The
observed E. M. F. is 1-:015 volts at 0°C. The heat of the reaction
2Ag’ + 7Zn = 7Zn>' + 2Ag is 52048 calories. Determine the
temperature coefficient of the E. M. F. in the cell. 0239 calorie
= 1 volt-coulomb.

Ans. - 4102 x 104

Problem 276. The E. M. F. of the cell:
Hg | HegCl, KCI solution | AgCl, KCI solution | Ag

is 0-:0455 volt at 25°C. JE/dT = 0-000338 volt/ 1°C. Calculate
the heat of the reaction: Hg + AgCl = Ag + HgCL
1 volt-coulomb = 0:239 cal.

Ans. - 3369 cals.

Problem 277. The E. M. F. of the combination
Hg | HgCl N KCI1 | KNO, | Hg,O NKOH | Hg

is 0-1483 volt at 18°C., the temperature coefficient is + 8:37 + 10™%
volt per degree. What is the heat of the reaction :

HgCl + KOH = {Hg,0 + }H,O +KCl
which occurs in the cell? (1 volt-coulomb = 0239 cal.)
Ans. - 2193 cals.

Problem 278. Ogg found for the cell:

H 0:5N mercurous nitrate | 0:05N mercurous nitrate H
g in 0-1 N HNO, in 0-1 N HNO, g
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the E. M. F.to be 0:029 volt. Assuming the solution to be
completely dissociated, determine the valency of the mercury
ion, and hence suggest a formula for mercurous nitrate.

Ans. Valency of mercury (ous) = 1; formula for mer-
curous nitrate = Hg,( NO,),.

Problem 279. A solution prepared from MgCl,  NH,OH
and Mg ( OH), was found to contain per litre 2-1 grams MgCl,,
0-61 gram NH,Cl and 1-4 grams free NH,OH. The solution was
saturated with Mg (OH),. Taking the dissociation constant of
NH,OH as 1-8 x 10° and assuming MgCl,, Mg (OH ), and
NH,CI to be completely dissociated and that NH,OH is undisso-
ciated, calculate the solubility of Mg (OH ), in one litre of
water and its solubility product.

Ans. (1) Solubility = 2-75 x 107* gram mol / litre.
( 2) Solubility product = 2:08 x 107,

N. B.— According to the convention of using the formula
(Mg'") x 20H'), the solubility product will be 8 33 x 101,
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CHAPTER VI
COLLOIDS AND OTHERS

(A) COLLOIDS; (B) ADSORPTION ;
(C) RADIOACTIVITY (D) PHOTOCHEMISTRY

(A) Colloids :—
1. Size of‘colloidal particle: ( methods).
(a) Direct method; (b) Velocity of setting; (c) Ab-
sorption of light by colloidal particle.
2. Charge on a colloidal particle.

3. Gold Number.
4. Application of colloids to determine Avogadro’s Number,
1. Size of a colloidal particle :—

( a) Counting the number of particles with the help of
a Zeiss heemocytometer.

(b,) Velocity of setting : under gravity.
2 a%g(d - p)
v = g
where v, = velocity in cm. | sec.,
= radius of the particle,
= gravity,
= density of the particle,
= density of the medium,
17 = viscosity of the medium.

v AR

('b;) The momentum of the particles when subjected to
a centrifuge.

/ X2
az\l_g. nlog,x’
2 (d-p)ut(t, - 4)
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where w = angular velocity,
xy — x, = distance travelled by the particle,
tg - t| = time,
a, d, p, 1 have the same significance as in
the above equation in b, .
(c) Absorption of light.
a = \/3 A

47nn

»

where a = radius of the particle,
n = refractive index of the medium,
A = wave length.
2. Charge on a colloidal particle:
(a) Lamb’s formula

'2
e =V i K,
where e = the change,
r = radius of the particle,
V = P. D. between the particle and water,
K = Dielectric constant of water,
d =

distance (in cms. ) between two electric layers.
(b) Stoke’s formula :

= the charge,

the viscosity of water,

= radius of the particle,

= velocity of the particle in cm. [ sec.,
= P. D. ( Potential difference ).

(c¢) Coagulation by the addition of an electrolyte till the
isoelectric point is reached.

xew:a
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3. Gold Number :

* The gold number of a protecting colloid is the number of
milligrams of the colloid required to protect 10 c. c. of a stable
gold solution: containing 0-0053 per cent. of gold from the
coagulating action of 1 c. c. of a 10 per cent. solution of sodium
chloride .

4. Avogadro’s Number :

The behaviour of colloidal particle is used to determine it.

Mo

RT 10 _ 4 .5 -
2 303 N log = 37rag(A ) h

where 7, and # = number of granules per
unit volume at two layers,

h

distance between these
levels,

1l

A = density of the particle,

s
|

= density of the medium,

radius of the particle,

0
1l

gravity,

Avogadro’s number,

oz m
0

= gas constant,
T = temp. in absolute units.
The most accurate method of determining Avogadro’s
number is that of Millikan who determines the charge ¢ on an

oil particle. An ion, also carries the same charge and since, to
discharge a gram ion, 96540 coulombs are required,

96540
e

Avogadro’s number =

(B) Adsorption :—
(i) Foragas:

2=

x
- p
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where x = mass of the gas adsorbed,
mass of the adsorbent,

I

m

?

@, n = constants.

pressure of the gas,

(ii ) For a solution :

p is replaced by ¢ in the above equation, and is equal:to
equilibrium concentration. The equation then becomes

The equations in (i) and (ii) are called adsorption isotherms.

(C) Radioactivity :—

Radioactive decomposition is a unimolecular reaction, and
can be represented by the following equation :

At 2-3 c
loge, = logco = 5= or A= log —2--
g €y g‘ o 2.3 i og Py
where ¢, = initial concentration,
¢, = concentration after a time #,
t = time,
= constant.

The half life period is the time when ¢, is 3¢, and is given
by the equation:

— __2_2_ _Co
t = X % log }eo
_ 23 xlog2
- A
Half life = ’_O_Q_fl:i = average life x 0-6923, because

the average life is the reciprocal of A i. e. —Al- .

P, P.C 12
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(D) Photochemistry :—

Einstein’s Law of Photochemical Equivalence: When light
tays bring about a chemical reaction for a molecule that decom-
poses, or for two atoms or molecules that combine, one quantum
of light of appropriate wave length is absorbed, or

Number of molecules decomposed _ .
Number of quanta absorbed ' (Quantum Efficiency ).

Quanta of light = Ay
where & = 6:548 x 10"*" Planck’s constant,
v = frequency of light

3_ ) % 1010
A ( wave length in cms.)

.

ie.

This relation is true only for the primary reaction; because
usually the products of the primary reaction are in an acti-
vated condition and react further. Einstein’s Law may be taken
to be followed, if

Number of molecule decomposed

Number of quanta absorbed 2or3.

Problems with Solution

. Problem 280. Bredig prepared a silver solution contain-
ing 0-068 milligram per 100 c. c. which on dilution to 100 litres
showed the presence of 300 particles ( average ) per 0-1 cu. mm.
The specific gravity of silver is 10-5, Determine the radius of the

particle.
Solution: The weight of silver particle in 0:1 cu. mm.,

= 0:068
100 x 1000 x 1000 x 10

= 6.8 x 10" milligram
or =68 x 107 g,

milligram.
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68 x 107'*

-  thetotal volume = 105 ¢&¢

. = 068 x 10

s the volume of one particle = 105 % 300
_ 68 x 107'e

315

If a be the radius of the particle

3 % 68 x 10
= 3
e r\/ 4% m % 315

= 1-727 x 107 cm.
Ans. The mean radius of the particle is 1-727 x 107® cm.

Problem 281. A silver particle in a solution in water falls
under gravity with a velocity of 2 x 10™® cm/sec. Calculate the
radius of the particle. Density of silver = 10-5 and viscosity

of water = 0-01.
_ 2(d -plg-a*

Solution: 9, = 9y
2 x 95 x 981 x q?
=5 e .
ZXIO - 9’(0'01
a= [ 2x10% x 9 x 001 ,
2 x 9.5 x 981

= 9-824 x 10°®
Ans. The radius of the silver particle is 9:-824 x 10°® cm.
Problem 282. For a gold solution, the maximum absorp-

tion occursat A = 490 uu (10 cm. = 10 uu)., Calculate the
radius of the gold particle. Refractive index of water = 1-4.

_ V3,

Solution : a =
4mn
= V3 x 49 x 107
4 x 3142 x 1-4
= 4.8 x 107 cm.
Ans. The radius of the gold particle is 4-8 x 10°® cm,
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Problem 283. From the following data, calculate the
charge on the particle in a’'colloidal platinum solution.

r =2 % 100%cm., V = 0:031 volts (~—3—0%]f— electrostatic ) .

d =5 x 100®%cm., K = 80 ( electrostatic units ).

2
Solution: ¢ = \;r K

_ 0031 x (2 x 10°)® x 80
- 300 x 5 x 10°®
= 6:61 x 107° (electrostatic units),

Ans. The charge on the particle is 6:61 x 107° ( electro-
static units ).

Problem 284. 100 c. c. of a colloidal solution of silver
containing 6:5 milligrams of the metal required 26 x 107® g of Al
(as a soluble salt) to reach the isoelectric point, The mean
average radius of the particles was found to be 1:7 x 1075 If
the sp. gr. of silver is 10-5, calculate the charge on the particle.

Solution : The total volume of silver = TWQ;?_I'O-S c.c
= 619 x 1074,
The volume of a single particle = 4 = 13,
= 4x3M2x(1-7x10°)
3
= 2:05 x 1074,
The number of particles in 100 c. c. of the solution
= 619 x 10
T 205 x 107"
=3 x 10"
The charge carried. by 26 x 107® gram of Al
_ 3 x 96540 x 26 x 107
27
= 0-280 coulomb.
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The opposite charge carried by a single particle
- 0280
3 x 10%°
= 93 x 10"'2 coulombs.

Ans. The charge on the particle is 9:3 x 107'2 coulombs.

Problem 285. For a colloidal silver solution, Burton
found : radius of the particle = 5:77 x 10°®; the velocity in
cms. per second under a gradient of 1 volt per cm. =236 x 107°
cm. Calculate the charge on the particle.

Solution: ¢ = 61;”0.

Substituting the values of the respective symbols in the
above equation, we get

e = 6 x 3142 x 0:01 x 5:77 x 107 x 236 x 107 x 300
= 7-70 x 1078
Ans. The charge on the particle is 7-70 x 1078.

Problem 286. Perrin gives the following data for the
gamboge solution: Radius of the particle = 0-212 . The
ditference of the density (A — &) between the material of the
granules and water = 0:2067.

Temperature 20°C,

um, Level 5u Bu 65 u 95 ux
Concentration
of granules 100 47 226 12.

Calculate the Avogadro’s Number.
Solution: The formula to be employed is

2303 __E%['_ log%:- = —‘;—na’g(A - O)h.

2:303 RT log -'f x 3

« N= 4 x nag(n - &) h
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2303 x 8:317 x 107 x 293 x log ‘f7° x3

= 4 %3142 x (0212 x 1074 )® x 981 x 0-2067 x 30 x 10
= 75.78 x '10%2,

The value of N for log

_41
22:6
226

12

Ans. The mean value of; N is 70:94 x 1022

= 73-50 x 1022

The value of N for log = 63-54 x 1022,

Problem 287. For the adsorption of Argon by cocoanut
charcoal, Miss Humphrey found a = 3-698 and —'1‘—-= 0-6024.

Calculate the amount of the gas adsorbed at :12:9 c¢ms. mercury
pressutre by a unit mass of charcoal.

Solution: The formula to be employed is
1

x E ..
= ap ( adsorption isotherm )

= 3.698 x 12.90-6024
= 17-24.
Ans. The amount (in grams) of Argon adsorbed is 17-:24.

Problem 288. In a space containing a radioactive substance,
the current ( the current when a high potential is used is in-
dependent of the potential used and is called saturation current)
strength under a high potential is 58:41 (arbitrary ) units at a
certain time and 13:36 units after 200 hours. Calculate from the
data (i) the radio.active constant, (ii) the half life, and (iii ) the
average life of the radio-active element.

Solution: log ¢, = log ¢ - A

(i) The radio-active constant :

A 2?— (logcg - loge,)
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—%—% (log 58-41 — log 13-36)

= 200 (1-7665 - 1-1259)

_ 23 x 0-6406
= 7200

= 0-007368.

(ii) The half life = 2 L;’LZ_

_ 063
= 0-007308
= 93-96 hours.

(iii) The average life = -)1-\-

1
0-007368

= 136-7 hours.
Ans. (i) The radio-active constant is 0-007368.
(ii) The half life is 93-96 hours.
(iii) The average life is 1367 hours.

=

Problem 289. A solution contains 10 milligrams of lead as
a soluble salt. It was mixed with Thorium B of 1000 activity.
Pb in the solute is precipitated as PbCtO,. After filtering off
PbC1O,, 100 c. c. of the filtrate (itis a saturated solution of
PbC1O,) was found to have an activity 414, Determine the
solubility of PbCrO; per litre.

Solution : 10000 units correspond to 10°2 gram of Pb.
4-14 units correspond to 4:14 x 107® g of Pb.
100 c. c. will contain 4-14 x 107 g of Pb,
or 6:46 x 10°® g of PbCrO,.
Ans. 1000 c. c. will contain 6:46 x 10°® gram of PbC1O,.
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Problem 290. When y-rays energy 2:6 m. e. v.* strike a
deuteron atom, a hydrogen atom having 0:25 m.e. v. energy and
a neutron are produced. Assuming that the neutron has the
same energy as that of hydrogen i.e., 0-25 m.e. v., find the
weight of neutron. The weight of the hydrogen ion = 1-0081
and that of deuteron is 2:0147.

Solation : :D + y-rays (26 m.e.v.) = :H + :n.

~

Energy of y-rays absorbed
= 26 m.e. v. —(0:25 m.e. v. of :H + 025 m. e. v. of :?)

=26m.e.v. —0:50 m. e.v.
= 21m.e.v.
The mass of y-rays absorbed = 2-1 x 0-00107 = 0-00225 g.
<. The total mass available = 2.0147 + 0-00225 = 2:01695 g.

.

1 1
- mass of # = the total mass — the mass of ‘H
[+]

= 2-01695 -~ 1-0081
= 1-00885
Ans. Weight of neutron is 1-00885.

Problem 291. The density of sodium chloride crystals is
2:17. There are 4 molecules of sodium chloride in the unit cell
of the crystals. Calculate the length of the unit cell, given that
the atomic weights of Na and Cl are respectively 22:99 and
35-457, and Avogadro’s number is 6:03 x 102,

® (i) e v.=1:59x10"12 ergs,

20.
(ii ) Energy of 1 atom of H =—69.l—xx—~ll%”~ = 149 x 10"% ergs.

108 x 1.59 x 1012
149 % 10% == 0.00107 g.

(ili) m.e,v. =
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Solution: The Lattice® contains 4 NaCl molecules but the
anit cell is } of the lattice model, and therefore contains ¢ NaCl

molecule or l\]athl (Fig.5). . One Avogadro’s number, there-

fore, represents two unit cells or a gram. .molecule contains
2 x 603 x 10% unit cells. The mass of the unit cell

_ 58-447

= 2% 603 x 10

58447 x 1:66 x 10
2

The density of the salt =2-17.

*. the mass of the unit cell

=217 x (d)%

58447 x 1-66 x 10724

s 2 11d = 3
N 58-447 x 1-66 x 10724
Fig. 5 h - 217 x 2
Lattice of the NaCl crystal =22-4 x 107
d =28 x 10®

Ans. d =28 x 10°®

Problem 292. One c.c. of a concentrated solution of
anthracene C,4 H,, in Xylene is illuminated by an arc lamp for
one second at a distance of 1 cm. from the light source. The

light absorbed has a wave length of 5000 A and the energy of the
light absorbed = 7-2 x 10° ergs. The amount of anthracene
polymerised was 4 x 10°7 gram molecules. Determine the
quantum efficiency of the reaction.

Solution : Energy of the light absorbed

-27 18 .
= 65 %107 x 3 x 10%  _ 39, 1512 ergs.

5 x 10°
i = 12 x10 17
Quanta absorbed in 1 sec. = 39 % 1007 = 1-8 x 10'".
Mols that polymerise ‘= 4 x 1077 x 6-1 x 10**
= 2-44 x 10

® The lattice cell is sometimes called the unit cell.
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. _ 244 x 107 _
Quantum Efficiency = 18 x 107 ~ 1:3.

Ans. The quantum efficiency of the reaction is 1-3.

Problem 293. When vy-rays with an energy of 2+6 m.e.v.*
strike on a lead plate, a positron electron pair with an energy
of 16 m. e. v. is produced. Show that the result approximately

supports Einstein’s equation E = mc?,

Solution: Mass of an atom of hydrogen

= .___1_ = 0 -23
= 603 x 10° = 0-166 x 10"2% g.
s Mass of an electron or positron
1

=~ 1760 to 1800 of hydrogen
=~ 9 x 107%,
According to the equation of Einstein, the energy of an electron
=9 x 107%® x (3 x 10'°)* = 81 x 107® ergs.
_ 8l x10°®
=~ 7166 x 107 &V
0-488 x 10%e.v.

0-488 m. e. v.

Ans. The energy consumed in producing an electron posi-
tron pairis 26 m. e.v. — 1:6 m. e. v. = one m.e. v.
- to produce an electron or a positron, energy
consumed is about 0:5m. e.v. and this confirms

Einstein’s equation.

® ¢ = 1.59 x 10~19 coulombs,

e, v. = 1459 x 10719 volt coulombs, .
= 1-59 x 1019 x 107 ergs, . 1voltcoulomb = 107 ergs

= 1:59 x 10°!2 ergs.
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Problem 294. When carbon is struck by accelerated
deuterons ( energy 0:5 m. e, v. ), the following reaction occurs §
12

C + :D(energyO'S) =

13 1
.C + lH + energy of y-rays (3 m.e.v.).

Assuming that the energy of ':C and :H to be 0-0017 in terms of

mass, determine the mass of 'EZ. The masses of n?. :D. :H

are 12-004, 2:0147 and 1-008], respectively.

Solution :

uC + 2D(energy 0:5) = ‘(.3 + 'H + energy of y-rays.
s ! s ! (3m.e.v.)

-

Mass of :H = 1.0081

[ 12
| ? = 120040 e produced
1;‘3;?11;1;’1?’ ) . from energy of { = 0-0032
{ D = 2.0147 y-tays L
1

Mass of energy = 0-0005 Energy of ?I + :H = 0-0017

Total 14-0192 Total 10130
I

+40927= Mass of C + 10130

Mass of':c = 140192 - 1.0130.
= 13-0062.

Ans. The mass of 'EZ is 13-0062.
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Problems for Solution

Problem 295. The mean kinetic energy of a molecule at
0°C. is 5-621 x 107" ergs. Taking R = 83:2 x 108 c.g.s. units,
calculate the actual number of molecules in one gram molecule
of a gas.

Ans. 404 x 1022,

Problem 296. Given that a coulomb (i.e., {'sth of the
electro-magnetic unit of electricity ) liberates 1-036 x 107 grams
of hydrogen, and that “e” = 4-77 x 107'° absolute electrostatic
units, calculate the number of atoms in a gram atom. 1 electro-
magnetic unit = 3 x 10'® electrostatic unit.

Ans. 6071 x 102,

Problem 297. A two c. c. vessel containing a perfect gas
at 27°C. is exhausted to a pressure of 10®* mm. How many mole-
cules remain in the vessel? (N = 6:028 x 1022).

Ans. 6446 x 10".

Problem 298. The activity of the radio element falls to
half its value in 5 days. Calculate the radio-activity constant (in
hours) and the time for the activity to fall to {sth of its
maximum value.

Ans. M\ = 0-00577; ¢t = 398:6 hours.

Problem 299. Radium emanation mixed with air was
obtained from a solution of radium chloride. Equal quantities
were transferred into a testing vessel from time to time.
Measurements of the ionisation constant immediately after the
introduction of the emanation into the testing vessel gave the
following results : —
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Time in hours 0 20-8 1876 3549 5219 786.9

Relative intensity
of the current 100-0 857 240 69 15 0-19.

Calculate (a) the mean value of the velocity constant ( mono-
molecular ), and (b) time in hours when the activity is reduced

to half.
Ans. (a) A = 0:007705; (b) ¢t = 89-85 hours.

Problem 300. The activity of some thorium emanation
fell to half its initial value in 60 seconds. What is the radio-
active constant ( in seconds ) of thorium emanation ?

Ans. A = 0-01154.

Problem 301. The density of potassium chloride crystal
is 2:005. There are 4 molecules of potassium chloride in the
unit cell® of the crystal. Calculate the length of the unit cell,
given that the atomic weights of K and Cl are respectively,
39.096 and 35457, and Avogadro’s number is 6:03 x 102,

Ans. 3-161 x 10°® cm.

* Refer to foot-note at page 185.
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PRACTICAL UNITS

Gravity
Standard Atmosphere—
Mercury pressure

Gram calorie

Kilo-gram calorie
British Thermal unit

Joule
Watt

Board of Trade Unit—
Kilowatt hour

Foot-lb. second
Horse power

il

980617 dynes.

760imm., Temp. 0°C., at sea level,

The amount of heat required to
raise the temp. of 1 gram of
water from 14-5°C, to 15-5°C.

1000 gram calories.

The amount of heat required to
raise the temp. of 1 lb. of .
water from 1°F to 60°§. l

Volt x coulomb =107 ergs.
1 Joule per second.

1000 x 3600 Joules.
1-357 watts.
746 watts.

HEATS OF ATOMISATION OF ELEMENTS
( Figures are given in Kg. cals. per g atom)

ELEMENT
Hydrogen
Oxygen
Nitrogen
Flourine
Chlorine

Bromine

Iodine

“

Sulphur
Carbon

STATE HEAT OF ATOMISATION
Gas 515
Gas 59-0
Gas 104-0
Gas 32:0
Gas 287
Gas 249
Liquid 28-7
Gas 180
Solid 25-5

{S, gas 520
Rhombic 66-8

Solid 1500
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SOME OF THE VALUES OF PARACHOR

H 17-1 Triple bond 466

C 4-8 Double bond 232

(@) 20-0 3 -ring 16-7

N 12:5 4 - ring 11-6

S 482 5~ ring 85

Cl 543 6 - ring 6-1

Br 68-0 Single bond 0-0 (arbitrary’)

1 91:0 Semipolar double bond - 1:6

P 377 O, in esters 60-0.
NORMAL ELECTRODE POTENTIALS (25°)
Li* - 2958 H + 0-0
Rb - 2924 Cu” + 0-345
K - 2922 O,( OH') + 0-398
Na’ - 2713 I + 0536
Zn" - 0-758 Hg," + 0799
Fe* - 0441 Ag’ + 0-800
cd- - 0-398 H,( OH’) - 0-838
Sn** - 0-136 Br’ + 1-066
Pb- - 0122 cr + 1:359
Fe ™ - 0-045 F’ + 19

U and V of a number of ions at 18°C. (in em? sec =! volt =1).

MOBILITIES ( absolute velocsgies)

CaTIiON U ANION ' \Y
H 33 x10 OH'’ 18:2 x 104
Li 35 x 10 cr 685 x 1074
Na* 4.6 x 107 Br’ 70 % 1074
K 6:75 x 1074 I 695 x 1074
Ag’ 57 x 10" NO,’ 65 x 1074
NH,* 67 x 104 MnO,” « 5:6x10™
Zn*” 4.8 x 10" SO, +  Tlx104
Fe 4.8 x 1074 (CO0),”  66x10*
Fe 46 x10% CO,” _6-,21x 104
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