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N–5000 Seat No.__________

M. Sc. (Part - I) Examination
April / May – 2003

Chemsitry : Paper - III
(Physical Chemistry)

Time : 3 Hours] [Total Marks : 100

Ëq[™t :Ëq[™t :

Ëq[™t :Ëq[™t :
Ëq[™t : ƒÄt «~™tu™t „wý Ëh¾t Au.

sYhe y[¤tkftu :sYhe y[¤tkftu :

sYhe y[¤tkftu :sYhe y[¤tkftu :
sYhe y[¤tkftu :

NA = 6.022 × 1023 mol–1

k = 1.38×10–16 erg k–1 molecule = 1.38 ×10–23 j k–1 molecule

h = 6.626×10–27 erg. s. = 6.626 × 10–34 js.

e = 4.8×10–10 e.s.u.

C = 2.998×1010 cms–1 = 2.998 × 108 ms–1

F = 96500 C

R = 1.987 cal k–1 mole–1 = 8.314 jk–1 mole–1

11

11
1 (y) ytŒþo ÿtðýtu {txu W»{t„r‚s htrþytu ∆ Vmix, ∆ Hmix, ∆ Gmix  y™u

∆ Smix {txu™tk Ë{efhýtu W…òðtu. ‚t…{t™™t VT÷™ ‚hefu ∆ G y™u T S∆ ™t

yt÷u¾tu™t Ztu¤tðtu …hÚte þwk ‚thýtu ftZe þftÞ ?

(ƒ) W»{t„r‚þtMºt™tu ºteòu r™Þ{ ÷¾tu. yt r™Þ{™e «tÞtur„f [ftËýe fuðe he‚u

ÚtE þfu ‚u sýtðtu.

(f) MgSO4 y™u 1 rf„út. …týe{tkÚte ƒ™‚t ÿtðý™wk fw÷ fŒ 18o C ‚t…{t™u

™e[u™t Ë{efhý ðzu ÷„¼„ hsq fhe þftÞ Au :

V(½Ëu{e) = 1001.21 + 34.69 (m–0.07)2

ßÞtk m yu ÿtðý™e {tu÷tr÷xe Au. Ë{efhý 0.1 mol kg–1
 ËwÄe ðt…he þftÞ

Au. (1) ûtth, y™u (2) ÿtðf™t ytkrþf yýwfŒ m = 0.05 ntuÞ íÞthu þwk

nþu ? (H2O = 18.016).

yÚtðtyÚtðt

yÚtðtyÚtðt
yÚtðt
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11
1 (y) „eçË–zâwnu{ Ë{efhý™tu W…Þtu„ fhe™u zâwnu{–{tøÞwo÷Ë Ë{efhý W…òðtu.

Œþtoðtu fu òu «ðtne r{©ý™t yuf ½xf™u htWÕx™tu r™Þ{ ÷t„w …z‚tu ntuÞ ‚tu

‚u ƒeò ½xf™u …ý ÷t„w …zðtu òuEyu.

(ƒ) ðtÞw™e r™:Ë]r‚ (fugacity) ykŒtsu „ýðt {txu™wk Ë{efhý {u¤ðtu.

(f) 1 ðt‚t. Œƒtýu y™u 20.4 K ‚t…{t™u 1 {tu÷ ntEzÙtus™™e yð÷turõ‚ yuLxÙtu…e

12.88 e.u. ntuÞ ‚tu ‚u s Ëkòu„tu{tk Ët[e yuLxÙtu…e þwk nþu ? ðtÞw {txu TC

y™u PC™e rfk{‚tu y™w¢{u 33.2 K y™u 12.8 ðt‚t. Au.

22

22
2 (y) W»{t„r‚þtMºt™e he‚u „eçË yrÄþtu»tý Ë{‚t…e W…òðtu. ßÞthu (1) 

γ
 Ëtkÿ‚t

C
 ËtÚtu ðÄu íÞthu y™u (2) 

γ
 Ëtkÿ‚t C ËtÚtu ½xu íÞthu þwk ÚttÞ Au ‚u Ë{òðtu.

(ƒ) WíËu[f–Wve…™™e {tEfuEr÷Ë–{urLx™ „r‚f‚t (kinetics) W…h ™tUÄ ÷¾tu.

yt „r‚f‚t™u y™wËh‚t yuLÍtE{tur÷rËË™tu «r¢ÞtŒh fÞt Ëkòu„tu{tk {n¥t{

Œh fh‚tk yÄtuo ntuÞ Au ?

(f) 1 „út{ Fe–Al2O3 Wve…f W…h –196o C ‚t…{t™u yrÄþtur»t‚ ™tExÙtus™™wk

yufM‚h (monolayer) ƒ™tððt {txu òuE‚tu ™tExÙtus™ 0o C y™u 1 ðt‚t.

Œƒtýu 2.86  Ëu{e

3
 fŒ htufu Au. Wve…f™wk …]c–ûtuºtV¤ þwk nþu ? –196o C

yu ™tExÙtus™™tu yuf yýw 16.2 A
o 2

 ™u Ztkfu Au.

yÚtðtyÚtðt

yÚtðtyÚtðt
yÚtðt

22

22
2 (y) ntEzÙtus™ y™u ƒútur{™ ðå[u™e W»{eÞ (therma) «r¢Þt™e „r‚f‚t (kinetics)™tu

ynuðt÷ yt…tu.

(ƒ) ‘…]c‚tý y™u rzxsoLxËT’ W…h ™tUÄ ÷¾tu.

(f) ™e[u™e «r¢Þt {txu ynuor™ÞË Ër¢Þ™ Qòo ( )Ea  y™u …qðo½t‚tkfeÞ yðÞð

( )A  y™w¢{u 
15.5 kJ mol 1−

 y™u 
1.09 10 dm mol s11 3 1 1× − −

 Au :

H Br HBr Br(g) 2 (g) (g) (g)+ → +

{t™f Œƒtý 1.00 {tu÷ zu{e

–3
™u ytÄth „ýe™u 1000 K ‚t…{t™u ∆ H°≠

y™u ∆ S°≠
 „ýtu. ytŒþo ð‚oýqf Äthðe.

33

33
3 (y) rð‚hý V÷™ …Œ Ë{òðtu y™u yuf yhir¾f (nonlenear) yýw™t …rh¼ú{ýeÞ

rð‚hý VT÷™ {txu™wk Ë{efhý W…òðtu.

(ƒ) ½™ rðãw‚ rð¼tsÞtu …h ™tUÄ ÷¾tu.
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(f) ƒu ðtÞwytu 

A
 y™u B yuf Ë{t™ Ëkòu„tu{tk Ë{t™ Œhu «Ëhý …t{u Au. yuf™e

ƒt»… ½™‚t 14 Au. ƒeò™tu yýw¼th y™u 400o Ëu. y™u 1 ðt‚t. Œƒtýu

‚u™tu MÚtt™tk‚hýeÞ rð‚hý V÷™ „ýtu.

yÚtðt

33

33
3 (y) yk‚Š™rn‚ (intrinsic) y™u ƒrnŠ™rn‚ (extrnsic) yÄoðtnftu ðå[u™tu ‚Vtð‚

Œþtoðtu. Œuhf™tk WŒtnhýtu yt…tu.

(ƒ) i™e Ë…txe{tk hnu÷tk fýtu™e ËkÏÞt …h ™tUÄ ÷¾tu.

(f) 20 yufËh¾e ðM‚wytu™u 1, 0, 3, 5, 10, 1 he‚u rð‚rh‚ fhðt™e „tuXðýe™e

ËkÏÞt™e „ý‚he fhtu.

44

44
4 (y)

E1
2
 …h Ëkfeýof‚to Ëk÷rø™ (ligand)™e yËh y™u yt ½x™t™e W…Þtur„‚t

[[tuo.

(ƒ) ðeshtËtÞrýf «r¢Þt™e «r‚ðŠ‚‚t y™u ‚u{tk Ëkf¤tÞu÷ R÷uõxÙtu™™e {trn‚e

…tu÷uhtu„útrVÞ …Ør‚Úte fuðe he‚u {u¤ðtÞ ‚u sýtðtu.

(ƒ) yu™tÞ™ X – –
™e Ëtkÿ‚t ËtÚtu Eu+++

™tk yÄo‚hk„ …tuxurLþÞ÷ {qÕÞtu ™e[u

«{týu {¤u Au. WŒT¼ð‚t Ëkfeýo™wk ƒkÄthý ‚u{s Wí…Â¥t y[¤tkf™e „ý‚he

fhtu :

X – –
™e {tu÷h Ëtkÿ‚t

E1
2
 (SCE) ðtìÕx

0.0 –0.692

0.02 –1.083
0.06 –1.113
0.1 –1.128
0.3 –1.152
0.5 –1.170

yÚtðtyÚtðt

yÚtðtyÚtðt
yÚtðt

44

44
4 (y) yuf rîƒurÍf yìrËz™tu rðÞtus™ y[¤tkf ™¬e fhðt™e [tu¬Ë (accurate)

…Ør‚ ðýoðtu. …týe™t ytÞ™efhý y[¤tkf y™u …týe™t ytÞr™f „wýtfth

ðå[u þtu ‚Vtð‚ Au ?

(ƒ) ys÷eÞ (nonaqueous) y™w{t…™tu{tk …htðiãwr‚f (dielectric) y[¤tkf™e

y„íÞ [[tuo. yìrËz–ƒuÍ y™w{t…™tu{tk òuðt {¤‚e Ë{‚÷f (levelling)

½x™t huztuõË «r¢Þtytu{tk fu{ òuðt {¤‚e ™Úte ?
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™e[u™tk ÿtðftu {txu MðÞk«tuxr÷rËË Ë{efhýtu ÷¾tu y™u ‚u …hÚte þwØ

ÿtðf {txu pH rðM‚th (range) y™u pH yux÷u fu,  –log (÷tÞtur™Þ{ ytÞ™)

þtuÄtu :

RÚtu™tu÷       

K 8.0 10auto
20= × −e j

yìËurxf yìrËz  

K 3.5 10auto
15= × −e j

(f) ntEzÙtus™ ytìðhðtìÕxus™e ½x™t{tk «r¢Þt fh‚tk rM…rËÍ™e «f]r‚™e [[to fhtu.

rðr™{Þ «ðtn ½™‚t y™u Qòo MÚtt™tk‚h „wýtkf Ë{òðtu. ytìðhðtìÕxus y™u

«ðtn ½™‚t ðå[u™tu hir¾f ËkƒkÄ 50 mV ËwÄe þt {txu ÞÚttÚto (Valid) ntuÞ

Au ‚u Ë{òðtu.

55

55
5 (y) …th{trÛðf ™tr¼f™t «ðtnerƒkŒw «r‚Y… (model)™e [[to fhtu. yt «r‚Y…

îtht ™tr¼feÞ ƒkÄf Qòo{tk™t yËt‚íÞ (discontinuities)™u fðe he‚u

Ë{òðe þftÞ Au ‚u Œþtoðtu.

(ƒ) {wõ‚ {q÷f þ]k¾÷t ƒnw÷fefhý (chain polymerisation){tk Ëe{tk‚f Ëtu…t™

(limiting step) þwk Au ‚u sýtðtu.

(f)

235U  y™u 

238U™t rð¾kz™ (fission) {txu™e Ër¢Þ™ Qòo y™w¢{u

5.3 MeV y™u 5.5 MeV Au. Y…tk‚hý{tk Ë{tÞu÷t Œ¤™t VuhVthtu™u ÷ût{tk

÷E Œþtoðtu fu 

235U rð¾kzâ (fissile) Au ßÞthu 

238U rð¾kzâ ™Úte. ËkÞwõ‚

™tr¼f {txu™e «r¢Þtytu ™e[u «{týu Au :

235 236 238
0
1 239U n U; U n U+ = + =0

1

235 236 238235 1170 236 1191 238 1249U U U= ⋅ = ⋅ = ⋅; ; ;e

  
239U 239 1287; n 1.00898; 1 a.m.u. 931 MeV= ⋅ = = j

yÚtðtyÚtðt

yÚtðtyÚtðt
yÚtðt

55

55
5 (y) ËkÏÞt–Ëhuhtþ, ðs™–Ëhuhtþ, y™u z–Ëhuhtþ yýw¼th™e Ë{sq‚e yt…tu.

rð»t{tk„‚t (heterogenity) yÚtðt ƒnw…rhûtu…™‚t (polydispersity) Ëq[ftkf

þwk Au ?

(ƒ) Ë{MÚttr™f {kŒ™ rð&÷u»tý …h ™tUÄ ÷¾tu.

(f) yuf …ŒtÚto{tk yýw¼th 102
 Ähtð‚t 50 yýwytu, yýw¼th 103

 Ähtð‚t 200

yýwytu y™u 104
 yýw¼th Ähtð‚tk 100 yýwytu Au. ËkÏÞt–Ëhuhtþ y™u

ðs™–Ëhuhtþ yýw¼th „ýtu.
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ENGLISH VERSION

Instruction : All questions carry equal marks.

Necessary contents :

NA = 6.022 × 1023 mol–1

k = 1.38×10–16 erg k–1 molecule = 1.38 ×10–23 J k–1 molecule

h = 6.626×10–27 erg. s. = 6.626 × 10–34 Js.

e = 4.8×10–10 e.s.u.

C = 2.998×1010 cms–1 = 2.998 × 108 ms–1

F = 96500 C

R = 1.987 cal k–1 mole–1 = 8.314 Jk–1 mole–1

1 (a) Derive equations for the thermodynamic quantities, ∆ Vmix,

∆ Hmix, ∆ Gmix and ∆ Smix for ideal solutions. What conclu-

sions can be drawn from the slopes of plots of ∆ G and  T S∆
as a function of temperature.

(b) State the third law of thermodynamics and show how will you
verify it experimentally.

(c) At 18o C the total volume of a solution formed from MgSO4
and 1 kg of water is given approximately by the equation :

V(cm3) = 1001.21 + 34.69 (m–0.07)2

where m is the molality of the solution. The expression is
applicable to about 0.1 mol kg–1. What is the partial molar
volume of (i) salt, (ii) solvent at m = 0.05 mol kg–1 ?
(H2O = 18.016).

OR
1 (a) Use the Gibbs–Duhem equation to derive the Duhem–

Margules equation. Show that if Raoult's law applies to one
component in a liquid mixture, it must also apply to the other.

(b) Derive an equation for approximate calculation of the fugacity
of a gas.
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(c) Calculate the entropy at 20.4 K for 1 mole of hydrogen at
1 atm pressure, if the observed entropy under the same
conditions is 12.88 e.u. TC and Pc for the gas are 33.2 K and
12.8 atm respectively.

2 (a) Derive the Gibbs adsorption isotherm thermodynamically.
Explain what happens when : (1) γ  increases with C, and
(2) γ  decreases with C.

(b) Write a note on the Michaelis–Menter mechanism of enzyme
catalysis. Find the condition for which the reaction rate of
an enzymolysis that follows this kinetics is half its maximum
value.

(c) If the adsorbed nitrogen needed to form a monolayer on 1g
of Fe–Al2O3 catalyst at –196o C occupies 2.86 cm3 at 0o C
and 1 atm. What is the surface area of the catalyst ? One

molecule of nitrogen covers 16.2 A
o 2 at –196o C.

OR
2 (a) Give an account of the kinetics of the thermal reaction

between hydrogen and bromine.
(b) Write a note on 'surface tension and detergents'.

(c) The Arrhenius activation energy ( )Ea  and pre-exponential

factor (A) for the reaction :

H Br HBr Br(g) 2 (g) (g) (g)+ → +

are 15.5 kJ mol–1 and 1.09×1011 dm3 mol–1 s–1 respectively.

Calculate ∆ H°≠  and ∆ S°≠  at 1000 K based on a standard

pressure of 1.00 mol dm–3. Assume ideal behaviour.

3 (a) Explain the term partition function and derive an expression
for the rotational partition function of a nonlinear molecule.

(b) Write a note on solid electrolytes.
(c) Two gases A and B diffuse with equal rates under identical

conditions. The vapour density of one gas is 14. Calculate
the molecular weight and the translational partition function
of the other gas of 400o C and 1 atm pressure.

OR
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3 (a) What is the difference between an intrinsic and extrinsic
semiconductors ? Give examples of each.

(b) Write a note on the number of particles in the ith level.
(c) Calculate the number of ways of distributing 20 identical

objects with arrangement 1, 0, 3, 5, 10, 1.

4 (a) Discuss the effect of a complexing ligand on E1
2
 and the

usefulness of this phenomenon.
(b) Show how the reversibility of an electrochemical reaction and

the number of electrons involved in it can be obtained
polarographically.

(c) The half wave potentials of Eu+++ with the concentrations
of anion X – – are given hereunder. Find the structure of the
complex formed and calculate the formation constant.

Molar concentration of X – – E1
2
 (SCE), Volt

0.0 –0.692
0.02 –1.083
0.06 –1.113
0.1 –1.128
0.3 –1.152
0.5 –1.170

OR
4 (a) Give an accurate method of determining the dissociation

constant of a dibasic acid. What is the difference between the
ionization constant of water and ionic product of water ?

(b) Discuss the importance of dielectric constant of a solvent in
nonaqueous titrations. Why the levelling phenomenon as
observed with acid–base titrations is not observed in redox
titrations.

Write the autoprotolysis expressions for the following
solvents and hence find the pH range and the pH, that is,
–log (lyonium ion) for the pure solvent :

Ethanol       K 8.0 10auto
20= × −e j

Acetic acid  K 3.5 10auto
15= × −e j
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(c) Discuss the nature of reacting species in the phenomenon of

hydrogen overvoltage. Explain exchange current density and

energy transfer coefficient. Explain why upto 50 mV over-

voltage, the linear relation between overvoltage and current

density is valid.

5 (a) Discuss the liquid drop model of the atomic nucleus. Show

how discontinuities in nuclear binding energy are explained

by the model.

(b) What is the limiting step in free radical chain polymerisation.

(c) The activation energies for the fission of 235U and  238U
with thermal neutrons are 5.3 MeV and 5.5 MeV respectively.

Show from considerations of mass changes involved that
235U is fissile where as 238U is not fissile. The reactions for

the compound nucleus are :
235 236 238

0
1 239U n U; U n U+ = + =0

1

235 236 238U 235 1170; U 236 1191; U 238 1249;= ⋅ = ⋅ = ⋅e

  
239U 239 1287; n 1.00898; 1 a.m.u. 931 MeV= ⋅ = = j

OR

5 (a) Explain the number average, the weight average and z

average molecular weight. What is the heterogeneity or

polydispersity index ?

(b) Write a note on isotope dilution analysis.

(c) There are 50 polymer molecules of molecular weight (MW)

102, 2000 molecules of MW 103 and 100 of MW 104.

Calculate the number average and weight average

molecular weight.

______________
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