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CHEMISTRY 

CHE-04 : PHYSICAL CHEMISTRY 

Time : 2 hours 	 Maximum Marks : 50 

Note : Attempt all the parts. Answer five questions from 

each of the parts A, B, C and D. Use of log 

tables and graph paper is allowed. Use of 

non-programmable calculators is allowed. 

PART A 

Answer any five of the following questions : 	5x1=5 

1. What is the S.I. unit of work ? 	 1 

2. State the First Law of Thermodynamics in any 
one way. 	 1 

3. If K > 1 for a reaction, comment on the sign of 

standard free energy change of the reaction. 	1 
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4. State Kohlrausch's law of independent migration 
of ions. 

5. State distribution law for the distribution of a 
solute between two immiscible solvents. 

6. Draw the graph of [A] t  vs t for a first order 

reaction. 

7. State Konowaloffs rule. 
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PART B 

Answer any five of the following questions : 	5x2=10 

8. Calculate the root mean square speed of hydrogen 

molecules at 500 K. Molar mass of hydrogen is 

0.002 kg mot l  and R = 8.314 J mot l 
	

2 

9. Ethanol has higher boiling point than butane 

although the latter has higher relative molecular 

mass. Explain. 	 2 

10. Addition of NaCl solution to gold sol results in 

its coagulation. But if this reaction is carried out 

in the presence of a certain amount of soluble 

starch, precipitation of gold does not take place. 

Explain. 	 2 

11. Calculate the entropy of vaporization of water at 

400 K, if the molar enthalpy of vaporization is 

40.6 kJ morl . 	 2 

12. Which of the following will exert greater osmotic 

pressure and why : 0.1 M sodium chloride or 

0.1 M sucrose ? 
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13. What is common ion effect ? Explain with the 

help of an example. 	 2 

14. The limiting molar conductivities of KC1, 

KNO3  and AgNO3  are F499 x 10-2  S m2  morl , 

1.45 x 10-2  S m2  morl  and 1.33 x 10-2  S m2  moF1 . 

What is the limiting molar conductivity of AgC1 at 

this temperature ? 	 2 
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PART C 

Answer any five of the following questions : 	5x3=15 

15. State Hess's law. Calculate Ai.H° for the reaction 

C (graphite) + 02 (g) —> CO (g) 

at 298 K using the following thermochemical 
equations : 
C (graphite) + 02 (g) —> CO2  (g), ATH° = — 393.5 kJ 

1 CO (g) + —
2 

02  (g) —> CO 2  (g), ArH° = — 283.5 kJ 	3 

16. Show that for a simple cubic cell, the ratio of the 
volume occupied to the volume of unit cell is 
0-52. 	 3 

17. Starting from the equation H = U + pV, show 
that ap Z;17 = nR 	 3 

18. Solid C, CaO and CaCO3  are mixed and allowed to 

attain equilibrium at 1000 K. What is the pressure 
of CO ? Given the following information : 

CaCO3  (s) CaO (s) + CO2  (g) Kp  = 4 x 103  Pa 

C (s) + CO2  (g) 2C0 (g) 	Kp=2x105  Pa 

19. Can azeotropes be separated into pure 
components by fractional distillation ? Explain 
using a suitable diagram. 	 3 
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20. Discuss the inhibition and poisoning of catalysts 

by giving suitable examples. 	 3 

21. A radiation of 250 nm incident on HI results in 

the decomposition of 1.85 x 10 -2  mol within a 

particular time interval. Light energy absorbed 

during this time interval is 4.18 kJ. Calculate 

the quantum efficiency for the decomposition of 

HI. (Planck's constant, h = 6.626 x 10-34  Js). 	3 
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PART D 

Answer any five of the following questions : 	5x4=20 

22. An aqueous solution prepared by dissolving 
0.5 kg of KC1 (molar mass = 7.45 x 10 -2  kg morl) 

in 100 kg of water was found to freeze at 
272.76 K. Calculate the van't Hoff factor and 
degree of dissoCiation of solute. 	 4 

Kf  (H20) = 1.85 K kg morl  and If (H20) ='273 K. 

23. Draw and discuss the phase diagram of water. 	4 

24. Write short notes on any two of the following : 2x2=4 

(a) Dipole-dipole interactions 

(b) Dipole-induced dipole interactions 

(c) London dispersion forces 

25. Discuss the phenomenon of fluorescence giving a 
suitable diagram. 

26. The saponification of methyl acetate by sodium 
hydroxide was studied at 298 K. Initial 
concentration of ester and alkali were both 
1.00 x 10-2  M. Rate of reaction was followed by 
titration against standard HC1. Concentration of 
unreacted alkali [Al t  is as follows : 

Time/s 240 550 720 

103  [A] t/M 6.85 4.81 4.17 

Calculate second order rate constant. 	 4 
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27. Derive the following Maxwell relation : 	 4 

( as) 	ap
BVI T  (aT)v  

28. Calculate the equilibrium constant (as log K) at 

298 K for the reaction taking place in cell 

Al (s) I A134-(C1 ) II Cu +  (C2) I Cu (s) 

E°
Al3+1A1 

= —1.66 V; E0 z,+ 	= 0.34 V 	4 cu cu  
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4. aTRRI tt ,kcidi 'I clk (111 	ch)c1kl4M 	 

iffiti7 
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f4-d:vr 	

 

i fffitrR 

6. •51IITF cr;lfa alfi&zIT 	Ri 	 [A] t  3 t 

aTrAra.  

7. cr) 	10-1 11 fORifRI 	 1.  

1 

1 

1 
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14x1ARva 	A7e- qfwIRTI* 3 -RT 007 : 	5x2=10 

	 alujaft 	zR 500 K 	-44-1T112110 

4Rci11Zio 	ttl* 	1*§ 

= 0.002 kg morl 

R = 8.314 J morl  K -1  I 
	

2 

9. M4I-110 Tr etelxillch et 	1 4 aTRI- 	 TFik 

et 	3TrEATW aTrfa=4w c.444-11.1 7TCR-fu* aTr 

@di t I eellt9q1 *20* 

TriF Thitzpr w4t-r-g -1W-dzrq fird-r4 4 dtichl 

R-4)q1 ■71111 t -61 Zrk TeT aTflaqf %A. 
 Wa-44 *{114 f4W-4ff TiNT zErri4:4 4 6ell WR, 

3r4Tur Tef 	.)(11 t I 00-41t9ell Ai* 

11. 400 K TR r 1 * c TIstrq At 	fIr 	ct) 	*ti*, 

zdt 	* '179:14 	lft—dtat 74Fil 40.6 kJ morl  

12.	4 4 	(14)1 1:FRRER 	aTfir -) 1 11 

: 0.1 mAitzm 	/ri 0.11\trgOR ? 	2 
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13. TR 3.744 5fi1T4 	oi ? 	dqwui *f 

celltgqi *I -A7 

14. KC1, KNO3 	AgNO3' tfiiim c'lk 

stAiki: 1-499 x 10-2 s m2 moo, 

 1.45 x 10-2  S m2  mor1  

1.33 x 10-2  S m2  mori  1 7T TEI AgC1 tr 
1-1 (lk z1 1Mabdl WzIT 	.)411 ? 
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UM TT 

/41-4 I 	*-ef iewsgrj 3m.  007: 5x3=15 

15. tU 	rem ?di:4R I f4i-iffZsii ITT 

298 KIR Arl-P 4r 	r i*ri* : 

C (thTfe) + O 2  (g) --> CO (g) 

Pv.,riRga dvAiititutil -44> ti41.4>tuil 

k); : 

C (th-rg) + 02  (g) —> CO2  (g), Artf) = — 393.5 kJ 

1 
CO (g) + —

2 
02  (g) —> CO2  (g), 41-1° = — 283.5 kJ 	3 

16.zm 3r-Offf ttf* -1* 	TRF 	.A-a- -NI 

altzmq ),:t) c 	alTzrdq if 313 Td 0.52 .4 I 	3 

17. ki cbtui H = U + pV 	aignT cht 	 T4TIR fc 
ap 	= nR 	t I 	 3 

18. 3f C, CaO 	CaCO3  -Raw{ 1000 K iTt 
ITTR 

 

mgr 	 Rtii I CO 	 -1411 ? 

PH C•1 	■7111q41 	: 

CaCO3  (s) CaO (s) + CO 2  (g) 	Kp  = 4 x 103  Pa 

C (s) + CO2  (g) 2C0 (g) 	Kp = 2 x 105  Pa 	3 

19. Tf"ftWilt f4r74 31iTft aTITIaq TU 34 
	 Trt Rtm 7F *lend! ? aria 
ollt9411 •WrNR I 	 3 
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20. d 	gRi TriTO 	 

3 

21. 250 nm girl rirchlul 	HI TR aTTEirdff cbt 

ai-dUR 4 1.85 x 10-2  H 

aTcrErn .101 t I TEE ITRzt af-d-uF 4 

4.18 kJ mctoi 	3rd7lItfur 	 t I HI 

aTcrErn1 ctrl 	waT 	 ttr-4R 

h = 6.626 x 10-34  Js) 
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WIT 

Pm (ski ri A`" reW 4"? i 3 " 	: 	5x4=20 

22. 71-4 	iT4T i* 0.5 kg KC1 (+-i cit 	oe.41-11-1 = 

7.45 x 10-2  kg mo1-1 ) *T 100 kg WO' 4 it-K4R.  

272.76 K 	' I Te kiiqu 	*IT Tiich 

Wazr fiz47-4-11FAT 411cnRid APAI 	 4 

Kf (H2O) = 1.85 K kg mo1-1  AK If (1120) = 273 K I 

23. 7U * 	aft -)• *tiff 'W"AR 

	

- 1*PA-R I 
	

4 

24. -Pi-i1C.IRgd 4 	e 	1414i1:1 
fAR : 	 2x2=4 

() 	ar*ri* zrrq 
(W) fttp-Vtd ittp 3T- 11R1W00.  

(TT) cl..5-1 tift0ITUT Tfc 

25. -go "kq emicht N1M114-1 TritEreFr 	fAi'Al I 	4 

26. Thitzfrf 	 * mi4)41 TUT Afka 
titTflehtui 	T alufziq 298 K 1:11 rchen IFIT I 

	

-dt 3 t an 	511tri--iich 	I 	cr 1 .00 x 10 M 
2ff i affiTIOZTrt 	aTRTWit iWsgui 	id 
alTATTi T 3131417q Hfrict) HC1TtT chtd, Ta.  
74T I artiirfd kW, [A] t  A kiiz-licr -FT A*Ti : 

131:PT/s 240 550 720 

103  [A]/M 6.85 4.81 4.17 

ch 	f c iw'if 	c fcid ttfl4R I 	 4 
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27. Pi-iiCirisid ActtiZI TiitT 9-04W 	: 	 4 

(;)T  = (Z)v  

28. 298 K m PHRIRgd 	 t ret aTiiTrwzrr * 	 
(log K * Wzf 4) 13TPEI -PR* liikcbRicl *if* : 

Al (s) I Al3+(C1 ) II Cu2+  (C2) I Cu (s) 

E°
+/A 

= —1.66 V; E° 0+ictu = 0.34 V 	4 
Al 	l 	 cuz,  
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