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 CHE-04  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2021 

 

 

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, graph paper and non-programmable 

calculators is allowed. 

R = 8·314 JK–1 mol–1 

Kw = 1  10–14 

log 2 = 0·3010 

PART A 

Answer any five of the following questions : 51=5  

1. What is the SI unit of acceleration ?  1 

2. What do you understand by an ‘‘extensive 

property’’ ?  1 

3. How does an impurity like NaCl affect the CST of 

phenol-water system ? Briefly explain.  1 

4. What is osmotic pressure ?  1 
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5. Write the expression for Kp of the following 

reaction :  1 

 N2 (g) + 3H2 (g)  2NH3 (g)  

6. Two half cells Zn2+/Zn (E° = – 0·76 V) and 

Cu2+/Cu (E° = 0·34 V) are used to construct a 

galvanic cell. Which half-cell will act as the 

cathode and why ?  1 

7. The gas phase decomposition of N2O5 occurs as 

follows :  

 2N2O5 (g)   4NO2 (g) + O2 (g)  

 The experimentally observed rate law is  

rate = k[N2O5]. What is the order of reaction ?  1 
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PART B 

Answer any five of the following questions : 52=10  

8. State Graham’s law of effusion. Give the relevant 

expressions.  2 

9. Derive the equation of the total work done, W in 

case of a reversible, isothermal expansion of an 

ideal gas at a temperature, T from V1 to V2.  2 

10. The boiling point of chloroform was raised by  

0·3 K when 5  10–4 kg of an organic compound  

was dissolved in 3  10–2 kg of chloroform. 

Calculate the molar mass of the organic 

compound. Molal elevation constant for 

chloroform is 3·9 K kg mol–1. 2 

11. Is the slope of vapourisation curve of water 

positive or negative ? Explain.  2 

12. Draw a labelled diagram for the conductometric 

titration of a strong acid with a strong base.  2 

13. Calculate the degree of dissociation of acetic acid 

at 298 K if 0·04 M acetic acid solution has a molar 

conductance of 8·59  10–4 S m2 mol–1. The ionic 

conductance at infinite dilution of H+ and 

CH3COO– ions are 349·8  10–4 S m2 mol–1 and 

40·9  10–4 S m2 mol–1, respectively.  2 

14. State two differences between a chemical reaction 

and a photochemical reaction.  2 
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PART C 

Answer any five of the following questions : 53=15 

15. Ethanol has higher boiling point than butane 

although the latter has higher relative molecular 

mass. Explain.   3 

16. Calculate the entropy of mixing of 2·0 moles of H2 

with 2·0 moles of O2 assuming no chemical 

reaction occurs between them.  3 

17. Draw and explain mutual solubility diagram of 

phenol-water system.  3 

18. What are azeotropes ? Can azeotropes be 

separated completely by fractional distillation ? 

Explain using a suitable diagram for any one type 

of azeotrope.  3 

19. Consider the reaction  

 PCl5 (g)  PCl3 (g) + Cl2 (g) 

 How would the equilibrium be affected by  

(a) Addition of more Cl2,  

(b) Addition of more PCl5, 

(c) Decrease in volume of the container ? 3 

20. For 0·1 M solution of sodium acetate, calculate  

(a) Kh, (b) h, and (c) [OH
–
].  

 Ka (acetic acid) = 1·8  10–5. 3 

21. Briefly explain the different kinds of Van der 

Waals forces. 3 
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PART D 

Answer any five of the following questions : 54=20 

22. The density of potassium bromide is  

2·826    103  kg  m–3. Its cell edge length is  

6·54    10–10  m and its molar mass is  

0·119 kg mol–1. It has a cubic structure. Find out 

whether it has CsCl or NaCl type of structure. 4 

23. Derive the expression for Langmuir adsorption 

isotherm.   4 

24. (a) Define a ‘phase’. How many phases are 

present in a closed system containing water 

and chloroform ?  2 

(b) At 298 K, calculate the cell potential for the 

reaction  

 Mg2+ + Fe   Mg + Fe2+  

 The concentrations of Fe2+ and Mg2+ ions are, 

respectively, 2·4 M and 1·2 M. Given that 

Mg2+ + 2e–   Mg   E = – 2·36 V, 

 Fe2+ + 2e–   Fe   E = – 0·44 V. 2   

25. The free energy change G for a particular process 

is  – 120 kJ mol–1 at 300 K and  – 116 kJ mol–1 at 

310 K. Calculate enthalpy change for the process 

at 305 K. 4 
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26. (a) Derive the relation between rH and rU for 

a reaction involving gaseous reactants 

and/or products.  2 

(b) Calculate ng for the following reactions :  2 

(i) H2 (g)  + 
2

1
O2 (g)   H2O (l) 

(ii) C (graphite) + O2 (g)   CO2 (g) 

27. What is Tyndall effect ? Give the application of 

this effect in ultramicroscope.  4 

28. The saponification of methyl acetate using 

sodium hydroxide was studied at 298 K. The 

initial concentration of alkali and ester in the 

reaction mixture were both 1  10–2 M. The 

reaction rate was followed by titration of reaction 

mixture with standard HCl. The concentration of 

unreacted alkali is as follows : 

Time/s [A]t/ M 

240 6·85  10–3 

550 4·81  10–3 

720 4·17  10–3 

1000 3·38  10–3 

 Calculate second order rate constant graphically. 4   
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 gr.EM.B©.-04  

{dkmZ ñZmVH$ (~r.Eg gr.) 
gÌm§V narjm 

{Xgå~a, 2021 

agm`Z {dkmZ 

gr.EM.B©.-04 : ^m¡{VH$ agm`Z 

g_` : 2 KÊQ>o A{YH$V_ A§H$ : 50 

ZmoQ> :  g^r ^mJm| Ho$ CÎma Xr{OE & H$, I, J Am¡a K àË òH$ ^mJ _| 
go nm±M-nm±M àíZm| Ho$ CÎma Xr{OE & bm°J gma{U`m|, J«m\$ 
nona Am¡a AàmoJ«m_r` H¡$ëHw$boQ>am| Ho$ à`moJ H$s AZw_{V h¡ & 

R = 8·314 JK–1 mol–1 

Kw = 1  10–14 

log 2 = 0·3010 

^mJ H$ 

{ZåZ{b{IV _| go {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE : 51=5 

1. ËdaU H$m SI _mÌH$ Š`m h¡ ?  1 

2. ‘‘_mÌm-ñdV§Ì JwUY_©’’ go Amn Š`m g_PVo h¢ ?  1 

3. µ\$sZm°b-Ob V§Ì _| NaCl O¡gr Aew{Õ H$m H«$m§{VH$ {db`Z 
Vmn na Š`m à^md hmoVm h¡ ? g§{jßV ì`m»`m H$s{OE & 1 

4. namgaU Xm~ Š`m hmoVm h¡ ?  1 
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5. {ZåZ{b{IV A{^{H«$`m Ho$ {bE Kp H$m ì §̀OH$ {b{IE :  1 

 N2 (g) + 3H2 (g)  2NH3 (g) 

6. EH$ J¡ëd¡Zr gob H$mo ~ZmZo Ho$ {bE Xmo AY©-gobm| Zn2+/Zn 

(E° = – 0·76 V) Am¡a Cu2+/Cu (E° = 0·34 V) H$m 
Cn`moJ {H$`m J`m & H$m¡Z-gm AY©-gob H¡$WmoS> H$s ^m±{V 
H$m`© H$aoJm Am¡a Š`m| ?  1 

7. N2O5 H$m J¡g àmdñWm _| {dKQ>Z {ZåZ{b{IV àH$ma hmoVm 
h¡ :  

 2N2O5 (g)   4NO2 (g) + O2 (g) 

 àm`mo{JH$ ê$n go ào{jV Xa {Z`_ Bg àH$ma h¡ :  

 Xa = k[N2O5] 

 A{^{H«$`m H$s H$mo{Q> Š`m h¡ ?  1 
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^mJ> I 

{ZåZ{b{IV _| go {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE : 52=10 

8. J«¡h_ H$m {Z:gaU {Z`_ {b{IE & BgHo$ g§JV ì`§OH$ 
Xr{OE & 2 

9. {H$gr AmXe© J¡g Ho$ {bE, Vmn T na V1 go V2 _| g_Vmnr 
CËH«$_Ur` àgma Ho$ {bE {H$E JE Hw$b H$m`©, W Ho$ {bE 
g_rH$aU ì`wËnÞ H$s{OE & 2 

10. 3  10–2 kg Šbmoamo\$m°_© _| 5  10–4 kg H$m~©{ZH$ `m¡{JH$ 
KmobZo na Šbmoamoµ\$m°_© H$m ŠdWZm§H$ 0·3 K ~‹T> J`m & 
H$m~©{ZH$ `m¡{JH$ H$m _moba Ðì`_mZ n[aH${bV H$s{OE & 
Šbmoamoµ\$m°_© H$m _mobb CÞ`Z pñWam§H$ 3·9 K kg mol–1 h¡ & 2 

11. Š`m Ob Ho$ dmînZ dH«$ H$s T>mb YZmË_H$ h¡ `m  
G$UmË_H$ ? ì`m»`m H$s{OE & 2 

12. à~b Aåb Am¡a à~b jmaH$ Ho$ ~rM MmbH$Vm-_ybH$ 
AZw_mnZ Ho$ {bE Zm_m§{H$V AmaoI ~ZmBE & 2 

13. Eogr{Q>H$ Aåb H$s 298 K na {d`moOZ _mÌm n[aH${bV 
H$s{OE `{X 0·04 M Eogr{Q>H$ Aåb {db`Z H$s _moba 
MmbH$Vm 8·59  10–4 S m2 mol–1 hmo & AZ§V VZwVm 
na, H+ Am¡a CH3COO– Am`Zm| H$s Am`Zr MmbH$VmE± 
H«$_e: 349·8    10–4  S  m2  mol–1 Am¡a  
40·9  10–4 S m2 mol–1 h¢ & 2 

14. amgm`{ZH$ A{^{H«$`m Am¡a àH$me-amgm`{ZH$ A{^{H«$`m Ho$ 
~rM Xmo A§Va ~VmBE & 2 
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^mJ> J 

{ZåZ{b{IV _| go {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE : 53=15 

15. `Ú{n ã`yQ>oZ H$m Amno{jH$ AmpÊdH$ Ðì`_mZ A{YH$ h¡, 
{\$a ^r EWoZm°b H$m ŠdWZm§H$ ã`yQ>oZ H$s VwbZm _| A{YH$ 
hmoVm h¡ & ì`m»`m H$s{OE & 3 

16. `h _mZVo hþE {H$ H2 Am¡a O2 Ho$ ~rM H$moB© amgm`{ZH$ 
A{^{H«$`m Zht hmoVr h¡, 2·0 _mob H2 Am¡a 2·0 _mob O2 Ho$ 
{bE {_lU-EÝQ´>m°nr n[aH${bV H$s{OE & 3 

17. µ\$sZm°b-Ob V§Ì H$m nañna {dbo`Vm AmaoI ~ZmBE Am¡a 
CgH$s ì`m»`m H$s{OE & 3 

18. pñWaŠdmWr Š`m hmoVo h¢ ? Š`m pñWaŠdm{W`m| H$mo à^mOr 
AmgdZ Ûmam nyU©V: n¥WH²$ {H$`m Om gH$Vm h¡ ? {H$gr EH$ 
àH$ma Ho$ pñWaŠdmWr Ho$ {bE C{MV {MÌ Ho$ Cn`moJ Ûmam 
ì`m»`m H$s{OE & 3 

19. {ZåZ{b{IV A{^{H«$`m na {dMma H$s{OE :  

 PCl5 (g)  PCl3 (g) + Cl2 (g) 

 gmå` {H$g àH$ma à^m{dV hmoJm, `{X  

(H$) Cl2 H$s Am¡a _mÌm {_bmB© OmE,  
(I) PCl5 H$s Am¡a _mÌm {_bmB© OmE, 
(J) nmÌ H$m Am`VZ H$_ H$a {X`m OmE ? 3 

20. gmo{S>`_ EogrQ>oQ> Ho$ 0·1 M {db`Z Ho$ {bE (H$) Kh,  

(I) h, Am¡a (J) [OH
–
] n[aH${bV H$s{OE &  

 Eogr{Q>H$ Aåb Ho$ {bE Ka = 1·8  10–5 h¡ & 3 

21. {d{^Þ àH$ma Ho$ dmÝS>a dmëg ~bm| H$s g§{jßV ì`m»`m 
H$s{OE & 3 
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^mJ> K 

{ZåZ{b{IV _| go {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE : 54=20 

22. nmoQ>¡{e`_ ~«mo_mBS> H$m KZËd 2·826  103 kg m–3 h¡ & 
BgHo$ gob H$moa H$s b§~mB© 6·54  10–10 m h¡ Am¡a BgH$m 
_moba Ðì`_mZ 0·119 kg mol–1 h¡ & BgH$s KZr` g§aMZm 
h¡ & kmV H$s{OE {H$ BgH$s g§aMZm CsCl àH$ma H$s h¡ 
AWdm NaCl àH$ma H$s & 4 

23. b¢Jå`ya A{YemofU g_Vmn Ho$ {bE ì`§OH$ ì`wËnÞ H$s{OE & 4 

24. (H$) ‘àmdñWm’ H$s n[a^mfm Xr{OE & EH$ ~§X V§Ì, {Og_| 
Ob Am¡a Šbmoamoµ\$m°_© h¢, _| {H$VZr àmdñWmE± 
CnpñWV h¢ ?  2 

(I) {ZåZ{b{IV A{^{H«$`m Ho$ {bE 298 K na gob 
{d^d H$m n[aH$bZ H$s{OE :  

 Mg2+ + Fe   Mg + Fe2+  

 Fe2+ Am¡a Mg2+ Am`Zm| H$s gm§ÐVmE± H«$_e: 2·4 M 

Am¡a 1·2 M h¢ & {X`m J`m h¡ :  

 Mg2+ + 2e–   Mg   E = – 2·36 V,  

 Fe2+ + 2e–   Fe   E = – 0·44 V 2   

25. {H$gr àH«$_ Ho$ {bE 300 K na _wº$ D$Om© n[adV©Z  
G   – 120  kJ  mol–1 h¡ Am¡a 310  K na `h  
– 116 kJ mol–1 h¡ & 305 K na àH«$_ H$m EÝW¡ënr 
n[adV©Z n[aH${bV H$s{OE & 4 
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26. (H$) J¡gr` AdñWm _| A{^H$maH$m| `m/Am¡a CËnmXm| dmbr 

{H$gr A{^{H«$`m Ho$ {bE rH Am¡a rU Ho$ ~rM 

g§~§Y ì`wËnÞ H$s{OE &   2 

(I) {ZåZ{b{IV A{^{H«$`mAm| Ho$ {bE ng n[aH${bV 

H$s{OE :  2 

(i) H2 (g)  + 
2

1
O2 (g)   H2O (l) 

(ii) C (J«¡\$mBQ>)$ + O2 (g)   CO2 (g)  

27. {Q>ÝS>b à^md Š`m hmoVm h¡ ? Bg à^md Ho$ EH$ A{V 

gyú_Xeu _| AZwà`moJ Ho$ ~mao _| ~VmBE & 4 

28. gmo{S>`_ hmBS´>m°ŠgmBS> Ho$ Cn`moJ Ûmam _o{Wb EogrQ>oQ> Ho$ 

gm~wZrH$aU H$m AÜ``Z 298 K na {H$`m J`m & 

A{^{H«$`m {_lU _| jma Am¡a EñQ>a H$s àma§{^H$ gm§ÐVmE±  

1  10–2 M Wt & A{^{H«$`m H$s Xa H$mo A{^{H«$`m {_lU 

Ho$ _mZH$ HCl Ho$ gmW AZw_mnZ Ûmam kmV {H$`m J`m & 

AZ{^H¥$V jma H$s gm§ÐVmE± Bg àH$ma h¢ : 

g_`/s [A]t/ M 

240 6·85  10–3 

550 4·81  10–3 

720 4·17  10–3 

1000 3·38  10–3 

 AmboI Ûmam {ÛVr`-H$mo{Q> Xa {Z`Vm§H$ n[aH${bV H$s{OE & 4 

 


