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¶ß±Ó¬fl¡ ¬Û±Í¬Sê˜  ( B.D.P.) 
ø˙é¬±¬ı¯ ∏ «±ôL ¬Û¬ı˛œé¬±  ( Term End Examination )  

øÎ¬À¸•§¬ı˛, 2014 › Ê≈ √Ú, 2015 

¬ı̨¸±˚˛Ú ( Chemistry ) 

‹ø26√fl¡ ¬Û±Í¬Sê˜ ( Elective ) 
¸5˜ ¬ÛS ( 7th Paper : Physical Chemistry-II ) 

 
¸˜˚̨ – ≈√̋ ◊√√ ‚KI◊±¬  Û”Ì«̃ ±Ú – 50 

Time : 2 hours Full Marks : 50 
[ ˜±ÀÚ¬ı˛ &èQ – 70% ] 

Weightage of Marks : 70% 

¬Ûø¬ı˛ø˜Ó¬ › ˚Ô±˚Ô Î¬◊M√√À¬ı˛¬ı˛ Ê√Ú… ø¬ıÀ˙¯∏ ˜”˘… Œ√›˚˛± ˝ √√À¬ıº 

’qX ¬ı±Ú±Ú, ’¬Ûø¬ı˛26√ißÓ¬± ¤¬ı— ’¬Ûø¬ı˛©®±¬ı˛ ˝ √√ô¶±é¬À¬ı˛¬ı˛ Œé¬ÀS Ú•§¬ı˛ 

Œfl¡ÀÈ¬ ŒÚ›˚˛± ˝ √√À¬ıº Î¬◊¬Û±ÀôL õ∂Àùü¬ı˛ ˜”˘…˜±Ú ¸”ø‰¬Ó¬ ’±ÀÂ√º 

  ø¬ıˆ¬±· - fl¡ 

 Œ˚-Œfl¡±ÀÚ± ≈íøÈ¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú – 10 × 2 = 20 

1º [fl¡] ’Ú ≈̃ ±Ú Î¬◊À~‡¬Û”¬ı«fl¡, Ó¬±¬Û·Ó¬œ˚˛ ¬ÛXøÓ¬ÀÓ¬ ^¬ıÀÌ¬ı˛ 
¶£ ≈¬È¬Ú±Ç ¬ı‘øX¬ı˛ ¸Àe Œ˜±˘±ø˘øÈ¬¬ı˛ ¸•Ûfl«¡ ¶ö±¬ÛÚ 
fl¡èÚ º  

 [‡] ë’øˆ¬¸±¬ı˛fl¡ ‰¬±¬Û ¤fl¡øÈ¬ Œfl¡±ø˘À·øÈ¬ˆ¬ Ò˜«í — ¬ı…±‡…± 
fl¡èÚ º ˆ¬…±KI ◊ √̋√ÀÙ¬¬ı˛ ’øˆ¬¸±¬ı˛fl¡ ‰¬±¬Û ¸”SøÈ¬ ø¬ı¬ı‘Ó¬   
fl¡èÚ º   6 + 4 

2º [fl¡] ˆ¬…±KI ◊ ˝√√ÀÙ¬¬ı˛ ¸˜Ó¬±¬Û˜±S± [isotherm] ¸˜œfl¡¬ı˛Ì 
ŒÔÀfl¡ ˆ¬…±KI ◊ √̋√Ù¬ ¸˜œfl¡¬ı˛Ì [isobar] Î¬◊¬Û¬Û±√Ú    
fl¡èÚ º  

 [‡] Î¬◊Mê√ ¸˜œfl¡¬ı˛ÀÌ¬ı˛ ¸±˝√√±À˚… ˘± ˙…±ÀÈ¬ø˘˚˛¬ı˛ ÚœøÓ¬øÈ¬ 
¬ı…±‡…± fl¡èÚ º 6 + 4  

3º  [fl¡] ’± «̂ ø¬ıÀù≠ ∏̄Ì fl¡±Àfl¡ ¬ıÀ˘ ∑ ¤fl¡øÈ¬ ˜‘≈√ ’•° › ˜‘≈ 
é¬±À¬ı˛¬ı˛ ø¬ıøSê˚˛±˚˛ Î¬◊»¬Ûiß ˘¬ıÀÌ¬ı˛¬ ^¬ıÀÌ¬ı˛ pH-¤¬ı˛ 
¸˜œfl¡¬ı˛Ì ¶ö±¬ÛÚ± fl¡èÚ º  

 [‡] ¬ı±Ù¬±¬ı˛ ^¬ıÌ fl¡œ ∑ ¬ı±Ù¬±À¬ı˛¬ı˛ ¸œ˜± ¬
  

! 

p
H

= pk
a

±  1 

— ı…±‡…± fl¡èÚ º  6 + 4 

4º [fl¡] Œfl¡±Ú ¶§ä^±¬ı… ^±À¬ı¬ı˛ ^±¬ı…Ó¬± &ÌÙ¬À˘¬ı˛ ¸—:± ø√Ú º 
^±¬ı…Ó¬± &ÌÙ¬˘, ø˜|ÀÌ Ó¬øÎ¬»̌ø¬ıÀù≠ ∏̄… Œ˚±À· øfl¡ˆ¬±À¬ı 
Ûø¬ı˛¬ıøÓ«¬Ó¬ ˝√√̊ ˛ ∑ ë¸˜ ’±˚˛Ú õ∂ˆ¬±¬ıí fl¡œ — ¬ı…±‡…± 
fl¡èÚ › Î¬◊√± √̋√¬ı˛Ì ø√Ú º 

 [‡] ^¬ıÀÌ¬ı˛ ’±˚˛Úœ˚̨ ˜±S± [ionic strength] fl¡œ ∑ ¤¬ı˛ 
¤fl¡fl¡ fl¡œ ∑ ¤fl¡øÈ¬ 0·1(M) NaCl ¤¬ı—               
0·1 (M) KCl -¤¬ı˛ ø˜|ÀÌ¬ı˛ ’±˚˛Úœ˚̨ ˜±S± øÚÌ«˚̨ 
fl¡èÚ º 5 + 5 

5º [fl¡] ’±√̇ « ^¬ıÌ fl¡±Àfl¡ ¬ıÀ˘ ∑ ¤À√¬ı˛ Œé¬ÀS 
    

! 

"G, "H, "V -¤¬ı˛ ˜±Ú øÚÌ«±˚˛fl¡ ¸˜œfl¡¬ı˛Ì ¶ö±¬ÛÚ± 
fl¡èÚ ¤¬ı— ˜ôL¬ı… fl¡èÚ º ’±√̇ « ^¬ıÌ › ’Ú±√̇ « ^¬ıÀÌ 
  

! 

"S -¤¬ı˛ ˜±ÀÚ øfl¡ ¬Ûø¬ı˛¬ıÓ«¬Ú ’±˙± fl¡¬ı˛± ˚±˚˛ ∑ 

 [‡] ¸˜œfl¡¬ı˛Ì ¸˝√√À˚±À· øÎ¬¬ı±˝◊√√-UÀfl¡˘ Ó¬NøÈ¬ ¬ı…±‡…±     
fl¡èÚ º 6 + 4  
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   ø¬ıˆ¬±· - ‡¡ 
 Œ˚-Œfl¡±ÀÚ± øÓ¬ÚøÈ¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú – 6 × 3 = 18 

6º [fl¡] √̇ ± › ’¬ı˚˛¬ı fl¡œ ∑ ø·¬ı¸-¤¬ı˛ √̇ ±¸”SøÈ¬ ø¬ı¬ı‘Ó¬ › 
¬ı…±‡…± fl¡èÚ º  

 [‡]  Œfl¡±ÀÚ±›˚˛±˘Ùƒ¬ øÚ˚˛˜øÈ¬ ø¬ı¬ı‘Ó¬ fl¡èÚ º  4 + 2 

7º ŒÙ¬Ú˘-Ê√̆  ø˜|ÀÌ¬ı˛ √̇ ±-Œ˘‡ ¤“Àfl¡ ˜”̆  õ∂øÓ¬¬Û±√…&ø˘ 
ø¬ı¬ı‘Ó¬ fl¡èÚ º ^¬ıÀÌ¬ı˛ Sê±øôLfl¡ Î¬◊¯ûÓ¬± fl¡œ ∑ ‹ Î¬◊¯ûÓ¬±˚˛ 
¶§±Ó¬La… ˜±S± (F) fl¡Ó¬ ∑  6    

8º ø¶ö¬ı˛ ¶£ ≈¬È¬Ú±Ç ø˜|Ì fl¡œ ∑ Î¬◊√± √̋√¬ı˛Ì ¤¬ı— Î¬◊¬Û˚ ≈Mê√ Œ˘‡¸ √̋√ 
¬ı…±‡…± fl¡èÚ º ‹ ø˜|Ì › ¬ı˛±¸±˚˛øÚfl¡ Œ˚ÃÀ·¬ı˛ ¬Û±Ô«fl¡… Î¬◊À~‡ 
fl¡èÚ º   2  + 2 + 2 

9º õ∂À˚˛±ÊÚ√œ˚̨ ¸˜œfl¡¬ı˛Ì ¶ö±¬ÛÚ fl¡À¬ı˛  õ∂˜±Ì fl¡èÚ ’…±À˜±øÚ˚˛±˜ 
’…±ø¸ÀÈ¬È¬ ˘¬ıÀÌ¬ı˛ Ê√̆ œ˚̨ ^¬ıÀÌ¬ı˛ pH =7 ¤¬ı— Ó¬± ˘¬ıÀÌ¬ı˛ 
·±Ï¬ˇQ øÚˆ«¬¬ı˛ Ú˚˛ º   6  

10º Ú±Ú«Àà¬ı˛ ¬ıKI ◊Ú ¸”SøÈ¬ ø¬ı¬ı‘Ó¬  › Ó¬±¬Û·Ó¬œ˚˛ ¬ÛXøÓ¬ÀÓ¬ 
Î¬◊¬Û¬Û±√Ú fl¡èÚ º   6 

11º ’•°-é¬±¬ı˛fl¡ øÚÀ«√̇ fl¡ fl¡œ ∑ ¤fl¡øÈ¬  Î¬◊√± √̋√¬ı˛Ì ø√Ú º õ∂˙˜Ú-
Œ˘‡ ¸ √̋√À˚±À· ¤ ◊̋√√ øÚÀ«√̇ fl¡ ¬ı±Â√±˝◊√√ øfl¡ˆ¬±À¬ı fl¡¬ı˛À¬ıÚ Ó¬± 
’±À˘±‰¬Ú± fl¡èÚ º 3 + 3 

12º 50˚C Ó¬±¬Û˜±S±˚˛ Ê√À˘¬ı˛ ø¬ıÀ˚˛±Ê√Ú ÒËn∏¬ıfl¡ 
    

! 

(K
w

) √̋√̆        

5·4 × 10  

! 

"14 º   ¤¬ı˛ pH fl¡Ó¬ ∑  ·±Ï¬ˇ ’…±ø¸Î¬ ^¬ıÀÌ       
pH = – log [ H 

! 

+ ] – ¤ ◊̋√√ ¸˜œfl¡¬ı˛ÌøÈ¬ ¬ı…¬ı˝√√±˚« Ú˚˛ Œfl¡Ú ∑ 
0·01(M) Œ¸±øÎ¬˚˛±˜ ’…±ø¸ÀÈ¬È¬ ^¬ıÀÌ¬ı˛ ’± «̂ø¬ıÀù≠ ∏̄ÀÌ¬ı˛ 
Œé¬ÀS pH  øÚÌ«˚ ̨fl¡èÚ º 

    

! 

( pk
a

= 4 "74)  6 

   ø¬ıˆ¬±· - ·¡ 
 Œ˚-Œfl¡±ÀÚ± ‰¬±¬ı˛øÈ¬¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú – 3 × 4 = 12 
13º Î≈¬À √̋√̃ -˜±¬ı˛ø·Î¬◊ ƒ̆¸ ¸˜œfl¡¬ı˛ÌøÈ¬ ø¬ı¬ı‘Ó¬ › ¬ı…±‡…± fl¡èÚ º    
14º ’…±øÊ√›À¬∏C±¬Û fl¡œ ∑ Î¬◊√± √̋√¬ı˛Ì ø√Úº ¤¬ı˛ ¤fl¡øÈ¬ ¬ı…¬ı˝√√±¬ı˛ Î¬◊À~‡ 

fl¡èÚ º  
15º ’¸›˚˛±Àã¬ı˛ ˘‚≈Ó¬± ¸”S ø¬ı¬ı‘Ó¬ › ¬ı…±‡…± fl¡èÚ º    
16º ¤fl¡øÈ¬ ø˜| ^¬ıÀÌ 

  

! 

CH
3
COOH-¤¬ı˛ ·±Ï¬ˇQ 0·1(M) › 

  

! 

CH
3
COONa-¬ı˛ ·±Ï¬ˇQ 0·02 (M)º ‹ ^¬ıÀÌ¬ı˛ ¤fl¡ 

ø˘È¬±À¬ı˛ 1 mL (N) HCl Ï¬±˘± ˝√√̆  º ¤‡Ú ^¬ıÌøÈ¬¬ı˛ pH fl¡Ó¬   
√̋√À¬ı ∑ 

    

! 

(K
a

=1"8  #  10
$5

)  

17º 0·1(M) ’…±ø¸øÈ¬fl¡ ’…±ø¸Î¬ ¡^¬ıÌÀfl¡ 10 &Ì ˘‚ ≈ fl¡¬ı˛± ˝√√À  ̆
pH ¬Ûø¬ı˛¬ıÓ«¬Ú fl¡œ √̋√À¬ı ∑  

18º 550˚C, 200 atm, 
  

! 

N
2
 :H

2
=1 :  3 [Œ˜±˘ 

’Ú ≈¬Û±Ó¬], ¸±˜… ø˜|ÀÌ 25% [›Ê√ÀÚ¬ı]̨ ’…±À˜±øÚ˚˛± Ô±fl¡À˘ 
ø¬ıøSê˚˛±¬ı˛ ¸±˜… ÒËn∏¬ıfl¡ 

  

! 

K
p
 fl¡Ó¬ ∑   

   
  

! 

N
2

+3H
2

  
  

! 

2NH
3

 

19º '
  

! 

K
p
' ¤fl¡øÈ¬ ¤fl¡fl¡ ˝√√œÚ ¬ı˛±ø˙ — ¬ı…±‡…± fl¡èÚ º              

  

! 

K
p
› 

  

! 

K
c
-¬ı˛ ˜ÀÒ… ¸•Ûfl«¡øÈ¬ õ∂fl¡±˙ fl¡èÚ º  

20º  10˚C Ó¬±¬Û˜±S±˚˛ õ∂˙˜ ø¬ıqX Ê√À˘¬ı˛ pH < 7  Ú±          
pH > 7  ∑  ¬ı…±‡…± fl¡èÚ º 

21º ¤fl¡øÈ¬ ’…±ø¸Î¬-é¬±¬ı˛ øÚÀ«√̇ Àfl¡¬ı˛   

! 

p
k= 5·3 º  ¤fl¡øÈ¬ ^¬ıÀÌ 

øÚÀ«√̇ fl¡øÈ¬ ˙Ó¬fl¡¬ı˛± 60 ˆ¬±· ’±ø•°fl¡ ¬ı˛+À¬Û ’±ÀÂ√ º ^¬ıÀÌ¬ı˛ 
pH  fl¡Ó¬ ∑  
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( English Version ) 
Special credit will be given for precise and correct 

answer. Marks will be deducted for spelling 
mistakes, untidiness and illegible handwriting. 
The figures in the margin indicate full marks. 

 

Group-A 

  Answer any two questions.  10 × 2 = 20 
1. (a) Establish thermodynamically the 

relation of elevation of boiling point 
with molality of solution. Mention the 
assumption considered.  

 (b) "Osmotic pressure is a colligative 
property." Explain. State the van't Hoff 
law of osmotic pressure. 6 + 4 

2. (a) Starting from van't Hoff Isotherm, 
derive the van't Hoff equation (isobar).  

 (b) Using your result explain the Le 
Chatelier's principle. 6 + 4 

3. (a) What is hydrolysis ? Establish the 
expression of pH of a solution of a salt 
produced by a reaction between a weak 
acid and a weak base. 

 (b) What is a buffer solution ? 

  The range of a buffer is 
  

! 

p
H

= pk
a

±  1. 

Explain. 6 + 4 
4. (a) Define solubility product of a sparingly 

soluble solute. How does it change on 
addition of electrolytes in the solution ? 
What is 'common ion effect' — Explain 
with example.  

 (b) What is 'ionic strength' of a solution ? 
Mention its unit. Determine the ionic 
strength of a solution containing         
0·1 (M) NaCl and 0·1 (M) KCl. 5 + 5 

5. (a) What is an ideal solution ? Establish 
the expressions for     

! 

"G, "H, "V  for 
such a solution. Comment on your 
results. What change would you expect 
in   

! 

"S  values between an ideal and a 
non-ideal solution ? 

 (b) State and explain with the relevant 
expression the 'Debye-Huckel' law.  

   6 + 4 

Group-B 

  Answer any three questions.  6 × 3 = 18 

6. (a) What are phase and component ? 

  State and explain Gibbs Phase rule. 

 (b) State the Konowalloff's rule. 4 + 2 

7. Give and explain the salient points of 
phenol-water system with diagram. What is 
critical "solution temperature" ? Find the 
degrees of freedom (F) at this temperature. 6 

8. What is "constant boiling" mixture ? Explain 
with proper diagram with an example. How 
is it different from a chemical compound ?  

    2 + 2 + 2 
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9. Establish the required expression to 

establish that pH of a solution of ammonium 

acetate is 7 and pH is independent of the 

salt concentration.  6 

10. State and thermodynamically establish the 

Nernst Distribution law. 6 

11. What is an acid-base indicator ? Give an 

example. Discuss briefly how you would 

select an indicator. 3 + 3 

12. Dissociation constant 
    

! 

(K
w

) of water at 50˚C 

is 5·4 × 10  

! 

"14 . What is its pH value ?  

 pH = – log [ H 

! 

+ ] — why this expression is 

not valid for a concentrated acid solution ? 

Find the pH of a solution after the hydrolysis 
of 0·01(M) sodium acetate. 

  

! 

(pk
a

= 4 "74) . 6 

Group-C 

  Answer any four questions. 3 × 4 = 12 

13. State and explain the "Duhelm-Margules" 

equation. 

14. State with example, "azeotrope". Mention 

one of its uses.  

15. State and explain the "Ostwald dilution law". 

16. A solution contains 0·1(M) 
  

! 

CH
3
COOH and 

0·02 (M) 
  

! 

CH
3
COONa . One mL of 1 (N) HCl is 

added to 1L of the  above solution. Find the 

pH of the final mixture. 
    

! 

(K
a

=1"8  #  10
$5

) . 

17. How does the pH change when a 0·1(M) 

acetic acid solution is 10 times diluted ? 

18. For 
  

! 

N
2

+3H
2

  
  

! 

2NH
3
, at 550˚C, 200 atm, 

the mole-ratio 
  

! 

N
2
 :H

2
=1 :  3, the 

equilibrium mixture contains 25% (by 

weight) ammonia. Find the equilibrium 
constant 

  

! 

K
p
. 

19. 
  

! 

K
p
 is a unitless quantity — Justify. 

Establish the relation between 
  

! 

K
p
 and 

  

! 

K
c
. 

20.  Explain whether pH < 7 or pH > 7 of pure 

and neutral water at 10˚C. 

21.   

! 

p
k= 5·3 of an acid-base indicator. If the 

indicator exists by 60% in acidic form, what 

is the pH of the solution ? 
          


