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Ê√è¬ı˛œ øÚÀ«√̇  / IMPORTANT INSTRUCTION 
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ø¬ıˆ¬±· - fl¡ 
Group-A 

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

 Answer any two questions : 

1. (a) ¤fl¡øÈ¬ ¬ı±Ù¬±¬ı˛ ^¬ıÀÌ¬ı˛ pH ¤¬ı˛ Ê√Ú… Œ˝√ √̀ ¬±¬ı˛¸Ú ¸˜œfl¡¬ı˛ÌøÈ¬ ¶ö±¬ÛÚ± fl¡èÚº 

  Deduce Henderson equation for the pH of a buffer solution. 

 (b) Î ≈¬À˝√√̃ -˜±¬ı˛&À˘¸ ¸˜œfl¡¬ı˛Ì ¬ı…¬ı˝√ √±¬ı˛ fl¡À¬ı˛ õ∂˜±Ì fl¡èÚ Œ˚ ˚ø√ ¤fl¡øÈ¬ ø¡Z-Î¬◊¬Û±—˙ Ó¬¬ı˛˘ ø˜|ÀÌ¬ı˛ ¤fl¡øÈ¬ ˚ø√ 
’±√̇ « ’±‰¬¬ı˛Ì fl¡À¬ı˛ Ó¬À¬ı ’¬Û¬ı˛øÈ¬› ’±√̇ « ’±‰¬¬ı˛Ì fl¡¬ı˛À¬ıº 

  Prove using Duhem-Margules equation that if one of the two components of 

a binary liquid mixture behaves ideally, the second one has to behave 

ideally.  

 (c) Î ≈¬À˝√√̃ -˜±¬ı˛&À˘¸ ¸˜œfl¡¬ı˛ÌøÈ¬ ¶ö±¬ÛÚ± fl¡èÚº 4 + 3 + 3 

  Establish Duhem-Margules equation. 

2. (a) ˝√√±˝◊ √ √ÀˇE±ÀÊ√Ú Œflv¡±¬ı˛±˝◊ √√Î¬ ¤¬ı˛ Ê√̆ œ˚˛ ^¬ıÌ ŒÔÀfl¡ Î¬◊¬Û±—˙ ≈√øÈ¬ ¬Û±Ó¬ÀÚ¬ı˛ ¸±˝√√±À˚…  ¸•Û”Ì« ¬Û‘Ôfl¡ fl¡¬ı˛± ˚±˚˛Ú±, 
Œfl¡Ú ∑ 

  Why a solution of hydrogen chloride in water can not be completely 

separated into components through distillation ? 

 (b) ¸˜-¶£ ≈¬È¬Ú ø˜|Ì [azeotrope] øfl¡ ∑ õ∂˜±Ì fl¡èÚ Œ˚ ¸˜-¶£ ≈¬È¬Ú ø˜|Ì ¤fl¡øÈ¬ ø˜|Ì, Œ˚Ã· Ú˚˛º 

  What is an azeotrope ? Prove that an azeotrope is a mixture, not a pure 

compound. 

 (c) fl¡ÀÚ±›˚˛±˘ÀÙ¬¬ı˛ ÚœøÓ¬ ¶ö±¬ÛÚ± fl¡èÚº 2 + 3 + 5 

  Deduce Konowaloff rule. 

3. (a) ¬ı˛±¸±˚˛øÚfl¡ ø¬ıøSê˚˛±¬ı˛ Ê√Ú… ˆ¬…±KI ◊˝√√Ù¬ ¸˜Î¬◊¯ûÓ¬± ¸˜œfl¡¬ı˛Ì ¶ö±¬ÛÚ± fl¡èÚº 

  Deduce Vant Hoff isotherm for chemical reactions. 

 (b) ø·¬ı¸ ˚ ≈Mê√ ˙øMê √ G ¤¬ı˛ ¸±ÀÔ ø¬ıøSê˚˛±¬ı˛ ’¢∂·˜Ú ˜±S± [degree of advancement, 

! 

"] ¬Ûø¬ı˛¬ıÓ«¬ÀÚ¬ı˛ 
Œ˘‡ ø‰¬S ’±“fl ≈¡Úº ¸±˜…±¬ı¶ö±¬ı̨ ’¬ı¶ö±Ú Œ√‡±Úº Œ˘‡øÈ¬¬ı˛ Œ‰¬˝√ √±¬ı˛± ¬ı…±‡…± fl¡èÚº 

  Plot G of a reaction against degree of advancement (

! 

") and show the 

equilibrium position. Discuss the nature of the curve. 

 (c) ë¬ı˛±¸±˚ø̨Úfl¡ ¸±˜… ‰¬˘˜±Úí — ¬ı…±‡…± fl¡èÚº 5 + 3 + 2 

  Chemical equilibrium is dynamic in nature. Explain. 
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4. (a) 50 cc 4 × 10  

! 

"4
 (M)  NaF  ^¬ıÀÌ¬ı˛ ¸±ÀÔ 200 cc 4 × 10  

! 

"2
(M) 

  

! 

BaCl
2

 ^¬ıÌ Œ˜˙±ÀÚ± ˝√√̆ º 

Œfl¡±Ú ’Ò–Àé¬¬Û ˝ √√À¬ı øfl¡ ∑ ¬ı…±‡…± fl¡èÚº 
  

! 

BaF
2

-¤¬ı˛ ^±¬ı…Ó¬± &ÌÙ¬˘ 1 × 10  

! 

"6 º 

  50 cc 4 × 10  

! 

"4
 (M) solution NaF is mixed with a 200 cc of 4 × 10  

! 

"2
 (M) 

solution of 
  

! 

BaCl
2

. Given that solubility product of 
  

! 

BaF
2

 is 1 × 10  

! 

"6
, do you 

expect a precipitation ? Explain. 

 (b) ë¬ı±©Û ¬Û±Ó¬Úí ¤¬ı˛ ›¬Û¬ı˛ ¸—øé¬5 È¬œfl¡± ø˘‡≈Úº 

  Write a short note on steam distillation. 

 (c) ÚœÀ‰¬¬ı˛ ^¬ıÌ&ø˘¬ı˛ pH fl¡Ó¬ ˝ √√À¬ı ∑ 

  What is the pH of 

  (i) 0·1 (N) NaCl ^¬ıÌ 

   a 0·1 (N) NaCl solution 

  (ii) 0·1 (N) Œ¸±øÎ¬˚˛±˜ ’…±ø¸ÀÈ¬È¬ ^¬ıÌ 

    ( Œ√›˚˛± ’±ÀÂ√  pK ’…±ø¸øÈ¬fl¡ ’…±ø¸Î¬  = 4·76 ) 

   a 0·1 (N) sodium acetate solution 

   ( Given pK acetic acid = 4·76 ) 

  (iii) 0·1 (N) NaOH ^¬ıÌº 3 + 3 + ( 1 + 2 + 1 ) 

   a 0·1 (N) NaOH solution. 

õ∂Ô˜ Î¬◊M√√¬ı˛  / First Answer : 
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ø¡ZÓ¬œ˚˛ Î¬◊M√√¬ı˛  / Second Answer : 
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ø¬ıˆ¬±· - ‡¡ 
Group-B 

 Œ˚-Œfl¡±ÀÚ± øÓ¬ÚøÈ¬¬¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú  – 6 × 3 = 18 
 Answer any three questions : 

5. Ó¬±¬Û·øÓ¬ø¬ı√…±¬ı˛ ˜”˘ÚœøÓ¬ ŒÔÀfl¡ ¤fl¡øÈ¬ ’±√̇ « ^¬ıÀÌ¬ı˛ ¶£ ≈¬È¬Ú±ÀÇ¬ı˛ ¬ı‘øX › Œ˜±˘±ø˘øÈ¬¬ı˛ ¸•Ûfl«¡ ¶ö±¬ÛÚ fl¡èÚº 
õ∂À˚˛±Ê√Úœ˚˛ ’Ú ≈ø˜øÓ¬ › ’±¸ißÓ¬± Î¬◊À~‡ fl¡èÚº 6 

 Deduce thermodynamically the relationship between elevation of boiling point 

and molality of an ideal solution. State the approximations and assumptions. 

6. ÚœÀ‰¬¬ı˛ ¸±À˜…¬ı˛ ’¬ı¶ö±Ú øfl¡ ˝√√À¬ı ∑ 

 What happens to the equilibrium ? 
 (a) 

    

! 

H
2

( g) + I
2

( g)  2 HI(g) ˚‡Ú 
    

! 

H
2

( g)  Œ˚±· fl¡¬ı˛± ˝√√˘º 

  
    

! 

H
2

( g) + I
2

( g)  2 HI(g) when 
      

! 

H
2
( g) is added to the system.  

 (b) 
  

! 

NH
3

 + H
2

O
  

! 

NH
4

OH
  

! 

NH
4

+
+   

! 

OH
"
 ˚‡Ú  ^¬ıÌøÈ¬ÀÓ¬ NaOH Œ˚±· fl¡¬ı˛± ˝√√˘º 

  
  

! 

NH
3

 + H
2

O
  

! 

NH
4

OH
  

! 

NH
4

+
+   

! 

OH
"
 when NaOH is added to the 

solution. 
 (c) 

    

! 

N
2

( g)+3H
2

( g)  
      

! 

2NH
3

( g)  
  

! 

NH
3
 Œfl¡ Ó¬¬ı˛˘œfl¡¬ı˛Ì fl¡À¬ı˛ ¸¬ı˛±ÀÚ± ˝√√̆ º 

  
    

! 

N
2

( g)+3H
2

( g)  
      

! 

2NH
3

( g)   
  

! 

NH
3
 is removed through liquifaction. 

 (d) 
    

! 

CaCO
3

(s)      

! 

CaO (s) + CO
2

( g)   ¬Û±ÀS¬ı˛ Ï¬±fl¡± ¸ø¬ı˛À˚˛ Œ√›˚˛ ˝√ √̆ º 6 

  
    

! 

CaCO
3

(s)      

! 

CaO (s) + CO
2

( g) . The lid of the vessel is removed. 

7. õ∂˜±Ì fl¡èÚ Œ˚ 
  

! 

N
2

+3H
2

= 2NH
3
 ø¬ıøSê˚˛±¬ı˛, 

  

! 

NH
3

 Î¬◊»¬Û±√Ú ˜±S± ¸¬ı±«øÒfl¡ ˝√ √¬ı±¬ı˛ ˙Ó«¬ ˝√√˘ 
  

! 

N
2

 › 
  

! 

H
2

 

Œfl¡ 1 : 3 Œ˜±˘ ’Ú ≈¬Û±Ó¬ Œ˜˙±ÀÓ¬ ˝√ √À¬ıº 6 

 Prove that yield of 
  

! 

NH
3
 in the reaction 

  

! 

N
2

+3H
2

= 2NH
3
 is maximum when 

  

! 

N
2

 

and 
  

! 

H
2

 are mixed in the mole ratio of  1 : 3. 

8. (a) ’±√̇ « ^¬ıÀÌ¬ı˛ Œé¬ÀS ø˜|ÀÌ¬ı˛ Ê√Ú…   

! 

"G ,   

! 

"H  ¤¬ı—   

! 

"V  fl¡Ó¬ ˝√ √À¬ı ∑ 
  What are values of 

    

! 

"G mixing, 
    

! 

"H mixing , 
    

! 

"Vmixing for an ideal solution ?  

 (b) ¤fl¡øÈ¬ ¬Û√±Ô« Œfl¡±Ú ˙ÀÓ«¬ ’•ß-é¬±¬ı˛ øÚÀ« √̇ fl¡ ø˝√ √À¸À¬ı  fl¡±Ê√ fl¡¬ı˛À¬ı ∑ 

  What is the criterion for a substance to act as an acid-base indicator ? 

 (c) 
  

! 

N
2

+3H
2

= 2NH
3
 ¤¬ı— 

  

! 

1

2
N

2
 + 

3

2
H

2   

! 

NH
3 ? ¤À√¬ı˛ 

  

! 

K
P

-¬ı˛ ¸•Ûfl«¡ øfl¡ ∑ 3 + 2 + 1 

  What is the relationship between 
  

! 

K
P

's of 
  

! 

N
2

+3H
2

= 2NH
3

 and 

  

! 

1

2
N

2
 + 

3

2
H

2
    

! 

NH
3 ? 
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9. (a) ’…±øÚø˘Ú-Ê√̆  ø˜|ÀÌ¬ı˛ √̇ ±ø‰¬S ¬ı…±‡…± fl¡èÚº UCST-¤Ó¬ ¤¬ı— ¡^±¬ı…Ó¬± ¸œ˜±¬ı˛ [solubility 

domain] ¬ı±˝◊ √√À¬ı˛ ¶§±ÒœÚÓ¬± ˜±S± [degrees of freedom] fl¡Ó¬ ∑ 

  Discuss the phase diagram of Aniline-water system. What are the degrees of 

freedom at UCST, outside solubility domain ? 
 (b) 

  

! 

K
a

 ¤fl¡øÈ¬ Ó¬±¬Û·Ó¬œ˚˛ ÒËn∏¬ıfl¡ øfl¡c 
  

! 

K
c
’Ú ≈ø˜Ó¬º ¬ı…±‡…± fl¡èÚº 4 + 2 

  
  

! 

K
a

 is true thermodynamic constant while 
  

! 

K
c
 is approximate-comment.  

10. ¬Ûø¬ı˛©®±¬ı˛ Œ˘À¬ı˘ ˚ ≈Mê √ ø‰¬S¸˝ √√fl¡±À¬ı˛ Ê√À˘¬ı˛ √̇ ±-ø‰¬S ¬ıÌ«Ú± fl¡èÚº 6 

 Discuss the phase-diagram of water with neat labelled diagram. 

õ∂Ô˜ Î¬◊M√√¬ı˛ / First Answer : 
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ø¡ZÓ¬œ˚˛ Î¬◊M√√¬ı˛ / Second Answer : 
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Ó‘¬Ó¬œ˚˛ Î¬◊M√√¬ı ̨/ Third Answer : 
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ø¬ıˆ¬±· - ·¡ 
Group - C 

 Œ˚-Œfl¡±ÀÚ± ‰¬±¬ı˛øÈ¬ õ∂Àùü¬ı˛ Î¬◊M√√¬ı˛ ø√Ú – 3 × 4 = 12 
 Answer any four questions : 
11. ¤fl¡øÈ¬  10 cc 0·1 (N) KI ^¬ıÌÀfl¡ 0·01 (N) 

  

! 

Pb (NO
3

)
2

 ^¬ıÀÌ¬ı˛ ¸±À¬ÛÀé¬ È¬±˝◊ √ √À¬∏C˙Ú fl¡¬ı˛± ˝√√À26 √º 

    

! 

Pb (NO
3
)
2
 ^¬ıÀÌ¬ı˛ 2·5 cc Œ˚±· fl¡¬ı˛±˚˛ 

  

! 

PbI
2

-¤¬ı˛ ˝√√ ≈̆√ ’Ò–Àé¬¬Û Œ√‡± Œ·˘º 
  

! 

PbI
2

-¤¬ı˛  ^±¬ı…Ó¬±  

&ÌÙ¬˘ fl¡Ó¬ ∑ 

 [ ¤‡±ÀÚ Œ√›˚˛± ˜±Ú&ø˘ ¬ı±Ú±ÀÚ± ] 3 

 A 10 cc 0·1 (N) solution of KI is titrated against a 0·01 (N) solution of 
    

! 

Pb (NO
3
)
2
. 

First precipitation of yellow coloured 
  

! 

PbI
2

 appeared when 2·5 cc of 
    

! 

Pb (NO
3
)
2
 is 

added. Calculate the solubility product of 
  

! 

PbI
2

. 

 ( Note : the value is hypothetical ). 

12. ø˘ˆ¬±¬ı˛ ÚœøÓ¬ ø˘‡≈Ú › ¬ı…±‡…± fl¡èÚº 3 

 State and explain lever rule. 
13. ¤fl¡øÈ¬ ·…±¸ ø˜|ÀÌ 

  

! 

N
2

, H
  

! 

2
 › 

  

! 

NH
3
 ’±ÀÂ√º ¤À√¬ı˛ ¬Û±ù´«‰¬±¬Û ˚Ô±SêÀ˜  0·452 atm, 1·0 atm  ¤¬ı—      

0·01 atm, Ó¬±¬Û˜±S± 650 Kº 
  

! 

N
2

+3H
2

= 2NH
3
 ø¬ıøSê˚˛±¬ı˛  650 K  Ó¬±¬Û˜±S±˚˛ 

  

! 

K
P

 =4·3 × 10  

! 

"4
 

ø¬ıøSê˚˛±øÈ¬ Œfl¡±Ú ø√Àfl¡ ¤À·±À¬ı∑ 3 

 Partial pressures of a mixture of 
  

! 

N
2

, H
  

! 

2
 and 

  

! 

NH
3
 are 0·452 atm, 1·0 atm and 

0·01 atm (at 650 K) respectively. 
  

! 

K
P

 for the reaction 
  

! 

N
2

+3H
2

= 2NH
3

 is           

4·3 × 10  

! 

"4
 at 650 K. In which direction the process is shifted ? 

14. ˆ¬…±KI ◊ ˝√√ÀÙ¬¬ı˛ &ÚÌœ˚˛fl¡ fl¡Ó¬ ˝√ √À¬ı ∑ 

 Compute the Vant Hoff factor : 

 (a) 0·1 (N) NaCl ^¬ıÌ, ø¬ıÀ˚˛±Ê√Ú ˜±S± 

! 

"  = 0·80 

   0·1 (N) NaCl solution, 

! 

"  = 0·80 ( degree of dissociation ) 

 (b) 0·1 (N) 
  

! 

CH
3

COOH ^¬ıÌ, ø¡ZQ-w±ø¬ÛÓ¬ ‚ÀÈ¬, ˜±S± 

! 

" = 0·35. 3 

  0·1 (N) 
  

! 

CH
3

COOH solution, dimerises 

! 

" = 0·35 (degree dimerisation ). 

15. (a) 

! 

" = CRT ŒÓ¬ C -¤¬ı˛ ¤fl¡fl¡ øfl¡ ∑ 

   What is the unit of C in 

! 

" = CRT ? 

 (b) 
  

! 

"T
b

= k
b

.m s. ¤ 
  

! 

m s ¤¬ı˛ ¤fl¡fl¡ øfl¡ ∑ 

  What is the unit of 
  

! 

m s in 
  

! 

"T
b

= k
b

.m s. 

 (c) 

! 

" = CRT ŒÓ¬ R ¤¬ı˛ Œfl¡±Ú ˜±Ú øÚÀÓ¬ ˝√√À¬ı ∑ 3 

  What is the value of R to be used in 

! 

" = CRT ? 
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16. 30 cc of 0·1 (N) ’…±ø¸øÈ¬fl¡ ’…±ø¸Î¬ pK = 4·76-¤¬ı˛ ¸±ÀÔ 10 cc of 0·1 (N) Œ¸±øÎ¬˚˛±˜ ˝√√±˝◊ √√E'±˝◊ √√Î¬ 
ø˜ø˙À˚˛ õ∂±5 ¬ı±Ù¬±¬ı˛ ^¬ıÀÌ¬ı˛  pH ·ÌÚ± fl¡èÚº 

 Calculate the pH of a buffer solution formed by mixing 30 cc of 0·1 (N) acetic acid 

with 10 cc of 0·1 (N) sodium hydroxide pK (acetic acid) = 4·76. 

17. (a) fl¡‡Ú ø˝√√̃ ±ÀÇ¬ı˛ Î¬◊X«·˜Ú ˘é¬… fl¡¬ı˛± ˚±À¬ı ∑ 

  When we expect an elevation of freezing point ? 

 (b) ¸±—‡… Ò˜« fl¡±Àfl¡ ¬ıÀ˘ ∑ 3 

   What is colligative property ? 

18. ’±˚˛Úœ˚˛ ˜±S± [ionic strength] ·ÌÚ± fl¡èÚº  

 Calculate the ionic strength of 
 (a)  0·1 (N) NaCl ¤¬ı—  0·2 (N) CaCl

  

! 

2
 ¤¬ı˛ ø˜| ^¬ıÀÌ 

  A solution containing 0·1 (N) NaCl and 0·2 (N) CaCl
  

! 

2
 

 (b) 0·2 (N) 
  

! 

K
4

Fe (CN )
6
 ^¬ıÀÌ¬ı˛º 3 

   a solution of 0·2 (N) 
  

! 

K
4

Fe (CN )
6
. 

õ∂Ô˜ Î¬◊M√√¬ı˛  / First Answer : 
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ø¡ZÓ¬œ˚˛ Î¬◊M√√¬ı˛  / Second Answer : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 QP Code : 20UA112ECH7  B.Sc.-AU-16120  

  

23/24 

Ó‘¬Ó¬œ˚˛ Î¬◊M√√¬ı ̨ / Third Answer : 
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‰¬Ó≈¬Ô« Î¬◊M√√¬ı˛  / Fourth Answer : 
 

 
 
 
 
 
 

 
 


