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Parts.  
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 (iii) Marks are indicated against each 

question. 
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 Part—A (Marks : 25) 

(Chemical Energetics and Equilibria) 

Note : Attempt any five questions from Question 

Nos. 1 to 7. 

1. (a) What are intensive variables ? Identify 

intensive variables from the following 

properties : 2 

  (i) Volume 

  (ii) Refractive index 

  (iii) Temperature  

 (b) Derive a relationship between the 

temperature and volume for an 

adiabatic process. 3 

2. (a) Show that the heat absorbed by a 

system at constant volume is equal to 

increase in internal energy of the 

system. 2 
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 (b) The reaction of cyanamide, NH2CN(s) 

with dioxygen was carried out in a 

bomb calorimeter, and U was found to 

be – 742.7 kJ mol–1 at 298 K. Calculate 

the enthalpy change for the reaction at 

298 K :  3 

  2 2 2 2

2

3
NH CN(g) + O (g) N (g) + CO (g)

2

+ H O(l)


 

3. (a) What are spontaneous reactions ? Give 

criteria for spontaneity of a reaction in 

terms of (i) entropy, and (ii) Gibbs 

energy. 2 

 (b) The enthalpy change for the following 

reaction is determined to be 131.28 kJ 

mol–1 at 298 K : 
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  (graphite) 2 2C + H O(g) CO(g) + H (g)  

  Calculate the enthalpy change for the 

reaction at 100ºC. The Cpº (JK–1 mol–1) 

values are given as :  

  C(graphite) = 8.53, : H2O(g) = 33.58;   

   CO(g) = 29.12; H2(g) = 28.82.  

  Assume the heat capacity values  

to be temperature independent in the 

range.  3 

4. (a) Write an equilibrium constant 

expression for each of the following 

chemical reactions : 2 

  (i) 4NO2(g) + O2(g) + 2H2O(g)   

  4HNO3(g) 

  (ii) CH4(g) + H2O(g)  CO(g) + 3H2(g) 
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 (b) Calculate the equilibrium constant Kp 

and Kc for the reaction : 

            
2 2

1
CO(g) + O (g) CO (g)

2
 

  Given that the partial pressure of 

various gases at equilibrium in a vessel 

at 3000 K are :  3 

                       PCO = 0.4 atm., CO2
P  = 0.6 atm.,  

    O2
P  = 0.2 atm. 

5. (a) Define chemical potential and give its 

significance. 2 

 (b) At a pressure of 1 bar, water undergoes 

fusion at 273.1 K. Write the equation 

for the process. Calculate the entropy  

of fusion of water if the molar  

enthalpy of fusion of water is found to 

be 6.02 kJ mol–1. 3 
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6. (a) In the following reactions, label each 

species as an acid or a base. Also, 

identify the conjugate and acid-base 

pairs in these reactions : 2 

  (i)  2
4 3 4HSO (aq) NH (aq) SO (aq)   

4NH (aq)  

  (ii) 2
4 4 2 4HPO (aq) NH (aq) H PO (aq)    

3NH (aq)  

 (b) Calculate the degree of hydrolysis of  

0.1 M aqueous solution of sodium 

acetate at 298 K. Given :  3 

                        Ka(CH3COOH) = 1.8 × 10–5. 

7. (a) What is common ion effect ? Explain 

with the help of a suitable example. 2 
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 (b) For PbCl2, ksp = 3.2 × 10–5. Determine 

the maximum amount of PbCl2 (in g) 

that will dissolve in 250 cm3 of water at 

25ºC.  3 

  Given : Molar mass of PbCl2 = 278 g/mol 

 Part—B (Marks : 25) 

(Functional Group Organic Chemistry—I) 

Note : Attempt any five questions from Question 

Nos. 8 to 14. 

8. (a) Give IUPAC and common name of 

6 5 2C H CH Cl . 1 
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 (b) State Huckel’s rule. Which of the 

following is aromatic ? 2 

 

 (c) What are electrophiles ? Give the 

structures of two electrophiles. 2 

9. (a) Explain why t-butyl alcohol undergoes 

elimination reaction by E1 and n-butyl 

alcohol by E2 mechanism. 4 

 (b) Give two examples of o-, p-directing 

groups in electrophilic aromatic 

substitution reaction. 1 

10. Complete any five of the following  

reactions :   5 

 (i) 
warm

26 5 H O2
C H N Cl

 

  
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 (ii)  

 (iii) 2

4

H /Pd

BaSO
RCOCl   

 (iv) 22(i) NH NH .HCl
6 5 3 (ii) Base

C H –COCH 
 

 

 (v)  

 

 

 (vi)  

11. How is benzene converted to acetophenone ? 

Give the specific name of the reaction, its 

mechanism and one catalyst that is used in 

this reaction. 5 
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12. Complete any five of the following  

reactions :  5 

 

 (i)  

 (ii) RCHO + (CH2COOEt)2 — ? 

 (iii) RO–Na+ + R'Cl — ? 

 (iv) RCOOH + R'—OH 
H

  ? 

 (v) 
dil NaOH

32CH CHO ?  

 (vi)  

13. Explain any five of the following  : 5 

 (i) Why is benzene not used in under-

graduate labs ? 
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 (ii) Role of conc. sulphuric acid in the 

nitration of benzene. 

 (iii) Hybridisation of carbon attached to –Cl 

in CH2 = CH–Cl. 

 (iv) Role of crown ethers in chemistry. 

 (v) A common laboratory test for aldehydes 

and ketones. 

 (vi) Why are phenols acidic in nature ? 

14. Explain in short any two of the following : 5 

 (i) Why do phenolphthalein show  

different colours in acidic and alkaline 

medium ? 
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 (ii) Why is —Cl in C6H5Cl difficult to be 

substituted by a nucleophile as 

compared to that in (CH3)3CCl ? 

 (iii) Why CH3CHO undergoes base 

catalysed Aldol condensation but not 

HCHO ? 
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 BCHCT–133 

foKku Lukrd (lkekU;) @  

foKku Lukrd (cgqfo"k;d) 

(ch- ,l-&lh- th-@ch- ,l-&lh- ,e-) 

l=kar ijh{kk  

fnlEcj] 2025 

ch-lh-,p-lh-Vh-&133 % jklk;fud vkS£tdh] lkE; 

vkSj vfHky{kdh; lewg dkcZfud jlk;u—I 

le; % 2 ?k.Vs   vf/kdre vad % 50  

uksV % (i) bl iz'u&i= ds nks Hkkx gSaA  

 (ii) Nk=ksa dks nksuksa Hkkxksa ds mÙkj nks vyx&vyx mÙkj 

iqfLrdkvksa esa nsus gSaA nksuksa mÙkj iqfLrdkvksa ij viuk 

vuqØekad] ikB~;Øe dksM vkSj Hkkx dk uke 

lkQ&lkQ fyf[k,A  

 (iii) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  
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 Hkkx&d (vad % 25) 

(jklk;fud vkS£tdh vkSj lkE;) 

uksV % iz'u la- 1 ls 7 rd ls fdUgha ik¡p iz'uksa ds mÙkj 

nhft,A  

1. (d) vfoLrkjkRed pj D;k gksrs gSa \ fuEufyf[kr xq.kksa  

esa ls vfoLrkjkRed pjksa dks igpkfu, % 2 

  (i) vk;ru 

  (ii) viorZukad 

  (iii) rki  

 ([k) #¼ks"e izØe ds fy, rki o vk;ru ds e/; laca/k 

O;qRiUu dhft,A 3 

2- (d) n'kkZb, fd fdlh izØe }kjk fLFkj vk;ru ij 'kksf"kr 

Å"ek izØe dh vkarfjd ÅtkZ esa o`f¼ ds cjkcj 

gksrh gSA  2 
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([k) lk,ukekbZM] CH2CN(s) dh f}vkWDlhtu ls 

vfHkfØ;k dks ,d ce dSyksjhekih esa fd;k  

x;k rFkk 298 K ij U dk eku – 742.7 kJ 

mol–1 ik;k x;kA vfHkfØ;k ds fy, 298 K ij 

,UFkSYih ifjorZu dk eku ifjdfyr dhft, % 3 

  2 2 2 2

2

3
NH CN(g) + O (g) N (g) + CO (g)

2

+ H O(l)


 

3. (d) Lor% vfHkfØ;k,¡ D;k gksrh gSa \ fdlh vfHkfØ;k 

dh Lor% ifjofrZrk ds fy, (i) ,UVªkWih] rFkk  

(ii) fxCl ÅtkZ ds :i esa ekinaM crkb,A 2 

 ([k) fuEufyf[kr vfHkfØ;k ds fy, 298 K ij ,UFkSYih 

ifjorZu dk eku 131.28 kJ mol–1 ik;k x;kA 

  (graphite) 2 2C + H O(g) CO(g) + H (g)  
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  vfHkfØ;k ds fy, 100ºC ij ,UFkSYih esa ifjorZu 

dk eku ifjdfyr dhft,A Cpº (JK–1 mol–1) 

eku bl izdkj gS % 

         C(xzsQkbV) = 8.53;  H2O(g) = 33.58;  

        CO(g) = 29.12;  H2(g) = 28.82.  

  eku yhft, fd nh xbZ ijkl esa Å"ek/kkfjrk ds eku 

rki ij fuHkZj ugha djrs gSaA 3 

4. (d) fuEufyf[kr jklk;fud lehdj.kksa ds fy, lkE; 

fLFkjkad O;atd fyf[k, % 2 

  (i) 4NO2(g) + O2(g) + 2H2O(g)   

  4HNO3(g) 

  (ii) CH4(g) + H2O(g)  CO(g) + 3H2(g) 
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 ([k) fuEufyf[kr vfHkfØ;k ds fy, Kp rFkk Kc dk eku 

ifjdfyr dhft, % 

2 2
1

CO(g) + O (g) CO (g)
2

 

  fn;k x;k gS fd 3000 K ij lkE; voLFkk esa ik= 

esa fofHkUu xSlksa ds vkaf'kd nkc fuEu izdkj gS % 3 

          PCO = 0.4 atm., CO2
P  = 0.6 atm., 

    O2
P  = 0.2 atm. 

5. (d) jklk;fud foHko dks ifjHkkf"kr dhft, o blds 

egRo dks crkb,A 2 

 ([k) 1 ckj nkc ij ty dk lay;u 273.1 K ij gksrk 

gSA bl izØe ds fy, lehdj.k fyf[k,A ;fn ty 

ds fy, lay;u dh eksyj ,UFkSYih dk eku 6.02 kJ 

mol–1
 ik;k x;k gS] rks ty ds lay;u dh ,UVªkWih 

dk eku ifjdfyr dhft,A 3 
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6. (d) fuEufyf[kr vfHkfØ;kvksa esa izR;sd Lih'kht dks 

vEy vFkok {kkjd ds :i esa fpfUgr dhft,A bu 

vfHkfØ;kvksa esa la;qXed vEy&{kkjd ;qXeksa dks Hkh 

igpkfu, % 2 

  (i)  2
4 3 4HSO (aq) NH (aq) SO (aq)   

4NH (aq)  

  (ii) 2
4 4 2 4HPO (aq) NH (aq) H PO (aq)    

3NH (aq)  

 ([k) lksfM;e ,slhVsV ds 0.1 M tyh; foy;u ds fy, 

298 K ij ty&vi?kVu dh ek=k dk eku 

ifjdfyr dhft,A fn;k x;k gS % 3 

            Ka(CH3COOH) = 1.8 × 10–5  

7. (d) le&vk;u izHkko D;k gksrk gS \ mi;qDr mnkgj.k 

}kjk O;k[;k dhft,A 2 



 [ 19 ] BCHCT–133 

B–1838/BCHCT–133 P. T. O. 

 ([k) PbCl2 ds fy, ksp = 3.2 × 10–5 gSA 250 cm3 

ty esa 25ºC ij ?kqyus okys PbCl2 (xzke esa) dh 

vf/kdre ek=k dk eku Kkr dhft,A 3 

  fn;k x;k gS % PbCl2 dk eksyj nzO;eku  

    = 278 gmol–1 

Hkkx&[k (vad % 25) 

(vfHky{kdh; lewg dkcZfud jlk;u—I) 

uksV % iz'u la- 8 ls 14 rd fdUgha ik¡p iz'uksa ds mÙkj nhft,A  

8. (d) 6 5 2C H CH Cl  dk IUPAC rFkk lkekU; uke 

fyf[k,A  1 

 ([k) gdy ds fu;e dk dFku fyf[k,A fuEufyf[kr esa ls 

dkSu&lk ,sjkseSfVd gS \ 2 
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 (x) bysDVªkWuLusgh D;k gksrs gSa \ nks bysDVªkWuLusfg;ksa dh 

lajpuk,¡ nhft,A 2 

9. (d) O;k[;k dhft, fd D;ksa t-C;wfVy ,sYdksgkWy  

E1 fØ;kfof/k }kjk rFkk n-C;wfVy ,sYdksgkWy  

E2 fØ;kfof/k }kjk foyksiu vfHkfØ;k n'kkZrk gSA 4 

 ([k) bysDVªkWuLusgh ,jkseSfVd izfrLFkkiu  

vfHkfØ;k esa o-rFkk p-funsZ'k lewgksa ds nks mnkgj.k 

nhft,A  1 

10. fuEufyf[kr ls fdUgha ik¡p vfHkfØ;kvksa dks iw.kZ  

dhft, %   5 

 (i) 26 5 H O2
C H N Cl

 


xeZ dju s ij
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 (ii)  

 

 (iii) 2

4

H /Pd

BaSO
RCOCl   

 (iv) 22(i) NH NH .HCl
6 5 3 (ii)

C H –COCH 
{kkjd  

 

 (v)  

 

 (vi)  

11. csathu dks ,lhVksQhukWu esa fdl izdkj :ikarfjr  

fd;k tkrk gS \ vfHkfØ;k dk fof'k"V uke]  

fØ;kfof/k o vfHkfØ;k esa bLrseky gksus okys ,d mRizsjd 

dks fyf[k,A  5 
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12. fuEufyf[kr esa ls fdUgha ik¡p vfHkfØ;kvksa dks iw.kZ  

dhft, %   5 

 

 (i)  

 

 (ii) RCHO + (CH2COOEt)2 — ? 

 (iii) RO–Na+ + R'Cl — ? 

 (iv) RCOOH + R'—OH 
H

  ? 

 (v) 
NaOH

32CH CHO ?
ruq

 

 (vi)  

13. fuEufyf[kr esa ls fdUgha ik¡p dh O;k[;k dhft, % 5 

 (i) Lukrd iz;ksx'kkykvksa esa csathu dk mi;ksx D;ksa ugha 

fd;k tkrk gS \ 
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 (ii) csathu ds ukbVªksdj.k esa lkUæ lY¶;wfjd vEy dh 

HkwfedkA 

 (iii) CH2 = CH–Cl esa —Cl ls tqM+s dkcZu dk 

ladj.kA 

 (iv) jlk;u'kkL= esa Økmu bZFkjksa dh HkwfedkA 

 (v) ,sfYMgkbMksa vkSj dhVksuksa ds fy, ,d lkekU; 

iz;ksx'kkyk ijh{k.kA 

 (vi) QhukWyksa dh izÏfr vEyh; D;ksa gksrh gS \ 

14. fuEufyf[kr esa ls fdUgha nks dh la{ksi esa O;k[;k  

dhft, %   5 

 (i) vEyh; rFkk {kkjh; ek/;e esa QhukWY¶FkSyhu 

vyx&vyx jax D;ksa n'kkZrk gS \ 
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 (ii) (CH3)3CCl dh rqyuk esa C6H5Cl esa – Cl  

dk ,d ukfHkdLusgh }kjk izfrLFkkiu dfBu D;ksa gksrk 

gS \ 

 (iii) CH3CHO {kkjd mRizsfjr ,sYMksy la?kuu iznf'kZr 

djrk gS] ysfdu HCHO D;ksa ugha n'kkZrk gS \ 

× × × × × 

 

 

 

 

 

 

 

 

 

 


