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Note : (i) This question paper contains two Parts.  

 (ii) Students are required to answer both the 

two Parts in two separate answer books. 

Write your Enrolment number, course 

code and part title clearly on each of the 

two answer books.  

 (iii) Marks are indicated against each 

question.   

 Part—I (Max. Marks : 25) 
(Chemical Energetics and Equilibria) 

Note : Attempt any five questions from question 
nos. 1 to 7. 
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1. (a) What are intensive variables ? Identify 
intensive variables from the following : 2 
(i) Volume  
(ii) Refractive Index 
(iii) Temperature  

(b) 1 mole of an ideal gas is made to expand 
from an initial volume of 2.24 3dm  to  
11.2 3dm  at 300 K. Calculate the maximum 
amount of work that can be produced in 
the surroundings by this process.  3 

Or 
Derive a relationship between the 
temperature and volume for an adiabatic 
process.  

2. (a) Calculate the amount of heat required to 
raise the temperature of 2 moles of water 
by 3°C. The specific heat capacity of water 
is given as 4.18 − −1 1JK g .  2 

Or 
Give mathematical expression for 
statistical definition of entropy and state 
the meaning of different terms involved  
in it. 
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(b)  Derive the relationship between ∆ Ur  and 
∆ Hr  for reactions involving gaseous 
reactants and/or products.  3  

3. (a) What is Spontaneity ? Give criteria for 
spontaneity of a reaction in terms of  
(i) entropy and (ii) Gibbs energy.  2 

(b) 2 moles of Argon gas is taken in a cylinder 
fitted with massless and frictionless piston 
and occupies a volume of 5 3dm  at 298 K. 
The gas undergoes isothermal reversible 
expansion to 25 3dm . If the gas behaves 
ideally, calculate the molar entropy change 
for the process.  3 

Or 
Explain the difference between enthalpy 
driven and entropy driven reactions. 

4. (a) “Chemical equilibrium is called a dynamic 
process.” Justify the statement.  2 

(b)  Write the expression for equilibrium 
constant, pk  for the reaction :  

+ 2 22NO (g) O (g) 2NO (g)   

in terms of : 
(i) partial pressure and 
(ii) mole fraction of the gaseous species 3 
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5. (a) State the limitations of Arrheniu’s theory 
of acids and bases.  2 

(b) One mole each of 2NO (g)  and 2 4N O (g)  

were mixed in a 1 3dm  flask and allowed to 
equilibrate. The following equilibrium was 
established : 3 

2 2 42NO (g) N O (g)   

If at equilibrium the reaction mixture 
contained 0.75 moles of 2 4N O (g) , calculate 
the value of equilibrium constant ck  for the 
reaction.  

Or 
Explain the effect of addition of an inert gas 
on the following equilibrium reaction : 3 

5 3 2PCl (g) PCl (g) Cl (g)+  

(i) under conditions of constant pressure. 
(ii) under conditions of constant volume.    

6. (a) What are buffer solutions ? Give an 
example of a basic buffer  solution.  2 

(b) Define degree of hydrolysis and derive a 
relationship between the degree of 
hydrolysis and hydrolysis constant for 
acetate ions.  3 

7. (a) The sulphides of group IV cations are not 
precipitated in group II. Explain.  2 
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(b) How would the solubility of a sparingly 
soluble salt, 2Mg (OH)  change on 
increasing the pH of the medium ? Explain. 

3 
Or 

Calculate the pH of  the following  
solutions : 

(i) 100 3cm  of 32 10 M−×  HCl 

(ii) 200 3cm  of 31 10 M−×  NaOH 

 Part—II (Max. Marks : 25) 
(Functional Group Organic Chemistry—I) 

Note : Attempt any five questions from question 
nos. 8 to 14. 

8. (a) What is Friedel-Craft’s alkylation reaction? 
Give an example.  2 

(b) Write any three limitations of Friedel-
Craft’s alkylation reactions.  3 

9. Explain why 2NO−  group is metadirecting in 
electrophilic substitution reactions. Draw all 
resonance structures of carbocation formed by 
the attack of the electrophile on nitrobenzene to 
justify your answer.  5 

10. (a) Taking a suitable example, write the 
mechanism of 2NS  reaction. 2  
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(b) How can the following conversions be 
carried out ? Answer any three : 3 
(i) Aniline to Chlorobenzene  
(ii) Iodobenzene to Biphenyl  

(iii) Benzene to 1-bromo-4-nitrobenzene  

(iv) Ethyne to Ethanol   

11. (a) Why is thionyl chloride preferred for the 
conversion of alcohols to alkyl chlorides ? 
Write the mechanism of a reaction of 
thionyl chloride with a primary alcohol.  3 

(b) Write chemical equations for the following 
named reactions (any two) : 2 

(i) Reimer-Tiemann reaction  

(ii) Gattermann and Koch formylation 

(iii) Rosenmund  reaction 

12. (a) How will you prepare methoxybenzene ? 2 

(b) Write the mechanism of the reaction of a 
Grignard reagent with acetone.  3 

13. Write the mechanism of the following reactions 
(any two) :  5 

(a) Claisen-Schmidt reaction  

(b) Perkin reaction 

(c) Benzoin condensation  
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14. Complete the following reactions (any five) : 5 

(i) = →+
3

(i) KCN/HCl
2 (ii) H O

R C O   

(ii)                        
+

3MeOH/H O→   

(iii)                             3AlCl
Δ

O
||

R ClC+ − − →   

 

(iv) − − →2 5
2 5

3

C H – ONa
3 2 3 C H OH

CH
|

CH CH CHC
|
Br

  

(v) 4HIO
3 3CH CHCH CH

| |
OH OH

− − →   

 

(vi)                         2Cl hυ+ →   

 
(vii) 3 2 2CH CH CH Br AgCN− + →   
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      BCHCT-133 

ch- ,l&lh- (lkekU;) (ch- ,l&lh- th) 

l=kkar ijh{kk 

fnlEcj] 2020 
ch-lh-,p-lh-Vh--133 % jklk;fud vkSftZdh] lkE; 

vkSj vfHky{kdh; lewg dkcZfud jlk;u&I 

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

uk sV % (i) bl iz'u&i=k ds nks Hkkx gSaA  

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

mÙkj iqfLrdkvksa esa nsus gSaA nksuksa mÙkj 

iqfLrdkvksa ij vuik vuqØekad] ikB~;Øe 

dksM vkSj Hkkx dk uke lkiQ&lkiQ fyf[k,A  

 (iii) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  

 HkkxµI(vf/dre vad % 25) 

(jlk;fud vkSftZdh vkSj lkE;) 

uk sV % iz'u la- 1&7 esa ls fdUgha ik ¡p iz'uksa ds mÙkj 

nhft,A  

1- (d)  vfoLrkjkRed pj D;k gksrs gSa\ fuEufyf[kr pjksa 

esa ls vfoLrkjkRed pj igpkfu;s % 2 
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 (i)  vk;ru 

 (ii)  viorZukad 

 (iii)  rkieku 

([k)  ,d eksy vkn'kZ xSl dks 300 K ij 2-24 3dm  

ds vkjafHkd vk;ru ls 11-2 3dm  rd izlkfjr 

gksus fn;k tkrk gSA bl izØe }kjk ifjos'k esa 

mRiUu fd;k tk ldus okyk vf/dre dk;Z 

ifjdfyr dhft,A  3 

vFkok 

 fdlh #¼ks"e izØe ds fy, rki rFkk vk;ru 

ds chp laca/ O;qRiUu dhft,A  

2- (d)  2 eksy ty ds rki dks 3°C c<+kus ds fy, 

vko';d Å"ek dh ek=kk dk ifjdyu dhft,A  

(fn;k gS % ty dh fof'k"V Å"ek /kfjrk = 
4.18 1 1JK g− − )A 2 

vFkok 

 ,UVªkWih dh lkaf[;dh; ifjHkk"kk ds fy, 

xf.krh; O;atd fyf[k, rFkk mlds fofHkUu inksa 

ds vFkZ crkb,A  
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([k)  xSlh; vfHkdeZdksa vFkok@rFkk mRiknksa okyh 

vfHkfØ;k ds fy, ∆ Ur  rFkk ∆ Hr  ds chp 

laca/ O;qRiUu dhft,A  3 

3- (d)  Lor%izofrZrk D;k gksrh gS\ fdlh vfHkfØ;k dh 

Lor%izofrZrk ds fy, (i) ,UVªkWih rFkk  

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

([k)  vkWxZu xSl ds 2 eksyksa dks 298 K ij ,d 

nzO;eku jfgr o ?k"kZ.k jfgr fiLVu okys 

flysaMj esa fy;k x;k] tgk¡ bldk vk;ru  

5 3dm  FkkA xSl dk 25 3dm  rd lerkih 

mRØe.kh; izlkj gksrk gSA ;fn xSl vkn'kZ xSl 

O;ogkj n'kkZrh gS] rks izØe ds fy, eksyj 

,UVªkWih ifjorZu ifjdfyr dhft,A 

vFkok 

 ,UFkSYih lapkfyr rFkk ,UVªkWih lapkfyr 

vfHkfØ;kvksa ds chp vUrj dh O;k[;k  

dhft,A 3  
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4- (d)  ^jklk;fud lkE; dks xfrd izØe dgrs gSaA¸ 

dFku dh iqf"V dhft,A  2 

([k)  fuEufyf[kr vfHkfØ;k ds fy, % 3 

2 22 NO (g) O (g) 2 NO (g)+   

 (i) vkaf'kd nkc 

 (ii) xSlh; Lih'kht ds eksy va'kksa  

 ds :i esa lkE; fLFkjkad] pk  ds fy, O;atd 

fyf[k,A 

5- (d)  vEyksa o {kkjdksa dh vkghZfu;l vfHkdYiuk dh 

dfe;k¡ crkb,A  2 

([k)  2NO (g) vkSj 2 4N O (g) ds ,d&,d eksy  

1 3dm  ds ¶ykLd esa feykdj muesa fuEu lkE; 

LFkkfir gksus fn;k tkrk gS % 3 

2 2 42NO (g) N O (g)  

 ;fn lkE; ij vfHkfØ;k feJ.k esa 2 4N O (g) 

ds 0-75 eksy mifLFkr gksa] rks vfHkfØ;k ds 
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fy, lkE; fLFkjkad] ck  dk eku ifjdfyr 

dhft,A  

vFkok 

 fuEufyf[kr lkE; % 3 

5 3 2PCl (g) PCl (g) Cl (g)+  

 (i) fLFkj nkc dh voLFkk 

 (ii) fLFkj vk;ru dh voLFkk 

 esa vfØ; xSl ds feykus ds izHkko dh O;k[;k 

dhft,A  

6- (d)  mHk; izfrjks/h foy;u D;k gksrs gSa\ ,d 

{kkjdh; mHk; izfrjks/h foy;u dk mnkgj.k 

nhft,A  2 

([k)  ty vi?kVukad dks ifjHkkf"kr dhft, rFkk 

,slhVsV vk;uksa ds fy, ty&vi?kVukad o ty 

vi?kVu fLFkjkad ds chp laca/ O;qRiUu 

dhft,A  3 
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7- (d)  lewg IV ds /uk;uksa ds lYiQkbM lewg II ds 

ijh{k.k ds nkSjku vo{ksfir ugha gksrs gSaA O;k[;k 

dhft,A  2 

([k)  ekè;e ds pH dks c<+kus ij vYi foys; 

yo.k] 2Mg (OH)  dh foys;rk fdl izdkj 

izHkkfor gksxh\ O;k[;k dhft,A  3 

vFkok 

 fuEufyf[kr foy;uksa ds fy, pH eku 

ifjdfyr dhft, % 

 (i) 32 10 M−×  HCl dk 100 3cm foy;u 

 (ii) 31 10 M−×  NaOH dk 200 3cm foy;u 

 HkkxµII (vf/dre vad % 25) 

(vfHky{kdh; lewg dkcZfud jlk;uµI) 

uk sV % iz'u la- 8&14 esa ls fdUgha ik ¡p iz'uksa ds mÙkj 

nhft,A  
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8- (d)  ÚhMy&Øk¶V~l ,sfYdyhdj.k vfHkfØ;k D;k 

gS\ ,d mnkgj.k nhft,A  2 

([k)  ÚhMy&Øk¶V~l ,sfYdyhdj.k dh fdUgha rhu 

ifjlhekvksa dks fyf[k,A 3 

9- le>kb, fd bysDVªkWuLusgh izfrLFkkiu vfHkfØ;kvksa esa 

2NO−  lewg D;ksa esVkfunsZ'kkRed gSA ukbVªkscsUthu ij 

bysDVªkWuLusgh ds vkØe.k ls cus dkcksZ/uk;u dh 

laHkkfor vuqukn lajpukvksa }kjk vius mÙkj dks mfpr 

Bgjkb,A    5 

10- (d)  mi;qDr mnkgj.k ls 2NS  vfHkfØ;k dh 

fØ;kfof/ fyf[k,A  2 

([k)  fuEufyf[kr dks dSls :ikUrfjr dj ldrs gSa\ 

fdUgha rhu dk mÙkj nhft, % 3 

 (i)  ,sfuyhu ls DyksjkscsUthu 

 (ii)  vk;ksMkscsathu ls ckbiQsfuy 

 (iii) csUthu ls 1&czkseks&4&ukbVªkscsUthu 

 (iv)  bFkkbu ls ,FksukWy  
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11- (d)  ,sYdksgkWyksa ds ,sfYdy DyksjkbMksa ds :ikarj.kksa 

esa D;ksa Fkk;ksfuy DyksjkbM dks izeq[krk nh tkrh 

gS\ Fkk;ksfuy DyksjkbM dh izkFkfed ,YdksgkWy 

ds lkFk vfHkfØ;k dh fØ;kfof/ fyf[k,A 3 

([k)  fuEufyf[kr vfHkfØ;kvksa ds fy, jklk;fud 

lehdj.k fyf[k, (dksbZ n k s) % 2 

 (i)  jkbej&Vheku vfHkfØ;k 

 (ii)  xkVjeku&dks[k iQksfeZyhdj.k  

 (iii) jkstsueqUM vfHkfØ;k  

12- (d)  vki eSFkkWDlh csUthu dSls cuk,¡xs\ 2 

([k)  ,slhVksu ds lkFk xzhU;kj vfHkdeZd dh 

vfHkfØ;k dh fØ;kfof/ fyf[k,A 3 

13- fuEufyf[kr vfHkfØ;kvksa dh fØ;kfof/ fyf[k,  

(dksbZ n k s) %  5 

(d)  Dystu&f'eV vfHkfØ;k 

([k)  ifdZu vfHkfØ;k  

(x)  csUtksbu la?kuu 
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14- fuEufyf[kr vfHkfØ;kvksa dks iw.kZ dhft, (dksbZ ik¡p) % 

(i)  = →+
3

(i) KCN/HCl
2 (ii) H O

R C O   

 

(ii)                       
+

3MeOH/H O→   
 

(iii)                       3AlCl
Δ

O
||

R ClC+ − − →   

 

(iv)  − − →2 5

2 5

3

C H – ONa
3 2 3 C H OH

CH
|

CH CH CHC
|
Br

  

(v)  4HIO
3 3CH CHCH CH

| |
OH OH

− − →   

 

(vi)                              2Cl hυ+ →   

 
(vii)  3 2 2CH CH CH Br AgCN− + →   
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