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CHEMISTRY
SECTION-I
SINGLE CHOICE QUESTIONS

Q.19 to Q.28 has four choices (A), (B), (C), (D) out of which ONLY ONE is correct.

19. The order of basicity among the following compounds is :
fuEufyf[kr skixdk e {kjdrk ok @e g
NH [\ [\ NH,
X N NH HN N A
HC/ MNH, \~ HN" “NH
I II il v

A)IV>I>I>1 B)IV>I>IM>I (C)I>IV>M>0 (D)I>I>IV>1I
Ans. A

He
Sol. /C\\ /C\\ ® — The conjugate acid is stabilized by resonance with two different
HN NH NH, NH,
—NH, group:
NH, NH,
| He® |
/C\\ > /C\\® — The conjugate acid is stabilized by resonance with one —NH,
CH, NH H. NH,

group and by inductive effect of —CH, group

NH —>H7N\/N” — The conjugate acid is stabilized by resonance with only one NH,

group.
(IIT) Least basic, as the LP is used in aromaticity.

20. The major product of the following reaction is :
futufyf[kr vitki@;k di.el; mRikn g
OH
i) NaNO,, HC/, 0°C _
ii) aq. NaOH -
NH,

ONE OH

<A> ®
N,c/® N=
OH
N=N. OH

o5

Cl
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Ans.

Sol.

21.

Ans.

Sol.

22.

B

/O

Qs

H OH E))
(i) NaNO, HCI, 0°C O O (i) aq NaOH O @
: é
o 9\

N=N CP O N=N

c®
/0@ 0
(ii) aq NaOH T 74
e, @) = 4
N=NT N=N

Which of the following combination will produce H, gas ?

H

(A) Aumetal and NaCN(aq) in the presence of air
(B) Zn metal and NaOH(aq)

(C) Fe metal and conc. HNO,

(D) Cumetal and conc. HNO,

futufyffkr e I dkullk 1;ktu H, xI mRikinr djxk\
(A)Au/lkr ,0 NaCN ok; dh mifLFkfr e (tyh;)
(B) Zn /kr ,0 NaOH (tyh;)

(C) Fe /kr ,0 In HNO,

(D) Cu/kkr ,0 1n HNO,

B

Fe + conc. HNO, —— Passivity

Cu + conc. HNO, — NO,

Au+NaOH + O, — [Au(CN),|*

Zn +NaOH —— Na,ZnO, + H,

The standard state Gibbs free energies of formation of C(graphite) and C(diamond) at T=298 K are
AG°[C(graphite)] = 0 kJ mol™

AG°[C(diamond)] =2.9 kJ mol ™!

The standard state means that the pressure should be 1 bar and substance should be pure at a given tempera-
ture. The conversion of graphite [ C(graphite)] to diamond [C(diamond)] reduces its volume by

2 x 107 m* mol™. If C(graphite) is converted to C(diamond) isothermally at T =298 K, the pressure at which
C(graphite) is in equilibrium with C(diamond), is :

[Useful information: 1 J=1kgm?s?; 1 Pa=1lkgm's?; 1 bar=10° Pa]

(A) 14501 bar (B) 29001 bar (C) 1450 bar (D) 58001 bar

C(XQKoV] graphite) rAtk C(ghjK] diamond) cuu dh T=298 K ij ekud volFk dh fx(t eDr Atk;
(standard state Gibbs free energies of formation at T =298 K)

AG°[C(graphite)] = 0 kJ mol™

AG°[C(diamond)] =2.9 kI mol™ ¢
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ekud volFk dk eryc g] fd fn, x, rkieku 1j nkc 1 bar gkuk pkfg, vkj inkFk k) gkuk pkfg,A
CxXQbVy dk c(gnjky e ifjoru bld vk;ru dk 2 x 10° m®* mol™* %Vkrk gA ;fn T =298 K 1]
C(xQkbV) dk c(gnjky e Terkih ifjoru fd;k €k; rk og nkc ftl i c(xQkoV), C(ghjk) d BKE;koLFk

eqglg

[mi;kxh Bpuk: 17=1kgm?s?% 1 Pa=1kgm"s? 1 bar=10°Pa]

(A) 14501 bar (B) 29001 bar (C) 1450 bar (D) 58001 bar
Ans. A

Sol. dG=VdP-SdT
At298 K, SdT =0

- dG=VdP

P P

.[ dG :,[ VdP . G-G°=V(P-]) [.. Solidsinvoled .. V almostconstant]
1 1

E ArG = [Godiamond +Vd (P - 1)] - [Gographite +Vg (P_ 1)]

0=29x100+P-1)10° (-2 x 1079
.. P=14501 bar

23. The order of the oxidation state of the phosphorus atom in H,PO,, H.PO,, H,PO, and H,P,O, is :

47276
H,PO,, H,PO,, H,PO, rfik H,P,O, & QLQK I 1jek.k di wiDIhdj.k volFik dk De gt
(A) H,PO, > H,P,O, > H,PO,>H,PO, (B) H,PO, > H.PO, > H,P,O>H.PO,
(C) H,PO, > H,PO, > H,PO,>H P,0O, (D) H,PO, > H,PO, > H,PO,>H,P,O,
Ans. A
Sol.  Correctorder: H,PO, > H,P,0, > H,PO, > H,PO,
(+5) (+4) (+3) (+1)

24. For the following cell,
futufyf[kr 1y d fy,
Zn(8)|ZnS0 (aq) || CuSO,(aq)|Cu(s)
when the concentration of Zn** is 10 times the concentration of Cu?*, the expression for AG (in J mol ™) is
[F is Faraday constant; R is gas constant; T is temperature; E°(cell)=1.1 V]
tc zn> dh lnrk cu? dh BUnrk I 10 xuk g] rk AG I mol ' €)d fy, 0;td (expression) ¢
[FQJiM fu;rkd g]R x1 fu;rkd g] T rkieku g] vkj By d E° dk eku 1.1V g]
(A)2.303RT-22F (B)1.1F (C)2.2F (D)2.303RT+1.1F

Ans. A

o [Zl’l2+]
Sol. AG=AG°+2.303 RT log,, Q;Q =1
[Cu™]

~-2F(1.1)+2.303 RT log,,10

=2303RT-22F
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25.

Ans.

Sol.

Pure water freezes at 273 K and 1 bar. The addition of 34.5 g of ethanol to 500 g of water changes the freezing
point of the solution. Use the freezing point depression constant of water 2 kg mol ™. The figures shown below
represent plots of vapour pressure (V.P.) versus temperature (T). [molecular weight of ethanol is 46 g mol™]

Among the following, the option representing change in the freezing point is :

') ty 273K VKj 1bar 1] fgetkr (freezes) gkrk gA 34.5 g ,Fuky dk 500 ¢ty e Mkyu 1j foy;u
dk fgekd cny thrk gA ty dk fgekd voueu fLRjkd (freezing point depression constant) 2 kg mol™ YA
unp fnfk, fp=k okt nkc (v.p.) dk rkieku (T) d fo:) wvky[k dk fu-fir djr gA futufyffkr e 1
fodYn tk fgekd e cnyko dk fuzfir djrk g] g [,Fuky dk vif.od Hkj 46 g mol gA]

1
! Iy
< <
£ £
- A
(A) > | Ewater.,_EthanOl (B) > I I
270 273, 271 273 1
f 11
= 14 =
£ 2
©) = (D) =
270 273 1, 271 23,
C
As T increase, V.P. increases. So C & D options get rejected.
AT =K, xm
23T =2x 34.5/46
0.5
T' . =270K
SECTION-II

MULTIPLE CORRECT CHOICE TYPE

Q.26 to Q.32 has four choices (A), (B), (C), (D) out of which ONE OR MORE may be correct.

26.

In a bimolecular reaction, the steric factor P was experimentally determined to be 4.5. The correct option(s)
among the following is(are) :

(A) The activation energy of the reaction is unaffected by the value of the steric factor

(B) Since P =4.5, the reaction will not proceed unless an effective catalyst is used

(C) The value of frequency factor predicted by Arrhenius equation is higher than that determined experimen-
tally

(D) Experimentally determined value of frequency factor is higher than that predicted by Arrhenius equation
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Ans.

Sol.

27.

Ans.

Sol.

28.

,d frv.d viid;k e f=kfoe fol;kBh AVd (steric factor) P dk ik;kixd eku 4.5 fulkkfyr fd;k x;kA
futufyflkr e 1 Bgh fodYl g/gt
(A) =foe fol; kIt %vd d eku | viki@;k di 1@ ; .k Atk (activation energy) ViHkkfor jgrh g
(B)D;kfd P=4.5 g, tc rd itkoh mRijd dk mi;kx uk fd;k &,] rk vif@;k vix ugh c<xh
(©) Vkjifu; 1 Teidj.k ik vuekiur eku vioflk %Vd (frequency factor) d ik;kixd eku 1 vikd g
(D) Vioflk AVd (frequency factor) dk ik;kixd eku wkjifu; I Behdj.k Hjk viuekfur eku 1 vikd g
AD
(A) E, is independent of steric factor
(D) Since P =4.5, rate of reaction is more than that of theoretically calculated.
For areaction taking place in a container in equilibrium with its surroundings, the effect of temperature on its
equilibrium constant K in terms of change in entropy is described by :
(A) With increase in temperature, the value of K for exothermic reaction decreases because favourable change
in entropy of the surroundings decreases
(B) With increase in temperature, the value of K for exothermic reaction decreases because the entropy
change of the system is positive
(C) With increase in temperature, the value of K for endothermic reaction increases because the entropy
change of the system is negative
(D) With increase in temperature, the value of K for endothermic reaction increases because unfavourable
change in entropy of the surroundings decreases
ifjo"k (surroundings) d Wik 1iE;oLFk e 40 ikke ok joi ,d viki@:k d fy,] ,0Vkih e cnyko d
vulkj bld IE;koLFk fLRkjkd K 1] rkieku d iHko dk o.ku , 1 fd;k thrk gt
(A) rkieku c<u d Ik m'ek{kih (exothermic) VM@ ;k d Nk ;koLFkk fLFkjkd K eku %Vrk g D;kid
ifjo’k dh vudy ,UWVkih e cnyko AVrk g
(B) rkieku c<u d BkFk m'elfkih- (exothermic) d BKE;koLFk fLFkjkd K eku AVrk g D;kfd fudk; dh
,WVkih e cnytko /kukRed g
(C) rkieku c<u d_BkFk m'ek™ ' (endothermic) VIt ;k d D€ ;koLFkk fLFkjkd K eku c<rk g D;kid
fudk; db ,Vkih-e cnyko  .kked g
(D) rkieku c<u d BKECm"ek*k'kh (endothermic) Vi@ ;k d NKE;koLFk fLFkjkd K eku c<rk g D;kid
ifjo’k dh ifrdy ,UVkih-e cnyko AVrk g
AD

_—AH
Surr T

Surr

For endothermic, if T, _increases, AS, _will increases.

AS

For exothermic, if T, increases, AS, _will decreases.

The correct statement(s) about surface properties is(are)

(A) Adsorption is accompanied by decrease in enthalpy and decrease in entropy of the system

(B) Cloud is an emulsion type of colloid in which liquid is dispersed phase and gas is dispersion medium

(C) The critical temperatures of ethane and nitrogen are 563 K and 126 K, respectively. The adsorption of
ethane will be more than that of nitrogen on same amount of activated charcoal at a given temperature

(D) Brownian motion of colloidal particles does not depend on the size of the particles but depends on viscosity of

the solution
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Ans.

Sol.

29.

Sol.

1'B X.k (surface properties) d ckj e Igh dFku g/gt

(A) VIK'K'k.k (Adsorption)] fudk; dh ,UVkih %Vu vkj ,UFkYih %vVu d BkFk gkrk g

B)ckny ,d beY"ku 1dkj dk dkykbM g fele no ifjf{kir ikoLFik (dispersed phase) g Vkj X1 Efj{ki .k
ek/; e (dispersion medium) g

(C) ,Fku vkj ukbVktu d @kfird rkieku (critical temperature) @k 563 K rFk 126 K gA ,d fn, X;
rkietu 1j MAf;r pkydky dh Beku ekt 1j ,Fu dk vo'ii'k.k ukbVktu di viflk vikd gkxk

(D) dkykoMh d.k di ckAuh xfr d.k d vidkj ij fulkj ugh gkrt 1jUr foy;u dh *;kurk (Viscosity)
ij futkj djrh g

AC

= Higher the critical temperature, higher will be extent of adsorption.

= Cloud is an arosol, imulsions are liquid-liquid colloidal system.

= For adsorption AH = negative : AS = negative

= Brownian movement of colloidal particals depends on size of particles.

Among the following, the correct statement(s) is(are) :

(A) AICI, has the three-centre two-electron bonds in its dimeric structure

(B) BH, has the three-centre two-electron bonds in its dimeric structure

(C) Al(CH,), has the three-centre two-electron bonds in‘its dimeric structure
(D) The Lewis acidity of BCl, is greater than that of AICI,

futufyf[kr e 1 Dgh dFku g/g

(A)AICL dh f}r;h 1jpuk (dimeric structure) € fkdUn&nk byDVku vkc/k g
(B) BH, dh f}r;h Ijpuk (dimeric structure) € f=kdUn&nk byDVku vkc/k g
(C) AI(CH,), dh f}r;h §jpuk (dimeric structure) € f=kdUn&nk byDVku vic/k g
(D)BCL dh ybl veyrk AlCL, | vikd g

BCD

Structure of Al (CH,),

H 3-center-2 electron bond

U

BCl, is stronger lewis acid due to small size of boron.
Structure of AL CI,

U

= Structure of B,H,
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3 center-2 electron bond

’ T

P

()

H H

30. For the following compounds, the correct statement(s) with respect to nucleophilic substitution reactions is(are):

U; Dy wiQfyd ifrLFkiu Vi@ ; kvk (nucleophilic substitution reactions) d InHk e fukufyf[kr ;kixdk d

fy, Igh dFku g/gt
CH,

Br (|3H3
n ©/\Br (1 O/\ () HC-C-Br (V) ©)\Br

CH,
(A) Iand IIT follow S 1 mechanism
(B) Compound IV undergoes inversion of configuration
(C) The order of reactivity for [, llland [V is : [IV>1>1I1
(D) Iand IT follow S 2 mechanism
(A)IrFik I S 1 f@;kfof/k dk vulj.k djr g
(B) ;kixd 1v e fol;kl (configuration) dk 1riu (inversion)gkrk g
©) L urrfk vd fy, vitid;kyrk dk de giiv >1>1il
(D) Ivkj 1T S, 2 f@;kfoflk dk vulj.k djrg
A. ABCD

Sol. (A) Compound @Br , 2° Benzylic may follow both path S 1 and S 2.
ClH3
B
B) Iis ©/\ . (1°benzylic halide) and H,C— C —Br (3° alkyl halide). Follow S 1.
|

CH,
(D)  IandIlfollow S 2 also, as both are 1° halide.

31. The option(s) with only amphoteric oxides is(are)
doy mHk; /keh (amphoteric) VKD IkoMk okyk/oky fodYi g/gh
(A) ZnO, ALO,, PbO, PbO, (B) Cr,0,, CrO, SnO, PbO
(C) Cr,0,, BeO, SnO, SnO, (D) NO, B,O,, PbO, SnO,
A. AC
Sol. NO = Neutral
B,0, = Acidic
CrO = Basic
All other oxides are amphoteric
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32.

ANS.

Sol.

Compounds P and R upon ozonolysis produce Q and S, respectively. The molecular formula of Q and S is
C,H,O. Q undergoes Cannizzaro reaction but not haloform reaction, whereas S undergoes haloform reaction

but not Cannizzaro reaction.

. (i) O,/CH,CI,
(1) P (ii) Zn/H,0 Q
(GH;0)
(11) R (i?.Os/CHZClz > g
(i1) Zn/H,0
(GH,0)

The option(s) with suitable combination of P and R, respectively, is (are) :

;kixd P riAfk R d vktkundj .k (ozonolysis) dju 1j @e’li Q rFk S mRilu gkr gA mRikn Q rFik S dk
vif.od 1=k CH,O gA Q dfutkjk (Cannizzaro reaction) gkrt g 1jUr gykQke Vi@ ;k (haloform
reaction) Ugh gkrf] tcfd s dh gkykQke viki@;k gkrh g] 1jUr diutkpk viki@;k ugn gkt

. (i) O,/CH,CI,
(l) (i1) Zn/H,0 Q
(GH;0)
i) R (i)“OJ/CHZClz R S
(i1) Zn/H,0
(GH;0)
P vij Rd mfpr 1;ktu okyk fodYl @e'li g (9):
H,C CH,
CH, CH,
7 ~and 4
(A) CH,
CH,
B) H:C /" and Q—(
CH

#. ()0;,CH,ClL, . V4
®) CH3—©—/ Koo QCHO) i cmﬂ—c\

O
(Ilj
. .. (1)03 ,CHzClz \ @/ N\
CH, (11)Zn,H,0 3
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CH CH,
© 7 77 0,,CH,CL, C//
Zn,H,0 7 \
H
CH, CH,
@ :
C ¢
@_C// CH, 0,CH,Cl, . \
\ ZnH,0 7 CH,
CH,
SECTION-III

PARAGRAPH TYPE QUESTIONS
Q.33 to Q.36 has four choices (A), (B), (C), (D) out of which ONLY ONE is correct.

PARAGRAPH-I [33-34]

Upon heating KCIO; in the presence of catalytic amount of MnO,, a gas W is formed. Excess amount of W

reacts with white phosphorus to give X. The reaction of X with pure HNO, gives Y and Z.

MnO, di mifLAfr e KClO, dk rkiu dju ij.,d xI wcurh gA w dh viAD; ek 1Qn
QLQ T d Ik vitkid sk djd X nri gA' X dh ") HNO, d Mk vikfd;k Y rfik z nrh gA

33. W and X are, respectively :
W rfkk X @e'li g :
(A) O, and P,O, (B) Oy and P,O, (C)O,and PO, (D)O,and PO,
A. C
34. Y and Z are, respectively :
Y rfk Z@e’lig :
(A) N,O, and HPO, (B)N,O, and H,PO,
(C) N,O, and HPO, (D) N,O, and H,PO,
A. A
Sol. (33-34)

KCIO, —%5—KC1+0,

(W)

P, + O, —>P, 0,
(white)  (excess) X)

P,0,, + HNO, —>N,O.+HPO,

(Y) (2)
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PARAGRAPH-II [35-36]
The reaction of compound P with CH,MgBr(excess) in (C,H.),0 followed by addition of H,O gives Q. The
compound Q on treatment with H SO, at 0°C gives R. The reaction of R with CH,COCl in the presence of
anhydrous AICI, in CH,Cl, followed by treatment with H,O produces compound S. [Et in compound P is ethyl

group]
C CO,Et
O\) > Q » R »S

(H,C),
P

(C,H)),0 e ;kfxd P di CHMgBrdh vikdrk d Lk viki@;k d mijlr £y Myu 1j Qfeyrk gA
;kixd Q H,80,d M o°C 1j foopu dju 1j Rnrk gA CH,CL e Rdh futyh; AlCL dh mifLFr
e CH,cocld I viki@;k d mijllr €ty Mkyu 1j ;kixd S mRilu gkrk gA

[;kixd P e Et,fFy xi gA]

(H,C),C CO,Et
O\) > Q » R > S

P
35. The reactions, QtoRandR to S, are :
(A) Dehydration and Friedel-Crafts acylation
(B) Friedel-Crafts alkylation, dehydration and Friedel-Crafts acylation
(C) Friedel-Crafts alkylation and Friedel-Crafts acylation
(D) Aromatic sulfonation and Friedel-Crafts acylation
QI Rvkj R I SVIt@;k, g
(A) futyidj.k vkj YIMy&@KIV ,flfyd] .k (Friedel-Crafts acylation)
(B) YiMy&@KV ,flfydj.k (Friedel-Crafts alkylation) , futyidj.k vkj YiMy&aKV ,flfydj .k
(Friedel-Crafts acylation)
(C) YiMy&@ZKV ,fIfydj.k (Friedel-Crafts alkylation) Vkj YiMy&@KV ,flfydj.k (Friedel-Crafts
acylation)
D) ,jrefvd IYQIu wkj YiMy&ZKV ,flfydj.k (Friedel-Crafts alkylation)
A. C

(l)H
CH
(CH3)3C CO2Et (CH3)3C C< } H,80,/0°C
SO]. (i) CH; MgBr in excess N CH3
(ii) (C,Hy), O
P Q
(CH,),C. CH, (CH,),C CH,
(i) CH; COCLAICL,
CH, CH, Cl, 7 CH,
R C
7\
¢ “cH,
S
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36. The product Sis :
mRikn S g :
HO,S H,COC
(A) (H,CO).C o H: (B) (H,C), H,C_ CH,
I
COCH,
HC CH, COCH,
(©) (HC).C (D) (H@C);CCH3
COCH,
A. C
Sol.  Process involed in Q —— R reaction is alkylation

Process involed in R—— S reaction is acylation.
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