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SECTION-1 (Maximum marks :18)
This section contains SIX (06) questions.
The answer to each questionis a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH INCLUSIVE.
For Each Question, enter the correct integer corresponging to the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.
Answer to each question will be evaluated according to the following marking scheme :
Full marks : +3 If ONLY the correct integer is entered;
Zero Marks : 0 If the questio is unanswered.
Negative Marks : =1 In all other cases.
I -1 (31f¥®a 3iw: 18)

39 9 H B (06) U3 oA B |

% U H1 IR 0 ¥ 9 TP, TP Yhdl 3% UNid © | 41 Afferd 2 |

JA® U & oIy, IR g9l o & forg Ffde M o 9199 31R &ifF whie il (@gsTdl) A&did dius &
SYINT PR SR & AR el QUITD qof DN |

ISP U & IR B Jedidh FHRad 3id dgfa & R fhan Sre |

ol 3 : +3 Had g8l [Qeed g1 A © |
I 3D : 0 I 313 fadwey 98 g1 @ 2 | (@i e &1 SR A A @)
FUTHD b c -1 e it Rerfaai 7 |

The 1, 2", and the 3™ ionization enthalpies, I, , I, and I, of four atoms with atomic numbers n,

n+1,n+2 andn+ 3, wheren < 10, are tabulated below. What is the value of n ?

Atomic |Ionization Enthalpy (kJ/mol)
number I I I3
n 1681 3374 6050
n+1 2081 3952 6122
n+2 496 4562 6910
n+3 738 1451 7733

TR GRATYST 1 v, fgeiia o adig smaiteRor vell I, I qen I, 8 foae oAy did n, n + 1, n + 2 qen
n+ 3% 38 W n< 10, 9 IREg B | n & 919 441 & ?

9y ARFeRe e (kJ/mol)

pHIP I, I, I
n 1681 3374 6050

n+1 2081 3952 6122

n+2 496 4562 6910

n+3 738 1451 7733
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9
According to the tabulated data
Element with Atomic number (n + 2), should be alkali metal
Hence atomic number = 11
=(n+2)=11
n=9
'n' can't be '1’

Consider the following compounds in the liquid form :

0, , HF, H,0, NH,, H,0, , CCl,, CHCI, , C,H,, C,H.CI.

When a charged comb is brought near their flowing stream, how many of them show deflection as
per the following figure ?

%9 w9 # fFr=ferRad Aifiel wR faar iy

0, , HF, H,0, NH,, H,0, , CCl,, CHCI, , C,H,, C,H.CI.

9 AR HE DI ] YaIed €R1 S U AR ST @ A1 717 3Tebfd & R S99 e faarg fawarg < 21

6
Only polar molecules deflected by charged comb.
HF, H,O0, NH,, H,0, , CHCI, , C,H.CI

2727

In the chemical reaction between stoichiometric quantities of KMnO, and Kl in weakly basic solution,
what is the number of moles of I, released for 4 moles of KMnO, consumed ?

gdcl &R fderad § KMnO, @2 Kl & aadieaxviafa /e & qeg siffhan # ugad KMnO, & 4 4iel &1 gad [, &
Hrell B W= ' ?

6
KMnO, + KI —e 5 MnO, + 1,
n-factor = 3 n-actor = 2

Equivalents of KMnO, = Equivalents of I,
3 x moles of KMnO, = 2 x moles of I,
Moles of I, = 6 moles
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4, An acidified solution of potassim chromate was layered with an equal volume of amyl alcohol. When

it was shaken after the addition of 1 mL of 3% H,0,, a blue alcohol layer was obtained. The blue

color is due to the formation of a chromium (VI) compound 'X'. What is the number of oxygen atoms
bonded to chromium through only single bonds in a molecule of X ?

IR BHIE BT Yeb Sl fderd, THIge! Yeblelel Bl HIA A151 o e 9gReid & | 516 3% H,0, @ 1 mL T SireH
% 91 39 2T ST § A1 el Yedlaidl @ URd YT BIeil 7 | =iell 1 Iffgd (IV) Aife X' & 9999 & HROT 8rdl
81X DAY H S Tbel a6 b HIIH A HIFIH I I8 SffeRiIor RAR o G fha g ?

Ans. 4
Blue colour compound of 'Cr' is CrO,.

5. The structure of a peptide is given below.

UeTgS Bl HF Al & TS 5

NH,
HO

e
1L
: H O
“\CO,H

H,N

0]

If the absolute values of the net charge of the peptide at pH = 2, pH = 6, and pH = 11 are |z,
|z,], and |z,], respectively, then what is |z,| + |z,| + |z,]?

gfe pH =2, pH = 6 FAT pH = 11 W UCISS & Gl AE BT L AF HA: |z, |, |2, 961 |z,| & d9

|z,| + lz,| + |z,] &1 &
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Ans. 5
(i) At pH = 2 (Highly acidic)
In highly acidic medium the given tripeptide exist as cationic form.

*%WW{

\co H

net charge +2
[Z,| =2atpH =2
(ii) At pH = 6 (neutral solution)
In neutral medium the given tripeptide exist as Zwitter ion.

HO
+
\?j\"/NH NH
~c-0

g
net charge =0
|Z,l =0atpH =6
(iii) at pH = 11 (basic medium)
In basic medium the given tripeptide exist in anionic form.

2
\c o

I
O

Net charge = -3
|Z,| =3
Therefore |Z,| + |Z,| + |Z,] =2+ 0+ 3 =5
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An organic compound (C,H, O,) rotates plane-polarized light. It produces pink color with neutral
FeCl, solution. What is the total number of all the possible isomers for this compound ?

Th N (C4H,,0,) THee a1 GebTel b1 YU BHRal & | U8 &I FeCl, fdeam & Hrer Jard) ¥ adr &
9 AF & forg ¥t ww1a FHIEITdRI &) Gt T |1 8 ?

6

DOU of C,H, 0, is 4.

It gives pink colour with neutral FeCl, solution.It means phenolic group should be present in the
compound.

OH
*
CH-CH, "
Ly CH C

*CH-CH,

O
(d+1) (d+|) (d+1)
Total optically active isomer = 6

SECTION 2 (Maximum Marks : 24)
Section contains SIX (06) questions.
Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are)
correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer the each question will be evaluated according to the following marking scheme:

Full Marks 1 +4 If only (all the correct option(s) is (are) chosen;

Partial Marks 43 If all the four options are correct but ONLY three options are chosen;

Partial Marks 42 If three or more options are correct but ONLY two options are chosen,
both of which are correct;

Partial Marks P +1 If two or more options are correct but ONLY one option is chosen and
it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -2 In all other cases.
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YT -2 (3fAHaq 37 : 24)

. 9 W1 H B (06) Ue A 2|
. JA® U & IR f[APhed § | 39 IR fAdhedi 3 4 Uah a1 U ¥ 3Mfdd fdhed 98 ITR 2 () |
. TS Ued & forg, @l |8l IR & JwU fAwed gy |
. TS U & SR Bl i FfaRad oid vl & srgar fan S |
i 3fd : +4 IR dIa (@) e g7 o 2, @) |
SINEECEY : +3 Il @l ARI [Aed AL &, Ifdbd dadt A fdbey g1 91 2 |
SINEECEY D +2 I A A1 Al ey |l § «ifbd daa a1 ey g+ Wi &, S fb a1 &€
SR
SINEECEY D +1 e Q1 A1 1S fadbed WL B, Ifh dadl Ue fddbed g1 STl 8 oM I8 Yob HEl
A 2|
I 3B : 0 I Pig fadwey T8 g1 I & (1Al Uee &1 IR T2 &= =) |
FOMHAD B ;=2 = |t Rerferdi # |
7. In an experiment, m grams of a compound X (gas/liquid/solid) taken in a container is loaded in a

balance as shown in figure I below. In the presence of a magnetic field, the pan with X is either
deflected upwards (figure II), or deflected downwards (figure III), depending on the compound X.
Identify the correct statement(s).

(9] (In (11T)
Balanced; Upward deflection; Downward deflection;
Magnetic field absent Magnetic field present Magnetic field present
magnet

(A) If X is H,0(l), deflection of the pan is upwards.

(B) If X'is K,[Fe(CN),1(s), deflection of the pan is upwards.
(C) If X'is O,(g), deflection of the pan is downwards.

(D) If X'is C;H,(1), deflection of the pan is downwards.
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T AN H, T dHe-R 4 ol T o Affep X (I99/%a/2F) & m UM D1 U Agar H a1e Qa1 Sl & o1 fb -

o 14 fawmn w1 8 | g & &) SuRAM 4, A1l X wR faeifdd, X & A1 uarsl A1 d HWR IR et s
2 (3 fa I1) a1 1 a1 3R fAafa arar 8 (Smasfa 1I1) | 98 H2F (A1) &1 ygan= |

M (1) (I1T)
wgferd, SR BT AR e, A B AR e,
EEEIRRERCE LIS DI &5 SUReT DI &5 SUReT

I g

(A) afe X, H,0(1) & dl gefsT SR & 3R fAerfie grem 2 |
(B) af& X, K,[Fe(CN),I(s) & ol UeTsl SHUR &I AR fAarfde gren & |
(C) afe X, 0,(g) & a1 uetsT = &1 3R fAarfia g g |
(D) & X, C,H (1) & a1 uetsT -1 &1 SR faaifia gien & |
Ans. A,B,C
Paramagnetic substances are attached by magnetic fields & diamagnetic substances are repelled
by magnetic field.
O, - is paramagnetic
H,0 & C,H,(l) - are Diamagnetic
& K,[fe(CN),] is also Diamagnetic

8. Which of the following plots is(are) correct for the given reaction ?
([P], is the initial concentration of P)
CH, CH,
H3C+Br + NaOH > H,C I OH + NaBr
CH CH,
P Q
te— § 1l [P]
] [Pl I
(A) (B) 2 ©) ©) " \iP1,
T’ T’ time time
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MoTioN
& TS afafrar & forg frfalRad § 9 #rHr e w2 8 ?
([P1, , P & IR A= &)
CH, CH,
H3C+Br + NaOH > H,C I OH + NaBr
CH CH,
P Q
A /g
te— [l
(A) (B) ‘E (C) Pk (D) In (
T E——
71, L e

A
As there is no inversion. Hence should be

S,1 — 1%t order

'

t1/z
Rate

Initial Initial
conc. conc.

(C)x=a{l-e*}
X/fa=1-e"

Q
PO

X
a

x/a
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Which among the following statement(s) is(are) true for the extraction of aluminium from bauxite ?
(A) Hydrated Al O, precipitates, when CO, is bubbled through a solution of sodium aluminate.

(B) Addition of Na,AlF, lowers the melting point of alumina.

(C) CO,iis evolved at the anode during electrolysis.

(D) The cathode is a steel vessel with a lining of carbon.

dirrge ¥ Vgffem & Mepdu & forg MeafaRad 3 &1 S/ @19 do e 8 ?

(A) Brgscs AlLO, 3@afUd 8raT 8, Sid AIfSad Vg & Hed I CO, I gagardl il & |
(B) Na,AlF, & e W YT &1 el ¥ 81 Sl & |

(C) CO, faga svged & SR THrs R [AHfid 2 2

(D) dairs T et &1 UTF § oFH e &l oRd 8l 2 |

A,B,C,D

Refer topic metallurgy

extraction of Al (Hall's process and Hall Heroult's electrolytic cell)

Choose the correct statement(s) among the following.

(A) SnCl,-2H,0 is a reducing agent.

(B) SnO, reacts with KOH to form K,[Sn(OH),].

(C) A solution of PbCl, in HCI contains Pb?* and CI- ions.

(D) The reaction of Pb,0, with hot dilute nitric acid to give PbO, is a redox reaction.

frferRad 7 9 |81 /BT BT FfTo—
(A) SnCl,-2H,0 U% 3UaRIH HRS ¢ |
(B) SnO, , KOH & & f3ha1 &= K,[Sn(OH),] @1 frafor = 8 |
(C) HCI % PbCl, & fderas # Pb2+ e Cl- 31 wmfiet 81 8 |
(D) Pb,0, ™ a7 ATsfee 3t @ e AfMfehar B W PbO,<dl & Wil fb U Vel arfifehan € |
A,B
SnO, + KOH ___, K,SnO, +H,0
or
Amphoteric K,[Sn(OH),]
PbCl, + HCl ____, H, [PbCI,]
Pb,0, + HNO, ____, PbO, + Pb(NO,), + H,0

or
2Pb0. PbO, (Non redox reaction)
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Consider the following four compounds I, II, III, and IV.
H C\N/CH
NH, H3C\N/CH3
I II III v

Choose the correct statement(s).

(A) The order of basicity is II > I > III > IV.

(B) The magnitude of pK, difference between I and II is more than that between III and IV.
(C) Resonance effect is more in III than in IV

(D) Steric effect makes compound IV more basic than III.

fr=faRad o Affet 1, 11, 11 e IV =R faaR $if7e |

H.C~ -~ CH:
NH, HiC~ - CH:
I il 111 IV

HE BYA,/ BT Bl GfT——
(A) TRGAT BT HAIL > 1> M1 > IVE|
(B) pK, @ ufRHTor &1 I G2 11 & #eg ofR 111 9o IV &1 ger H 31fd 8 |
(C) 3rgTE vurd IV &1 Jor=n H 111 4 31 & |
(D) R ywa Afiie IV &1 A 111 &) o1 H 1fdd e 9971 © |
C,D
(A) Correct basic strength order of given compound.
(IV) > (II) > (I) > (III)
(B) Compound 1V is a stronger base than III due to SIR effect, which basic strength difference
between I &II is very less.

(C) In compound IV due to SIR effect both -NO, and -N(CH,), group will be out of plane hence
resonance effect in compound IV is less.
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Consider the following transformations of a compound P.
R w P (i) X (reagent)
(Optically active) (i) CH.COCH,  (CoHy) - > C(GHL0)
(iii) H,0"/A (i) KMnO,/H,S0O,/A  (Optically active acid)
lpt/Hz
O/\/CHa

Choose the correct options(s).

=
(A) Pis (B) X'is Pd-C/quinoline/H,

A0
A

Afrw P& f=faRed wurRol &R R s |

i) NaNH,

R ((I)) CaHCOCH (C':i ) O L. (CF?O)

1 65 3 ol 12 > 8’ 12-86

Gt wiod) o S (ii) KMnO/H,S0,/a  (F#IRI® wiba s
lpt/Hz
O/\/CHa

|2 fadwen,/fAeei o1 g |
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B,C

CH
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(B) X Pd-C/faaref<i/H,

CH
H,/P
S (e
H,/Pd-C CH ., ,zCH2 H/KMnO, R " c_on
_’(x) O/ CH A COOH |
H O
Q

0]
0]
(CBHIZOS)
0 optically active
NaNH. CH ., =t |
— CH =C Na Ph-C-CH, CH _Ph

(R)

optically active
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SECTION 3 (Maximum Marks : 24)
This section contains SIX (06) questions. The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer. If the numerical value
has more than two decimal places, truncate/round-off the value to TWO decimal places.
Answer the each question will be evaluated according to the following marking scheme:
Full Marks : +4 If ONLY the correct numerical value is entered;
Zero Marks : 0 In all other cases.

I -3 (3fS®aH 37 : 24)
39 WM ¥ B: (06) U A B | TS U3 HT IR &G A 2 |
TP U B oy, IR Ufde &+ & forg FAfde oM wR Ared iR ii9—wni il (adarer) TeaTstd dius Bl
IUIRT D SR BT Fel TS A1 gl oY | Al F@dtd A H |1 3 S q9Hed UM 7, dl & Sad
RJFI & A B Biel/Maead o |
% YT b SR Bl Jedih FHfaRad ugfd & gar fear sme |
i 3fd : +4 IR B FE FEarHe A ufawe fFar T g
I 3IdH : 0 3rg At Reforai # |

13.

A solution of 0.1 M weak base (B) is titrated with 0.1 M of a strong acid (HA). The variation of pH
of the solution with the volume of HA added is shown in the figure below. What is the pK, of the
base ? The neutralization reaction is given by B + HA —» BH* + A-.

12
10

pH 8
6
4
2

02 4 6 8 10 127
Volume of HA(mL)
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0.1 M gdd &R (B) &1 U& fderad 0.1 M & Uael 37 (HA) & &1l Srga1ud 811 2 | faeem & pH &1 uRad+ HA
& 3 & w1 Frferiad sl # <wian T € | &R @1 pK, R 8 ? SSRAIDRT 3ifAfhar @1 B + HA — BH* +
A~ ERI fear T B |

12
10

pH 8
6
4
2

rd

0 2 4 6 8 10 12
HA &1 3maa+ (mL)

3.3

B + HA _____ 5y BH® + A

0.1M 0.1M
OomL pH=13
3mL — 50% Neutralization pH=11
6 mL — equivalence point pH=3to9

50% Neutralization

pOH=pk, 5 P* =3
equivalence point

K
pH=6 = [H']=10°= [ ">~ 15

10" x10" 1
1072 = = x5
b
k,=5x 10
pk,=4-0.7=3.3

Liquids A and B form ideal solution for all compositions of A and B at 25 °C. Two such solutions with
0.25 and 0.50 mole fractions of A have the total vapor pressures of 0.3 and 0.4 bar, respectively.
What is the vapor pressure of pure liquid B in bar ?

&d ygref AN B 25 °C IR AT B & o 3faual & fory orrest faeras 991t 8 1 A& 0.25 @211 0.50 #ret 3i=l drel
&1 fderg=i @1 gl 9w <79 A 0.3 G271 0.4 9R 8| Y <d uared B &1 97w g/ aR H fhar g |
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0.2
1 1 3
PTota|=o'3 XA=Z = 03=ZP£+ZPBO
1 1 1
P =04 x,= 3 0.4 == P£+§PB°

1.2=P + 3P)
0.8=P) +P) = 2P) =0.4bar

Py =0.2

The figure below is the plot of potential energy versus internuclear distance (d) of H, molecule in
the electronic ground state. What is the value of the net potential nergy E, (as indicated in the
figure) in kJ mol-?, for d = d; at which the electron-electron repulsion and the nucleus-nucleus
repulsion energies are absent ? As reference, the potential energy of H atom is taken as zero when
its electron and the nucleus are infinitely far apart.

Use Avogadro constant as 6.023 x 1023 mol-.

>~T d
2 H<——>H
eC

o
TE
279
Ev
o]
a

d,

Internuclear distance —>

(d)

-5242.42
P. E of 2 H-atoms

z va
=-2x 13.6 x 7 ev/atom + (-2 x 13.6 X n_z) ev/ atom

2

1
=-2%x2x13.6 x% ev/atom

atom
mol

-4 x13.6 x 1.6 x 10°*° J/atom x 6.023 x 1023

-4 x13.6 x 1.6 X 6.023x10* J/mole
—-5242.42 KJ/mol
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Consider the reaction sequence from P to Q shown below. The overall yield of the major product Q
from P is 75%. What is the amount in grams of Q obtained from 9.3 mL of P ?
(Use density of P=1.00g mL! ; Molar mass of C=12.0, H= 1.0, O=16.0and N = 14.0 g mol)

A SUT Y P Q A & IMMWhAT ¥ W IR BINR | P A &9 Ie Q &) |l el 75% g | P& 9.3 mL 4
yrd Q & UM H el #4131 8 ? ( SYART HINY P &1 897 = 1.00 g mL! ; C &1 #leR g9 = 12.0, H= 1.0,
0=16.07aM N = 14.0 g mol-?)

(i) NaNO, + HCl / 0-5°C
<: :>—NH2 Q
OH
P (ii) +NaOH

(iii) CH,CO,H/H,0

18.6
OH N=N—Ph
NH, N,' + NaOH o
@ NaNO,+HCl @ ©©
ﬁ o
C,H.NH,

CH,CO.H | H,0

N=N—Ph
OH
Q

Molecular weight of aniline = M.wtof CNH, =76+ 7 + 14 =93
Density of P =1 gm ml-!

9.3mlofP=9.3gmP = % _ 0.1mole of P
N=N—Ph
o
The mole ratio PhNH, : PhN,* : @@

=1:1:1
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So the mole of Q formed will be 0.1 mole and extent of reaction is 100% but if it is 75% yield.

75
Then amount of Q = 0.1x = 0.075 mol

100

The molecular formula of Q = C,,H,,ON,
soM.wt.of Q=16 x12+12x 1+ 16+ 2 x 14
=192+ 12+ 16+ 28

=248 gm
so amount of Q = 248 x 0.075
= 18.6gm

Tin is obtained from cassiterite by reduction with coke. Use the data given below to determine the
minimum temperature (in K) at which the reduction of cassiterite by coke would take place.

At 298 K: AH°(SnO,(s)) = -581.0 kJ mol*, AH°(CO,(g)) = -394.0 kJ mol.

S°(Sn0O,(s)) = 56.0 J K* mol*, S°(Sn(s)) = 52.0 J K* mol™*,

S°(C(s)) = 6.0 K* mol*, S°(CO,(g)) = 210.0JK* mol.

Assume that the enthalpies and the entropies are temperature independent.

e @1 BIH & T FH H F HACSET W UK {Ha7 S B |

KEH amEE (K #/) 5 [RgiRd &1 @ fog = @A sifesT &1 IuaiT #ifsg? {59 R did §R1 HACEE Bl HHI
Bl 2 |

298 KW : AH°(SnO,(s)) = -581.0 kJ mol-*, AH(CO,(g)) = -394.0 k] mol-*.

S°(Sn0O,(s)) = 56.0 J K* mol*, S°(Sn(s)) = 52.0 J K* mol™*,

S°(C(s)) = 6.0 K* mol*, S°(CO,(g)) = 210.0JK* mol.

AM AT 6 Telis den Tgiis ads d™ W 2 |

935

SnO, (s) +C(s) — 5 CO, + Sn

AH =-394 + 581
=+ 187 KJ/mol
AS =210+52-56-6
= 200 J/k mol
AG =187 x 1000 -200 x T
187 x1000 3
T= 200 =935K
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18. An acidified solution of 0.05 M Zn?* is saturated with 0.1 M H,S. What is the minimum molar
concentration (M) of H* required to prevent the precipitation of ZnS ?

use K., (ZnS) = 1.25 x 107> and overall dissociation constant of H,S , K., = K\K, =1 x 107" .

0.05 M Zn2* &1 Ue 3%eid fder@d 0.1 M H,S & 12l |aw 8 | ZNnS @ 7Y Bl Rcbl & fe1q 3qzaeh H* bl =iaH
HeR |rsar (M) fea g1
IR BIfSTg—
K,, (ZnS) = 1.25 x 10-22 H,S &1 g fRior Reriws, K = KK, = 1 x 102!,
Ans. 0.2
[Zn*?] [S*] < K, (ZnS)
[S*] > X 10~
=4 7 0.05

H,S # 2H* + s%-

K, x[H,S]
[H]

Ko x[HS] 5 10
[HP? =4 " 10%x5

10%'x10' x4
10°%

[H*]2 > 4 x 102

[H*] > 2 x 101 =0.2

[S] =

[H*]* >

Alternate :

[Zn*?] [S*] < K,

[SZ—] E X E_ lX 10—20
<47005 4

H,S = 2H* + S*

KK, x[H,S] 10 x0.1
[s*1  —  [S*]

[H+]2 =
2- — ﬁ l -20
[S ] - [H+]2 < 4 x 10

[H*]2 > 4 x 102
[H*] > 0.2
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