JEE ADVANCED
27 September 2020
Chemistry Paper - 2

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.
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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 I1 I Iz
n 1681 3374 6050
n+1 2081 3952 6122
n+2 496 4562 6910
n+3 738 1451 7733

AR URHTLSHT @1 e, feda qen aeiy smaeliewor gdiell 1, I den I, & R oA ®ai@ n, n+ 1, n + 2 de
n+ 3% W& W n < 10, = AREE &1 n & A @8 ?

UREIY SR T (kI /mol)

L C . I, 1,
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 :
Q. #HF, H.Q; NH_, H,0. CClL., CHCl, ; C.H., € H.Cl.
When a charged comb is brought near their flowing stream, how many of them show deflection as

per the following figure ?
g w9 ¥ Fr=afaiag 3 w® far Sk :
0, , HF, H,0, NH,, H,0,, CCl,, CHCI, , C;H, , CH,CI.

T4 ARG S B IS YR GR1 B UK A A1 § 91 7 s fd & orguR 9 fean fady R 24 B

Only polar molecules deflected by charged comb.

HF, H,0, NH,, H,0, , CHCI,, C_H.CI

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

gda &Y e § KMnO, @2 Kl & Yool am=n & 7eg sififar 9 ggad KMnO, & 4 91 3 44 1, &
Hrell &1 T ® ?

6
KMnO, + KI ——fse 5 MNO, + I,
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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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 bands in a molecule of X ?

UeRE BT &1 U el [IeaH, TIRd Uehlaid & 9 4131 & 9Rl 9§Wd & | 99 3% H,0, & 1 mL &1 e
& @1g g9 fRemn oral 2 91 Aol Teplata @1 uRd urd #d) & | el 31 Siffmd (V) d@ffe X S 999 & &R E
Bl XD Y | BT Udal g B qegq H HIFTA G 99 SifeRior gwamvjel @1 @ fa g ?

4

Blue colour compound of 'Cr' is CrO..

0]

-
O/C“\.

)
o_o

The structure of a peptide is given below.

URTgS ®1 HeE A 4 8 g

HO '

H,N
H

\CO,H

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,|?

A pH=2,pH =60 pH = 11 R UCES & Gl AT &1 U A4 HAW: |z,|, |z,| T2 |z,| & a9

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

0
NH OH

0]

+
H.N

=
I

@] :
“NCO,H
net charge +2
|Z,|=2atpH=2
(ii) At pH = 6 (neutral solution)
In neutral medium the given tripeptide exist as Zwitter ion.
+
NH,
HO

o]
¥ NH\E)J\NH O

H 8]
0
net charge = 0
|Z,]=0atpH =6
(iii) at pH = 11 (basic medium)
In basic medium the given tripeptide exist in anionic form.
NH,
o

H,N

0
NH\E)I\NH O

0] 0]

\@_0‘
Net charge = -3
1Z,1 =3

Therefore |Z,| + |Z,| + |2,/ =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 ?

U HEAE WS (C H,,0,) TAT YA UHTe H1 g Bl 8 | 8 ISR FeCl, Rea= & wrel Jard 1 a1 8
=0 Affe & oy ol Iwa AHEgdEl &1 Ho T a8 ?

6

DOU of CH, 0, is 4.

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

OH
OH
CH-CH, X
H-CH,
OH GH-CH,
OH
)

OH
(d+1 (d +1) (d+1)
Total optically active isomer = 6

OH

*CH-CH,

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 44 If only (all the correct option(s) is (are) chosen;

Partial Marks 3 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 t+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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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).

(1) (II) (111)
Balanced; Upward deflection; Downward deflection;
Magnetic field absent Magnetic field present Magnetic field present
m X
N S S
magnet

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

(B) If X is K,[Fe(CN),](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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(A) If2 X, H,0(1) & @ uerel SR &1 iR fagfig g 2|

(B) af2 X, K,[Fe(CN),](s) & a1 uerel HuR # 3R fagfie grar 2

(C) af& X, 0,(g) & & T A= & R faafig 2 2 |

(D) TfE X, CH,(1) & a1 gareT i 1 iR Rerfia gan & |

A,B,C

Paramagnetic substances are attached by magnetic fields & diamagnetic substances are repelled
by magnetic field.

0, - is paramagnetic

H,0 & C.H.(l) - are Diamagnetic

& K,[fe(CN),] is also Diamagnetic

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

bl — E— jiei) [P]
B Pl In | ——

(A) (B) £ (©) (D) " ([p],,)

R L time time



& 72 afafm B fo fr=fafed § @ #=w o wd 2 2
([P], , P & URMS s &)

CH. CH,
Hﬁ—l—Br + NaOH > H,C I OH + NabBr

CH, CH,

P Q

- ’EL

tLe— — - Q1 [P]

(A) ® (c) Pk () In (ﬁ)

—ee

[Pl T

[P,
Ans. A

As there is no inversion. Hence should be
S,1 — 1* order

tlﬂ
Rate

Initial " Initial
conc. conc.
(€)% =a {1-e*
xfa=1-e™*
_Q
P

V]

| =

x/a

Y
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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,is evolved at the anode during electrolysis.

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

digdrge ¥ Vegfatam & Fsdw & foy Ae=ferfad 3 9 s/ oud 98 8 ?

(A) Brgses ALO, sEdfid B &, w9 Wifees Yegfieie & #eam 9 CO, ®1 489amal Wil & |

(B) Na,AIF, & e mR T &1 Temi® &9 & Sl &1

(C) CO, fagd suee & SR THIs WR fAefd 2 g |

(D) Hedie vsh Wia &1 uE & rad e @ ud gl 8 |

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 PbCI, in HCI contains Pb** and Cl- ions.
(D) The reaction of Pb,O, with hot dilute nitric acid to give PbO, is a redox reaction.
fFreifermad & & 9 dod/FuAl 31 gRn—
(A) SNCL,-2H,0 U@ ATarI® HRS & |
(B) SO, , KOH & w12 fepam 3@ K,[Sn(OH),] &1 fHiv @ear & |
(C) HCI % PbCl, & faeras # Pb2* de Cl- ma enfiel B & |
(D) Pb,0, 7 a9 “rsfe® ard & o aifdfhar $e= W PbO, o & il & ua Yo arfafehan & |
AB
SnO, + KOH —— K,5n0, +H,0
or
Amphoteric K,[Sn(OH),]
PbCl, + HCl ___, H, [PbCl,]

Pb,O, + HNO, _____, PbO, + Pb(NO,), + H,O
or
2Pb0. PbO, (Non redox reaction)
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Consider the following four compounds I, II, III, and IV.

NH, HBC\,N/CHJ O.N :
I I III IV

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.

f=fafeg ar it 1, 11, 11 9 IV R faaR $ifere

HCx\N/CH
I I I1I v

el DY/ B B G-

(A)sRF@ M FAN>1> 11> IVE|

(B) pK, & ufRamor @1 I aen 11 & #ea era” 111 a2 IV &) e 3 ofds 2 |

(C) 7T yIa IV %1 gt 3 111 ¥ sifees & |

(D) wR® wrg @it 1V &1 difiies 111 &1 gom 8 aiftis ang 9971 2|

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 & 11 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 1V is less.
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Consider the following transformations of a compound P.

(i) NaNH,

R -— P (i) X (reagent) Q
(Optically active) (iiy cH,cocH, (CH..) > (C,H.,0,)
(iii) H,0°/A (i) KMnO./H,50./4 (Optically active acid)

O/\/CHs

Choose the correct options(s).
=Z

(A)Pis (B) Xis Pd-C/quinoline/H,

A"
X
(C)Pis ® (D)Ris ‘

Aiftis P& fFr=ferfiag wuraell W faam S |

(1) NaNH, Q
R — (CZ } (i) X (arfrt) (CH.,0)
(sreFTfTe wfeRa) (11) CH.COCH, T (i) KMHO,JH;SO,Mr (a3 wiisy s

(i) H,0"/a
lPtin

O/VCHE

e faeeu,/fawaa &1 gy |
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(A) P =

A

Q)P gl

P

B,C

CH;
O/ "SCH-CH

(B) X Pd-C/faa=rei/H,

40
(D) R ‘ =l

CH,
H,/P
/Pt O/CH\CH”

H./Pd-C CH, w fKM 0,
e oy e e (o
O
O q
(CH..O;)

optically active

CHy =t
Q/ CH =C Na Ph-C-CH, _Ph
" e

| “CH,

lH /a
CHz\ /@
O/ CH2

optlcally active

NalNH,



SECTION 3 (Maximum Marks : 24)
This section contains SIX (06) guestions. 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.
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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

| A N = 3 B =]

0 2 4 6 8 10 120
Volume of HA(mL)



0.1 M g« &R (B) &1 U& fadea 0.1 M & uaat arat (HA) @ Hrel sigaifid 2ran 2 | faeas & pH &1 ui¥ads HA
& A & w1 FrefeRad sl H S T g | R B pK, F1E ? e Sl T B + HA » BH +
A- BT e T 7 |

12
10

pH

.
>

0 2 4 & 8 10 12
HA &1 i« (mL)

Ans. 3.3
B + HA _____, BH® + A
0.1M 0.1M
OmL pH=13
3mL — 50% Neutralization pH=11
6 mL — equivalence point pH=3to9

50% Neutralization

pOH = pk, y P®=3
equivalence point

H=6 = [H] =10 = o2 x21x8
p == = [ ] e o K 12

b

jgsis 10" x107* 1
e R o MR
K, 2

k,=5x 10
pk,=4-0.7 = 3.3

14. Liquids A and B form ideal solution for all compaositions 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 ?
% Ul AT B 25 °C uR A T B & 9l a/@uail & forg aneel faeee a9 8 1 A& 0.25 T2 0.50 Hidd %7917 arel

a1 faera=i @1 & o /9 HHY: 0.3 91 0.4 aR B | YF wd 9arf B &1 91w 2@ aR H fadn 2|



Ans. 0.2

1 3
P 0.3 x. = :"0'32'&'P£+ZP§

Total

Nl B

1 1
0.4 X, = 0.4 =% Py + Epﬁ?

A

P

=
1.2=P) + 3P

0.8=P, + Py = 2P =0.4bar
PS =0.2

15. 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-t, 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 10%* mol-!.

B
[=}

Potential Energy
(kI mal™)
m
"

i
]
1

d f

Oy

Internuciear distance —

(d)

Ans. -=-5242.42
P. E of 2 H-atoms

ra z
=-2%x 13.6 % = ev/atom + (-2 x 13.6 x -|-1—2-) ev/ atom

2

(
=-2x2x13.6 x# ev/atom

atom

=-4x 13.6 x 1.6 x 10*¢ J/atom x 6.023 x 102 mal

=-4x13.6 x 1.6 x 6.023x10* J/mole
= -5242.42 KJ/mol



16. 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 mLof 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 geiy g P Y Q O & aififsl B W fEER I | P g=y Iug Q & fa Akl 75% 8| P& 9.3 mL¥
W Q & UM H e 711 § ? ( 9udnT ST P &1 59 = 1.00 g mL! ; C &1 #eR g&09 = 12.0, H= 1.0,
0=16.0N = 14.0 g mol)

(i) NaNO, + HCl / 0-5°C
NH >
i = Q
P (ii) +Na0H

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

Ans. 18.6
OH N=N—Ph
MH; N + NaOH 0
©/ NaNO,+HCI ©/ OO
% 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*

o]
o]

\ :

9.3mlofP=9.3gmP= =0.1moleof P

0

o3

N=N—Ph
0

The mole ratio PhNH, : PhN, " : @@

=1:1:1



17.

Ans.

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

Then amount of @ = 0.1x = 0.075 mol

100

The molecular formula of Q = C ,H,,ON,
soM.wt.ofQ=16x12+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 k] mol-* , AH(CO,(g)) = -394.0 k] mol-'.

S%(Sn0O,(s)) = 56.0 JK* mol™!, S%(Sn(s)) = 52.0JK"* mol™*,

S°(C(s)) = 6.0 K" mol™, S°(CO,(g)) = 210.0J K" mol™.

Assume that the enthalpies and the entropies are temperature independent.

e @ ®1% & WY FH B W hUSIASE U U g e € |

==am arAE (K 9) 3 FaiRa s 3 g T {3 st &1 9w sife? e ) $16 8/ $9eEe 3 $9
Bt & |

298 K1Y : AH®(SnO,(s)) = -581.0 kI mol™* , AH(CO,(g)) = -394.0 k] mol™.

S(Sn0O,(s)) = 56.0 ] K* mol™, S%(Sn(s)) = 52.01 K mol™*,

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

4 ST 6 Eeie den TEid @as ad | # |

935

Sno, (s) +C(s) ____ 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 x 1000
T=——-—~—"=935K

200
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An acidified solution of 0.05 M Zn2* 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 10722 and overall dissociation constant of H,S , K., = K K, =1 x 10-2* .
0.05M Zn?* &I U a7y fderae 0.1 M H,S @ R | & | ZNS @ 3Taeiv @l 1+ @ g sawdd H* &l =graH
HrelR Wr=dr (M) fadt 21

FWRIT BIfTg—

K,, (ZnS) = 1.25 x 10722 H,S &1 % ferror Rerias, K = KK, =1x 102,

0.2

[Zn*?] [$*7] < K, (ZnS)

. 5 1072
= el

<4 " 0.05
H,S == 2H" + s*

K. x[H,S]
T

Knet X[st] E 10 =
[HP =24 10725

107 100wy
10 20
[H]? = 4 x 102
[H*] > 2 x 10t =0.2
Alternate :
[Zn*?] [$*] < K,
5 10% 1

S*] < = x ———= = x 10
51 < 7 Q05 2~

[HE =

H,S === 2H* + S*

KK, x[H,S] 102'x0.1
[s*1 = [S°]

[H*]2 =

2- E 1 -20
[S ]_ [H|]2 < 4 x 10

[H*]? > 4 x 102
[H'] > 0.2



