JEE (ADVANCED) 2020
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Questions & Solutions

PAPER-1 | SUBJECT : CHEMISTRY

PAPER-1 : INSTRUCTIONS TO CANDIDATES

* Question Paper-1 has three (03) parts: Physics, Chemistry and Mathematics.

* Each part has a total eighteen (18) questions divided into three (03) sections (Section-1, Section-2 and Section-3)

+ Total number of questions in Question Paper-1 are Fifty Four (54) and Maximum Marks are One Hundred Ninety Eight (198).
Type of Questions and Marking Schemes

SECTION-1 (Maximum Marks : 18)
* This section contains SIX (06) guestions.
* Each question has FOUR options. ONLY ONE of these four options is the correct answer.
* For each question, choose the correct option corresponding to the correct answer.

« Answer to each guestion will be evaluated according to the following marking scheme :

Full Marks : +3 If ONLY the correctoption is chosen ;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered).
Negative Marks : =1 In all other cases.

SECTION-2 (Maximum Marks : 24)
* This section contains SIX (06) questions.
* Each guestion has FOUR opticns. ONE OR MORE THAN ONE of these four option(s) is (are) correct answer(s).
* For each guestion, choose the option(s) corresponding to (al) the correct answer(s).

* Answer to each question will be evaluated according to the following marking scheme.

Full Marks - +4 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 : +2 If three or more options are correct but ONLY two options are chosen and both of which are correct.
Fartial Marks : +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.

SECTION-3 (Maximum Marks : 24)
= This section contains SIX (06) questions. The answer to each question is 2 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 placed.

= Answer to each guestion wil be evaluated according te the following marking scheme :
Full Marks  : +4 |f ONLY the corred numerical vale is entered.

Zerg Marks - 0 In all other cases.




SECTION-1 (Maximum Marks : 18)

+ This section contains SIX (06) guestions.
« Each guestion has FOUR options ONLY OMNE of these four options is the correct answer.
« For each question, choose the correct option corresponding to the correct answer.,

+ Answer to each question will be evaluated acceording to the following marking scheme :

Full Marks : +3 If ONLY the corredt optionis chosen.
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered).
Negative Marks : =1 In all other cases.
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1. If the distribution of molecular speeds of a gas is as per the figure shown below, then the ratio of the
most probable, the average, and the root mean square speeds, respectively, is

4
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speed

(A)1:1:1 By1:1:1.224
(C)1:1.128:1.224 (D)1:1128:1

Ans. (B)

Sol.  Dueto symmetrical graph given, the average value of velocities will be at the middle, symmetrical velocity
which is also most probable velocity.
While calculating rms speed, we have to take average of sguare of speeds and its root. In square of
speeds, higher speeds will give more contribution so the value will be more than the average value.



2. Which of the following liberates Oz upon hydrolysis?

(A) PbaO« (B) KOz (C) Naz0:2 (D) LizOz

Ans. (B)

Sol. (A) Pba0s + H20 —— No reaction
(B) 2KO:z + 2H20 —— 2KOH + Hz0z + Oz
(C) Naz0z + 2H20 —— 2NaOH + Hz20:
(D) LizO2 + 2H20 —— 2LIOH + Hz202

3. A colorless agueous solution contains nitrates of two metals, X and Y. When it was added to an agueous
solution of NaCl, a white precipitaie was formed. This precipitate was found to be partly soluble in hot
water to give a residue P and a solution Q. The residue P was soluble in ag. NHz and also in excess
sodium thiosulfate. The hot solution Q gave a yellow precipitate with KI. The metals X and Y, respectively,
are:
(A) Ag and Pb (B) Ag and Cd (C) Cd and Pb (D) Cd and Zn

Ans. (A)

Sol. X =AgNOz, Y =Pb(NOs):

AgNO; + NaCl—— AgCl~ + NaNOs;
(¥) (P}

AgCl(s) 4 +2NHz—> [Ag(NH;),] CI”
P Soluble

AgCl + 2NazS:0: —— Na,[Ag(S,04),] + NaCl
(F) Soluble

Pb(NO3), +2NaCl—» PbCl, 4 +2NaNOa

1Y) White ppt(Q)
Soluble in
ot water)

PbCl +2KI—> Pbl, +2KCI

:E’éq Yellowppt
4. Newman projections P, (), R and S are shown below:
HsC by CHs CHs
CHs 3 C-H H C,H CH(CH3),
': A HO CHy H H

HsC CoHs H™ | CaHs C,Hs OH
CH, CHs
P u R S

Which one of the following options represents identical molecules?

(A)Pand () (B)Qands (C)Qand R (D)Rand s

Ans. (C)



Sol.

Ans.

Sol.

CH,

HO CHs4 ?H3 fH
) = CsHs—C—C—CHs  (2,3,3—Trimethylpentan-2-ol)
H3C CzHS |
CH3 CHJ CH3
P
H3C OHCH3
H H ?H3

’ — CzHs—CH—C—OH (3—Ethyl-2-methylpentan-2-ol)
= CaHs |

CH, (|)Hz CH;
Q CHa
CHs "
C,H
2115 H,
HO CH; = C.Hs—CH—C—CH; (3—Ethyl-2-methylpentan-2-ol)
C,Hs |
CzHs OH
CH,
C,Hs CH(CH3); A
H H = CEH5_(|3,_CH_CH3 (3—Ethyl-2-methylpentan-3-ol)
OH | |
OH CH;
S

Which one of the following structures has the IUPAC name 3-ethynyl-2-hydroxy-4-methylhex-3-en-5-

ynoic acid?
OH
. \\“\\/‘\ iy =
COH | CO,H Co,H
@ T B HeL AL (C)i S () >LA
Z N OH Z X Z

(D)

H
=
2>CO:H
5 1
6.z

3-ethynyl-2-hydroxy-4-methylhex-3-en-5-ynoic acid



6.

D-Erythrose and its isomers are listed as P. Q, R. and S in Column-l. Choose the correct relationship of
P. Q, R, and S with D-erythrose from Column Il

Column-I

HO H
5 OHC. 4

HDH OH

& OHC>_(_DH
HO" 'H

H OH

R. OHc. HOH
H'

OH OH
g. OHC OH
i \'"oH

HOW X4

(AJP -2, Q>3 R—>2S5S->2
(C)P—-2Q—-1H—>1,5—-3

The Fischer projection of D-erythrose is shown below.

CHO
H——OH
H——OH

CH,OH
D-Ervthrose

Column-I1
1. Diastereomer
2. [dentical

3. Enantiomer

(B)P-3,Q—-»>1R->1,58->2
D)P—-2,Q—-3,R—-3,S->1



Ans. (C)

CHO CHO
HO H S - OH S
Sol. P. OHC e = H OH Q. OHC)—(,—H -, OH H
J H—+—OH " ; H——OH
Hon \-oH HOH  oH
CHz0H CHz0H
CHO CHO
R.oHC HOH n——on s. OHC OH  Ho——n
4 HO—+—H “f \""OH —
Hd, \—on Hol V. HO H
CHzOH CHzOH

Full Marks
Partial Marks -
Partial Marks :
Partial Marks :
Zero Marks :
MNegative Marks :

SECTION-2 (Maximum Marks : 24)

« This section contains SIX (06) questions.
s Each guestion has FOUR options. ONE OR MORE THAN OMNE of these four option(s) is (are) correct answer(s).
» For each guestion, choose the option(s) corresponding to (al) the correct answer(s).

s Answer to each guestion will be evaluated according to the following marking scheme.

+4 If only (all) the correct option(s) is (are) chosen.
+3 If all the four options are correct but ONLY three options are chosen.
+2 If three or more options are correct but OMLY two options are chosen and both of which are correct.
+1 If two or more options are correct but ONLY one option is chosen and it is a correct option.
0 If none of the options is chosen (i.e. the guestion is unanswered).
—1 In all other cases.
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Ans.

Sol.

In thermodynamics, the P — V work done is given by
w === _[ E'f'r’ Fu-:-;'..

For a system undergoing a particular process, the work done is,

w:-J'dv (i-i).

This equation is applicable to a
(A) system that satisfies the van der Waals equation of state.

(B) process that is reversible and isothermal.
(C) process that is reversible and adiabatic.
(D) process that is irreversible and at constant pressure.

(A,B,C)

W=— _[Pe,d dv

From van der waal equation of state for one mole gas
'p+2|w-b)=RT

\ Vo

[ RT a )
il

For reversible process

Pext = Poas
i 3
w=-| A2 g
(v=b) y2

process is only not applicable for irreversible process.

With respect to the compounds 1-V, choose the correct statement(s).

H
H
(.f
O @ HCH; | J} H
] ] 11} v

v




(A) The acidity of compound 1 is due to delocalization in the conjugate base.
(B) The conjugate base of compound 1V is aromatic.

(C) Compound I1 becomes more acidic, when it has a -NO: substituent.

(D) The acidity of compounds follows the order 1 = IV = V = 11 = 111

Ans. (ABC)

Sol. (A) @ @ is stabilised by conjugation

Conjugate base of (I}

C]
(B) Conjugate base ofm ism which is an aromatic anion

(C) —NOz group is an electron withdrawing group it increases acidic strength of any compound to which
it is added.
(D) The acidic strength order on the basis of pKadatais IV =V = [ = Il = IlI

9. In the reaction scheme shown below, Q. R, and § are the major products.
O
CH O
HoC.J ° HsC CH, 0 ZnHaHCl (i) CHsMgBr
I = 1 +
HE'C O - Q g = R {II} HJD’ - S
AICIy (ii) HsPO, (iii) HSO4 /2
P
The correct structure of
HaC s hyc CHj HsC s he CH;
H4C
(A)Sis
N cH,
HsC CHs  Hic o,
H4C
(C)Ris
0

Ans. (BD)



$j OH HCI

(R)

OH

HsPOs



10.

Ans.

Sol.

Choose the correct statement(s) among the following:

(A) [FeCls]™ has tetrahedral geometry.

(B} [Colen)(NHz)zClz]* has 2 geometrical isomers.

(C) [FeCls]” has higher spin-only magnetic moment than [Co(en)(NHz)2Clz]*.
(D) The cobalt ion in [Co(en){NHs)zClz]* has sp*d? hybridization.

(AC)

(A) [FeCls]-

Oxidation number of Fe atom = +3

Fe — 3df4s®

Fe¥ — 3d°> 4s° 4p°

sp?
. [FeCls]- is having tetrahedral geometry
(B) [Colen)(NH3)z]* have three geometrical isomers.

Cl NHs NHs
= ai/NHa N 3{,(] 1 3_/,CI
LN nlpo/ Lo
CI MNHaz NHs Cl CI NHa

(C) [FeCls]- is sp® hybridized with 5-unpaired electrons. While [Co(en){NHz)zClz]* is d*sp® hybridised
with zero unpaired electrons.
(D) [Colen)(NHs)=Clz]+ has d2sp3 hybridization.



11.

Ans.

Sol.

12.

1z

m Moy X

With respect to hypochlorite, chlorate and perchlorate ions, choose the correct statement(s).
(A) The hypochlorite ion is the strongest conjugate base.

(B) The molecular shape of only chlorate ion is influenced by the lone pair of electrons of CI.
(C) The hypochlorite and chlorate ions disproportionate to give rise to identical set of ions.
(D) The hypochlorite ion oxidizes the sulfite ion.

(ABD)
(A) Since HOCI is weakest oxyacid of chlorine. Therefore CIO- become strongest conjugate base.
T 7
E=C0

(B) &) -0-CI=0 -0-Cl=0

Hypochlorite < IC|)

lon Chlorate lon
Perchlorate
lon

(C) 3CIO-—— 2CI + CIO3~ Keq = 10%7

In hot solution rate of disproportionation is fairly rapid.

4Cl0s~—— ClI- + 3CIO+~ Keq = 1029

It is thermodynamically possible but kinetically, it is very slow reaction.
(D) Lower oxyacids are good oxidizing agents.

S0s2-+ OCl — > S0s2 + CI-
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SECTION-3 (Maximum Marks : 18)

s This section contains SIX (06) questions. The answer to each question is a 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 placed.

» Answer to each guestion will be evaluated according to the following marking scheme :

Full Marks - +3 If OMLY the correct numerical value is entered.

Zero Marks - 0 In all other cases.
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13. 5.00 mL of 0.10 M oxalic acid solution taken in a conical flask is titrated against NaOH from a burette
using phenolphthalein indicator. The volume of NaOH required for the appearance of permanent faint
pink color is tabulated below for five experiments. What is the concentration, in molarity, of the NaOH

solution?

Exp. No. Vol. of NaOH (mL)
1 12.5

2 10.5

3 9.0

4 9.0

5 9.0

Ans. (0.11)

Sol. True data for NaOH used volume = 9 ml
Milli equivalent of H2C204 = Milli equivalent of NaOH
5x01x2=9xxM=x1

x=— 2011 M
9



14. Consider the reaction A = B at 1000 K. At time t’, the temperature of the system was increased to 2000
K and the system was allowed to reach equilibrium. Throughout this experiment the partial pressure of A
was maintained at 1 bar. Given below is the plot of the partial pressure of B with time.

What is the ratio of the standard Gibbs energy of the reaction at 1000 K to that at 2000 K?

4
115}
100 - —

Partial Pressure of B (bar)
()
o
T

10 X >
t' time
Ans. (0.25)
Sol. Use AG =-RTInKe at equilibrium
AG; =-RTiIn Kp;,  oeee. (1)
AG, =-RTz2In Kp,  ....... (2)
AG, Tz InKp
L 1000x In(10)
2000 In(100)
111 g2
2 2 4
15. Consider a 70% efficient hydrogen-oxygen fuel cell working under standard conditions at 1 bar and 298

K. Its cell reaction is

Hy(9) + 502 (6) = Hy0 (1)

The work derived from the cell on the consumption of 1.0 = 10°% mol of Hz(g) is used to compress
1.00 mol of a monoatomic ideal gas in a thermally insulated container. What is the change in the
temperature (in K) of the ideal gas”?
The standard reduction potentials for the two half-cells are given below.
0:2(g) + 4H*(aq) + 4e- = 2 H20 (1), E°=1.23V,
2H*(aq) + 2¢ = Hz(g), E*'=0.00V.
Use F=96500Cmol 1,=8.314 | mol 1 K L
Ans. (13.32)



Sol. For given reaction Hz(g) + %Oe(g} 2, Hz0(1) E®=1.23V

AG? = —nFE®en = [-2 x 96500 = 1.23] 1 x 107 = 0.7 = - 166.173 J

W=166.173J
W= nRAT
v=1
166.173 = 1><81.314><AT _ 8.314><3Lﬂ_
(5_4) 2
\3 )
_ 166.173%2 _13.32
8.314x3
16. Aluminium reacts with sulfuric acid to form aluminium sulfate and hydrogen. What is the volume of

hydrogen gas in liters (L) produced at 300 K and 1.0 atm pressure, when 5.4 g of aluminium and 50.0 mL
of 5.0 M sulfuric acid are combined for the reaction?

(Use molar mass of aluminium as 27.0 g mol !, R = 0.082 atm L mol ! K1)

Ans. (06.15)
Sol. 2Al + 3H:504 —  Al(SO4)3 + 3Hz
5.7 50x5
27 1000
= 0.2 mole =0.25 mole

(Limiting reagent)
- 0.25 mole Hz is formed
PV =nRT
_nRT  0.25x0.082x300
P 1atm

=6.15 litre

v

17. 2385:U is known to undergo radioactive decay to form 2%5;2Pb by emitting alpha and beta particles. A rock
initially contained 68 x 10-% g of #U. If the number of alpha particles that it would emit during its
radioactive decay of 235U to 2%632Pb in three half-lives is Z x 108, then what is the value of Z ?

Ans. (1.2)

Sol. Z°U ——>  2%Pb+8 jHe+6 Ip
0.286 x 10-% mole
[0.286 x 105 x Na]
=0.286 x 6.02 x 107
=1.72 x 107



After 3 Half lives

~ No 1.72x10"7

@ 8

=0.215 =« 10"/

50, no. of molecule of uranium decayed
=[1.72 -0.215] x 10"/

N

=1.5 = 10"
So No. of o particle produced =8 x 1.5 x 10'7
=12 x 1017
=1.2 x 108
18. In the following reaction, compound (Q is obtained from compound P via an ionic intermediate.
CO,CH;
CeHs .~ _-CsHls
I P Mﬁ Q (A colored compound)
CeHs
P
What is the degree of unsaturation of Q7
Ans. (18)

Os._._~OCH:s Qs @
Ph Ph , Ph @ Ph
Sol. \é/ Cone HzS0s @ |
Ph

Ph




