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(1)

)

(3)

4

[ Hints and Soluti

ons ]

Section-I

Answer : (C)

Solution:

Na+ C+ N - NaCN

NaCN + FeSO4 — Nag[Fe(CN)g]

Fe<CN6>

This blue complex confirms the presence of nitrogen.

Nag +Fe*t — Feq [Fe (CN)g,

(Prussian blue coloured complex)

Answer : (A)

Solution:

e PCl; +4H,0 — H3 PO, + 5 HCI

(complete hydrolysis gives orthophosphoric acid)

] NCI3 +3H20 — NH3 +3HOCI

(Hydrolysis of nitrogen trichloride gives ammonia)

e SF4+2H,0 — SO, +4HF

= But this is not complete hydrolysis.

SF4 —|—4H20 — H2 SOg +4 HF

(Sulphur ends up in +4 oxidation state in sulphurous acid).

Answer : (B)
Solution:

Br

Br Br H
COOH 2 ¢ 20

.

RedP | o

COOH
(P)

CHO
aq NaOH CH=CH- C
'Ry I‘I

(15 unsaturated C- atums]

ng*
NENH‘? THO" O O
3

0y, Zn-H,0 H CH;MgBr l
Q (2eq.)
CHO (|3H —
OH
Answer : (B)
Solution:

OH
CH - CH,
CH,
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., NacN PPN OH
(A) HO ¢l —= HO CN H;0
o' - ~~"coo
HO” " “COOH =—— O
CHO COOH
| HNO; I
(B) {?HDHM —_— (?HOH}-:
CH;0OH COOH
(Glucose) (Saccharic acid)
(HNO; is a strong oxidising agent)
CHO
ElClH En-HQD CHO
H,CrO
(D) ‘DH —_ /Y\CDDH
0
Section-ll
(5) Answer: (B,D)
Solution:
(A) Incorrect. London dispersion forces arises due to temporary/instantaneous dipoles and increase with molecular size and
polarizability.

(B) Correct. For molecules of similar size, dipole-dipole interactions are generally stronger than dispersion forces because
they involve permanent dipoles.

(C) Incorrect. H-bonding exist in all phases, especially strong in liquids and solids phases like water and ice.

(D) Correct. lon-dipole interactions are stronger because they involve a full ionic charge interacting with a dipole.

(6) Answer: (AD)
Solution:

O (0]
Il Il

Hfli'—D—I?uH = H,P,0s = contains P-H bond
OH OH

_OH
,/'" ‘\
| = (HPO3),
HO—
d’ffpx _Pp=0

H

D.—-—-'-D'—_

0
Il

HD’T“GH
OH

0

P

HD.-fl“'u-.
H

= H3P04

" = HsP0O, = contains P-H bond
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(7) Answer: (AB,D)

Solution:
(@]
i COOH [% MNH
CH, (i) KMnO,, OH", A (iii) NH,, A e
(i) Hy 0" 7
CH, ’ COOH C —NH,
X) 1
0 J/-:; (strong)
l'i'l} O 0 O
C-0ONa’ NaOH g‘\ CHB Ethanolic g,ﬂ\
@[ PLLE @: N—CH, e~ NK i NH
C-0O'Na' c” c”
d s O 4
+ (Y)
CH, — NH,
(Z)

e Aromatic 1° amines cannot be synthesised by Gabriel phthalimide synthesis.
¢ Inaqueous medium (CH;),NH > CH;3 NH, > (CHj)3N is the correct order of basic strength.

CONH, NHy NC
O O e e

NC

(8) Answer: (B,C)
Solution:

LiAlH, Fhv( Oy~ B0 phv[
Ph EH;E}H

e Q) l

CHCl, | H.50,
CHO 441K

NaOH-Ca0

P CH,
Ph\’fcm Gﬁ ~
. R
(Optically active) Ph\/CG?I { +}
F
(Optically
® inactive)
CH,
F“'.I\/El:!‘-'la Ph\ﬁfCH;
(major)
(S)
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Section-lll

(9) Answer :07.00
Solution:
ForBCC = Z=2
p= MZ
Ny(a)®
M =56 g mol™*
Z=2
N4 =6x10% mol™!
a=300pm=3x10"% cm

P density — 2x56.0 -
6x10% x (3x1078)
_ 1120 _ 1120
6x27x1071 162

p=691g cm3

(10) Answer : 01.75
Solution:
Pb(NO;),(aq.) +2KI(aq.) = Pbly(s) +2KNO;3(aq.)
Moles before mixing =-Lead nitrate = 0.015 x 0.15 = 0.00225 mol = 2.25 mmol
=-Potassium iodide = 0.12 x 0.250 = 0.030 mol = 30 mmol
After mixing, total volume = (150 + 250) mL = 0.4 L
I—concentration left after reaction (assuming reaction uses all Pb*")
Pb*" initial = 0.00225 mol
I-ions needed to react = 2 x 0.00225 = 0.0045 mol
I-ions left = 0.030 mol - 0.0045 mol = 0.0255 mol

I~ion concentration left = 0'2?455 =0.06375 M

Now apply, K, = [Pb“} I-1*=71x10"°

{Pbﬂ = _(E-Lz;:s’; =1.75x10"° M

.-.Solubility of Pbl, =y x10"%=1.75x10"°
Sy=01.75

(11) Answer : 07.00

Solution:

Freundlich isotherm : £ = KC'/»

% =2.5when C =8—>(1)

= =5.5 when C =18———> (2)

From equation (1) and (2) :-

1/n 1/n

B=(8)"=22=(1)"
Taking log on both sides:-

log 2.2 =1log (%)1/71

log 2.2 = %log %

0.34 =+ (2log3) — (21og2) (. log 2.2 ~0.34)
0.34 = 2(0.96 —0.6)

n=0% ~106

034
Now, use either eq. 1 or eq. 2 to find the value of K.

2.5 = K(8)Y/10

o

log 2.5 = log K + ﬁlog(8>

0.398 = log K + (0.943) x 3 x (0.3)
log K = 0.4 —0.849
log K = 0.4507

K= 10(70.4507)
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K =0.354
£ —0.354 x (25)T%

= (0.354) x (25)0-943
= 0.354 x 20.8
=7.36 g/ml

(12) Answer : 03.80,03.95
Solution:
Initially, [4¢] =a
[B()] =8a
When the reaction is 30% complete, A has decreased by 0.3a:-
[A]=a—0.3a=0.Ta
Since, the reaction is A+ B — Product (1:1 stoichiometry), B has also decreased by 0.3a.
[B]=8a—0.3a="7.7a .
Actual rate :- (Rate), = k[A][B] = k(0.7a)(7.7a)
Pseudo first order rate :- (assuming [B] ~ constant = 8a)

(Rate)seudo = k[A] [B] - k(o.m) (8a>

(R'am) pseudo (R'am) actual

(Rate) ey x 100

Relative error =

_ K(0.7) (8)a?—k(0.7) (7.7) a?
- £(0.7)(7.7)a2 x 100

0.3
77 % 100 =~ 03.90%

(13) Answer : 02.57
Solution:

Density of solution = 1.00 g cm~3 = 1000 kg /m?.

Height= 2.5cm =2.5x 1072 m.

g=10m/s’

Osmotic pressure from height :-

7 = phg = 1000 kg /m3 x 2.5 x 1072 m x 10 m/s? = 250 Nm 2
Osmotic pressure using van't hoff equation :-

7w =CRT

C=2.5g/cm?

C =2.5x1000 g/ dm® = 2500 g/ dm®

250 = 2 % 8.3 % 310

M, =8.3x310x 10
M,, = 25730 gmol !
M,, = 2.57 x 10* g/ mol
y=2.57

(14) Answer : 10.53
Solution:
CgHg +502 —3 002 +4H20
ArGR =[3(—394) +4(—237)] — [(—24)] = (—1182 — 948) +24 = —2106 kJ

o —AG°
E° = nF

o —2106
E°=- ( 20F )
n = 20 electrons, since each propane molecule gives 20 e~ on complete oxidation and 50, is converting to O?>~in H,O,
hence 20 electrons gained by O.
Bo— 10X 103 = _ <—2106)

F 20 F
3 42106x10° J
10X x 10° = —

_ 42106 _
10X = 5~ =105.3

X =10.53

(15) Answer : 07.65
Solution:
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[FeFg)® = Fe**

F~-weak field ligand — [FeFg]>~ is a high spin complex.

Fe’* =13 e2 — 5unpaired e~

m=+/5(5+2) =+/35 =5.92 BM

[Fe(CN),]* = Fe?*

CN-is strong field ligand — [Fe(CN)g]* is a low spin complex.

Fe** = t3 ey — 1unpaired e~
m =+/1(1+2) =+/3=173 BM

i+ = 5.92+1.73 = 07.65

(16) Answer : 04.00
Solution:
Octasaccharide + TH,O — Arabinose + Fructose + Xylose
Total mass of reactant side =1104+ (7 x18) =1230 ¢

Mass of Arabinose formed = 1230 x 20 — 600 g

Total units of Arabinose = % =4 units

Possible unit of Fructose = 1 unit

Possible unit of Xylose = 3 unit

..Total mass of products = 600+ 180 +450 = 1230 g
SAnsis 4.

MATHEMATICS

Section-I

(17) Answer : (C)

Solution:

im f—tt ].u(l+z)dx (Q)

t—0 t? 0

— hm ]n(1+t)-2+—tln(1—t)
t—0

_ Ly 2050 + Liim In(1—t)
2450 t 2%50

—_1_1_

2 2 0

(18) Answer : (C)
Solution:
f(z) = min{| tan z|, | cot z|}.

Req. area = 2 foz tanz dz +2 [ cot z dz
4
= 2[2In /2]
= In4
(19) Answer : (B)

Solution:
- sin@++/3cosh =6z —z —11

. T\ 6z—a?—11
sin (0+ 3) =—

—1gsin(9+§) <1

6z—2?—11
= 1<t

<1
=x=3

. sin (0+ %) =-1
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0+§:2n7r7§

0:2n7r7%7r
. =Tn 1o
0=,
(20) Answer : (D)

Solution:

B

/B+/C=%E=>/A=1%

sin £ =42 gnd —LL_ — 4B
Pas T a(4) T w(9)

Similarly % =

Ap | AQ A _ T _
5L+ oy = ot 5 =cot =3

Section-ll

(21) Answer: (A,C,D)
Solution:
(A) ay; = —aj = a;;+a; =0= A is skew symmetric
(C) A2=24= A3=224A= A°=2°4,
(D) A is a skew symmetric matrix of odd order.

(22) Answer : (A,B)

Solution:

z?2 Z/z _

% + 5= 1

9 _ 4

e = 172—5 =3

F(+4,0)
(. 12)

M|3,—=

\ 5 )

Reflected ray passes through (4, 0) and (3, %) or (4, 0) and (3,—%)
.. Equation of reflected ray 5y = —12z + 48
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S5y =12z — 48

(23) Answer : (A,B,C)
Solution:
(h, 0) satisfies the normal
y =mz — 2am — am?
0=hm+2m+m?
(h +2+4m?) =0
m?=—(h-2) >0
h+2<0
h< -2

(24) Answer : (B,D)
Solution:

|(o. 4) (0. 4) |

(~oi, o) \ / (o, o)

Perimeter =2(2a) +2(4 —a?)
P =4a+8—2a?

P _ _
E—Oéa—l
4P
d1012
. P=4a+8—-2a2=4+8-2=10

=—4 <0 local maximaat a =1

Section-lll

(25) Answer : 11.00
Solution:

= (t— y) dt = tdy
tdt = ydt + tdy

(26) Answer : 08.00
Solution:
AM > GM

(2+5)+ (t+2) =2{yE 2}

2 {5}
S
(55

2\/— ac-2v/be }

Y

[ \/

I\/

(27) Answer : 05.00
Solution:
First note out of 8 selected cards, one pair of cards share the same number and another pair of cards have to share same
colour. Now these two pair of cards cannot be same or else these 2 cards will be exactly same.
Letnosbe 1,1, 2,3,4,5,6,7andcolourbea, a b, c,d e fand g

10
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Case I: discards la.
2 x 6 =12 in this case

Case lI: 1b, 1c, 2a, 3a, 4d, 5e, 6f and 7g we cannot discard =% C,

P=gig=35-p—d=5

(28) Answer : 02.00
Solution:

- .
- ¢ & d are collinear

—
T —2 1 a
= | =0
2e+1 -1 b
T—2 1]
241 —1|
—(z-2)—(2z+1)=0
—3x+1=0
1

:>$:§

= 6r =2

(29) Answer : 08.00
Solution:
The triangle has circumcentre at origin and its orthocentre lies on the circumcircle.

(30) Answer : 04.00
Solution:

fog = {/sin(cos z)

(=))- s (e ) =

gof(:v) = cos(\/m)
" fon{e)) <
fog(z)w.r.t gof(m) = on

sin(z)(cos(cos x))

X CcoS T

y/sin(eos 2)

T (cos z)(sin(v5im 2))

Nor
1 N
)(3)
sm(\/z) si.n(L)
z V2
— 1 2 _
= 1l= NG =8l =4
(31) Answer : 01.00
Solution:
(cot2 36° cot?72° — 1) +1
(cos2 36° 0052272°:sin22 3fi” sin? 72° ) 11
sin® 36° sin? 72
_ (14-cos 144°)(14-cos 72°)—(1—cos 144")(1—cos 72°)
- 4sin? 36° sin? 72°
_ cos144"+cos 72" 1
" 2sin? 36° sin? 72°
(cot 36° cot 72°7) 2
T cos36° cosT2°
_ 2sin 36"(cot 36 cot 72°)
2sin 36° cos 36" cos 72°
_1_ Asn 36°(cot 36° cot 72°) 2
- sin 144°
=cot236° cot272° =1—4cot236° cot272°
= 5cot236° cot?272° =1

+1

11
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(32) Answer : 03.00
Solution:
Let 22 +a3 424 =t
(22° + 32 + 42*) dz = dt

3 dt_

0 2%

o= [VEly =a? =3

a =

PHYSICS

Section-l

(33) Answer : (D)
Solution:

Va
k=7

N:neAE
= I=/m6AE=M0L0T0I

(34) Answer : (B)

Solution:
32pP,}---
Py | ---4 .
! ! L
Vo v,
v=n(m)

y=32=V =8V

Qin =nC,AT = (nRAT)

=331 RV, =2V

Qout =nCpAT = 2 nRAT = 2 x (8 — 1)P0V{] — EpV,
—2x(8-1)RV = LRV,

Qin—Qout _ 93-35 _ 58

m="¢, ~ o= 93

(35) Answer : (C)
Solution:

12
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Flux through upper hemisphere = (1 — %

N——
2=
|
=~ o
3=

(36) Answer : (A)
Solution:

() SmR%a = K(Ra)R+ K(zRa)zR

[imR?a = 5KR]

_K _ /3K
a=0=w =,/

(i) dmRPa = (K401 K49)4&

h_a_ /6

fo w2 T\ 32

Section-ll

(37) Answer: (B,C)

Solution:

h= %gt% +v$(t7t1)

t=3sec.

=1t =1 sec
h =665m

2
W=h-% =660m

y 330\ _ 330\ _
7= to (72) =520 (48) =536.25 Ha

(38) Answer : (A,D)
Solution:

Vo= [(3m) - (35 - )] =
V=g (67 - 5) - (o) =5

(39) Answer : (B,D)
Solution:
At steady state, Power generated = Power loss

}1/4

B —P—oAT' > T = Lo 7 [ L
dt o4nR? 4o R?

Inside sphere
Rate of power generated = rate of heat transfer.

13
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KRS S7KR

(40) Answer : (B,D)
Solution:
U, >U, = KFE, > KE,

2
AK.E=AU="2 —4
dqz\/m
dg = Adl = \/8megaR
dl = ViR

A

Section-lll

(41) Answer : 01.00

Solution:
ity = zmab _ _L_
Areal velocity = 2 = -
_ oMrap _ 2(M) FTRR(ritro)m
=L= T T
=a=1

(42) Answer : 56.00

Solution:
2 ., P? P2 P2 (mitm
Amc" =E = 2m, + 2m, 2 mims
h
P = A
Am = k2 (matma) _ _n® | 224 _ _ s6n’
20202 mymy 2c2)\2 220mq 11062 X2 mq

(43) Answer : 00.00

Solution:
2
B at mid-point = £L& L L
2 (2+R2)Y? [Rz +(R,z)z}3/2
dB _ mlIR* | 3 9¢ 3 2AR-z)(-1)
N e N e
_R 4B
at z = X 0

(44) Answer : 03.00
Solution:
Ap =AU +dW
2AU =AU +dW
AU = AW = Pdv=nC,dT
PV =nRT

14
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Pdv+ VdP = R(ndT)
Pdv+VdP = Cipdv c, =1L

y-1
=Pdvll—(y—1)]+VdP =0
= —yPdv+VdP =0

() +# -0

= PV ™7 = const
K=3

(45) Answer : 28.00
Solution:
In ABCA
Qi > A—Band B~ C
Qout -C — A
1 Qin—Qout W (I)

=5 Q% Qum
For process ACDA
Q,=A-C

‘i —C—D and D— A

out

VA —0):

in Qout(cﬁA) = Qm -w
1 Wa W

= Qi =W +10W, = 5W [from ()]
W

Cwewm wawe U 13 7~ 98%

MABCDA = —o— = Ty — "5 5 25 2400

(46) Answer : 10.60,10.70

Solution:
(dm)a:F: —deM
vy r GM 4
a:fovﬁ:fm? M:p—;LTS
1/2

G 2
o= |2 (2
dr _
d—: =v
= fa-y %

_ 3 To dr
t= 87Grip fo o 1/2
7 )
_ 3
1\ 32Gp

(47) Answer : 01.75

Solution:
2
2put =3
PR S 5x10~7x7
T4 T 4x10

—2\g — ¢ — 5x107"x7
(5 102)9 =t = 210
6 =1.75 x 1078 rad.

(48) Answer : 15.00
Solution:

(+5% + (5\/§—gt)3) (v% + (—gt)}') =0
+5v = 54/3gt = g*t?

gt? —54/3gt+5v =0

75g% > +4g° 5v

5 _1
L =02V

15




