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SECTION -1 (MAXIMUM MARKS: 12)
This section contains FOUR (04) question stems.
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of'these four options is the correct
answer.
For each question, choose the option corresponding to the correct answer.

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

Full Marks : +3 ONLY the correct option is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);

Negative Marks : —1 In all other cases.

During sodium nitroprusside test of sulphide ion in an aqueous solution, one of the ligands coordinated to the
metal ion is converted to

STl fAera= H Hehigs 31a & ARgIgss (nitroprusside) T1eTo1 & SR €Tq 311 A §Aad (coordinated)
fermsT (ligands) % 31 o uRafia grar2 |
(A) NOS- (B) SCN- (C) SNO- (D) NCS-

A

Na,S + Na, [Fe(CN);NO] > Na, [Fe (CN); NOS]

Purple solution

S

[Fe+2<—:N/O ]

The complete hydrolysis of IC1, CIF, and BrE;, respectively,

(A) 107,Cl10, and BrO; (B) 10,7,ClO," and BrO,"
(C) 107,C10" and BrO, (D) 10,7,C10,” and BrO,”
ICL, CIF, 211 BrF, &1 vl &e1 arqere (hydrolysis) swen a2

(A) 107,CIO, T BrO; (B) 10,7,C10,” @1 BrO,”
(C) 107,C10™ @1 BrO, (D) 10,7,Cl10,” @1 BrO,”

A
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Hydrolysis of interhalogen compounts

IC1+ H,0 — HIO + HCI
CIF, + 2H,0 - HCIO, + 3HF

BrF, + 3H,0 - HBrO, + SHF

Monocyclic compounds P, Q, R and S are the major products formed in the reaction sequences given below.

COOH () Br/Red phosphrus
(ii) H,0
> P
CHO O aq. NaOH, 293 K
+ )I\H > Q

(i) NaNH, 2B

i H 2+’H30+
(i) Hg > R

(1) O, , Zn-H,0
(ii) CH,MgBr (2 equiv.)

(i) H', A S

The prodcut having the highest number of unsaturated carbon atom (s) is

wgas! (Monocyclic) Iifia P, Q, R 3R S <1 f&d w3 ifwfesan el # yq@ S € |

COOH (1) Br/Red phosphrus
(i) H,0
> P
CHO O aq. NaOH, 293 K
oK, o

v

(i) NaNH, AP
.. H 2+ , H30+
(i) Hg > R
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(1) O,, Zn-H,0
(i1) CH,MgBr (2 equiv.)

(iii) 1, A s S

(Red phosphorus: oTe HRGIRA; aq. NaOH: i NaOH; equiv :Jedid )

qatferes =T # SgW (unsaturated) BT URATY] 9Tl SIS ©

(AP B)Q OR (D)S
Ans. D
“ COOH b pedp COOH ||\
H,0 > Br Rx"
OH O
CHO O . H
q. NaOH @/K)\
@/ + ANy AR
Q)

O OH O
0 O
Q)
©)
C=CH C=C

4

@CECH_HZC_CH:CHZ
Hg2+) H3o+

\ 4

@/%—CHZ—CHZ—CH=CH2
@)

(R)
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/Zn MeMgBr
(2aq)
CH OH
Me

lHV A
N
ol

!

Highest unsaturated
Carbon atom —(10 C]|
4. The correct reaction/reaction sequence that would produce a dicarboxylic acid as the major product is
e Afaferar / sifferan srgewH, Sl UHRa ITTE @ WU H TS Slgdlaifaderd F Icdlfad dxll / B
(i) NaCN
(A) 1~ Cl (ii)) HO, H,0 .
HO (i) HO
CHO
|
CHOH), —22=0
(B) ( )4
CH,OH

Br (i) KOH, EtOH
© O/ (ii) KMnO,, H,SO,, A
H,CrO
OH 2 4
. ggv

@)
Ans. C

C
OH/H,O
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CHO CHO
| |
@) (CHoH), —BZMO . chony,
| |
CH,OH ooy CHOH
Oxidising
Agent
Br
(1) KOH/EtOH _ KMnO, COOH
> S0, COOH
©
Adipic Acid
I
. /H‘/k/OH _HCr0, | ol —CcH-C-CH-COOH
| |
0 CH, CH,

SECTION - 2 (MAXIMUM MARKS: 16)
This section contains FOUR (04) question stems.

Each question has FOUR options (A), (B), (C) and (D). 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 to each question will be evaluated according to the following marking scheme:

Full Marks :+4 ONLY if (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, both of
which are correct;

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

Zero Marks : 0 If unanswered;

Negative Marks :—2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers,
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Sol.

then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.€. the question is unanswered) will get 0 marks and choosing any other option(s) will

get -2 marks.

The correct statement(s) about intermolecular forces is(are)

(A) The potential energy between two point charges approaches zero more rapidly than the potential energy
between a point dipole and a point charge as the distance between them approaches infinity.

(B) The average potential energy of two rotating polar molecules that are separated by a distance r has 1/
dependence.

(C) The dipole-induced dipole average interaction energy is independent of temperature.

(D) Nonpolar molecules attract one another even though neither has a permanent dipole moment.
3IARI—31[& (intermolecular) dei & favg # 98 deA gl €

(A) B fag s1raeli @ 4/ a1 RAfast ol (potential energy) U o5 fgga @2 ys a5, stmawr @ 4/ a1 Refaw

Sl U IR D AR ST erdl A ST (approaches) BRIl 2 STd I a4 DI X 37 DI 3R SUIHA
(approaches infinity) x0T ¥ |

(B) |1 oI v gY gard st foria dra & g3 1 2, Ia! sirad Reifast Soutt 1/1° W anf3m & |

(C) feya—uRafgyga (dipole-induced dipole) 3 3iRad sa=afshan (interaction) Isfl ATUHA A W5E |
(D) A (nonpolar) 377] Tah GIR BI AT B & Jeft 598 W fl & uRT o fgga =81 2 |

D

1 1
o Potential energy between two point charges varies as " and between point charge and varies as 2+ 50,

1 1 .
P 0 more slowly than T 0. [(A) - incorrect]

o The instantaneous interaction between molecules (rotating polar molecules) depends on orientation, the

1
dipole-dipole interaction energy has © dependence. [(B) - incorrect]

« Dipole induced dipole involves apermanent dipole inducing a dipole in a non-polar molecule. This interaction
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is a typed of Vander Waals force involving non polar molecule and hence depends on temperature.

[(C) — incorrect]

¢ Due to London dispersion forces, temporary induced dipole moments occur and hence non polar molecules

can attract each other. [(D) - correct]

6. The compound(s) with P — H bond(s) is(are)

P — H arrawr (armesd) o A & / 8

(A) H,PO, (B) H,PO, (C) H,P,0, (D) H,PO,
Ans. BD
O O O 0
'}L ;L |
Sol. (A) HO | COH (B) ng | H  (©) HO | "0~ >on
OH OH OH  OH
Phosphoric Acid Phosphorus Acid RyropiB@bhoric Acid
0O
|1|>
P
(D) HO | H
H
Hypophosphorous Acid
7. For the reaction sequence given below, the correct statement(s) is(are)

(1)Strong heating
(HKMnO, . H' A (i1) Ethanolic KOH
L - 1) Ethe .
@O (ORI 2200 ) (WDR-Br >Y —XO 5 Aromaticcompound + Z

(A) Both X and Y are oxygen containing compounds.
(B) Y on heating with CHCI./KOH forms isocyanide.
(C) Z reacts with Hinsberg’s reagent.

(D) Z is an aromatic primary amine.

o faw T afafshar sl @ fow w8l FM E / ©
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(1)Strong heating
(HKMnO, H" A (i) Ethanolic KOH
i 1 i Eth ,
©O GUNILA2IR0 ) GOR-Dr > Y — 5 Aromatic compound + Z

(strong heating : ¥l dma=T; Ethanolic ; T, Aromatic compound: WRRfes 2fire)
(A) X 3R Y SHI offeRio gad AT 2 |
(B) Y @1 CHCL/KOH & R T v+ WR MSHNAgS (isocyanide) T € |
(C) Z fe=asf (Hinsberg’s) sifiasies & wrer ifafshar &var ¢ |
(D) Z T THfCSH WgHdl W (aromatic primary amine) € |
Ans. AC

KMnO, COOH NH, A
Sol. —>H+ x —2H
’ coon O

O
NH <2 NH, p
NH,
O
C] X
04 (X)
O O
©
® R-B €00
§ RBr, N-R _NaOH @[ . tRNH,
CcOO )
O 1° Amine
(Aliphatic)
(Y) l
React with
Hinsberg Reagent
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8.

Ans.

F or the reaction sequence given below, the correct statement(s) is(are)

O

O LiATH, \P CrO;-H,80, NaOHand CaO,A \R
7 7 7

Ph
lH2804,443K
S

(A) Pisoptically active.
(B) S gives Bayer’s test.
(C) Q gives effervescence with aq. NaHCO,.

(D) Risan alkyne.
I faw T aifafhar sl & folv w8l FeM § / © —
O
0O LiATH, s P CrO;-H,80, >Q NaOHand CaO,A SR
Ph

leso4,443K

S

(A) P gavr gofd (optically active) B |

(B) S ¥3R (Bayer) T€ieTor <1 B |

(C) Qsteim NaHCO, & w1 gegaree (effervescence) <l & |
(D) R T VewhrsH (alkyne) & |

B,C
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O OH
Sol.
O L OH
Ph — M>Ph—CH2—(|:H—CH2—COOH
& CH, - COOH
Optically Inactive Q
l H,SO,, 443K l NaOH/CaO
CH=CH, _ _ _
Ph—CH, —CH” Ph—CH, -CH-CH,
NCH=CH, CH,
(S (R)
gives bayer’s test
SECTION - 3 (MAXIMUM MARKS: 24)
. This section contains EIGHT (08) question stems.
. The answer to each question i1s a NUMERICAL VALUE.
. For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen

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 to each question will be evaluated according to the following marking scheme:

Full Marks : +4 If ONLY the correct integer is entered;
Zero Marks : 0 Inall other cases.

0. The density (in g cm~) of the metal which forms a cubic close packed (ccp) lattice with an axial distance (edge
length) equal to400 pmis .

Use: Atomic mass of metal = 105.6 amu and Avogadro’s constant=6 x 10 mol™!
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Sol.

10.

Sol.

&g ST 400 pm &1 =0T I (PR 1S) BT T 13 Hegford STetds (cubic close packed lattice) ST 8, &1
T (gem H) g

SUANT BN © €1 BT UAY] G&FH (atomic mass) = 105.6 amu oI sarT&T fFRidia (Avogadro’s constant)
=6 x 10% mol™

11

M
Ny xV

B 4x105.6
- 3 _
6x1023x(400x10*10) =11 g/em’

The solubility of barium iodate in an aqueous solution prepared by mixing 200 mL of 0.010 M barium nitrate
with 100 mL of 0.10 M sodium iodate is X x 10° mol dm™ The value of X is .

Use: Solubility product constant (Ksp) of barium iodate=1.58 x 10~

200 mL 0.010 M 9R¥# A1gge (barium nitrate) %1 100 mL 0.10 M 1f$3 smase (sodium iodate) # fAf3ra
P TR 99 T Sieird feras # aR9¥ airse (barium iodate) @1 faeirdr (solubitlity) X x 10 mol dm= & |
X &7 91 T

SYANT DY: IR MATST BT feradm orwer (Solubility product) fardie (K ) =1.58 x 10~

3.90t04.00

2105 +Ba®* ==Ba(10;),
0.IM 0.01M
100ml 200ml

milli moles 10 2

ateq.

10-4 2_2~x
=6
Ksp = [Ba*'] [IO;]2

2
. 1.58%10™° =ix(ij
300 L300
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=x=1.185x107

= Solubility =x/300=3.95 x10°mol/L

11. A dsorption of phenol from its aqueous solution on to fly ash obeys Freundlich isotherm. At a given temperature,
from 10 mg g™ and 16 mg g™ aqueous phenol solutions, the concentrations of adsorbed phenol are measured
tobe4 mgg! and 10 mg g!, respectively. At this temperature, the concentration (in mg g!) of adsorbed
phenol from 20 mg g™ aqueous solution of phenol will be

Use:log,,2=0.3

et (phenol) &7 & STl fera | wers VT (fly ash) WR StereiwoT higwsfores wwamdi—ass (Freundlich
isotherm) &7 UTe™ HRAT © | U faU aA™ wR 10 mg g™ o 16 mg g fheter & Sieira faeraq & aiferenfya
fheifel &I Asdl %A 4 mg g 7= 10 mg g ' AT =Y & | ¥ a9 W) 20 mg g fhete @ Stelta e
| rferenfyd fheier @ Arsar (mg g #) grfT

SUIRT &Y : log  2=0.3

Ans.  15.60t016.00

Sol. —=kc!"
m

%: KO i
% K16 ...
(i) & (i)
i ) (&)l/n . l
10 (16 2
Y_x (20) ... (iii)
From (ii) & (iii)
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12.

2
%: (%j = y=15.625

Answer =15.60t016.00

C onsider areaction A + R — Therate of this reaction is measured to be k|A] [R]. At the start of the reaction,

the concentration of R,[R],, 1s 10-times the concentration of A,[A ], The reaction can be considered to be a

pseudo first order reaction with assumption that k[R ] =k' is constant. Due to this assumption, the relative error

(in %) in the rate when this reaction is 40 % complete, is

[kand k' (E represent corresponding rate constants]

TS AMAHAT A + R — ST R fIaR o | 399 1fAfshar &1 AT 11 97 (rate) k[A] [R] B | ifdfohar & omRwT
# R @1 A=, [R],.A ®1 |r=ar[A], 3 10-TF7 1S € | 391 sif¥een & At {6 k[R] =k' ReRri €, 34
AT BT BH Tem—dIfe (pseudo first order) 1 AAFHIT HHT ST HHAT B | S AMVIROT & HROT AT
P AT (rate) § MUAE Ff (relative error) (%o #), e T8 AMfHAT 40 % goT 81 12407 &, =

[k Tem k' <7a 9 fSrdiat (rate constants) T fRefid v B ]

4.10t0 4.20

A + R —— Product
[A], [R],
0.6[A], 10[A], - 0.4 [A],=9.6 [A],

Tactaul = k[A][R]
=kx0.6x9.6[A]]

for pseudo I* order reaction

oo = K< 0.6[A],

=10x0.6k[A], ([R],=10[A]))

=6K[A,]
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6-(9.6x0.6)

}x 100 =4.17
0.6x9.6

% error = {

13.  At300K, an ideal dilute solution of a macromolecule exerts osmotic pressure that is expressed in terms of the
height (h) of the solution (density =1.00 g cm™) where h is equal to 2.00 cm. If the concentration of the dilute
solution of the macromolecule is 2.00 g dm, the molar mass of the macromolecule is calculated to be X x 10*
gmol™ The value of X is

Use: Universal gas constant (R) = 8.3 J K- mol™ and acceleration due to gravity (g) =10 m s

300 K W=, T& g8av] (macromolecule) 1 31l a7 fdera tRRIR0l €14 (osmotic pressure) STerdl (exert) 2 Sl
e (a9 = 1.00 g cm™) @ $a18 (h) & s § egad fdan 791 S1gt h &1 719 2.00 em 2 | IS 9839 & a9
faeras a5 A 2.00 g dm~ 2, A1 §8aY] & AleR G&3¥1H (molar mass) &1 IR&e BT iR X x 10* g mol ™! a1
21X B A 2 |

QAN N : A I fAardas (Universal gas constant (R) = 8.3 J K- mol™ 2 Jeedig @RoT (g) = 10 m s2:
Ans. 249

Sol.  Osmotic pressure=iCRT

mZ

:»pgh:(loooxleo—zxlo)i—uixgsﬁoo
M
=M =2.49x10*g/mol = xx10*

x=2.49

X
14.  Anelectrochemical cell is fueled by the combustion of butane at 1 bar and 298 K. Its cell potential is T x10°
volts, where F is the Faraday constant. The value of X is

Use: Standard Gibbs energies of formation at 298 K are:

NG, =-394KImol " AGY,, =-237kImol™;AGY,.. =—18kImol™

water butane

T JEa—IMTaie- e a1 397 1 IR (1 bar) T2 298 K W 1A (butane) & &84 3 AT ¢ | SHHT o dva

X o .
T 10° volts &, 5Tef F B Reriw (Faraday constant) & | X &1 AT |

ST IR 298 K 0= i @) 7reas fired Souitd (Standard Gibbs energies of formation) 2
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A;Glo, ==394kImol ™A G,, =-237kImol;A,Gyye = —18kImol™

Ans. 105.5

13
Sol.  CyHy (g)+702 (g)——>4CO, (g)+5H,0(¢)

n=26
AG gy = 4x(~394)+5x(-237)—(~18) =—-2743kJ / mol

AG? = —nFE

cell

= -2743x10° = —26><F><§><103

= X=105.5

15. The sum of the spin only magnetic moment values (in B.M.) of [Mn(Br), |*-and [Mn(CN) |*~is

[Mn(Br),J*- @i [Mn(CN), ]~ & F=hv1 |13 Friebia 3T (spin only magnetic moment) @ A1 (B.M. #) &1
ART e |

Ans. 7.73

Sol. [Mn(lir)éf_

WFL
Mn*"(n=4),t) e,
n, =24 =4.90BM
[Mn(cN), T

2

SFL

Mn"”(n=2),t ¢
i, =/8=283 BM
=4.90+2.83=7.73BM
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16.  Alinear octasaccharide (molar mass = 1024 g mol™) on complete hydrolysis produces three monosaccharides:
ribose, 2-deoxyribose and glucose. The amount of 2-deoxyribose formed is 58.26 % (w/w) of the total

amount of the monosaccharides produced in the hydrolyzed products. The number of ribose unit(s) present in
one molecule of octasaccharide is

Use: Molar mass (in g mol™': ribose = 150, 2-deoxyribose = 134, glucose = 180; Atomic mass (in amu): H=
1,O=16

e N sifaeRIaRISS (octasaccharide) (ATeR sead™ = 1024 g mol ™) gof et srrafed g1 o fH AFRIaRIsS
(monosaccharides): 84T (ribose, 2—IMsifRIRTEENT (2-deoxyribose) T 7@ (glucose) T B | STel
JuEfed IUTal H gol /131 § Icrfad ARiaIIgs] # 94 g 2-fSalfriRigd (2-dexoyribose) @1 #7131 58.26%
(W/W) (TRAR) B |

T STCRIDRIZS 317] # SURUT AT (ribose) Tha (Thabt) Bl e 2 |
YA B AR SFFM (g mol™'# 5ars = 150 2—SleifriRTsars = 134, 7@ = 180
ORI SIAH (atomic mass, amu ¥ :H=1,0=16

Ans. 2

octasaccharide Hydrolysis

, > Ribose + 2-deoxyribose + Glucose
Sol.  (molar mass = 1024 g/mol™)

(58.26%)

on hydrolysis 7 H,O molecules are required

o Totalmass=1024+7 x 18=1150

58.26
wt of 2- deoxy ribose = 1150 x 100

=670gm

wt of Ribose + Glucose = 1150 — 670 =480 gm
wt of Ribose =480 —wt of Glucose
=480-180=300 gm

Nno. 0I K1DOSC unt 150
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