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Read the following instructions carefolly.
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This guestion paper contains 24 pages including blank pages for rough work. Please check all pages
and report discrepancy, if any.

Write your regisiration number, your narme and name of the examination centre al the specified
locations ¢n the right half of the Optical Response Sheet (ORS).

Using HB pencil, darken the appropriate bubble under 2ach digit of your regisiration number and the
letiers corresponding to your paper code.

All questions in this paper are of objective type.

Questions must be answered on the ORS by darkening the appropriate bubble (marked A, B, C. )
using HB pencil against the question number on the left hand side of the ORS. For each question
darken the bubble of the correct answer. In case you wish to change an answer, erase the old
answer completely. More than one answer bubbled against a question will be treated as an incorrect
response.

There are a 1otal of 65 guestions carrying 1X) marks.
Questions Q.1 — Q.25 will carry 1-mark each, and questions Q.26 — Q.55 will carry 2-marks each.

Questions Q.48 - ().51 (2 pairs) are common dala guestions and guestion pairs (Q.52. Q.53) and
{Q.54, Q.55) are linked answer questions. The answer to the second question of the linked answer
guestions depends on the answer to the first question of the pair. If the first question in the linked pair
is wrongly answered or is un-attempted, then the answer to the second question in the pair will not be
evaluated.

Questions Q.56 — Q.65 belong Lo General Aptilude (GA). Questions Q.56 — Q.60 will carry l-mark
each, and guestions Q.61 — .65 will carry 2-marks each. The GA questicns will begin on a fresh
page starting from page 15.

Un-atiempted guestions will carry zero marks.

Wrong answirs will carmy NEGATIVE marks. For Q.1 — Q.25 and Q.56 — Q.60 % mark will be
deducted for each wrong answer. For Q.26 — Q.51 and Q.61 — Q.65, % mark will be deducted for each
wrong answer. The question pairs (.52, (1.53), and (.54, (Q.53) are questions with linked answers.
There will be negative marks only for wrong answer to the first questian of the linked answer guestion

pair i.e. for .52 and .54, % mark will be deducted for each wrong answer, There is ne negative
marking for Q.53 and .55,

Caleulator (without data connectivity) is allowed in 1he examinaton hall.
Charts, graph sheets or tables are NOT allowed in the examination hall.

Rough work can be done on the question paper itself. Additionally, blank pages are provided al the
end of the guestion paper for rough work.
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Some Uselol Data

I. Physical Conslants

{a) Planck Constant, h = 6.626 x 10 " 15
(b) Avogadro number, N = 6.023 x 10 %

|

(c) Speed of light,c=3x10¥ms"

(d) Gas constant, R = 8.314J K™ mole™' =2cal K mole™!

2. Atomic Numbers

B 5 Mn
Mg 12 Fe
P 15 Co
As 33 Cu
Sb al Zn
Bi 83 Mo
Ca 20

25
26
27
29
30
42

Y
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Q.1 — (.25 carry one mark each.

Q.1

Q.2

.3

Q4

Q.5

Q.6

Q7

Q.8

The Lewis acidity of BF, is less than BCly even though fluoring is more electroncgative than
chiorine. Tuis doe 1o

{A) sironger 2p(B}-2p(F) o-bonding {13 stronger 2p{ B)-2p(F) n-bonding

(0 sirenger 2p{B)1-3p(Cl) o-bonding {17} stronger 2p(B)-3p(CI} n-bonding

Pyroxenes are a class of silicale minerals, which cxhibit a polvmeric chain struciure, as shown
below,

Q

s

O
AN\
AOQG,/N L§®7O/®\G

ClJ | «= Silicon © = Oxygen

O
Its simplest repeat unit is
(A} [5i04]° (B) [Si0y)* (€C) 18i2041" (D) [SiOn}"

Among the followmg pentachlorides the one which does not exist due to the “inerl-pair ¢ffect” is
(A) PCi, {B) BiCl; {C) SbCls (D) AsCi

Band theory predicts that magnesium is an insulator. However. in practice il acts as a conducior due
1]

(A) presence of filled 35 orbital {B) overlap of filled 2p and filled 3s orbital
{C) overlap of filled 3s and empty 3p arbital (I3} presence of unfilled 3p orbial

The number of ‘framework electron pairs’ present in the borane cluster {B.H, 3}:' is

(LAY 10 {B)11 () 12 (D) 12

The reaction between [PdCL ™ and CH, produces a new compound. Compared ta free CoHy, the
(-’ bond order of the product 13

(A)bclween 1 and 2 {B} lcss than 1

(L") unaitered (D) greater than 2

Among the fallowing pair of metal ions present in Mature. the first one functions as an eleciron-
transfer agent and the second one catalyzes 1he hydrolysis reacuens. The correct pair is

{A) Fe and Zn {B) Mg and Fe

{({}Co and Mo {D) Caand Cu

Structurally nickellocene is similar to ferrocene. Nickellocene attains stability due to the lormation
ol

(A & monocalion (B} a dication
('Y 4 monoanion {13) a dianion

i
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. e absolute configurations {or compounds X and Y, respectvely, are
9 Th fig | pounds X and Y, respectivel
H
Et
Me
o ) B
Me H H
A Y
(AR 8 {B) S K {Cy RR Dy s §
Q.10  Ig the reaction
X
the major product | X] is
CHg CH; CHo
(A) ®) @ © @ (D)
Q.11 Among the following. a pair of resolvable configurational enanliomers is given by
(A) cis-1.2-dimethylcyclohexanc (B3) eis- 1. 3-dimethyleyclohexane
{C} cis-1 -dimethyleyclohexane (D) trans-1.3-dimethyle velohexane
Q.12 Inthe reachon
[X)
the major product [X] 15
(W CHO
(A) (B) Q/ () (D)
H
oy 424
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(.13 The decreasing order of isoelectric point for the following a-amino acids is

Lysine Alanine Cilutamic acid
(0 (II) ny
(AYI[=1[>1N (Byll=1=il
(CrHill=1=1 {(INI=1I=1I

(.i4  The decreasing order of the reactivily of the following compounds towards electrophiles is

D

H

I i |41
All=1=I1 (BYIE=1H =1 -
({CYill>1>11 (D) 1> >0

315 Inthe reaction

I heat

———= [X]

the major peeduct [X] 15
(A) (B)

{C) {m
“o o o O

Q.16 The decreasing order of acidity of the marked H of the following melecules is

I Il
(AY I=11=11T (Byll=0=11
(Cy Nl =M=1 {(INIl =1 =11

cy Sk
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Q.17

Q.18

Q.19

Q.20

Q.22

Q.23

Q.24

The decreasing order of aucleophilicity for the following anions is

CH;CO, . CH.O , CHLO', NO,

{A) CHyCO- > CH.O > CHO > NGy (B) CH.0 > NO; = CH0 » CH;CO:
{(C) CHO > CeHsO = CHCOL > NOy (D) CeHsO > CH:0 > NO; = CH,CO.

The molar entropy of crystailine C0 at absolute zera is
{A) Zero (B) —RiIn 2 (") Rin 2 {D) 2RIn 2
For an ideal gas

{AY(OP! ET )y (5T/ EV)p 8V EP); = 0

{BY (6P 8T (FT! EV ) (EVI EP)r = -1
{CY (8P} 8Ty (8T GV)p 6V 6P)r = +1
{D) (8P T, (FT! SV)p (V] EP); = 42

Among W (work), Q (heat), U (internal energy} and 5 (entropy)

{A) W and U are path functions but ¢} and § are stae functions
(B} W and § are path functions bur  and U are state funciions
(T 8 and TJ are path functions but € and W are state funcrions
(D) W and Q are path functions but U and 5 are stale functions

2
For eigen functions w, = E sin{?J and ¥, = E sin[ _:;x] of particle in a 1-D box of length

BO < x < b)

{A} v 15 normalized and orthogonal o y:

{B) ¢, is normalized but not orthogonal 16y,
{C) ¢ 15 normalized and orthogonal 1oy,

{1 w2 is neither normahzed nor onhogonal o ¢,

The bond order of C. molecule is

(AYD {B} 1 () 2 (D 3
Sulfur can exist in fonr phases. The possible number of (riple points is

(A)1 (B} 2 €y 3 (D} 4

The standard reduction potentials at 298 K for single electrodes are given below:

Electrode lectrode Potential {volt
Mg* Mg -2.34
Zn'*/ 7n .76
Fe' { Fe .44

From this we can infer that

(A) Zn can reduce both Mg® and Fe™
{B Fe can reduce both Mgz' and Zn™
{C) Mg can reduce both Zn* and Fe'
{17) Mg can reduce Zn™* but not Fe™*

i
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{}.25 For the pair of reactions given below
iy Na(g)+3H.(g) =— 2NH.(p}
| i
1) > Na(g)+ ;Hafgl--_—"" NH;(g)
if at a particular temperature, Kp; and Ky are the equilibrium consiams for reaclions i) and i1)
respectively then,
{A) Kp = 2K {(B) K, =K::1
(C) 2K = Koy )] Kij =Kz
Q.26 — Q.55 carry two marks each.
.26 According 1o VSEPR model, the shape of [XeOF] is
{A) octahedral (B} triganal bipyramidal
(C) square pyramidal (D) pentzgonal monopyrarmidal
(327 The number of unpaired electron(s) present in the speciss [FllEll{Hny.'l};,ll[l"«b‘.fll}]=+ which i3 formed
during *brown ring test’ is
(A)2 (B)3 {C} 4 (D) 5
.28 Fey0, and Coy), are metal oxides having spinel structure. Considering their CFSEs, the comrect
statement regarding their structure is
{A}) both have normal spinel structure
{B) both have inverse spinel structure
() Fe.O, has normal and Co,0, has inverse spinel steucture
(D} FeaOy has inverse and Co;0y has normal spinel siructure
.29 The mechanism of the reaction between [Fe{CN),]* and [Fe(bpy);]’* (bpy = 2,2-bipyridine) is
{A) outer-sphere electron-transfer
(B) inner-sphere electron-transfer
{C) self-exchange reaction
(D) ligand-exchange followed by electron-ransfer
Q.30  The d-d absorplion band of [Fe(H.0)]*" is split due 1o
{A} presence of octahedral geometry
{B} static Jahn-Teller distartion
{7y dynamic Jahn-Teller distortion
{13} presence of trigonal bipyramidal geometry
Q.31  The crystal-field symbel for the ground-state of IMn{CN)]* is

{A) Ts, {B)'A,, () *E, (D) Ay,

oY

T
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.32

Q.33

Q.34

Q.35

In the following reuclions:
F
F Cl
)j/ ):/C ! ol
e
N TN N ¥

.
F I Ny A2 Chcrorcn T
?L H‘\“N/Pi: ;?P ‘\‘“/P\“m b

the reagentconditions X and Y are
(A) X = BF3 Y = heating at 1230°C {B) X = NaF; Y =heating at 250°C
(C) X = NH,F: ¥ = HCI (D) X = CFR50:H; ¥ = H:50,

ICoC1,)” is a blue coloured complex. Controlled-leeaiment of this complex with water generates
twa somernc hight pink coloured complexes of camposition [Co{Hx00,CLs].

[dentify the comrect point groups for [CoClg)* and two isomeric complexes [Co(H0,Cly].
fAY Dy, and (T, and Cy ) (I3} Ty and (C5, and D)
{C) Dy, and {Cy, and D) (D) T, and {C,, and C,,)

In the reaction

E10,C coh  -PAte

Me

(X
i. H*

the mazjor product [X] is

(A) () {D}

plb SIS oY

[n the reaction

OH
D i. heat
1%
SN i S0
OH
the major product | X] is
(A) {B} () (D)

ok o

Y



2000
.36

Q.37

LY

In the following reaclion sequance

Me e i. NOCIPy

E i. fight
i | (X]

' v-H il hydrolysis
H

the major product [X] is

(A) (B}
HOOC ] T oG Ma

(D)

gy -
'OH

In the reactions

HMO: mCPBA
[Y] — X
\0

the major products, [X] and {Y). respectively, are
(A) (H)

£
” COOH CooH
an and
COOH \"ﬂ COOH
{13
}
and
- and
q

{C)

914
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Q.33 Inthe reaction

SnCla

T — ¥

the major product [X] is

(A) (B} (<
Cl, }; f% &
Cl !

€3.3%  In the reaction sequence

(

D)
Cl

CH,CH
H Y O i Hg{OAC):MeQH (CHa)2CO
OH / - 19 M
HO ii. NaBH HCI
H
the major products. | X] and | Y]. respectively. are
(A) (B}
HO f
ST A v
H ad
Mo MeC Med MeO
(C} 4]
0
Hw‘m and Hwo HO- ol o \<
th CIMa OMG GME

Q.40 The change in entropy when two moles of Argon gas ure heated at constant volume from 300 K 1o

SO0 K is
(A)—12.74 ) K™ mole™ (3) -6.37 ] K~ mole™
(C) 6.37 J K™ male™ {177 12.74 ) K™ mole™

= R e
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Q.41 Atany temperature T, the Tugacity coefficient {y] is given by
o
-1
ny=|—dP’
y ! o
where 7 is the compressibility factor. The fugacity coetlicient of a real gas governed by equation of
state P (V- &) = BT with & a constant i5 given by
RT L b Lid
Ay — ; )y — AT
(A} P (B) ¥ () RT {D) ¢
(.42 The specific rate constant of decomposition of a compound is represented by
ink =3.0- 12000
T
The activation energy of decomposilion for this compeund at 300 K is
(A) 24 kealfmole (B} 12 kcal¥mole (1 24 calfmole (D 12 cal/mole
)43 The commutator | x>, p.) is equal (o
3he’ hx Fx? e
Ay - — (B) — ) — D
) 2wi ZRi e o i
(.44  An electron of mass ‘m’ is confired 1o a one dimensional box of length ‘b, IF it makes a adiative
transition from second excited state to the ground siate. the frequency of the photon emitted is
Ch 3k f 2h
(A) — (B) —— € —= 0 =
gmb~ Zmb~ aly mb”
Q.45 The poin group of CIF; molecule and its corrcsponding number of imeducible represenlalions are
respectively
{A)Csoand 4 {B)C», and 4 () Cyound 3 (D) Czand 3
Q.46 The most populated rotational state for HCI (B = 8.5 em™} at 300 K is
(A2 (B)3 (Cy 5 (D 7
Q.47 The ratio of life times of two stales that give rise to line widths of 1.0 cm ' and 0.2 oy’ respectively

15

iAytL:2 {Bil:5 Wy 201 (D 5:1

Common Data (Questions
Common Daia for Questions 48 and 4%:

A six-coordinale transition-metal complex is ESR and Masshauer active. The effective magnetic moment
of this complex is -5.9 B.M.

(.48 The metal-ion along with its oxidation stale and the number of unpaired electron present are

Q.49

fa) Fe(Il) and 4 (R Mnilland 3
{07 Fe(LLL) and 1 (LY FefMlt and 5

The complex is

(A} [Mn(H,0),)™
(B) [Fe(CN)s]™
{C) |Fe(H:0)]**
{D) [Fe{H:0)]™

oy
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Commeon Data for Questions 50 snd 51:

An organic compound | X] (CraH,¢0,) exhibits the lol fowing spectral data

IR: ~1720 et

"H NMR: 2.35 5. 6H), 3.30 (s, 3H), 3.83 1, 2H), 4.2 (t. ZH). 7.07 (s. LK), 7.58 (s, 2H)

The compound |X] with an excess of MeMgBr gives a 1] mixiure of compounds (Y} and [Z]. The
compound |Z| exhibils the following 'H NMR data; 2.0 (bs. LH). 3.30 (s, 3H), 3.56 (1, 2H), 3.70 (1, 2H;

(.50 The compound [X] is

(A) (B) A/\AKQ/
(C) (D) W\Q/
O O

Q.51 The compound [Y] is

(A) (B)
OH OH

cy o 12434
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Linked Answer Questions
Statement for Linked Questions 52 and 53:

In the reagtion sequence

Ph MeMgBr

> Cro [X] (major) + [¥] {minar}
HaC O

i. TsClPy

g —— [£]

fii. NaOEEtOH
Q.52 The compound [X] is

Fh
H——CH
(A) 3
HaC ——H
OH
)

Q.53 The compound [Z] is

Ma

Ma
(A) Ph

EWO

Ph

CHy,

o Ph—TH

CHy

Me

EtO
(B) Ph

Me

Ph

(D] Me ‘/

Y

13724
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Staternent for Linked Questions 54 and 55:

[n the 1 vs. T diagram for different phases of the same substance at one atmospheric pressure, the lines A,
B and C compound o

(.54 Based on the above diagram:

Q.55

{A) A represents the change in chemical potential as a function of temperature for the solid phase.
B for the liguid and C for the gas

(B) A represents the change in chemical potential as a function of temperatore for the liquid phase,
B for the gas and C for the solid

(C) A represents the change in chemical potential as a function of temperature for the gas phase.
B for the liguid and C for the solid

(D) A represents the change in chemical potential as a function of temperature for the gas phase,
B for solid and C for the liquid

From the same diagram

{A) D represents boiling point. E sublimation point and F melting poinl
{B) E represents boiling point. I sublimation point and F meling point
{C) E tepresents melting point, F sublimation point and ) boiling point
(D3} D represents melting point, F boiling paimt and E sublimaion point

Y
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General Aptitude (GA) Questions

Q.56 - Q.60 carry one mark each.

{).56 23 persons are¢ in a room. 15 of them play hockey. 17 of them play football and 10 of them play
both hockey and football. Then the number of persons playing neither hockey nor football is:
(A2 {B) 17 <y 13 {3

Q.57 Choose the mosi appropriate word from the aptions given below 1o complete the following
senjence;

If we manage to our natural resources, we would leave a beiter planet for
our children.

(A} uphold

(B) restrain

{C} cherish

(D) conserve

Q.58 The question below consists of a pair of related words followed by four pairs of words. Select the
pair that best expresses the relation in the original pair.
Unemiployed : Worker
{A) fallow ! Jand
(B) unaware : sleeper
{C) wit : jester
(D) renovated : house

Q.39 Which of the following opiions is the closest in meaning to the word below.
Circuitous
{(A) cychic
(B} indirect
{C) confusing
() crooked

.60 Choose the most appropriate word from the opiions given below to complete the following
senience;

His rather casual remarks on politics his lack of seriousness about the subject.
{A) masked
(B) belied
{7} betrayed
{D) suppressed
2.61 - Q.65 carry two marks each.

Q.6)  Hari (H). Gita (G), Irfan (1) and Saira {8) are siblings (i.e. brothers and sisters). All were born on
1" January. The age dilference between any lwo successive siblings (thal is born one afier another)
is less than 3 years. Given the following facts:

i. Har's age + Gita's apge > Irfan’s age + Saira’s age.
ii. The age difference between Gila and Saira 15 | year. However, Gila is not the
oldest and Saira 15 aot the youngest.
iti. There are no 1wins.
In what arder were they bor (oldesi first)?
{A)YHSIG {B) SGHI] () [G5H (C¥ [HSG
Y 15724
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Q.62 5 skilled workers can build a wall in 20 days: 8 semi-skilled workers can build a wall in 25 days;
L} unskilled workers can build a wall in 3D days. If a team has 2 skilied, 6 semi-skilled and
3 unskilled workers, how long will it tuke to build the watl?
{A) 20 days (B} 18 days {Cy 16 days (DY 15 days

263 Moadern warfare has changed from large scale clashes of armies to suppression of civilian
populalions. Chentical agents that do their work silently appear to be suited to such warfare;
and regreifully, there exist people in military establishments whe think thai chemical agents
are useful Lools for iheir cause.
Which of the follawing statements best sums up the meaning of the above passage:
{A) Modermn warfare has resultied in civil strife,
{B}) Chermical agents are useful in modern warfare.
(T} Use of chemical agents in warfare would be undesirable.
(D) People in military establishmenis like 1o use chemical agents in war.

Q.64 Given digiis 2, 2, 3, 3, 3, 4, 4, 4, 4 how many distinct 4 digit numbers greater than 3000 can be
formed?
{A) 50 {B) 51 (C) 52 I 54

Q.65 [IF 137 + 276 = 435 how much 15 731 + 6727

(A) 534 (B) 1403 () 1623 {C) 1513

END OF THE QUESTION PAPER
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