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CHEMICAL SCIENCES
Paper - II1

1. Which of the following molecules/ | 4. What is the order of energies of 4s, 4p,
species cannot be studied by electron 4d and 4f orbitals of hydrogen atom ?
: 9
et e e | ) ek
i acac
¢ ) 2 (B) 4ds<4p<dd<d4f
(C) *C(CHy), (D) K,[NiCl,]
(C)y 4s>4p<4d<4f
2.  Consider the picture showing the riffle (D) 4s =4dp = 4d = 4f
target by a contestant. How would you
describe the shooting of the
contestant ? 5. The least energy state term symbol for
the nitrogen atom is :
B3 \ (A) %P, (B) 4Py
(€ *8gp (D) 1P,
Kj 6. A charge transfer band refers to :
(A) Accurate and imprecise (A) A spin forbidden transition
(B) Inaccurate and precise (B) Aligand - to - metal or metal - to -
(C) Inaccurate and imprecise ligand transition
(D) Accurate and precise (C) A Laporte forbidden transition
' observed due to molecular
3. Why does the absorption spectrum of distortions
aqueous [Ti(H,0)¢]3* exhibit a broad D) A ddt it
band with a shoulder ? : (D) ransition
(A) The ground state of [Ti(H,0)g]%*
is Jahn-Teller distorted. 7. The following spectral data is available
(B) [Ti(H,0)]%* is a d? jon and for [Ni(NHg)g[?*: 10,700; 17,500;
therefore there are two 28,300 cm ~! and two very weak bands
absorptions. at 15,400 and 18,400 cm— 1. What is the
(C) The excited state of [TI(H20)6]3+ magnitude of the Crystal Field Spllttlng
undergoes a Jahn-Teller (CFS) ?
distortion. (A) 10,700 cm ™!
(D) [Ti(H20)6]3+ is partly reduced to B) 28300 cm-!
[Ti(H,0)¢]%* in aqueous solution (B) St
and two absorptions which are (C) 15,400cm™!
(fflose 11'111 energy are LG GO (D) The given data is insufficient to
Or €ach species. predict the magnitude of CFS.

Paper-II1
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10.

11.

(B)

The IR spectra of isoelectronic
tetrahedral complexes : [Ni(CO),l,
[Co(CO),] ~, and [Fe(CO),J2~ exhibit
v(CO) at 2060, 1890, and 1790 cm ™1
respectively. Which one of the following
statements is not correct ?

(A) Back bonding increases as
negative charge increases.

(B) Back bonding into w* orbital

weakens C — O bond.

The C - O stretch frequencies of
the complexes indicate the
increasing order of stabilities as :
[Fe(C0),12~ > [Co(CO),]~ >
[Ni(CO),].

The decrease in v(CO) indicates
the decrease in C — O bond order,

(©)

D)

What is the symmetry of the anti-
bonding molecular orbital formed by a
linear combination of the p, or P,
orbitals in homo-nuclear diatomic
molecule ?

(A Oy
0 =,

B) o,
D) w,

Which pairing of meleeule and point—

group is correct ?

(A) BCl,, Cg, (B) SiCl,, Dy
(C) H,S, Cy, (D) SF, C,
CO, has :

(A) 3 vibrational modes

4 vibrational modes, 2 of which are

degenerate
{C) Stretching modes only

(D) An IR active symmetric stretch

Paper-I11

12.

13.

14.

15.

G O

For which of the following molecules
could a pure rotational spectrum not be
observed in the gas phase.

(A) NO (B) HCI
© co ®) N,

pH value of which one of the following
is not equal to one ?

(A) 0.1 M HNO,

(B) 0.1 M CH,COOH

(C) 0.05 M H,S0,

(D) 50 cm3 0.4 M HC1+50 cm® 0.2 M
NaOH :

N, molecules absorb ultraviolet light
but not visible light, I, molecules absorb
both visible and ultraviolet light. Which
of the following statements explains the
observations ?

(A) More energy is required to make
N, molecules vibrate than is
required to make I, molecules
vibrate.

Visible light does not produce
transitions between electronic
energy levels in the N, molecule
but does produce transitions in the
I, molecule.

(B)

(C) More energy 1s required to remove

an electron from an I, molecule
than is required to remove an
electron from a N, molecule.
(D) The molecular mass of I, is greater
than the molecular mass of N,.

If 0.40 mol of H, and 0.15 mol of O, were
to react as completely as possible to
produce H,O, what mass of reactant
would remain ?

(A) 0.20gof H,
()

(B)
320g0f O (T

0.40 gof H,



O O

16. The OH stretching frequency of a
molecule is 3100 cm~1. What will be
the frequency if H is replaced by D ?
(A) 2255c¢m™1 (B) 1641 cm~!

(C) 4260 cm~! D) 1550 cm™1

17. How many geometrical isomers are
possible for the coordination complex,

MA,B,C, ?
(A) 6 B) 5
© 4 D) 8

18. 20 ml of 0.1 M HCQC! is added to 5 ml of
0.1 M Na,COj4. The solution is titrated
against 0.1 M NaOH. The titre value

will be :
(A) 5ml (B) 10ml
(C) 15ml (D) 20ml

19. A piece of copper is dissolved in an acid.
The solution is evaporated and the solid
crystallised from water. The crystals
are added to a solution of barium
chloride. A white precipitate was
formed. Therefore, the acid used was :

(A) Nitric acid

(B) Hpydrochloric acid
(C) Sulphuric acid
(D) Carbonic acid

20. Ifa 1:625000 scale map is digitized to an
accuracy of +0.5 mm, what level of error
might be expected in ground units ?

(A) +312.5 meters
(B} +1250 meters
(C) *=156 meters
(D) +625 meters

Paper-I11

21.

22,

(a) G. Natta
(b) J.W. Gibbs

Which of the following is a correctly
balanced nuclear reaction ?

@ 238U — 22112 He

249 15 260 1

4 1
2He+2

2 3
1I-I+1H——-—> on

©

239U

(D) 92

238 1
92U+0n——-—>

Match the name of the scientist with the
discovery they made :

Scientist Discovery

(1) Theory of adsorption

(i1) Definitive treatment of
kinetics

(¢) dJ.Berzelious (iii) Catalytic synthesis of

ammonia

(d) L. Langmuir (iv) Catalytic

polymerization of
alkenes

(v) Definition of catalysis

(vi) Equilibrium if

heterogeneous
substances

Codes :

@ () (© @@

@A @) i) @ @

B) G @ @& O

©) () (v Gv) @)

M 1) G) (v Gid)

C-02-17




23.

24.

Paper-III

The absorption A, value of the
following compound in the U.V- Visible
spectroscopy 18 :

ses

(A) 273 nm

(B) 268 nm

(C) 234nm

(D) 237nm

The unknown organic compound ‘Z’
exhibits the following spectral data :

IR=3067-2907 cm~!, 1608 cm !
NMR (1) singlet (10.4 squares) and
7.74 7 singlet (31.0 squares)

mass= 120

The name of the compound is :
(A) m-Xylene

(B) Mesitylene

(C) 1,2, 8, 4 - Tetramethyl Benzene
(D) 1, 2 - dimethyl - 3 - methoxy
benzene

25.

GG O R

The Synthetic equivalents for the
following heterocyclic compound is :

Ph
N
I‘ >7 NH—N
S

(A) PhCOCH,Br, NH,NHCSNH, and

>
2

PhCOCH,Br, NH,NHCONH, and

i
S

\

\

/

(B)

(C) PhCOCH,Br,

OCHj ; “OCH,4

and NH,NHCSNH,

(D) PhCOCH,Br, NH,NHCSNHNH,

C-02-17
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26.

27.

The correct structure for the compound
‘C’ in the following sequential reactions
is :

g _Hz
)\/Y\ 10% —»0% C

Pd-C Pd-C
HG N Et
Et
(B) CH; IT
H
NH,
e )\A{(\
0
@Et
D)  cH, If
H

The correct starting materials and
conditions needed to prepare 2-methyl
indole is :

(A) Ph-NH,NH,, acetone and Of
B)
©

Ph-NH,, PhCOCH, and H®
Ph-NHNH,, PhCOCH; and H®

COOEt

(D) O-Nitro toluene, COOEt and

EtONa

Paper-III

28.

29.

The correct order of basicity for the
following anions is :

o-Nitro phenoxide; m-Nitro phenoxide ;

(a) (b)

p-Nitro phenoxide ion

(C).

A ®>@©>@

B) (©>®)>(a)

@ @>®>@©

D) > (@) > (e

The most appropriate sequence of
reactions for carrying out the following
change is :

C—C )

(A) (@) O4{H,0,; (ii) excess of So,CLy|py

(i) excess H® (iv) LiAIH,

(B) (@) O4/H,0,; (ii) excess SoCl,|py

(ili) LiAlH, Gv) B®

(© () Og/H,0, (i1) excess So,Cl,ylpy

(iii) LiAIH, (iv) excess of H®

D (1) O4Me,S;

(iii) excess H®

(i)  SoCly|py
(iv) LiAIH,

C-02-17




30. The major product formed in the

following reaction :

\k

(1) NH2 CONH2
(i1) NaOH, Br2

H30®

0

NO,

N COOH

A\ /

COOH
Br
NH
(C) N
0

0
o | O 0
N
0

Paper-III
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31.

32.

33.

34.

A L

An unknown organic compound has one
chlorine atom. The intensity of P+ 2
peak with molecular ion peak is :

1 1
@ 3 ® -
© 1 ™ 3

When 2 moles of O-Phenylene diamine
is treated with FeCl;, the compound
formed is :

N NH,
Ciol’
N” ™NH,
NH,
N NH,
N NH,
-
A0
N~ >N NH,
N NH,
CX 1T
\N N

Hy

Nicotine contains the following
heterocyclic units.

(A) Pyridine and Pyrazine

(B) Pyridine and Tetrahydropyrrole
(C) Pyridine and Furan

(D} Pyridine and Thiazole

The bicyclic monoterpenes which are
having a (6+3) and (6 +5) membered
rings in them are :

(A) Carane and norbornane
(B) Pinane and bornane

(C) Thujane and Pinane
(D) Camphane and Pinane

C-02-17




35.

36.

Identify the Fischer Carbene among the
following :

The correct absolute stereochemical
configuration symbols that can be given
at the chiral centres to the following
molecule would be :

QH

/\‘/'\/CHO

OH OH

ol

(A)  Cyo(R) C3(R) and Cg(S)
(B) Cy(S) C4(S) and C,(R)
(C) CylS) C4(R) and C (R)

(D) Cy(S) Cy(S) and C,(S)

Paper-I11I

37. Dicyclo hexyl ketone is brominated in
Br,/ACOH and then subjected to a
reaction with aq. NaOH.

Then which of the following final
product is formed ?

COOH COOH

A

(B)

K d

COOH

(C)

)

~F
Sas

C-02-17




38.

39.

40.

CHBr3k X Y
ale KOI—f

What are X and Y in the above
reaction ?

X Y

Br
(W,

(A) AgNO; + Oy;

® [,

AgNO, + H,0
Br
(C) AgNO;z + Hy0;
H
(D) QXBr ;  AgNOg + H,0

In the 400 mHz ‘H NMR spectrum, an
unknown organic compound exhibited
a doublet. The two lines of the doublet
are at § 2.36 and 2.40 ppm. The coupling
constant (J) value is :
(A) 16Hz

(Cy 6Hz

(B) 12Hz
(D) 20Hz

The correct order of IR stretching
frequency of C=C in the following
exocyclic double bonded compounds

A A

() ® (© (d) (e)
(A @>Mb>@>()>()
B) >>()>®b>(a)
© @>@)>)>®>(a)
D) B>@>@>d>E

Paper-I11
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41.

42,

GRS

The reagent X used and the major
product Y formed in the following
reaction sequence are :

0
SENR
N
AN

\
CH, CH,
N
CH;
CN
(B) X=L]_A1H4 L /\/\/N<
Br CH3
+ —_—
N=C
© X=Hgpd;v=[ T
AN
CH,
CH,
(D) X=NaBH,; Y=(CHp)-N
PN o

The correct nomenclature of the
following compound is :

O,N. CHj
>/—\L
N\~ CH=CH-CeHs

(A) 3-Nitro-4-Methyl-5-Styryl
oxazole

(B) 3-Nitro-4-Methyl-5-Styryl
isoxazole

(C) 3-Nitro-4-Methyl-5-Styryl
Pyrazole

(D) 4-Styryl-2-Nitro-3-Methyl
isoxazole

C-02-17
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43.

44.

By using Corey’s asymmetric
methodology which of the following
compound is prepared ?

(A) D-alanine
(B) L-alanine
(C) Optically active L-Hydroxy acid

(D) All the above compounds

The major products Y and Z formed in
the following reactions are :

Et1 Y
e
OO&E
N- N Z
| NaH,
H Etl
@w Y= 1sz=C I ]
e
Et H Et
®) Y=f JOoT J;z= T
NN BN, N\
| Fie Ny
Et Et
Et
C) v= 1. 2= S
@N N
[ Et
H

Paper-I11

45,

46.

The valence bonding molecular orbital
of a hydrogen chloride HC1 molecule
may be described as the linear
combination of the hydrogen 1s and

chlorine 3p atomic orbitals. '

Calculate the probability of finding an
electron in a 1s orbital on hydrogen is :

(A) 59% (B) 23%
(C 7% (D) 54%

Calculate the probability that an
electron described by a hydrogen atomic
1s wave function will be found within
one Bohr radius of the nucleus.

(A) 33.3% (B) 50%
(C) 32.3% (D) 23%
47. Match the following :
Spectral Selection
Technique Rule
(a) Rotational transitlion (i) Al=0
(b) Vibrational transition (i) AdJ==>1

(¢} Electronic transition

(i) Amg==1

in atoms
(d) NMR spectroscopy ) Av==*1
v) Al==1
Codes :
(a) (b) (¢} (D)
@A) @) Gv) (v (i)
B ® @) Gi) Gv)
© G) @Gi) » ®
M)  Gv 3 )
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48.

49.

50.

Given the character table for the point
group Cgy

Cav| E  2C3 36v
Ay 1 1 1
Az ] 1 -1
E 2 -1 0
Tr | 6 3 0

Find the number of irreducible
representation present in the given
reducible representation.

(A) E+2A,+24A,
(B) 2E+A +A,
(©) 3A,+34,
(D) 2E+24,

In a reaction A+B-> Product, rate is
doubled when the concentration of B is
doubled and rate increases by a factor
of 8 when the concentration of both the
reactants (A and B) are doubled, rate
law for the reaction can be written as :

(A) Rate = k[A] [B]

(B) Rate = k[A] [B]?

(C) Rate = k[A]? [B)?

(D) Rate = k[A]? [B]

The Vibrational frequency and

anharmonicity constant of an alkali
halide are 300 cm~! and 0.0025
respectively. The positions (in em™ 1)
of its fundamental mode and first
overtone respectively.

(&)
B
(©)
)

300, 600
298.5, 595.5
258.5,595.5
280, 580.5

Paper-II1
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51.

52.

53.

54.

A DU AV AR R

The ground state term symbol for
nitrogen atom 1is :

4g

&) ® 18,

4
@

4
o

[ A=

Which of the following possess-a centre
of symmetry ?

(A) NH,

(B) Chlorobenzene
(C) Pyridine

(D) PtCl,

The relation between the amount of
adsorption and the surface tension is
explained by :

(A) Freundlich Adsorption Isotherm
(B) Langmuir Adsorption Isotherm
(C) BET

(D) Gibbs Adsorption Isotherm

Match List - I with List - II and choose

the correct answer from the code :

List -1
(a) Ionic strength

(b} Entropy of mixing

(c) Chemical potential

(d) Free energy of

List - I1
(i) nRT 3X, InX;

(i) [ oG J
on; T;Pin;

(i) —nR 3Zn; InX|

1
(iv) EECiZ 2

mixing
Codes :

(@ (b) (¢ (d)
@ O G Gv G
By Gvy @) (@) (ii)
€ @ @ G Gv)
D Gv) () ) @)
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55.

56.

57.

The expression for the following

d 2
operator (T+ x) 18 :

x
(A) dcfz +2xEd;+x2+1
(B) Ec-lxz—2+1+:c2

(©) d—dj—z-i-l—x“"

(D di:E+2xad;+x2

According to Langmuir adsorption
1sotherm :

P 1
(A) Plotof %/m versus o is linear

P
(B) Plot of Aﬁ, versus P is linear

1 1
versus — 1is linear

P

(Cy Plot of
_ x/m

1
(D) Plot of —— versus P is linear
x/m

The molar conductivity of 0.01 M
CH3COOH (aq) at 298 K is 1.65 ms
m?Z mol 1,

What is the K, of the acid ?

(Given A= 39.1 ms m2 mol~)

(A) 1.85x10-5
(B) 1.84x10-2
(C) 41x10-5
(D) 4.1x10-2

Paper-111
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58,

59,

60.

61.

(©)

The Bronsted-Bjerrum equation is :
(A) log k=log k,+1.08 ZpZy

(B) log k=1log ky,+1.08 ZpZgy \/II
log k=log k;—1.08 Z\Zp
(D) log k=1log ky+.108 ZpZp p2

Which of the following molecules are
microwave active ?

(a) Oy (b) NO
(e CO (d) N,
(A) (a) and (b) (B) (b) and (¢)
(C) (b) and (d) (D) (a) and (d)

Which colligative property is most
suitable for the determination of
molecular mass of a protein ?

(A) Relative lowering of vapour
pressure

(B)
©
D)

Elevation in boiling point
Depression in freezing point

Osmotic pressure

According to transition state theory of
reaction rates the entropy of activation
AS* (Where A is the frequency factor) is
given as :

g A_h)
(A) AS"=Rlog ( T
(B) AS*=Rlog %

. g)
(C) AST=Rlog (Ah

Ah

AS* =R log ==
D) 8 5

C-02-17




62.

63.

64.

65.

The half life time of a reaction at initial
concentration of 0.1 and 0.4 mol~} are
200s and 50s respectively. The order of
the reaction is :

A o
< 2

B 1
D) 3

Consider the following statements :

When a direct current is passed through

an aqueous concentrated solution of
NaCl.

(2)
(b

pH of the solution decreases

Metallic sodium will be deposited
at the cathode.

Chlorine gas will be liberated at
the anode.

(c)

(d)
Which of the statements given above are
correct ?

(&) (a)and (b)
(C) (and @)

pH of the solution increases

(B) (b) and (¢}
(D) (a) and (¢

The lowest allowed energy is equal to
zero for :

(A)
(B)

Hydrogen atom

A particle in a three dimensional
box

(G
)

An harmonic oscillator
A rigid rotor

Calculate the molar entropy change for
the reversible process at 100° C and
1 atm. pressure.

H,0() = H,0(g) AH=2269.4 Jg~1
(A) 109.5 J/deg/mole

(B) 6.08 J/deg/mole

(C) 22.69 J/deg/mole

(D) 218.0 J/deg/mole

Paper-III
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66.

67.

68.

R O

In the following reaction scheme, the
rate equation for the removal of D
species in differential form 1s :

A+B—XL,C+D

k,

C+D—2-5A+B

c+B—X2 ,E+D

2D—k“——>F

@ -, AIB) -k, DI

d[D]

(B) "'—'__kl[A] [B]-k[C}[D]

_iD_]=k2[C][D]+k3[cl[D] ky

LY [B]

©

(D) d[D]-kz[C][D] ~Iy [A][B] k3

[C1[D]+2k4[DY

If B, o =034V and Byge,, =0.80V

what is the emf of the cell Cu/Cu?*
(0.01 M) Ag*(0.01 M)/Ag at 298 K ?

(A) 040V (B) 046V
(C) 050V (D) 0.52V

Which of the following metal cluster
does not possess bridging ligands ?

(A) [an(CO) 6l
B) [COZ(CO)s]
(C) [Fey(CO)gl
(D) [Fe3(CO) 12]
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69.

70.

71.

72.

An Iron nail was immersed in a solution
of copper sulphate and when it was
removed from the solution, it was
coated with a layer of copper metal.
After a different iron nail was
immersed in a solution of zinc nitrate
and removed, this nail rusted just as
rapidly as a new iron nail. Rank these
three metals in order of activity from
most active to least active.

(A) Zn>Cu> Fe
(B) Fe>Cu>2Zn
(C) Zn>Fe>Cu
(D) Cu>Fe>%Zn

All of the following are consequences of
air pollution except

(A) Depletion of the ozone layer
(B) Global Warming

(C) Acid Precipitation

(D) Eutrophication

Amo xyline is semi synthetic modification
of .

(A) Tetracycline

(B) Penicillin

(C) Streptomycin

(D) Chloroamphenicol

Which one is not a green solvent ?

(A) Liquid carbon dioxide (Super

critical CO,)

(B) Liquid Ammonia
(C) Ionic liquids
(D) Water

Paper-II1

15

73.

74.

75.

Which of the following functional groups
can not act as both donor and acceptor
in H-bonding formation to develop
supramoleculas entities ?

(A) -COOH

(B) -0OH

(C) >C =0
I

(D) _"—C - NHZ

Which substance has gained notoriety
as a green house gas ?

(A) Nitric oxide

(B) Carbon dioxide
(C) Carbon monoxide
(D) Nitrogen

Which among the reaction types
(addition, substitution, rearrangement)
will have highest atom economy ?

(A) Addition

(B) Rearrangement

(C) Addition and Substitution
(D) Addition and Rearrangement

-00o0-
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