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Chemical Science

Paper II
Time Allowed : 120 Minutes] [Maximum Marks : 200

Note : This Paper contains Hundred (100) multiple choice questions. Each question
carrying Two (2) marks. Attempt All questions.

1. SF, reacts with 1'BFy to form [SF3] [!BF,]. °F NMR of anion will exhibits
B =1=32):
(A) Five equally spaced lines with equal intensity
(B) A quartet with intensity 1 : 3 : 3 : 1
(C) A quintet with intensity 1 : 4 :6 : 4 : 1
(D) Four equally spaced lines with equal intensity

2.  Which statement about the trans-effect and the trans-influence is correct ?

(A) trans effect is a ground state effect, whereas the trans-influence is an axcited
state effect

(B) both trans effect and trans-influence are ground state effects
(C) rates of substitution are affected by the trans-effect but not by trans-influence

(D) trans-influence is a ground state effect, whereas trans-effect is an excited

state effect

3. The oxidising tendency of chlorine oxoanions ClO,~, ClO57, ClOy~ and ClO™

follows the order ........c...ccoveeenneenn.

(A) ClO4 = ClO3™ < ClOy~ < ClO™
(B) ClO4~ > ClOg~ > ClOy~ > ClO™
(C) ClO4 < ClOg™ < ClOy~ = ClO™
(D) Clo,~ < ClOg~ = ClOy~ < CIO™

3 [P.T.O.
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Keeping all parameters the same if the standard deviation is doubled, variance

would be :
(A) halved (B) doubled
(C) remain same (D) quadrupled

Molecular geometry of XeOFg~ is :

(A) Trigonal bipyramid (B) Pentagonal pyramid

(C) Octahedral (D) Square pyramidal

The only metal which forms nitride (M3gN) among group(l) elements is :
A) K (B) Na

(C) Li (D) Rb

Among tetrahedral complexes of cobalt :

@) [CoBryClyl™

@) [CoBrCly(OH,)] and

@) [CoBr I (OH,)Cl],

the complex which shows optical isomers is/are :

(A) (i) only (B) (i) and (ii7)

(C) @), Go), (i) (D) (iii) only

The rate law for substitution in square planar Pt(II) complexes contains two

terms (Rate = k2 [Pt LgX] + kg [Pt LgX] [Y] where [Pt LgX] is the starting

complex and Y is the entering group. The reason for the two-term law is :

(A) there are competitive associative and dissociative pathways

(B) there are two competing dissociative pathways

(C) the solvent enters in the rate determining step and then two competing
fast steps follow

(D) the solvent competes with Y in the rate determining step

The symmetry elements of compound SiFCIBrl are :

(A) E, ch, (Cp) (B) E, (Cy)

(C) E, 4C3, 3C,, 35, 65d (D) E, Ceo, ooV, (Ceoh)

Ground Miilliken symbol of central metal ion in the complex [FeCl4]2_ is :
(A) °D (B) °E,

(C) °E D) °s




11.

12.

13.

14.

15.

SEP - 33221/11—B

The compounds :

(i) Nay[Fe(CN); NOJ.2H,0 and

(@) Nay[Fe(CN)gl are differentiated by 57Fe Mossbauer spectroscopy.
(1) and (i7) will exhibit ........cccoceeeeee. Mossbauer lines.
(A) a doublet in (i) and (i7)

(B) a doublet in (i) and singlet in (i7)

(C) a singlet in (i) and (i7)

(D) a singlet in (i) and doublet in (i7)

The order of basicity of phosphines is :

(A) PEt3 > PMeg > PPhg > P(OMe)g > P(OPh)g
(B) PEtg < PMeg < PPhg < P(OMe)3 < P(OPh)g
(C) PEt3 > PMeg = P(OMe); > PPhg = P(OPh)g
(D) PEt; = PMeg > PPhg = P(OPh); > P(OMe)q

How many significant figures should be presented for the answer of the following

calculation ?

2.2x3.233 x1.67

3.01
(A) 3 B) 2
C) 4 D) 5
The filler gas used in hollow cathode lamps of Atomic Absorption spectrometer is :
(A) Ny (B) Ar
(C) Air (D) He

Alkene metathesis reactions catalyzed by metal-carbene complexes proceeds by

the formation of the intermediate :
(A) Metallocene (B) Metallocarboborane
(C) Metallocyclobutane (D) Metallocyclopropane

5 [P.T.O.
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16. The ground state term symbol of Th3* is :
&) ®) F,

©) 2Fy, D) ?Frp

17. The correct order of polarity of the following functional groups is :

0] O
)k H,C — OH )—k\' HsC — CHy — C = N
H,C CH, HyC H,
(D (ID (IID) (Iv)

A I<II<III <1V
B) I <IV<II<II
C) IV<II<I<II

M) III <IV<II<I
18. Within the HSAB principle, a hard acid :

(A) Is not very polarizable
(B) Has a low charge density

(C) Shows a preference for soft base

(D) Shows a preference for donor atoms of lower electronegativity

19. The correct IUPAC name of the following compound is :

CH,
CH;—C=C— C =CH — CH,

(A) 4-Methyl-4—hexen—2—yne (B) 4-Methyl-2—hexen—4—yne

(C) 3-Methyl-4—hexen—2—yne (D) 3-Methyl-2—hexen—4—yne
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The correct statement for the following structures is that they are :

CH, H
H H H H
H CH,4 H CH,
H CH,
(A) Not isomers (B) Conformational isomers
(C) Enantiomers (D) Structural isomers

In the most stable conformation the molecule having the circled Me group

equatorial is :

(A) (B)
////
©) D) "l
Ph

7 [P.T.O.
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22. The major product in the radical bromination of Ph /\/ with NBS, heat

1S

Br
“ Ph)\/ ® PN NG,

Br
(©) Ph/<|> D) Ph‘—#
Br

23. Which among the following react fastest with NaOMe ?

(D)

Br Br
NO, NO,
(A) (B)
NO, CN
Br Br
NO, CN
(0]
CH,

CH,
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24. The major product of the following reaction is :

Ph

Ph
hv

E

Ph Ph

Ph Ph

Q§< )
Ph \| |/ Ph

9 [P.T.O.
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25. The major product of the following reaction is :

26.

27.

Br/\/\ Br
NaOEt, EtOH -
(0]
/
(A) (B) —0

O

O
0
(®)) (D) i/\:>o

Which one among the following arrows is the correct representation of resonance ?
A VvV~ B ——
C) = (D) ={>

The number of signals expected for the following compound in IH-NMR is :

H,C

o
(A) 08 (B) 03
(C) 06 (D) 05

10
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(A)
(B)
(®)
(D)

29. The

(A)

(C)
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methyl carbon of the acetone-dg appears in the I3C_NMR as :

quintet (1 : 2 :3:2: 1)

sextet (1 :5:10:10:5:1)
septet (1 :3:6:7:6:3:1)
septet (1 :6:15:20:15:6:1)

major product of the following reaction is :

PdCl,(0.1 equiv.)
CuCl (0.01 equiv,

0,, DMF, H,0

H,C CH,

H,C CH,

(B)
H,C CH,
(0]
H,C =
(D)
H,C CH, H,C CH,

11

[P.T.O.
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30. The major product of the following reaction is :

0
Cl Pd/BaSO,, H,
quinoline -
0
H
(A)
0O O
(B)
OH
(C)
(D)

12
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31. An organic compound with molecular formula CgH;,0, exhibit the following

spectral data IR : 1720 cm_l; 1H.NMR : § 6.95 (d, J = 8.5 Hz, 1H) 5.9
(d, J = 8.5 Hz, 1H), 4.53 (q, J = 6Hz, 1H) 1.41 (d, J = 6Hz, 3H), 1.20 (S, 3H),
1.15 (S, 3H).

The correct structure of the compound is :

H,C CH,
X
(A)

O
H,C
H,C \
B) H.C
3 O e)
H,C
H,C X
©)
O @]
H,C

0]
CH,
(D) CH,
O CH,

13 [P.T.O.
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32. The major product of the following reaction is :

RCO,H

Cl %H
Cl H
Cl H
O
&) (B)
/
0)
Cl H cl H
0)
O

33. Which of the following molecule has enantiotopic protons ?

(A) Butane (B) Cyclopropane

(C) Ethane (D) Propane

14
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34. The major product of the following reaction is :

PhCO,H

Cd

o
z

=
o

e

(A) OMe
Me
0] Me
Y
Me O
0]
©) OH

Me

e Me
v hd

15 [P.T.O.
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35. The major product of the following reaction is :

i =

N—NH—S0,C,H,

CH,Li
—_—

%
(@)
TN

i =

>
"
(@)
i = N

16
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36. The major product of the following reaction is :

7\\ /\£ Xylene
140°
(A) 7\\N©i\(/ B)
=
=

37. The major product of the following reaction is :
0 0

OPh MeMgBr

TBDMSO

(A) (B)
TBDMSO TBDMSO
0 0 HO Me
\\\\\\\\ OPh OPh
©) (D)
N W,
TBDMSO TBDMSO

17 [P.T.O.
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Compound A, at 25°C undergoes acetolysis 140000 times faster than compound

B. Select the reason for this behaviour :
OBS OBS

IAI IBI
(A) Anchimeric assistance (B) Inductive effect
(C) Fields effect (D) Resonance effect

The reactant ‘P’ and product ‘Q in the following reaction are :
0

Q;‘s}_m H,C

0)

CH;

Pyridine
NaNg Q

(A) P

(B) P

(C) P=

D) P

18
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40. The major product of the following reaction is :

Cl
0 Et,N
Yv 0 T 80°C
O
o) O
(A) NN (B)
O
(@)
J O
O—— R
(C) (D)

41. The major product of the following reaction is :

SiMe,
%\CN

CH,Cl,

Me
SiMe, CN

(&) ©i§\/\w (B)

SiMe NC SiMe,
(C) D)
Me

19 [P.T.O.
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42. The major product in the following reaction is :

OH Me

Me
o)
/\@\ DDQ
CH,CL
OM

e
0 Me

Me
0]
Me
(B) 0

OMe

OMe
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43. The major product of the following reaction is :

O

Polyphosphoric acid
COOH 100°C, ACOH

0O O

(A) // (B)

0]
(C) \ D)
A\ N 5 \
44. The correct match of the natural product in column II with class in column
Iis:
Column 1 Column 11
(@) Vitamin (i) Glycogen
(b) Terpene (@1) Nicotine
(c) Polysaccharide (7it) Ascorbic acid
(d) Alkaloid (iv) Carvone

(A) (a—iv) (b—1iii) (c—i) (d—ii)
(B) (@—i) b—iv) (c—iii) (d—ii)
(C) (a—iit) (b—ii) (c—i) (d—iv)
D) (e—iii) (b—iv) (c—i) (d—ii)

21 [P.T.O.
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Which of the following is not a natural amino acid ?

(A) COOH (B) N COOH

= Z

COOH

(©) (D) NH,

HO

The major product of the following reaction is :

250°C

(A) (B)

©) (D)

5
S

22
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47. The major product in the following reaction is :

\ MeOH
/,,—
0) ‘ 0
(A) (B) \
OMe
OMe
O OMe
O
©) (D)
/\
/\

23 [P.T.O.



48. The major product in the following reaction is :

OCOPh

4§

(A)
COPh
COPh
OH
(B)

COPh
OH

hv

SEP - 33221/11—B

24
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When 10 mL of 0.1M NaOH is added to 10 mL of 0.1M HCI, pH of the solution
will be :

(A) 2 B) 7
(C) 0 D) 14

Activation energy (E,) and the enthalpy of the reaction (AH) are 134 kJ/mol
and -234 kdJ respectively for the following gas phase reaction :

CO + NOy — COy + NO,
The activation energy for the reaction CO,; + NOy, — CO + NO, is :
(A) 100 kJ/mol (B) —-134 kJ/mol
(C) 368 kd/mol (D) 184 kd/mol

The rate (v) of reaction catalyzed by a suitable enzyme is given by the

Michaelis-Menton equation as

where [s] is the substrate concentration Ky, is Michaelis-Menton constant. Which

of the following is correct ?
(A) Unit of Ky is dm3.mol™! time™!
(B) Unit of Ky is mol.dm™
(C) WhenKM=[s];v =V

max

(D) at low substrate concentrations v varies exponentially with [s]

25 [P.T.O.
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A compound contains two types of atoms X and Y. It crystallizes in a cubic
lattice with atom X at the corners of the unit cell and Y at the body centre.

The simplest possible formula of this compound is :
A) Xy (B) X,Y
(C) XY D) XY,

How many initiator fragments are present in a polymer chain formed by coupling

termination in addition polymerization ?

A 1 (B) 2

(C) 3 D) 0

Based on tacticity, the polymer is divided into .................... types.
(A) Two (B) Four

(C) Three (D) Five

Step reaction polymerization proceeds by :

(A) Addition polymerization

(B) Condensation polymerization

(C) Anionic polymerization

(D) Cationic polymerization

The polydispersity index of a polymer is given by the ratio of :
(A) Mv/Mw (B) Mw / Mz

(C) Mw /Mn (D) Mn / Mw

26
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57. The diagram given below is of silicon crystal at 300 K.

58.

Ec

______________ Ei=0.56 eV

—E,=0.18 eV
B, o

From the diagram it can be inferred that :

(A) The Fermi level is 0.38 eV below the intrinsic level of conduction E;

(B) The semiconductor is a p-type material

(C) The semiconductor is a n-type material

(D) E, - E, = 0.56 eV

c

At 445°C, K, for the following equilibrium reaction

2HI (g) = Iy(g) + Hy(g)

A mixture of Hy, I, and HI are present in a closed vessel at 445°C at the
following concentrations :

[HI] = 2.0 M; [Hy] = 0.50 M [I,] = 0.010 M.

Which of the following is correct about K., the reaction quotent ?

A) Q, =
B) Q, <
©) Q
D) Q.

A

\%

~

~

~

2

K

>

>

; the system is in equilibrium
; more Hy & I, will form
: more HI will form

: more H2 & 12 will form

27 [P.T.O.
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In a canonical ensemble, a system X of fixed volume is in contact with a large
reservoir Y, then :

(A) X can exchange only energy with Y

(B) X can exchange only particles with Y

(C) X can exchange neither energy nor particles with Y

(D) X can exchange both energy and particles with Y

According to Fermi-Dirac the statistics following assumption is made :

(A) the particles are distinguishable and any number of particles may occupy
the same energy level

(B) the particles are indistinguishable and any number of particles may occupy
a given energy level

(C) the particles are indistinguishable but only one particle may occupy a given
energy level

(D) the particles are distinguishable and only one particle may occupy a given
energy level

The ratio of the energy of the electron in the ground state of hydrogen atom
to that of the electron in the first excited state of Be3* is :

A 1:4 (B) 1:8

) 2:9 MD) 1:16

Which among the following nuclei are fissile ?

) 233U

(1) 2387y

(IID) 239Py

(IV) 235U

(A) (I and (II) (B) (II) and (III)

(C) (@), I and (IV) (D) 1D, (III) and (IV)
Which detector works on the principle of ionization of gas molecules ?
(A) Semiconductor detector (B) Scintillation counter
(C) GM counter (D) Surface barrier detector

28
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As radioactivity is a random phenomenon, the error in measuring activity in
CPM can be reduced by :

(A) Measuring the activity for a longer period of time

(B) Measuring the activity for a short period of time

(C) Measuring the activity by increasing the current

(D) Measuring the activity at intermittent time intervals

A proton is 1836 times heavier than an electron. The ratio of the de Broglie
wavelengths, A, /A is :

(A) 1 :(1836)2 (B) (1836)V2 : 1

(C) 1836 : 1 (D) (1836)% : 1

An electron and a proton are accelerated through the same potential. The ratio

of their de Broglie wavelengths, %, /% is :

m 1/2 me
@ (") ® ("n,)
©) m/ D) (m% T
me me

The energy of a particle in a three-dimensional box of equal side lengths is

given as :

" 8ma? | x y oz

2 2 2 2
g__h (”_+”_+”_j

The degeneracy of energy for the levels n, n,n, =1,1,1, 2,1, 1and 3, 2, 1

Y
respectively are :
(A) 3,4,6 B 1,1,1
C) 1, 3,6 D 1, 3,3

The ionization energy of hydrogen atom is 13.6 eV; the ionization energy for
the ground state of Li%* is approximately :

(A) 27.2 eV (B) 40.8 eV

(C) 54.4 eV (D) 122.4 eV

29 [P.T.O.
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Most of the light re-emitted at the same wavelength as the incident light is

called as :
(A) Raman scattering (B) Rayleigh scattering
(C) Anti-Stokes scattering (D) Stokes scattering

Given below is the phase diagram of a pure substance

10}

Pressure (atm)

2..

0 20 40 60 80 100 120
Temperature (°C)

The substance at the conditions represented by the point X’ is cooled to 30°C,

keeping the pressure constant. In this process, the phase of the substance :
(A) Changes from gas to liquid

(B) Changes from gas to liquid to solid

(C) Remains as liquid

(D) Remains as solid

Both the vapour pressure at 25°C and normal boiling point of toluene are higher

than that of water, which of the following explains these observations ?

(A) Liquids with higher vapour pressures typically have higher boiling points
(B) Toluene has a higher molar mass than water

(C) Toluene has a lower heat of vaporization than water

(D) The density of toluene vapour is greater than that of water vapour

30
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P-Jump and T-Jump methods are used to study the kinetics of fast reactions.

Which of the following is correct ?

(A) P-jump method can be used for reactions for which AV = 0
(B) T-jump method can be used for reactions for which AH = 0
(C) Ionic reactions cannot be studied by P-jump method

(D) P-jump method can be used to study the reactions for which AV = 0

Which of the following is correct ?

(I) CMC of an anionic surfactant is higher than that of a non-ionic surfactant
of the same chain length

(II) CMC of an anionic surfactant is lower than that of a non-ionic surfactant
of the same chain length

(ITT) CMC of an ionic surfactant decreases in presence of small quantity of added
electrolyte

(IV) CMC of an ionic surfactant increases in presence of small quantity of added

electrolyte
(A) (I) and (II) (B) (I and (III)
(C) dI) and (ITII) (D) (II) and (IV)

Which of the following are directly related to surface tension phenomena ?
(I) Spherical shapes of droplets in the absence of external forces

(II) A sail boat in water

(ITI) A needle floating in water

(IV) Water rising in the xylem of plants

(A) (D and (I (B) @O, D and (III)

(C) (D), (III) and (IV) (D) D, (III) and (IV)

31 [P.T.O.
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The overall chemical reaction of photosynthesis is best described as ...........
(A) an exothermic reaction that breaks down sugar

(B) an endothermic reaction that breaks down sugar

(C) an exothermic reaction that forms sugar

(D) an endothermic reaction that forms sugar

In the electrolysis of an aqueous solution of HBr, of the following products are
formed :

(A) Oy at the cathode, H, at the anode

(B) H, at the cathode, Br, at the anode

(C) OH™ at the cathode, HOBr at the anode
(D) Brg™ at the cathode, HBrO, at the anode

Thermonuclear reactions are responsible for energy production in :

(A) Nuclear reactors (B) Atom bombs
(C) Volcanoes (D) Stars

For the adsorption of N,y on activated carbon at 77 K :
(A) AH=0; AS<O0

(B) AH<0; AS <O
(C) AH>0; AS <0
D) AH=0; AS=0

For the reaction A — P, the graph of 1/[A] as a function of time is linear, what
is the reaction order in A ?

(A) Zeroth (B) First
(C) Second (D) Half

A compound formed by element X and Y crystallizes in cubic structure in which
atoms of X’ are at the corners while that of ‘Y’ are at the face centre. The
formula of the compound is :

(A) 3XY (B) XgY
(C) XY D) Xg¥g

32



81.

82.

83.

84.

85.

86.

87.

SEP - 33221/11—B

The magnetic moment of potassium salt of [Fe(CN)6]3_ is 2.3 uB. Choose the
correct statement from the following :

(A) It is spin only value of one unpaired electron

(B) It is spin only value between one and two unpaired electron

(C) The increase in magnetic moment because of ferromagnetic coupling
(D) The increase in magnetic moment because of spin-orbit coupling

According to Wade’s rules, the structures of B;,CoH;9 and B;yH;5(SEt,), are

respectively :
(A) nido and closo (B) closo and nido
(C) closo and arachno (D) nido and arachno

The geometry of [IF;]™ is :

(A) capped octahedron (B) cube

(C) trigonal prismatic (D) pentagonal bipyramidal
A complex that possess 5p ground term symbol for its metal ion is :
(A) [Mn(CN)gl3~ (B) [Cr(Hy0)gl?*

(C) [Fe(CN)gl*™ (D) [Co(H,0)g%*

The magnetic moment of the complex [Mn(NCS)6]4_ is 6.06 uB. Its electronic

configuration is :

(A) t2g5 egO (B) t2g3 egZ
3,2 2 , 3
(C) &,° e D) 1y~ e,
Milliken symbol(s) possible for ‘G’ term in octahedral ligand field is/are :
(A) Alg (B) ng, Eg
©) Alg, Eg, Tlg, ng D) Azg, ng, Tlg

For metal olefin complexes :

@) [PtCl3(CoFy]l™ and

@) [PtClg(CoHYI™

Which of the following statements is correct ?

(A) Carbon-carbon bond length is same in both (i) and (ii)
(B) Carbon-carbon bond length in (iz) is smaller than (i)
(C) Carbon-carbon bond length in (i) is smaller than (i7)

(D) Olefin coordinates to Pt in a n! mode
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X-band EPR spectrum of CH,OH radical will show ...................

(A) 6
€ 2

n-type of semiconductor(s) among Fe;O3, FeO, FeS, Cul and Cuy0O is/are :

(A) FeO, FeS and FeyOgq
(B) Cul and Cu,O

(C) Fey0g, FeO and Cu,O
(D) FeyOg only

Oxygen molecule binds as a hydroperoxide ligand to the metal ion in :

(A) Oxyhemoglobin
(C) Oxyhemerythrin

The spin state and oxidation state of iron in deoxyhemerythrin and

oxyhemerythrin respectively are :

(B) 3
D) 5

(B) Oxyhemocyanin
(D) Oxymyoglobin

(A) high spin iron (II) and high spin iron (III)
(B) low spin iron (II) and low spin iron (III)

(C) high spin iron (II) and low spin iron (III)

(D) low spin iron (II) and high spin iron (III)

In Ziegler-Natta catalyst titanium acts as a :

(A) Lewis base
(C) Lewis acid

(B) Neutral
(D) Bronsted base

The correct order of Rh—C bond lengths in the complexes

(© Rh(CO) CL(PPhy),

(@) Rh(CO) CI(PEtg), and
(i) Rh(CO) CH{P(C4Hy)sly
will be :

(A) @) > @) > @)

(C) (1) > (@7) > ()

B) @) > @) > @)
D) @) > @) > @)

The point group of phosphorus pentafluoride is :

(A) Csh
(C) Dsh

(B) C3h
D) Dsh
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Which among the following beryllium alkyl compounds are stable ?
@) Be(Me),

@) Be(Et)y

@iii) Be(Bph),

(iv) BeCH, (Bub),

(A) (@) and (Zi7) (B) (@) and (iv)

(C) (@) and (iv) (D) (@) and (i)
Operational, Personal and Instrumental errors are types of :
(A) determinate errors (B) indeterminate errors
(C) additive errors (D) proportional errors

The kinetics of the isomerization of cis to trans - [Mo(CO)(PEt3),] can be followed
by IR spectroscopy. Which of the following regions of the IR spectrum would
you focus on to monitor the reaction ?

(A) 3500 — 3000 cm™! (B) 2000 — 1800 cm™!
(C) 1600 — 1400 cm™! (D) 1200 — 800 em™!

In a base catalyzed substitution of CI” by OH™ in [Co(NH3)5Cl]2+ under strongly
basic conditions the first step in the mechanism will be :

(A) substitution of CI™ by OH™

(B) dissociation of CI™ to give five coordinate intermediate

(C) association of OH™ to give a seven coordinate intermediate
(D) Conversion of an ammine ligand to amido ligand

The crystal field stabilization energy (CFSE) of an octahedral Ti3%* complex
is 20,100 ecm™L. CFSE of its tetrahedral complex will be :

(A) 10,050 cm™! (B) 20,100 ecm™!
(C) 8933 cm™! (D) 11,187 em™!

The reactions of [PtCl4]2_ with NHg (reaction I) and of [PtC14]2_ with [NOo|™
followed by NHg (reaction II) are ways of forming :

(A) T : cis [PtClo(NHg)ol; II : cis [PtClo(NHg)(NOg)I™
(B) I : trans [PtCly(NHg)ol; II : trans [PtCly(NHg)(NOy)I™
(C) I: cis [PtCly(NHg)gl; II : trans [PtCIoNHg(NOg)]™
(D) I : trans [PtCly(NHg)gl; II : cis [PtCloNH3(NOg)I™

35 [P.T.O.



SEP - 33221/11—B
ROUGH WORK

36



