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Chemical Science

Useful Fundamental Constants

m  Mass of electron 9.11 x 103 Kg
h Planck’s constant 6.63 x 10734 Jsec
e Charge of electron 1.6 x 10719 C

k Boltzmann constant 1.38 x 10723 J/k

c Velocity of Light 3.0 x 108 m/sec
IV 16x1047
amu 167 x 1027 kg

G 6671071 Nm? kg2

R Rydberg constant 1.097 x 107 m™!
N,  Avogadro number 6.023 x 1023 mole~!

g,  8.854 x 10712 Fm!
u, 4w x 107 Hm™
R Molar Gas constant 8.314 JK~! mole™!

List of the Atomic Weights of the Elements

Atomic Atomic

Element Symbol Number Weight
Actinium Ac 89 (227)
Aluminium Al 13 26.98
Americium Am 95 (243)
Antimony Sb 51 121.75
Argon Ar 18 39.948
Arsenic As 33 74.92
Astatine At 85 (210)
Barium Ba 56 137.34
Berkelium Bk 97 (249)
Beryllium Be 4 9.012
Bismuth Bi 83 208.98
Boron B 5 10.81
Bromine Br 35 79.909
Cadmium Cd 48 112.40
Calcium Ca 20 40.08
Californium Cf 98 251)
Carbon C 6 12.011
Cerium Ce 58 140.12
Cesium Cs 55 13291
Chlorine Cl 17 35.453

Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Helium
Holmium
Hydrogen
Indium
Iodine
Iridium
Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendelevium
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen
Nobelium
Osmium

24
27
29
96
66
99
68
63
100

87
64
31
32
79
72

67

49
53
77
26
36
57
103
82

71
12
25
101
80
0
60
10
93
28
41

102
76

52.00
58.93
63.54
(247)
162.50
(254)
167.26
151.96
(253)
19.00
(223)
157.25
69.72
7259
196.97
178.49
4003
164.93
1.0080
114.82
126.90
1922
55.85
83.80
138.91
(257)
207.19
6.939
17497
24312
54.94
(256)
200.59
95.94
14424
20.183
(237)
58.71
9291
14.007
(253)
190.2
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Oxygen (0] 8 15.9994
Palladium Pd 46 106 4
Phosphorus P 15 30974
Platinum Pt 78 195.09
Plutonium Pu 94 (242)
Polonium Po 84 (210)
Potassium K 19 39.102
Praseodymium Pr 59 14091
Promethium Pm 61 (147)
Protactinium Pa 91 (231)
Radium Ra 88 (226)
Radon Rn 86 (222)
Rhenium Re 75 186.23
Rhodium Rh 45 102.91
Rubidium Rb 37 85.47
Ruthenium Ru 44 101.1
Samarium Sm 62 150.35
Scandium Sc 21 44 .95
Selenium Se 34 78.96
Silicon Si 14 28.09
Silver Ag 47 107.870
Sodium Na 11 22.9898
Strontium Sr 38 37.62
Sulfur S 16 32.064
Tantalum Ta 73 180.95
Technetium Tc 43 99)
Tellurium Te 52 127.60
Terbium Tb 65 158.92
Thallium Tl 81 204.37
Thorium Th 90 232.04
Thulium Tm 69 168.93
Tin Sn 50 118.69
Titanium Tl 22 47.90
Tungsten W 74 183.85
Uranium 18] 92 238.03
Vanadium \'% 23 50.94
Xenon Xe 54 131.30
Ytterbium Yb 70 173.04
Yttrium Y 35 8891
Zinc Zn 30 65.37
Zirconium Zr 40 91.22

* Based on mass of C12 at 12.00... . The ratio of these
weights of those on the order chemical scale (in which
oxygen of natural isotopic composition was assigned a
mass of 16.0000...) is 1.000050. (Values in parentheses
represent the most stable known isotopes).

Part A

1. In still air, fragrance of a burning incense
stick will be smelt by an observer quickest
when the experiment is carried out at—

(A) Low altitude and high air temperature

(B) High altitude and low air temperature
(C) Low altitude and low air temperature
(D) High altitude and high air temperature

. How many squares are there in this figure ?

(A) 9 (B) 14
©) 15 (D) 17

. A mountain road has 3 sections of different

slopes as shown. What is the average slope m
of the entire climb ?

302 h
h
45°
30° h

(A) 1 (B) (%) <m< (%)

1
(€ 1<m<V3 D) [—=|<m<1
m (ﬁ) m

. Which of the following graphs shows the

concentration of a sugar solution as a function
of the cumulative amount of sugar added in
the process of preparing a saturated solution
(the temperature remaining constant) ?

A) (B)

| Concentration
| Concentration

Amount Amount

©) D)

| Concentration
| Concentration

Amount Amount




5. There are sand-piles which are geometrically

similar but of different heights. The ratio of
the masses of the sand comprising two
randomly chosen piles will be equal to the
ratio of the—

(A) Pile heights

(B) Squares of the pile heights

(C) Cubes of the pile heights

(D) Cube-roots of the pile heights

. There are two identical vessels of volume V

each, one empty, and the other containing a
block of wood of weight w. The vessels are
then filled with water up to the brim. The two
arrangements are shown as A and B in the
figure. If the density of water is p and g is the
acceleration due to gravity, then—

(A) A and B have equal weights

(B) A is heavier than B by an amount w

(C) A is heavier than B by an amount
Vpg—w

(D) B is heavier than A by an amount
Vpg—w

. If the father has blood group O and the

mother has blood group AB, what are the

possible blood groups of their children ?

(A) O,AB.A (B) A,B

©) A0 (D) B,AB

. Nuclei of 32P and 328, accelerated through the

same potential difference enter a uniform,

transverse magnetic field (Z = 15 for P and Z

= 16 for S). As they emerge from the

magnetic field—

(A) Both nuclei emerge undeflected

(B) 3?P is deflected less than 32S

(C) 32P is deflected more than 32S

(D) Both are equally deflected

. A person chewing a bubble gum did not
experience ear pain in a jet plane while
landing whereas another person not chewing a
gum had ear pain. The reason could be —

10.

11.

12.
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(A) Chewing gum is a pain killer

(B) Chewing equilibrates pressure on both
sides of the ear drum

(C) Chewing gum closes the ear drum
(D) Chewing distracts the person

The reason why a lunar eclipse does not occur
at every full moon is—

(A) The position of the sun is not favourable
at all full moons

(B) The orbital planes of the moon and that
of the earth are inclined to each other by
a small angle

(C) The shape of the earth is not a perfect
sphere

(D) The moon reflects only from one hemi-
sphere

A boy throws a stone vertically upwards with
a certain initial velocity. Which of the
following graphs depicts the velocity as a
function of time, if the acceleration due to
gravity is assumed to be uniform and
constant ?

2

A 2 .
g ( Time
2

® S
g Time
2

© B A
§ ; Time
2

D Q

D) § Time

A rigid uniform bar of a certain mass has two
bobs of the same size, but with different
densities p and 2p suspended identically from
its ends.
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13.

14.

15.

d d

p 2p
When the bar is level on a fulcrum as shown
in the figure, d and d’ are related by —
(A) 2d=d (B) d>2d
(©) d=2d D) d<2d
There are two points A and A’ on the equator
at longitudes 0° and 90°E, and two other
points B and B’ on the same longitudes,
respectively, but at latitude 60°S. The
distances (along the latitudes) between the
points A, A’ and B, B' are related by —
(A) AA'=BB’
(B) AA'=2BB’

©) aA'=(V3) BB’
(D) AA' = (\/_2) BB’

Water is flowing through a tube as shown.
The cross-sectional areas at A and C are
equal, and greater than the cross-sectional are
at B. If the flow is steady, then the pressure
on the walls at B is—

(A) Less than that at A and that at C

(B) More than that at A and that at C

(C) Same as that at A and that at C

(D) More than that at A but less than that at C

Match the two lists —

Raw Material Product
(a) Limestone 1. Porcelain
(b) Gypsum 2. Glass
(c) Silica sand 3. Plaster of Paris
(d) Clay 4. Cement

(@ (b () (d)

(A) 1 2 3 4
(B) 4 3 2 1
© 1 3 4 2
(D) 4 1 3 2

16.

17.

18.

19.

20.

The “C dating method is not usually used for

dating organic substances older than—60,000

years, because —

(A) Such objects rarely contain carbon

(B) Such objects accumulated 4C after their
formation

(C) In those times there was no production of
140

(D) Most of the '*C in the sample would

have decayed

A seismograph receives a S-wave 60 s after it
receives the P-wave. If the velocities of P-and
S-waves are 7 km/s and 6 km/s respectively,
then the distance of the seismic focus from
the seismograph is—

(A) 2520 km (B) 42 km

(C) 7070 km (D) 72 km

The decay of a radioactive isotope P produces
a stable daughter isotope D. The ratio of the
number of atoms of D to the number of atoms
of P after 2 half lives would be —

1 3
) ®)
<© 3 D) 2
The scatter plots represents the values
measured by two similar instruments. Point A
in the figure represents the true value. Which

of the following is a correct description of the
quality of these measurements ?

Fig. 1 Fig. 2
(A) Fig. 1 : good accuracy, good precision
Fig. 2 : good accuracy, good precision
(B) Fig. 1 : poor accuracy, poor precision
Fig. 2 : good accuracy, poor precision
(C) Fig. 1 : poor accuracy, good precision
Fig. 2 : poor accuracy, poor precision
(D) Fig. 1 : poor accuracy, poor precision
Fig. 2 : poor accuracy, good precision

Even though the concentration of CO, is the
same at sea level and at high altitude, the
photosynthetic rate is higher in a plant grown
at sea level than in a plant (of the same
species) grown at high altitude. The reason
for this is—



21.

22.

23.

(A) Light intensity is more at sea level
(B) Temperature is lower at higher altitude
(C) Atmospheric pressure is higher at sea

level
(D) Relative humidity is higher at sea level
Part B
In the reactions (A) and (B),
nH,0+Cl~ — [CI(H,0),]" ...(A)
6H,0 + Mg>* — [Mg (H,0)(]**...(B)

water behaves as—

(A) An acid in both (A) and (B)

(B) An acid in (A) and a base in (B)
(C) A basein (A) and an acid in (B)
(D) A base in both (A) and (B)

The size of the d orbitals in Si, P, S and Cl
follows the order—

(A) C1>S>P>Si

B) CI>P>S>Si

(C) P>S>Si>Cl

(D) Si>P>S>Cl

The correct structure of basic beryllium
nitrate is—

O,

\N/ \B e/O\ I\\f

\\O

I
N~
0/ \O/BE\O/ O

O,
SN
(B) 0-0O_ /O\\O/ \O/
&
O\II{,O
(6]
O\ /O\N/O\O/
( b
©) SR\,
SN2

24.

25.

26.

217.

28.

29.
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The total number of lone pairs of electrons in
I is—

(A) Zero (B) Three

(©) Six (D) Nine

If Mossbauer spectrum of Fe(CO); is recorded
in the presence of a magnetic field, the
original spectrum with two lines changes into
the one with—

(A) Three lines (B) Four lines

(C) Five lines (D) Six lines

The spectrophotometric response for the
titration of a mixture of Fe3* and Cu?* ions
against EDTA is given below :

[ ¢ d

Mixture

Volume of EDTA

The correct statement is—

(A) Volume ab = [Fe3*] and volume cd =
[Cu*]

(B) Volume ab = [Cu?*] and volume cd =
[Fe*]

(C) Volume ab = [Fe3*] and volume cd =
excess EDTA

(D) Volume ab = [Cu?*] and volume cd =
excess EDTA

In ‘carbon-dating’ application of radioiso-

topes, 4C emits —

(A) p-particle

(C) y-radiation

(B) a-particle

(D) Positron

The actual base pairs present in the double
helical structure of DNA containing adenine
(A), thymine (T), cytosine (C) and guanine
(G), are—

(A) AG and CT

(B) AC and GT

(C) AGand AC

(D) AT and GC

The oxidation state of iron in met-hemoglobin
is—

(A) Three
(C) Four

(B) Two
(D) Zero
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30.

31.

32.

33.

34.

35.

36.

The reactions of Ni(CO), with the ligand L [L
=PMe, or P(OMe),] yields Ni(CO); L. The
reaction is—

(A) Associative (B) Dissociative

(C) Interchange (Ia) (D) Interchange (Id)
As aligand CI” is—

(A) Only a o-donor

(B) Only a m-donor

(C) Both a o-donor and a ;t-donor

(D) a o-donor and a s-acceptor

The correct d-electron configuration showing
spin-orbit coupling is—

(A) t2g6 egz (B) t2g6 el

8
(©) tyt e D) 1,2 e

The correct statement for the aggregating

nature of alkyl lithium (RLi) reagent is—

(A) The carbanion nucleophilicity increases
with aggregation

(B) The observed aggregation arises from its
electron deficient nature

(C) Carbanion nucleophilicity does
depend on aggregation

(D) The extent of aggregation is maximum in
polar dative solvents

For the reaction, trans-[IrCI(CO) (PPh,),] +
Cl, — trans-[IrCl;(CO) (PPh;),], the correct
observation is—

(A) Vo (product) > V-, (reactant)

(B) Vo (product) < V-, (reactant)
(©) Vo (product) = V-, (reactant)
(D) Vg (product) = V-, (free CO)

not

The nucleophilic attack on olefins under mild
conditions —

(A) Is always facile

(B) Is more facile than electrophilic attack on
olefins

(C) Is facile for electron-rich olefins

(D) Requires activation by coordination to
metal

Among the following, the strongest oxidizing

agent is—

(A) [WO, >

(C) [MoO,]*

(B) [CrO,1*
(D) [ReO, ]!

37.

38.

39.

40.

41.

42.

43.

The least basic among the following is—
(A) Al(OH), (B) La(OH),
(C) Ce(OH), (D) Lu(OH),

For any operator A and its adjoint A*, the
incorrect statement is—

(A) AATis hermitian

(B) AA*+ A*A is hermitian

(C) A + Atis hermitian

(D) A — Atis hermitian

For hydrogen-like atom with a nuclear charge

Z, the energy of orbital with principal
quantum number ‘n’ follows the relation—

2

(A) E, o 022 (B) B, «— =
Z Z2
(©E,x-% O Ex-%

The average value of the radius <> in the 1s
state of the hydrogen atom is (a, is Bohr

radius) —
(A) qg4
(©) 0.75q,

(B) 154,
(D) 05 q,

Among the following, the correct statement

is—

(A) The number of irreducible representa-
tions is equal to classes of symmetry
operations

The number of irreducible representa-
tions is equal to the order of the
symmetry point group

The irreducible representations contained
in any point group are always of one
dimension

A symmetry point group may not contain
a totally symmetric irreducible represen-
tation

B)

©)

D)

For a diatomic molecule AB, the energy for
the rotational transition from J =0toJ =1
state is 3.9 cm~!. The energy for the rotational
transition from J = 3 to J = 4 state would be—
(A) 39 cm™! (B) 7.8 cm™!

(C) 11.7 cm™! (D) 15.6 cm™!

For the vibrational Raman spectrum of a
homonuclear diatomic molecule, the selection
rule under harmonic approximation is—

(A) Av =0 only (B) Av==+1 only

(C) Av==2only (D) Av=0,=1



44,

45.

46.

47.

48.

With increase in temperature, the Gibbs free
energy for the adsorption of a gas on to a
solid surface—

(A) Becomes more positive from a positive
value

(B) Becomes more negative from a positive
value

(C) Becomes more positive from a negative
value

(D) Becomes more negative from a negative
value

The vapour of a pure substance, when cooled
under a pressure less than its triple-point
pressure —

(A) Liquefies

(B) Liquefies first and then solidifies

(C) Solidifies directly

(D) Remains unchanged

The quantities, which are held fixed in a

canonical ensemble are —

(A) N,Tand P

(B) V,Tand N

(C) N,VandE

(D) u,Vand P

The correct value of E of a half cell in the

following graph of E vs log m (molality) is—
E

C

B

A" B C

log m
(A) CC'/AC’ (B) AB’
(C) BB (D) cC

One of the assumptions made in the conven-
tional activated complex theory is—

(A) Equilibrium is maintained between the
reactants and the activated complex

(B) Equilibrium is maintained between the
reactants and the products

(C) Equilibrium is maintained between the
products and the activated complex

(D) Equilibrium is maintained between the
reactants, the activated complex and the
products

49.

50.

51.

52.

53.

54.

Chemical Sciences 2012 | 9J

For a reaction, the rate constant k at 27°C was
found to be :

k=54x 10! ¢
The activation energy of the reaction is—
(A) 50 J mol™!
(B) 415 J mol™!
(C) 15,000 J mol-!
(D) 125,000 J mol-!
During the addition polymerisation, the reac-
tion proceeds via—
(A) Step-growth process
(B) Free-radical chain reaction
(C) Cascade process
(D) Addition reaction
How many atoms are there in an element
packed in a fcc structure ?
A) 1 (B) 2
© 4 D) 8
The structure obtained when all the tetrahe-

dral holes are occupied in a fcc structure, is of
the type—

(A) NaCl
(C) CaF,

(B) CsCl
(D) ZnS
Dispersion of a solid in a liquid, a liquid in a

gas and a liquid in a liquid are respectively
known as—

(A) Aerosol, emulsion, sol
(B) Sol, aerosol, emulsion
(C) Emulsion, sol, acrosol
(D) aerosol, sol, emulsion

The data obtained from two sets of experi-
ments A and B have the following charac-
teristics :

Experiment A B
Mean 50 units 100 units
Standard deviation 2 units 2 units

It may be concluded that—

(A) A is more precise than B

(B) A s less precise than B

(C) A and B are of the same precision

(D) Relative precision of A and B cannot be
assessed
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55.

56.

57.

58.

59.

The TUPAC name of the compound given
below is—
0]

N

COOEt

(A) ethyl (R)-2-methyl-4-oxocyclohex-2-
enecarboxylate

(B) ethyl (S)-2-methyl-4-oxocyclohex-2-
enecarboxylate

(C©) (R)-4-ethoxycarbonyl-3-methylcyclohex-
2-enone

(D) (S)-4-ethoxycarbonyl-3-methylcyclohex-
2-enone

The major product formed in the following

reaction is—

NaH, THF

The number of signals that appear in the
broad-band decoupled '3C NMR spectrum of
phenanthrene and anthracene, respectively,
are—

(A) ten and four
(C) seven and four

(B) ten and ten

(D) seven and seven
The co-enzyme that is involved in the reduc-
tion of a double bond in fatty acid
biosynthesis is—
(A) NADH

(C) Pyridoxal

(B) Biotin
(D) FADH,

Epoxidation of (R)-cyclohex-2-enol with
peracetic acid yields a 95 : 5 mixture of
compounds A and B. Compounds A and B
are—

60.

61.

(A) Enantiomers

(B) Diastercomers

(C) Constitutional isomers
(D) Homomers

The major product formed in the following
concerted reaction is—

A

X %
s

D)

H
ood
1 “oH

H

The structure of meso-tricarboxylic acid that
is formed on potassium permanganate oxida-
tion of abietic acid is—

A)
(B)

©

D)




62.

63.

64.

65.

The major product formed in the following
reaction is—

@ Br,, M;OH
0]
Br Br
) (Oj:Br ® Q:”OMe
OMe OMe
© EI D)
O” ¥ Br O~ "Br

The major product formed in the following
reaction is—

1. CF,CO,H
2. H;0"

(A)

janglll]

=

©) (D)

a
T = (~= T3 T
=

an

Among the following, the synthetic equiva-
lent for acyl anion is—

(A) Nitroethane and base

(B) a-chloroacrylonitrile

(C) Ethylmagnesium bromide

(D) Acetyl chloride and triethylamine
Among the following, the compound that
undergoes deprotection easily on treatment

with hydrogen in the presence of 10% Pd/C to
generate RNH, is—

(@]
(A) - R\N)k OJ<
H
O >Ph

(0)
(B) R\N)k
H

0
(©) R\EJK/\Ph

66.

67.

68.

69.

70.

Chemical Sciences 2012 | 11J
hi
R.
™ N ©
\_/

Among the following, the amino acid which
is basic in nature is—

(A) Tyrosine (B) Asparagine

(C) Leucine (D) Arginine
“Phosphorescence” is represented as—

(A) T, —=Sy+hv (B) T, =S,+A

©) S, =Sy+hv (D) S, =T, +A
Among the following diacids, the one that

forms an anhydride fastest on heating with
acetic anhydride is—

COOH

(A) [

COOH

The major product formed in the following
reaction sequence is—

J@\ 1. Li, liq. NH,,'BeOH
OMe

2. m-CPBA
(0]
A B
( ) QOMG ( ) /@\
(6] OMe
(0]
OMe

OMe

In the 400 MHz 'H NMR spectrum, an
organic compound exhibited a doublet. The
two lines of the doublet are at § 2.35 and 2.38
ppm. The coupling constant (J) value is—

(A) 3Hz (B) 6 Hz

(C) 9Hz (D) 12Hz
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71.

72.

73.

74.

75.

76.

Part C

The strength of p,—d, bonding in E—O (E =
Si, P, S and CI) follows the order—
(A) Si—O>P—0>S—-0>Cl-0O
(B) P-O0>Si—0>S—-0>Cl-0O
(©) S—0>Cl—-0>P—-0>Si—0
(D) C1-0>S—0>P—-0>Si—0
In the following reactions carried out in liquid
NH,,

Zn(NH,), + 2KNH, — K, [Zn(NH,),]
K, [Zn(NH,),] + 2NH,NO, —

Zn(NH,), + 2KNO; + 4NH,

KNH, and NH,NO, act respectively as—

(A) Solvo-acid and solvo-base
(B) Solvo-base and solvo-acid
(C) Conjugate acid and conjugate base
(D) Conjugate base and conjugate acid
The pair of lanthanides with the highest third-
ionization energy is—
(A) Eu,Gd (B) Eu, Yb
(C) Dy, Yb (D) Lu, Yb
The lanthanide (IIT) ion having the highest
partition coefficient between tri-n-butylphos-
phate and concentrated HNO; is —
(A) La (III) (B) Eu (III)
(C) Nd (IID) (D) Lu (III)
The quantitative determination of N,H, with
KIO; proceeds in a mixture of H,O/CCl, as
follows :
N,H, + KIO; + 2HC] —

N, + KCI + ICI + 3H,0
The end point for the titrimetric reaction is—
(A) Consumption of N,H,
(B) ICl formation

(C) Disappearance of the yellow colour due
to Cl, in CCl, layer

(D) Disappearance of the red colour due to I,
in CCl, layer

Among the halides, NCI;(A), PCl;(B) and

AsCl, (C), those which produce two different

acids upon hydrolysis are—
(A) Aand B (B) Aand C
(C) BandC (D) A,BandC

7.

78.

79.

80.

81.

82.

83.

The decreasing order of dipole moment of
molecules is—

(A) NF; >NH, >H,0

(B) NH; >NF,>H,0

(©) H,0>NH, > NF;

(D) H,O0>NF, > NH,

The cluster having arachno type structure is—
(A) [Os5(CO),4] (B) [0s;(CO) ]

(© [r,(CO)p,l (D) [Rhg(CO),4]

The carbonyl resonance in '3C NMR spec-
trum of (n3-CsHs) Rh(CO)]; (1°3Rh, nuclear
spin, I = 1/2, 100%) shows a triplet at — 65 °C
owing to the presence of —

(A) Terminal CO (B) u,-CO

(©) u;-CO (D) n’- CsH;

Low oxidation state complexes are often air-

sensitive, but are rarely water sensitive
because —

(A) Air is reducing in nature while water is
inert

(B) Both air and water are oxidizing in nature
(C) Both air and water are not ;-acceptors

(D) Complexes with low oxidation states will
easily lose electrons to O, but will not

bind to a wr-donor molecule like H,O

The metal complex that exhibits a triplet as
well as a doublet in its 3'P NMR spectrum
is—

(A) mer—[IrCl;(PPh,),]

(B) trans—[IrC1(CO)(PPh,),]
(C) fac—{IrCl;(PPh,),]

(D) [Ir(PPhy),1*

The complex that does not obey 18 electron
rule is—

(A) [(m’-CH5)RuCl(CO)(PPh,)]

(B) [W(CO)4(SiMe;)(CI)(NCMe), ]

(C) [IrCl4(PPh,),(AsPh,)]~

(D) [O,(N)Br,(PMe,)(NMe,)|~

The number of spin-allowed ligand field

transitions for octahedral Ni (II) complexes
with *A,, ground state is—

(A) Two (B) Three
(©) One (D) Four



84.

85.

86.

87.

88.

The correct structure of P,S; is—

p
s/s/ s

/ I
"y

P

(B) s=pr=s

(D) P\TP/

The final product of the reaction [Mn(CO)4]*
+ MeLi — is—

(A) [Mn(CO)¢]” Me

(B) [Mn(CO)5 Me]

(C) [Mn(CO)g4]

(D) [(MeCO) Mn(CO);]

The reaction that yields Li [AIH,] is—

(A) HCI (excess) + AICI; + Li —

(B) H, + Al+Li —

(C) LiH (excess) + AlCl, —

(D) LiH (excess) + Al —

The number of microstates for d> electron
configuration is—

(A) 21 x6° (B) 14 x 63

(C) 7 x 62 (D) 28 x 6

The carbon-14 activity of an old wood sample
is found to be 14.2 disintegrations min~! g-1.
Calculate age of old wood sample, if for a
fresh wood sample carbon—14 activity is 15.3
disintegrations min~! g-! (z,, carbon-14 is
5730 years), is—

89.

90.

91.

92.

93.
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(A) 5,000 years (B) 4,000 years
(C) 877 years (D) 617 years

The reaction 3[Rh,(CO),,] — 2 [Rh(CO) ]

+4CO [25 °C, 500 atm CO] is—

(A) Exothermic as more metal-metal bonds
are formed

(B) Endothermic as stronger metal carbonyl
bonds are cleaved while weaker metal-
metal bonds are formed

(C) Is entropically favorable but enthalpi-
cally unfavorable such that AG =0

(D) Thermodynamically unfavorable (AG>0)

A column is packed with 0.5 g of a strongly
acidic ion exchange resin in H* form. A 1.0
M NaCl solution is passed through the
column until the eluant coming out becomes
neutral. The collected eluant is completely
neutralized by 17 ml of 0.5 M NaOH. The ion
exchange capacity of the resin is—

(A) 1.00 meq/g (B) 1.25 meq/g

(C) 1.50 meq/g (D) 1.75 meq/g

The molar extraction coefficient of B (MW =

180) is 4 x 103 lit mol-! cm!. One litre
solution of C, which contains 0.1358 ¢

pharmaceutical preparation of B, shows an

absorbance of 0.441 in a 1 cm quartz cell. The

percentage (w/w) of B in the pharmaceutical

preparation is—

(A) 10.20 (B) 14.60

(C) 2040 (D) 29.12

The changes (from A-D given below) which

occur when O, binds to hemerythrin are —

1. One iron atom is oxidized

2. Both the iron atoms are oxidized

3. 0O, binds to one iron atom and is also
hydrogen bonded

4. O, binds to both the iron atoms and is
also hydrogen bonded

(A) 2and3 (B) 2and 4

(C) 1and 4 (D) 1and3

In photosynthetic systems the redox metallo-
proteins involved in electron transfer are
cytochrome (cyt b), cytochrome bf complex
(cyt bf) and plastocyanin (PC). The pathway
of electron flow is—

(A) PC = cyth —cyt bf
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94.

95.

Y-counts

-0.2

96.

917.

98.

(B) cytbf = cytb — PC
(C) cytb —cytbf —PC
(D) PC — cytbf —cytb

The total numbers of fine and hyperfine EPR
lines expected for octahedral high-spin Mn
(I) complexes are respectively (I = 5/2 for
Mn)—

(A) 3 and 30 (B) 5 and 33

(C) 5and 30 (D) 4and 24

The Mossbauer spectra of two iron complexes
are shown below. They may arise from (i)
high-spin iron (III), (ii) high-spin iron (IT) and
(iii) low-spin iron (III)

(A) (B)

Y-counts

| |
-0.1 0 +0.2

Velocity (mmsec™) —>

(I) +0|.2
Velocity (mmsec™)——
The correct matches of spectra (A) and (B)
with the iron complexes are —

(A) A with (i) and B with (ii)

(B) A with (ii) and B with (i)

(C) A with (iii) and B with (ii)

(D) A with (ii) and B with (iii)

The probability of finding the particle in a one
dimensional box of length L in the region

between L andi for quantum number n = 1

4 4

is—

1 L1
(A) 5 B) ,+

11 2
A particle in three dimensional cubic box of

14h?

length L has energy of 8mL2" The degeneracy
of the state is—
(A) 2 (B) 3
©) 6 D) 9

The following are the three statements about

perturbation theory —

1. Second order perturbation correction to
the ground state energy is ALWAYS
negative.

99.

100.

101.

102.

2. Sum of the zeroth order and first order
corrections to the ground state energy is
ALWAYS greater than the exact ground
state energy.

3.  Sum of the zeroth order and first order
corrections to the ground state energy is
less than the exact ground state energy.

From the following which one is correct ?
(A) Only 1 is true

(B) Both 1 and 2 are true

(C) Only 3 is true

(D) Both 2 and 3 are true

Using Huckel molecular orbital approxi-

mation, the two roots of secular equation of
ethene are—

(A) a+V2B,0-V2p

B) a+p,a

© a+p,a-p

D) a+2p,0-2p
For H, molecule in the excited state ¢', o' ,
the spin part of the triplet state with ms =0
is proportional to—
(A) (1) B(2)
B) [a(D) B(2) - (1) ()]
©) a(l) a(2)
D) [o(D) B(2) + (1) a(2)]
A square pyramidal, MX,, molecule belongs
to C,y point group. The symmetry opera-
tions are : E, 2C,, C,, 20y, and 20A. The

trace for the reducible representation, when
symmetry operations of C,, applied to MXy,
is—

(A) 51113 B) 11111

© 51111 MD)41113

Character table of C,,,, point group is
C, E ‘ C, ‘ Oy ‘ Oy

| _

-1 X

A |
A, | 1
B, | 1
B, | 1

-1 1 y

If the initial and final states belong to A, and
B, irreducible representations respectively,



103.

104.

105.

106.

107.

the allowed electronic transition from A, to
B, is—

(A) z-polarized
(C) x-polarized

(B) y-polarized
(D) x, z polarized

Using cuvette of 0.5 cm path length, a 10~
M solution of a chromophore shows 50%
transmittance at certain wavelength. The
molar extinction coefficient of the chromo-
phore at this wavelength is (log 2 = 0.301)—

(A) 1500 M~ cm™'  (B) 3010 M~! cm™!
(C) 5000 M~ cmr! (D) 6020 M~! cm!

The set of allowed electronic transitions
among the following is—

1. 43 21 2. 33 —310
3. A=A 4. 201 — 211
5. 23 —3A

(A) 1,2,5 ®) 1,3,5
(©) 2,3,4 (D) 3,4,5

The following data were obtained from the

vibrational fine structure in the vibronic

spectrum of a diatomic molecule :
0,=512cm™, w,x, =8 cm!

where w, is the energy associated with the

natural frequency of vibration and x, is the

anharmonicity constant. The dissociation

energy (D,) of the molecule is—

(A) 4096 cm™! (B) 6144 cm™!

(C) 8192 cm™! (D) 16384 cm™!

An ideal gas was subjected to a reversible,

adiabatic expansion and then its initial

volume was restored by a reversible, isother-

mal compression. If ‘g’ denotes the heat

added to the system and ‘w’ the work done

by the system, then—

(A) w<0,g<0 B)w>0,g<0

) w<0,g>0 D) w>0,¢g>0

The gas phase reaction 2NO,(g) — N,0,(g)

is an exothermic process. In an equilibrium

mixture of NO, and N,O,, the decomposi-

tion of N, O, can be induced by —

(A)

B)

©

D)

Lowering the temperature

Increasing the pressure

Introducing an inert gas at constant
volume

Introducing an inert gas at constant
pressure

108.

109.

110.

111.

112.
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Indicate which one of the following relations
is not correct—

® - (5),= (Gs),
© -(G) = (R,

aS oV
(D) - (ap)T‘ (aT b
The energy levels of the harmonic oscillator
(neglecting zero point energy) are €, = nhv

forn=0,1,2,...,%. Assuming hv = kT,
the partition function is—
1
®)
1
D) —

1=~
e

(A) e

1
© 1-,

The correct entropy for 6 identical particles
with their occupation number 10, 1, 2, 3| in
four states is—
(A) k,In6

(C) k,In60

(B) k,In 12
(D) k, 1In 720

The correct Nernst the

concentration cell :

equation for

Pt IH, (P) | HCI (a,), | AgCI(S) | Ag Agl
AgCI(S) | HCI (a,), | II, (P) | Pt without
liquid junction would be —

(&) E=7g Lo o}
_RT, (@),

B) E="p Ln 5
©) E=2RTy, @)
F (ax)l

_RT (@),

(D) E=Jp Lo =

Main assumption(s) involved in the deriva-
tion of Debye-Huckel equation is(are) the
validity of —

(A) Only Poisson equation
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113.

114.

115.

116.

117.
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(B) Poisson equation and Boltzmann distri-
bution

(C) Poisson equation, Boltzmann distribu-
tion and |£Ze¢l >> kT

(D) Poisson equation, Boltzmann distribu-
tion and |x Zel << kgT

In the base (OH™) hydrolysis of a transition
metal complex [ML,]%*, the slope between

log(k/k,) and V'1 is found to be —2.1. The
charge on the complex is—

(A) +1 (B) +2

(C) +3 (D) +4

The rate law for one of the mechanisms of
the pyrolysis of CH;CHO at 520 °C and 0.2

2kd

The overall activation energy E  in terms of
the rate law is—
(A) E,)+E (1) +2E_4)

k, \12
baris Rate =—k, |5, ;| [CH,;CHOJ*?

B) E,(2)+ % E,()-E,&#
1 1
© E@)+5E,D-5EM®

(D) E, @)~ E,()+) E,(4)

In the Michaelis-Menten mechanism for en-
zyme kinetics, t he expression obtained is

\ — 12 100V

[El, [S] 14 x 10'2 - [El,
The values of ky (k. mol L~s7!) and K
(Michaelis constant, mol L), respectively,
are—
(A) 14x102,10* (B) 1.4 x108,10*
(C) 14x108,10* (D) 1.4x10'2,10*
The most used acid catalyst in oil industry
and the relevant process are respectively —
(A) Aluminophosphate and reforming
(B) Aluminosilicate and cracking
(C) Aluminosilicate and reforming
(D) Aluminophosphate and cracking

The wavelength and the spectral region for a
single electron transfer across the band gap
in a semiconductor (E, = 1-98 x 10719 J)

are —

118.

119.

120.

121.

Me

[h=6.626 x 1073* Js,c =3 x 108 ms™']
(A) 1000 nm,UV  (B) 1000 nm, IR
(C) 500 nm, visible (D) 500 nm, FAR IR
The lattice parameter of an element stabi-

lized in a fec structure is 4.04 A. The atomic
radius of the element is—

(A) 2.86 A (B) 143 A
(C) 429A (D) 572 A
The number-average molar mass (1\7[n) and

weight-average molar mass (MW) of a poly-
mer are obtained respectively by —

(A) Osmometry and light scattering mea-
surements

(B) Osmometry and viscosity measure-
ments

(C) Light scattering and sedimentation mea-
surements

(D) Viscosity and light scattering measure-
ments

Two data sets involving the same variables
X and Y are given below :

X 41 42 43 44 45 46
Y (SetA) 102 106 109 115 11.8 122
Y (SetB) 102 106 11.1 113 11.8 122
If the slopes and intercepts of the regression
lines for the two sets are denoted by (m,,
mg) and (c,, cg), respectively, then—
(A) my>mp,cy>cp
(B) m, <mg,c,>cy
(C) my>mp,cy<cy
(D) m, <mpg,c, <cy
Compounds A and B exhibit two singlets,
each in their '"H NMR spectra. The expected
chemical shifts are at d—

0]
o O, Me LoMe
N o 0 Me/Ow
(0]
A B
(A) 69and?2.1 for A;7.7 and 3.9 for B
(B) 7.7and 3.9 for A; 6.9 and 2.1 for B
(C) 69and 3.9 for A;7-7 and 2.1 for B

(D) 7.7 and 2.1 for A; 6.9 and 3.9 for B
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122. In the following reaction sequence, the (A) Photochemical electrocyclic disrotatory

major products A and B are— ring opening; and thermal antarafacial
OAC [1,7]-H shift

AcO Br AgNO, (B) Photochemical electrocyclic conrota-

AcO AcOH MeOH tory ring opening; and thermal antara-

facial [1, 7]-H shift
Ac

o (C) Thermal electrocyclic conrotatory ring
Ais AcO BisAcO 0] ine: and ph hemical facial
AcO Br AcO OMe opening; and photochemical suprafacia

AcO AcO [1,7]-H shift

(A) (D) Thermal electrocyclic disrotatory ring

QAc OAc opening; and thermal suprafacial [1, 7]-
Ais AcO O Bis Acom H shift
AcO AcO OMe . . .
AcO

Br AcO 125. The intermediate A and the major product B
in the following reaction are —
(B) 0
OAc OAc
Ads AcOmB Bis ACOM @f‘\Ns A A B
T
AcO AcO AcO AcO NH, (intermediate)
OMe O

© (A) Adisacyl cation : B is (
OAc OAc NH
Ais ACOM Bis ACOM H
AcO
e A0S (B) Ais acyl cation : B is /L—O
N
H

Br OMe
D) o
123. The strpcture of th.e tricyclic compound (C) Adis acyl nitrene : B is (
formed in the following two steps sequence NH
is—
(6]

TZ_ ZT

A is acyl nitrene : B is
[ j@[ 1. NBS (2eq.), Bz,0, A (D) y
2. aq. NaOH .

126. For the following two reactions A and B, the
correct statement is—

B KO'Bu (excess)
@ [ ]@j ®) [ ]@j >(C(COOH
O. Cl
/N N KO'Bu (excess)
()EN on )EN g >(©/COOH

124. The two steps conversion of 7-dehydro-
B gives
COOK

cholesterol to vitamin D, proceeds through— A gives

=
B) Agives B gives
H Ho JH (B) COO K
HO
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127.

128.

o-pinene

129.

| Chemical Sciences 2012

©) both A and B give >(©
>(©\coo K

The major compound B formed in the
reaction sequence given below exhibited a
carbonyl absorption band at 1770 cm! in
the IR spectrum. The structures A and B
are—

@_\ 9-BBN

A
coome H:0»NaOH

Ii>_\coo1v1e
E>ﬂ

COOMe

Ai > \

© ISHO COOMe Biis
Ai > \

(D) Als COOMe

N
HO

(D) both Aand B give

MsCl, NEt,
B

e}——{onll T o T
Q Q
o o

On-

©)

@)

QQ:.

Consider the following reaction sequence
starting with monoterpene a-pinene. Identify
the correct statement—

A alk KMnO, NaOH/Br,

pinonic acid pinic acid
(A) A has a disubstituted double bond; B
and C are dicarboxylic acids

A has a trisubstituted double bond; B is
a methyl ketone; and C is a dicar-
boxylic acid

A has a disubstituted double bond; B is
a methyl ketone; and C is a dicaroxylic
acid

A has an exocyclic double bond; B and
C are monocarboxylic acids

B)

©

D)

The major product formed when (3R, 45)-3,
4-dimethylhexa-1, 5-diene is heated at 240
°Cis—

(A) (2Z,6Z)-octa-2,6-diene

(B) (2E,6E)-octa-2,6-diene

(C) (2E,6Z)-octa-2,6-diene

(D) (3Z,5E)-octa-3,5-diene

130.

131.

132.

133.

Structure of the starting material A in the
following photochemical Norrish reaction,

©)

Considering the following reaction, among
a—c, the correct statements are —

0 OH
Et
85% de
1. The carbonyl group has enantiotopic

faces;
2. The hydride attack is re-facial,
3. Itis a diastereoselective reduction
(A) land2only (B) 1and3 only
(C) 2and3only (D) 1,2and3

The major product formed in the following
reaction sequence is—

1. m-CPBA
2. BF,, Et,0
OH
w LT

The major product formed in the following
reaction sequence is—

H 1. DIBAL (1 eq.)
(¢
O
H

O

2. CH, = CHMgBr
3.PCC




134.

135.
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H I
(0]
0/\@ H
A C/\ﬂ/\ .
BANA, 0 (© A= B
H
CHO
(B) C\/(>=/ 1
H O@ Hu,
H (D) A= \n/@/ B=
0
o Ch-4
H 136. The major product formed in the following
H reaction is—
o CLrs i
H | A\ Br NaOMe
Match the following—
Compound O
(a) Acetic acid N COOMe
(b) Acetonitrile (A) B) —
(c) Acetone
(d) Carbon tetrachloride o ﬁ
13C NMR chemical shift (3 ppm) L A li
1. 95 2. 115
C D
3. 175 4. 205 © ®)
@) (b) © @ 137. The reagents A and B in the following
A 3 2 4 1 reactions are—
®B) 3 4 1 2 -, o
D) 3 1 2 4 oo N o i
H

The major products A and B in the

following reaction sequence are —
OH
n-Bu;SnH
PPh,; DEAD AIBN, A

2-Iodophenol
(DEAD = diethyl azodicarboxylate)

40

&
5

i

A) A
&) 138.

(B) A=

e

< LiAIH,, NaOEt
X _OH A

(A) A =CH,l,,Zn—Cu; B = Me,S*I, NaH

(B) A =CH,I,Zn—Cu; B = Me,;S*O)I-,
NaH

(C©) A =Me,;S*I",NaH; B = Me,S*(O)I,
NaH

(D) A =Me;S*(O)I",NaH; B = CH,1,,
Zn—Cu

The major products A and B formed in the
following reaction sequence are —

Sharpless epoxidation
L-(+)~-diethyl tartrate
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139.

140.

141. The major product formed in the following
reaction is—

0 Me,CulLi
Et,0

A)

The major products A and B formed in the

following reaction sequence are— (B) 0
O &
/=\ O
1 1By B
Pd(PPh),, K;PO, ©

(A) A= O_\BSD

D)
o~ Ome g
. O/\/%( 142. The correct sequence of reagents for effec-
) "Bu ting the following conversion is—
0]
©) a- -
ey - ) Ph o
O n
O Ph
D) A — (A) (a) (CH,OH),, PTSA, A;
K )

(b) CO,TIC> AlMe; (Tebbe’s

O Bu
The correct reagent combination/reaction reagent); (¢) H;0*; (d) KOH
sequence for effecting the following conver- (B) (a) (CH,OH),, PTSA, A; (b) Ph,P-CH,;
SION 18— (c) H,0%; (d) KOH
(o oo
reagent);
(A) (a) Me,;SiCH,OMe, BuLi; (b) H,O; (b) H;0%; (c) KOH
(c) NaBH,, MeOH (D) (a) Ph,P-CH,; (b) H;O%; (c) KOH
(B) (a) Ph;P*CH,OMeCl", BuLi; (b) H;0% 143 The major products A and B formed in the
(c) NaBH,, MeOH following reaction sequence are —
(C) (a) NH,NHTs; (b) NaOEt; (c) CICOOEt Me
(D) (2) NH,NHTS; (b) 2eq. "BuLi; @E\g N maio
(c) HCHO n o Do ’



A 4
Ph
OH
T onie @E\Q
H N Ph
N
(C) A= N Bm
OH N H
H Ph
Ph
- N B= A\
(D) A %OH g

144. The reagent A required and the major
product B formed in the following reaction

sequence are —
Q2
Br

(A) A=CH,Br, and KO'Bu B=

AgNO,/H,0

(B) A=CH,Br, and KO'Bu B =
Br

(C) A=CHBr; and KO'Bu g =

e (e e Qe

(D) A =CHBr, and KO'Bu B=

-

Br

145. Among the choices, the correct statement for
A formed in the following reaction—
OH
O

1o+ (P — XX
W N >‘\\\
H
A

(A) A is asingle enantiomer

(B) A is aracemic mixture

(C) A is a mixture of two diastereomers
(D) A is a mixture of two epimers

16.

17.
22.
217.

O 0 W N =

. (A)

. (B) In the most general sense of the word, a
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Answers with Explanations
(D)
(C) Total number of squares are 15.
D) 4.B) 5.(0) 6.(A)
B)

(B) Chewing equilibrates the pressure on both
side of the ear drum.

11.(A)  12.(D)

7.(B)

13.(B) 14.(A)

cement is a binder, a substance that sets and
hardens independently, and can bind other
materials together. The word “cement” traces
to the Romans, who used the term opus
caementicium to describe masonary resem-
bling modern concrete that was made from
crushed rock with burnt lime as binder.

(D) Radiocarbon dating (usually referred to as
simply carbon dating) is a radiometric dating
method that uses the naturally occurring
radioisotope carbon-14 (4C) to estimate the
age of carbon-bearing materials up to about
58,000 to 60,000 years. Raw i.e., uncali-
brated, radiocarbon ages are usually reported
in radiocarbon years “Before Present” (BP),
with “present” defined as AD 1950. Such raw
ages can be calibrated to give calendar dates.
One of the most frequent uses of radiocarbon
dating is to estimate the age of organic
remains from archaeological sites. When
plants fix atmospheric carbon dioxide (CO,)
into organic material during photosynthesis
they incorporate a quantity of '#C that
approximately matches the level of this
isotope in the atmosphere (a small difference
occurs because of isotope fractionation, but
this is corrected after laboratory analysis.

(A) 18.(C) 19.(C) 20.(C) 21.(B)
(D) 23.(A) 24.(D) 25.(D) 26.(C)

(A) Carbon 14, unlike carbon 12 and carbon
13, is radioactive; meaning that over time the
carbon 14 atoms will decay. When the isotope
carbon 14 decays it gives off a beta particle
and in doing so becomes nitrogen 14. The
amount of carbon 12 and carbon 13, however,
remains constant.

. (D) The base pairing-rules for DNA are that,

only the Nitrogen Bases of DNA which are;
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29.
31.

32.
36.

37.

38.
43.
45.

Adenine “A”-which only pairs with-Thymine
“T”, and Cytosine “C”-which only pairs with-
Guanine “G” can only pair to one another
within that sequence.

(A) 30.(B)

(C) In coordination chemistry, a ligand is an
ion or molecule that binds to a central metal
atom to form a coordination complex. The
bonding between metal and ligand generally
involves formal donation of one or more of
the ligand’s electron deficient pairs. The
nature of metal-ligand bonding can range
from covalent to ionic. Furthermore, the
metal-ligand bond order can range from one
to three. Ligands are viewed as Lewis bases,
although rare cases are known involving
Lewis acidic “ligands”.

(©) 33.(B) 34.(A) 35.(D)

(B) Chromate salts contain the chromate
anion, CrO 42‘. Dichromate salts contain the
dichromate anion, Cr,0,2~. They are oxya-

nions of chromium in the oxidation state +6.
They are moderately strong oxidizing agents.

(A) For hydrogen and other nuclei stripped to
one electron, the energy depends only upon
the principal quantum number 7.

-13.67%eV
En = n2

This fits the hydrogen spectrum unless you
take a high resolution look at fine structure
where the electron spin and orbital quantum
numbers are involved. At even higher resolu-
tions, there is a tiny dependence upon the
orbital quantum number in the Lamb shift.

(D) 39.(D) 40.(B) 41.(A) 42.(D)
B) 44.(0
(C) In thermodynamics, the triple point of a

substance is the temperature and pressure at
which the three phases (gas, liquid and solid)
of that substance coexist in thermodynamic
equilibrium. For example, the triple point of
mercury occurs at a temperature of
—38.8344°C and a pressure of 0.2 mP,,.

In addition to the triple point between solid,
liquid and gas, there can be triple points
involving more than one solid phase, for
substances with multiple polymorphs.
Helium-4 is a special case that presents a

46.
48.

49.
50.

51.

52.

triple point involving two different fluid
phases. In general, for a system with p
possible phases, there are triple points.

() =Lre-vo-2

B) 47.(0

(A) The key assumption of Activated
Complex Theory (ACT), that the AC is in
thermodynamic equilibrium with the reac-
tants, needs to be reconsidered. This is
because the formation of the AC is slower
than its collapse to product. However, this can
be remedied by assuming that the AC is
formed in a rapid pre-equilibrium as a
thermally activated species, which collapses
to products in a slow step involving the
diffusion of another AC molecule (or solvent
in the case of a unimolecular reaction).

D)

(B) Additional Polymerization : A chemical
reaction in which simple molecules (mono-
mers) are added to each other to form long-
chain molecules (polymers) without by
products. The molecules of the monomer join
together to form a polymeric product in which
the molecular formula of the repeating unit is
identical with that of the monomer. The
molecular weight of the polymer so formed is
thus the total of the molecular weights of all
of the combined monomer units.

(C) First, consider the atoms at the 8 corners.
Each corner atom is occupied by 8 unit cells,
which means 1/8 of the atom is actually in
one unit cell. There are 8 of these corner

1
atoms, so 8 (8) =1.

Next, consider the atoms at the 6 faces of the
unit cell. Each face atom is occupied by 2 unit
cells, which means 1/2 of the atom is in one
unit cell. There are 6 of these face atoms, so 6
(172) =3.

Add up the two values... 1 +3 =4

So, there are 4 atoms contained in a face-
centered.

(C) Liquids, solids and gases all may be
mixed to form colloidal dispersions.

Aerosols : solid or liquid particles in a gas.

Examples : Smoke is a solid in a gas. Fog is
a liquid in a gas.



53.
55.

56.

57.

Sols : solid particles in a liquid. Example :
Milk of Magnesia is a sol with solid magne-
sium hydroxide in water.

Emulsions : liquid particles in liquid.
Example : Mayonnaise is oil in water.

Gels : liquids in solid. Examples : gelatin is
protein in water. Quicksand is sand in water.

(B) 54.(B)

(B) As ester is first priority group compared
to ketone and alkene, it will go in first priority
and after applying Cahn-Prelog Rule (A
molecule may contain any number of stereo
centers and any number of double bonds, and
each gives rise to two possible configurations)
option 2 is correct.

(D) Due to the generation of allelic and
benzylic carbonium that is resonance stabi-
lized so it will attack on the bromo allyl in
very facile condition that’s why product 4 is
formed as major product.

(C) In the phenathrene there are 7 types of
magnetically equivalent while in anthracene
there are 4 types of magnetically equivalent
carbons. Phenanthrene is a polycyclic
aromatic hydrocarbon composed of three
fused benzene rings. The name phenanthrene
is a composite of phenyl and anthracene. In
its pure form, it is found in cigarette smoke
and is a known irritant, photo-sensitizing skin
to light. Phenanthrene appears as a white
powder having blue fluorescence.

N E (P880 %
i

- PS 11

041

E,, (Volts)

'Y

58.
59.
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D)

(B) Due to generation of two chiral centers by
epoxidation it will generate diastereomers. A
diastereomer is simply any stereoisomer that
is not an enantiomer. Technically, cis-trans
isomers are diastereomers. However, typically
the term is reserved for stereoisomers that
differ at some but not all stereocenters.

CH,
H Not
Cl' minor
images!
invert CHj CH,
only diastereomer
one
stereocenter
Diastereomers formed by inverting some but not all
stereocenters
60. (A) 61.(B)
62. (B) Due to the cis bromonium addition and

63.
68.
69.

70.
75.

85.
90.

Cytb/f v
CytbL | Q /)
gx
P80

after that SN2 reaction of OMe - gives the
product two due to oxygen lone pair.

(D) 64.(A) 65.(B) 66.(D) 67.(A)
(A)
(C) Due to Birch reduction first intermediate

is the one which prefers the formation of
product 3 as para directing strength of methyl
group is more than that of methoxy.

(D) 71.(D) 72.(A) 73.(B) 74.(D)
(D) 76.(C) 77.(C) 78.(B) 79.(B)

. (D) 81.(A) 82.(D) 83.(B) 84.(A)
(D) 86.(C) 87.(C) 88.(D) 89.(B)
D) 91.(A) 92.(A)

light | ST
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94.
99.
104.
109.
111.

112.
117.
122.
127.
128.

129.
130.

131.

132.
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€ 95.(B) 96.(B) 97.(C) 98.(B)
(C) 100.(D) 101.(A) 102.(C) 103.(D)
(C) 105.(C) 106.(B) 107.(D) 108.(B)

(D) 110.(C)

(B) The two (ultimately equivalent) equa-
tions for these two cases (half-cell, full cell)
are as follows :

E..=E° —% In ZRT;: (half-cell reduction
potential)

RT .
E.i=E%. — F In Q (total cell potential)
(D) 113.(B) 114.(C) 115.(C) 116.(B)
(B) 118.(B) 119.(A) 120.(C) 121.(A)
(B) 123.(D) 124.(B) 125.(D) 126.(B)
(B)

(B) A has a trisubstituted double bond which
is endocyclic and after KMnO, oxidation it

gives B a methyl ketone and after the
reaction with NaOH and Br, gives

dicarboxylic acid C.

©)

(C) This is the Norrish type reaction in
which abstraction of gama hydrogen takes
place by the formation of double bond that
gives product 3.

(C) The hydride ion attacks from the lower
face of the plane that is called re facial and it
reduces the ketone that results in another
chiral centre so it will be diastereoselective
reduction.

D)

133.

134.
137.

138.

139.

140.

141.
143.

144.

(A) In case of DIBAL reaction opening of
lactam took place because here is only 1
equation DIBAL is used so further reduction
of aldehyde is not possible second reaction
is Grignard on aldehyde group which give
secondary allelic alcohol which on oxidation
with PCC gives ketone.

(A) 135.(A) 136.(B)

(B) The alpha beta unsaturated ketones on
reaction with Ch212 Zn—Cl give cyclopropyl
on alpha beta unsaturated bond on the other
hand alpha beta unsat alcohols on reaction
with tetramethyl sulphonium iodide in pre-
sence of hydride gives cyclopropane at alpha
beta unsat positions.

(C) Reaction with LAH gives cis ally
alcohol which on sharpless epoxidation
gives up epoxide.

(B) The hydroboration of alkynes gives
trans hydroborene due to steric hindrance of
bulkier cyclopropyl and hydroborating group
which on further substitution gives same
side conjugated alkene.

(D) A simple stark examine reaction after
that anionic attack on formaldehyde gives
the alcohol.

(D) 142.(A)

(D) Abstraction of H from indolic N attacks
on oxirane giving product 4A which after
addition with benzaldehyde gives product
4B.

(C) 145.(B)
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Direction List of the Atomic Weights of the
1. This Test Booklet contains one hundred and Elements
forty five (20 Part ‘A’ + 50 Part ‘B’ + 75 Part Atomic Atomic
‘C’) Multiple Choice Questions (MCQs). You Element Symbol Number | Weight
are required to answer a maximum of 15, 35 Actinium Ac 89 (227)
and 25 questions from part ‘A’, ‘B’ and ‘C’ Aluminium Al 13 26.98
respectively. If more than required number of Americium Am 95 (243)
questions are answered, only first 15, 35 and Antimony Sb 51 121.75
25 questions in Parts ‘A’, ‘B’ and ‘C’ Argon Ar 18 39.948
respectively, will be taken up for evaluation. Arsenic As 33 74.92
. . . Astatine At 85 (210)

2. Each question in Part ‘A’ and ‘B’ carries 2 Barium Ba 56 137 34
marks and Part ‘C’ questions carry 4 marks Berkelium Bk 97 (249)
each respectively. There will be negative Beryllium Be 4 9012
marking @ 25% for each wrong answer. Bismuth Bi 83 208.98

3. Below each question in Part ‘A’, ‘B’ and ‘C’ Boron B 5 10.81
four alternatives or responses are given. Only Bromine Br 35 79.909
one of these alternatives is the ‘correct’ option Cadrplum ¢d 48 112.40
to the question. You have to find, for each Calf:lum. Ca 20 40.08

. ’ Californium Cf 98 (251)
question, the correct or the best answer. Carbon C 6 12011
Useful Fundamental Constants Cerium Ce 58 140.12
m  Mass of electron 9.11 x 103! kg Cesium Cs 55 13291
Chlorine Cl 17 35453
b Planck’s constant 6.63 x 107 J-sec Chromium Cr 2 52.00
e Charge of electron 1.6 x 10719 C Cobalt Co 27 58.93
Copper Cu 29 63.54
K Boltzmann constant 138 x 10723 JJK Cufilzlm Cm 96 (247)
c Velocity of Light 3.0 x 108 m/sec Dysprosium Dy 66 162.50
Einsteinium Es 99 254
eV 16x10°) Erbium Er 68 Corn6
amu 1,67 x 1027 kg Europium Eu 63 151.96
G 6.67 x 10-11 Nm2 kg2 Fermium Fm 100 (253)
R Rydberg constant 1,097 x 107 m-! Fluorine F 9 19.00
Y : Francium Fr 87 (223)
N,  Avogadro number 6.023 x 10> mole~! Gadolinium Gd 64 157.25
g 8.854 x 10-12 Fm~! Gallium Ga 31 69.72
Germanium Ge 32 72.59
Mo 4m>x 107 Him! Gold Au 79 196.97
R Molar Gas constant 8.314 JK~! mole™! Hafnium Hf 72 178.49
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Helium
Holmium
Hydrogen
Indium
Todine
Iridium

Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendelevium
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulphur
Tantalum
Technetium

2
67
1
49
53
77
26
36
57
103
82
3
71
12
25
101
80
42
60
10
93
28
41
7
102
76
8
46
15
78
94
84
19
59
61
91
88
86
75
45
37
44
62

4003
164.93
1.0080
114.82
126.90
1922
55.85
83.80
138.91
(257)
207.19
6.939
174.97
24312
54.94
(256)
200.59
95.94
14424
20.183
(237)
58.71
9291
14.007
(253)
190.2
15.9994
106.4
30.974
195.09
(242)
(210)
39.102
14091
(147)
(231)
(226)
(222)
186.23
102.91
85.47
101.1
150.35
4495
78.96
28.09
107.870
22.9898
87.62
32.064
180.95
99

Tellurium Te 52 127.60
Terbium Tb 65 158.92
Thallium Tl 81 204.37
Thorium Th 90 232.04
Thulium Tm 69 168.93
Tin Sn 50 118.69
Titanium Ti 22 47.90
Tungsten w 74 183.85
Uranium U 92 238.03
Vanadium \% 23 50.94
Xenon Xe 54 131.30
Ytterbium Yb 70 173.04
Yttrium Y 39 88.91
Zinc Zn 30 65.37
Zirconium Zr 40 91.22

* Based on mass of C!2 at 12.00... . The ratio of these
weights of those on the order chemical scale (in which
oxygen of natural isotopic composition was assigned a
mass of 16.0000...) is 1.000050. (Values in parentheses
represent the most stable known isotopes).

Part-A

1. Which of the following numbers is the
largest ?
234 043 324 342 423 432
) 2% (B) 3+
©) 4%° (D) 42°

2. The cube ABCDEFGH in the figure has each
edge equal to a. The area of the triangle with
vertices at A, C ang Fis—

C
A B
H G
EL ¥
(A) é a? (B) ? a?
©€) V3a? (D) 2V3 &2

3. What is the number of distinct arrangements
of the letters of the word UGC-CSIR so that
U and I cannot come together ?
(A) 2520 B) 720
(©) 1520 (D) 1800

4. Suppose the sum of the seven positive
numbers is 21. What is the minimum possible
value of the average of the squares of these
numbers ?

(A) 63 B) 21
<© 9 D) 7



113+213+313+...+ 10013
. Let A= 100 s

a 1134313 4513 4... 400913
50 ’
Co 213 4 413 4 613 4 - + 10013
50 ’
Which of the following is true ?
(A) B<C<A B) A<B<C
(©) B<A<C (D) C<A<B

. A circle of radius 5 units in the XY plane has
its centre in the first quadrant, touches the
x-axis and has a chord of length 6 units on the
y-axis. The coordinate of its centre are —

(A) (4,6) B) (3.5)
© 5.4 D) 4,5)

. A wire of length 6 metres is used to make a
tetrahedron of each edge 1 metre, using only
one strand of wire for each edge. The
minimun number of times the wire has to be
cutis—

B

(A) 2
©) 1

(B) 3

D) 0

. If the sum of the next two terms of the series
below is x, what is the value of log,x ?

2,-4,8,-16,32,-64,128, ............

(A) 128 (B) 10
(C) 256 D) 8
30°

A conical vessel with semi-vertical angle 30°
and height 10-5 cm has a thin lid. A sphere
kept inside it touches the lid. The radius of
the sphere (in cm) is—

(A) 35 B) 5

©) 65 D) 7

10.

11.

12.

13.

14.

15.
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Amar, Akbar and Anthony are three friends,
one of whom is a doctor, another is an
engineer and the third is a professor. Amar is
not an engineer. Akbar is the shortest. The
tallest person is a doctor. The engineer’s
height is the geometric mean of the heights of
the other two. Then which of the following is
true ?

(A) Amar is a doctor and he is the tallest

(B) Akbar is a professor and he is tallest

(C) Anthony is an engineer and he is shortest

(D) Anthony is a doctor and he is the tallest
If 100 cats catch 100 mice in 100 minutes,
then how long will it take for 7 cats to catch
7 mice ?

(A) 100/7 minutes (B) 100 minutes

(C) 49/100 minutes (D) 7 minutes

What does this digram demonstrate ?

A) 1+2+3+...+n:%
(B) 12422432 4 42 =" (n+1)yQ2n+1)
2

©) 1+3++Q2n+=-1)=n?
2n(n+1)yQn+1)
3

Suppose there are socks of N different colours
in a box. If you take out one sock at a time,
what is the maximum number of socks that
you have to take out before a matching pair is
found ? Assume that N is an even number.
(A) N B) N+1

(C) N-1 (D) N2

At what time after 4 O’ clock, the hour and
the minute hands will lie opposite to each
other ?

(A) 4-50"-31" B) 4-52"-51"

(C) 4-53"-23" (D) 4 -54"-33"
Which of the following curves just touches
the x-axis ?

(A) y=x2—x+1

(D) 22 +42 4+ (2n)2 =
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16.

17.

18.

19.

20.

B) y=x2-2x+2
(C) y=x2-10x+25
(D) y=x2-Tx+12

C D

A R
If AB is paralleled to CD and AO = 20D,
then the area of triangle OAB is bigger than
the area of triangle OCD by a factor of —

(A) 2 (B) 3
© 4 D) 8

R

A semi-circular arch of radius R has a vertical
pole put on the ground together with one of
its legs. An ant on the top of the arch finds the
angular height of the tip of the pole to be 45°.

The height of the pole is—
(A) V2R (B) V3R
(©) V4R (D) V5R

Suppose we make N identical smaller spheres
from a big sphere. The total surface area of
the smaller spheres is X times the total surface
area of the big sphere, where X is—

(A) VN (B) 1

(C) NI3 (D) N3

What is the next number in the sequence 24,
30, 33,39, 51, == ?
(A) 57

©) 54

(B) 69
(D) 81

Four lines are drawn on a plane with no two
parallel and no three concurrent. Lines are
drawn joining the points of intersection of the
previous four lines. The number of new lines
obtained this way is—

(A) 3
©) 12

(B) 5
(D) 2

21.

22.

23.

24.

25.

26.

27.

28.

Part-B

For an odd nucleon in ‘g’ nuclear orbital and
parallel to I, spin and parity are —

(A) 9/2 and (+) (B) 7/2 and (+)
(C) 9/2 and (-) (D) 7/2 and (-)
For the deposition of Pb by electroplating, the

best suited compound among the following
is—

(A) PbCl, (B) PbSO,

(C) Pb(ED), (D) Pb(BF4),
Appropriate reasons for the deviation form
the Beer’s law among the following are —

1.  Monochromaticity of light

2. Very high concentration of analyte

3. Association of analyte

4. Dissociation of analyte

(A) 1,2and 4 (B) 2,3and 4

(©) 1,3and 4 (D) 1,2 and 3

Which one of the following shows the highest
solubility in hot concentrated aqueous NaOH?
(A) La(OH); (B) Nd(OH);

(C) Sm(OH); (D) Lu(OH);

In the vibrational spectrum of CO,, the
number of fundamental vibrational modes
common in both infrared and Raman are —

(A) three (B) two

(C) one (D) zero

The light pink colour of [Co(H,0)¢]?* and the
deep blue colour of [CoCl,]? are due to—

(A) MLCT transition in the first and d-d
transition in the second

LMCT transitions in both

d-d transitions in both

d-d transition in the first and MLCT
transition in the second

(B)
©)
D)

In Mo,(S;)6]? cluster the number of bridging
S,2- and coordination number of Mo
respectively, are —

(A) 2and8 (B) 2and 6

(C) 1and8 (D) 1and 6

'H NMR spectrum of HD would show —
(A) asinglet
(B) a doublet



29.

30.

31.

32.

33.

34.

35.

36.

(C) atriplet with intensity ratio: 1:2:1

(D) atriplet with intensity ratio 1 : 1: 1

The number of possible isomers of
[Ru(PPhs),(acac),] (acac = acetylacetonate)
is—

(A) 2 (B) 3

<€ 4 (D) 5

The total number of Cu — O bonds present in

the crystalline copper (II) acetate monohy-
drate is—

A) 10 (B) 6
©) 8 D) 4

The electronegativity difference is the highest
for the pair—

(A) Li, Cl1
(C) Na,Cl (D) Li,F

Which ones among COs2-, SO;, XeO; and
NO;~ have planar structure ?

(A) CO;%, SO; and XeO;

(B) SOj3, XeO5 and NO5~

(C) CO5%,Xe03 and NO;~

(D) CO3%,SO; and NO5~

The substitution of > — Cp group with nitric
oxide is the easiest for—

(A) m’ - Cp,Fe (B) n’ —Cp,CoCl
(C) m’ —Cp,Ni (D) m’ -Cp,Co

The molecule

(B) K, F

OCH,

%
(0C)M=C
) \Ph

obeys 18 e rule. The two ‘M’ satisfying the
condition are —

(A) Cr,Re* (B) Mo, V

(C) V,Re* D) Cr,V

The correct set of the biologically essential
elements is—

(A) Fe,Mo,Cu,Zn (B) Fe,Cu, Co,Ru
(C) Cu,Mn,Zn,Ag (D) Fe,Ru,Zn, Mg
The number of lines exhibited by a high
resolution EPR spectrum of the species,
[Cu(ethylenediamine,]?* is [Nuclear spin (I)
of Cu=3/2 and that of N =1]—

(A) 12 (B) 15

(©) 20 (D) 36

37.

38.

39.

40.

41.

42.
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Degradation of penicillin G—
HHH

'l Nj;(j/

ﬁOH
0

gives penicillamine that can utilize nitrogen,
oxygen or sulfur atoms as donors to bind with
lead(IT), mercury(Il) or copper(I). The
structure of penicillamine is—

(A) HN\>/

\\Tu

(B) ph/\( y
o

() \rrN“vSH
O

HN@B

o PR

ﬁOH
O

The molecule that has an Sg symmetry
element is—

(A) ByHg
(C) PH;

(B) CH4

(D) SFq

The electric dipole allowed transition in a d?
atomic system is—
(A) 3 F =D

(C) 3k =3D
When a hydrogen atom is placed in an electric

field along the y-axis, the orbital that mixes
most with the ground state 1s orbital is—

(A) 2s B) 2p,
©) 2p, (D) 2p,
For water, AHVap ~ 41 kJ mol!. The molar

entropy of vaporization at 1 atm pressure is
approximately —

(A) 410 K-1mol! (B) 110 J K-! mol!
(C) 41JK!'mol-! (D) 11JK-! mol!
If A and B are non-commuting hermitian

operators, all eigenvalues of the operator given
by the commutator [A, B] are—

(B) real
(D) zero

(B) 3F — P
(D) 3F — 3P

(A) complex
(C) imaginary
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43.

44,

45.

46.

47.

48.

49.

The value of the commutator [x , p,2] is given
by —

(A) 2i B)2in

©) 2inx D) 2inhp,

The correlation coeffcient between two
arbitrary variable x and y is zero, if —

(A) <xy>=<yx> (B) <xZ> = <x>?

C) <y>=<y>2 (D) <xy>=<yx><y>
A Carnot engine takes up 90 J of heat from

the source kept at 300 K. The correct
statement among the following is—

(A) it transfers 60 J of heat to the sink at
200 K

(B) it transfers 50 J of heat to the sink at
200 K

(C) it transfers 60 J of heat to the sink at
250 K

(D) it transfers 50 J of heat to the sink at
250 K

The relative population in two states with
energies E; and E, satisfying Boltzman
distribution is given by n;/n, = (3/2) exp.
[-(E; — E,)/KgT]. The relative degeneracy
82/81 18—

(A) 2

©) 312

The Daniell cell is—
(A) Pt, (s)|Zn(s) | Zn** (aq)| | Cu* (aq)| Cu(s)|
Pt;; (s)

Pt, ()| Zn(s) | Zn?* (aq) | | Ag* (aq)| Ag(s)|
Pty (s)

Pt, ()| Fe(s)| Fe* (ag)| | Cu?* (aq)| Cu(s)|
Pt;; (s)

Pt, (s)|Ha(g)| H,SO,
| Cu(s)| Pty (5)

If the concept of half-life is generalized to

quarter-life of a first order chemical reaction,
it will be equal to—

(A) In2/k B) Ind/k

©) 4/k (D) 1/4k
Kohlrausch’s law is applicable to a dilute
solution of —

(A) potassium chloride in hexane

(B) acetic acid in water

(B) 2/3
(D) 3

(B)
©)

D) (ag)| | Cu** (aq)

50.

51.

52.

53.

54.

(C) hydrochloric acid in water
(D) benzoic acid in benzene

A dilute silver nitrate solution is added to a
slight excess of sodium iodide solution. A
solution of Agl is formed whose surface
adsorbs—

A I (B) NOy

(C) Na* (D) Ag*

The absorption spectrum of O, shows a vibra-
tional structure that becomes continuum at
56875 cm™!. At the continuum, it dissociates
into one ground state atom (Og) and one
excited state atom (O,). The energy difference
between O, and O, is 15125 cm~!. The
dissociation energy (in cm™!) of ground state
of 02 is—

56875 15125
(A) 15125 B) S6875
(C) 72000 (D) 41750

The angle between the two planes represented
by the Miller indices (110) and (111) in a
simple cubic lattice is—

(A) 30° (B) 45°

(C) 60° (D) 90°

The correct representation of the variation of
molar conductivity (y-axis) with surfactant
concentration (x-axis) is [CMC = Critical
Micelle Concentration] —

A)

a
8
f

© | : o) |
ﬂéCMCg« ﬂéCMCf
e e

The major product formed in the following
reaction is—

Me
/\)\(\ Ag,0
Ph o N MeOH
hv



55.

56.

57.

58.

1\/=Ie
(D)
Ph/\/\o(\ OMe

If the pK, value for p-methoxybenzoic acid is
4-46 and that of benzoic acid is 4:19, the Opyrq
for methoxy group is—

(A) 865 (B) 4-32

(©) 0-27 (D) -0-27

The biosynthetic precursor of cadinene is—

Cadinene
(A) shikimic acid
(C) arachidonic acid (D) prephenic acid

(B) mevalonic acid

The correct order of acidity of the compounds
A-Cis—

0

¢ Q HO 0
0O : io HO: io
A B

C
(A) A>B>C (B) B>C>A
(C) C>A>B (D) B>A>C

The mechanism involved in the following

conversion is—
w0
O N piperidine
0~ COOEt ————
) ° ()
N " L co,

COOEt
(A) E,-elimination (B) E;-elimination

(C) syn-elimination (D) Elcb-elimination

F O

1+
MeO,S N
H
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59. The correct statement(s) A-D are given for

the following reaction. The correct one(s) is

(are)—
DMSO VN
%,CO, MeOZS—@N 0
aromatic ipso substitution reaction
aromatic nucleophilic substitution

aromatic electrophilic substitution
4. aromatic free radical substitution

(A) 1 and 2 only
(B) 1 and 3 only
(C) 3 and 4 only
(D) 3 only

W N =

60. The following photochemical transformation

proceeds through
o Ph OH
L v, py
“Ph

(A) Norrish type I reaction

(B) Norrish type II reaction
(C) Barton reaction

(D) Paterno-Buchi reaction

61. A tripeptide gives the following products on

Edman degradation.
Ph H 9
S Nio 0
|
Ph

The tripeptide is—
(A) Phe-Ala-Gly
(C) Ala-Gly-Phe

(B) Phe-Gly-Ala
(D) Gly-Ala-Phe

62. In the 'H NMR spectrum recorded at 293 K,

an organic compound (C3;H;NO), exhibited
signals at 8 7-8 (1 H, s), 2:8 (3 H, s) and 2:6
(3 H, s). The compound is—

H
O
(A) (B) Me_
H)kNMez \N/kOMe
H
Me NH
©) \N/AOMe (D)
H Me® "OMe

63. In the IR spectrum of p-nitrophenyl acetate,

the carbonyl absorption band appears at—
(A) 1670 cm™! (B) 1700 cm™!
(C) 1730 cm™! (D) 1760 cm™!



10

64.

65.

66.

67.

68.
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The absolute configuration at the two chiral

centres of (—)-camphor is—

;ﬁ«/o

(A) IR, 4R (B) IR, 4s

(©) 1s,4R D) 1s,4s

The major product formed in the following
reaction is—

1. Me,NCHO
@ POCI,
N 2. H,0"
H
CHO OHC
@ S ® T
N N
H H
CONMe,

N

Me,NOC
A\
H

The first person to separate a racemic mixture
into individual enantiomers is—

(A) J.H. Van’t Hoff (B) L. Pasteur

(C) H.E.Fischer (D) F.Wohler

Consider the following statements for [18]-

annulene :

1. itis aromatic

2. the inner protons resonate at 0 9-28 in its
'H NMR spectrum

3. there are six protons in the shielded zone.

The correct statements are —

(A) 1,2,3 (B) 1 and 2 only

(C) 2 and 3 only (D) 1 and 3 only

In the compound given below, the relation

between HA, HB, and between Br!, Br? is—
H,, _H

MQAMG

Br?

(A) HA, HB are enantiotropic; and Br!, Br?
are diastereotopic

(B) HA, HB are diastereotopic; and Br!, Br?
are enantiotropic

(C) HA, HB are diastereotopic; and Br!, Br?
are homotopic

(D) HA, HB are enantiotropic; and Br!, Br?
are homotopic

69.

70.

71.

72.

73.

Boc~y;

The most appropriate reagent to effect the
following chemoselective conversion is—

OAC —— OH
OTBDMS H OT1RDMS

(A) HCI, EtOH, reflux
(B) BuyNF

(©) K,CO3 MeOH

(D) CF;COOH, EtOH, rt

Boc ~N

Among the following, an example of a ‘Green
Synthesis’ is—

(A)
B)

synthesis of malachite green

Friedel-Craft’s acylation of anisole with
Ac,O/anhydrous AICl;

Jones’ oxidation of benzyl alcohol to
benzoic acid

©

Diels-Alder reaction of furan and maleic
acid in water

D)

Part-C

The recoil energy of a Mossbauer nuclide of
mass 139 amu is 2:5 Mev. The energy emitted
by the nucleus in keV is—

(A) 125 B) 150
(©) 205 (D) 250
Complexes of general formula, fac-
[Mo(CO);(phosphine);] have the C-O

stretching bands as given below :

Phosphines : PF; (A); PCl; (B); P(CI)Ph, (C);
PMe; (D)

v(CO), cm~! : 2090 (i); 2040 (ii); 1977 (iii);
1945 (iv)

The correct combination of the phosphine and
the streching frequency is—

(A) (A-1) (B—ii) (C—iii) (D-1iv)

B) (A-ii) B-1) (C-iv) (D —iii)

©) (A-iv) (B —iii) (C—ii) (D-1)

D) (A-ii)) B-iv) (C-1) (D —ii)

On subjecting 9-5 ml solution of Pb2+ of X M
to polorographic measurements, I; was found
to be 1 wA. When 0-5 ml of 0-04 M Pb2* was
added before the measurement, the I, was
found to be 1-25 pA. The molarity X is—

(A) 0-0035 (B) 0-0400

(C) 0-0067 (D) 0-0080



74.

75.

76.

7.

78.

Match each item from the List-I (compound
in solvent) with that from the List-II (its be-
haviour) and select the correct combination
using the codes given below —

List-I

(a) CH3COOH in pyridine
(b) CH3;COOH in H,SOy4
(¢) HCIOy4 in H,SO4

(d) SbFsin HF

List-11

1. Strong acid 2. Weak acid

3. Strong base 4. Weak base
Codes :

(2) (b) (©) (d)

(A) 1 2 3 4
(B) 2 1 3 4
© 3 4 2 1
(D) 4 2 3 1

Structure of a carborane with formula,
C,B4Hjg is formally derived from—

(A) Closo-borane (B) Nido-borane
(C) Arachno-borane (D) Conjuncto-borane
Boric acid is a weak acid in aqueous solution.

But its acidity increases significantly in the
presence of ethylene glycol, because —

A)
(B)

ethylene glycol releases additional H*

B(OH),” is consumed in forming a
compound with ethylene glycol

(C) ethylene glycol neutralizes H* released
by boric acid

(D) Boric acid dissociates better in the
mixed-solvent

Coordination number of ‘C’ in Be,C3; whose
structure is correlated with that of CaF,, is—
(A) 2 (B) 4

©) 6 (D) 8

For the molecule given below —

Mo,
co

(H,C),HN Co

79.

80.

81.

82.

83.

84.
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Consider the following statements about its
room temperature spectral data :
1. '"H NMR has singles at 5-48 and 3-18

ppm.
2. 'H NMR has multiplet at 5-48 and singlet
at 3-18 ppm.

3. IR has CO stretching bands at 1950 and

1860 cm™'.

4. IR has only one CO stretching band at
1900 cm™.

The correct pair of statements is—

(A) land3 (B) 2and 3

(C) 1and 4 (D) 2and 4

In the cluster [Co3(CH)(CO)y] obeying 18e
rule, the number of metal-metal bonds and the
bridging ligands respectively, are —

(A) 3and 1 CH (B) 0and 3 CO

(C) 3and 1 CO (D) 6 and 1 CH
Consider the ions Eu(IIl), Gd(III), Sm(III)
and Lu(IIl). The observed and calculated
magnetic moment values are closest for the
pair—

(A) Gd (11, Lu (IIT)

(B) Eu (III), Lu (IIT)

(C) Sm (III), Gd (110)

(D) Sm (III), Eu (III)

Silicates with continuous 3D framework
are—

(A) Neso-silicates  (B) Soro-silicates

(C) Phyllo-silicates (D) Tecto-silicates
The correct spinel structure of Co30,4 is—

(A) (Co™)(2C0*),04

(B) (Co*)(Co**Co*),0,4

(C) (Co**Co™)(Co*),0,4

(D) (2Co**")(Co?*)04

In the solid state, the CuCls3- ion has two
types of bonds. There are —

(A) three long and two short

(B) two long and three short

(C) one long and four short

(D) four long and one short

In metalloenzymes, the metal centers are

covalently linked through the side chains of
the amino acid residues. The correct set of
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85.

86.

87.
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amino-acids which are involved in the
primary coordination spheres of metalloen-
zymes is—

(A) Ala, Leu, His (B) Glu, His, Cys

(C) Leu,Glu.Cys (D) Ala, His, Glu
Consider the catalyst in Column-I and reaction
in Column-II :

Column-I

(a) [(R)-BINAP]Ru?-
(b) [Rh(CO),L]
(¢) Pd(PPhj),

d Ru

HNHZ

Column-II

1. Hydroformylation

2. Asymmetric hydrogenation

3. Asymmetric hydrogen transfer
4. Heck coupling

The best match of a catalyst of Column-I with
the reaction under Column-II is—

Codes :
() (b) (©) (d)
(A) 2 1 4 3 91.
(B) 1 2 3 4
© 3 1 4 2
(D) 4 3 2 1
A solution of 2-0 g of brass was analysed for
Cu electrogravimetrically using Pt-gauze as
electrode. The weight of Pt-gauze changed
from 14-5 g to 16:0 g. The percentage weight
of Cu in brass is—
(A) 50 (B) 55
() 60 (D) 75 92.

The platinum complex of NH; and CI™ ligands
is an anti-tumour agent. The correct isomeric
formula of the complex and its precursor are —

(A) cis—Pt(NH;),Cl, and PtCl,>~

(B) trans—Pt(NH;),Cl, and PtCl,2~

(C) cis—Pt(NH3),Cl, and Pt(NH5),2*
(D) trans—Pt(NH;),Cl, and Pt(NHs),2*

88.

89.

90.

Successive addition of NaCl, H;PO,, KSCN
and NaF to a solution of Fe(NO3);-9H,0
gives yellow, colourless, red and again
colourless solutions due to the respective
formation of —

(A) [Fe(H,0)sCI]?+, [Fe(H,0)5(POy)],
[Fe(H,0)5(SCN)]?*, [Fe(H,0)5F]**

(B) [Fe(H,0),CI(OH)]'*, [Fe(H,0)5(PO,)],
[Fe(H,0)5(SCN)]**, [Fe(H,0)5F]**

(C) [Fe(H,0)sCI)? +, [Fe(H, O)]*,
[Fe(H,0)5(SCN)]?*, [Fe(H,0)5F]**

(D) [Fe(H,0)sCl]?+, [Fe(H,0)5(POy)],
[Fe(H,0)5(SCN)]**, Fe(H,0)4(SCN)F] '+

Which one of following will not undergo

oxidative addition by methyl iodide ?

(A) [Rh(CO), L]

(B) [Ir(PPh3),(CO)CI]

(C) [n® -CpRh(CO),]

(D) [m® -Cp,Ti(Me)(CD)]

In  hydroformylation  reaction  using

[Rh(PPh3);(CO)(H)] as the catalyst, addition

of excess PPh; would—

(A) increase the rate of reaction

(B) decrease the rate of reaction

(C) not influence the rate of reaction

(D) stop the reaction

Find out the number of lines in the 3'P NMR
signal for—

H >H
| _F
~
H—P
I|\115 F
H~ H
(A) 3 B) 6
©) 18 (D) 90
The rate of exchange of OH, present in the
coordination  sphere by '8OH, of,
(i) [Cu(OHy)s]**; (i) [Mn(OH,)el*;

(iii) [Fe(OH,)g]%*; (iv) [Ni(OH,)e]?*, follows
an order—

(A) (1) > (i) > (iii) > (iv)

B) (@) > (iv) > (iii) > (ii)

(C) (i) > (iii) > (iv) > (i)

(D) (iii) > (1) > (iv) > (ii)



93

94.

95.

. Based on the behaviour of the metalloen-

zymes, consider the following statements :

1. In the enzymes, the zinc activates O, to
form peroxide species.

2. In the enzymes, the zinc activates H,O
and provides a zinc bound hydroxide.

3. In the oxidases, the iron activates O, to
break the bonding between the two
oxygens.

4. Zinc ion acts as a nucleophile and attacks
at the peptide carbonyl.

The set of correct statements is—

(A) 1and?2 (B) 2and 3

(C) 3and4 (D) 1and 4

Fe?*—porphyrins fail to exhibit reversible

oxygen transport and cannot differentiate CO

from O,. However, the haemoglobin is free
both these pitfalls. Among the following :

1. FeX*—porphyrins undergo u—oxodimer
formation and the same is prevented in
case of the haemoglobin.

2. Fe—CO bond strength is much low in
case of haemoglobin when compared to
the FeZ*—porphyrins.

3.  While Fe—CO is linear, Fe-O, is bent and
is recognized by haemoglobin.

4. The interlinked four monomeric units in
the haemoglobin are responsible to
overcome the pitfalls.

The correct set of statements is—

(A) 1and?2 (B) 1and 3
(C) 3and4 (D) 2and 4

Reactions A and B are, termed as respecti-
vely—
1.

Cl

|
SnCl, + Co,(CO)y— > (OC)A,CO*S|nfC0(CO)4
Cl

Me

I
Me,SnCl, + 2NaRe(CO);— (OC);Re —sln— Re(CO), + 2NaCl

Me
(A) Insertion, Metathesis
(B) Metathesis, Insertion
(C) Oxidative addition, Metathesis
(D) Oxidative addition, Insertion

96.

97.

98.

CSIR-Chemical Sciences (Dec.~12) | 13

A metal crystallizes in f.c.c. structure with a
unit cell side of 500 pm. If the density of the
crystal is 1-33 g/cc, the molar mass of the
metal is close to—

(A) 23 (B) 24
©) 25 (D) 26
The activation energy for the bimolecular
reaction A + BC — AB + C is E; in the gas
phase. If the reaction is carried out in a

confined volume of A3, the activation energy
is expected to—

(A) remain unchanged

(B) increase with decreasing A

(C) decrease with decreasing A

(D) oscillate with decreasing A

In a many-electron atom, the total orbital
angular momentum (L) and spin (S) are good
quantum numbers instead of the individual
electron orbital (11, /,) and spin (s, s,) angular
momenta in the presence of —

(A) inter-electron repulsion

(B) spin-orbit interaction

(C) hyperfine couping

(D) external magnetic field

99. The packing fraction of a simple cubic lattice
is close to—
(A) 0-94 (B) 0-76
(©) 0-52 (D) 0-45
100. The number of IR active vibrational modes of
pyridine is—
Cy, E, C, o, o',
Ay 1 1 1 1 z
A, 1 1 -1 -1 R,
B, I 1 1 -1 [ xR,
B, 1 -1 -1 1 ¥, R,
(A) 12 B) 20
© 24 (D) 33

101.

One of the excited states of Ti has the
electronic configuration [Ar]4s2 3d! 4p!. The
number of microstates with zero total spin (S)
for this configuration is—

(A) 9 B) 15

(©) 27 (D) 60
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102.

103.

104.

105.

106.

107.
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For the reaction A, ==2A in a closed

container, the relation between the degree of
dissociation (o) and the equilibrium constant
K, at a fixed temperature is given by —

(A) a=[K,/ (K, +4p)]

(B) a=[K,/ (K, +4p)]""?

(©) a=[K,+4p)/K,]

(D) a=[(K, +4p)/K,]'"

The fugacity of a gas depends on pressure and
the compressibility factor Z (= pV /RT)

through the relation [V is the molar
volume]—

f=p.exp [ﬁj%dp]

For most gases at temperature T and up to
moderate pressure, this equation shows that—
(A) f<p,ifT=0 @B) f<p,if T—>
©) f>p,iftT=0 (D) f=p,if T—=0
The internal pressure (0U/dV)t of a real gas is
related to be compressibility factor Z = pV/RT
by [V is the molar volume] —

(A) (0U/0V)r =RT (0Z/0V)1

(B) (0U/aV)r=RT /(V Z)
(C) (3U/aV)y = (RT2/ V) (0Z/9T)y
(D) (U/aV)r = (V /RT2) (0Z/9T)y

Suppose, the ground stationary state of a
harmonic oscillator with force constant k is
given by y, = exp [-Ax?]

Then, A should depend on k as—

(A) A x k172 B) A xk

(C) A « k12 (D) A o« kl/3

Combining two real wave functions ¢, and ¢,,
the following functions are constructed :
A=01+ ¢, B=01 + i, C=¢; — iy, D =
i(d; + ¢,). The correct statement will then
be—

(A) A and B represent the same state

(B) A and C represent the same state

(C) A and D represent the same state

(D) B and D represent the same state

Crystal A diffracts from (111) and (200)
planes but not from (110) plane, while the
Crystal B diffracts from (110) and (200)
planes but not from the (111) plane. From the
above, we may conclude that—

108.

109.

(A) A has fcc lattice while B has bec lattice
(B) A has bcc lattice while B has fcc lattice
(C) A and B both have fcc lattice

(D) A and B both have bcc lattice

The decomposition of NH; on Mo surface
follows Langmuir-Hinshelwood mechanism.
The decomposition was carried out at low
pressures. The initial pressure of NH; was
1072 torr. The pressure of NH; was reduced to
10~* torr in 10 minutes. The rate constant of
decomposition of NH3 is—

(A) 9:9 x 10~ torr min~!

(B) 0:4606 min~!

(C) 9:9 x 10-3 torr min~!

(D) 0:693 min~!

A polymer sample has the following com-
position.

110.

111.

112.

Number of molecules Molecular weight
10 1000
50 2000
40 4000
The polydispersity Index (P.D.I.) of the
polymer is—
85000 85
(A~ B) ¢;
850 729
© 729 D) 850

The equilibrium constant for an electro-
chemical reaction 2Fe’* + Sn>+ <= 2Fe?* +
Sn#+is [EY (Fe3* / Fe?*) = 0-75V, EO (Sn**/
Sn?*) =0-15V, (2:303RT / F) = 0-:06V]—

(A) 1010 (B) 10%

(C) 10% (D) 10%

A bacterial colony grows most commonly by
cell division. The change in the population
due to cell division in an actively growing
colony is dN = AN dt. The population of
bacterial colony at time 7 is [Ny = N(# = 0)] —
(A) Ny At (B) Ny exp[-A,t]

(C) Ny exp[At] (D) Ny (A,1)?

The Arrhenius parameters for the thermal
decomposition of NOCI, 2NOCl(g) — 2NO(g)
+ Cly(g),are A= 103 M sl E, ==105kJ
mol~! and RT = 2-5 kJ mol~!. The enthalpy (in
kJ mol-!) of the activated complex will be —
(A) 110 (B) 105

(C) 1025 (D) 100



113.

114.

115.

116.

117.

118.

The rotational partition function of H, is—

(A) E (2] + 1)6—[3thJ(J +1)

1=0,1,2, ...
(B) E (2] + 1)6—[3thJ(J +1)

1=1,3,5, ...
(C) E (2] + 1)6—[3thJ(J +1)

1=0,2,4, ...
(D) i [ E (2J + 1)e—|3thJ(J+ 1)

1=0,2,4, ...
+3 3 (2J+ DePheBId+D]
1=1,3,5, ...

The potential in Debye-Hiickel theory is
proportional to—

(A) Vkr (B) exp[—kr]

(C) expl—krl/r D) kr

The vibrational frequency and anharmonicity
constant of an alkali halide are 300 cm~! and
0-0025, respectively. The positions (in cm™!)
of its fundamental mode and first overtone are
respectively —

(A) 300, 600 (B) 298-5,5955

(C) 301-5,604-5 (D) 290,580

The adsorption of a gas is described by the
Langmuir isotherm with the equilibrium cons-
tant K = 0-9 kPa~! at 25°C. The pressure (in
kPa) at which the fractional surface coverage
18 0-95,is—

(A) 1/11-1 (B) 211

(©) 11-1 (D) 422

The energy of a harmonic oscillator in its
1 . ..
ground state is 5 hw. According to the virial

theorem, the average kinetic (T) and potential
(V) energies of the above are—

1
(A) T—4hm,V—4hm

1 3
(B) T—8h(»,V—8h

© T=hw;V=—%hm

3, vl
(D) T—8hm,V—8hm

The energy of a hydrogen atom in a state is
hCRH

(Ryg = Rydberg constant). The degen-

eracy of the state will be—
(A) 5 (B) 10
(©) 25 (D) 50

119.

120.

121.

122.
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The trial wave function of a system is

expanded as Y, = c;¢; + c¢,. The matrix

elements of the Hamiltonian are <¢; |H | ¢;)
(91 [H|9;) = 20 = <¢,Hip;) and

<¢,|H| ¢o) = 3:0. The approximate ground-

state energy of the system from the linear

variational principle is—

(A) -1-0 B) 20

©) +40 D) +50

One molecular orbital of a polar molecule AB

has the form Cpy + Cgyp , where P, and

g are normalized atomic orbitals of centred

on A and B, respectively. The electron in this

orbital is found on atom B with a probability

of 90%. Neglecting the overlap between 5

and g, a possible set of C, and Cg is—

(A) C,=095,C5=032

(B) CA=0-10,Cg =0-90

(C) CA=-095,C =032

(D) C,=0-32,Cg =095

4-Hydroxybenzoic acid exhibited signals at

0171, 162, 133, 122 and 116 ppm in its

broadband decoupled 13C NMR spectrum. The
correct assignment of the signals is—

(A) 6 171 (C-4), 162 (COOH), 133 (C-3
& 5),122 (C-1) and 116 (C-2 & 6)

(B) 6 171 (COOH), 162 (C-4), 133 (C-2
& 6),122 (C-1) and 116 (C-3 & 5)

(©) 6 171 (C-4), 162 (COOH), 133 (C-2
& 6),122 (C-1) and 116 (C-3 & 5)

(D) 6 171 (COOH), 162 (C-4), 133 (C-3
& 5),122 (C-1) and 116 (C-2 & 6)

An organic compound (CoH;(,O3) exhibited

the following spectral data :

IR : 3400, 1680 cm™!;

'THNMR : 6 7-8 (1 H,d,J=8Hz),7-0(1H,

d,J =8 Hz), 65 H,s),58 (1 H,s, D,O

exchangeable), 3-9 (3 H,s),2-3 (3 H,s).

The compound is—

HO
HO
) Q% e ® Q{
Me
HO,
©) Qﬂ Q{

OMe
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123. The [a]p of a 90% optically pure
2-arylpropanoic acid solution is +135°. On
treatment with a base at RT for one hour, [a]p
changed to +120°. The optical purity is
reduced to 40% after 3 hours. If so, the
optical purity of the solution after 1 hour, and
its [a]p after 3 hours, respectively, would
be—

(A) 80%; and 60°  (B) 70%; and 40°
(C) 80%;and 90° (D) 70%; and 60°

In the following pericyclic reaction, the
structure of the allene formed and its configu-

ration are —
g::> PhNE,
—_—

O Ac,O

Me“‘\}‘__

Ph
(optically pure)

124.

(A)

B) M

//,

(©) Ph,,,

D) h//,

9
et
D,

125. In the following sequence of pericyclic

reactions X and Y are —

H
= Ph
| I_pn ﬂ»x—‘“@l:(
COOH i) “-COOH
X Y
(A) QPh hv / DIS
% COOH
(B) QPh hv / CON
COOH

126. The major product formed in the following

reaction is—

1 KH/THF, A
2 H,0"

8"
w Od
® (g
© (3 o
@ ()Xo

The following conversion involves—

H
N.

\

COOEt
(A) a1, 3-dipolar species as reactive inter-
mediate and a cycloaddition.
a carbenium ion as reactive intermediate,
and a cycloaddition
a 1, 3-dipolar species as reactive inter-
mediate, and an aza Wittig reaction
a carbanion as reactive intermediate, and
an aza Cope rearrangement

127.
NO,
Et,N

- \/©/N02
N H—
= =

Ph

COOEt

(B)
©)

D)

128. The following transformation involves —

~CHO HQ Me
| +MenN X A,

N
(A) an iminium ion, [3, 3] 51gmatr0plc shift

and Mannich reaction

a nitrenium ion, [3, 3]-sigmatropic shift

and Michael reaction

an iminium ion, [1, 3]-sigmatropic shift

and Mannich reaction

a nitrenium ion, [1, 3]-sigmatropic shift

and Michael reaction

(B)
©

D)

129. With respect to the following biogenetic
conversion of chorismic acid (A) to 4-



130.

131.

hydroxyphenylpyruvic acid (C), the correct
statement is—

COOH O
X Y H
N B COO
E 0" CcooH
E H
OH A o ¢

(A) X is Claisen rearrangement; Y is oxida-
tive decarboxylation

(B) X is Fries rearrangement; Y is oxidative
decarboxylation

(C) X is Fries rearrangement; Y is dehydra-
tion

(D) X is Claisen rearrangement; Y is dehy-
dration

Match the following —

List-I

(a) P-amyrin (b) squalene

(c) morphine (d) ephedrine

List-IT

1. alkaloid, secondary alcohol

2. alkaloid, phenol

3. triterpene, secondary alcohol

4. acyclic triterpene, polyene

Codes :
(a) (b) (©) (d
(A) 3 4 2 1
(B) 2 1 3 4
©) 3 2 4 1
D) 1 4 2 3
In the following reaction, the structure of B,
and the mode of addition are—
OH 0
Ph CHO Ph
\‘/ + B— \‘/L‘/UY
Me
OLi
A) —
) ﬁ% Re-Si facial
OLi
(B) \=§T Re-Re facial

OLi

(© = Re-Si facial

132.

133.

134.
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OLi
D~ Sisi facial

In the following reaction A and B are—

(0]
/\)kll\l/ OMe

EN\> PrMgCl R Me 5
O
(A) (B)
N N
(A) [C;%Mga L;HOA
(0]
(B) ClMg\EIZ\> A/KEI:?
Me
N N_N
© [y Y T
N N 0O
(D) *[ N *[OHA

Match the following biochemical transforma-
tions with the coenzymes involved —
List-1

(a) oa-ketoglutarate to glutamic acid
(b) uridine to thymidine

(c) pyruvic acid to acetyl coenzyme A
List-11

1. tetrahydrofolate

2. NADH

3. thiamine pyrophosphate

4. pyridoxamine

Codes :

(a) (b) (©)
(A) 4 1 3
(B) 1 2 4
© 2 1 3
(D) 4 2 3

The structure of the major product B formed
in the following reaction sequence is—

CHO
:__8;11 Br, H,0,
d Lo HO " Fes0y,

CH,0H
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CHO HO
H—{—OH 00
(A g——on (B)
CH,0H HO OH
COOH
(C) H——OH (D) H——OH
H——oH H——OH
Coon COOH

135. Given the energy of each gauche butane

interaction is 0-9 k-cal/mol, AG value of the

following reaction is—
L L
" Me Me
(B) 1-8 k-cal/mol

(e, e conformer)
(D) 3-6 k-cal/mol

(A) 0-9 k-cal/mol
(C) 2-7 k-cal/mol

In the following reaction, the reagent I and
the major product II are —

COOEt
H,, 10% Pd/C I
MeO MeOH

—

H,, Pd, 250°C

136.

I 11
(A)
N,CHCOOE, Cu(acac), mcoom
MeO
(B)
N,CHCOOE, Cu(acac), @i\ COOE
MeO
©
0 mcoom
Me
NaH, V€5  COOEt MeO
: Me~ §\/
Br-
(D)
Me ) J@i\ COOEt
NaH, "°>g  COOEt MeO
b Me~ 45.\/

137. The major product formed in the following
reaction sequence is—

Me 1. LiAlH,, Et,0, —20°C
2. Ac,0, py
3. Me,CuLi, E,0

138.

139.

140.

Me Me
(A) OMG (B) Q
Ve Me
Me
© D (D) z}Me

12-:0 g of acetophenone on reaction with
76-2 g of iodine in the presence of aq. NaOH
gave solid A in 75% yield. Approximate
amount of A obtained in the reaction and its
structure are —

(A) 80¢g,ClL (B) 40 g,Cl,

(C) 60 g, CHI; (D) 30 g,CHI;

Consider the following reaction mechanism.
Ph—PdL,

A Il B SnBu,

Pd(O)L, Ph—PdL,

PEC_/)

The steps A, B and C, respectively, are—

Phl

(A) oxidative addition; transmetallation; re-
ductive elimination

(B) oxidative addition; carbopalladation; [3-
hydride elimination

(C) carbopalladation; transmetallation; re-
ductive elimination

(D) metal halogen exchange; transmetallation;
metal extrusion

The major product formed in the following
reaction sequence is—

1. CHCl,, NaOH
on Lo

2. H,0,, NaOH
OH
(A)
COOH
{ \}OH
(B)
OH

©) HOOC@ OH
(D) HO0C>C>:o
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141. The major product B formed in the following 144. The major product formed in the following

reaction sequence is— reaction is—
O X I Li, liqNH,, BuOH
1 @: BD | Ph | g NH,
Ph—=D o = NP 2.H,0
T 2.HO Pd(OAc), 3. KOH, MeOH_

PPh,, E,N N
D w LS on ® d
@ NN 0 e
D Ph Me
o © fj D) N

(B) Phw

b 145. In the following enantioselective reaction, the

major product formed is—
D

(C) /\(\/Ph N OMe
Ph n . I
1. BuLi, HN

i\ ©/CO0Et BuLi, HN
Pl D 2. H,0"
(D) Y D 3. H,, Raney Ni
Ph

NH,
COOEt ~COOEt

i Z

142. The major product B formed in the following

reaction sequence is— (A) O/
O
1. CH,N,, Et,0 ; H, NH,
@o 2. MeMgClL EQO © @ﬂ“\\\coom o) (V)/coom

3.H,0"
0 Q . .
Answers with Explanations
A B
) ®) OMe Part-A
Me Me
1. (A) 23* = 281 943 _ 264, 324 = 316, 342 _ 316,
0 0 M 222=48 =216’432 =49 =218
© ii\ (D) ij[ ¢ Therefore, 23* is the largest.
M
O € 2 (B) D /’/’C A aﬁ B
143. The osazone A could be obtained from— Vv e
_NNHPh o /g W2\ /42
NNHPh .
HO——H F F
H OH Equilateral triangle is formed with diagonal.
H OH
CH,OH Area ACF = \/AT?)(Side)2
A

(A) glucose and mannose - ﬁ(m/_z)z
(B) mannose and galactose 4
(C) gulose and fructose _ ﬁaz

(D) galactose and fructose 2
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3. (D) Total number of distinct arrangements

= Q: 2520
2

Number of arrangements when U and I come

together
6
= 7 x2=720

2
Thus, the no. of arrangements when U and I
cannot come together
= 2520-720
= 1800
. (C) Let numbers are a, b, c,d, e, f, g
Given, a+b+c+d+e+f+g = 21

- Arithematic Progression = Geometrical
Progression

AP. = GP.
(When all the numbers are equal)
Now a+b+c+d+e+f+g 3
) 7 -
If a=b=c=d=e=f=g = 3
:>a2+b2+c2+d2+e2+f2+g2: 9
7
.(C) 50B = 1B 438345834 .9913 (1)
50C = 2B 441346183+ ...10013...(2)

Each term of (2) is greater to term of (1)

Then, 50C>50B = C>B
Now, 100A = 113421343134413
+... 10013
100A = 50B + 50C
2A = B+C
Therefore, 2A >2B and 2A < 2C
Then, A>Band A<C
Therefore, B<A<C
. (D) In right angled triangle BOC
y

I Ist quadrant

elohr'g

4

>X

11 v

10.

OB? = OC? +B(?
52 = OC2?+32
OC = +4

= oC = 4

—ve not taken in first quadrant
So, centre is (4, 5).
. (C) The minimum single cut is required
because wire ABCDB =5 m
A

B

and Wire AD = Im
. (D)2,-4,8,-16,32,— 64, 128,- 256,512
—-256+512 = x
x = 256
log, x = log 256
= log, 28

log: x = 8

. (A) Let r is radius, then

OR = 10:5-r

In A OPR
e OP 1
sin30% = or T 105-,72
r
= 05 = o5,
= 2 = 10-5 -1
r
_ 3 = 10-5
r
= r =35
(A) Amar Doctor (tallest)
(Shortest) Akbar  Engineer ¢%=dp
Anthony Professor

Therefore, Amar is a doctor and he is the
tallest.



11.

12.

13.

14.

15.

16.

17.
18.

(B) If 100 cats catch 100 mice in 100 minutes,
then 7 cates will catch 7 mice also in
100 minutes.

(A) Each half diagram shows increase in one
nn+1)
T,

(B) Since, socks is in pair, so atleast N + 1
number of socks would be taken out.

O o, 12

unit,thus 1 +2+3 + ... +n =

10
9 3
4
5
6
4-54'-33"

(C) When curve touches the x-axis, y = 0 for
real x.

. 0 = x2-10x+25
= x-52 =0
= x =5
No other option have real value of x.
(C) AB//CD
C D
A B
Let OD =r
Thus, £ COD = 4 AOB
and £ DCO = £ ABO
Therefore, A OCD and A OBA are symmetric
triangle
Thus Area of tr%angle A OAB _ (Aio)2
’ Area of triangle A OCD OD
20D)>
- (OD
=4
)

(C) Let r is the radius of small sphere and R is
the radius of big sphere.

i J'IZR3

Thus, 3

4
= N3nr3

4 7 (radius)?

Volume of sphere 3

19.

20.

21.
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= R3 = N3
_ (L)3 _ L
R N
Also, 47R2-X = N(4mr?)
= R2X = Nr?
7\ 2
= X = (E) N
1\23
()"
= X = NI-23=NI73

(A) 2|4 3|(|) 3”3 39 51 57
2+4=46 3+0=43 3+3=+63+9=+125+1=+6

Thus, the next number is 57.
(A) No parallel and No concurrent lines.
3

4 / 2
P Q/R |

Uys

New lines are PU, QS and RT.
Part-B

(A) Like atomic and molecular orbital, there
are also nuclear orbital with same rules. We
know that

Unitary operator have two parity,

P ==1

When even serial number (azimuthal quantum
No.) is found for orbital, it is positive (P) and
vice-versa. We know that spin for orbitals are

Orbitals ~ Serial No.  Parity Spin
(Azimuthal
Quantum No.)

K 0 + 1
2

3

l _ =

P 2
d 2 + o)
2

7

3 _ Ea

f 2
9

4 + =

& 2
11
h 5 - —
2
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22.

23.

24.

25.
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(D) Electroplating is a process that uses
electrical current to reduce dissolved metal
cations so that they form a coherent metal
coating on an electrode.

Also, PbCl, and PbSO, are ionic and insolu-
ble in cold water Pb(Et), is toxic.

e~ 1 e~
Cathode |Anode

Fig : Electroplating of a Metal with Lead
in a Pd(BF,), bath

It is generally agreed that electro deposited
metals are crystalline and external appearance
depends mainly on the rate at which the
crystal grow and on the rate of the formation
of fresh nuclei.

(B) Beer’s law is,

I
log (TO) = ecl=A

Since, absorbance is directly proportional to
concentration, very high concentration of
analyte deviates the Beer’s law. Further Asso-
ciation or dissociation of analyte increases or
decreases the concentration of analyte, so it
also cause deviation.

(D) In Lanthanoids in (+3) oxidation state
shows decrease in size when we go down
from La to Lu.

In hot concentrated aqueous NaOH, OH have
small size and strongly binds with Lu*3 and
forms [Lu(OH)¢]-3. That is the reason
Lu(OH); shows the highest solubility in hot
concentrated aqueous NaOH.

(D) The structure of CO, is

5=c=0 Symmetric

Since, symmetric stretching gives no change
in dipole moment so it is IR-inactive mode.

Since, CO, is centrosymmetric molecule,
therefore all the modes that is inactive in IR,
are active in Raman.

26.

217.

28.

29.

Therefore, there are no fundamental vibra-
tional modes common in both IR and Raman
spectra.

(C) [CO(H,0)¢]*, d’ system

1

Leg Transition from + g to eg

SRR

Octahedral environment
[COCl, )%, d7 system

1.1 1, Transition from e to + 2

A,
So, both complexes show d-d transition.

(A) [MO,(S5)6]
S,% is 2¢~ donor

/S S
MO_g SMOT—s
S \é/ \s S

Briolging S, ligand are 2 and coordination
number are 8.

(D) For D, I=1
Multiplicity = 2nl + 1
n = No.of D atom
I = spin of D atom
Therefore, M=2x1Ix1+1
=3

and Intensity ratio will be non-pascal.

So, 'H NMR spectrum of HD gives a triplet
with intensity ratio 1 : 1 : 1.

(B) [Ru(PPh3),(acac),] (acac = acetylaceto-
nate)

PPh3 acac O
O PPh3
acac( }acac ll
0 PPh;
PPh; acad—0 minor
Trans Cis-d
B acac
PhsP O
Ru
Ph3PO
L O—acac
Cis-/
3 possible isomer are shown above.




30. (A) This complex exists or dimer and structure
is

OH»
O (0]

/ Cu \
CH;C 0 o CCHj
>/< 6b0nd%
CH;C O © CCHj
Cu
\O O/
OHp

There are 10 Cu-O bond presents in this
complex.

31. (B) Among the given elements K has least
electronegativity and F has most electro-
negativity. Therefore, the electronegativity
difference is greater in K and F.

D) o 0
I I

C S
- _ 7N\
O/ \O O/ \O
sp*-hybridization sp?-hybridization
Trigonal planar Trigonal planar

U i

Xe N
_/\
0/8\0 O 6]

32.

sp3-hybridization sp?-hybridization

Trigonal pyramidal Trigonal planar
Therefore, CO52-, SO; and NO5~ have planar
structure.
nog @l @
Fe (6[0) CO
18°-¢~ system  18¢ system 19¢™ system
stable stable unstable

But C, is not replaceable with NO in this case.
Therefore,

?

Ni NO, Nj 18e- system
| stable
N
Il
20 e~ system
unstable
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__OCH;
Sph
This is an example of metal carbene complex.

Since, the molecule obeys 18e~ rule and
carbene is 2e¢~ donor.

Therefore, we need a metal with 6¢-.
This is only Cr and Re* pair.

35. (A) Fe is found in haemoglobin myoglobin
and cytrochromes. Mo is for nitrogen fixation.

Cu for heamocyanin and Zn for metallo-

34. (A) (OC)sM =C

enzymes.
36. (D) EZ
N NH> +2
CH, ScH,| Tofcu=3
Cu R 2
CH» CH» Tof N=1
SN NH;~~
Hy
Therefore,

Cml +1) 2nol, + 1)

3
(2><1x2+1)

2x4x1+1)
= 36
n; =no. of Cu atom, I; =T of Cu
n, =no.of N atom, I, =TI of N.
37. (A) Degradation of penicillin G

donor atom
A

HS

}—OH donor atomo;;_OH

“donor atom

HHH

gy

N
O
Penicillamine can utilize N, O, S atoms as
donors to bind with Pb(Il), Hg(IT) and Cu(II).
. (D) B,Hg — D,,, point group and S, axis
CH, — T, point group and S, axis
PH5 — D3k point group and S; axis
SF¢ — O, point group and S axis
(symmetry element)
(C) For electronic transition selection rule is,
AS=0,Al=+1andAJ=0,%1
For @2, 3F — 3D is allowed transition.
Because AS=0,Al=-1.
. (C) When a hydrogen atom is placed in an
electric field along the y-axis, electron density
will be oriented along y-axis and therefore 2p,

orbital mixes most with the ground state 1s
orbital.

39.
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41.

42.

43.

44,

45.

46.
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(B) For water, AH,,, =~ 41kJ mol™!
For vaporization, T, 273 + 100

= 373K
Therefore, molar entropy of vaporization,

AH,
AS vap = e

T,
_ 41 x 1000J mol"!
- 373K
=~ 109-9 J K-! mol!
(C) For commuting operators,
[A,B] =0

For non-commuting hermitian operators, there

is always a real value multiplie with i is found.

Therefore, it is always imaginary.
(D) [x.p’] = il2p,

= 2ihp,
It is non-commuting operator.

(D) The correlation coefficient between two
arbitrary variables x and y is given by

;o= n[2xy — 2x 2y]
V[nZx? - (20)?] [nZy? - (Sy)?]
=0
= 2Zxy = 2Zx2y
or, <xy> = <x><y>
(A) T, = 300K
g = 901J

— work done by

the engine

(cold)
We know 2-q91 _ T, -T,
q2 T,
300 —200
9 —4q91 = 90X( 300
= 30
q, = 60 J
(B) Boltzman Distribution law is

n. .
M _ 8i (Bi-Ep/KgT

ny

81
n
and given that =1 (é) ¢~ E1-E2)/KpT

ny 2

81
&2

= & =
81

WIN N |Ww

47. (A) In the Daniell cell, Copper and Zinc elec-

trodes are immersed in a solution of Copper
(II) sulphate and Zinc sulphate respectively.
Oxidation — Zn(s) — Zn*?(aq) + 2¢~ at anode
Reduction — Cu*?(aq) + 2¢~ — Cu(s)

at cathode
Overall cell r* is
Zn(s) + Cu*?(aq) — Zn*%(aq) + Cu(s)

48. (B) We know that for first order reaction,

A+ = Aoe_kl+
According to question,

% = ApeKi+14
= L I

4 7 eKi+14
= 4 = Ki+1/a
= In4 = Ky
_ P In4

1/4 = I{1

49. (C) According to Kohlrausch’s law at infinite

dilution, when dissociation is complete, each
ion makes a definite contribution towards
molar conductance of the electrolyte irrespec-
tive of the nature of the other ion with which
it is associated and the molar conductance at
infinite dilution for any electrolyte is given by
the sum of the contribution of the two ions.

In given option, only HCI in H,O completely
dissociated and contributes equal ion.

50. (A) A dilute silver nitrate solution is added to

a slight excess of sodium iodide solution, a
negatively charged solution of silver iodide is
formed.

-
Na*
Fig. : Electrical property of colloid based on
concept of electrical double layer

AgNOj; + Nal — Agl + NaNO;



51.

52.

53.

The negatively charged Agl attracts Na* and
repels NO;™.

Therefore, Na* try to form a rigid layer with
I

(D) We know that,

Dissociation energy,

D, = Enx—Eo
E, is ground state energy
It is clear from question that
Epax = 56875 cm™!
and E, = 15125
D, = 56875-15125

41750 cm™!

(*) The angle between two planes having
miller indices (hkl;) and (h,k,l,) is given as

hihy + kiky + 11,

cos O =
Va2 + k2 + 12V h2 + k2 + 12
I X1+1X1+0X
= cos O =
V1I2+12+402V 12412+ 12
_ 2 V2
V23 V3
0 = cos! (0-816)
= 0 = 3531

All options are incorrect.

(B) The molar conductance of an ionic sur-
factant of the type Na*R~ in water is plotted
against the square root of the normality of the
solution. The curve obtained, instead of being
the smoothly decreasing curve characteristic
of ionic electrolytes of this type, has a sharp
break in it at low concentrations. This sharp
break in the curve accompanied by reduction
in the conductance of the solution, indicating
a sharp increase in the mass per unit charge of
the material in soluton, is interpreted as
evidence for the formation of miceller at that
point from the unassociated molecular of sur-
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factant with part of the charge of the micelle
neutralized by associated counter ions.

logCMC = —alogc;+b
54. (A)
Ph M/:(g)zlgor Ph/\)ig‘) Re\a,\r/?zliilge T Ph
NN \ Me
v MeQH
Me OMe Me Y
P S \gH=Ph N 870 LBp pp A c-0°
} OMe H(gMe
Me O
Ph OMe
55. (D) We know that,
Kp.ome
log Kcoon - ¢
o = log Kp.ome —10g Kcoon
= —log Kcoon — (-log Kp.ome)
= PKa(COOH)—PKa(P_OMe)
= 419 -4-46
o = -027

Electron releasing group have —ve o value.

56. (B) Biosynthetic precursor of Cadinene
HO, (0]

A o

is mevalonic acid, HO

O O O
57. (C)Qﬂ,QQ, GQ
o 0 0

more acidic

aromatic ring

with reactive makes proton less

methylene gp acidic due to e~
withdrawing nature

H O O O

—<H®
HO (6] O (6]
C
acidic like H,SO, aromatic in nature
Therefore, C>A>B
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58. (D) O
HN Piperidine

Ph
O e/l Ph
O’ kO/—H\Iﬁj”; COOEt

Carbanion (Stable)
| E,CB

(2
W
59. (B) O

DMSO,
O Qypsmos OrnOo
MeO,S

This reactlon is aromatic ipso substitution and
aromatic nucleophilic substitution.

60. B) o 1|>h 0} CH;

Ph)k/N\Me PhA/N\Ph

Norrish type-II reaction
. OH
peieain

Ph” Napp Npn
1, 4-biradical
61. (A) Edman’s reagent is QN:C:S

Phenyisothio cyanate

O
HN/</; Ph I
S)_N (0] —>H2N—$H—C—OH
' CH,—Ph
Phe(Phenyl alamine)

O (@)
H
OH
HzN)w(N\)kOH i H,N + H2N\)kOH
O O

Ala(alanine) Gly (Glycine)
Therefore, the sequence is Phe-Ala-Gly, Since
Edman degradation occur from N-T-A
From N-terminal to Acid terminal.
62. (A) C3H,NO
No. of C-atoms + 2 — No. of H-atoms
+ No. of N-atoms
2

N om0

v-H abstraction
e ey
by O

DBE =

_ 6+2—7+1_1

0 7-8(1H, s)

6 2-8(3H, s)

0 2-6(3H, s)

From the above observation the structure of
compound is

O .
CH;(2:8) Chemically

> <CH3 (2:6) non-equivalent
(7 8

||
63. (D) OZN@OXC—CH3

Normally, ester groups show absorption at
1750 — 1770 in phenyl acetate, is shower
absorption at 1765 but in compound (A) due
to conjugation with ring and O-atom absor-
ption decreases and it appears at 1761 cm™L.

64. (D) (-)-Camphor

NMCZ

O
4
2 4 ®
3%0 =00
view @

©)

ST &
A

o
Il
®

A

L/
©

S

a

<
®—C

Absolute configuration is 1s, 4s.
65. (A) This reaction is Vielsmeir-Haac Reaction.

Caﬁéﬁ(

0= P—Cl

La

reactive
species

H
&:)malizalion
@
©f§ ; NM€2



66.

67.

68.

(B) The first person to separate a racemic
mixture into individual enantiomers is L.
Pasteur.

Pasteur separated the left and right crystal
shapes from each other to form two piles of
crystals; in solution one form rotated light to
the left, the other to the right, while an equal
mixture of the two forms cancelled each
other’s effect and does not rotate the polarized
light.

(D)

[18]-Annulene
* aromatic, planar
* shows aromatic substitution

* 12[H] outer, deshielded zone § = 9-28

* 6] inner, shielded zone 8 = -3:0
* 37 k-cal/mol resonance energy

* diatropic

(B) HA_ (HB

\\\\\
Me, Me

“,
Br!

7
Z,

Z

Br2

Molecule has a plane of symmetry bisecting
HA and H® reflecting Br!/Br? and CH5/CHj.
(a) Br! and Br? are reflected by plane, so they
are enantiotropic to each other.

(b) HA and HE are bisecting by plane. Hence,
they are diastereotopic to each other.

69.

70.

71.

72.
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©
Boc
BOC\N/\/\OAC . \E/\/\ OH
H  OTBDMS OTBDMS

The hydrolysis of ester is faster in alkaline
medium therefore the correct one is K,CO;,
MeOH.

(D) Diels-Alder reaction of furan and maleic
acid in water is an example of ‘Green

Synthesis’.
hOOH

O
Furan
O COOH

Maleic acid Endo product

Part-C
(D) Recoil energy,
E2
E = 2Mc?
536E?
or, E, = M eV
- \/2-5x106x139><931~5
- 536
= 24-57 keV

(A) CO is m-acid ligend and have tendency to
back-bonding with metal.

CO
Hj CO
Mo
PH; Cco
PH,

Electron donating phosphine group increase
e~ density on metal and back bonding with M
and CO becomes strong. As a result of this C
= O bond becomes weak.

Therefore, stretching frequency, vc-g
decreases.

Phosphine V(CO) (cm™)

PF; (A) 2090 (i)

PCl; (B) 2040 (ii)

P(CI)Ph, (C) 1977 (iii)

PMe; (D) 1945 (iv)
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73.

74.

75.

76.

77.
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© I, = K(C*-C)
where (C*—C) is concentration gradient and
K is constant I; o concentration (mol ml-!)

X
Ci=gs
0-04
©=0s
ld, _ G
Id,  C,
= X = 0-0067
(C) (A) CH3COOH in pyridine
Strong base o
— CH3COO~ + CsH5NH solvocation

(B) CH,COOH in H,SO,

Strong base
@

— CH3COOH, + HSO,~ solvo anion

(C) HC104 in H2804
— ClO4~ + H3S*0O, (weak acid)
(D) SbFs in HF — SbF¢~ + H,F* strong acid
2 mole
B) C,B4Hy = BH)x4+(CH)x2+2
= 2x4+3x2+2

16e~ or 8e™ pair
or (m + 2)e~ pair (Nido)
—BH contributes 2e~s to framework.
—CH contributes 3e~s to framework.
(B) Boric acid is a weak acid in aq. solution.

H\
v
B(OH); <01 B, with HO—CH,—
00
H |
H
CH,—OH

B(OH),~ consumed in forming a compound
with ethylene glycol.

HO—CH,
HO—éHZ

HO\B _OHI
-H,0

HO\  OCH,
Ho” NoH

HO”~ MOCH,

HO—CH,
o—in, CHRON . ~OCH,
_—

-H,0 CHzo N OCHZ

(D) Be,Cj structure is correlated with CaF,.
Therefore, Be*? in tetrahedral voids.
Since, molecules have FCC arrangement.

78.

79.

80.

81.

82.

Thus, Be*2 have 4 coordination number and
C;2 have 8 coordination number.

o

A1 Bet?=.
AWES C3_2 =0
YA
Vfa/. -
¢
A) H
By
CH H Mo H
Singlets NN SCO
at 3-18 ppm CH3/
All 5-protons r are equal and resonate at 5-48
ppm.

Also, both CO are is different environment,
therefore gives two signal at 1950 and 1860
cm L,
(A) —CH is 3¢~ donor ligand.
No. of M—M bond
18x3-(9%x3+9%x2+3)
2

54-48
=7 =3

Therefore, structure of [CO5;(CH)(CO)y]

CO CO CO
A4
Co

oC CO
OC> Co/—| Co ZCO

oc” & Neo

I
H

Thus, No.of M—Mbond = 3
and Bridging ligand = 1
(A) Since, Gd*3 and Lu*3 have 47 and 4f !4
electronic configuration. Therefore, no orbital
contribution observed and magnetic moment
value is closest w.r.t. observed and calculated.

(D) Neso-silicates = ortho silicates
Si0,72 unit
Si,O;72 unit
SiO, unit and 3D
framework
(A) The structure of Co30, is normal spinel.

Soro-silicates
Tecto-silicates =

In normal spinel the Co*? ions occupy tetra-
hedral voids and Co*? ions occupy octahedral
voider.



83.

84.

85.

Ts—N

86.

87.

Therefore structure is,
(Co*?),(2C0*) 04
For Inverse spinel structures it is
(Co*¥),(Co*2 Co*¥)o O
(A) In the solid state, the CuCls3~ ion have

trigonal bipyramidal geometry and d-orbitals
are
d!>d}=d2 2>d?=d,}?

The two ligands on the z-axis and three are in
between xy plane and directly in path of
orbitals lobe and feels. There are four e7s in
d;* and d,,? and repel each other, due to this
bond length becomes long. Thus, three long
and two short bond is found.

(B) In metalloenzymes, the metal centers are
covalently linked through the side chains of
the amino acid residues. Therefore Glu, His
Cys are involved in the primary coordination
spheres of metalloenzymes.

(A) [R-BINAP]Ru? is used for Asymmetric
hydrogenation.

[Rh(CO),1,]~ for Hydroformylation
[Pd(PPh;),] for Heck coupling.

ava

Ri
/\uI\;ICI for Asymmetric hydrogen transfer
2

K
N

(D) The weight of pt-gauze as electrode is
changed as

16:0 — 14-5

= 1-5¢g
Thus, weight of Cu is 2-0 g brass is 1-5 g.
Therefore, percentage weight of Cu in brass

= % x 100
= 75%
(A) Cl c1]'2 Cl NH3]'
Pt TNH,, Pt
cl cl Cl Cl
Cl- have trans effect > NHj;
cl NH;
LR Pt
Cl NH;
Cis-platin

(anti-tumour agent)

88.

NaCl{
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(A) In solution Fe(NO;3);9H,O exists as
[Fe(H,0)4]**(NO57)33H,0
[Fe(H,0),]+3

Tupo, JxseN INaF

[Fe(H,0)sCl*? [Fe(H,0)5(PO,)] [Fe(H,0)s(SCN)]*? [Fe(H,0)sF]**

89.

90.

91.

92.

Yellow Colourless Red Colourless

(D) For oxidative addition reaction, metal
should have e~ rich and have tendency to
charge its oxidation state.

Therefore, [’ — Cp,Ti(Me)Cl] do not have
tendency to show oxidative addition reaction.

(B) phyp CO

PPh;,
Ph;P
In hydroformylation reaction, 16e~ species is
reactive catalysts. Due to excess PPhj;, it
becomes 20 e~s species and lost it catalytic
reactivity.

So, the rate of reaction decreases in the pre-
sence of excess PPh;.

(D) Species I
lH l
2 aH 5 a
1
I5SN l \><ITI/ _
2 /F
1 H—1|> -
19 =
F 2 Ha/X NEHa
1
31 S
P 2
No. of lines
=2ml +1) 2nyl, + 1) Cnsl; + 1) 2ngl, + 1)
2N 2F 4H 1H

1 1 1
=@x2x+ D @x2x 5+ 1) 2x4x5+1)

(2x1x%+1)

=3x3x5x%x2

=90

(A) Since in [Cu(H,0)¢]*?, John-Teller distor-
tion observed, so rate of exchange is fast.

Rest of others are 3d-series dipositive metal
cations. Thus, rate of exchange with 13H,0
decreases with decrease in size and increase
in atomic number.
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93.

94.
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(B) Since, Zn is a lewis acid, so

'8
Zn*2+ OH, — Zn—o<g 1% 71(OH)
Activates H,O Zinc bound
hydroxide

In oxidases an enzyme that catalyse the
reduction of O, to H,O or H,0,, the iron
activates O, to break the bonding between the
two oxygen's.
(B) Fe*2-porphyrins fail to exhibit reversible
oxygen transport and cannot differentiate CO
from O,. However, the haemoglobin is free
from both these pitfalls.

o
Fe+3/ \Fe+3 u-oxodimer
(hematin)
Unable to bind O,

*  Fe*2-porphyrins undergo u-oxodimer
formation and the same is prevented in case
of haemoglobin.

*| Fe-CO is linear, Fe—O, is bent recognized
by haemoglobin.

95. (A) SnCl, behaves as a carbene and it insert
into the CO—CO bond.
Insertion :
SnCl,
(0C)4,CO —CO(CO), Tnsertion”
ICl
(0C),CO — ISn—CO(CO)4
Cl
Metathesis :
o
f Re(CO)s Me
Me Cl |
Me>5n@} 2RaRe(CO), (0C)sRe —Sn—Re(CO)
vﬁe@ox Me
96. (C) We know that,
Density p = ™M
Na3
where n is no. of particles per unit cell
M = Molar Mass
N = Avogadro’s number
a = edge length of cube
oy - NG

n

(1-33g cm™3) (6:023 x 1023 mole™!)
(500 x 100710 ¢cm)3
4

25

917.

98.

99.

(C) Bimolecular reaction

A+BC—=AB+C
There will be greater possibilities of collisions
between molecule when volume is smaller
and therefore activation energy decreases
with decreasing A.
(A) There is a strong electron-electron i.e.,
inter-electron repulsion in many-electron
atom. Due to this the orbital angular momen-
tum (I, [,) and sign angular momentum (s,
s,) are couple together to for total orbital
angular momentum (L) and (S).
(C) Packing fraction

(No. of particles per unit cell)

x (Volume of 1 particle)
Total volume of unit cell

For simple cubic lattice

1 x% s
= o
_4 2 P
377 X023

= 0-52

100. (C) H
H A\ H
H lN’ H
Order of group =4 (Cpy, =2x2=4)

Gy, E G oy oy0z)| V
A, 1 1 1 1 z
A, 1 1 -1 -1 R,
B, 1 -1 1 -1 |xR,
B, 1 -1 -1 1 v, R,
No. of unshifted| 11 3 3 11
atoms
Character per 3 -1 1 1
atoms
Reducible 33 -3 3 11
Representation

No.ofA1=ZI[33xl><1+(—3)><1x1+3
xIx1+11x1x1]=11

No.ofA2=ZI[33xl><1+(—3)><1x1+3
x(Dx1+1lx()x+1]=4

No.ofB1=ZI[33x1><1+(—3)><(—1)x1
+3x1Ix1+11lx(-1)x1]=7



101.

102.

No.ofB2=Zl[33x Ix1+(3)1)x1+3
x(-D)x1+1lx1x1]=11
Therefore,
R.R.,Tred = llAl + 4A2 + 7B1 + 11B2
Tyans = B+ By + A1
(Right side of box)
‘crot = B2 +B] +A2

Ty, = 10A;+3A, +5B; +9B,
Since, A, is not IR-active.
Therefore, total IR active vibration modes are
10+5+9 =
(B) »,Ti—[Ar] 4523d! 4p!
Excited state
41 +2

No. of microstates = —————————
4l+2-q |q

where [ is azimuthal quantum no. of valence
shell and ¢ is no. of ¢7s in valence shell

4x1+2
4+2-2 |2
6><5><E
B Exel

=15
(B) A, = 2A
atr=0 1 0
atequilibrium 1-o 2a
. 200 200
Slnce,PA—XAP:XA—l_OH_ZG_1+a
PA2 = XAZP
1-a 1-a
= Xa, = 1—cx+2cx_1+(x
‘)P
Thus. K. = LA 1+OL
uS, 72 PAZ_ 1— ) 1—0(2
P
1+a
(1-0?K, = 4a?p
K,-K,0?-4a’p = 0
K 12
- o = |—2—
(K, +4p)
K, = (12(Kp+4p)

103.

104.

105.

106.
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_ Vv

(A) z = RT
pf —1y,
f=pdCo)e

For Van der Waal gas

f = pePhRRT
=IfT—>o0,f=p
If T — 0, then f< p.

_»V
© Z = RT
ZRT
= = T
~ (r ) x =[G+
. (aU
ip. =
- [( ) 7] -
_ RTZ( ZRT_p
v T v
. ZRT
ST =p
U5
(@ _ RT? (@
av)r — v \iT/)v
(C) Harmonic Oscillator wave function is

given as :
2
Y,x) = NH, e* 2
and given wave function is

Yy = A
a
Thus, A « >
12
Since, a = (%)
Therefore, A o« k2
©) A= ¢+
D = i(¢;+ ¢p)

Combing two real wave functions ¢; and ¢,,
constructed functions ¢; + ¢, and i(¢; + ¢»)
represent the same state because if the two
function multiplied by any constant, no
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107.

108.

109.

110.

effect on the state and on the energy because
multiply only in eigen value, not in energy
and no effect on wave function.

(A) For BCC, h + k + [ should be even FCC,
h, k, [ all either even or odd

where 0 is even number.

Thus, A has fcc lattic while B has bcc lattice.

(B) At low pressure, Langmuir-Hinshelwood
mechanism follows first order kinetics.

2-303 Py

Tlogmgf
_ 2303, 103
10 10104
= % x 2
= 0-:4606 min~!
mM; + oM, + n3M;
ny +n, + ns
10 x 1000 + 50 x 2000 + 40
x 4000

K1=

© M,

10 + 50 + 40
= 2700
M2 + n,M,2 + n3M;2
nM; + noM, + n3M;
85000
27

<
=
I

Therefore,

<l

w

PDI.

<l

n

85000 1

27 2700~ 729

(B) 2 x (Fe*3 + e~ — Fe*?) reduction at
cathode
Sn*2 — Sn** + 2¢~ Oxidation
at anode

— 2Fe*2 + Sn**

_ 850

2Fe*3 + Snt2

EOCell = Ecathode = Eanode
= 075V -0-15V
= 0-60V

Thus, Eo = % log Kq
0-60V x 2
logKeq = 006V - 20
K., = 102

eq

111.

112.

113.

114.

115.

116.

© dN = A\Ndt
Integrating it with appropriate limits
N dN t
f No W = 7\8 0 dt
[InNIG = R
N = Nyels'
(D) 2NOClI(g) — 2NO(g) + Cl,(g)

AH = E,+(An,* - DRT
An," = -1 (Bimolecular reaction)
AH = 105 kJ mol!
+ (-1 -1) x 2-5 kJ mol™!
= 100 kJ mol!

(D) Rotational partition function of H,

1

4 [J = 02,:2,

+3 X (214 1) e PheBId+ 1)
1=1,3,5

_ ~Bhc BIJ + 1)
q, A 2I+1)e

(C) The potential in Debye Hiickel theory is

q r
ekr

r

Yy, x

’

(B) Fundamental vibration :

v,(1 - 2x,)

300(1 — 2 x 0-0025)
= 29850 cm™!

First overtones

AE,_, =

2v, (1-3x,)
2 x 300(1 - 3 x 0-0025)
= 59550 cm™!

(B) According to Langmuir Isotherm, frac-
tional surface coverage is given as :

1 1

AE, .,

6 = @)+1
1 .
g -1 = K., P
_ 6
= P= ek,
095
= 005x09

= 21'1



117.

118.

119.

120.

(A) According to virial theorem for simple
harmonic oscillator, the kinetic energy and
potential energy is equal and half of the total
energy.

E = K+U - U=K
aiw
5 = 2K
hw
K = T=U

(C) Energy of a hydrogen atom in a state is

—hCRH _ —I’ICRH . _ Zi2
R IR (g 2

Degeneracy = n?=25
(A) Y, =c191 + c2ha

Hy - ES;; Hp—ESp,
Hy; —ES;; Hy—ESyp
" Su=LS»p=1,8,=5; = 0

Hyy = <¢; 116> =0, Hyy = Hyy = <¢y 11

0y =2:0 =<, A 1 o>, Hyy = <ty | B 10>
=30

0-E 2-0
= 3E+E?-4=0
2-0 3-E
E2-3E-4 = 0

= E’-4E+E-4 = 0
= (E+DHE-4 =0
Since, ground state energy is lowest.
Thus, E = -10

(D) Polar molecule AB — A*B- has
molecular orbital C,, + Cyg

CA2+Cg? = 1 (normalization)
Since, Cg? = 90%
90 _ ..
- 100_09
- Cp = 095
CA2 = 10%
10 _ .
~ 100 ol
- Cy = 032
- Cy = 032,Cp =095

121.

122.

123.
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(B) § 171 at COOH

0162 at C-4
d 133 at C-2 and C-6
0122 at C-1
d 116 at C-3 and C-5
OH
5
5 4 Lo
3 5 4-hydroxy benzoic acid
]
FOOH
OH
4
5 3
6 2
1
COOH
(D) CoH ;03
DBE = 18 + ; - 10

5 double bond or ring
IR : 3400, 1680 cm™!

'HNMR :
078 (1H, d, J=8Hz) \ aromatic protons
7.0 (1H, d, J=8 Hz) J with m-position

6:5 (1H, S) aromatic proton with O-
position to —OH to —OCH;

5-8 (1H, S, D,O exchangeable) —OH

3-9 (3H, S) with electronegative atom like
oxygen.

2-3 (3H, S) adjacent to carbonyl group.
H H

0
HO CH,
H

6-5) OCHj

(A) Since, specific rotation [a]p of a 90%
optically pure 2-arylpropanoic acid is +135°.

So, 100% optically pure isomer will show

135
9 x 100 = 150° [a]p.
After one hour [a]p reduced to 120°
- . 120
Thus, Optical purity = 150 % 100
= 80%



34 | CSIR-Chemical Sciences (Dec.—12)

After 3 hours optical purity is reduced to 128. (A)
40%. (OH
. . 150 x 40
So, Specific rotation = X 60° C\H OH Me CH\N/Me
100 (J T X,
124. (A) \_'>_0
4 AcO 1
PhNEt, Me”o,,,_c_ «—View /Me
Ac,0 7 T 2 Ej/
Claisen 371 Allene (j/ k/f{c o K %Z
rearrangement
[3,3] 1©) Me
@ Mannich Intermedlate Iminium ion
| Of\ / @ O } =0
Mev] 53 @ S CHNMEe N
Ph R-configuration lN/ %CH - lN/ |
\@ Me
Thermal condition, so retention in configu- Me OH
ration w.r.t. Me and Ph.
COOH HOOC COOH
125. (C) 129. (A) A
A Claisen 0
|;I$| Ph Conrotation @Ph ? O 2 COOH Re;réz?g' ;
8-membered ring / = [3,3] =
OOQOH 8m-system formation “+COOH OH OH
H Slx membered rin A leidation
Disrotation|A 67- sy?temefgrmdtl%m B
H
Ph COOH
o HOOC COOH
»—COOH Decarboxylatlon
H —co2
126. (C) OH
C
Claisen rearrangement followed by oxidative

Q& K*H,~ Q& @ decarboxylation
THF 0° '
LY 130. (A)

A [3 3] Mgmdtroplc

Keto-enol 300
OH «—
Tautomensm

127. (A)
o Et,N Y
Cl>_N Acid;lbase Cl>_N 4
i / \
NO, NO, Pho & NO, tH
Ig} N Q) Base lél@@/ \Q/ | ’ NHCH
Q. EN) T —=/H 1,3- dlpolar H——OH ’
Ph Ephedine

Cycloaddltlon species

Alkaloid, Secondary

9 NO | NO .
Ph N ? H30° Ph N ? Morphine
\_/ \ alcohol
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131. (C) 3 _ OLi* OH O ® o, H Cu(acac) ~H
H 136. (A) N=N—-C e
Ph 0 2 X Ph @A) NCOOEt N "~ “NCOOEt
ME f. Carbene
(& ace
COOEt
Re face of carbonyl and Si-face of enolate, J@/\({_/’\ CHCOOE! ﬁ/
syn product will be formed. MeO Chelotropic MeO
N, hydrogenolysis
132 A [ lPngCl [ AN\ M Cl y g y
W > TR o>_ ¢ MeOH | H,. 10% Pd/C

Grlgnard reagent WCOOOEt
MeO
M =Mg"2CI™ least hindered bond will be break
A)E o A N N ©

Me
Me L1A1H LiAlH,
Pyridoxamine . Er,o

133. (A) a-Ketoglutarate Glutamic
acid Ac,0,Py
Uridine —)Tetrahydrofolate Thymidine

i
iami Me,CuLl thpmg Me —C—CH3
Pyruvic acid —————— Acetyl coenzyme A M

Thiamine

Pyrophosphate "quuatonal O C— CH
(For structure see Lehninger text book) 1,3-a,e <‘ 3
CHO C—O-H M
H—1 OH 5 H—1— o 138.(D) NaOH + 1, — NaOI + HI
134. (A) H—F—OH —5— H OH PhCOCH; + 3NaOI — PhCOCI; + 3NaOH
H————OH M H——OH PhCOCI; + NaOH — PhCOONa + CHI;
CHoH CH 20H COCH; M.w.t.=120 M.w.t. =394
12¢  CHI;

120g acetophenone gives 394g iodoform.

CHO S1ves
12g acetophenone willl give
H——1—OH 394
N s 120 % x 12 = 394g
Since, yield is 75%
CH,OH So, 12g acetophenone will give
_ 394x75
CH; 100
= 295gCHI;

cn, 139
_Phl_, pp_ PdL ligand transfer from

CH,
135.(B) I/\\/[CH3 =
PAO)Ly govaive one metal to another

No. 1, 3 interaction Two, H/Me (A) a’éﬁ?ﬁé ljs A
nbus

1, 3 interaction
Oxidation state increased by two units.

Since, 1 gauche butane interaction energy = B)T allati
ransmetallation

0-9 k-cal/mol.
So, AG for given reaction Re((jucc)ﬁve
= 2 x 0-9 k-cal/mol Pd(O)L, < mees

elimination Ph _PdL2
= 18 k-cal/mol =y

—Ph
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140. (B) This is Reimer-Tiemann Reaction NNHPh NNHPh
CHCI NNHPh 0]
< _N-oH G QOH
e HO——H HO——H
”\ H——F+—O0OH NH,NHPh H———OH
% Y H——1—O0H H——F—O0H
N H,0,+ NaOH—0—0—H
—@—OH R ol CH,OH CH,OH
S Ozazone
g 0\%9 S H_ O
g[felil -H OH
C”) HO———H
@—OH — QOH +H-C-QH HO——H
m 09 Oe\/‘ H———OH
C |-HCO0® H OH

/N
OH H oH CH,OH
D-mannose
H

144. (B) mLi, liq.NH, m@/mo@ |
141.(A) @(8>B_D Q NP BUOH A e
H |

Ph—C=C-D Syn addition P O\B/O lH
Ph :<D HO 1,0 /mw@ |
H,0 D — l e
P I\_/Ph Pl 3 B(OH), 0% eH) N N
ph>=<;Ph Pd(OAc), ph>=<D MeOHﬁOH
cis product ~ PPhs, EGN
coupling o — Pie
O 0O
142.(A) O mosiic O 09" d or) -
H* & @
H,C—N, b @ MeOH|KOH
—TFro +CH3_N2

0 Et,0 )i\:\l\
! 0O

(0] (@)
OHMe MeMeCl N e  145.(*) Doubtful question ?
Rl —= @H:; N2
OCH; 2° CH; & 0
1, 2-addition
leﬁOO C\OEt 2-BuLi @/COOEt_ COOEt
@OHz Me Me @‘/OMe B
Me o H,0 ! / \
o 9 ° |7 HN\SiMe, N~ OMe
b B caiol Q) |
CH; +CH;0H N OMe | (Nj_/OMe “SiMes
“ .
143.(A) H_0 NNHPh N N-SiMe;
I OH o Ol O/COOEt H,0° OG/COOEt
H H W‘H 1 H, Raney Ni
H———OH H—t—OH  [HxRancy
H————OH H———OH NH,
CH,0H CH,0H ~COOE
D-glucose }
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. During an evening party, when Ms. Black,
Ms. Brown and Ms. White met, Ms. Brown
remarked, “It is interesting that our dresses
are white, black or brown, but for each of us
the name does not match the colour of the
dress !”. Ms. White replied, “But your white
dress does not suit you !”. Pick the correct
answer.

(A) Ms. White’s dress was brown

(B) Ms. Black’s dress was white

(C) Ms. White’s dress was black

(D) Ms. Black’s dress was black

. Of all the triangles that can be inscribed in a
semicircle of radius R with the diameter as
one side, the biggest one has the area—

(A) R2 (B) RV2

(©) R¥V3 (D) 2R?

. A square pyramid is to be made using a wire
such that only one strand of wire is used for
each edge. What is the minimum number of
times that the wire has to be cut in order to
make the pyramid ?

(A) 3 B) 7

©) 2 D) 1

. Identify the next figure in the sequence —

" @

. In a customer survey conducted during
Monday to Friday, of the customers who
asked for child care facilities in super markets,
23% were men and the rest, women. Among

them, 19.9% of the women and 8.8% of the

men were willing to pay for the facilities —

1. What is the ratio of the men to women
customers who wanted child care
facilities ?

2. If the survey had been conducted during
the weekend instead, how will the result
change ?

With the above data—

(A) Only 1 can be answered

(B) Only 2 can be answered

(C) Both 1 and 2 can be answered

(D) Neither 1 nor 2 can be answered

. The map given below shows contour lines

which connect points of equal ground surface
elevation in a region. Inverted ‘V’ shaped
portions of contour lines represent a valley
along which a river flows. What is the
downstream direction of the river ?

Nt
200
180
160
Scale =1 : 5000
(A) North (B) South
(C) East (D) West

. During a summer vacation, of 20 friends from

a hostel, each wrote a letter to each of all
others. The total number of letters written
was—

(A) 20 (B) 400
(C) 200 (D) 380
D C
North
A B >East
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10.

11.

12.

13.

A person has to cross a square field by going
from A to C. The person is only allowed to
move towards the east or towards the north or
use a combination of these movements. The
total distance travelled by the person—

(A) depends on the length of each step

(B) depends on the total number of steps

(C) is different for different paths

(D) is the same for all paths

A crow is flying along a horizontal circle of
radius R at a height R above the horizontal
ground. Each of a number of men on the
ground found that the angular height of the
crow was a fixed angle 0 (< 45°) when it was
closest to him. Then all these men must be on
a circle on the ground with a radius—

(A) R+Rsin6 (B) R+RcosH

() R+Rtan6 (D) R+RcotH

How many pairs of positive integers have gcd
20 and lcm 600 ?

(ged = greatest common divisor; lem = least
common multiple)

(A) 4 (B) 0

©) 1 D) 7

Two integers are picked at random from the
first 15 positive integers without replacement.
What is the probability that the sum of the
two numbers is 20 ?

3

(A) 5

1 1
105 (D) 20
A daily sheet calendar of the year 2013
contains sheets of 10 x 10 cm size. All the
sheets of the calendar are spread over the
floor of a room of 5 m x 7.3 m size. What
percentage of the floor will be covered by
these sheets ?
(A) 0.1 B) 1
(© 10 (D) 100
How many rectangles (which are not squares)
are there in the following figure ?

®)

©)

14.

15.

16.

17.

18.

19.

(A) 56 (B) 70

(C) 86 (D) 100

Define a ® b = lcm (a, b) + gecd (a, b) and
a® b=a’+ b*. What is the value of (1 ® 2)

® (3 @ 4) ? Here lcm = least common
multiple and gcd = greatest common

divisor—
(A) 145 (B) 286
(C) 436 (D) 572

There is an equilateral triangle in the XY
plane with its centre at the origin. The
distance of its sides from the origin is 3.5 cm.
The area of its circumcircle in cm? is—

(A) 385 (B) 49
(C) 63.65 (D) 154
. 1 1 1

What is the value of1 » 2+ 7 % 3+ 3 ><4+
to o ?

2
(A) 3 B) 1
© 2 (D)

A sphere of iron of radius R/2 fixed to one
end of a string was lowered into water in a
cylindrical container of base radius R to keep
exactly half the sphere dipped. The rise in the
level of water in the container will be —

(A) R/3 (B) R/4
(C) R/B (D) R/12
Choose the largest number—

(A) 2500 (B) 3400
(C) 4300 (D) 5200

A crystal grows by stacking of unit cells of
10 x 20 x 5 nm size as shown in the diagram
given below. How many unit cells will make
a crystal of 1 cm3 volume ?

$
5 nm q}QQ

10 nm

Unit cell (not to scale)



20.

21.

22.

23.

O\
5 nm WQQ

10 nm

Crystal (not to scale)
(A) 106 (B) 10°
(C) 1012 (D) 1018

A solid cylinder of basal area A was held
dipped in water in a cylindrical vessel of basal
area 2A vertically such that a length 4 of the
cylinder is immersed. The lower tip of the
cylinder is at a height /4 from the base of the
vessel. What will be the height of water in the
vessel when the cylinder is taken out ?

h

h
3

(A) 2h (B) Eh
4 5

© 3h (D) 3 h

PART B

Which of the following pairs has the highest
difference in their first ionization energy ?

(A) Xe,Cs (B) Kr,Rb
(©) Ar,K (D) Ne,Na
The ligand in uranocene is—

(A) CgHg* (B) CsHs>
(C) C¢Hg (D) CiCy>

In metal-olefin interaction, the extent of

increase in metal — olefin m-back-donation

would—

(A) Lead to a decrease in C = C bond length

(B) Change the formal oxidation state of the
metal

(C) Change the hybridisation of the olefin
carbon from sp? to sp?

(D) Increase with the presence of electron
donating substituents on the olefin

24.

25.

26.

217.

28.

29.

30.

31.

32.
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The oxidation state of molybdenum in [(n’—

tropylium) Mo (CO;]* is—
(A) +2 (B) +1
<© 0 (D) -1

The reaction of [PtCl,]? with two equivalents
of NH; produces—

(A) cis-[Pt(NH5),Cl,]

(B) trans-[Pt(NH3),Cl,]

(C) Both cis-[Pt(NH;),Cl,] and
trans-[Pt(NH;),Cl,]

(D) cis-[Pt(NH;),Cl4]*

The electronic transition responsible for the
colour of the transition metal ions is—

(A) dn - dcr (B) dn - dc*

©) d; — dy= D) ds— d=

The number of metal-metal bonds in
[W,(OPh)4] is—

(A) 1 (B) 2

©) 3 (D) 4

The Mulliken symbols for the spectroscopic
states arising from the free-ion term F are —

(A) Ty, +E, (B) Tig+ Thp + Ty,
(C) Tig+ T+ Ay, (D) A+ Ty, + Ty

Which of the following is used as propellant
for whipping creams ?

(A) N,O
(©) NyO4
Flame proof fabrics contain—
(A) H,NC(O)NH,-Na,SO,
(B) H,NC(S)NH;'Na,S0,
(C) H,NC(O)NH,'H;PO,
(D) H,NC(S)NH,-H5PO,

(B) NO
(D) N,Os

Among the compounds A-D, those which
hydrolyse easily are—

(A) NClI,
(C) BiCl,

(B) NF;

(D) PCl4

The coordination geometry of copper(Il) in
the type I copper protein plastocyanin is—
(A) Square planar

(B) Tetrahedral

(C) Octahedral

(D) Distorted tetrahedral
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33.

34.

35.

36.

37.

38.

39.

The metal ions present in the active site of
nitrogenase enzyme co-factor are —

(A) Fe,Mo (B) Fe, W

(C) Fe,Cu (D) Fe,Ni

The reaction [(CO)s Mn(Me)] + CO —
[(CO)s Mn{(C(O)Me}] is an example for—
(A) Oxidation addition

(B) Electrophilic substitution

(C) Nucleophilic substitution

(D) Migratory insertion

The number of EPR signals observed for
octahedral Ni (II) complexes is—

(A) One (B) Two

(C) Three (D) Zero

For neutron activation analysis of an element,
the favourable characteristics of both the

target and the product are from the
following—

1. High neutron cross-section area of target
2. Long half-life of the product

3. Low neutron cross-section area of target

4. Low half-life time of the product

The correct characteristics from the above
are—

(A) 1and?2 (B) 2and 3

(C) 3and4 (D) 1and 4

The concentrations of a species A undergoing
the reaction A — P is 1.0, 0.5, 0.33, 0.25 mol
dm= at =0, 1,2 and 3 seconds, respectively.
The order of the reaction is—

(A) Two (B) One

(C) Zero (D) There

The difference in energy levels of n = 2 and
n =1 of a particle in a one dimensional box is
6 units of energy . In the same units, what is
the difference in energy levels of n = 3 and
n = 2 for the above system ?

(A) 4 B) 5

< 9 (D) 10

The wave function { of a certain system is
the linear combination

s
w_ 4‘1’1‘*' 4%

where y; and , are energy eigen functions
with eigen values (non-degenerate) E; and E,,

40.

41.

42.

43.

44,

45.

respectively. What is the probability that the
system energy will be observed to be E; ?

A) ﬁ

©

®) >

1
o]

What is the atomic term symbol for helium
atom with electronic configuration 1s2 ?

(A) 2Sip (B) 'P

©) 'S D) 'S,

A molecule contains the following symmetry
operations : E, 2C¢, 2C5, C,, 30,4, 30,. The
number of classes and order of the symmetry
point group is—

(A) 3,12 (B) 5,12

©) 6,12 (D) 6,6

A triatomic molecule of the type AB, shows
two IR absorption lines and one IR-Raman
line. The structure of the molecule is—

(A) B-B-A (B) B-A-B

B A
B A B B

In NMR spectroscopy, the product of the
nuclear ‘g’ factor (gy), the nuclear magneton
(Bn) and the magnetic field strength (B)
gives the—

(A) Energy of transition from o to {} state

(B) Chemical shift

(C) Spin-spin coupling constant

(D) Magnetogyric ratio

An aqueous mixed solution of NaCl and HCl
is exactly neutralized by an aqueous NaOH
solution. The number of components in the
final mixture is—

A) 1 B) 2

©) 3 (D) 4

The lowest pressure at which the liquid phase
of a pure substance can exist is known as—
(A) Ceritical point pressure

(B) Super-incumbent pressure

(C) Triple-point pressure

(D) Saturation vapour pressure



46

47.

48.

49.

50.

51.

52.

53.

. A chemical reaction involving non-linear
molecule + non-linear molecule = non-linear
activated complex. The number of vibrational
degrees of freedom in the activated complex,
containing N atoms, is—

(A) 3N-5 (B) 3N-6

(C) 3N-7 (D) 3N-8

Calculate the total number of microstates for
6 identical particle with their occupation
numbers {1, 2, 3} in three states is—

(A) 6 B) 12
(©) 60 (D) 720
If the concentration (c¢) is increased to 4 times
its original value (c), the change in molar

conductivity for strong electrolytes is (where
b is Kohlrausch constant) —

(A) 0 B) e

©) 2bV¢ (D) 4bV ¢

In atom recombination reactions —

(A) E,=0,AS* = +ve, AH* = +ve

(B) E,=0,AS? =—ve, AH” = —ve

(C) E, =+ve, AS* = —ve, AH” = —ve

(D) E, = +ve, AS* = +ve, AH* = +ve

In the Lindemann mechanism of unimolecular

reactions, the observed order at low concen-
tration is—

(A) 05 B) 1

©) 15 D) 2

The aggregation of surfactant molecules is
known as—
(A) Micelles
(©) Gel

(B) Clusters

(D) Colloid

The coordinates for the atoms in a body-
centred cubic unit cell are—

(A) (0,0,0)and (1/2,0,0)

(B) (0,0,0)and (1/2,1/2,1/2)

(C) (0,0,0)and (0,1/2,0)

(D) (0,0,0) and (0,0, 1/2)

The interplanar distance (Z;) for (100) plane
in a cubic structure with the lattice parameter
of 4 Ais—
A) 1
<€ 4

(B) 2
D) 8

54.

55.

56.

57.

58.
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The correlation coefficient of two parameters
is found to be —0.99. It may be concluded that
the two parameters are —

(A) Strongly correlated
(B) Almost uncorrelated
(C) Connected by a cause-effect relationship
(D) Not connected by a cause-effect relation-

ship
The TUPAC name for the compound given
below is—

OH

P N
(A) (2R, 3Z)-7-phenylhept-3-en-2-ol
(B) (2S5,3Z)-7-phenylhept-3-en-2-ol
(C) (2R,3E)-7-phenylhept-3-en-2-ol
(D) (2S,3E)-7-phenylhept-3-en-2-ol

Among the following esters, the one that
undergoes acid hydrolysis fastest is—

OCOCH;
OCOCH; b ©i
(A) OH
OCOCH; OCOCH
IR o
OH CH;

Reaction of cyclohexyl benzyl ether with
hydrogen in the presence of 10% Pd/C
yields—

(A) cyclohexanol and toluene

(B) cyclohexanol and benzyl alcohol

(C) cyclohexane and benzyl alcohol

(D) cyclohexane and toluene

Among the following dibromocyclohexanes,

the one that reacts fastest with sodium iodide
to give cyclohexene is—

B Br
r
®) O:
A) Br .
Br Br
©o [ ] D) ,O/
"Br Br
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59.

60.

61.

62.

Match the following
medicinal activity —

drugs with their

. Anti-bacterial
. Cholesterol

(a) S-fluorouracil 1
2
3. Anticancer
4

(b) Amoxicillin

lowering
. Anti-inflammatory
(a) (b)
(A) 1 2
(B) 4 3
© 3 4
(D) 3 1

The major product formed in the following
reaction sequence is—
1. CH;CO;H
2. LiAIH,
Me \O
Me
/,//

(A)

H «OH
@ 3
©

The biosynthetic precursor for the steroids
is—

(A) Secologanin

(B) Shikimic acid

(C) Mevalonic acid

(D) a-ketoglutaric acid

The major product formed in the following
reaction sequence is—

Br
N L
>;\0 OEt

1."Bu3SnCl, NaBH,, AIBN
2. H2504; CTO3

63.

64.

65.

66.

67.

68.

In the compound given below, the hydrogens
marked A and B are—

(A) Homotopic (B) Isotopic

(C) Enantiotopic (D) Diastereotopic

In the IR spectrum, the absorption band due
to carbonyl group in phenyl acetate appears
at—

(A) 1800 cm™!
(C) 1710 cm™!

(B) 1760 cm™!
(D) 1660 cm™!

The reactive intermediate involved in the
following reaction is—

e (0
_—

N-Me II\I
H Me

(B) A carbanion
(D) An aryne

Br

(A) A carbocation
(C) A free radical

Number of isoprene units present in lupeol
is—

(A) Two
(C) Six

(B) Four
(D) Eight

The heterocyclic ring present in the amino
acid histidine is—
(A) Pyridine

(C) Indole

(B) Tetrahydropyrrole
(D) Imidazole

The gauche conformation (¢ =
n-butane posseses —

60°) of

(A) Plane of symmetry; and is achiral
(B) C,-axis of symmetry; and is chiral
(C) Centre of symmetry; and is achiral
(D) Plane of symmetry; and is chiral



69.

70.

71.

72.

73.

The following photochemical conversion
proceeds through—

0, Me 0

sk eUa

H

(A) Barton reaction

(B) Paterno-Buchi reaction
(C) Norrish type I reaction
(D) Norrish type II reaction

Among the following dienes, the one that
undergoes a degenerate Cope rearrangement
is—

H/c

(A) <© (B) @
H\\

(©) <C (D) EC

PART C

A radioisotope #!Ar initially decays at the rate
of 34,500 disintegrations/minute, but decay
rate falls to 21,500 disintegrations/minute
after 75 minutes. The ¢/, for #HAr is—

(A) 90 minutes (B) 110 minutes

(C) 180 minutes (D) 220 minutes
The orders of reactivity of ligands, NMe;,

PMe; and CO with complexes MeTiCl; and
(CO)5 MO (thf) are—

(A) CO > PMe; > NMe; and CO > NMe; >
PMC3

(B) PMe; > CO > NMe; and NMe; > CO >
PMC3

(C) NMej; > PMe; > CO and CO > PMe; >
NMC3

(D) NMe; > CO > PMe; and PMe; > NMe; >
CO

The number of lone-pairs are identical in the
pairs—

(A) XeF,, CIF;
(C) XeO,F,,ICl,~

(B) XeO,,ICl,~
(D) XCO4, C]F3

74.

75.

76.

7.

78.

79.
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Among the following, those can act as
Mossbauer nuclei are —

1. 1291 2. 37Co

3. Fe 4. 121Sp

(A) 1,2,3and 4

(B) 2,3 and 4 only

(C) 1,2 and 4 only

(D) 1,3 and 4 only

Which of the pairs will generally result in

tetrahedral coordination complexes, when
ligands are CI" or OH —

1. Be(II), Ba(Il) 2. Ba(II), Co(II)
3. Co(I), Zn(II) 4. Be(Il), Zn(II)
(A) 1land?2 (B) 2and 3
(C) 3and 4 (D) 1and 4

Silica gel contains [CoCl,]*~ as an indicator.
When activated, silica gel becomes dark blue
while upon absorption of moisture, its colour
changes to pale pink. This is because —

(A) Co(Il) changes its coordination from
tetrahedral to octahedral

(B) Co(II) changes its oxidation state to
Co(III)

(C) Tetrahedral crystal field splitting is NOT
equal to octahedral crystal field splitting

(D) Co(Il) forms kinetically labile while
Co(III) forms kinetically inert complexes

For the metalloprotein hemerythrin, the

statement that is not true is—

(A) There are two iron centers per active site

(B) Both iron centres are hexacoordinated in
the active state

One iron is hexacoordinated while the
other is pentacoordinated in the active
state

It is found in marine invertebrates

©

D)
For a tetragonally distorted Cr(III) complex,
zero-field splitting results in the following
number of Kramers doublets —

A) 1 (B) 2

© 3 D) 4

Intense band at 15000 cm™! in the UV-visible
spectrum of [BuyN], Re,Clg is due to the
transition—
(A n—n"
C) d—=n"

(B) & — &
(D) n— &
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80.

81.

82.

83.

84.

85.
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Electron change in reduction of Ce(SOy),,
KMnO,, HNO, and I, with hydrazine in
acidic medium, respectively is—

(A) le, le,2e and 4e

(B) 1le,3e,2e and 4e

(C) 2e,3e, le and 4e

(D) 2e,4e, le and 3e

The compound that will behave as an acid in
H,SO, is—

(A) CH;COOH (B) HNO;

(C) HCIO, (D) H,O

Among the oxides of nitrogen, N,O3, N,O4
and N, 0Os, the compound(s) having N-N bond
is/are—

(A) N,0O,4 and N,Os

(B) N,O3 and N,Os5

(C) N,O3 and N,O4

(D) N,Oj5 only

The treatment of PhBr with n-BuLi yields—
(A) 2n-BuPh + Br, + Li,

(B) PhPh + octane + 2LiBr

(C) n-BuPh + LiBr

(D) PhLi + n-BuBr

Though cyclobutadiene (C4H,) is highly
unstable and readily polymerizes in its free

state, its transition metal complexes could be
isolated because —

(A) It engages in long-range interaction with
transition metals

(B) It gains stability due to formation of
C4H,2% on binding to transition metals

(C) Its polymerization ability reduces in
presence of transition metal

(D) It becomes stable in presence of
transition metals due to formation of
C4H42+

Identify the order representing increasing
n-acidity of the following ligands —

C,F,4, NEt;, CO and C,H,
(A) CO < C,F; <C,Hy < NEt,
(B) C,F, <C,H, <NEt; <CO
(C) C,H, <NEt; < CO < C,F,
(D) NEt; < C,H, < C,F, < CO

86.

87.

88.

89.

90.

91.

The species with highest magnetic moment
(spin only value) is—

(A) VClg*-

(B) (n°-CsHs),Cr

(C) [Co(NO,)sl*

(D) [Ni(EDTA)]*

The number of metal-metal bonds in
Ir,(CO)p is—
(A) 4

©) 10

(B) 6
(D) 12
Three bands in the electronic spectrum of

[Cr(NH3)¢]3+ are due to the following
transitions :

1 %Ay =Ty,
3. 4A2g d ZEg

Identify the correct statement about them —

2. 4A2g d 4T2g

(A) Intensity of 1 is lowest

(B) Intensity of 3 is lowest

(C) Intensities of 1,2 and 3 are similar
(D) Intensities of 2 and 3 are similar
Identify the pairs in which the covalent radii
of elements are almost similar—

1. Nb,Ta 2. Mo, W

3. La,Lu 4. Sc,Y

(A) 1and 2 only

(B) 1 and 3 only

(C) 2and 3 only

(D) 1,2 and 3 only

Consider the following lanthanide(III) ions :
1. Ndd{II) 2. GddII)
3. DydID)

The magnetic moment closest to the spin only
value is(are) for—

(A) 2 only
(C) 1 and 3 only

(B) 1 and 2 only
(D) 2 and 3 only
The A; of the following complexes —

1. [CoCl)*

2. [CoBr4]* and

3. [Co(NCS),]* follows the order

(A) 3>1>2 B)1>2>3
©) 2>1>3 D) 3>2>1



92.

93.

94.

95.

96.

In complexometric titration

S(substrate) + T(titrant) — P(product)

The end point is estimated spectrophoto-
metrically. If S and P have € = 0, the shape of
the titration curve would look like —

w A \/ @ A -/
e I
©) ) L D) ; /\
T— T—

Identify the chiral complexes from the
following —

1. [Cr(EDTA)]”
3. [PtCl(diene)]*
(A) 1 only (B) 1 and 2 only
(C) 1 and 3 only (D) 2 and 3 only

Distribution ratio of ‘A’ between CHCl; and
water is 9.0. It is extracted with several, 5 mL
aliquot of CHCI;. The number of aliquots
needed to extract 99.9% of ‘A’ from its 5 mL
aqueous solution are —

(A) 2 B) 3

©) 4 D) 5

The correct equilibrium order for the inter-
conversion of different forms of SiO, is—

2. [Ru(bipy);]**

(A) Tridymite = quartz <> cristobalite =
liquid SiO,

(B) Quartz = tridymite = cristobalite <>
liquid SiO,

(C) Quartz = cristobalite = tridymite <>
liquid SiO,

(D) Cristobalite = tridymite = quartz =>
liquid SiO,

The rate equation for the reaction, 2AB + B,

— 2 AB,, is given by

rate = k [AB] [B,]
A possible mechanism consistent with this
rate law is—

slow
(A) 2AB + B,—— 2AB,

97.

98.

99.
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(B) AB + AB == A,B, (fast)
slow
A2B2 + B2_> 2AB2
slow
(C) AB+B,—— AB;

fast
AB; + AB—— 2AB,
(D) AB + B, = AB; (fast)

slow

AB; + AB—— 2AB,
Observe the following statements —
1. In the H,—O, reaction, explosion occurs

when the rate of chain branching exceeds
that of chain termination.

2. The order of the reaction, nA — products,
is 2.5. For this reaction,

tip o [A]y~?

3. Unimolecular gas phase reactions are
second order at low pressure but become
first order at high pressure.

Which of the following is correct ?

(A) 1,2 and 3 are correct

(B) Only 2 is correct

(C) Only 3 is correct

(D) 1 and 2 are correct

For the particle-in-a-box problem in (0, L), an
approximate wave function is given as x (L/2

—x) (L —x). The average energy E for such a
state will obey —

2 - 52 _ h2
(A) 8mlL? <E 2mlL? (B) E> 2mlL2

h2 _ h2 — h2
©) amL2 <E< L2 D) 0<E< amL2

For two variables x and y, the following data
set is given :

X Y
-1 1
0 2
1 3

The correct statement for the covariance A
and correlation coefficient B of x and y is—

(A) A=2/3, B=1
(B) A=-2/3, B =1
(C) A=-2/3, B=-1
(D) A=0, B=0
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100.

101.

102.

103.

104.

105.

106.

The hydrogenic orbital with the form of the
radial function

r2 (o —r) (0 —r) exp [-Br], where o0,
and P are constants, may be identified as a—
(A) 3d orbital (B) 4f orbital

(C) 5d orbital (D) 5f orbital

The operator [x, [x, p?]] is identical with—
(A) [px, [x, pll B) [xp, [x,pl]

© ~lp,[x*pll D) [x, [x*,p]]

For the particle-in-a-box problem in (0, L),

the value of (x) in the n — o limit would
be—

(A) L3/6 (B) L3/3
(©) L34 (D) L4/4

Identity the Mulliken notation for the
following irreducible representation

E |E, "¢, |i |o

U R DT P
A) Ay (B) A"y,
(©) By, D) Ay,

Identify the point group symmetry of the
following molecule (all C—C bond lengths
are equal) —

X
X
X
(A) Cyy (B) S4
(C) Dy (D) Dyy

The ground state term symbol for Nb
(atomic number 41) is 6D. The electronic
configuration corresponding to this term
symbol is—

(A) [Kr] 4d? 552 (B) [Kr] 4d* 55!

(C) [Kr]4d 55° (D) [Kr] 4d? 55'5p!

In the presence of an external magnetic
field (normal Zeeman effect), the transition
1D, — 1P, splits into—

(A) 9 lines (B) 8 lines

(C) 7 lines (D) 6 lines

107.

108.

109.

110.

Identify the Hiickel determinant for cyclo-
butadiene —

a-E B 0 0

B oa-E B 0

(A) 0 B o-E P
0 0 f  o-E

a-E B 0 B

B o-E pB 0

(B) 0 B ao-E B
B B 0 o-E

a-E B 0 B

B o-E B 0

© 0 B o-E B
§ 0 p  o-E

a-E P 0 §

B oa-E B 0

(D) 0 a-E P
0 0 B o-E

On mixing 120 mL of 0.05 M CH;COOH
and 40 mL of 0.05 M of NaOH, the pH of
the solution is—

(pKa = _10g Ka)

(A) pK,+0.69 (B) pK,+0.301

©) pK, (D) pK,-0.69

A system consists of gaseous H,, O,, H,O
and CO, where the amount of CO, is speci-
fied and the equilibrium constant for the
reaction 2H,(g) + O,(g) = 2H,0(g) is
known. The number of degrees of freedom
of the system is—

(A) 2 B) 3

© 4 D) 5

“Colloids are thermodynamically unstable
with reference to bulk but kinetically
stable”. Identify the correct pair—

Statements Reasons
(a) Thermodynamically (c) Interfacial surface
tension
(b) Kinetically stable  (d) Electrical double

layer
(A) (a) == (d) and (b) <= (0)
(B) (a) == (¢) and (b) <= (d)
(C) (a) == (c)and (b) <> (¢)
(D) (a) == (d) and (b) == (d)



111.

112.

113.

114.

115.

116.

An AX system gave 4 lines at 4.72,4.6,1.12
and 1.0 ppm away from TMS using an nmr
spectrometer operating at 100 MHz. What
are the values of Jox (in Hz) and d,x (in
ppm), respectively ?

(A) 12and 3.6 (B) 6and 3.6

(C) 12 and 2.86 (D) 6 and 2.86

The equilibrium population ratio (n;/n;) of a

doubly-degenerate energy level (E)) lying at

energy 2 units higher than a lower

nondegenerate energy level (E;), assuming

kgT =1 unit, will be—

(A) 2e7? (B) 2¢2

©) ¢ (D) e?

Which of the following statements is true for

a cyclic process ?

(A) $dg=0

B) Haw=0

(C) Heat can be completely converted into
work

(D) Work can be completely converted into
heat

Identify, from the following, the correct
ionic strengths for (a) a 0.01 molal solution
of NaCl and (b) a 0.01 molal solution of
Nast4—

(A) (a)0.010 mol kg~! (b) 0.010 mol kg~!
(B) (a)0.010 mol kg~! (b) 0.030 mol kg~!
(©) (a)0.010 mol kg~! (b) 0.025 mol kg~!
(D) (a) 0.010 mol kg~! (b) 0.015 mol kg~!
A system has 100 degenerate energy levels

and 100 bosons are kept in it. Find the
entropy of the system at equilibrium—

(A) 102kg (B) 102 kg
(C) 460.6 kg (D) 4.606 kg

Which is correct Nernst equation for redox
reaction O + ne = R ?

_ RT [O]
(A) E=E* ) Cin oy
[0] "E-£9
[0] _ - ar@-E")
© rj=¢

RT 0
[O]_ , r®-ED

D) R] =

117.

118.

119.
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A plane of spacing d shows first order Bragg
diffraction at angle 8. A plane of spacing
2d—

(A) Shows Bragg diffraction at 26

(B) Shows Bragg diffraction at 6/2

(C) Shows Bragg diffraction at sin!

(sin 0
2

(D) Shows Bragg diffraction at sin™!
(sin 26)
2

In the formation of H, molecule from 2H
atoms placed at positions A and B, and
separated by a distance rup, a part of the
spatial wave function is—

@A) A(2) + (1) @p(2)

This is a covalent term and is important
a8 rap —> ®©

A)

(B)

This is an ionic term and is important
as ragp —> *®

©)

This is a covalent term and is important
as rag — 0

(D) This is an ionic term and is important

asrpg —= 0

A 0.1 M solution of compound A shows
50% transmittance when a cell of 1 cm
width is used at A; nm. Another 0.1 M
solution of compound B gives the optical
density value of 0.1761 using 1 cm cell at A,
nm. What will be the transmittance of a
solution that is simultaneously 0.1 M in A
and 0.1 M in B using the same cell and at
the same wavelength ?

(log 20 = 1.301; log 30 = 1.4771; log 50 =
1.699)

(A) 33.3%
(©) 66.7%

(B) 50%
D) 70%
Using standard equation for intrinsic

viscosity [n] = KM;, for a solution of
polymer and any information from the graph

identify viscosity-average molar mass (1\_/IV)
[given that a =0.5,K =5 x 103 Lg!].
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121.

122.

123.

P

H MgBr, Et,0 Al/k/\
h/\|/ //\/—, P + Ph/\l/\/\
Me e M

| CSIR-Chemical Sciences (June-2013)

0.055

M~="o,
Mo

al—

0.050
0 c 10

(A) 103 g/mol (B) 10* g/mol

() 105 g/mol (D) 106 g/mol

Among the following, the correct statement
for the following reaction is—

S been (3.

(A) A is the major product and it will have
five signals in the proton decoupled
13C NMR spectrum

A is the minor product and it will have
eight signals in the proton decoupled
13C NMR spectrum

B is the major product and it will have
five signals in the proton decoupled
13C NMR spectrum
B is the minor product and it will have
five signals in the proton decoupled
13C NMR spectrum

For the following three step conversion of A
to B, the appropriate sequence of reactions
is—

1. MeMgBr, Et,0
—_—° -,
2.H3PO,

(B)

©

D)

(A) MnO,; (CH,OH),/p-TSA; PCC
(B) PCC; MnO,; (CH,OH),/p-TSA
(C) PCC; (CH,OH),/p-TSA; Jones’ reagent
(D) Jones’ (CH,OH),/p-TSA;
MnO,
Which one of the following statements is
true for the following transformation ?
OH

reagent;

OH
CHO ?\
h

M e
A B

124.

125.

126.

(A) A is the major product and it is Cram

product

A is the major product and it is anti-
Cram product

B is the major product and it is a Cram
product

B is the major product and it is anti-
Cram product

(B)
©)

D)

Which one of the following statements is
true for the following transformation ?

0
0 0
—_— +

A
A

0]

:m-ll‘\\o

A
B

Suitable reagent is m-CPBA and B is
the major product

Suitable reagent is m-CPBA and A is
the major product

Suitable reagent is aq. H,0,/NaOH and
B is the major product

Suitable reagent is aq. H,0,/NaOH and
A is the major product

A
()
(B)
(©)

D)

The compound formed in the following
reaction sequence is—

/@O 1. Li, lig.NH3, t-BuOH
2.10% aq. H,SO
MeO 0 aq. 075Uy
H,N

A)

Among the following compounds, the one
which has highest dipole moment is—

™ ®)
© o O~



127. In the UV-Vis spectrum, a diterpenoid
exhibited a Ap,, at 275 nm. The compound,
among the choices given below, is—

(A)

B)

©

N
HOOC

128. The major product formed in the following

reaction is—

1.A
)\7 * /\Noz 2. TiCl;, HCI
° PO
(A) ﬁ (B) o

129. In the broadband decoupled '3C NMR

spectrum, the number of signals appearing
for the two pyrenediols A and B,
respectively, are—

OH
&
NesediNsed
A B

(A) Eight and eight (B) Eight and sixteen
(C) Fiveandten (D) Five and eight

130.

131.

132.
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An organic compound exhibited the follo-
wing '"H NMR spectral data :
6780((2,H,d,J=8Hz),6.80(2H,d,J=8
Hz),4.10 2 H,q,J =72 Hz); 24 3 H, s),
1.25 (3 H, t, J = 7.2Hz). The compound,
among the choices given below, is—

(0]
(%) )@A
EtO
(0]
o LT
MeO
(@]
© )@JI\A
HO
O
o e
Et

a-Pinene on reaction with dilute alkaline
KMnO, produces a diol, which on further
oxidation with chromium trioxide gives
product A, which undergoes a positive
haloform test. The compound A is—

(0]
COOH
&) 7§j ®) ﬁCOOH
O
o
© coon P
The major product formed in the reaction of
guanosine with one equivalent of methyl
iodide is—
O
Me
N
@w MY
NN

H,N
R

O
Me\ N
N \
® HzN)\iIJ\II N>
R



16 | CSIR-Chemical Sciences (June-2013)

0 (B) Phe-Leu + toluene + carbon dioxide
N (C) Phe-Leu + benzyl alcohol + carbon
HN N\ ..
© )\ | > ° dioxide
NS
HN™ Ny N 1 (D) Gly-Leu + benzyl alcohol + carbon
I\I/Ie R dioxide
0 135. Among the following, the most suitable
reagent for carrying out resolution of
(D) HN | N\> racemic 3-methylcyclohexanone is—
N
Me-HN” N7 N HO
R R
133. The major product formed in the following (A) O\
reaction is— OH
OH
COOMe
(B) MeOOC
OH
Me
OH
(©) ph
(0]

OH
® ()
HO

136. Inthe following reaction sequence, structures
of the major products X and Y are—

©: + (COOE), NIOEL 5 ZW/ACOH |
NO,

O
(A) Xis ©f\(cooa
NO

2

Y is mCOOEt
N

134. Reaction of the dipeptide, given below, with H
hydrogen in the presence of 10% palladium 0
over carbon, produces a mixture of — .
B) Xis COOEt
o NO,
Ph (0] g OH
0 H o5 Y is
Ph 0

(A) Gly-Leu + toluene + carbon dioxide



137.

138.

139.

C) Xis

COOEt

(D) Xis OEt Y is

NH

L
L

Consider the followmg reaction sequence :
OH
Sn/HC] /©/
—_—
O,N (90%) H,oN

oy e,
R ——
OH
Ac)O /©/
—_—
(90%) AcHN
©:OH : OH
NH, NHAc
The overall yield for the formation of p-
hydroxyacetanilide and o-hydroxyaceta-

nilides from phenol, respectively, are appro-
ximately —

(A) 57 and 20%
(C) 83 and 68%

The most stable conformations of 1, 2—diflu-
oroethane and d/-2,3-butanediol are —

F
H@F
H H

H OH
F OH
H@H Me/@zOH
H H H Me
F
F
H H H OH
and
H H Me H
F Me

F
H F H
and
H H H OH

H

Acy)O
(90%)

Sn/HCI
(90%)

OH
: :Noz

(25%)

(B) 57 and 68%
(D) 83 and 20%

=4

o
o
T

jant

and

A)

B)

©

D)

=
o

Reaction of (S)-1,2,4-butanetriol with
benzaldehyde in the presence of a catalytic

140.

141.
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amount of p-TSA furnished the major
product A. The structure of A is—

HO Y )

(A) o_ 0O
T
Ph
HO Y
(B) 0,0
Ph
OH
© Y
(0]
Ph
O/\/\/ OH
\ 3
<0

The major product formed in the following
reaction is—

0 OTs

KH/THF
e ——

Ol
jan)

0 H
A Nes
() ®) L
(O@ <D>®
O O

The major product formed in the following
reaction is—

~\\\

1. NaH, CS,, Mel
B
2.200°C

(B)

D)
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142. The major product formed in the following
reaction is—

N

(ON i 0
1. hv, aq. THF
—_—>
2.A

0

@& 4 AN ®
0

O
© f gy ® X7 o

143. The major product formed in the following
reaction is—

Ci:/(o hv, Et,0
OH
& (O m (&Y

OH
o2 o]
H

144. Predict the condition A and the structure of
the major product B in the following
sequence —

1. 03; Me,S
A AL [ hoses
2.Ph,P = CHCOOEt
© (excess)

)/\\ICOOEt
A) Ais hvBis
(A) Z~COOEt
, . Y™ \COOE!
(B) AishvBis :Qcoom
)ﬁCOOEt
C) AisABis
© ZCOOEt
AR N TNCOOE
(D) AisABis :(:coom

145. The most appropriate mode of cyclisation in
the following transformation is—

|91

O—Ch
H
(A) Con-rotatory in photochemical; and
dis-rotatory in thermal conditions
(B) Con-rotatory in thermal; and dis-
rotatory in photochemical conditions
(C) Con-rotatory in thermal; and con-
rotatory in photochemical conditions

(D) Dis-rotatory in photochemical; and dis-
rotatory in thermal conditions

Answers with Hints

Part-A
. (C) Ms. Black Ms. Brown Ms. White
I | I
brown white black

Each bears different colour dress according to
their name.

. (A)
. (D) E

D C

square pyramid

A B

Only one cut is required as ABCEDA is
formed without cut and then after one cut CD
is made.

. (C) For every next figure, dark cut is rotating

clockwise with one part adjacent to next and
small circles are increasing 2 and 1 adjacent
to dark area and next after adjacent to dark
area respectively.

CPpO®

Nt
200~
@/\_/
160~

Since inverted ‘V’ shaped portions of contour
lines represent a valley along which a river
flows and that direction is north according to
given figure. Thus, the downstream direction
of the river is south.

. (A)
. (B)




8. (D) D c

14.
19.

21.

22.

23.

(D)

North
I—* East

Since, there is square and allowed only to
North and East direction move the total
distance travelled by the person is same for all
paths.
(D)
©
(D)

A B

10. (A)
15. (D)
20. (B)

Part-B

(D) As we go down the group in periodic table
for sodium family, the number of electrons
increases and their attraction towards nucleus
increases and removal of e~ become difficult.
So Na loses e~ s very easily.

11.(B)
16. (B)

12.(C)
17. (D)

13.(B)
18. (B)

In the case of inert gas family, Ne has its
complete octet, strongly connected with
nucleus e~ attraction and do not give e7s to
lose easily.

Thus Na, Ne pair have highest difference
in their first ionization energy in given option.

(A) The structure of uranocene is

Ut (CgHg™2),.

U

©

Most stable actenocene.

(C) In Metal-Olefin interaction, the extent of
increase in metal — Olefin s-back donation
would strengthen the Metal-Olefin bond
H H
Qi
7 =)
/ \®
H H

which produces a increase in C = C bond
length and somewhat single bond character
which results a change in hybridisation from
sp? to sp3.
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24. (C) [(n’~tropylium) Mo(CO);]*

g ]+
/MO\
\
oC CcO CO
In zero oxidation state of Mo, complex have
18 e~ (stable)
T+6+6-1=18

tropylium is a 7e~ donor ligand in neutral
method.

25. (A)
cl cal™ a NH;| Cl NH;
p | M| g s ] py
al cl ¢ c ¢ NH;

1
Cis-platin
(anticancer drug)

CI- have more trans directing ability than
NH;.

26. (A) 27.(C) 28.(C) 29.(A) 30.(C)

31. (C) Among given compounds NF; is not
hydrolyse easily because, the more electro-
negative F atom strongly attracts the e-s
present in N atom and they are no longer
available to get hydrolysed.

Ny,
a3

F/ /;el)‘o
32. (D) 33.(A)
34. (D) ﬁ

T

(CO)4;Mn—CHj5 —>(CO)4Mn—(|f —CHj
O
(Co insertion)

(0] (0]

Il I

C C—CH,

(CO)41\|/II]—CH3 —>(CO)4MH—I:|
(methyl migration)
[J = vacant site
So overall migratory insertion.

35. (A)

36. (A) Neutron activation analysis is a sensitive
multi-element analytical technique used for
both qualitative and quantitative analysis of
major, minor, trace and rare elements. It
requires high neutron cross-section area of
target and long half-life of the product.
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37.

38.

39.
40.

41.
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© A — P
d[A]

rate = — dr
= [A]l, = [A]ly—-nKt

I3

g

@]

Time

From given observation, we find this graph
and it indicates that order of reaction is zero.
(D) For a particle in a one dimensional
box energy is given as

nh?

8 ma?

E, =

where a is length of box, m is mass of

particle. Thus,

2
E = 8 ma?
4h?
and E2 = 8 ma2
3h?
SO, E2 _El = 8 ma2
= 6 units of energy
2
Therefore, E;—E, = (9-4) 8 ma’
= 5x2
= 10 units of energy
©
(C) 2Me 12 1S
Electronic term symbol = 2S+IL,
n
S = ) =0
= 28S+1 =1
L =0(S)
J =0
Thus, term symbol for He = 1S,

(C) Symmetry operation : E, 2C¢, 2C3, C,, 30,,
30, symmerty operations with different sym-
metry element is equal to number of classes
=6
order of the symmetry point group
= 1+2+24+1+3+3
=12

42. (B) In triatonic centrosymmetric molecule, the

43.

44,

45.

46.
47.

vibrational mode which are active in IR, are
inactive in Raman and vice-versa. Thus AB,
molecule showing two IR absorption lines and
one IR—Raman line have following structure —

<« —
B—-A—B
asymmetric stretching and bending — IR
active symmetric stretching — IR-Raman
active
(A) In NMR spectroscopy energy of transition
from o to f} state is given as :
Vo p = gnBNBo
aq. NaOH
_—

(B) NaCl + HC1 — 2 NaCl + H,O
(aq) Neutrali- 2 components
zation
There are no HCI and NaOH in final mixture.
©

solid\ilind/
Pyfp--------

| vapour
RE

Temperature

The lowest pressure at which the liquid phase
of a pure substance can exist is known as
‘Triple-point pressure’.

©

(C) Number of microstates

where n is total identical particles and ny, n,,
nz are occupation number.

i3

Thus, = T
IRERES
6x5x4 XB

- 1x2x1 XB
= 60

48. (B) 49.(B)

50. (D) Lindeman Mechanism :

K
A+A = A"+A
K.
A* & D
Rate of formation of product = K, [A*]



Applying SSA on [A"]
d[A"]

o = KIIAP—K_ [A"] [A]-K[AT'
=0
. K [AP
(A1 = K_;[A]l+K;
KoK, [A]?
Rate = K_, [A]+K,
If K,>> K_;[A]atlow concentration
Rate = K, [A]?
Second order kinetics.
51. (A)

52. (B) When coordinates are changed with one
axis, the unit cell is simple cubic, when
changes with two axis, it is face-centred cubic.

Thus, when coordinates are changed with
three axis, the unit cell is body centred cubic.

(0,0,0) to (%, 0, O) — simple cubic

(0,0,0) to 0)
1 11
(0,0,0) tO 29 2’2 - b.C.C.
53. (C) For cubic system, interplanar distance is
given as
d2 _ L
W 2+ k24 2
us, 100 =~ 12402402
= dip = 4A
54. (A)
55. (D) OH H
“f Ph
AN
N
For, 2-position
1 4
OH, H @
/</ = @li}@
312 ® O
vView
For, 3—position
2
| H
7 = 3E
H

Thus, [IUPAC Name is originated as
(25, 3E)-7-Phenylhept-3-en-2-ol
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56. (B)
57. (A)

Oro-en

Cyclohexyl benzyl ether

Oronene)

Toluene

10% Pd/c

Cyclohexanal

58. (C) O: \m Natl-

no available position to form cyclohexene

O/ INa*
’// —IBI‘

Trans-1,2, dlbromo

cyclohexane
Br Cyclohexene
59. (D)
60. (B) Me
esterlflcatlon

LiAlH, OH
—_— CH,—OH

LiAIH, reduces as
(0] OH

NN

—CHO — CHOH Me%»*‘OH
0 OH
CH ":,/
)I\ - A2 =
OH OH

61. (C) Steroids are type of organic compound
that contains a characteristic arrangement of
four cycloalkane ring that are joined to each
other as—

cholestane, a polytypical steroid skeleton
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Mevalonic Acid—

OH, O
N
HO > % ° 7 ' oH

(3R)-3, 5-Dihydroxy-3-methyl pentanoic acid
used as biosynthetic precursor for steroids.

62. (
nBugSM Cl
D\ ___AIBN | %NdBHz;
OEt _—c OEt
nBu3SnBr
D%OEt \L’X

= H,S0, =070
| | |
—C-N qc— o —Ce + N,

CN N CN
(AIBN)

- ri eu

CrOj3
_—

H

Six-membered ring
is stable

. (©)

PN

Isoprene

Lupeol
Six isoprene units in Lupeol is identified.
. (D) Histidine (His)
@—LCHZ CH COOH
NH2

Imlddzole ring

)<X (A) . .
68. (B) Gauche conformation of n-butane with

COOH K
-Hg COOH 60° dihedral angle (¢)

Q CH;

fi N
b = 60°
J< Ha H H
COOH H
Structures (A) and (B) have non-superimpo- S d
taggere

sable mirror images,
Thus, H, and Hg are enantiotopic

I
(O)-o0-L-cn

Ester group have carbonyl stretching
frequency at 1765 to 1770. But due to phenyl
ring, —O—atom involves in conjugation and
— CO frequency decreases to 1760 cm™ 1.

65. (D)

64. (B)

Proceeds through aryne intermediate

(aryne)
Benzyne intermediate

C,—axis bisects molecule with one methyl at
each side (front & back) and is chiral, no
plane of symmetry, no centre of symmetry.

69. (D)

H

O H Me OH -CH,
hv
L NT-1I
B y-hydrogen ring opening
H abstraction l
(0} O H

é\/(\ Egj\l
N
(0]

regeneration of —C group



70.

71.

72.

73.

A  H,

3 of
%, N
e
M E
a "H

1,5-diene Same product

A molecular rearrangement in which the
principal product is indistinguishable (in the
absence of isotopic labelling) from the prin-
cipal reactant, is known as ‘degenerate rearr-
angement’.

Part-C
(B) Initial decay,
No = 34500 disintegrations/minute
After 75 minutes,
N, = 21500 disintegrations/minute
We know that, disintegration constant,

2:303 (No)

M= N,

_ 2303 (34500
= 75 8\ 21500
= 000626

0-693
hp = X

0-693
= 0:00626
= 110-7 minute
(C) Since MeTiCl; have no e-s for back
donation with ;-accepting ligands like PMes
and CO, therefore, It reacts in order
NMe; > PMe; > CO

(more m-accepting tendency)

Now, in (CO)s;Mo(thf), Mo have sufficient e~s

and vacant site to react with st-acceptor ligand
Thus, the order is

CO > PMC3 > NMC3
(A) In given option, only I is correct, if we
consider only attached molecules lone-pairs,
:.Fl:‘: : { .
iﬁ—Xe—E : - /C
B

And, also

12 lone-pairs
:él: T
d—1—éi
:(E]:

12 lone-pairs

12 lor;q.:-pairs

. . P |
O0=Xe=0 ‘:F—Xe—F:
:0:
10 lone-pairs

Il
:0:
8 lone-pairs

74.

75.
76.

7.
79.

80.
81.

82.

83.
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(D) Mossbauer spectra are shown by nuclei
which have value of I > O and also have
different value of I in excited and ground state
of nucleus.

Among given molecule, only 3’Co nuclei
are mossbauer inactive because it decays as

57 le~ 57
27CO ——— 26Fe

which is M.B. active, 12°T and !2!Sb is also
active.

©)
ist
(A) [CoClL,]-2 moisture [Co(H,0)¢]*2
dark blue (H,0) pale pink
tetrahedral ~ ©X€CSS octahedral
+20.S. +20.S.
Tetrahedral complexes are darker in colour.
B) 78.(B)
(B) [BuyN], Re,Clg — 2 NBuy* + Re,Clg2
R, : 5d° 652
Re+++ 5d4
RS2 = 2rtsletl
15000 cm™!
(Royal blue)

o*

Tc*

g%_'li 8 — 8" transition

o

o—1k
A)
(C) (base) CH;COOH + H,SO,

> CH;COOH, + HSO,"
(base) HNO; + H,SO, — H,NO;® + HSO,"
(acid) HCIO, + H,SO, — ClO,~ + H;®SO,"
behaves as acid
(base) H,0 +H,S0, — H;0® + HSO,"
©)
o P o o T |
YN AN AN A
O O O O (6] (0]
N,O4 N,O,

N,0O3 and N,O, have N-N bond.

(D) Br Li
@ + n-BuLi — @ + n-BuBr

N,Os
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84.

85.

86.

87.
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B) IHI highly unstable and readily poly-

merises in its free state when binds with
transition metal complexes, it gains stability
due to formation of C,H,%, like

(Gcofo)
4e~ donor

(stable)
(D) Among the given ligand CO is most -

18e~ species

acid ligand. Between C,H, and C,F,, C,F, has

more tendency to behave as m-acid ligand due
to more electronegative F atoms which holds
e~ density towards F atoms and alkene
behaves as a better m-accepting position from
metal. NEt; has very little behaviour towards
nt-back bonding. Thus, the order is
NEt:; < C2H4 < C2F4 <CO
11

(A) ——e — —e —— e
111y, L, LLI,
11,
VCl2 (n"—CsHy), Cr  [Ni (EDTA)]2
»=39BM u=29BM Iy =29 BM
(@)

0~ 0O

O
2

s \\n/o__<o

2

113,

[Co (NOy)el™* n=0
Thus, VCls~2 has highest magnetic moment.
(B) Metal-Metal bonds

n x 18 —Total no. of valence e~ sin
complex

2
n = total no. of metals
Ir4(CO)4,, CO is 2e~ donor ligand
Ir have 9 e—s in valence shell

oc €O
\ | /CO
Ir
oC CO
oCc—1Ir Ir —CO
oC CO
/w
18 ¢ species
(Stable)

88.

89.

90.

91.

92.
93.

Thus,
M_M bonds = 4 x 18—(4;9+2x 12)
72 - 60
= > =6
B)
Strength of ligand
[Cr (NH3),]*3
Crt 3 +2+10 -1-2
r 1 ]
2S+1 = 4
= 3(F)
4F
4N, — 4T
2 4T2g } strong bands
lg
Thus, 4Ay, — Z2E, intensity is lowest
(A) Due to lanthanide contraction, the

covalent radii of Nb(1-34 A), Ta(1-34A) and
Mo(1-29), W(1-30) are almost similar.

Charge)
Radius

No increase in covalent radii due to L.C.

Chemical Reactivity = f (

(B) Ms = Vnn+2)
7 7
J .
=, = 4-38
3 7 42
Nd{I): pg = EXE=T=2-29

(A) As strong field ligand have high crystal
field stabilisation energy, according to spec-
trochemical series of ligand, the given ligand
in order
Br- < ClI- < NCS-

Thus, A, of given complexes follow the
order :

[Co(NCS),]~ 2> [CoCly]~ 2> [CoBry]-2
©)
(B) (A) [Cr (EDTA)] is a chiral molecule,
having d-/ pair (enanntiones) see structure of
question 86 (iv)



Enantiomers (d—/ pair)

>

where N = bypyridine

N
=

S

Optically active

(C) [Pt CI (diene)]* has square planar struc-

tures so it is a chiral.
94. (C) 95.(B)
96. (O) 2AB+B, — 2AB,
rate is given as :
rate = K [AB] [B,]
According to this rate law, mechanism is

AB+B, %%, 4B,

1

AB; + AB — 8

2 AB,

2

rate = K, [AB] [B,],
slowest step is rate determining step.

97. (A) (i) As reaction proceed, pressure of system
increases and radical become closer, so rate 102.
of propagation become fast. At a certain point
radicals value become infinite and this respon-
sible for explosion due to increase in pressure.

(i) nA — P (products)
rate = K [A]Y?2
d[A] _ 512
i - nK [A]
At d [A] ~ !
+on A2 =~ anOdt

Integrating it gives,
A A2+ 1

Ao—5/2+ 1
- % [A-32]% = —nKt

SHAI2—[A ] = nKt

[AJ32 = 3 (AL + K

N N N N
N N N N

98.
100.

101.

103.
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A -312 3 3
[70] = 5 (AL + 5 nK 1

+[Ag 2

-3
tip * [A]

nKtm

(iii) According to Lindeman theory, Unimole-
cular reactions (gas phase) are second order at
low pressure and become first order at high
pressure.

B 99.4A)
©

Radial function = 7% (o —7r)(0, —7) e Fr
Indicater that 72 = 7!
= 1 = 2 means d-orbital
Since it have two nodes, r = o,; and r = o,

Thus, orbital (hydrogenic) is identified as 5d
because radial node

=n-I[-1
=5-2-1
=2

©  [x,(x,pH] = [x,ifh.2p]
= x.2pih—-2ihpx=0
—-[p ¥ pll = —[p,—ih.2x]
= —[-ih.2x.p—(-p.ih
.2x)]
= +2ihxp-2ihxp=0
(C) Wave function,

2 . (nux
Yo = \ﬂ sin ('T)

Thus, <x3>

L
f o W(x) x> . W(x)" dx

L
2 . 5 ((nnx 3
Lfosm (L).x dx)
L3

® | E C, aC, i o
1 1 -1 -1 -1

If below principle axis is + ve sign, there is A

notation in irreducible representation.

If below C, — ve, then 2
If below oy, — ve then double dash ”
If below i — ve then u

Thus, overall irreducible representation = A,
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104.
105.

106.
107.

108.

109.
111.

©
B) 4Nb : [Kr]4d*5s!
4d Ss
[T ]
+2-10-1-2 0
2S+1 =6

L=+2x1=2D
Thus, ground state term symbol = °D
(A)

©) 123 4
1|lx101 hj
211 x10 3
3101 x 1
411 0 1 x
v = a-E
B
= E = a—-fx
.. Huckel determinant
o—E
— 1 0 1
P E
(x_
1 1 0
- B .
a_
0 1 — 1
P E
a_
1 0 1 —
§
a-E f &
p aoa-E 0
B B oa-E B
0 p aoa-E
©
120 mL of 0-05 M CH;COOH
40 mL of 0-05M NaOH

moles of H* = 0:05 x 120 = 6:0 mM
moles of OH = 0-05 x 40 = 2:0 mM
remaining H* = 4 mM
4 %103 4 1
H'het = 160 x 1037 160 =40
= 0-025 mole !
pH = —log (2:5x 10-?)
= 2+1log2-:5=2-39
®)  110.(B)

(C) AX system gives 4 lines at 4:72, 46,
1-12 and 1-0 ppm 100 MHz instrument is
given.

112.

113.
114.

115.
116.

Jax = (difference between any two adja-
cent peaks) x (instrument frequency)
(472 — 4-60) ppm x 100 MHz
0-12 ppm x 100 MHz

= 12Hz
472 +4-60 + 1-12 + 1-00
dax = 4
_ 1144 2-86 ppm
4
(A) Ui _ g o B -EKyT
n;
Since g = 2 (doubly-degenerate)
and E,—E; = 2 units
KgT = 1 unit
Thus, L 2e-2
n;
D)
(B) Ionic strength is given as

1 l
L=y Zmi

1=
m; is molality of ion and z;is charge
Thus, for NaCl

Z, =1,
Z =1,
m, = 001 mol=m_
I = %(O-Ol x 12 +0:01 x 12)
= O'zﬂ—O-OlO mol kg~!
For Nast4
Z, =1,7_=2
m, = 2x001=0-02,
m_ = 0-01 molal
I = %(0'02 x 12 +0:01 x 22)
_ 0-:02 +0-04
h 2
= 0-030 mol kg!
(B)
B) O+ne- = R
_ po_RT [R]
E = E°- F In (0]
(According to Nernst equation)
. _ RT [R]
Thus, E-E° = F In (O]



nk o _ [R]
T(E—E )= -In (0]
—nF
[O] RT o
= =T =€ E-E
117. (C) We know Bragg equation that
2dsin® = n A
where n = order of diffraction
Giventhat 2dsin6 = A ..
A plane of spacing 2d shows
2.2dsin¢g =
From (1), 4dsin¢ = 2d sin 0
sin ¢ = sin O
T2
= ¢ = sin! (51121 0
118. (D) 119.(A) 120.(D)
121. (D)

OH
eMgBr Me H3PO4 CH2
EtzO @ H\il-l
8 13C NMR g Q/CH2

Signal
Major Minor
513C NMR Signal
122. (A)

OH
©)\/\OH MnO, ©)‘\/\
Sclectlvely

oxidises benzylic

alcohol into
Ketone l (CH,OH),/P-TSA

protecting group for Ketone

O O O O
CHO pCC
— OH
Oxidises - OH

into - CHO
123. (A)
M H O Back 2 -
G
- /YCHO . : AH/%/MgBr
_—
Me Ph H0
Group ‘L’ must trans/anti Less hindered
to — C =0 group side-major
QH OH
’ H = Ph/Y\/\
Ph Me
Minor
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H =
Ph/\‘/‘\/\ = H
Ph

Me Major
Cram product (front side attack)
124.
126.

(D) 125.(D)

(B) Among all the options, only option (B)
have aromaticity character after charge
distribution or keeps in that position and this
leads to highest dipole moment in its.

DO~ 0

aromatic compound

(C) The broadband decoupled 3C NMR
spectrum.

3
" T
3

2

7 ° OH

Five signals
(C) 128.(A) 129.(C)
(A) 'H NMR spectral data is given as
0 7-80 (2H, d,J = 8Hz)
aromatic m-hydrogens w.r.t.
> C =0 group

Ten signals

127.
130.

6-80 (2H,d,J =8 Hz)

aromatic o-hyrogens w.r.t.
> C =0 group

4-10 2H, q,J =72 Hz)
— CH, environment adjacent
to electronegative group

1-25 (3H,t,] =72 Hz)
J value indicates that coupling
with — CH, group
2:4 (3H,S) adjacent to > C =0 group or

benzylic position
7-80 d @ (0]

O
24 /@)\
G -
g° =
O

t q

CH3—CH,— ®), EtO
125 410 .50

131. (C) 132.(A)
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133. (O) CN O 139. (B)

Cl‘i 140. (D)
@g - OTs
o K&)H@(base)

9?

134. (B)  H-H
\/'\QQW{NﬁL 141. (A)  142.(B)
Dipeptide 143. (D) Ci;/[éq EtZO @O/

NT-II clearage
H, (0]

——> Ph—CH,—H + CO abstraction due to ring cyclisation
10% Pl ppene +Cb2+HN OH £y
reduction 0 " d ar gn E OH
ioxide Ph 0 OH
Phe-Leu — *1
135. (B) 136.(A) £ 6 T4y :
137. (A) Let overall phenol is x H
Thus, overall formation of p-hydroxyace- ring cyclisation
tanilide (6-membered) is
» 70 x& N 90 « 100 important in this case
100 ~ 100 ~ 100 144. (A)
x x 567
= Tqo0p *100=367% NN LR ®&> | g
And, overall formation of o-hydroxyaceta- eyclization
nilide 03, Me,S
= xx g Xﬂ Xﬂ % 100 redgctive
= 77100 7100 ~ 100 Et0OC o
= 20-25% = PhyP = CHCOOEt 97
—
138. (D) H L F T B
H H
0 q 145. (D)
H hv
1, 2—difluoroethane most stable conformation disrotation
due to ¢ = 60° (staggered) H
Me Me A disrotation cis-product
H OH HO H Stereochemistry is important
in pericyclic reactions
H OH HO H
Me Me
6 =60° dl-2, 3-butanediol

(gauche/staggered) cis- product




CSIR UGC-NET/JRF Exam., December 2013 Solved Paper
Chemical Sciences

PART-A

. A cylinder of radius 1 cm and height 1 cm is
broken into three pieces. Which of the
following must be true ?

(A) At least one piece has volume equal to

1 cm?

At least two pieces have equal volumes

At least one piece has volume less than

1 cm?

At least one piece has volume greater

than 1 cm3

. For real number x and y, x> + (y —4)> = 0.
Then the value of x + y is—

(A) O B) 2
© V2 (D) 4

. Every time a ball falls to ground, it bounces
back to half the height it fell from. A ball is
dropped from a height of 1024 cm. The
maximum height from the ground to which it
can rise after the tenth bounce is—

(A) 102-4 cm (B) 1-24cm
(©) 1cm (D) 2cm

. A farmer gives 7 full, 7 half-full and 7 empty
bottles of honey to his three sons and asks
them to share these among themselves such
that each of them gets the same amount of
honey and the same number of bottles. In how
many ways can this be done ? (bottles cannot
be distinguished otherwise, they are sealed
and cannot be broken)—

(A) O B) 1
©) 2 D) 3

. A car is moving along a straight track. Its

speed is changing with time as shown.

(B)
©)

D)

Speed

0] Time

10.

Which of the following statements is correct ?

(A) The speed is never zero

(B) The acceleration is zero once on the path

(C) The distance covered initially increases
and then decreases

(D) The car comes back to its initial position
once

.Ifa+b+c +d + e =10 (all positive

numbers), then the maximum value of a x b
xcxdxeis—

(A) 12
(C) 48

(B) 32
D) 72

. How many nine-digit positive integers are

there, the sum of squares of whose digits is
27

(A) 8
©) 10

B) 9
(D) 11

. A circle of radius 7 units lying in the fourth

quadrant touches the x-axis at (10, 0). The
centre of the circle has coordinates —

@A) (7.7) (B) (=10.7)
(© (10,-7) D) (7.-7

. One of the four—A, B, C and D committed a

crime. A said, “I did it.” B said, “I didn’t.” C
said, “B did it.” D said, “A did it.” Who is
lying ?

(A) A (B) B
< C (D) D
. . . 1
What is the arithmetic mean of I x2 2x3
1 ’ 1 PR 1 9
3x4 4x5 100 x 101 °
R
(A) 0-01 B) 101
1 1

49 x 501 50 x 51

(C) 0-00111... 5

D)
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1.

12.

13.

14.

15.

16.

A circle circumscribes identical, closepacked
circles of unit diameter as shown. What is the
total area of the shaded portion ?

(A) 2 (B) 2w

© 12 (D) /2

There are 2 hills, A and B, in a region. If hill
A is located N30°E of hill B, what will be the
direction of hill B when observed from hill
A ? (N 30°E means 30° from north towards
east).

(A) S30°W (B) S 60°W

(C) S30°E (D) S 60°E

What is the next number in the following
sequence ?

39,42,46,50, ......

(A) 52 (B) 53

(C) 54 (D) 55

What is the perimeter of the given figure,
where adjacent sides are at right angles to
each other ?

5cm

4 cm

lecm

(A) 20 cm
(B) 18cm
(©) 21 cm
(D) Cannot be determined

Three fishermen caught fishes and went to
sleep. One of them woke up, took away one
fish and 1/3rd of the remainder as his share,
without others’ knowledge. Later, the three of
them divided the remainder equally. How
many fishes were caught ?

(A) 58 B) 19
(©) 76 (D) 88
25+5+43-2x4)+(16 x4-3)=
(A) 61 (B) 22
(C) 4124 (D) 16

17.

18.

19.

20.

21.

Consider the sequence of ordered sets of
natural numbers —

{1},{2,3},{4,5,6}, ...

What is the last number in the 10t set ?

(A) 10 B) 19

(C) 55 (D) 67

A student buys a book from an online shop at
20% discount. His friend buys another copy
of the same book in a book fair for ¥ 192
paying 20% less than his friend. What is the
full price of the book ?

(A) T 275 (B) ¥ 300

(C) ¥320 (D) T 392

366 players participate in a knock-out
tournament. In each round all competing
players pair together and play a match, the
winner of each match moving to the next
round. If at the end of a round there is an odd
number of winners, the unpaired one moves
to the next round without playing a match.
What is the total number of matches played ?
(A) 366 (B) 282

(C) 365 (D) 418

What does the diagram establish ?

Note—The diagram is a circle inside a
square.
(A) n>3

(B) m=2V2
(C) n<4
(D) mis closer to 3 than to 4

PART-B

The boiling point of a solution of non-volatile

solid is higher than that of the pure solvent. It

always indicates that—

(A) the enthalpy of the solution is higher than
that of the pure solvent

(B) the entropy of the solution is higher than
that of the pure solvent

(C) the Gibbs free energy of the solution is
higher than that of the pure solvent

(D) the internal energy of the solution is
higher than that of the pure solvent



22.

23.

24.

25.

26.

27.

28.

When Frenkel defects are created in an
otherwise perfect ionic crystal, the density of
the ionic crystal—

(A) increases

(B) decreases

(C) remains same

(D) oscillates with the number of defects

The correct thermodynamic relation among
the following is—

ou oH
(&) (W S ® (W ;=°F
G\ _ dA\ _
© (BV s__P D) (av s__S

The molecule in which the bond order
increases upon addition of an electron is—
(A) O, (B) B,

The volume of a gas adsorbed on a solid
surface is 10-0 mL, 11-0 mL, 11-2 mL, 14-5
mL and 22-5 mL at 1-0, 2-0, 3-0, 4-0 and 5-0
atm. pressure, respectively. These data are
best represented by —

(A) Gibbs’s isotherm
(B) Langmuir isotherm
(C) Freundlich isotherm
(D) BET isotherm

A compound of M and X atoms has a cubic
unit cell. M atoms are at the corners and body
centre position and X atoms are at face centre
positions of the cube. The molecular formula
of the compound is—

(A) MX
©) M;X,

(B) MX,
(D) MX;

The angle at which the first order Bragg
reflection is observed from (110) plg}ne in a
simple cubic unit cell of side 3-238 A, when
chromium K, radiation of wavelength 2-29 A
is used, is—
(A) 30°

(©) 60°

(B) 45°
(D) 90°
Michael Faraday observed that the colour of
colloidal suspensions of gold nanoparticles

changes with the size of the nanoparticles.
This is because —

(A) gold forms complex with the solvent

29.

30.

31.

32.

33.

34.

35.
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(B) band gap of gold changes with size of the
nanoparticle

(C) gold in nanocrystalline form undergoes
transmutation to other elements

(D) colloidal suspensions diffract light

A reactor contains a mixutre of N,, H, and

NH; in equilibrium (Kp = 3-75 atm~2). If

sufficient he is introduced into the reactor to

double the total pressure, the value of Kp at

the new equilibrium would be —

(A) 0:94 atm=2 (B) 375 atm™2

(C) 7-50 atm2 (D) 15:00 atm~2

Electrolysis of an aqueous solution of 1-0 M

NaOH results in—

(A) Na at the cathode and O, at the anode

(B) H, at the cathode and O, at the anode

(C) Na and H, at the cathode and O, at the
anode

(D) O, at the cathode and H, at the anode

In a potentiometric titration, the end point is
obtained by observing—

(A) change in colour

(B) jump in potential

(C) increase in current

(D) increase in turbidity

The orbital with two radial and two angular
nodes is—

(A) 3p (B) 5d

© 5f (D) 84

The energy of 2s and 2p orbitals is the same
for—

(A) Li (B) Li%*

(C) Be?t (D) H-

If a homonuclear diatomic molecule is
oriented along the Z-axis, the molecular
orbital formed by linear combination of P,
orbitals of the two atoms is—

(A) o (B) ¢

© = D) &

In the mechanism of reaction, H, + Br,
— 2HBr, the first step is—

(A) dissociation of H, into H-radicals

(B) dissociation of Br, into Br-radicals

(C) reaction of H-radical with Br,

(D) reaction of Br-radical with H,
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36.

37.

38.

39.

40.

41.

The cell voltage of Daniel cell
[Zn]ZnSO4(ag)ll CuSO4(aq)[Cu] is 1-07 V. If

reduction potential of Cu?* [Cu is 0-34 V, the
reduction potential of Zn%* |Zn is —

(A) 141V (B) —-141V

) 073V D) -073V
According to Arrhenius equation (k = rate
constant and T = temperature) —

(A) In k decreases linearly with 1/T

(B) In k decreases linearly with T

(C) In k increases linearly with 1/T

(D) In k increases linearly with T

The IUPAC name of the compound given
below is—

\/Y\/\OH
Cl
(A) (2E, 4E)-3-chlorohexa-2, 4-diene-1, 6-
diol
(B) (2Z, 4E)-3-chlorohexa-2, 4-diene-1, 6-
diol
(C) (2Z, 47Z)-4-chlorohexa-2, 4-diene-1, 6-
diol
(D) (2E, 4Z)-4-chlorohexa-2, 4-diene-1, 6-
diol
A suitable organocatalyst for enantioselective
synthesis of Wieland-Miescher ketone (A)
is—

¢ (0] (0]
~O— 20
A (optically active)
(B) (+)-menthone
(D) (+)-BINOL
The major product formed in the reaction of

styrene with an excess of lithium in liquid
ammonia and #-butylalcohol is—

(A) @ (B) @A\
© @A (D) O/A

In the IR spectrum of p-nitrophenyl acetate,
the carbonyl absorption band appears at—

(A) 1660 cm-! (B) 1700 cm-!
(C) 1730 cm™! (D) 1770 cm™!

(A) (-)-proline
(C) guanidine

42.

Amongst the following, the compound which
has the lowest energy barrier for the cis-trans

isomerisation is—
5
J
D) :

A)

©)

-0 0

43. For estrone, among the statements A-C, the

44,

45.

correct ones are—

1. itis a steroidal hormone

2. it has two hydroxyl groups

3. it has one ketone and one hydroxyl

groups
(A) 1,2 and 3 (B) 1and 2
(C) 1and 3 (D) 3and 3

An organic compound having the molecular
formula C;yH;,; exhibited two singlets in the
'H NMR spectrum, and three signals in the
13C NMR spectrum. The compound is—

@) Q ®) W;j
) ﬁ o [

The major product formed in the following
reaction is—

/ﬁ\ NaOMe
MeO MeOH
Cl OMe
MeO NN NN
A B
(A) MeO l )\ (B) l /)\
Cl MeO™ N 1l
Cl
MeO.
©) SN D) jLA\i
MeO )\OM MeO Cl



46.

47.

48.

49.

50.

L-DOPA is used for the treatment of —
(A) tuberculosis

(B) Parkinson’s disease

(C) diabetes

(D) cancer

The following reaction proceeds through a—

A L
O CHO

(A) 1, 3-sigmatropic rearrangement
(B) 2, 3-sigmatropic rearrangement
(C) 3, 3-sigmatropic rearrangement
(D) 3, 5-sigmatropic rearrangement

The major product formed in the following
reaction is—

OMe
)]\/”\ 1. heat
2.H,SOy heat
M

NH2

ww°
oG o 05

The constituent amino acids present in the
following dipeptide, respectively, are —
COOH

Qﬁ
HZN\\“ Y\/\/

O  COOH
(A) (R)-aspartic acid and (S)-lysine
(B) (S)-aspartic acid and (R)-lysine
(C) (R)-glutamic acid and (S)-arginine
(D) (S)-glutamic acid and (S)-arginine

NH,

The two benzylic hydrogens H, and Hg in the
compounds I and II, are—

Ha Ha
N —kHB N —kHB
Ph “, Ph

51.

52.

53.

54.
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(A) diastereotopic in I and enantiotopic in II
(B) diastereotopic in II and enantiotopic in I
(C) diastereotopic in both I and 11

(D) enantiotopic in both I and IT

Deuterium kinetic isotope effect for the
following reaction was found to be 4-0. Based

on this information, mechanism of the
reaction is—

~H(D)
\ KOH
©\§Mf MeOH
(A) E; (B) E;
(©) Eics (D) Free radical

The number of nodes present in the highest
occupied molecular orbital of 1, 3, 5-
hexatriene in its ground state is—

(A) one (B) two

(C) three (D) four

The major product formed in the following
reaction is—

0
Meo% Zn(BHy),

OH OH

(A) MeO\‘/‘\ (B) MeO Y‘\

OH

© Hk (D) HOYK

For acylation with acetic anhydride/
triethylamine, and oxidation with chromium
trioxide of the trans- and cis-alcohols A and
B, the correct statement is —

WOH OH
>((A> %g

(A) A undergoes acylation as
oxidation faster than B

(B) B undergoes acylation as well as
oxidation faster than A

(C) A undergoes acylation faster than B,

whereas B undergoes oxidation faster

than A

B undergoes acylation faster than A,

whereas A undergoes oxidation faster

than B

well as

D)
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55.

56.

57.

58.

59.

60.

61.

62.

Patients suffering from Wilson’s disease
have—

(A) low level of Cu-Zn superoxide dismutase
(B) high level of Cu-Zn superoxide dismutase

(C) low level of copper-storage protein,
ceruloplasmin

(D) high level of copper-storage protein,
ceruloplasmin

High dose of dietary supplement ZnSO, for

the cure of Zn deficiency —

(A) reduces myoglobin

(B) increases iron level in blood

(C) increases copper level in brain

(D) reduces copper, iron and calcium levels
in body

The bond order of the metal-metal bond in the

dimeric complex [Re,Cl,(PMe,Ph),]* is—

(A) 40 B) 35

(€ 30 (D) 25

Among the molten alkali metals, the example

of an immiscible pair (in all proportions) is—

(A) Kand Na (B) K and Cs

(C) Liand Cs (D) Rband Cs

Among the following, an example of a

hypervalent species is—

(A) BF;-OEt, (B) SF,

(C) [PFql (D) Sb,S;

Commonly used scintillator for measuring

y-radiation is—

(A) Nal(Al)

(C) CsI(TD)

(B) Nal(Tl)
(D) CsI(AD
A sample of Aluminium ore (having no other
metal) is dissolved in 50 mL of 0-05

MEDTA. For the titration of unreacted
EDTA, 4 mL of 0-05 M. MgSOy, is required.

The percentage of Al in the sample is—
(A) 27 (B) 31
©) 35 (D) 40

Which of the following is not suitable as
catalyst for hydroformylation ?

(A) HCo(CO),

(B) HCo(CO);PBu;
(C) HRh(CO)(PPhs);
(D) H,Rh(PPh;),Cl

63.

64.

65.

66.

67.

68.

In a cluster, H;CoRu3(CO),, total number of
electrons considered to be involved in its
formation is—

(A) 57 (B) 60
(©) 63 (D) 72

Among the following the correct acid strength
trend is represented by —

(A) [Al(H,0)6]%* <
[Fe(H,0)61**

(B) [Fe(H,0)e]3* <
[Fe(H,0)6]**

(C) [Fe(H,0)]** <
[Al(H,0)6]**

(D) [Fe(H;0)6]%* <
[Fe(H,0)6]**

An octahedral metal ion M2+ has magnetic

moment of 4-0 B.M. The correct combination

of metal ion and d-electron configuration is

given by —

(A) Co™,tg e,?

(B) Cr*, gt e,?

(©) Mn?, g e,!

(D) Fe, tyg*e,?

The reaction of FeCl;-6H,O with SOCI,

yields—

(A) FeCly(s), SO,(g) and HCI(g)

(B) FeCl;(s), SO,(g) and HCI(I)

(C) FeCly(s), SO3(g) and HCI(g)

(D) FeCl;(s), SO,(g) and HCI(g)

Treatment of CIF; with SbFs leads to the
formation of a/an—

[Fe(H,0)]3* <
[AI(H,0)6]3* <
[Fe(H,0)6]3* <

[AI(H,0)6]3* <

(A) polymeric material

(B) covalent cluster

(C) ionic compound

(D) Lewis acid-base adduct

According to VSEPR theory, the geometry
(with lone pair) around the central iodine in
I3* and I3~ ions respectively are —

(A) tetrahedral and tetrahedral

(B) trigonal bipyramidal
bipyramidal

(C) tetrahedral and trigonal bipyramidal
(D) tetrahedral and octahedral

and trigonal



69.

70.

71.

72.

73.

Two tautomeric forms of phosphorus acid
are—

OH N /OH
(A) P OH and

i “on
OH O\\ H

(B) P OH and /P

©) P—OH and H :|
\\
/

\ /
(D) )p\
HO OH HO  OH

The reason for the chemical inertness of

gaseous nitrogen at room temperature is best

given by its—

(A) high bonding energy only

(B) electronic configuration

(C) HOMO-LUMO gap only

(D) high bond energy and HOMO-LUMO
gap

PART-C

The reactive position of nicotinamide adenine
dinucleotide (NAD) in biological redox
reactions is—

(A) 2-position of the pyridine ring

(B) 6-position of the pyridine ring

(C) 4-position of the pyridine ring

(D) 5-position of the pyridine ring

The electrophile Ph;C* reacts with [(n®
— CsHs5)Fe(CO), (CDMe,)]* to give a product
A. The product A is formed because —

(A) Fe is oxidised

(B) alkyl is substituted with Ph;C

(C) Fe-Ph bond is formed

(D) alkyl is converted to alkene

The solid state structure of aluminum fluoride
1s—

F_ F F
Na1/ Nap/

(A) A Al
F/ \F/ \F

F F
B A areFsaoFs
B) ° AI\F/A] £ SAIC g7 SAILL

CSIR-Chemical Sciences (D-13) | 7

N F F F .
D) ALK SAIC SAIC Al
()/l\F/l\F/l\F/|\
.F F F F

. Oxidised form of enzyme catalase (structure

A), prepared by the reaction of [Fe(P)]* (P =
porphyrin) with H,O,, has green color

because —
+

A (substituents on ring are removed

for clarity)

(A) oxidation state of iron changed from Fell
to FelV

(B) porphyrin ring is oxidized by one
electron

(C) = - =" transition appears in the visible
region

(D) Fe!Y is coordinated with anionic

tyrosinate ligand in axial position

. Substitution of L with other ligands will be

easiest for the species—
Me

Me Me
(A) © (B) ﬁ

ML,
Me ML, Me

ML,
CHE) /) %

. The ground state terms of Sm3* and Eu’*,

respectively, are—
(A) 7F0 and 6H5/2
(C) 2F5/2 and 5]4

(B) 6H5/2 and 7F0
(D) 7 and 2¢, ,
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77.

78.

79.

80.

81.

82.

The orbital
represent

interactions shown below

sp? orbitals

J

A —H—
s orbitals

(A) CH;—Al interactions in Al,(CH;)¢
(B) B—H interactions in B,Hg
(C) CH;—Li interactions in Liy(CHj3),

(D) CH;CH,—Mg interactions in
EtMgBr(OEt,),
Compounds K,Ba[Cu(NO,)s] (A) and

Cs,Ba[Cu(NO,)s] (B) exhibit tetragonal
elongation and tetragonal compression,
respectively. The unpaired electron in A and
B are found respectively, in orbitals —

(A) d?and d?? (B) d.,? and d;?

(C) d?andd? (D) d2,?and d??
Among the following, the correct statement
is—

(A) CH is isolobal to Co(CO);

(B) CH, is isolobal to Ni(CO),

(C) CH is isolobal to Fe(CO),

(D) CH, is isolobal to Mn(CO),

In Mossbauer experiment, a source emitting
at 14-4 Kev (3:48 x 10!® Hz) had to be moved
towards absorber at 2-2 mm s~ ! for resonance.

The shift in the frequency between the source
and the absorber is—

(A) 150 MHz
(C) 25-5 MHz

(B) 20-0 MHz
(D) 30-0 MHz
In the atomic absorption spectroscopic

estimation of Fe(Ill) using O,/H, flame, the
absorbance decreases with the addition of —

(A) CO5* (B) SO,*

(C) EDTA (D) Crr

MnCr,0y, is likely to have a normal spinel
structure because —

(A) Mn?* will have a LFSE in the octahedral
site whereas the Cr3* will not

(B) Mn is in + 2 oxidation state and both the
Cr are in + 3 oxidation state

83.

84.

85.

(C) Mnis in + 3 oxidation state and 1 Cr is in
+ 2 and the other is in + 3 state
(D) Cr3* will have a LFSE in the octahedral
site whereas the Mn2* ion will not
Reaction of thPCHzCHzPPhZ with
[RHCI(CO),], in a 2 : 1 molar ratio gives a
crystalline solid A. The IR spectrum of
complex A shows vgg at 1985 cm~ 1. The
3IP{TH} NMR spectrum of A consists of two
doublets of doublets of equal intensities
(18Rh is 100% abundant and I = 1/,). The
structure of complex A is—

Ph,
[P \Rh/

A /

(A) P N\
Ph,

Cl
O
Ph, Ph,
P_co P

N/

® | Mz Jla
P P
Ph

2 Phy

© [P/Rh\P _/~PPh,

Ph, Ph,

PPh,

C Cl
N
(D) c1/R|h\c/Rh

ph,p O
N4

PhoP” o

PPh,

In a polarographic estimation, the limiting
currents (WA) were 0-15, 4:65,9-15 and 27-15
when concentrations (mM) of Pb(IT) were O,
0-5, 1-0 and 3-0, respectively. An unknown
solution of Pb(Il) gives a limiting current of
13-65 uA. Concentration of Pb(II) in the
unknown is—

(A) 1-:355 mM (B) 1408 mM

(C) 1468 mM (D) 1-500 mM

The gases SO, and SO5; were reacted separa-
tely with CIF gas under ambient conditions.
The major products expected from the two
reactions respectively, are—

(A) SOF, and CIOSO,F

(B) SOF, and SO,F,

(C) SO,CIF and SO,F,

(D) SO,CIF and CIOSO,F



86. In a specific reaction,

87.

88.

89.

90.

hexachlorocyclotriphosphazene, N3P;Clg was
reacted with a metal fluoride to obtain mixed
halo derivatives namely N3P3;CIsF(1),

N3P3CLF,(2), N3P3CLF3(3), N3P3ClLF4(4),

N;3P;CIF5(5).

Compositions among these which can give
isomeric products are —

(A) 1,2and 3

(B) 2,3and 4

(C) 3,4and5

(D) 5,1and 2

Xenon forms several fluorides and
oxofluorides which exhibit acidic behavior.
The correct sequence of descending Lewis
acidity among the given species is represented
by—

(A) XeFé > XCOF4 > XeF4 > X602F2

(B) XCOF4 > X602F2 > XCOF4 > XeF6

(C) XeF,> XeO,F, > XeOF, > XeFg

(D) XeF4 > XCF6 > XCOF4 > X602F2

Among the following clusters,

A =[(H)Co4(CO);5]7, B = [(H),0s6(CO) 5], C
= [(H);0s,(CO) ¢l

H is encapsulated in—

(A) Aonly

(B) B only

(C) B and C only

(D) A and B only

Number of isomeric derivatives possible for
the neutral closo-carborane, C,BoH;, is—

(A) three (B) two
(C) four (D) six
The correct statement regarding the

terminal/bridging CO groups in solid
CO4(CO)12 and Ir4(CO)12 is—

(A) both have equal number of bridging CO
groups

(B) number of bridging CO groups in
CO4(CO) 12 is 4

(C) the number of terminal CO groups in
C04(CO)12 is 8

(D) the number of bridging CO groups in
Ir4(CO),, is zero

91.

92.

93.

94.

95.

96.
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Among the following the correct combination
of complex and its colour is—

Complex Colour
(A) [Co(CN),]* Red
(B) [CoCly* Orange
(C) [Co(NCS)4]* Blue
(D) [CoF,]* Yellow

On reducting Fe3;(CO);, with an excess of
sodium, a carbonylate ion is formed. The ion
is isoelectronic with—

(A) Mn(CO)s]~  (B) [Ni(CO)4]
(©) [Mn(CO)s]* (D) [V(CO)l

The correct statement for ozone is—

(A) It absorbs radiations in wavelength
region 290-320 nm

It is mostly destroyed by NO radical in
atmosphere

It is non-toxic even at 100 ppm level

Its concentration near poles is high due
to its paramagnetic nature

B)

©)
D)

The most appropriate structure for the

Complex [Pt2(NH3)2(NCS)2(PPh3)2] is—

HyN~ |, ~NCS~_, ~PPhs

A
()H3N/ SSCN-" SPPh,

PhsP-_, ~NCS~ , ~NH;

B t
(B) H;N-~ SSCN-~ “SPPhy

H3N<__ _NCS~__ PPhy

© PhiP~~ SSCN-~ SNH4

H3N-___NCS~_._ _NH;
PhsP~” SNCS-~  PPhy

D)

For higher boranes 3c-2e ‘BBB’ bond may be
a part of their structures. In BsHg, the number
of such electron deficient bond(s) present
is/are—

(A) four (B) two

(C) zero (D) one

An organic compound (CgH;70O,), which does
not change the color of ferric chloride
solution, exhibited the following 'H NMR
spectral data : 6 7°3 (1 H, ¢,J =8 Hz), 7:0 (1
H,d,J=8Hz),6:95(1H,s),6:9(1H,d,J =
8 Hz), 5-3 (1 H, brs, D,0 exchangeable), 4:6
(2 H, s), 39 (3 H, s). Structure of the
compound is—
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97.

98.

99.
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MeO
o
HO
MeO
C MeO
© \©\/OH
HO
(D) \©/\OMG

In the following reaction, the intermediate
and the major product A are—

N CHCl3/aq. NaOH
_ >
N n-BuyN* Br~

H
(A) CHCI and@\)i(
N ~q1
cl
(B) CHCI and@\)ji
N

(©) CCl, and@\)j(
N" "~
X Cl
(D) CCl, and P
N
Methyl 4-oxopentanoate exhibited signals at &
208, 172, 51, 37, 32 and 27 ppm in its 13C

NMR spectrum. The signals due to the
methoxy, CI, C4 and C5 carbons are—

(A) OMe - 32;Cl-208;C4-172;C5 - 51
(B) OMe-51;Cl-208;C4-172;C5-32
(C) OMe -32;Cl-172;C4-208; C5 - 51
(D) OMe -51;Cl-172;C4-208; C5 - 32
The major product formed in the following
reaction sequence is—

1. BH3, THF; H,0,/NaOH
2. Ph3P, DEAD; 4-nitrobenzoic acid
OH (OH
(A) B)

3.K,CO3, MeOH (DEAD = diethyl azodicarboxylate)
. JOH . (OH
o (7" o0

100.

101.

The major product formed in the sulfuric
acid mediated rearrangement of the
sesquiterpene santonin A is—

H H,S04
" >

0] N
H O
0
H
(A) H
0 &
H O
0
(B)

O

In the following transformation, the reagent
A and the major product B, respectively,
are—

ACZO/ A

AN AN
| P |@/ B
N N
00
SO;H
(A) Q and (] 0Ac
Cl N
SOH
AN
B) Q and |N/ OAc
cl
COH
©) Q and [ijAc
cl N



102. The peptide A on reaction with I-fluoro-2, 4-

103.

104.

105.

dinitrobenzene followed by exhaustive
hydrolysis gave phenylalanine, alanine,
serine and N-(2,4-dinitrophenyl)glycine. On
the other hand, peptide A after two cycles of
Edman degradation gave Phe-Ser as the
product. The structure of the peptide A is—

(A) Phe-Ser-Ala-Gly
(B) Phe-Ser-Gly-Ala
(C) Gly-Ala-Phe-Ser
(D) Ala-Gly-Phe-Ser
The compound B (labeled) is precursor for

biosynthesis of the natural product A. The
labeled carbons in the product A are—

COOH
Me!4COOH

OH
A B
(A) C1,C3,C5 and Me
(B) C2,C4,C6 and Me
(C) C2,C4,C6 and COOH
(D) C1,C3,C5 and COOH

The major product formed in the following
reaction sequence is—

1.50Cl,
Ph 2.NEt,
>—COOH
Ph 3.CH, = CH-OEt
Ph 0 Ph 0
Ph Ph
(A) ﬂ (B) j:f
OEt EtO
O
Ph_ Ph -
© D) ol |
OEt OEt

The major product formed in the following
reaction sequence is—

1. TsSNHNH,, EtOH
2.2 eq."BuLi, THF
X0
w0 ® ()
CHO

3. DMF
© D)
NM€2 NM e
(0]

CSIR-Chemical Sciences (D-13) | 11

106. The major product formed in the following

107.

108.

reaction sequence is—

OH
S 1. KH, THF
\ . 2.m-CPBA
BHOIII--CZ—SIM€3 —_—
OH
OH OH
& \H S
(A) BnO“---Q\ (B) BnO- H
&0 0
A H
H H
z o) 0
© BOQH © B o
OH OH

The major product formed in the following
reaction sequence is—

HG O ~0oH
o Y “oH

OH

1. PhCHO (1 equiv.), p-TSA

2.NalOy
3.NaBH,

OH

O
& T on
PhY ~O°

©

HO o0
(D) /j/ J"'O>—Ph
HO™ Oy
The major product formed in the following

reaction sequence is—
1.CH315, Zn-Cu, CH,Cly

) ) 2.PCC, CH2¢ly
cis-but-2-ene-1,4-diol

H O H O

(A) %o ®) %50
H\\

H

H
H
COOH 2 iCHO
© ;iCOOH (D) & ~CHO
H H
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109. The conditions A-B, required for the
following pericyclic reactions are —

H
7 A ‘\\\\Me B “\\\Me
< /Me _— —_—
Me Me 1 Me
(A) A-A;B-A  (B) A-hv;B-A

(C) A-hv;B-hv (D) A-A;B-hv

The major product formed in the following
reaction sequence is—

110.

"Bu;SnH,AIBN

toluene reflux
I oon S
H COOEt

O H

WCOOEt

(B)
O H

COOEt
©

OOI
=5

COOEt
(D) /

1y

%;

O g

111. Stereoselective reduction of the dione A
with a chiral reducing agent provides the
corresponding diol B in  100%
diastereoselectivity and 90% ce favouring
R ,R-configuration. The composition of the

product is—
OH

(@) @) HO
SASEGAS!
A B
) HO_ OH HO, OH
O
90% 10%

) HO, OH HO, OH
e
95% 5%

) HO,_ OH HO, OH
&
‘g 90% “ ~ ‘g 10% “ ~
D) HO  OH HO, OH
&
‘g 95% “ ~ ‘g 5% “ ~

112. The major product formed in the following
reaction sequence is—

O

1. N-bromosuccinimide, CH,Cl,

2. potassium t-butoxide

(A) ©= (B)
o)~ o Q
OH o

The number of & electrons participating and
the pericyclic mode in the following reaction

are —
H
© heat ©j|
_—
H

(A) 4 and conrotatory
(B) 4 and disrotatory
(C) 6 and conrotatory
(D) 6 and disrotatory

113.

114. The major product formed in the following

reaction sequence is—

1 hv
@ 2. KOH, MeOH
Q H O
A) (B) Q—O
H
O (0]
OH y PH H
© é:b D) itl:b
H

Oin
=
o



115.

116.

117.

The major product formed in the following
photochemical reaction is—

Q hv

—_—

Ph

(A) MPh (B) @WPI‘I
(0] (0]

©) @th (D) Oaﬂ/l’h
(0] (0]

The most suitable reagent combination of A-
C, required in the following conversions
are—

\OH
@ 5 1 0, f 0
' A A

A X

(A) A = Li/lig. NH;; B = NaBH,,
CCC137H20, C= H2, (PH3P)3RhC1

(B) A = Li/lig. NH;; B = NaBH,,
CeCly.7H,0: C = H,, 10% Pd/C

(C) A = NaBH,, CeCl;.7H,0; B = Li/liq.

NH;; C = H,, (Ph;P);RhCl

(D) A = NaBH,4, CeCl;.7H,0; B = Li/liq.

NH;; C=H,, 10% Pd/C

The major product formed in the following
reaction sequence is—

Ph\n/\%' 1. Hg(OAc),, HySO,

2. BnNH,, heat
O

H
(A) Ph\n/\/\/N\/ Ph

(¢}

(B) PhNﬁ/\Ph

o
© { N
Ph

—

o LN

Ph

118.

119.

120.

121.
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The major product formed in the following
reaction sequence is—

0 1. H,0,, NaOH
2. TsNHNH,
3. potassium 7-butoxide

4. H,, Pd/CaCO3, quinoline

) G@ ®) @
0 0
i COOH
o) o Cb’
H

The major product formed in the following
reaction sequence is—

SePh
O
| SO,

1. H,0,
—_—

2. Heat

) o)
H H
g0 io

The major product B formed in the
following reaction sequence, and overall
yield of its formation are—

HH LiAIH
(S)-glutamic acid aniline 4
180°C 60% 80%
(A) NHPh and 48%
H
(B) " NHPhand 70%
H
RN
© <N> NHPh and 48%
H
N
D) <N> NHPh and 70%
H

Metallic gold crystallizes in fcc structure
with unit cell dimension of 4-00 A. The
atomic radius of gold is—

(A) 0-866 A (B) 1414 A

(C) 11732 A (D) 2:000 A
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122

123.

124.

125.

126.
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. A first order gaseous reaction is 25%

complete in 30 minutes at 227°C and in 10
minutes at 237°C. The activation energy of
the reaction is closest to (R =2 cal K-!
mol-1)—

(A) 27 kcal mol-!  (B) 110 kcal mol-!
(C) 55kcalmol~! (D) 5-5 kcal mol-!

The most probable value of r for an electron
in 1Is orbital of hydrogen atom is—

(A) a2 B) ap
©) V2aq (D) 3a,/2

The quantum mechanical virial theorem for
a general potential V(x,y,z) is given by

<xaV+y3V+Z 8V> =2(T) where T is the
ax dy 0z

kinetic energy operator and < > indicates
expectation value. This leads to the following
relation between the expectation value of
kinetic energy and potential energy for a
quantum mechanical harmonic oscillator

problem with potential V :% kX% + % kY2 +
1
5 kZZ2 —
1
(&) (T) =(V) (B) (T)=—5(V)

© M=1(V) D) (Th=—(V)

Consider a particle in a one dimensional box
of length ‘a’ with the following potential —
V(x) = x<0
V(x) = o x>a
V(x) =0 O=<sx=<al2
Vix) =V, allsx<a

Starting with the standard particle in a box
hamiltonian as the zeroth order Hamiltonian
and the potential of V; from ‘a/2’ to ‘a’ as a
perturbation, the first-order energy correction
to the ground state is—

A v, (B) Vy/4

<€ -V, D) V2

The energy for a single electron excitation in
cyclopropenium cation in Huckel theory
is—

A p
© 3p

(B) 26
(D) 4p

127.

128.

129.

130.

The molecule that has the smallest diffusion
coefficient in water is—

(A) Glucose (B) Fructose
(C) Ribose (D) Sucrose

In the reaction between NO and H, the
following data are obtained —
Experiment I : Py, = Constant

Pno (mm of Hg) 359 300 152
—dPyo | 1:50 | 1-03 | 0-25
dt
Experiment II : Pyg = Constant
Py, (mmof Hg) | 289 205 147
— dPy, 160 | 1-10 | 0-79
dt

The orders with respect to H, and NO are—

(A) 1 with respect to NO and 2 with respect
to H2

(B) 2 with respect to NO and 1 with respect
to H2

(C) 1 with respect to NO and 3 with respect
to H,

(D) 2 with respect to NO and 2 with respect
to H2

The angular momentum operator ﬁ), is—

(A) - % (yd/dz — za/ay)

B) % (zd/0x — x9/9z)

—iha

( 2m 0x

(D) ? (zd/0x — ydldy)

Both NaCl and KCI crystallize with the fcc
structure. However, the X-ray powder
diffraction pattern of NaCl corresponds to
the fcc structure whereas, that of KCI
corresponds to simple cubic structure. This
is because —

(A) K*and CI- are isoelctronic
(B) Nat and CI- are isoelctronic

(C) Kt and CI- are disordered in the crystal
lattice

(D) KCI has anti-site defects



131.

132.

133.

134.

135.

Consider a two-dimensional harmonic

oscillator with potential energy V(x,y) = %

kX% + % kY2 If W, (x) and W, (y) are the

eigensolutions and E,, and E,, are the
eigenvalues of harmonic oscillator problem

in x and y direction with potential % kX% and

% k,Y?, respectively, the wave functions and

eigenvalues of the above two-dimensional
harmonic oscillator problem are —
(A) Wy =W () + W, (v)
Enpny=Eu + Eyy
(B) Wy py = Wor () Wy ()
By =Epx Epy

© lIInx,ny =W, () lpny )
Enx,ny = Enx + Eny

(D) Wiipy=¥ ) + ¥, ()
Enx,ny =E, Eny

An element exists in two crystallographic
modifications with FCC and BCC structures.
The ratio of the densities of the FCC and
BCC modifications in terms of the volumes
of their unit cells (Vgcc and Vpee) is—

(A) Vgce: Vice (B) 2Vgec : Vece
(©) Vice:2Veee (D) Vpee: V2 Viee

For an electronic configuration of two non-
equivalent 7 electrons [rt!, '], which of the
following terms is not possible ?

A) 'z (B) °%

(©) 3A (D) @

Given y (IH) = 27 x 108 T-1S-!, The
resonance frequency of a proton in magnetic
field of 12:6 T is close to (;t = 3-14)—

(A) 60 MHz (B) 110 MHz

(C) 540 MHz (D) 780 MHz

The atomic masses of fluorine and hydrogen
are 19-0 and 1-0 amu, respectively (1 amu =
1:67 x 10~ 7 kg). The bond length of HF is
2-:0 A. The moment of inertia of HF is—

(A) 32 x10-4 kg m?

(B) 6:4 x 10-47 kg m?

(€©) 9:6 x 10747 kg m?

(D) 4-8 x 10-47 kg m?

136.

137.

138.

139.

140.

141.
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The chemical potential (u;) of the ith
component is defined as—

U oH
@wuw=0).  ®u=)

©) w= (37,[:)“) (D) = (%SI TP

The transition that is allowed by x-polarized
light in trans-butadiene is—

(The character table for C,; is given below)

Cu | E| G| i | o

A, 1 1 1 I | Rx, x2,y2,
72, xy

B, 1 -1 1 -1 |R, Ry, xz,yz

A, 1 1 -1 -1z

B, 1 -1 -1 1| x,y

(A) 1A, = 1A,
(© 'B, - B,

(B) 'A, =B,
(D) 3Bg — 1Ag
The masses recorded when a substance is
weighted 4 times are 15-8, 15-4, 15-6 and

16:0 mg. The variance (square of the
standard deviation) is closest to—

(A) 0-02 (B) 0-05
(© 010 (D) 0-20
The heat capacity of 10 mol of an ideal gas
at a certain temperature is 300 JK-! at
constant pressure. The heat capacity of the

same gas at the same temperature and at
constant volume would be—

(A) 383 JK-! (B) 217 JK-!

(C) 134 JK-! (D) 466 JK-!

Work (w) involved in isothermal reversible
expansion from V; to V; of n moles of an
ideal gas is—

(A) w=-nRT In (V4/V))

(B) w=nRT (V/V))

(C) w=-nRT (V/V))

(D) w=nRT log(V/V))

The Maxwell’s relationship derived from the
equation dG = VdP — SdT is—

® (2),= o),

® ()= (),
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142.

143.

144.

145.

- (D)
. (C) A ball is dropped from a height of 1024

| CSIR-Chemical Sciences (D-13)
VY _ (3

© (51),=- ().
aPY _ (T

™ (59),=- (),

The number of ways in which four
molecules can be distributed in two different
energy levels is—

(A) 6

(©) 16

Consider the cell—
Zn | Zn?* (a = 0-01) Il Fe?* (a = 0-001), Fe*
(@a=001) 1Pt

Ecell = 1-71 V at 25°C for the above cell.
The equilibrium constant for the reaction :

Zn + 2Fe3* = Zn2+ + 2Fe?* at 25°C would
be close to—

(A) 1077 (B) 10>
(C) 108! (D) 10%0
The molecule with the smallest rotation

partition function at any temperature among
the following is—

(A) CH;-C=C-H (B) H-C=C-H
(C) H-C=C-D (D) D-C=C-D
The limiting molar conductivities of NaCl,
Nal and RbI are 12-7, 10-8 and 9-1 mS m?

mol~!, respectively. The limiting molar
conductivity of RbCI would be—

(A) 32:6 mS m? mol-!
(B) 72 mS m?2 mol-!

(C) 14-4 mS m? mol~!
(D) 11:0 mS m? mol-!

B) 3
(D) 8

Answers with Hints
2.(D)

cm.

ha

hi2

B

.. The maximum height from the ground to
which it can rise after the tenth bounce

1024

2 x2x2x2x2x2x2x2x2x2-Lcm

. (O

10.
12.

13.
15.

16.

17.

. (B) We know that

Change in velocity
Change in time

.. the graph represents, acceleration is O once

on path.

acceleration =

(B) 7.(A)
. (C) It is clear from figure, the centre of circle
is (10,-7)
Y
(=4 (+,+4)
X (10,0)

. (C) A said,“Tdidit.”

B said, “I didn’t.”
C said, “B did it.”
D said, “A did it.”
Thus, it is clear from statements that C is
lying.
B) 11.(D)
(A) Hill A is located N30° E of hill B.

Thus, according to question, direction of hill
B from A =S 30° W.

D) 14.A)

(B) Of all the options given in question only

19 is correct because (19 — 1) x % =6, 7 fish is

taken by one fisherman.

o 19 =7 =12 is divided equally among all
the three with 4 fishes.
(A)(25+5+3-2x4)+ (16 x4-3)
5+3-2x4)+(16x4-3)
(5+3-8)+(64-3)
(8-8)+(64-3)

0+61=61

(©) {1},42,3},{4,5,6}

in every set 1 number increases proceeded to
words higher natural number.

Thus, last number in 10th set is 55.



18.
22.

23.

24.

25.
26.

B) 19.(C) 20.(C) 21.(B)
(C) Since displacement of cation takes place,
so no effect on density.

Cation in

Cation Vacancy interstitial site

0--00‘60
®- ---coﬁ
OCOCQ
OO O-©

(A) From this rule, given in figure we know
dU = TdS - PdV

P

(X AA (—)T

Differentiating w.r.t. V at constant S

(@
av )

(B) We know that for B,. M.O. diagram is

= -P

(162) (16,%2) 20,2) 20,%2) 204
—_ 30g
11
3TE4 3J'E4

Addition of an e~ increases the value of bond
order due to extra e~ will go into bonding-
orbital.
(D)
(D) M atoms are at the corners
= % x 8
=1
and at body centre position = 1
M =2
X atoms are at face centre positions
= % x 6
=3
X =3
Thus, formula of compound = M, X3
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27. (B) According to Bragg’s Law,
nh = 2dsin 0
~ nh
sinf = 2d

(first order diffraction, n = 1)

229 A x V2
2 x 3238 A

sin 45°

sinf =

2=
d: a

28. (B)

29. (B) Mixture of N,, H, & NH;3,
K, = 375 atm?2

He is introduced into the reactor to double the

total pressure. The addition of inert gas

N2 + 3H2 g 2NH3

Kp x (Ptotal)
. new K,,,
Kp’ = (Ptolal)
= Piotal
K', = 3-75=3-75 atm™2

P
30. (B) Consider ionization as

NaOH = Na*(aq) + OH(aq)
water also dissociates into ions

H,O()) = H*(ag) + OH (aq)
Since reduction potential of H* is higher than
Nat
at cathode .

H* (aq) + e« — 2H; (g)

at anode, 2H,O(l) — O,(g) + 4H* (aq) + 4¢-
Net reaction,
NaOH (aq) + H,O(1)

—> Na* (ag) + OH (ag) + 5 Hy() + 5 0a(0)

31. (B) In potentiometric titration, EMF measure-
ment is done. The end point is observed after
sharp jump in potential.
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32. (B) We know that

angular node = value of /
and radial node
n-l-1=2
n-1=73
*. 5d orbital have 2 radial & 2 angular nodes.
33. (B) 34.(C)
35. (B) H,+Br, = 2HBr

First step — initiation
K, °
Br, ——= 2Br

dissociation of Br, into Br radicals

H2+Br—>HBr+H }
propagation
H+Br2—>HBr+Br

HBr + Br —%> H + Br, — inhibition
(not important)
2Br—55 Bi2 -
36. (D) Daniel cell
ZnlZnSO,4(ag)llCuSO 4(aq)ICu’
E =107V
half cell reactions are
7Zn(s) — Zn*? + 2¢ at anode
Cu*2+2e¢ — Cu(s) at cathode
E = E.—-E,
1-07 = 034 -Ez,*?%Z,
= Ez,*%Z, = -073V
37. (A) According to Arrhenius equation,
K = Ae EaRT

termination

10K —Ea/R
InK
1/T
Ea
nK = InA “RT

hint —

[nK decreases linearly with 1

L
38. (B)

H H ®H
6

OH

HO @ ©H 0]

2 a4
N

2 4
Cl H @ 27 Cl@ @ 4E H@
(27, 4E)-3-chlorohexa-2, 4-diene-1, 6-dial

39. (A)
0 0 @\Coz]_{ @BO 4O
H (-)-proline 2
)‘\/jé DMF solvent @é
“H,0
0 Condensation to Q7

form enamine  Carbonyls are diastereotopic
enamine elects to attack *

carbonyl

Optically active

40. (C) d excess Li excess Li
in lig.NHj3 in liq.NH3
t-butyl alcohol t-butyl alcohol

alkyl gp acts e~ releasing group, facilitate the
formation of ortho & meta hydrogenated
product.

41. (D) om@}b

P-nitro phenyl acetate

CH3

esters show band at 1760 — 1780 cm™!
42. (O) 43.(C)

44. (A)CyoH,,. DBE = W:4

two singlets in "H NMR
three signals in 13C NMR

45. (C)

[3,3] sigmatropic
3 A

47. (C —_—
( ) 2 5 Formation of 3,3-bond
1 & breaking of 1,1-bond

3
w =L
ﬁ CHO

48. (C)



49.

hydrolysis
—_—

(R) - aspartic acid (S) - lysine

B Ron R
Mg S
NPh Hp MPh Hp

@ an

enantiotopic diastereotopic

50.

51. B) ‘C—H’ or ‘C—D’ bond cleavage in
T.S.—Primary Kinetic isotope effect

\‘\\\\H(D)‘/_\K(_)H L HD)

’1 ® I@ Y ® I@ fast i
; ;L'NM% C "NH;3

MeOH
rds-E,
2 4 6
52. (B) | AN~ 1.3.5-hexatriene
3 5
2 node
0
1 node

Sl

53.
57.

(A) 54.(C) 55.(C) 56.(D)
(B) dimeric complex [Re,Cl,(PMe,Ph),]*

Oxidation state

2x—4 = +1
x = 25
1
Bond order = 5

(BM.O’s e=s — ABMOQO’s e7s)
1
= JB-1

= 35
58. (C)

59.

60.
62.

63.

64.

65.

66.
67.

68.
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© CaHs
B «—:0: °
RN N N
F F C2H5 sp3d
Coordination bond
F —
F F]
P
F F
F

P: 152 2522p% 352 3p3
5 valence e=s
This compound have hypervalent covalent
bond.
B) 61.(B)
(D) 2RCH =CH, +2CO + H,
RCH,CH,CHO + RCle—CH3

CO,(CO)g

HC=0

In hydroformylation reaction, we need one or

two mole of CO from catalyst to give product

by migratory insertion. Thus, the given option

H,RH(PPh;),Cl is not suitable as catalyst for

hydroformylation.

(B) H;CORu3(CO),

Total No.of es :— 3 +9+ (8 x3) + (12 x2)
=60 (valence e~s)

(D) For aqua ion complex, acidity is more

when (1) small size & (ii) greater charge

(A)Co*?, Octahedral, 1 1 e,

(2 2
MM.=~3-9BM.

d’, system

D)
(C) C1F3 + SbFS i SbF67 + C1F2+
acid

base

©)

ionic product

I 1 %’@
-7 I
1
Tetrahedral (I5%) Trigonal bipyromidal (I37)
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69. (A) Phosphorus Acid (ortho)

I T
/P\ A /P\
duci | ~oH
reducing ® OH o OH
two tautomeric forms
70. (D)
® 7
71. (O) &C_NHZ
(O S
| 6| 1/2
¢ Ty
N
o-

Nicotinamide adenine dinucleotide (NAD)

4-position of pyridine ring is most favourable

position for nucleophilic attack in this case

72. (D) @T @\
pPhyC® CPhs
F —_—

e Fe
71\ VRN
oC C/O CDMe, oC C/O CDMe,

73. (C) In solid state, Alluminium flouride have
three-dimensional network structure unlike

AICl; (dimeric)

74. B)  75.(C)
76. (B) Sm*3, f° system
+3+2 +1 0 -1 -2 -3

L[] [ ]
S =512
2S+1 = 6
L=+3+2+1+0-1
= 5(H)
J=L-S

(less than half-filled orbital)

5/2

7.
78.

79.

80.

81.
82.

83.

For Sm* 3, we have ground state term symbol,

$+1L;=| °Hs,) Eu*?, £ system

Ll fafe] |

6_
S =,=3

2S+1=7,L=3(F),J=0

©
(B) K,Ba[Cu(NO, )]
(A)

— tetragonal elongation (Z,,)
unpaired e~ will go in d,» _ 2 orbital.
Thus, orbital order —
do_yp>dp >dy>d,=d,
Cs,Ba[Cu(NO,)e]
B)
— tetragonal compression (Z;,)
dzz > dxz ) > dxz = dyz > dxy
unpaired e~ will go in dz? orbital.
(A) In C—H, the three valency of C is remain
and in Co(CO)3, 15¢~ system also have lack
of 3e~s for 18 electronic system.
So, CH & Co(CO); are isolobal.
(C) We know that, Doppler shift in frequency,
A = vo
c
348 x 10'8 Hz x 2-2 mms~!
3 x 10" mms-!
2:55 x 107 Hz
255 MHz

Av =

B)
(D) MnCr,04 — normal spinel structure
(Mn*2)14 (Cr,*3), O4 because Cr*3 will have a
LFSE in octahedral site whereas Mn* 2 ion will
not.

(A)
thPCHzCHzpphz + [RhCl(CO)2]2

O
2 : 1 molar ratio ||
|-2co co A\ a
Ph, /RhERh\
P Cl CI" N~
H2C \. y C
2 [ Rh{ I
H,C ~p Co o)
th Vo = 1985 (terminal Co)



CH, couple with P to form doublet and this
doublet with another CH, gives doublets of
doublets.
84. (D) 85.(D) 86.(B) 87.(A)
89. (A) Closo-carborane — C,BoH;,
(i) 1,2-ortho isomer
(i) 1,7-meta
(iii) 1, 12—para

88. (A)

oc €O
c_| _cCo
O

C
0

/ 3\
0C~_ .\, _co
/Co Co\
oc /\ // Co
C

N

Oé \/(io

oC Co
72— (24+36)
72 =

6

M-M bond =

Terminal CO = 9
bridging CO = 3
Iry(CO)
CO
oc_|_co
Ir

M-M bond = W =6
Terminal CO 12
bridging CO = 0
91. (C) 92.(B) 93.(A)
94. (C) Pt complexes are 16¢~ species generally,
therefore there is not Pt-Pt bond formation &
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structure is NCS is coordinated with both side
N & S with 2¢~ donation

H3;N N _NCS \Pt/PPh3

t
PPh,p” SCN” ONH;
95. (D) For higher borones 3C-2¢ ‘BBB’ bond
may be a part of their structures. For Bs Hg
Styx code : 4120

96. (B) CsH;(O,,
16 +2-10
2
07-3 (1H, + J = 8Hz)
7-0 (1H, d J = 8Hz)
695 (1H, S)
69 (1H, d,J = 8Hz)
5-3 (1H, brs, D,0O exchangeable)
4-6 (2H, S)
399 (3H,S)
3 double bond

6958
39,8 H

CH;0

DBE = =4 (one ring)

4-6,s
Hy 5-3, brs
OH

H H69,.d
70,d  H
73,1

MeO
\©/\OH correct structure

aq.NaOH

© -cP
97. (D) CHC13 W CC13 — > CC12
2

Cl

N N _c1©
H H
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H
- D5 OMe - 0208 P OH
17\2[\/2?\)4!\532 BnO“I“%H m-CPBA BHON
O O
Methy-4-Oxopentanoate H
I3C NMR spectrum data suggest OH

OMe -51,C; =172,C4, =208,C5 =32 <« BnO SiMe
99. (A) \
o
1. BH; THF _2.PhsP,DEAD |
Hzoz/ NaOH Fritrobenzoic acid 107. (A)

3. K,CO3, MeOH 108. (A)
OH OH OH OH OH OH
U CH,ly, Zn-Cu R
100. (B) CH, CH,
CH,Cl, |PCC
/\ﬁ@ ’ 21
\\\\H _—
6% N\ H2504 HO
S £\( : CHO
0 >
A :: H
H,

~nH 4— ~nH 7 N hv “\\\Me A
109. (B) s Me isrotation Me disrotation
€

H
101. ‘\\\\Me
CO3H
Me

AC O/A N

NBu;SnH
110. (D)@i CéACOOEt "BugSuH,
102. (C) O\\\ toluene

103, (C) reflux
i Nﬁjgi
Ph~_ 1.socl, Ph | COOE
104. (B) = >C—COOH ——2  >—C—Cl ©\
Ph” Ph o' H
Ph 0 |
1.NEty Ph— o n
—_—
3. CHy=CH-OET . O\—/@LCOOB
105. (A) O
106. (B) l
H
9 OH H
BnOi SiM63 = BnO SiMC3
O ‘ COOEt
OH OH+«) 0 ke
Y lKH,THF H H



111.

112.

113.

114.
116.

117.

120.

121.

122.
123.

D)
O O OH OH
Chlral
reducm g
agent

R, R- conhguratlon 100%
diastereoselectivity

90% ee means 95% R ,R—configured product.
(B)

H H
(D) heat
dissotation
6 7 e—s participating
H
(A) 115.(B)
(A)
OH > c=0bond O
\
< reduction B = A
NaBHy Li/Liq.NH3
B CeCl3.7H,O B double bond

reduction (1,4)

~ @”

X
H,,RhCl (PPh3)3l C

X

less hindered double bond reduction

(D) 118.(B) 119.(D)

CHZCHZCOO/,H NH, .. )
( A) ., aniline LiAlH,
180°C 80%
cooH H 60%
Q\NHPh
H 48%

(B) Unit cell dimension, a = 4-00A
atomic radius in fcc structure is given by

Lo a4
w2 22
= 1-414 A

©)
(B) The most probable value of  for e~ is 1s
orbital of Hydrogen

ry = P(r)=

- O

i —2r. 2\ —
= 4dr(e r)=0

(" Ryy=2e)

T mp = 1= ap
. 3(1()
expectation value, <r> = ER

124.

125.
128.

129.

130.

131.

132.

133.
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(A) Its first option,
(T) = (V),all explanations are true.
(D) 126.(C) 127.(D)
(B) From given data, it is clear that
rate « [NOJ?
and rate o [H,]
Thus, orders are 2 w.r.t. NO and 1 w.r.t. H,.

(B) The angular momentum operator ﬁy is
(98
ﬁy —if (z Gx_xaz
i

I J J
i (Z P az)

_h( 9 0 _
i (Z ox @=-D
(A) NaCl & KCl crystallize with fcc structure
NaCl — fcc

KCl — simple cubic

because K* and Cl- are iso electronic and
form simple cubic structure simply.

© Vi, = %kx X2 +%kyY2
Thus, Wixpy = Wax (x)-wny »
and E.E, = E,+E,
(B) We know
_ M
P = Nv
_aM
Prcc = NVrce
and PBcc = =M
NVgce
Prcc _ _4M NVpcc
Ppecc  NVpee 2M
_ %Vacc
~ Vecc
(D) o ! A
For this, we have n
A = 03
2% +1 = lor3 1 1
. 754_754
= 2A %

There is no term symbol like 3¢ because it
has A =3 which is not possible in this case.
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134.

135.

136.

137.

138.
139.

(C) We know that angular frequency,

o = yBy
where y is gynomagnetic ratio & By =
magnetic field.
Thus, o 27 x 108 T-1S-1 x 12:6T
34-02 x 108 Hz
.. resonance frequency,

_ o _ 3402x10%Hz

T2m 2 x 314
= 514 x 108 Hz
= 514 MHz
(B) Moment of Inertia,
I = w?
I = Mxrz
my + my
= %xeleO‘mm2

x 1:67 x 10-%7 kg
= 6:6 x 10~%7 kgm?
(D) The chemical potential is given as
g A

P

AV AG

STma T

. (&
i = \on, TP

at constant temp. & pressure.

(B) The transition that is x-polarised light in
trans-butadiene is for

lAu_>1Bu
(x Bu] 111 1
Ayly Be|B, =1 1 1 1
z A, 1 -1 1 -1
— x-polarised (all + ve)
(B)
(B) n=10mol, Cp,=300JK-!,Cy =?
Cp—Cy = nR
Cy = Cp-nR

300 - 10 x 8:314 JK-!
217 JK-!

140.

141.

142.
143.

144.

145.

(A) Isothermal reversible expansion work,

\Y
— f
w = —nRT In (Vi)

— sign for expansion,
If compression then + (positive) sign.

(C) Maxwell’s relationships are

w Gs)v= -G,

©

(B) Zn/Zn* 2 (a= 0-01) Il Fe*2 (a = 0-001),
Fe*? (@ =0-01)/Pt oy = 171V

7Zn + 2Fe*3 = Zn*2 4+ 2Fet?

7Zn — Zn*2 4 2e

JFe+3 i JFe+2

n x By
logke = (0501
2 x 1-7100 _
00591
k., = 10%

cg

(B) All explanation are correct, but option is
(B) H—C = C—H - smallest partition
function, less molecular mass.

(D) Limiting molar conductivities of reactant

= A® of product
.. Nal + RbCl — NaCl + RbI mSm? mol-!
10-8 127 9-1
)\‘RbCl = 127 + 91 - 108

11-:0 mSm? mol-!
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PART A

The following diagram shows 2 perpendi-
cularly inter-grown prismatic crystals (twins)
of identical shape and size. What is the
volume of the object shown (units are
arbitrary) ?

y 10

7

2
(A) 60 (B) 65
(C) 72 (D) 80

Suppose in a box there are 20 red, 30 black, 40
blue and 50 white balls. What is the minimum
number of balls to be drawn, without
replacement, so that you are certain about
getting 4 red, 5 black, 6 blue and 7 white
balls ?

(A) 140 (B) 97

(©) 104 (D) 124

In the growing years of a child, the height
increases as the square root of the age while
the weight increases in direct proportion to
the age. The ratio of the weight to the square
of the height in this phase of growth—

(A) is constant

(B) reduces with age

(C) increases with age

(D) is constant only if the weight and height
at birth are both zero

Students in group A obtained the following
marks : 40, 80, 70, 50, 60, 90, 30. Students in
group B obtained 40, 80, 35, 70, 85, 45, 50,
75, 60 marks. Define

6.

dispersion (D) = (maximum marks — minimum
marks), and

Ld‘;g;:"“- Then,
(A) RD of group A =RD of group B

(B) RD of group A >RD of group B

(C) RD of group A <RD of group B

(D) D of group A <D of group B

relative dispersion (RD) =

In 450 g of pure coffee powder 50 g of chicory
is added. A person buys 100 g of this mixture
and adds 5 g of chicory to that. What would
be the rounded-off percentage of chicory in
this final mixture ?

(A) 10 B) 5
©) 14 (D) 15
The time gap between the two instants, one
before and one after 12:00 noon, when the

angle between the hour hand and the minute
hand is 66°, is—

(A) 12 min (B) 16 min
(C) 18 min (D) 24 min
Suppose
xAy = (x-y)?
xo0y = (x+y)?
xxy = (xxyy!
X'y = xXy

+,— and X have their usual meanings. What is
the value of

[(197 0315)— (197 A315)} - (197 * 315) ?
(A) 118 B) 512

© 2 (D) 4
IfAXxB=24,BxC=32,CxD =48 then
AXD—

(A) cannot be found (B) is a perfect square
(C) is aperfect cube (D) is odd
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9.

10.

11.

12.

13.

14.

If all horses are donkeys, some donkeys are
monkeys and some monkeys are men, then
which statement must be true ?

(A) All donkeys are men

(B) Some donkeys may be men

(C) Some horses are men

(D) All horses are also monkeys

A rectangular area of sides 9 and 6 units is to
be covered by square tiles of sides 1,2 and 5
units. The minimum number of tiles needed
for this is—

(A) 3 B) 11

©) 12 D) 15

Suppose 7 is a positive integer. Then (n? + n)
@2n+1)—

(A) may not be divisible by 2

(B) is always divisible by 2 but may not be
divisible by 3

is always divisible by 3 but may not be
divisible by 6

is always divisible by 6

©)

(D)

There is a train of length 500 m, in which a
man is standing at the rear end. At the instant
the rear end crosses a stationary observer on a
platform, the man starts walking from the rear
to the front and the front to the rear of the train
at a constant speed of 3 km/hr. The speed of
the train is 80 km/hr. The distance of the man
from the observer at the end of 30 minutes
is—

(A) 41-5km (B) 40-5 km

(C) 40-0 km (D) 41-0 km

Three identical flat equilateral-triangular
plates of side 5 cm each are placed together
such that they form a trapezium. The length
of the longer of the two parallel sides of this
trapezium is—

@ 5\2em (B sV2em
(C) 10 cm (D) 10V3 cm

An archer climbs to the top of a 10 m high
building and aims at a bird atop a tree 17 m
away. The line of sight from the archer to the
bird makes an angle of 45° to the horizontal.
What is the height of the tree ?

(A) 17m (B) 27 m

(C) 37m D) 47m

15.

16.

17.

18.

19.

20.

Consider a right-angled triangle ABC where
AB = AC = 3. A rectangle APOQ is drawn
inside it, as shown, such that the height of the
rectangle is twice its width. The rectangle is
moved horizontally by a distance 0-2 as shown
schematically in the diagram (not to scale).

C
Q Qs
A P B
Area of AABC
. . 9
What is the value of the ratio Area of AOST -
(A) 625 (B) 400
(C) 225 (D) 125

80 gsm paper is cut into sheets of 200 mm X
300 mm size and assembled in packets of 500
sheets. What will be the weight of a packet ?
(gsm = g/m?)

(A) 1-2kg (B) 2-4kg
(©) 3-6kg (D) 48kg
Find the missing letter

A B C D

F I L o

K P U Z

P W D ?
(A) P (B) K
© 17 D) L

A merchant buys equal numbers of shirts and
trousers and pays Rs. 38,000. If the cost of 3
shirts is Rs. 800 and that of a trouser is Rs.
1,000, then how many shirts were bought ?
(A) 60 (B) 30

©) 15 (D) 10

Consider the set of numbers {17!, 172, ...,
17300}, How many of these numbers end with
the digit 3 ?

(A) 60 B) 75

(C) 100 (D) 150

Find the missing number in the triangle.

7 1 8
AN
3 56 4 2 6




21.

22.

23.

24.

(A) 16 (B) 96
(©) 50 (D) 80
PART B

The correct order of basicity for the following

anions is—
O@
06 06
| II 111

(A) T>T>1 (B) I>11>1I1
(C) I>1>T1II D) M>>I

The major product formed in the reaction of
2, 5-hexanedione with P,Os5 is—

O
O
(B)
O
? |
©)
O
O
(D)
O

The absolute configuration of the two
stereogenic (chiral) centres in the following
molecule is—

o

Tz
AN

(A) 5R,6R (B) 5R, 6S

(C) 55,6R (D) 5S,6S

The correct statement about the following
molecule is—

25.

26.

27.

28.

29.
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Br

Br

(A) molecule is chiral and possesses a chiral
plane

(B) Molecule is chiral and possesses a chiral
axis

(C) Molecule is achiral as it possesses a
plane of symmetry

(D) Molecule is achiral as it possesses a
centre of symmetry

Consider the following statements about cis-

and trans-decalins —

1. cis-isomer is more stable than trans-
isomer

2. trans-isomer is more stable than cis-isomer

3. trans-isomer undergoes ring-flip

4. cis-isomer undergoes ring-flip

The correct statements among the above are —

(A) 2and 4 (B) 1and3

(C) 1and 4 (D) 2and 3

In bis (dimethylglyoximato) nickel(II), the

number of Ni—N, Ni—O and intramolecular

hydrogen bond(s), respectively, are—

(A) 4,0 and 2 (B) 2,2 and 2

(©) 2,2and 0 (D) 4,0and 1

Among the following species, (1) Ni(Il) as

dimethylglyoximate, (2) AI(III) as oxinate,

(3) Ag(@) as chloride, those that precipitate

with the urea hydrolysis method are —

(A) 1,2and 3 (B) 1and?2
(C) 1and3 (D) 2and 3

If an enzyme fixes N, in plants by evolving
H,, the number of electrons and protons
associated with that, respectively are—

(A) 6and 6 (B) 8 and 8

(C) 6and8 (D) 8and 6

The particles postulated to always accompany
the positron emission among —

(1) neutrino, (2) anti-neutrino, (3) electron,
are—

(A) 1,2and 3
(C) 1and 3

(B) 1and 2
(D) 2and 3
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30.

31.

32.

33.

34.

35.

36.

Toxicity of cadmium and mercury in the body
is being reversed by proteins, mainly using
the amino acid residue —

(A) Glycine (B) Leucine

(C) Lysine (D) Cysteine

NiBr, reacts with (Et)(PH),P at — 78°C in CS,
to give red compound, ‘A’, which upon
standing at room temperature turns green to
give compound, ‘B’, of the same formula.
The measured magnetic moments of ‘A’ and
‘B’ are 0-0 and 3-2 BM, respectively. The
geometries of ‘A’ and ‘B’ are—

(A) Square planar and Tetrahedral

(B) Tetrahedral and Square planar

(C) Square planar and Octahedral

(D) Tetrahedral and Octahedral

The correct non-linear and iso-structural pair
is—

(A) SCl, and I3 (B) SCl, and I3*

(C) SCl, and CIF,~ (D) I3+ and CIF,~

Ozone present in upper atmosphere protects

people on the earth—

(A) due to its diamagnetic nature

(B) due to its blue colour

(C) due to absorption of radiation of
wavelength at 255 nm

(D) by destroying chlorofluoro carbons

If L is a neutral monodentate ligand, the
species, [AgLy}?*, [AgLe}?* and [AgL,]3*
respectively are—

(A) paramagnetic, paramagnetic and
diamagnetic

(B) paramagnetic, diamagnetic and
paramagnetic

(C) diamagnetic, paramagnetic and
diamagnetic

(D) paramagnetic, diamagnetic and
diamagnetic

Chromite ore on fusion with sodium

carbonate gives—

(A) Na,CrO, and Fe,0;

(B) Na,Cr,05 and Fe,05

(C) Cr,(COs3)3 and Fe(OH);

(D) Na,CrO,4 and Fe,(CO3);

The ligand(s) that is (are) fluxional in [(n’
— CsHs) (n!'-C5H;)Fe(CO),] in the tempera-
ture range 221 — 298 K, is (are) —

37.

38.

39.

40.

41.

42.

(A) M’ —CsHs
(B) ' - CsHs
(C) 1 — CsHs and CO
(D) 1! — CsHs and CO

[CoL¢]3* is red in colour whereas [CoL¢]3* is
green. L and L’ respectively corresponds to—
(A) NH; and H,O

(B) NHj; and 1, 10-phenanthroline

(C) H,O and 1, 10-phenanthroline

(D) H,0 and NH;

The oxidation state of Ni and the number of
metal-metal bonds in [Niy(CO)¢]?* that are
consistent with the 18 electrons rule are—

(A) Ni(-1I), 1 bond (B) Ni(IV), 2 bonds
(C) Ni(-I),1bond (D) Ni(IV), 3 bonds
Structures of SbPhs and PPhs respectively
are—

(A) trigonal bipyramidal, square pyramidal
(B) square pyramidal, trigonal bipyramidal
(C) trigonal bipyramidal,trigonal bipyramidal
(D) square pyramidal, square pyramidal

The typical electronic configurations of the
transition metal centre for oxidative addition
are—

(A) dY and 48 (B) d° and d°®

(C) d8and d0 (D) d° and d10

Gelatin added during the polarographic

measurement carried out using dropping
mercury electrode —

(A) reduces streaming motion of Hg drop
(B) decreases viscosity of the solution
(C) eliminates migrating current

(D) prevents oxidation of Hg

The pK, values of the following salt of
aspartic acid are indicated below. The
predominant species that would exist at pH =
5is—

®
(PK, = 9:9) H3N COOH (pK, =20)

\KCOOH (pK,=39)
S]
COO

\KCOOH

®
H3N
A)



43.

44,

©

COO
\( .
COO

©

H,N_ _COO
© \( .
COO

COOH

\( .
COO

The major product formed in the following
photochemical reaction is—

t-Bu

®
H5N
(B)

®
H3N
(D)

t-B
4 hv

t-Bu
The pair of solvents in which PCls does NOT
ionize is—
(A) CH;CN, CH;3NO,
(B) CH;CN, CCly
(C) C¢Hg,CCly
(D) CH;CN, C¢Hg

45.

46.

47.

48.
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The major product formed in the following
reaction is—

H Me

Ph AcOH
OTs —

Me H
H Me

Ph
OAc

(A) Me© H

H Me

Ph
OAc

Me

D)

The correct order for the rates of electrophilic
aromatic substitution of the following com-
pounds is—

cl
D O
~
N X
p Me 1 1

(A) I>1I> 11 (B) II>1>1I1
©) M>M>1 (D) I>11>11

The commutator of the kinetic energy

A A
operator, T, and the momentum operator, p,
for the one-dimensional case is—

(A) in B) ih‘%c
© 0 (D) inx

The major product formed in the reaction of
trans-1-bromo-3-methylcyclobutane with
sodium iodide in DMF is—

Me

(A)
Me

© E\

] “
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49.

50.

51.

52.

53.

54.

When Si is doped with a Group V element—

(A) donor levels are created close to the
valence band

(B) donor levels are created close to the
conduction band

(C) acceptor levels are created close to the
valence band

(D) acceptor levels are created close to the
conduction band

The symmetry point group of propyne is—

A) G5 B) Cs,

(©) D; (D) D3y

For a first order reaction A — products, the

I

[Alo

refer to concentrations at time ¢ = 0 and ¢

respectively, is—

(A) a straight line with a positive slope
passing through origin

(B) a straight line with a negative slope
passing through origin

(C) an exponential curve asymptotic to the
time axis

plot of In vs. time, where [A], and [A],

(D) a curve asymptotic to the In ([A]t)axis
[Alo

In radical chain polymerization the quantity

given by ‘the rate of monomer depletion,

divided by the rate of propagating radical

formation’ is called —

(A) kinetic chain length

(B) propagation efficiency

(C) propagation rate constant

(D) polymerization time

Number of rotational symmetry axes for
triclinic crystal system is—

(A) 4 (B) 3
<G 1 (D) 0
Generally, hydrophobic colloids are

flocculated efficiently by ions of opposite
type and high charge number. This is
consistent with the—

(A) peptization principle

(B) Krafft theory

(C) Hardy-Schulze rule

(D) Langmuir adsorption mechanism

55.

56.

57.

58.

59.

Examine the following first order consecutive
reactions. The rate constant (in s~ ! units) for
each step is given above the arrow mark—

10° 108
P—Q—R
10° 103
2. P—Q—R
107 107
3. P—Q—>R
102 100

4. P—Q—>R

Steady-state approximation can be applied
to—

(A) 1 only (B) 3 only

(C) 2 and 3 only (D) 1 and 4 only

The figure below represents the path followed

by a gas during expansion from A — B. The
work done is (L atm.)

P(alm)si A
44
st
24
14 B
I -
—> V(L)
(A) O (B) 9
© 5 (D) 4

An aqueous solution of an optically pure
compound of concentration 100 mg in 1 mL of
water and measured in a quartz tube of 5 cm
length was found to be —3°. The specific
rotation is—

(A) -30° (B) —-60°
©) -6° D) +6°
Two phases (o0 and ) of a species are in

equilibrium. The correct relations observed
among the variables, T, p and | are—

(A) To=Tg, po#Pp, o = Hp
(B) Ty # TB’poc =pp> Lo =Up
©) Ty= TB’p(x =pp> Ha=Up
(D) To =T, Po=Pp> Mo # Hp
The number of configurations in the most

probable state, according to Boltzmann
formula is—

(A) e Skp
(C) e~ ElkgT

(B) e~ Slkp
(D) e~ AG/kgT



60.

61.

62.

63.

The correct match of the "HNMR chemical
shifts (8) of the following species/compounds

200

I
(A) 1:54;11:7-2;111:9-2
B) 1:92;11:7-2;1I1: 54
(©) 1:92;11:54;111:7-2
(D) 1:72;11:9-2;111: 54
The major products formed in the following
reaction are —

0
i. Ph3C Na*

\H\OEt -
ii. H30*
O
A + Ph,C—CH,CH
(A) \/U\OH 3 2CH;
O

CPh,
H
(B) Cpn, +EtOH
0 0
(©) op, * EIOH

0
(D) % o + CHa=CH,

In a Diels-Alder reaction, the most reactive
diene amongst the following is—

(A) (4E)-1, 4-hexadiene

(B) (472)-1, 4-hexadiene

(C) (2E,4E)-2, 4-hexadiene

(D) (27,47)-2, 4-hexadiene

Consider the statements about the following
structures X and Y.

Ph” CCN  PH R

NH
X Y

X and Y are resonance structures
X and Y are tautomers
Y is more basic than X
4. X s more basic than Y

The correct statement(s) among the above is
(are)—

W N =

64.

65.

66.

67.

68.

69.
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(A) 1and3 (B) Only 3
(C) 2and 4 (D) 2and 3

Pericyclic reaction involved in one of the
steps of the following reaction sequence is—

o .
Ci + 0 — i. Heat O/\OH
Cé) ii. (EtO)sP
|
H

(A) [1, 3] sigmatropic shift
(B) [3, 3] sigmatropic shift
(C) [1, 5] sigmatropic shift
(D) [2, 3] sigmatropic shift

Atorvastatin (structure given below) is a—

OH
HOOC z
OH
Me F

N

Me \ /

PhHN

Ph
O

(A) cholesterol lowering drug

(B) blood sugar lowering drug

(C) anti-plasmodial drug

(D) anti-HIV drug

The maximum bond order obtained from the
molecular orbitals of a transition metal dimer,
formed as linear combinations of d-orbitals
alone, is—

(A) 3 (B) 4

© 5 (D) 6

The term symbol that is NOT allowed for the
np? configuration is—

(A) 'D (B) P

© 'S (D) °D

If the ionization energy of H atom is x, the
ionization energy of Li2+ is—

(A) 2x B) 3x

(©) 9x D) 27x

If temperature is doubled and the mass of the

gaseous molecule is halved, the rms speed of
the molecule will change by a factor of —

(A) 1 (B) 2
© 3 ©) §
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70.

71.

72.
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In the graph below, the correct option,
according to Kohlrausch law is—

A

B

C

D

A

,JE—»

(A) A is a weak electrolyte and B is a strong
electrolyte

(B) A is a strong electrolyte and B is a weak
electrolyte

(C) Cis a strong electrolyte and D is a weak
electrolyte

(D) C is a weak electrolyte and D is a strong
electrolyte

PART C

Reduction of [Ru(NHj3)s (isonicotinamide)]3*

with [Cr(H,0)4]?* occurs by inner sphere

mechanism and rate of the reaction is

determined by dissociation of the successor

complex. It is due to the—

(A) inert ruthenium bridged to
chromium centre

inert

(B) inert ruthenium bridged to labile
chromium centre

(C) labile ruthenium bridged to inert
chromium centre

(D) labile ruthenium bridged to labile
chromium centre

Consider the second order rate constants for
the following outer-sphere electron transfer
reactions

[Fe(H,0)¢13+/[Fe(H,0)4]2* 40 M-! sec!
[Fe(phen);]3+/[Fe(Phen); 12+ 3-:0 x 107 M~ !
sec™!

(phen = 1, 10-phenanthroline)

The enhanced rate constant for the second
reaction is due to the fact that—

(A) The ‘phen’ is a m-acceptor ligand that
allows mixing of electron donor and
acceptor orbitals that enhances the rate of
electron transfer

73.

74.

75.

76.

7.

(B) The ‘phen’ is a m-donor ligand that
enhances the rate of electron transfer

(C) The ‘phen’ forms charge transfer
complex with iron and facilitates the
electron transfer

(D) The ‘phen’ forms kinetically labile
complex with iron and facilitates the
electron transfer

The compound [Re,(Me,PPh),Cl;] (M)
having a configuration of 621%,6%6"% can be
oxidized to M* and M?*. The formal metal
— metal bond order in M, M* and M?**
respectively are —

(A) 3:0,3:5and 4-0 (B) 3-5,4-0 and 3-0
(C) 4:0,3-5and 3-0 (D) 3-0,4-0 and 35

In low chloride ion concentration, the
anticancer drug cis-platin hydrolyses to give a
diaquo complex and this binds to DNA via
adjacent guanine

(¢}

N
A
E N” “NH,
(guanine)
The co-ordinating atom of guanine to Pt(Il)
is—
(A) N1 (B) N3
(C) N7 (D) N9
The '°F-NMR spectrum of CIF; shows—
(A) doublet and triplet for a T-shaped
structure
(B) singlet for a trigonal planar structure
(C) singlet for a trigonal pyramidal structure

(D) doublet and singlet for a T-shaped
structure

The low temperature (-98°C) !F NMR
spectrum of SF, shows doublet of triplets. It
is consistent with the point group symmetry —
(A) C3V (B) C4V

© Ty D) Cyy

Amongst organolithium (A), Grignard (B)
and organoaluminium (C) compounds, those
react with SiCl, to give compound containing
Si — C bond are—
(A) Aand B

(C) AandC

(B) Band C
(D) A,Band C



78.

79.

80.

81.

82.

In its electronic spectrum, [V(H,0)¢]**
exhibits two absorption bands, one at 17,800
(v,) and the second at 25,700 (v,) cm~!. The
correct assignment of these bands, respec-
tively is—
(A) v =T o(F) — *To,(F)

Uy = 3Tlg(F) - 3T]g(P)
(B) vy = T ,(F) — T 4(P)

Uy = 3Tlg(F) - 3T2g(P)
©) v, = 3A2g - 3Tlg(F)

U, = 3A2g - 3T2g(F)
(D) vy =3Ag, = 3Ty(F)

Vy =3A,, = 3T ,(F)
Reactions of elemental As with hot and conc.
HNOj; and H,SO,, respectively, give—
(A) AS406 and ASz(SO4)3
(B) As(NOj)s and As,(SOy)5
(C) AS406 and H3ASO4
(D) H3As0,4 and As,Og
The total valence electron count and the

structure type adopted by the complex
[Fes(CO),5C] respectively, are—

(A) 74 and nido (B) 60 and closo
(C) 84 and arachno (D) 62 and nido

1H NMR spectrum of [1°~CsHs)Rh(C,H,),]
at — 20°C shows a typical AA ‘XX’ pattern in
the olefinic region. On increasing the
temperature to ~70°C, the separate lines
collapse into a single line which is due to—

(A) free rotation of the ethylene ligand about
the metal-olefin bond

(B) intramolecular exchange between the
ethylene ligands

(C) intermolecular exchange between the
ethylene ligands

(D) change in hapticity of the cyclopenta-
dienyl ligand

The nuclides among the following, capable of

undergoing fission by thermal neutrons, are —

1. 23y 9. 235
3. 2¥Pu 4. B2Th
(A) 1,2and 4 (B) 1,3and 4
(C) 2,3and 4 (D) 1,2 and 3

83.

84.

85.

86.

87.
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The use of dynamic inert atmosphere in
thermogravimetric analysis (TGA)—

(A) decreases decomposition temperature
(B) decreases weight loss

(C) reduces rate of decomposition

(D) increases weight loss

The correct statements for hollow cathode

lamp (HCL) from the following are —

1. HCL is suitable for atomic absorption
spectroscopy (AAS)

lines emitted from HCL are very narrow

3. the hardening of lamp makes it unsuitable
for AAS

4. transition elements used in the lamps
have short life

(A) 1,2and 3 (B) 2,3and 4

(C) 3,4and 1 (D) 4,1and 2

Identify the correct statement about
[Ni(H,0)6]** and [Cu(H,0)]*

(A) all Ni-O and Cu-O bond lengths of
individual species are equal

(B) Ni—O (equatorial) and Cu—O (equatorial)

bond lengths are shorter than Ni-O

(axial) and Cu-O (axial) onesrespectively

(C) all Ni-O bond lengths are equal whereas

Cu—O(equatorial) bonds are shorter than

Cu-O(axial) bonds

all Cu—O bond lengths are equal whereas
Ni-O(equatorial) bonds are shorter than
Ni-O(axial) bonds

D)

Reaction of nitrosyl tetrafluoroborate to
Vaska’s complex gives complex A with
ZM-N-O = 124°. The complex A and its
N-O stretching frequency are, respectively —

(A) [IrCI(CO)(NO)(PPh;),]|BF,, 1620 cm~!
(B) [IrC1(CO)(NO),(PPh;)|(BF,),, 1720 cm"!
(C) [IrCI(CO)(NO),(PPh;)](BF,),, 1520cm- !
(D) [IrC1(CO)(NO)(PPh;),], 1820 cm-!

The correct order of decreasing electro-
negativity of the following atoms is—

(A) As>Al>Ca>S
(B) S>As>Al>Ca
(C) Al>Ca>S>As
(D) S>Ca>As> Al
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88.

89.

90.

91.

92.
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A 1 : 2 mixture of Me,NCH,CH,CH,PPh,
and KSCN with K,[PdCl,] gives a square
planar complex A. Identify the correct pairs
of donor atoms frans to each other in complex
A from the following combinations —

1. P,N 2. N,S
3. P,S 4. N,N
(A) 1and?2 (B) 1and 4
(C) 2and 3 (D) 3 and 4

For a low energy nuclear reaction, 2Mg(d,

0))22Na, the correct statements from the

following are —

1. kinetic energy of d particle is not fully
available for exciting 2*Mg

2. total number of protons and neutrons is
conserved

3. Q value of nuclear reaction is much
higher in magnitude relative to heat of
chemical reaction

4. threshold energy is < Q value

(A) 1,2and 3 (B) 1,2and 4

(©) 2,3and 4 (D) 1,3 and 4

At pH 7, the zinc(Il) ion in carbonic
anhydrase reacts with CO, to give—

OH
H
% P
W) =0 _ B
c—-
/7 0
O
/H
OH [0)
© | D) 7 O
Zn—0; noLT
~---0 N\
\C/ ok

Molybdoenzymes can both oxidize as well as

reduce the substrates, because —

(A) Mo(VI) is more stable than Mo(IV)

(B) Mo(IV) can transfer oxygen atom to the
substrate and Mo(VI) can abstract oxygen
atom from the substrate

(C) conversion of Mo(VI) to Mo(IV) is not
favoured

(D) Mo(VI) can transfer oxygen atom to the
substrate and Mo(IV) can abstract oxygen
atom from the substrate

A comparison of the valence electron con-
figuration of the elements, Sm and Eu sug-
gests that—

93.

94.

95.

96.

(A) Sm is a better one electron reductant than
Eu

(B) Sm is a better one electron oxidant than
Eu

(C) facile oxidation state is +2 for both the
elements

(D) both of these display similar redox
behaviour

The cooperative binding of O, in hemoglobin
is due to—

(A) a decrease in size of iron followed by
changes in the protein conformation

an increase in size of iron followed by
changes in the protein conformation

a decrease in size of iron that is NOT
accompanied by the protein conforma-
tional changes

an increase in size of iron that is NOT
accompanied by the protein conforma-
tional changes

(B)
©

D)

Amongst the following which is not isolobal
pairs —

(A) Mn(CO)s5,CH; (B) Fe(CO), O

(C) Co(CO)3,R,Si (D) Mn(CO)s,RS

The correct order of the size of S, SZ-, S2+ and
S*+ species is—

(A) S>S%> 8% > S

(B) S%*>S8* >8>S

(C) S >S>8%>8*+

(D) S* >8> >S>S*

The major product formed in the following
reaction is—

H

\\ n-BuzSnH
AIBN

Br

benzene
reflux




97.

98.

99.

The correct combination of reagents to effect
the following conversion is—
(0] COOH

v O
! )

(A) (i) Ph3P*CH,0OMeCl-, Buli; (ii) H;0™;
(iii) Jones’ reagent

(B) (i) H,N-NHTSs; (ii) BuLi (2 equiv.);
(iii) DMF

(C) (i) H,N-NHTs; (ii) BuLi (2 equiv.);
(>iii) CO,

(D) (i) CICH;CO,Et, LDA; (ii) BF5-OEt,;
(iii) DMSO, (COCl),, EtsN — 78°C to rt

The major product formed in the following
reaction is—
BusN*Br-

H anhyd. CF;COOH

CH,Cl,

H
(B) /\/\/v
Br
H
© X
CF;C00

(D) /\/\"/\/
(0]

Consider the following reaction.
O 0

Ve
CF3;COOH N
+ Ph-N;

The appropriate intermediate involved in this
reaction is—

H

MonKle
o_N HO N\@
N%N

©) D)

100.

101.

102.

103.
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The correct 13C NMR chemical (8) shift
values of carbons labeled a-e in the following
ester are—

O
g/d\)J\ -
Me c bO
(A) a:19;b:143;¢:167;d:125;¢:52
(B) a:52;b:143;¢c:167;d:125;e:19

(C) a:52,b:167;c:143;d:125;e:19
(D) a:52,b:167;c:125;d:143;¢e:19

The products A and B in the following
reaction sequence are —

o} 0 NH,
©)I\OH Meo)j\CI O/
A
EN

Me

0
(A) A: MNoMe B: ©)LO
(B) A: Mae: d
(€) A: J\OMe B: Meo)L NO

(0] )O]\ 0
(D) A: ©)‘\O Cl B: ©;<<O
(0]

The biosynthesis of isopentenyl pyrophos-
phate from acetyl CoA involves—

1. Four molecules of acetyl CoA

2. Three molecules of ATP

3. Two molecules of NADPH

4. Two molecules of lipoic acid

The correct options among these are —

(A) 1,2and 4 (B) 1and?2

(C) 2and 3 (D) 1,3and 4

Amongst the following, the major products
formed in the following photochemical reac-
tion are—

)OHQ/L

(1) 2) A3)
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(A) 1and3 (B) 2and 3 .B
3
(C) 1and4 (D) 1and?2 |
104. The products A and B in the following H
reaction sequence are — X
o
BnO <y OMe .
/\{\ I H,N-NH, A Heat o N —\/=<— ond
N (CVE R4
(0] H
(A) A: B) R and
H2N H
MeO H
HO
o 70— -
O H
® s § o ot B %
H
O H B
(D) Y— and
o & & H ZnJ 1&
107. Using  Boltzmann  distribution, the
BnO probability of an oscillator occupying the
(D) A: /’" first three levels (n = 0, 1 and 2) is found to
HzN » be py =0-633, p; =0-233 and p, = 0-086.
e
The probability of finding an oscillator in
105. Anthranilic acid, on treatment with iso-amyl energy levels n >3 is—
nitrite furnishes a product which displays a (A) 0032 (B) 0-048

strong peak at 76 (m/e) in its mass spectrum.
The structure of the product is—

NO 108. The major products A and B in the
(A) “ (B) ©i following reaction sequence are—

(C) 0-952 (D) 1-000

COOH i. PhANCO
EuN H,, Raney Ni
OH NO, —
.. A MeOH, H,0
ol L ol Aco
COOH COOH
N 0 oH
106. The organoborane X, when reacted with (A) A: )i/o B: :
Et,Zn followed by p-iodotoluene in the "

presence of catalytic amount of Pd(PPhjs),

furnishes a trisubstituted alkene. The inter- _N O OH
mediate and the product of the reaction, B) A )i/o B:
respectively, are—



109.

110.

111.

) A:

Dat
@]

o

(@)

==\
— B: )‘Tu\

(D) A: o

Dg!
7z
3
ll@)]
jan

The correct combination of reagents required
to effect the following conversion is—

(COOCH3 EEO
COOCH; on

(A) (i) Na, xylene, Me;SiCl, heat; (ii) H;0*
(B) (i) Na, xylene, heat; (ii) H,O,, NaOH
(C) (i) NaOEt, EtOH; (ii) Na, xylene, heat
(D) (i) TiClz, Zn-Cu, Me5SiCl, heat; (ii)

H;0*
An organic compound gives following

spectral data :

IR:2210,1724 cm™'; 'THNMR : § 14 (t,] =
7-1Hz,3H),44 (¢, =7-1Hz,2H), 77 (d,]
= 8-:0 Hz, 2H), 82 (d, J = 7-0 Hz, 2H); 13C
NMR : & 16, 62, 118, 119, 125, 126, 127,
168. The compound is—

o
\n/\
)NCO 0
(0]
® (J L v,
O
Wean
NC
O
)/\/©)\CN
O

The major product formed in the following
reaction is—

Ph

r A
‘N + Ph—=-Ph —>

H;C00C COOCH,;

112.

113.

114.
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H3COOC N COOCH;

ﬁ

choo \S_Z COOCH;
Ph
H;COOC, s
3 N_ pp
©) /
H3CO0C Ph
Ph
H;COOC, s
3 N_
(D) \
H,cooC  Tth

The correct combination of reagents for
effecting the following sequence of reactions

S_
A B
@—»ﬁp—»ﬁp
(@) (@)

(A) A =03/0,; B=K* ~0O0C-N=N-COO~
K*, AcOH

(B) A = 0O,, Rose Bengal, hv; B = K*
~O0C-N=N-COOK*, AcOH

(C) A =0,,Rose Bengal, hv; B =H,, Pd/C

(D) A =0,,Rose Bengal, A; B=H,, Pd/C

The correct combination of reagents required

to effect the following conversion is—

L
N~ N~

(0] (@)
(A) I, HNO;
(B) s-BuLi, — 78°C followed by KI
(C) NaOEt followed by ICH,CH,I
(D) s-BuLi, — 78°C followed by ICH,CH,I
Consider a particle confined in a cubic box.
The degeneracy of the level, that has an
energy twice that of the lowest level, is—

A3 B) 1
© 2 D) 4
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115. Only two products are obtained in the
following reaction sequence. The structures
of the products from the list I-IV are—

Q/ i. NaNH,

B ———
ii. BrCH,CH,Br

(0]
(@)
L O A A
(0] (@)
I 11 11T I\
(A) Tand II

(B) Mand IV
(C) T'and I
(D) I and IV

116. The major product A formed in the following

reaction is—

— MeOOC —=—COOMe
O

\ Heat
—

P

COOMe
MeOOC

(A) H

H

COOMe

MeOOC
e
O

COOMe
MeOOC

O

©
H
H

COOMe
D)
COOMe
OH

117. The products A and B in the following

reaction sequence are —

SeO,
)\/\A

dioxane
reflux

aq. NaCN, MnO,

i-PrOH, Me,NH

118.

119.

120.

CHO |
O N
(A) A A~ B'/k/\;(
CHO

©

The spatial part of the wave function of the
atom in its ground state is 1s(1)1s(2). The
spin part would be —

A) o()ou2)
(B) BMB2)

1
©) —=[aDHP2) + B(Hou2)]
J2 DR+ B

1
—— [(DBR) - B(Hau2)]
V2
The number of phases, components and

degrees of freedom, when Ar is added to an
equilibrium mixture of NO, O, and NO, in

gas phase are, respectively,
(A) 1,3,5 B) 1,4,5
©) 1,3,4 (D) 1,4,4

D)

The major product formed in the following
reaction is—

TsCl
pyridine

S
o H7

(A) 50

)F :
OTs



121.

A particle in a one dimensional harmonic
oscillator in x-direction is perturbed by a
potential Ax (A is number). The first-order
correction to the energy of the ground state —

(A) is zero

(B) is negative

(C) is positive

(D) may be negative or positive but NOT
Zero

122. The products A and B in the following

sequence of reactions are —

OH OH
HO\/L/?\/CHO MeOH/H* APhCH(OMe)2(1 equiv) B
Y Y reflux, 24h Ht
OH OH
OH E
(0]
HOTQ ove y_ 0T ow
(A) A= Hoﬁﬁ/ B=1o ¢
OH OH
OH
HO o) PH NP0
(B) A=po B=" no
HO OMe HO OMe
OH
_HO&\&E)M&: 5o T
(© A=ho TS0
OH HO OMe
OH
HO 0
_ OMe HO OMe
(D) A=H )
>—0
Ph o

123.

The mass spectrum of the product A, formed
in the following reaction, exhibits M, M + 2,
M + 4 peaks in the ratio of about 1 : 2 : 1.
The reagent HX and the product P are—

OH
Jopan
Br
@L

HX = HF and P = Br

(A)

124.

125.
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Cl

(B)
HX =HCl and P = Br

©)

3

HX = HBr and P=Br

O

HX = HBr and P =Br

D)

Match the following natural products in
column A with their structural features in
column B.

Column A Column B
(a) Colchicine 1. Tetrahydrooxepine
(b) Strychnine 2. Phenanthrene
(¢) Quinine 3. Tropolone
(d) Ephedrine 4. Phenylethylamine
5. Quionoline
6. Benzofuran
Identify the correct match from the
following —
(a) (b) (© (d)
A 3 1 5 4
B) 6 1 2 5
© 1 4 6 4
D) 3 1 5 6

A particle in a one-dimensional box
(potential zero between O to a and infinite
outside) has the ground state energy E, =
0-125h2
ma?

Hamiltonian with y(x) = x (x — a) yields an
energy E;. Using a linear combination of
two even functions x (x — a) and x2 (x — a)?2,
we obtain variational minimum to the
ground state energy as E,. Which of the
following relations holds for Ey, E; and E, ?
(A) Eg<E| <E,

(B) Ey<E; <E,

(©) E;<Ej<E,

(D) E, <Eyj<E;

- The expectation value of the above
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126.

127.

128.

129.

130.

131.

The dissociation constant of a weak acid HX
at a given temperature is 2-5 X 10-3. The pH
of 0-01 M NaX at this temperature is—

(A) 73 (B) 7-7
©) 83 (D) 87
The ground state energy of hydrogen atom is
— 13-598 eV. The expectation values of

kinetic energy, (T) and potential energy,{V),
in units of eV, are—

(A) (T)=13-598,(V) =-27-196

(B) (T)=-127-196,(V) = 13-3598

(©) (T)=-6799,(V)=-6799

(D) (T)=6799,(V)=-20-397

If y =08 ¢, + 04 @p is a normalized
molecular orbital of a diatomic molecule AB,
constructed from @, and @z which are also
normalized, the overlap between @, and Qg
is—

(A) 011
(©) 051
At a given temperature consider

Fe,05(s) + 3CO(g) = 2Fe(s) + 3CO,(g);
K; =0-05

2C0,(g) = 2CO(g) + 0,(g); K, =2x 1012
The equilibrium constant for the reaction
2Fe,05(s) = 4Fe(s) + 30, is—

(A) 1x10-13 (B) 2x10-38

(©) 4x10-15 (D) 2x 10~

(B) 0-31
(D) 0-71

In a bomb calorimeter, the combustion of
0-5 of compound A (molar mass = 50 g
mol~ ) increased the temperature by 4 K. If
the heat capacity of the calorimeter along
with that of the material is 2-5 kJ K- 1, the
molar internal energy of combustion, in kJ,
is—

(A) 1000
(©) 20

The translational, rotational and vibrational
partition functions for a molecule are—
ftranslalion: 1010 m- ]vfrotation = loafvibration =
1, (kgT/h) = 1013 at room temperature,

NA =6 x 1023

(B) — 1000
(D) —20

132.

133.

134.

135.

136.

Using the approximate data given above, the
frequency factor (A) for a reaction of the
type atom + diatomic molecule —
nonlinear transition state —  product,
according to the conventional transition state
theory is—

(A) 2% 10
(C) 21012

(B) 6 x 107
(D) 6x1013
The interplanar spacing of (110) planes in a

cubic unit cell with lattice parameter a =
4242 A is—

A) 3A (B) 6 A

(C) 735 A (D) 2:45 A

A compound A,B, has a cubic structure with
A atoms occupying all the corners of the
cube as well as all the face center positions.

The B atoms occupy four tetrahedral voids.
The values of x and y respectively, are—

(A) 4,4 (B) 4,8

©) 8,4 (D) 4,2

The number of lines in the ESR spectrum of
CD; is (the spinof D is 1)—

A1 B) 3

€ 4 D) 7

The C = O bond length is 120 pm in CO,.
The moment of inertia of CO, would be

close to (masses of C and O are 1-9 x 10~ %7
kg and 2-5 x 10~ 27 kg, respectively) —

(A) 1-8 X 10-% kg m?
(B) 3:6x 10~ kg m?
(C) 54x10-% kg m?
(D) 7-2 X 10~ kg m?
The fluorescence lifetime of a molecule in a

solution is 5 X 10~? s. The sum of all the
noradiative rate constants (2k,,)for the decay

of excited state is 1-2 x 108 s~ !. The
fluorescence quantum yield of the molecule
is—

(A) 01
©) 04

(B) 02
(D) 06



137.

138.

139.

140.

141.

Solutions of three electrolytes have the same
ionic strength and different dielectric
constants as 4, 25 and 81. The corresponding
relative magnitude of Debye-Huckel
screening lengths of the three solutions
are—

(A) 4,25 and 81

B) 2,5and 9

(C) 1/2,1/5 and 1/9

(D) 1,1and 1

Simple Huckel molecular orbital theory —

(A) considers electron-electron repulsion
explicitly

(B) distinguishes cis-butadiene and trans-
butadiene

(C) distinguishes
cyclobutadiene

cis-butadiene and

(D) has different coulomb integrals for non-
equivalent carbons

For the nondissociative Langmuir type
adsorption of a gas on a solid surface at a
particular temperature, the fraction of
surface coverage is 0-6 at 30 bar. The
Langmuir isotherm constant (in bar~! units)
at this temperature is—

(A) 005 (B) 0-20
(C) 20 (D) 50

For a set of 10 observed data points, the
mean is 8 and the variance is 0-04. The
‘standard deviation’ and the ‘coefficient of
variation’ of the data set are, respectively —

(A) 0:005,0-1%  (B) 0:02,0-2%
(C) 020,25% (D) 0:32,1-0%

In the Lineweaver-Burk plot of (initial
rate)~ ! vs. (initial substrate concentration)~ !
for an enzyme catalyzed reaction following
Michaelis-Menten mechanism, the y-
intercept is 5000 M~ ! s. If the initial enzyme
concentration is 1 x 10-2 M, the turnover
number is—

(A) 2:5% 10
(C) 2:5%10*

(B) 1:0 x 10*
(D) 2:0 % 105

142.

143.

144.

145.
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The E ® E direct product in D3 point group
contains the irreducible representations

D, E 2C; 3G,
A, 1 1 1
A, 1 1 -1
E, 2 -1 0
(A) Aj+A,+E  (B) 2A, +E
(©) 2A,+E (D) 2A, +2A,
The result of the product C,(x) Cy(y) is—
(A) E (B) oy
(©) Cy(2 D) i
Given

1. Fe(OH), (s) + 2e¢~ — Fe(s) + 20H™ (aq);
E°=-0-877V

2. AB*(aq) + 3¢~ — Al(s); E° =-1-66V

3. AgBr(aq) + e= — Ag(s) + Br (aq);
E°=0-071V

The overall reaction for the cells in the

direction of spontaneous change would be —

(A) Cell with A & B : Fe reduced
Cell with A & C : Fe reduced
(B) Cell with A & B : Fe reduced
Cell with A & C : Fe oxidized
(C) Cell with A & B : Fe oxidized
Cell with A & C : Fe oxidized
(D) Cell with A & B : Fe oxidized
Cell with A & C : Fe reduced

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

O
Ij( A BrCN
e _—
B
Me Me
(A) A:LiAH, B: Br/\/\N/CN
I
Br
(B) A:LiAH; B 'NC 1\|I
_CN

(C) A:NaBH; B: ">

at

O
(D) A:HypeC B: [
“Me
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[

Answers with Hints

. (© 2.(D)
. (D) According to question,
h oo Vage
h? o age
and w o< age
w

Thus,

2 1 (constant)
if weight and height at birth are both zero.
(B) Mean of A

_40+80+70+50+60+90+30 _
7
Dispersion of A = 90 -30 =60
relative dispersion (RD) of A
60

60

Now, Mean of B
_40+80+35+70+85+45+50+75+60

9
=60
dispersion of B = 85-35=50
0 _ .
RDofB = 60—083
Thus, RD of A >RD of B.
© 6.(D)
7. (D) {(197 + 315)> - (197 - 315)2}
- (197 x 315)!
N S
=+4x197x315% 197><315_4
A xB 24
B) BxCXCXD = 32><48
= AXB = %x 48
= 3x12
= 36 =(6)?
= Perfect square.
(B) horses = donkeys .1
some donkeys = monkeys ...(2)
some monkeys = men ...(3)

go through options, eq. (1), (2) and (3) gives
Some donkeys may be men.

10.

11.

12.
13.

(C) area of rectangle = 54 units
perimeter of square tiles = 4, 8, 20
Thus, minimum no. of tiles needed = 12.
(D) 2+ n) 2n + 1), nis a + ve integer

n=1, 1+1)Q2+1) = 6
n=2, 6x5 = 30
n=3, 12x7 = 84

A number is divisible by 6, when it is also
divisible by 2 and 3.

Thus, it is always divisible by 6.

B)
(C) Length of longer of two parallel sides of
trapezium = 5%x2=10cm

Trapezium
5

5 5

14. (B) Figure clearly indicates that we have to

15.

find out BC + BD =4 + BD

C bird
TTI‘CC
h
45° |
Archer A 7 m B
E | buildi o
© | building 5
E D
- _ BC
Thus, tan45° = AB
h
1 = 17 =h=17
Thus, height of tree
h+BD = 17+10
= 27m
(C) Area of AABC
= % x AB x AC
1 _9
=5 X3X3= )



16.
17.

18.

19.
21.

Inrectangle, h = 2b
b
Thus, oS = )
0-2+02
= ) =02
and ST = 02
Area of AOST = % x OS x ST
= Ly02x%02
T2
Thus, value of ratio
B % xX3x%x3
1 X 02 %02
2
= 225
(B)
B A D3 BB cHoD
FB313L383o0
K 3P 3BuUuiB z
P 3w DK
(B) Price of one shirt = 8270
Price of one trousers = 1,000
Thus, go through options—
Thus, price of 30 shirts
_ 8003>< 30: 8,000

and that of 30 trousers
1,000 x 30 = 30,000

Total = 30,000 + 8,000
= 38,000
Thus, right option is 30.
(B) 20.(D)
(A) 0°
Qs
e

Mesomerism is not possible in case of m-
substitution, hence basicity increases due to
availability of electrons.

22.

23.

24.

25.
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In case of o0 and p — substitution — NO, group
acts as electron withdrawing group with
mesomeric effect and it is more dominant
with p-substitution. Hence, the order of
basicity is—

M>>I
A)
o
P,05
)k/\ﬂ/ as acid anhydride /@\
(e & dehydrating agent O

2.,5-hexanedione furan

intramolecular aldol

|%on
O
Cyclopentanone
©
4
.. fQ view
; 1 O  For 5-position  , l 3 3 2
4 ’ >/1 1
ne k For 6-position /// 4
P

.......

Due to chiral plane molecule is chiral.
(A) (CSIR gave option (D), but it is wrong)

H H

a ring-flipping a
(HH

| —— H e
cis-decalin

H

(H) flipping not possible -
called as “Locking group’,

H
trans-decalin

Two factors are responsible for less stability
of ()
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26.

217.
29.

30.

31.
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(i) non-bonding interaction in concave area.

(i) 1,3-diaxial interaction with atoms or
groups.

(A) Structure of bis (dimethylglyoximato)
nickel (IT)

O—HmmO Ni - N bond =4

IL 111 Ni - O bond =0

\c|¢ \N./ §C|/ H-bonds =2
1

/C§N/ \N¢C\ (intramolecular)

]

OmH—O

(B)

(D) Positron (positive electron) result from
the transformation of a proton to a neutron.

28.(B)

1 1 0 —
P — on + Je + v

proton neutron  positron  anti-neutrino

anti-neutrino balance the spiner. When the
positron is ejected from the nucleur it very
quickly collides with an electron in the
surroundings. Sometimes positron emission
also gives positron and neutrino with
characteristic energy spectrum.

(D) The thiol group has a high affinity for
heavy metals, so that proteins containing
cysteine, such as metallo thionein, will bind
metals such as Hg & Cd, Pb tightly and
removes toxicity of such metals.

(0]

HS/\HKOH

(thiol gp) N[—I2 cysteine
(A)
 Eoehnp [NiBr,-P(Ph),(Et)]
NiBr, — A (Red)
in CS, Square planar (dsp?)

lroom temperature

tetrahedral [NiBryP(Ph),(Et)]
(sp?)

O [T
3
sp
(two unpaired e~ + orbital

contribution)

green, B

32.

33.

34.

35.

36.

37.

38.

39.

Qe

201 Pm

(B) QSQ :
:'I'/ \:I:

201 Pm

S

.o

non-linear and iso-structural pair

(C) Ozone absorbs UV-B. UV-B (255 nm)
would otherwise damage the DNA of all
DNA-based life on/near Earth’s Surface. It
acts as a greenhouse sunlight can come in but
it can’t go out. Ozone protects earth by
keeping it warm. Ozone is a protectant in
upper atmosphere but if found in lower
atmosphere where we live, it is poisonous.

(A) [AgLg]?*
Ag(ID) I
4d  4s  4p ame diamagnetic

S
|"|"|1L|1l| 1 | | | | | octahedral (no unpaired e™)
/

[AgLel?t [AgLy+
Agh | Agdm)

unpaired e~
paramagnetic

fusion

(A) FCCI'Z 04

Chromite ore

Na2 [CI'O4] + F6203

sodium
chromate

Spinel — Fell(CrM),0, !
2A1

3.2CO3

2Cr
pure
chromium

® Q)
Fe
/N

oC CO
(A) [Co(NH3)g]* 3 — d system, Red colour
L = NH;
[Co(H,0)4]* 3 — d system, green colour
L' =H,0
(C) [Niy(CO)¢]-*

Na,Cr,O
NayCO, 21,04

(Fluxional)
m!' (221-298 K)

36-(12+20+2)

M-M bond = > 1
oC col|”
Ni (- I) state oc;Ni—Niéco
ocC Co
18 e~ system
(B) SbPhs;

Shows square pyramidal structure due to prior
availability of d-orbital



40.

41.

42.

Phr~————Ph
o

Phl” ~Jph

d
[1]1]

{s p }
PPhs=[1] [1[1]1] [1]
sp3d
Ph

Ph

Ph

TB.P.

Ph Ph

(C) For an oxidative addition reaction to
occur :

(i) non-bonding e~ density on the metal
(ii)) Two vacant coordination site

(iii) A metal with stable O.S. separated by 2
units.

Thus, d® and d'° is correct option.

(A) Gelatin is added during the polaroghaphic
measurement carried out using droping
mercury electrode to—

(i) reduce streaming motion of falling Hg
drop

(ii) increase I,
(iii) increase E1/

(iv) eliminate residual current

®
H;N
(pKa =99)
(B) \< B
COOH (PK,=3-9)

aspartic acid

COOH (pK,, = 2:0)

At pH =5 (acidic character),
But we know that

lower pK, = strong acid

higher pK, = weak acid
Therefore, the species exist at pH =5 is—

co0®

Lo

COO

®
H;3N

43.

44,

45.

46.
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(A) 1,2, 4-tri-#-butyl benzene gives the 1,2,5-
tri--butyl Dewar structure. The driving force
for the reaction is probably the relief of steric
compression of the #-butyl groups. While the
ring closure could be regarded as an allowed
disrotatory closure of a 4N-system, the orbital
symmetry rules for aliphatic systems cannot
be arbitrarily extended to aromatic systems.

t-Bu

By Y H | Bu FBu By
hv _
s = | |
t-Bu t-Bu
t-Bu H

1,2,5-tri-#-butyl

Dewar structure
(C) Eliminate options, all given options have
polar solvents except option (C). So the right
answer is C. Benzene and carbon tetra
chloride are non-polar solvents and do not
ionize PCls.

(A) H Me H Me
Ph Slow Ph
OTs RDS
Me H Me H

ACOH | fast

H Me

Ph
OAc

Me H

(association)

+@OTS

(Dissociation)

Due to planar structure of carbocation, attack
at both side is possible.

(D)
H o E° H__E H__E
®

E

O E?i]%@% )
®

unstable ¢~ deficient

cation

unstable electron
deficient cation

@ H E E
Y e O3 -C0
N at 3-position ®N\ ITI

Me Me CH;

benzene ring
intact

Thus, I > III > II = rate of electrophilic
aromatic substitution.
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Cl
is deactivating towards further EASR.
A A A A A A
47. (C) [TxPx] = TxPx_PxTx =0
(same axis operator in this case do not
commute)
A W d?
T, = -5
2u dx
A d
P, = —ifr
. " dx
48. (C)
[N M inDMR\sN? LN Me
+
S cis
trd Blrb 3-methyl s -llNaI I\ Ie ”l
e STty 2 e

more nucleophilic
I

49. (B) Group V element is added to the Si. The
fifth electron on Group V element is not
bonded and excited into conduction band
where they act as charge carriers (extrinsic
conduction)

Conduction
P band

Energy
1 | donor band

/Valence band

50. (B) One Cj axis (passing through the C* and
— C = C — H group and also through the
centre of the triangle formed by joining the
three hydrogen atoms), G, absent, 3G, present
(each passing through C*, —C = C—H group
and one of the H atoms, and bisecting the line
joining the other two H atoms).

If

T
« Gy
C o J
H H

Complete list of symmetry elements — E, C;

C%, 30, point group—

51. (B) A — products, First order reaction
We know that

[Aly = [Alg e
A} _
In ([A]o) = —nKt
In (@) 1 t_,
[Alo I <
T —n
—t

Straight line with —ve slope passing through
origin.

52. (A) The kinetic chain length can be defined as
the average number of monomer moleculers
consumed by each effective free radical
generated by initiator.

_ rate of propagation
" rate of initiation
_ rate of propagation
"~ rate of termination
rate of initiation = rate of monomer depletion.
53. (D) Triclinic crystal system-most unsymme-

trical exists in primitive form (a #b #c,
#PB#vy#90°)

Examples : K,Cr,0,, CuSO,-5H,0, H;BO;
So, no rotational symmetry axis is found.
54. (C) Hardy-Schulze Rule—

(1) Coagulation is brought about by ions
having opposite charge to that of the sol.

(2) The efficacy of an ion to cause
coagulation depends upon its valency (high
charge).

(3) The minimum concentration of an
electrolyte required to cause coagulation or
flocculation of a sol is called its flocculation
value (millimoles per litre) efficacy varies
directly as the square of the valency of the
ion.

55. (D) In the state of steady approximation,

reactions are investigated under such condi-
tions that the slowest rate-determining step



56.

57.

58.

59.

60.

does not exist, one assumes the steady state
approximation (s.s.a.) for the transient, i.e.,
short-lived intermediate.

In case of consecutive 7, K| #K,, so (3) is
wrong and in (2), K; > K, which is not
possible due to long lifetime of Q. So (1) and
(4) shows s.s.a.

(D) Expansion against a particular constant
external pressure, Pyt o< P

Then, Work done

V2
W = - IVI Pe" dv  [expansion (-)]
W = —P¥(V,-V))
= -1 (5 - 1) =-4

—ve sign only indicates expansion.
(B) Specific rotation is given by
o

[oc]g =l

a=-3°C=100mginl mL=0-1gin 1 mL
[ =5 cm =0-5 dm (decimeter)

off = 3

0-1x0-5
= —-60°

(C) Two phases (o and B) of a species are in
equilibrium. Then following conditions—
(i) Thermal Equilibrium

= Ta = TB

(ii) Mechanical equilibrium

= Py, = Pg

(iii) Chemical Equilibrium

= Uo = Up

(A) The Boltzmann formula for the entropy,
S = KglnW

where W is number configurations in the
most probable state of the system

S

Kp

W = ¢SKp

A) IHNMR. ‘ .
III

In Benzene, Hydrogens are deshielded by the
large anisotropic field generated by the e~ in
the ring’s II system. I, III also show ring
current.

InW =

=

61.

62.

63.

64. (
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(C)

Pth 2

OEt “_PhyCH

OEt —ox

OEt

O o

H;0®
EtOH «—— EtO +
OEt

(C) (2E, 4E) — 2, 4-hexadiene

‘H most reactive diene
. _~H S-cis conformation

(2z,4z7) — 2, 4-hexadiene

it also give Diels-Alder
but least reactive as
compared to previous

Other two options are not working well for
D-A reaction.

(D) CH,—C=N CH=C=NH

X Y
Clearly, X and Y are toutomers because
sharing of H takes place with hetero atom.

Y is more basic due to availability of electrons
on N-atom and forming ability of NH, with
external source.

(s

Ph l(EtO)3P
Nl o ©

O/\OHM O/\o@ P (EtO);
+
S

“SPh

€]
Side Reaction : P (OEt); © PhSEt
OEt +

EtOH
S t (EtO);P = 0
SPh )
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65.
67.

68.

69.

70.

| CSIR-UGC Chemical Sciences (J-14)

(A)  66.(C)
(D) np? configuration
np
11 | 2s+1=3 3p
+1 0 -1 L = 1(P)
L] ] e2s+1=1 D
L =2
ol ] 2s+1 =1 s
L=20

3D is not possible for np? configuration.

(C) According to Bohr, ionization energy of
H and H like atom is given by

E - _ 21?72 me*
" T T (4neg)? 2k
Thus, E, o Z? (Z = atomic number)
For Li+2, Z =3
AndforH, E, = x

Therefore, E, for Li*2=9x

(B) Root Mean Square Speed of the molecule
is

12
- ()
12
e ()
T=2T!, M = %Ml
Co = (2] = a@r=2
2

(C) Strong electrolyte —

Strong

Electrolyte
mc
ca D

AC —

linear increase with dilution, curve can be

extrapolated and the value of A can be
determined.

Weak electrolyte—

Variation is non-linear, initially very slow, as
C approaches zero increase become very fast
but never approaches limiting value (Y-axis).

71.

72.

73.

75.

(B) [CSIR gave wrong answer option (A)]

[Ru(NHj3)s (isonicotinamide)]3*
Inert

+ [Cr(H,0) P ————>
Labile sphere mechanism

isonicotinamide can act as a bridge for
electron transfer.

(A) [Fe(H0)6]**

For outer electron transfer reaction :

(i) electron transfer from 7,, takes place.

(ii) spin state should be same.

(iii) not much difference in bond length.

(iv) unsaturated m-acceptor ligand (mixing of
e~ donar and acceptor orbitals).

The presence of all the above factors in
[Fe(Phen);]* 3 makes it’s reaction faster than
[Fe(H,0)6]**.

(A) [Rey(Me, PPh),Cly]

Configuration : 62 ©t* 62 §*2

& A 1 _
5 1 1 1
r L1 1L 11
s 1 1 1
Re,[Me,PPh),Cl,] (M) ™M+
M) 30 35 40
M—M bond order = w
8-2_
= =3 forM

. (C) Cis-isomer is active at low concentration

cis—PT (NH;),Cl, + H,O =
cis-[Pt(NH;),Cl (H,O)]*
+CI®
Pt binds at 7-position of guanine.

When a self-complementary aligomer (a
portion of a DNA chain) reacts with the cis
isomer, two adjacent guaniners are bound and
Watson-Crick base pairing is disrupted [See
also James E. Huheey—Page No.-700].

A Q. T
\;Cl—»\::_‘: F
{ T-Shape
@ F



19F NMR spectrum
Two axial F

2x2x%+1

equatorial F.

3 (triplet)

2><1><%+1 =

76. (D) low temp. '°F NMR spectrum of SF;—
doublet of triplets

2 (doublet)

equatorial F = 2><2><%+1=3
axial F = 2><2><%+1=3

One C, axis is present (passes through S and
bisects the line joining the two F atoms each.
No. 6;,.206y present (molecular plane and the
plane bisecting the line joining the two F
atoms passing through S).

Complete list of symmetry elements = E, C,,
20y

o
+ +2 —

SiCl,
77. (D) RMgBr

cl
c1>Si—R MgB:Cl
cl

like this, all compounds given in question
form Si—C bond due to R® species which
attacks at Si centre.

78. (A) [V(H,0)6]**, d? system

/3A2g(F)
3p - *D% 3T} ,(P)
2 3
3T,,(F)
M=
3T1g(F)
+2+10 -1-2
AT
2S+1 = 3 3F,3P
L = 3(F)

BT, (F) — 3A,, (F) — not observed low
intensity and high energy portion of
spectrum]
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Observed spectrum
A
v —

vy = 3Ty, (F) = 3Ty, (F)
v, = 3T (F) = 3Ty, (P)

79. (D)
80. (A) [Fe5(CO)5C]
Total valence electron count
= 8x5+15%x2+4

= 74
structure type = 40+ 30+4
= 74-60=14
= Te pair
= (m + 2) =Nido

81. (A) [(n° - CsHs) Rh (C,Hy),]
at — 20°C shows 'H NMR
typical AA! XX! pattern
at ~ 70°C — single line

H H
—C——Rh——C—
N N\
T
H H

due to free rotation of the ethylene ligand
about the metal-olefin bond.

82. (D) Very heavy nuclei have a lower binding
energy per nucleon than nuclei with an
intermediate mass. U233 and U235 are used as
fission by thermal neutrons.

B N

ty, = 23-5 min

238 1
U+ on —

B 239
——— > 94Pu

ty, = 2-3 days
All isotopes of Pu are fissile and used as a
nuclear fuel.
83. (A) 84.(A)
85. (C) [Ni(H,0)4]%* is d® system and have

regular octahedral geometry (all Ni-O bond
lengths are equal). Whereas [Cu(H,0)4]%* is
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86.

87.

88.

89.

90.
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d® system, shows large John-Teller
distortion with Z, (tetragonally elongated).
Therefore, Cu—O (equatorial) bonds are
shorter than Cu-O (axial) bonds.

(A) Ir(PhsP),(CO)CI + NOBF-, —

[Ir(Ph;P), (CO) (NO)CIJ*BE,"

Square pyramidal
bent nitrosyl ligand, ZM-N-O = 124° at
apical position 1 e~ donor, less e~ density on
metal, high Bond Order, so N—O stretching
frequency, Vo = 1620 cm™ 1.
(B) Across the period from left to right,
electro-negativity increases.
Down the group, electronegativity decreases
combining both factors, we have the order

S>As>Al>Ca

(a) © Cl—|_2 Me,NCH,CH,CH,PPh,
K Pd 1 2 2 raio
a al KSCN
Me,
SCN N-_ o
Pd GH,
NCS PPECHZ
On warming,

S—-bonded isomer is converted to the N-
bonding isomer, which is presumably slightly
more stable.

So, P opposite to N and S opposite to N.
(d.o) 2

(A) 12Mg + 1H2—> 11Na + ,He*
Denterium

(i) Q >> heat of chemical reaction.

(ii) total no. of P and n is conserved.

(iii) no enough energy in d-particle.

(A)AtPH=7

N —
AN 0=C=0.
N—zn—o, M E.Zn—o\ “H
N ""O \H O\H
interconversion of CO, and l
hydrogen carbonate ion. O
Sc—o_
Zn—O\ SH
H--0O<
“H

91.
92.

93.

94.

95.

96.

D)
(B) Sm*2:[Xe] 4f0
Eu*? : [Xe] 4f7

Thus, Sm is better oxidant (oxidising agent)
statement 1, 3 and 4 are wrong.

[Xe] 4f7
(A) (1) Binding of dioxygen molecule
PFe!l + 0, = PFell O, > PFelllO,-

(i) Forming p-peroxo complex with second
heme

Smt2+e~ — Smt!:

PFellO, + Fell - PFe —O—O—Fel'P
(iii) PRell _O—O—Felll P — 2PFelll_0-
2PFe!Y =0

(iv) 2Fe!V = O + PFell — PFel— O —Fell P

(decrease in size, Fe*2 — Fe*3)

Followed by changes in protein conformation
takes place.

(C) Isolobal pairs — electronically equivalent
groups

Mn(CO)s =7+ 10 = 17) less than 1 for
CH;=6+3=9 inertness

Fe(CO), =8 +8 =16

less than 2 for

0=38 inert gas configuration
Mn(CO)s5 =17 | Co(CO);=9+6 =15\ .
different
RS=17|R,Si=4+2=6

(C) anion > atom > cation — order of size
Therefore, S>> S > S2+ > S4+

Due to increased ionic radii in anions.

(A)
H
Y AN
AIBN
H

H Benzene reflux

S
S
N
S

cis at
ring joint

S
S
S
3

Final
product



Side Rh
I I I
—c|[1\7/=\/1\11C|— — —Cl’ +N, 1
CN CN CN
AIBN initiator

—C—CN I
Bu3SnLl[ﬁ BusSn" + —C—CN
H

(O] N-NHTs

H [HoN-NHTs H
-H,0
H H

12 BuLi

O
\ —_—
(g‘c'ﬁv N=N N—Ts
Li
H

Li
H
—Ts

E
Q
o
o
T

98. (B)
/\ NBuy
s BuyN*Br~
—  anti-addition h
Br
retention of |anhyd. CF;COOH
configuration CH,Cl,
H
/\/\K(\/
Br
99. (D)
0 m
N=N=N E
N=N
_N—N—Ph
CF;COOH
Intermediate

Pt

H
o P O }’h
N N
—H®
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> C =0 group shows maximum value
around 170 alkene carbon — 120 — 150
(almost)

Me(a) adjacent to electronegative —O atom
(more value).

In case of ¢ and d there is o, B-unsaturated
carbonyl case and (d) carbon have more
value due to more deshielding effect.

Thus,a:52;b:167;c:125;d:143;¢e:19
. (A)

(0] 0 I
/‘\" mc
©)l\%H Et,N S Meo’ o” i

Lo ok i
ALy

B)

102. (C)

(0]

2ATP HOQC\X/\
3X”  TSCoA 2NADPH

mevalonic acid

acetyl CoA
lATP
O OH
H elimination /”//,,
-—
= OPP HO™ OPP
o H 'H
isopentenyl
pyrophosphate

there is no role of lipoic acid.
ATP — 3 molecules

NADPH - 2 molecules
acetyl CoA — 3 molecules.

{PP = pyrophosphate group transferred from
ATP}
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O\HY
o B

OH
Lo A
A N “Touto-
merisation

103. (D)

M

B) (A)
104. (A)
O
BnO gOMe
o
H2N—NH BnO” OMe
109.
NH2 NH,
BnO 0 l BnO
= NH heat
-HOMe HZN
B) (A)
i
105. (A) C
OH iso amyl \‘k6g
mmte [©)
N=N
anthronilic acid
_N2
l -CO,
“ dimerization ©|
m/e =76
110.
106. (D)
organozinc
)23—/
(X) organoborane mtermedlate

1
Pd(PPh;), l ©

CH,
}%k

product CH;

107. (B)

108.

(A)

9,

N, ———mm N.
X O >¢ 0
H H” e ]
INENO)
I
PR |
O@
I
_EuN /NQO
“co,
-NH,- PH HN \O
(A)l H, Raney Ni Fl’h
(0] (:)H

OH MeOH. H,0
AcOH

(A)
+
Na
CH3 radlcal _BOCH3
CH Xylene CH dlmerlzd
3 3 tion C—Q,OCHQ
ONa
kelyl radlcal unstable initial
anions l product
] €]
O 0) O
O — O =
D «—
transfer
o ' o
2nde tramfer 1,2-diketone
OSiMe; ® O
Ij[ Messicl Ij[ H;0 I:E
—_—
OSiMe; OH

enediolate

(C) IR : 2210 cm-!
(presence of =bond C=C,C=N)
I3CNMR : 8 types of C—atom.

014 (t,J=71Hz, 3H)

344 (q,J="71Hz, 2H) 2 —CH,—CHj with O

582(d.1=70 Hz 2H) > aromatic protons

Thus, we have structure :
O

jega

NC



111. (B)
Ph

l/
N A (

= H;CO0C _N_ COOCH;
®

H;COOC  COOCH;

112.

02 hv E@
(B) rose bengal

Rose Bengal is used in synthetic chemistry
to generate singlet oxygen from triplet
oxygen, which reacts with an alkene.

A : O,,Rose Bengal, hv
+ - ||
0 KO—C—N= N—C—OK
/ B, AcOH /

(0]
(H,, Pd/C — not useful here)

H
D) ¢ SBuLi
N -78°C
>~ _SBuH

(6] o

113.

Strong base like LDA and Buhi can abstract
H attached with benzene ring.

(A) Energy of a particle confined in cubic
box is

114.

2

Esp

2 2 2
(n” +ny +n, )8ma2

n2
8ma?

Let K =

Thus, the degeneracy of the level, E = oK,
twice that of the lowest level =

2,1,1)1,1,2)(1,2,1)
(15 1’ 1)7E=3K

E=6K
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“’H'{@QHZ {0 BrLCH,CH,Br
115. (A) =, N
(0]

o

.-
lNaNHz H

B"K-CHzcnzsr

o <H)

Brl—HBr
B
2 T '
@’\_)v CH2
116. (A)
H COOMe

/\COOMe
heat
@ + |‘| (4+2)CA %L
H cooMe COOMe
1(4 +2)CA

COOMe
MeOOC
H

endo

70 product

Stable due to secondary interaction between
double bond and lone pair of electrons on
oxygen atom.

117. (D)
O Se=0
d10x4ne >\/\/< /H
reflux (A) ”

o—oxidation

| i—PrOH l aq. NaCN

>\/\//<C/\I . Me, NH i

(Oxidizing
| | agent)

118. (D) The four normalized two electrons spin
eigen functions with correct exchange
properties are —

o(1) o(2)

B(D) B(2)

[o(1) B2) + B(1) 21N 2

Symmetric :

Antisymmetric : [o((1) B2) - B(1) o)/ 2
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1
Thus, PO = 1s(1) 1s(2) - —
V2
[o(1) B(2) = B(1) a(2)]
. 1
So, spinpart = ——[o(1) B(2)—P(1) a(2)]
V2
Spatial part = 1s(1) 1s(2)
119. (C) All species are in gaseous phase, Hence
P=1
number of components, C=N — E
where N =4

E = equations = 1, viz,
2NO + 0, —= 2NO,

So, C=4-1=3
degrees of freedom,
F=C-P+2
=3-1+2=4

P=1,C=3,F=4

120. (B) \ j
—_— 7
. TsCl

. -HCI
Ol =y

G)OTs
Ts

21. (A) Wave function for ground state (one-D
harmonic oscillator)

o\ V4 5
PO = (E) e~ ““/2 eyen function
*. First order correction to the energy

" A
AE = f PO HD 4 gy

_ f (9)”4 a2y
_ oo T
(%) 1/4 - m2/2 dx
12
A (%) fjw x.e @ dy

the integrand here is overall an odd
function, so the integral vanishes.

AE =0

122. (B) The reaction is simply known as acetal
formation of glucose which is driven by
anomeric effect.

OH OH OH
HQ : CHO=>HO 0o MeOH/H*
Y Y HO reflux, 24h

G b oMo |

OH @ bonding

Ph/\o PhCH(OMe)2 HO O ' interaction
C O o*
OH "OMe

axial anomer
anomeric effect

123. (O)If M, M + 2 and M + 4 in the ratio of 1 :
2 : 1, this confirms two Br group in A as
(a+b)? = a?+b*+2ab

=1:2:1

Thus,

/@)\/ o /@)\/
-H,0 Br

124. (A) Quinine belongs to the quinoline group
of alkaloids and is known as a cinchona
alkaloid.

Natural product Group
Ephedrine —  Phenyl ethly amine
Colchicine —  Tropolone
Strychnine —  Tetrahydrooxepine

0-125h2

125. (B) E, = >

Y) = x(x-a),E
linear combination of x (x — @) and x2(x — a)?,
E,

Variational principle tells that ground state
energy is always less than other higher level
energies.

So, Ey < (E,Ey)

Now, E, is obtained from even functions
(two), it have high value than E;

126. (O) pH = 14_%([)1@)%])1@

+ (log ©) x%



127.

128.

129.

pK2 = —log Ka
= —log (2-5x 10-9)
= 460
pKv = 14
logC = log (0-01)=-2
1 L.
PH = 14—, (14)+ , (46)
+(—2)x%
= 14-7+23-1

= 83
(A) We know that for H-atom, energy, K.E.
and P.E. holds following relation

(1) =~ (V)=—(B)

Given that (E) = —13-598

(T) = —(E)
and (V) = 2(E)
= 2 x (= 13598)
| (V) = —27-196|
B) Y = 08 s +04 gp

—normalized M.O.
@, and g are also normalized

An overlap integral is a direct measure of the
extent of the overlap of the orbitals centered
on two different nuclei.

We know that,

Y = aga + bog
a = 08,b=04
Thus, overlap integral,
Sap = J any by dr
= ab=08x04
= 032
_ [Fe]* [CO,J°
®) &1 = Fe,0,] [COP
. - [COP 0]
2T [COoyP?
Fel* [0, )3
k. - [Fel*[0]

47 [Fe,037

130.

131.

132.

133.
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[Fe]* [CO,1°

2 _
K17 = [Fe,0,12 [COP”
s - O [0;7
2 [CO,16
[Fe]* [O,]°
2.3 = L Ml
NOW, Kl K2 [FCZO3]2
Thus, K. = K,%K,3
= (0-05)%(2 x 10-12)3
_ L 36
= 200 % 8 x 10~
= 2x1038
(B) In bomb calorimeter, the heat of

combustion, gy at constant volume is

internal energy and given by
M
qv = Cx0x m

—1
25 KT K- x4K><5£gO'I§L1

1000 kJ mol-!

Since gy always has —ve sign.

Thus, molar internal energy = — 1000 kJ

(B) atom + diatomic molecule —

non-linear transition state

!
product

Thus,

(A) (K1) = (110)

_a
Vh2+ k2412
4242 A

= la1a -4

dhkl =

(A) AB,

A atoms — all corners and face centre
- é x84+ x6
=1+3=4

B atoms — 4 tetrahedral voids

Thus,x=4,y=4

A4B,



34 | CSIR-UGC Chemical Sciences (J-14)

134. (D)CDs, ForD,I=1
Thus, no. of lines in ESR spectrum

= 2nl+1
= 2X3x1+1=7
135. (B) We know,
I = w?
2r = 2x120x10-12m
2r
—
0=C=0
mn,
Ho= my + my
_ 25x10-77x2-5%10-%
- (2:5+2:5) %1077
Thus, I = 1:25x10-%7 x (2:4 x 10-10)2

= 7-2x 10-% kg m?
Since, C atom is on axis of rotation = do not
contribute to 1.

K,
QU
136. (O & K+ Kye + Kise

fluorescence lifetime,

¢
TQ = Ri
S S
Kf‘f‘ KIC + KISC
_ 10
T 12x 1085 !
= 83x10%s
T 083x10 85
Thus, 07 = 2= s %1095
137. (B) We know that Debye-Huckel Screening
length
ol - € kT 1 12
475 Z l’ljo Zi2 302
same ionic strength
€ = dielectric constants
k1o (g)12
Thus, it should be 2,5 and 9.
138. (C) Simple Huckel molecular orbital theory

is—

(i) Energy of similar orbital
integral.

(ii) adjacent atoms — Resonance integral

coulomb

(iii) for same and different orbitals — overlap

integral.
(iv) distinguishes  cis-butadiene  and
cyclobutadiene.
139. (A) Nondissociative Langmuir adsorption
1 1
6= K,p+!
r . _ 1
Thus, e—l =K. p
1 1
= K., =P (9—1)
1 10
K, = 30 bar 0-6_1)
= (30 X%) bar
3 _1
Thus, — Keg = 30527 20
= 0-05 bar~!

140.

(C) Variance = ¢2
G is standard deviation

\ variance
N 0:04 =0-20

coefficient of variation

o =

= %100
X

(x is mean of data)
0-20

= TX 100
= 25%
141. (D) [Elp = 1x10°°M
1 Km 1 1
ENNN S R S
r "max [S]() "'max
1
A /
5000 M~1s|
1[5l
1 _
— = 5000 M~ 1s
rmax

Frax = %x 1073 Ms-!



1 X 10-3Ms~! 143.
K, = 57_
1 x10-°M
= Lx 105!
= 2x10°S"!
TON = K, = /o
[Ely 144.
142. (A) D, E 2C;  3C,
A 1 1 1
A, 1 1 -1
E,| 2 -1
E®E| 4 1 145.
Let us check with options
(i A +A,+E 4 1
(i) 2A,+E 4 1
(i) 2A, +E 4 1
(iv) 2A; +2A, 4 4
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(C) There are two fold axes at right angles to
one another, there must necessarily be a
third at right angles to both.

Co(x) C(»)
X1, y1.21] —— [x1, =y, — 2] ——
1) [=x1, =y 21]
[x1,—y1,21]
Thus, C,x).Co(y) = Cy(2)
(B) A B C

AG® = 1:654F 4-98F -0-071F
Cell with A and B = since less +ve value
of A,

Thus, Fe will reduce
Cell with A and C = Fe oxidized
O
(A) LiAlH, D BryC=N
N reducer N: —B®

\Me >C=0bond AN

—
/\/\N/CN Br

Br
| N\
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PART-A

Average yield of a product in different years
is shown in the histogram. If the vertical bars
indicate variability during the year, then
during which year was the per cent variability

over the average of that year the least ?
400

350F
300F

250} (200 +
2001 (5105)0 + 75)
150+

(100 +
100+ 50)
50+

ob— 1L 1 LI | |

2000 2001 2002 2003
(A) 2000 (B) 2001
(C) 2002 (D) 2003

A rectangle of length d and breadth d/2 is
revolved once completely around its length
and once around its breadth. The ratio of
volumes swept in the two cases is—

(A) 1:1 B) 1:2

(©) 1:3 D) 1:4

(250 +

. A long ribbon is wound around a spool up to

a radius R. Holding the tip of the ribbon, a
boy runs away from the spool with a constant
speed maintaining the unwound portion of the
ribbon horizontal. In 4 minutes, the radius of

. R
the wound portion becomes —— . In what

2
L R
further time, it will become 5 ?
(A) V2 min (B) 2 min
(C) 2V2 min (D) 4 min

4.

If n is a positive integer, then
nn+1)m+2)(n+3)(n+4) (n+5)(n+6)
is divisible by —

(A) 3 but not 7 (B) 3and 7

(C) 7butnot 3 (D) neither 3 nor 7

The area (in m2) of a triangular park of
dimensions 50 m, 120m and 130 m is—

(A) 3000 (B) 3250

(C) 5550 (D) 7800

. Lunch-dinner pattern of a person for m days is

given below. He has a choice of a VEG or a
NON-VEG meal for his lunch/dinner—

(1) If he takes a NON-VEG lunch he will
have only VEG for dinner.

(2) He takes NON-VEG dinner for exactly 9
days.

(3) He takes VEG lunch for exactly 15 days.

(4) He takes a total of 14 NON-VEG meals.

What is m ?

(A) 18
(©) 20

(B) 24
(D) 38

. A bank offers a scheme wherein deposits

made for 1600 days are doubled in value. The
interest being compounded daily. The interest
accrued on a deposit of 1000 over the first
400 days would be  —

(A) 250 (B) 183
(C) 148 (D) 190
. What is the next number of the following
sequence ?
2,3,4,7,6,11,8,15,10 ...
A) 12 (B) 13
© 17 D) 19

. Two locomotives are running towards each

other with speeds of 60 and 40 km/h. An
object keeps on flying to and fro from the
front tip of one locomotive to the front tip of
the other with a speed of 70 km/h. After 30



10.

11.

12.

13.

14.

minutes, the two locomotives collide and the
object is crushed. What distance did the
object cover before being crushed ?

(A) 50 km (B) 45 km

(C) 35km (D) 10 km

Weights (in kg) of 13 persons are given
below —

70,72,74,76,78, 80, 82, 84, 86, 88,90, 92,
94.

Two new persons having weights 100 kg and
79 kg join the group. The average weight of
the group increases by —

(A) Okg (B) 1'kg

(©) 1-6kg (D) 1-8kg

A code consists of at most two identical
letters followed by at most four identical
digits. The code must have at least one letter
and one digit. How many distinct codes can
be generated using letters A to Z and digits 1
t09?

(A) 936 (B) 1148

(C) 1872 (D) 2574

Two solid iron spheres are heated to 100°C
and then allowed to cool. One has the size of
a football; the other has the size of a pea.

Which sphere will attain the room tempera-
ture (constant) first ?

(A) The bigger sphere

(B) The smaller sphere

(C) Both spheres will take the same time
(D) It will depend on the room temperature

Find the missing letter—
A 7?7 Q E

C M s C

E K U A

G I W Y
(A) L (B) Q
© N D) O

The least significant bit of an 8-bit binary
number is zero. A binary number whose value
is 8 times the previous number has—

(A) 12 bits ending with three zeros
(B) 11 bits ending with four zeros

(C) 11 bits ending with three zeros
(D) 12 bits ending with four zeroes

15

16.

17.

18.

19.

20.
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. A person sells two objects at% 1035 each. On

the first object he suffers a loss of 10% while
on the second he gains 15%. What is his net
loss/gain percentage ?

(A) 5% gain
©) <1% loss
Continue the sequence
2,5,10,17,28,41,—,—,—

(A) 58,77,100 (B) 64,81, 100

(C) 43,47,53 (D) 55,89,113

A ladder rests against a wall as shown. The
top and the bottom ends of the ladder are

marked A and B. The base B slips. The
central point C of the ladder falls along—

(B) < 1% gain
(D) no loss, no gain

A

B

(B) the arc of a circle
(D) ahyperbola

20% of students of a particular course get jobs
within one year of passing. 20% of the
remaining students get jobs by the end of
second year of passing. If 16 students are still
jobless, how many students had passed the
course ?

(A) 32 (B) 64

© 25 (D) 100

Binomial theorem in algebra gives (1 + x)" =
ay + a;x + ax* + + a,x", where q,, a,,
...... , a, are constants depending on n. What

(A) aparabola
(C) astraight line

isthesuma, +a, +a, +...... +a,?
(A) 27 (B) n
(C) n? D) n2+n

A sphere is made up of very thin concentric
shells of increasing radii (leaving no gaps).
The mass of an arbitrarily chosen shell is—

(A) equal to the mass of the preceding shell
(B) proportional to its volume

(C) proportional to its radius

(D) proportional to its surface area
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PART-B

21. The correct order of the retention of cations
on a sulfonated cation exchange resin column
is—

(A) Agt>K*>Nat>Li+

(B) K*>Na*> Ag*>Li*

(C) Li*>Na*>K*> Ag*

(D) Li*>Na*> Ag*>K*

Among F-, Na*, 0%~ and Mg?* ions, those
having the highest and the lowest ionic radii
respectively are—

(A) O?- and Na* (B) F~ and Mg?+

(C) O*~and Mg2+ (D) Mg2*and O%-

In a polarographic measurement, (aqueous
KCI solution used as supporting electrolyte)
an applied potential more than + 04 V,
results mainly in the formation of —

(A) Hg' (B) Hg"

© i, (D) O,

22.

23.

24. The reaction between SbFs and two equiva-
lents of HF leads to the formation of —

(A) H,SbF,; +2F, (B) HSbF, + 3F,

(C) SbF,; +H, +2F, (D) [SbF,]~ [H,F]*

25. The extent of m-electron conjugation in mac-

rocyclic rings of (a) heme, (b) coenzyme B,
and (c) chlorophyll follows the order—

(A) @>()>®b) B) (@>(d)>()

© ©>@>®b) (D) (b)=()>(c)

The point group symmetries for trans-
[Cr(en),F,]*" and [TiC16]3‘, respectively, are —
(A) D,,and D;, (B) D;,and D,

(C) D,,and D, (D) Dy, and D,

26.

27. The S and L values for N atom respectively,
are—
(A) L and 1 ®) L and0
2 @ 2 @
(C) 1and O (D) % and 0

28. The product of the reaction of propene, CO

and H, in the presence of CO,(CO)q as a
catalyst is—

(A) butanoic acid
(C) 2-butanone

(B) butanal
(D) methylpropanoate

29.

30.

31.

32.

33.

34.

The rate of the reaction

Ni(CO), + PPh3ﬂ> [Ni(CO), (PPh,)] + CO
depends on—

(A) concentration of both the reactants

(B) concentration of Ni(CO), only

(C) concentration of PPh, only

(D) the steric bulk of PPh,

The hapticities ‘x’ and ‘y’ of the arene
moieties in the diamagnetic complex [(n* -
C¢Hy) Ru(n” - C(Hy)] respectively are—

(A) 6and 6 (B) 4and 4

(C) 4and 6 (D) 6and2

The correct order of the isomeric shift in
Mossbauer spectra (°’Fe source) of iron
compounds is—

(A) Fe(Il) > Fe(Ill) > Fe(IV)

(B) Fedll) > Fe(I) > Fe(IV)

(C) Fe(I1V) > Fe(Ill) > Fe(II)

(D) Fe(IV) > Fe(Il) > Fe(III)

The d-bond is formed via the overlap of —
(A) dxz -2 and dxz -2 orbitals

(B) d,. and d_ orbitals

(C) d,,and d,, orbitals

(D) d,_ and d,_ orbitals

Reductive elimination step in hydrogenation
of alkenes by Wilkinson catalyst results in

(neglecting solvent in coordination sphere of
Rh)

(A) T-shaped [Rh(PPh,),Cl]

(B) Trigonal-planar [Rh(PPh3)2C1]2 +
(C) T-shaped [Rh(H)(PPh,)CI]*

(D) Trigonal-planar [Rh(H)(PPh,),]

In the following reaction

NH
[PCL,]>-+NO, —> A —> B

compound B is—

(A) trans—[PtCl,(NO,)(NH;)]~
(B) cis—[PtCL,(NO,)(NH;)]~
(©) trans—[PtCl,(NH,),]

(D) cis—[PtCl,(NO,),]>



35.

36.

37.

38.

39.

40.

Co,(CO),, adopts the—
(A) closo—structure
(B) nido—structure

(C) arachno—structure
(D) hypho—structure

The major product formed in the following
reaction is—

OCH,OCHj
1. sec-BuLi
2.CO,
—_—
3.H;0*
H;C
OCH,0CH; OCH,OCHj
(A) (B)
H;C COOH H;C
COOH
OCH,OCH; OCH,0CH;
COOH HOOC
© D)
H;C H;C

The compound that is antiaromatic is—

@%@%

il
A) I B) II
(C) I (D) IV

The decreasing order of basicity of the
following compounds is—

v

(A) M>T>TI>IV (B) IV>I>II>1I
(C) M>U>1>IV (D) IV>M>1>1

The configurations of carbon atoms C, and C,
in D-ribose, respectively, are —

(A) Rand S (B) Sand R

(C) RandR (D) Sand S

The number of histidine amino acid nitrogen
atoms coordinated to bimetallic active site of
oxyhemocyanin and oxyhemerythrin, respec-
tively, are—

41.

42.

43.

44,
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(A) 2,3and 3,3 (B) 3,3and 2,3
(C) 3,3and 2,2 (D) 2,4and 3,2
In the most stable conformation of neomen-

thol, stereochemical orientation of the three
substituents on the cyclohexane ring are —

(A) OH : equatorial; i-Pr : equatorial and Me
: equatorial

(B) OH : axial; i-Pr : equatorial and Me :
equatorial

(C) OH : equatorial; i-Pr : equatorial and Me
: axial

(D) OH : equatorial; i-Pr : axial and Me :
equatorial

The reaction of 1-bromo-2-fluorobenzene
with furan in the presence of one equivalent

of Mg gives—
/
i /)
F
= /

Identify correct statements for mercury as an

environment pollutant :

1. Carbanionic biomethylation converts it
to MeHg*.

2. Thiol group of cysteine has strong
affinity for mercury.

3. Mercury containing industrial catalyst
release caused Minamata disaster.

The correct answer is—

(A) 1and?2 (B) 1and3
(C) 2and 3 (D) 1,2 and 3

The increasing order of pKa value of the
circled hydrogens in the following compounds

Zﬁ BFA [%@

BF, \Me
III

(B) I<I <11
(D) M<MI<I

_—

Me
1 11

(A) T<II<TII
(C) M<I<II
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45.

46.

47.

48.
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The absolute configurations of the chiral
centres of starting ketone in the following
reaction is—

Eta_ H 0 Bt HHO_ H
/\/\HK LA, W
, .

Me Me
Major product
(A) 3R, 6S (B) 3S,6S
(C) 3R,6R (D) 3S,6R
The product for the following sequence of
reactions is—
O
1. BrCH,0Me/P(OEt)3/DME
2. NaH/DMF
3.H;0%
0 HO_ CH,OMe
(A) (B)
CHO CH,OH
© D)

A compound with molecular formula C,H,O,

shows band at 1770 cm~! in IR spectrum and
peaks at 178, 68, 28, and 22 ppm in 3C NMR
spectrum. The correct structure of the com-

pound is—
O
(A) (B) D:o
O
(D) /\n/ O
(6]

O
© l):o
The cyclic product(s) of the following photo-
chemical reaction is(are)—

Me/ ; /////Me
O

(A) only cis-1, 2-dimethylcyclopentane

hv
Vapour phase

(B) only trans-1, 2-dimethylcyclopentane

(C) a mixture of cis- and trans-1, 2-dimethy-
Icyclopentanes

(D) only 2, 6-dimethylcyclohexanol

49.

50.

51.

52.

The major product of the following reaction

@ Bry(excess), CHClj, 1t
S
© N

Br.
PN
S S
The major product of the following reaction
is—

COOH
1. Na, NH;(1), EtOH
2. H30"
COOH COOH
N =
(A) (B)
COOH COOH
N =
© D)

For the cell reaction,
Sn(s) + Sn** (aq) = 2Sn?%* (aq),
separate electrode reactions could be written

with the respective standard electrode poten-
tial data at 25°C as—

Sn** (aq) + 2¢ — Sn2+ (aq),EO =+ 015V
Sn%+* (aq) + 2e — Sn(s),E0 =+ 014 V
When RT/F is given as 25-7 mV, logarithm of

the equilibrium constant (In K) is obtained
as—

(A) 226 (B) 226

(C) 2-26 (D) 226 x 10~

For a particle of mass m confined in a box of
length L, assume Ax L. Assume further that
Ap (min) = (p )/2 Use the uncertainty

principle to obtain an estimate of the energy
of the particle. The value will be—

n2 02
(A) (8mL?) (B) (8mL2?)

h? h?
© (32mL?) (D) (2mL?)



53.

54.

55.

56.

57.

58.

The mass of metastable ion produced due to
decomposition of F;* in the following mass

fragmentation sequence is—
Diethyl phthalate — F,* —— F,*+ CO

M+, 222 177
(A) 1412 (B) 1254
(©) 450 (D) 2102

If the component of the orbital angular mom-
entum along the molecular axis of a heteronu-
clear diatomic molecule is nonzero, the rota-
tional-vibrational spectrum will show —

(A) P and R branches only

(B) P and Q branches only

(C) Q and R branches only

(D) all the P, Q and R branches

The ratio of the relative intensities of the
carbon signals in the first order '3C NMR
spectrum of CD,CI is—

(A) 1:4:6:4:1

B) 1:3:3:1

C) 1:6:15:20:15:6:1

D) 1:3:6:7:6:3:1

Bond lengths of homonuclear diatomic
molecules can be determined with the help of
both—

(A) rotational and vibrational spectroscopy
(B) rotational and rotational Raman spectro-

scopy
(C) rotational Raman and electronic spectro-

scopy
(D) vibrational and electronic spectroscopy
The biosynthetic precursor of abietic acid
is—

(A) shikimic acid
(C) chorismic acid

(B) mevalonic acid
(D) cinnamic acid
The amino acid constituents of artificial

sweetener given below are—
COOH

H
H2N£H/N\5/ COOMe

O o
(A) D-Glutamic acid and L-phenylglycine
(B) L-Glutamic acid and L-phenylalanine

(C) L-Aspartic acid and L-phenylalanine
(D) L-Aspartic acid and L-tyrosine

59.

60.

61.

62.
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A

F(V)

Speed

Identify the speed distribution functions of
Ne, Ar, and Kr with the curves in the figure
above.

(A) Ne-A, Ar-B, Kr-C
(B) Ne-B, Ar-C, Kr-A
(C) Ne-C, Ar-B,Kr-A
(D) Ne-C, Ar-A,Kr-B

For a process in a closed system, temperature

is equal to—

oH 0A
(A) (aP s (B) _(av T

9G oH
©Ge) @G
A reaction A + B + C — D follows the
mechanism—

A+B = AB
AB+C — D

in which first step remains essentially in
equilibrium. If AH is the enthalpy change for
the first reaction and E; is the activation
energy for the second reaction, the activation
energy of the overall reaction will be given
by —

(A) E,

(©) E,+AH

(B) E, - AH
(D) E, +2AH

Hydrogen is adsorbed on many metal surfaces
by dissociation (S represents a surface site) —

H H
[ [
H,+ -S—S— = —S—-S—
If the pressure of H, (p) is small, the fraction

of the surface covered by hydrogen is propor-
tional to—

(A) p
(C) pl/2

(B) p?
(D) p3/2
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63.

64.

65.

66.

67.

68.

69.

The exact differential df of a state function
f(x,y), among the following, is—

(A) xdy (B) dx —;C dy
1 X
(C) ydx — xdy (D) —dx-—5dy
y y
The angular momentum operator L_ = — zh e

&

has eigenfunctions of the form exp [i{A¢]. The
condition that a full rotation leaves such an
eigenfuction unchanged is satisfied for all the
values of A—

)
(A) 0.3 ,%3
(B) 0,11,12
© 0

135
0,5 15150

X-ray diffraction does not give any structural
information for—

(A) metallic solids (B) ionic solids

(C) molecular solids (D) amorphous solids

(D)

For an enzyme-substrate reaction, a plot

between % and L] yields a slope of 40s. If the

[s 0
enzyme concentration is 2-:5 M, then the
catalytic efficiency of the enzyme is—

(A) 40 Lmol-'s-!  (B) 104 Lmol-!s!
(C) 107 Lmol-'s~! (D) 10* Lmol-!s!
10 ml of 0-02 M NaOH is added to 10 ml of
0-02 M acetic acid (pK, = 475). The pH of
the solution will be closest to—

(A) 70 (B) 84

©) 56 D) 96

For a polydispersed macromolecular colloid,
osmometry gives—

(A) weight—average molecular weight

(B) number—average molecular weight

(C) both weight—average and number aver-
age molecular weight

(D) viscosity—average molecular weight

A sample experiment revealed that PVC
formed in the medium has (M,) = 13, and

M,) = 16, where (M,) stands for the number

70.

71.

72.

average molar mass and (M, ) for the weight
average molar mass. The variance of M, will
then be —

(A) 39 B) 3

O 1 (D) 87

Wavelength (A in nm) of the Lyman series for

an one-electron ion is in the range 24 < A <
30. The ionization energy of the ion will be

closest to (lJ = ﬁe\/

(A) 32eV (B) 42eV

(C) 52eV (D) 62eV
PART-C

'H NMR spectrum of free benzene shows a

peak at ~ 7-2 ppm. The expected chemical

shift (in ppm) of C(H ligand in 'H NMR

spectrum of [(nG—C6H6)Cr(CO)3] and the

reason for it, if any, is/are—

(A) 4-5; disruption of ring current

(B) 9-0; inductive effect

©) 72

(D) 2-5; combination of inductive effect and
disruption of ring current

Match the metalloproteins in column A with

their function in column B—

Column B

1. hydrolysis of C-
terminal peptide

Column A
(a) Oxyhemocyanin

bond
(b) Carbonic anhydrase 2. methylation
(c) Cytochrome Py, 3. conversion of
CO, to H,CO,
(d) Carboxypeptidase A 4. oxidation of
alkene

5. oxygen storage
6. oxygen transport

Codes :

(a) (b) (©) (d)
(A) 6 3 4 1
B 5 3 1 6
© o6 2 3 1
D) 5 4 3 1



73.

74.

75.

76.

7.

78.

The geometric cross-section (in barn) of a
nucleus A = 125, r, = 1-4 x 10~'5 m approxi-

mately is—
(A) 105 (B) 1-54
(€ 205 (D) 2-54

Na[(n3-CsH;) Fe(CO,)] reacts with Br, to
give A. Reaction of A with LiAlH, results in

B. The proton NMR spectrum of B consists of
two singlets of relative intensity 5 : 1.
Compounds A and B, respectively, are—

(A) (n°-CsHy) Fe(CO),Br and (n3-CsH)
Fe(CO),H

(B) (M*-C,H;) Fe(CO),Br, and (n*-CHy)
Fe(CO),HBr

(C) m3-C5Hy) Fe(CO),Br and (m*-CH;)
Fe(CO),(H),

(D) (n*-CsH;)Fe(CO),Br
Fe(CO),HBr

and (n°-CHy)

Which of the following will result in devia-
tion from Beer’s law ?

1. Change in refractive index or medium.

2. Dissociation of analyte on dilution.

3. Polychromatic light.

4. Path length of cuvette.

(A) 1,2 and 3 (B) 2,3 and 4

(C) 1,3and 4 (D) 1,2and 4

The number of stereoisomers of frans—
[CoCl,(triethylenetetramine)|Br is—

(A) One (B) Two

(C) Three (D) Four

The gas commonly used in generating plasma

in Inductively Coupled Plasma-Atomic Emis-
sion Spectroscopy (ICP—AES) is—

(B) carbon dioxide
(D) hydrogen

(A) argon
(C) nitrous oxide

Under physiological condition, oxygen is bin-
ding to deoxyhemoglobin and deoxymyoglo-
bin, the binding curve and its pH dependence,
respectively, are —

(A) Sigmoidal and pH dependent; hyperbolic
and pH independent.

(B) Hyperbolic and pH independent; sigmoi-
dal and pH dependent.

79.

80.

81.

82.

83.
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(C) Sigmoidal and pH independent; hyperbo-
lic and pH dependent.

(D) Hyperbolic and pH dependent; sigmoidal
and pH independent.

The compound that undergoes oxidative addi-
tion reaction in presence of H, is—

(A) [Mn(CO)s]~

(B) [(°~CsH;) Mo(CO),1-

(©) [IrCI(CO) (PPh,),]

(D) [M>-C5Hy), ReH]

The spin-only magnetic moment and the
spectroscopic ground state term symbol of
manganese centre in [MnF] - ion respecti-

vely, are—

(A) 49BMand°D (B) 4-9 BM and *F

(C) 39BMand 3D (D) 49 BM and 3F
The main products of the reaction of equimo-
lar quantities of XeF, with NaNO,~ are—

(A) XeOF,, NaF and NO,F

(B) XeO,F,,NaF, NOF and F,

(C) XeOF,,NaNO, and F,

(D) XeF,,NaNO, and F,O

A borane (X) is reacted with ammonia to give
a salt of borohydride (Y). The ''B NMR
spectrum of Y consists of a triplet and a
quintet. The borane X is—

(A) B,H, (B) B,H,

(C) B,H, (D) BsH,

Base hydrolysis of [CoCI(NH;)]?>* is an

overall second order reaction, whereas that of
[Co(CN) 13 is of first order. The rates depend

in both cases solely on the concentrations of
the cobalt complex. This may be due to :

1. Presence of ionizable proton in
[CoCI(NH,)5]* but not in [Co(CN)¢]3~

2. Syicp mechanism in the case of
[CoCI(NH;)s]?*+ only

3. Syicg mechanism in the case of
[Co(CN)4 13~ only

4. Syicg mechanism in both the complexes

Correct explanation(s) is/are —

(A) 1and?2 (B) 1and3
(C) 2 only (D) 1and 4
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84.

85.

86.

87.

88.
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Hindered p—diketonates like dpmH (dpmH =
dipivaloylmethane) are used for the separation
of lanthanides because complexes formed
with dpmH can be separated by —

(A) Gel permeation chromatography

(B) Gas chromatography

(C) Gel filtration chromatography

(D) Ion exchange chromatography

The final product in the reaction of
[Cp*,ThH] with CO in an equimolar ratio
is—

(A) Cp%Th— O\

CH,—ThCp*
(B) Cp%Th—O O—ThCp*,
C) Cp®Th— O

CH,—CH—ThCp*
0]
4
(D) Cp%Th_|

An aqueous solution of [Mn(H,0),]?>* comp-

lex is pale pink in color. The probable reasons
for it are—

1. presence of A, . ground state.

2. disallowed transition by spin selection
rule.

3. presence of °T, < ground state.

4. charge transfer transition.
The correct answer is—

(A) 1Tand2 (B) 1and 3
(C) 2and 3 (D) 3and 4

According to Wade’s rule, anion C,B¢H,,
adopts—

(A) closo—structure

(B) nido—structure

(C) arachno—structure

(D) hypho—structure

The reaction of phosphorus trichloride with
phenyllithium in 1 : 3 molar ratio yields
product ‘A’, which on further treatment with
methyl iodide produces ‘B’. The reaction of B
with "BuLi gives product ‘C’. The products
A, B and C, respectively, are —

(A) [PPh,]CI, [Ph,P=CH,]I, Ph,P("Bu)

89.

90.

91.

92.

(B) PPh,, [Ph,PI]Me, Ph,P("Bu),
(C) PPh,, [Ph,PMe]l, Ph,P=CH,
(D) [PPh,]CI, [Ph,P=CH, ]I, Ph,P("Bu)]Li

The reaction between diphenyldichlorosilane
and water in 1 : 2 molar ratio gives product A
which on heating above 100°C yields a cyclic
or polymeric product B. The products A and
B respectively, are —

Ph\ '/OH Ph\ ' OH '/OH
(A) Si and Si Si—Ph
Ph/ \OH Ph/ \O/ \OH
Ph\ . /O\ . /Ph
B) Si Si
Ph/ \O/ \Ph
and (Ph,SiO), (n=3,4, or «)
Ph OH
N’
© Si
Ph/ \OH
and (Ph,SiO), (n=3,4, or )
Ph H Ph H H Ph
(D) N and s s’
P’ “oH P’ No P

The spin-only (ug) and spin plus orbital
(ig , 1) magnetic moments of [C1rC16]3 ~are—
(A) 3-87 BM and 5-20 BM

(B) 2-84 BM and 5-20 BM

(C) 3-87 BM and 6:34 BM

(D) 2:84 BM and 6:34 BM

The three dimensional structure of compound
[Co(Co(NH,;), (OH),);]Br, has—

(A) twelve Co—O and twelve Co—N bonds
(B) ten Co—O and ten Co—N bonds

(C) fourteen Co—O and ten Co—N bonds
(D) twelve Co—O and ten Co—N bonds
12-Crown-4 binds with the alkali metal ions
in the following order :

Lit >> Na* > K* > Cs*. It is due to the—

(A) right size of cation

(B) change in entropy being positive

(C) conformational flexibility of crown ether
(D) hydrophobicity of crown ether



93. Complexes HM(CO)s and [(m>-CsHy)
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(C) S SF¢ Fg
M'(CO);], obey the 18-electron rule. Identify 2h
M and M’ and their 'H NMR chemical shifts '2201‘
relative to TMS — I
(A) M =Mn,-75; =Cr, 410
(B) M=Cr,-410; M'=Mn,-7'5 =e
(C) M=V,-75; =Cr, 410 Sh= | LA
(D) M =Mn, - 10-22; M’ =Fe, 2-80 E \ =
94. Gel permeation chromatography can be used H@:"lex‘\
to separate which of the following ? S3s—{ 3
1. Lanthanides N A

2. Alkaline earths
3. Fatty acids

4. Low molecular.welght peptides ._H_/l a
The correct answer is—
(A) 1and?2 (B) 2and 3 (D) S SFg Fg
(C) 3and4 (D) 1and 4 2a,
! \
95. The correct schematic molecular energy
diagram for SF, molecule is— P2
(A) S SFe Fe S 4 2e NS
’ = /N
ajy (s NN
/ \ B R
{oop N /X \\\\ tae
:" /:1\ \‘ Sag i \‘ *§
s \\\\ \\‘ \\\\\: . ,/:’7_
Ss, R WY le/;
P VN, I S Y
E i | \,_; \ %," !
H Ve Lz
VN Sy a —H-1a
[l l 96. The major product formed in the following
1t/ reaction is—
HOOC~ _~_ 1. Me,C(OMe),, TsOH(cat)
—H-a = COOH 55y, ThF
= 3 H O
(B) S SFg Fe OH 3
21,
= @A) o ®) o
/I 2(11 ‘\
/ S Y
S YA ’///
FUALN e
El S/ e \% © o D) o
Tm“\ III \\\ \\‘_t
X \—
S y
YA S a
97. The product B in the following reaction sequ-

VY i’ ence is—
/

Br,(1 equiv)  excess Me,NH
/ A B
‘_H_' lal

hexane, rt.
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Q<NM32
(B) MexN
\|;>< NM€2

( A) MezN///

©
i INM62
NMGQ
D
D) @. WINMe,
“NMe,

98. The major product formed in the following
transformation is—

\)?\ O
N/Z« 1. BuyBOTY, i-Pr,NEt
O —————F—7-7""—7"7—

2. PhCHO

100.

99. The major product of the following reaction

1S—

Cl
/
1.H,0%, hv
2. NaOH
A Mg B Mg
HN
Mo Me
WwH

©

H

The major product of the following reaction
is—



101.
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The products A and B in the following reac- 103. The products A and B in the following reac-
tion sequence are —

NH,

13
tion sequence are —
5 COC]
1. Me;SiCl, MeOH D LDA PdCl,, O 1. NaOE?
HZN/E_I\/\COOH 2. E3N, heat Pyridine A 2 2 B
_~.-Br  CuCl DMF.H,0 2.H,;07*
H,N, 9 NH H Q (o)
(A) 1. @ 2. N///"@H —
. A)l. 2.
oM 0 (A)
OH
HoN } H,N 9
2 Vi, 2 v,
“OH K

(Y
¥ - Eiij//\\// [:i:r/\?g/
H,N" HZN/\‘? o o1 \/\G/v
©) 1. /\O/}‘):l"”NHz 2. 00 “NH—C © o
o
H,N™ Y Il
D) 1. A(;())’NHZ 2. Q @N

C—HN-Y
o_rt,
NH,

CHO
D) 1.
I D)
102. The major product for the following reaction
is—
(0]
I

104. The products A and B in the following reac-
0 b tion sequence are —
MeO/\ij“\\\N/ | NOPh L Phi(OAc),
| H OPh ”
MeO™

N/\SPh
CH,Cl,, rt.
1 TBAF MeCN, 50°C Heat
OPh SMe; %
$-0Ph COMe
(0N

}No—g Q Et Q
=N (A) 1.PhS_ N 2.

A) MCO/:O /) PhS H i Et
MeO A\
HN— N

S 0Z
(B) MeO |
MeO™

COzMC
/—SPh PhS>
/ © 1.~
MeO' N o N
\p/
Il)\OPh
PhO
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PhS

N COEt

COzMe

D) 1.

105. The major product of the following reac-

107. The correct combinations of the reactions and
the reagents are —

Reactions

A CHO
( )Ts/\N/ —»Ts/\NC

(B)
@:é _OH + BuCH— @:;@ —OBu

tion—
o (©) /\/COOH + -BuOH—> COO -+-Bu
Mefjj L. CNH Reagents
N 2. Br . COOEt (P) PPh, and EtO,CN=NCO,Et
R NG H (Q) POCI;.Et)N
3. H,0, OH- (R) H,SO,
4. H*
(A) A—P,B—Q,C—R
(0] (0}
(A) cooe N e (B) 1 Me (B) A—Q,B—R,C—P
NC
NC kﬁ (C) A—P,B—R,C—Q
EtOOC
NR N-R (D) A—Q,B—P,C—R
C 108. The products A and B in the following
© N Me reaction sequence are —
NC
:[ :& \ X N-BOC coyco)g, cH,C Sml
Me-Si N 2 g, CHyCly h
Et0OC N Et0OC 3 '\/'O Me;N*—0 THF, EtOH

106. The major product formed in the following

reaction sequence is—

OH

OMOM
|

TMS

1. EtCOCI, EzN
2. LDA, THF, —78°C, TMSCI
3.4

4.E507

5. CH,N,

OCOEt

(B) Cj /—OH

© — IOMOM
HOOC

N _Boc  BocHN

o O J:;J
Me,Si
SiMes
N _Boc BocHN

| .

B) 1. O:CCO 2. ﬁjm
)

o=<;C1\II
O 1. O

Megsi

_H H,N
) ::< OH
0™ SiMes
/H
ooy 2 "

109. The major product of the followmg reaction

is—

Il NC CN
NC CN
Heat
NMe7



110.

111.

112.

(A) MezN@%CN
e

© M@C N

NC CNCN

CN
(D) Me,N

The major product of the following reaction
is—

BI'——\/// \\\
1. Zn, AcOH
i
(Q 2. PhSeNa
O 0 3. m-CPBA., heat
(A) >, (B) _

The following reaction gives a product
(racemic) which exhibits the following NMR
data—

'H NMR : 8 2:67 (2H, s), 5:60 (2H, s) ppm;

I3C NMR : 6 170-3, 129-0, 105-0, 25-4 ppm.
The structure of the product (racemic) is—

Me
Br
| ~ aq. NaOH
s

EtOOC

Me o)
B)

HOOC

Me

A
A

HOOC “‘COOH

A)

A

COOH

HOOC COOH

Me

A

COOH

© D)

HOOC

In the following reaction sequence, the rea-
gents X and Y are, respectively —

CSIR-UGC Chemical Sciences (D-14) (IT) |

113.

114.

115.

15

(A) X =PhSO,H, BF;0OEt, and Y =
CH,=CHCOOEt, BF; OEt,

(B) X=1.PhSH,PTSA;2.m-CPBAand Y =
CH,=CHCOOEt, BF,; OEt,

(C) X =PhSO;H, BF; OEt, and Y = LDA,
CH,=—CHCOOEt

(D) X =1.PhSH, PTSA; 2. m-CPBA and Y
= LDA, CH,=CHCOOEt

The reactive intermediate and the product

formed in the following reaction are—

(n-Bu,;Sn),

& BF,0OEt, hv

N0

(A) Free radical and 4-iodomethyloxepan-2
one

Free radical and 5-iodooxacan-2-one
Carbene and 3-oxabicyclo [5.1.0] octane
2-one

Carbene and (E)-5-iodopent-3-en-1-yl
acetate

B)
©

D)

An organic compound having molecular for-
mula C, H,,0, exhibits the following spectral

data—

IR : 3400 (br), 1600 cm™!.
'HNMR:61-85(3H,d,J=6Hz),3:8 (3H, s),
5:0 (1H, s, D, O exchangeable), 6:0 (1H, dq, J
=18, 6 Hz), 6-:28 (1H, d, J = 18 Hz), 6:75
(1H,d,J=8 Hz),6-8 (1H, s),6:90 (1H,d,J =
8 Hz) ppm; 3C NMR : § 1465, 144-0, 131-0,
130-5, 123-0, 119-0, 114-0, 108-0, 55-0, 18-0
ppm.

The structure of the compound is—

QN e m
J Me MC
OH HO ;

N

©

OMe

The major product formed in the followmg
reaction sequence is—

/\)\/\\

Me

1. 4-Methoxybenzaldehyde, H+

2. DIBAL-H, - 78 to — 40°C
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OPMB OH

(A) (B)

HO N PMBO/\)\;/\\

f/le Me

(©) OMe (D) OMe

o N0 oo

k)\/\/ k/‘\/\/

Me Me

116. The correct combination of the following reac-

tions and their p values is—

Entry Reaction Entry p value
A ArNH, + PhCOCl in P  +2:01
benzene
B  ArO + Etl in EtOH Q -099
C ArCO,Et + ag NaOH R  -2:69
in EtOH
S  +078
(A) A—P;B—R;C—P
(B) A—R; B—Q; C—P
(©) A—R;B—P; C—Q

(D) A—Q;B—R;C—S

. In the following reaction sequence, the struc-
ture of the product is—
0O

=

1. DIBAL-H(1.1 equiv), hexane-78°C
e 2. CICH,COOH, diethyl azodicarboxylate

PPh;
3. LiAlHy
(A) O G ) HooH
Me M z
Mo _ Me MZ)CQ—Me
A Me I%I Me
(©) v O (D) b pH
= M =
ﬁ ///Me If[ ///Me

118. In the following reaction sequence, the struc-

tures of A and B are, respectively —
cl

OH

®

|
Boc

Br
CN
Zn, Pd(dppf)Cl, (cat) B
Cul (cat)

I,, PPhy
imidazole

NC
® ooyt s Y )ra

CN

B) Boc— QI Boc—] O—@Br

© HNQOH CI—QNQOH
CN

(D) HNQOH Br—QNQOH
NC

119. The major products A and B formed in the
following reaction sequence are —

(0]

1. LDA, THF
2. ICH;CH,CH,CI

1. MeMgBr, EtZO

"
OEt 2.H;0

(A) 1. ij\/\/\ ij\/v
(B)I.IM@\
OEt

0O
© I-CIN\@
OEt

O

D) 1.

120. The major product of the following reaction
is—

@CHC
N/\/

1,
3,
Rpen

1. CH;NHCH,COOH, EtsN, DME

2. heat
|
Ts
MC\ Me\
H//, (]
|
Ts



121.

122.

123.

C Me Me
© H,:N (D) H\N
H H
N N
1 T

Species A undergoes a unimolecular reaction
as follows—

kl
A+ A A"+ A
k_
k,
A* — P

For this reaction, the first order rate constant
at high pressure is k.. The first order rate

©

constant becomes - when pressure of A is

2

(Al

E

é 0 s

Q

L

o+

&

Bkl

O

£ [Ali2 Pa
The value of k; will be—
(A) = (B) k[A]

(Al =R
[A]

©) k.—[Alp D) —*

©

The low and high temperature limits of vibra-
tional partition function are (0 = Av/k).

(A) e 9T and % e 9T (B) ¢ 02T andg o 02T
- T - 0 _
(C) e 021 and ¢ 0T (D) e 92T and =X 62T

A particle in a 1-dimentional box of length L
is perturbed by a delta function potential,

b} (x —%) , in the middle of the box. The first

order energy correction to the ground state
will be—

CSIR-UGC Chemical Sciences (D-14) (I) | 17
(A) O B) 1
L 2
© 5 ® [

[Hint: [ ") 30— aydx = f (@)

124. For a gaseous reaction, 2NO(g) + Cl,(g) —
Non-linear T.S. — 2NOCI, the pre-
exponential factor in the rate constant is
proportional to—

(A) T2 (B) T 12
(C) T—S/Z (D) T—7/2

125. The probability of finding the harmonic
oscillator in the energy level n =1 is (neglect
zero point energy and assume hv = k;T).

(A) e (B) e
C) 1-¢2 D) e2(e-1)

126. At high pressure, the fugacity coefficient of a
real gas is greater than one, because —

(A) attractive term overweighs the repulsive
term

(B) repulsive term overweighs the attractive
term

(C) repulsive term is equal to the attractive
term

(D) the system is independent of both the
attractive and repulsive terms

127. If the bond length of a heteronuclear diatomic
molecule is greater in the upper vibrational
state, the gap between the successive
absorption lines of P-branch—

(A) increases non-linearly
(B) decreases non-linearly
(C) increases linearly
(D) decreases linearly
128. A quantum particle with fixed initial energy

E, < V is allowed to strike the following four
barriers separately. The transmission probabi-

lity is maximum in—
(A) (B)
O~ IV O 1\/
—FF>
—>

2A
A
© D)
0~ 2V 0~ 2V
<T>— 42—A> =
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129.

130.

131.

132.

133.

134.
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EPR spectrum of a free radical containing
nuclei with nonzero nuclear spin is obtained if
the following selection rules are observed —

(A) Am =0, Am,; =0
B) Am,=+1, Am, =0
© Am,=x1, Am =zx1
(D) Am =0, Am ==1

Given the following two relations,

x,du, + x,dw, =0 ...(1)

x,dV, +x,dV, =0, .(2)

for a binary liquid mixture at constant
temperature and pressure, the true statement
is that,

(A) both the relations are correct.
(B) relation A is correct, but B is not.
(C) relation B is correct, but A is not.

(D) both the relations are incorrect except for
very dilute solution.

and

The operators S, are defined by —
S.,=S,iS,

where S and Sy are components of the spin
angular momentum operator. The commutator
[S..S,]is—
(A) 7S,
(C) nS,

(B) hS_
D) “hS_

The configuration [Ne] 2p! 3p! has a 3D term.
Its levels are—

(A) "Dy, °Dyy

(B) Dsjy, °Ds, °Dyp

(C) 3D3» 3D2: 3D1

(D) °D;, °D,, *D,, °D,

The fraction of groups condensed at time ¢ in

any stepwise condensation polymerization
(overall second order) reaction is—

(A) 1+ kt[A], B) 1+ kAL I}t[ Al
0
kt[A 1 + kt[A
© Takn, iy
0 0

If Dy(A) and I(A) refer respectively to the

dissociation energy and ionization potential of
A (where A is either H, H,, or H,* species),
the correct relation among the following is—

135.

136.

137.

(A) Dy(H,) =Dy(H,") +I(H) - I(H,)
(B) Dy(H,) =Dy(H,") - I(H) + I(H,)
(C©) Dy,H,*) =D,(H,) + I(H) + I(H,)
(D) Dy(H,*) =D,(H,) - I(H) - I(H,)

Fuel cells provide clean electrical energy to a
variety of applications including automobiles
and stationary power sources. Normally
hydrogen combines with oxygen to give
electrical energy and water. If we use butane
instead of hydrogen at 1-0 bar and 298 K, the
following reaction occurs —

13
C,4H,(g) +75 0,(8) = 4CO,(g) + SH,0()

If the change in the Gibbs free energy of this
reaction is—

274606 kJ mol~!, involving 26 electrons, its
open circuit voltage is—

(A) 155V B) 109V

©) 315V (D) 206V

A solid consisting of only X atoms has a
close-packed structure with X-X distance of
160 pm. Assuming it to be a closed-packed
structure of hard spheres with radius equal to
half of the X-X bond length, the number of
atoms in 1 cm? would be —

(A) 6:023 x 10%7 (B) 345 x 103

(C) 6:02 x 10?! (D) 3-8 x 10%!

The character table of C,, point group is
given below. In cis-butadiene molecule the
vibrational modes belonging to A, irreducible
representation are IR inactive. The remaining
IR active modes are—

¢, E|C | o |0

Al 1 1 1 |z,x%,)%z
A, |1 1| -1 ] -1 R, xy

B, | 1 |-1 1] -1 xR xz
B,| I |-1]-1 1 |y,R.,yz

(A) 7A, + 5B, + 8B,
(B) 9A, +4B, +7B,
(C) 7A, +3B, + 7B,
(D) 9A, + 3B, + 8B,



138.

139.

140.

141.

142.

The product .S (S is the four fold impro-

per axis of rotation around the z axis, and o
is the reflection in the xy plane) is—

(A) C B) Ci.i
© C D) &
Among the following figures,
o =} o
3 2 c
= = =
12 P 1Z

the variations of mass adsorbed with pressure 144.

for a monolayer and a multilayer are repre-
sented by —

(A) A and C respectively

(B) A and B respectively

(C) C and A respectively

(D) B and A respectively

According to Huckel theory, the nt electron
charge on the central carbon atom in propenyl
cation (CH,CHCH,)* is (in units of electronic

charge).
1 1
() 5 B~

V2
© 1 (D) 2

For some one-electron system with / = 0 and
m =0, the functions N e~ © and N (2 — 0)e~ °2
refer respectively to the ground (E,) and first
excited (E,) energy levels. If a variational
wave function N,(3 — 0)e™ © yields and ave-
rage energy E, it will satisfy —

(A) E=0 (B) 0<E=<E,

(C) E=E, (D) E,<E<E,

A Slater determinant corresponding to the
ionic part of the ground state valence bond
wave function of H, molecule is (1s 0., 15,0,

s, o, 1s,p are atomic spin orbitals of hydro-
gen atoms a and b of the hydrogen molecule)

(A) Is,0.(1) 15,6 (1)
1s,00(2) 1s,B (2)
(B) Is,a (1) 1s,B (1)
Is,0.(2) 15,6 (2)
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© Is,o (1) Ls,o (1)
Is,a (2) ls,a(2)
(D) Is,o (1) 15,8 (1)
Is,o (1) 1s,p(2)

143.

145.

The number of microstates that are possible,
when two particles are distributed in four
states such that the resulting wave functions
are antisymmetric with respect to exchange of
the particles, is—

(A) 16 B) 12

©) 8 D) 6

When T — o, value of the single-particle
partition function will be (given : degeneracy
of level j = 8)-

(A) 1

© 38

B) g

1
D) v
28
The rate constant for a reaction
Al+ 4Bt —— P

is measured in two different aqueous solu-
tions of ionic strengths 0-01 M and 0-04 M. If

ko.04 .

log = 0-3, the charge n on B is closest
001

to—

A1 (B) 2

© 3 (D) 6

Answers with Hints

. (B) In 2001,
(250 + 75) ; (250 —75) = 250
and %x 100 = 30%

(least per cent variability)
Other years it is 33%, 37-5% and 50%

. (B) When a rectangle is revolved around any

axis, its create cylinder with height according
to that axis.

Thus, Volume V| = Iwh
= length x width x height
d_d_d&
= ATy
d ,_&
and \/2—dx2><d_2
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Thus, ratio V, T 4 $72

=V, :V,::1:2

(B) Its very common that in 4 minutes the

wound portion becomes R = L. Then in
Vo 141
further app. 2 minutes, it will become = B.

2

L4l _
(2 _070)

. (B) A number is divisible by 3 if the sum of

its digits is divisible by 3.

A number is divisible by 7 if after doubling
last digit and subtracting it from remaining
leading truncated number is divisible by 7.

Thus, given combination is divisible by 3 and
7.

. (A) B

130 50
A
120 C
Area of A ABC = % x base x height

= ) x 120 %50
= 3000 m?

. (C) According to given statements, it is clear

that the value of m is 20 then he takes 14 non-
veg meals.

. (D) Don’t use formula, just think, how ?

Amount doubled in 1600 days (4-4 years)

Then in 1-1 years (400 days) interest of ¥ 1000
should be around 200. Thus right option is
190.

. (D) Series is increasing and decreasing and

option is 19.

. (C) Since locomotives are running towards

each other and collide and object has crushed.
Then only speed of object which matters.
Thus, distance = speed x time

70 km/h x % hour
35 km

10.

11.

12.

13.

14.

15.

16.

17.

18.

(B) Average
T0+72+74+76+78+80+82
+ 84 + 86+ 88 +90 + 92 + 94

13
=82kg
Two new persons average weight
_ 1002+ 79 _ 89'5 ke
Thus, total average = w= 83 kg

Thus, increase in average = 1 kg

(C) 1872 codes can be generated using letters
A to Z and digits 1 to 9.
(B) 100°C

pea
football

Cooling is much faster in smaller sphere, so
attain room temperature first.

(D) From below, we find the gap of 1 letter in
English alphabet, so,IJKLMN O

B)

10 _ ) )
(B) 1035 x 100 = 1035 = 1138:50
15 ) + 879-75
1035 x 100 = 155-25 =>72018~25
. 2018-25
Thus, % gain = 2070 x 100 =< 1%

(A)2+3=5+5=10+7=17+11=28+
13=41+17=58+19=77+23=100

addition of prime numbers in increasing order.

(B)

C arc of a circle

B

(C) 25 x % = 5 students get job within 1

year of passing



19.

20.

21.

22.

23.

24.

25.

20 x % = 4 students get job by end of 2nd
year of passing remaining students = 16
So, correct option is 25, (we have to check

options)

A A +x)"=ay+ax+ax>+...... ax"
Then,ag+a; +a, +as +...... a,=2"
(D)

arbitrarily

chosen shell

Surface area of sphere = 42
r is radius,
mass depends upon surface area

Thus, the mass is proportional to its surface
area.

(A) Cation exchange resin—exchanges cations
and depends on bigger size which is attached
till last time. Thus, the correct order of
retention of cations is (distribution constant,
k) Agt> kt>Nat> Li*

(C) All have 10 e7s but ionic radius is greater
in case of highest — ve charge which gives
increased radius (ionic). Thus, O%~has highest
and Mg* 2 has lowest ionic radii.

(A) In a polarographic measurement, (aq. KCI
sol. used as supporting electrolyte) an applied
potential more than + 4V, results the
formation of Hg*.

DME worked at potential + 0-4V to — 0-2V
(D) SbF, + 2HF —— [SbF]- [H,F]*

strongest acid in the system, is 10'° times
stronger than 100% H,SO,.

(A) Heme — porphyrin ring (11 )
Coenzyme B, — Corrin ring
Chlorophyll — Chlorin ring (10 )
Thus, 7t — e~ extent of conjugation is

Heme > Chlorophyll > Coenzyme B,
(a) > (c) > (b)
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26. (%) F TiCl, |-
| D4h : C4 + 4C2 + 40v
en Cr en + 0,
[
F

Dyh: Cy +2C, + 20, + O,
None of the given alternative are correct.

27. (D) N or 15N
s 2s 2p

ul

no. of protons same

n_3
S = 272
L=+1x1+0x1+-1x1=0
3
Thus, S:E,L:O

28. (B) Hydroformylation (Oxo synthesis)
CO+H,

CH,—CH=CH, CH,CH,CH,CHO
CO,(CO)4 (normal) butanol
+ (CH;),CHCHO

isobutyraldehyde

h
29. (B) Ni(CO), + PPh; —> [Ni(CO),PPh,]
+ CO

18 e~s complex.
For substitution, it must follow dissociative
mechanism (SN'). Hence, it depends only on
Ni(CO), concentration.
30. (C) [(M* ~ CgHRu (1" — CgH,)]
— diamagnetic
Ru — 8 e~ in valence shell, want 10 more e~
for 18e~ system, so hepticity will be 4 and 6.
x=4,y=6.
31. (A) Isomeric shift is given by —
0=kR>-R.>2)  {[W2(0)],- w201}
oxidised ferric ions (Fe*?)| e~ density difference

have lower isomeric on nucleus (a =
effect than Fe*?2 source, b = sample)

because s — e~ density at nucleus of Fe*3 is
greater due to a weaker screening effect by
delectrons.

So, & : Fe(IT) > Fe(IIT) > Fe(IV)



22

32.

33.

34.

35.

| CSIR-UGC Chemical Sciences (D-14) (II)

(C) dxy and dxy orbitals (Re,Clg)*
Two nodal planes which
contain the internuclear axis
and go through both axis.

= delta bond formation 2dxy or 2dx*—y?
orbitals interacting.

(A) after reductive climination step
cl, o PPhy
16 VE
PPh3/ \S S = Solvent

=> neglecting solvent, [PPh, —th—PPhS]

Cl
(A) [P +Cl,J"2+NO,” —
cl NO, cl No[| )
NH,
Pt — Pt
cl cl NH; cl

Trans

trans effect of NO,™ > Cl
(B) CO,(CO),,
Total Valence electron =4 x 9 + 12 x 2 = 60

Putting n =4 in 14n + 4 Wade’s Rule
14n+2 = Closo

We have 14n+4 = 60
=> Nido structure 14n + 6 = arachno
36. (O)
OCH,0CH; OCH,0CH;
Sec-BuLi Li
o-Lithiation _lcoz
CH; CH;
OCH,OCHj3 OCH,OCHj3
COOH _H30* COOLi
37. (A)
H
<B7 £ o 3
\ / I>O sp” carbon
D (I Iv) (I11)
4nm system, aromatic non-aromatic
Huckel rule
antiaromatic
38. (C) Availability of lone pairs on N-atom deci-

des basicity in these cases. Clearly, pyridine
is least basic due to N- is part of aromatic ring
(sp? system).
Greater ¢~ density leads to greater basic
character. Thus,

m>mn>1>1v

39. (©) R and R
OH
OH

OH

D-ribose CH,OH

Hi .
40. (B) Hi‘S\C /T\C _Iéls
/ u\ 1S

His \o/ His

3 3
Oxyhemocyanin

HN/ﬁ I?{_O\O

/ \ AN
HN /N/I-\\Fe Fe -JN\/NH

r \Fﬁ/ , N@H

Oxyhemerythrm
CH;

é ll//oH M
CHY  “CH, >

OH : axial, i-Pr : equato-
rial, Me : equatorial

42. (O) MgBr
arene lntermedld[e

Diels-Alder reaction
O

41. (B)

43. (D) Biomethylation is a process whereby
living organisms produce a direct linkage of a
methyl group to a metal or metalloid, thus
forming metal-carbon bonds found in soil
extensively.

Thus, all statements are common and correct.

44. (C) pha = —
value of p*.

log ka, greater ka leads to lower

Electron withdrawing group = greater ka =
lower pke,

Electron releasing group = lowers acidity
(ka) = greater p*.



Thus, 0

2-cyano guanidine < 41\ | < E/>—H

BF Me
Me
II<I<III
45. (A) Crams Rule, smaller nucleophile, trans
aldol product
Et H O 4 2
w 14}2 3{1}1
Me 3 4
46. (C) O
H;OG)
"NaH, DMF
Ketone Cyclohexane
carboxaldehyde
(OEt) + /CHz\
Br—CH,—O—Me . (OEn);P Me
a-haloether DME Br

wittig reagents
47. (C) C4Hg0,
IR : 1770 cm~ ! implier y-lactone

O
h 68 O
ence, 168

2 28
3C NMR : 178, 68, 28,22

48. (O) hv
_
y vapour I y,

0 phase
2,6-dimethyl cyclohexanone a-cleavage

free rotation

Mixture of cis & trans-

of C—Cbond 1, 2-dimethyl cyclopentanes
49. (C) ©E\> Br,(excess)
_s
S CHCl,, r*
Benzothiophene
Br
g
S
Bromination at 2,3-position
50. (A)
COOH COOH
= 1. Na, NH;(1) X
Et OH
2. H;0®
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Birch reduction ¢~ withdrawing gp, reduction
at ipso and 4-position and alkynes into
alkenes with trans-geometry

51. (A) Sy~ S,*2(aq) +2¢e,
E° = +014V
E,° = +0-15V
S,F4(ag) +2e~ — S,*2(aq)
S, + S, (aq) = 28,%2 (aq)
- nFE;° = - nFE,° - nFE,°
4E,° = 2E,°+2E,°
. 029
By =~ =0145
nFE;° 4 x0-145
Thus Ik = RT =257x 103V
= 22:56 =226
52. (B) We know that
h
Ap Ax = 5
h
= Ap = i

Energy of the particle

(AQ)Z h 2 1 hz
= 2m ~\2L) 2m~ 8sml2

53. (B)
0
~T
8 M2 Bl s (my)By* +CO
~ -OCHs 177
45 149
0

metastable ion peak,
2

» _ T
m =
m
_ (149
= 77 ~125-429
54. (D) The selection rule have two consequen-

Ces—

(1) Both vibrational and rotational quantum
numbers must change. The transition—

AV =+ 1, AJ =0 (Q-branch) is forbidden.

(2) The energy change of rotation can be
either subtracted from or added to the energy
change of vibration, giving the p- & R-bran-
ches of the spectrum respectively.
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55.

56.

57.

58.

59.

60.

61.

62.

63.

| CSIR-UGC Chemical Sciences (D-14) (II)

(D)CD,CL;n=3,I=1

2nl +1 = 7 non-pascal triangle
so,intensityratio:: 1:3:6:7:6:3:1
(C) Since homonuclear diatomic molecules
are both rotational & IR inactive (absence of
dipole moment). So rotational Raman and
electronic spectroscopy can be used for
determination of bond-lengths.

B)
— /\H>\\/lOJ\
«— HO OH
N mevolonic acid
HA
O
abietic acid
© Q

2

0 NH
HO NH
O

L-aspartic acid L-phenylalanine

\ |2kt
© Vop = M ° thus, greater the mass,

lesser will be the Vi
Thus, Ne —C, Ar—-B,Kr—A.
(D) We know that

= TdS + VdP

dH
oHY  _
Thus, (BS)p =T

(C) The difference between the activation
energy for forward & backward reaction is
AH. Since given that E; is activation energy
for second reaction. The activation energy of
overall reaction will be E, + AH.

(dP =0)

(C) Fractional coverage (0) for diatomic
molecule on metal surface,

(KP)I/Z
0 = 12
1 + (KP)
since P is small, 1 > (KP)!/2.
9 = K!2pl2
- 0 « P2
1
(D) N = v
(@ _ 1
VS
X
M = —)?

64.

65.

66.

67.

(M _ 1
ox/Jy = y?
d

(). = G,

.. equation is exact.

L0
B) L, = —ih 30

The eigen function equation is
P . 0

L,Y" = —’hﬁYzm
Y = f(o)_eiAq)

fis arbitrary function ¢ must be periodic for Y
is to be unchanged with period 2.

Thus, value of A shouldbe A=0,+1,+2, ...

(D) X-Ray Diffraction method is used for
crystal structure identification and study.

Amorphous solids don’t show XRD.

(D) The Lineweaver burk equation is given
by —
L ko1
Vo Vi Vi Blo
Given —™ = 40s,[E]=25x10-°M
Vmax
We know that at maximum velocity,
[ES] = [E]
V. = k[E]
- ky V max
Thus, Efficiency = ;m=m
= 10* Lmol-! s~!
(B) CH,COOH = CH,COO- +H*
I 1001 0 0
Cl-x +x +x
E [+001 —x +x +x
[CH:COO] = 10 x—22— =001
10+ 10
pka = 475
= k, = 1:8x10-8
Thus, k, = 56x 10710
2
- 001
x = [OH]=2-36x 10-¢
pOH = 562
Hence, pH = 14 - pOH =8.38 ~ 84,



68.

69.

70.

71.

72.

73.

(B) fo polydispersed macromolecular colloid;
1\7IW > 1\_/[n osmometry gives number average
molecular weight, 1\_/[n.
Aa) (M, ) =13,

M, > = 16,
The variance, 02 for molecular weight deter-
mination

o =

16

13 l)
3

= 169 x 3= 39
he 6626 x 10-3* x 3 x 108 x 10"°
AT 24 x1079x 1-6
= 52eV

Ionization energy is the energy required to
remove an electron from outermost orbital of
gaseous system.

(A) All the given options are incorrect except
(1). There is ring current disruption after
formation of complex in [n® — (C¢Hy)
Cr(CO);]. The shift in 9 is also attributed to

this reason from ~ 7-2 ppm to 4-4 (almost).

S
| Nco
CO" Lo

(13)?

O1IE.=

(A) Oxyhemocyanin—oxygen transport speci-
fically in invertebrates.

Carbonic anhydrase—In Red Blood Cells,
CO, to HCO,.

Cytochrome P,,—Oxydation of alkene,
monooxygenose, green catalyst.
Carboxypeptidase A —Hydrolysis of C-
terminal peptide bond.

(B) Geometric cross-section = mr2

and ro= ry(A)B

Thus, r = 1:4 x 10~ 15 m x (125)!3
= 07x 10" 4m

Hence, GC-S = 3-14 x (0-7 x 10~ 14)2 m?2

~ 154 x 10-28 m?
(1 barn = 10-28 m?)
1-54 barn

1
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74.

75.

76.

7.

78.

79.

r
(A) Na[(1>-CH;) Fe(CO),] ——
17e~ system
LiAIH,
[(m3-CsHs) Fe(CO), Br] 3 system
o

substitution of Br with H.

[(n-C5Hs) Fe(CO),H]
'H NMR appears for 5H of Cp and 1H in
ration 5: 1.
(A) Path length of curvetle is not responsible
for deviation from ideal behaviour. All the
remaining statement, A, B and C will result in
deviation form.
(C) Three isomers shown as—

NH, + NH, *
cl| \1 @| |
Cl=—CO—=NH,  H,Ne—CO—=Cl
NH, NH,
NH,-/ NH,-/
(a) (b)
G
N
/HoNm—CO—=NH,
\‘\\_I_/NHZ/’I
Cl -
(c) mirror plane
(A) Also known as inductively coupled
plasma optical emission spectroscopy (ICP-
OES) is an analytical technique used for the
detection of trace metals. Argon gas is
typically used to create the plasma.
(A) Myoglobin is pH independent

myoglobin Jyperbolic
Per cent O,
Saturation  Siamoidal
Hemoglobin
PO, (torr)

Lungs (gills) Hb+40, — Hb(O,),
Tissues Hb(O,), +4 Mb — 4 Mb(O,) + Hb
pH dependence shown by hemoglobin is
known as Bohr effect (binds one H* for every
dioxygen molecules).

(C) Iridium complex is 16 e~ system and
favourable for oxidative addition reaction in
presence of H,, commonly known as Vaska’s
complex. Rest are 18 e~ stable complex
compound.
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80.

81.

82.

83.

84.
85.

86

J(A) M, *2: 101011111

| CSIR-UGC Chemical Sciences (D-14) (II)

(A) M,*3: 1011111
25+1=5, L=2(D), u=Vnn+2)

no. of unpaired electrons = 4

So, ug o =49 BM.

(A) XeF; + NaNO, — XeOF, + NaF + NO,F
Nitrodes react with XeF, to form XeOF,. This

safe & convenient route involves reaction of
XeF, with a stoichiometric deficiency of

NaNO;.

(A) H P H 2NH,
B B :
Unsymmetric
H/ H/ \H Cleavage

[(BH;) (NH3),] [BH4]

2H — triplet

4H — quinlet
Other product is Borohydride salt [BH,(NH,),]
[BH,] which gives triplet and quinlet in ''B.
NMR spectrum due to 2H and « H respecti-
vely.

(A) [CoCI(NH,)s]**

S,ICB —H,0
[CoCI(NH,) (NH,),]*
—C1° | Slow
H,0
[CO(OH) (NH,) 2+ «<——
fast
[Co(NH,) (NH,),]>*

In [Co(CN)41*~, no ionizable proton.
Thus, statements A & B are correct.
(B) By gas chromatography.

® 9

Th—C—H
(n® CP,) TH—H + CO — () (CP,)
CO insertion occurs in case of Thorium
hydride A driving force for this reaction is the
strong interaction of oxygen of inserted CO
with thorium atom.

2s+1=6,L=0(s)
Spin selection rule, As =0

6s —> OA,, ground state
Violated and disallowed transition charge
transfer impossible and 2T2g is not ground
state.
Hence, A & B are correct.

87.

(B) C,ByH,,, According to Wade’s rule
=(CH)x2+BH)x9+1+1
=3x2+2x9+1+1=260r 13 e pair
= (m + 2) e pair = Nido structure.

6Na
88. (C) PCl; + 3PhCI PPh, + 6NaCl
(A) | Mel
BuLi
Ph,P=CH, — [Ph;PMe]* I
ylides (C)  —BuH, - Li® (B)
2H,0
89. (C) Ph,SiCl, Ph,Si(OH),
(A)Al 100°C — H,0
Ph
.
Polymeric .
structure Sll—O%l
Ph B
9.4) cr3: | 1] 1] 1]
Hso = Valn +2)
= V33 +2)=3-87B.M.
and pg,, = Vn+2)+LL+1)
= VI5+12= \/27:520BM
H 6+
91. (A) N, 1\|I S NH
“COY
7 | NH
H3N,”/ ITIHB\\\\g /"/H? \\\\OH ’ 6B —
/"CO“\ /"Co“\ r
H;N” | 07 | SOH
NH; H HO,, | <NHj
O

92.

93.

N7 | OSNH;
NH;

Inorganic optically active complex—
12Co—0O and 12 Co—N bonds
(A) The size of the cavity is responsible for
binding with alkali metals. So, crown ether
binds different metals. Thus, right size of
cation is important factor.
/N
)
Q O
/

12-crown-4
(A) HMn(CO), and [(n3-C5Hy) Cr(CO),],
60:-75 4-10



94. (C) Type of size exclusion chromatography
(SEC), that separates analytes on the basis of
size. Analysis of polymers is done by this
technique. Thus, from given options, fatty
acids low molecular weight peptides can be
separated by this method.

(A) SF: 6 S-F bonds, 12 e~s involved

hypervalent

95.

4-orbitals (1a,, 1¢,) : bonding
4-orbitals (2¢,, 2a,) : anti-bonding
2-orbitals (1e) : non-bonding

9. (C)

HOOC Me,C(OMe),

_—
COOH TsOH(Cat)

OH
* Chemoselective reduction of COOH 5-membered dioxolane

THF lBH»;, H;0®

H
0.0 .
intramolecular
\ transesterification
HO
97. (C)
Br—GBr
BrY anti addmon
,,/
MezNH
(SNp)
mversmn
.,|NM62 "y
«— .\\\NMGZ
NMe, MezN'/H\/’ % ”’NMez

98. (A) Diastereoselective proplem-formation of

cis enolode thus cis-aldol product.

\)Ok o QOBBu2 o
NJ<O 1. Bu,BOTf
)\{ TooNE )\(
Me By Ph— C—H Me
small ligand (Bu), good QH 0o o

leaving gp (OTf) and
hindered amine (i-Pr,NEt) Ph

facilitates the reaction.

§||.
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99. (A)

Tl

Hoffmann— Loffler —Fretyag reaction

=> Free radical mechanism

)Ef’ -
MeO
: _?\ S Demethylation Demethylation _?
=

100. (B)

MeO
101. (A)
NH2 NH2
OH Megsicl
“McOH HZN\/
HeallEt»;N
i un,
21N,
Pyridine
N-acetylation o,
(A) OH
102. (A)
(0]
0 ||
Me— "\\\N/FI)\OPh L. PhI(OAc), .
MeO i H Oph oo N-free radical
222 generation
OPh
O—PéOPh
H/

1 A\
Me~ \N/ \OPh
MeO - “ MeO OPh
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103. (A) Et\
2. TMSCI
/\/Br LDA, THF — 78°C
OMOM
DMF H 0 PdC‘z 02 CH —CHj;
o c OTMS 3.A
1 NaOEt Claisen rearrangement
2. H30® OMOM
(B
104. (A) 4. H;0*

—N-"\SPh ” —
TBAF, MeCN TMSO—C 5.CH,N,
e, __s50°c 0] OMOM  methylation
¥ e/
)J\)J\/\n/ MeOOC
OMOM

SPh

kN g 107. (D) A is dehydration reaction using POCI,,

P ) Et;N. B is esterification using ...... PPh, and

Pty EtO,CN=NCO,Et. C is butylation using
N H,S0,.
108. (A) o
CO,Me I C0,(CO),. CH,CI,
COOEt Me35i\/\1|\1—130c Me,N*— 0"
Q‘N \/O
Me N CN Pauson-Khand Reaction (PKR) [2 + 2 + 1] CAR
N—BOC

N l THF EtOH

Mexsl Sml, reducing agent

more- hlndered enamine

° 0
E{00C Booc_ ) . N Spjﬁ—laoc
€391
gé 3.H0 o OH
(B)
N N 109. (C)
NC CN
o F Il j( N
v O L@
Et0OC CN
NC” eN

4. H® [2+2] CAR

NC NMe, electrocyclic

N—R ring opening

Variation of Stork enamine reaction. CN
OH

106. (D =
D) Eg—/\ 1. EtCOCl1 Me,N CN
| CN
g OMOM Et3N NC




110 (A)
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\\\

= § 6:28 & J = 18 Hz indicates trans-geometry
Br—_, of double bond.
— /A_/Q 115. (A)
reduction O O
a-haloketone

—NaBr 12. PhSeNa
\\///,

OMe
PhSe—__, H
/& 3. m-CPBA
it

/\/k/\ 4-methoxy-
heat
o O

benzaldehyde
—PhSeH o O
elimination

111. (C)§ 2:67 (2H, S) indicates!3C

NMR shows 4 signals. Thus )= entity
structure may be (2) or (3).
112. (D)

DIBAL-H P
7810 4o°cl OMe
4

(i- Bu)z—Al\
3
1 1
HOOC i COOH

oxo-carbemum lon

4_ AIH(-Bu),™ O

\
OMe
00— OH prsa ©5”/ OPMB
PhSH K)\/\\ HO B
SO,Ph =
-CPBA 83‘ 116. (B) 8 = reaction constant
LDA | CH,=CHOOEt o) (II) b
o (A) AINH, + Cl—C — Ph ———
PR ok rds
113. (B)

moderate negatived value (- 2:69) R

o°
74 (n-Bu3Sn),
BF;.OEL, -
I />— ho (0]
O

>C Ph
Ar H2N
g positive charge near ring
(0] EtOH
Free rddltdl ) (B) ArO~ + Etl ArOEt
reactive mtermedlate ll rds
I
no electron change small 8 value (—0:99) Q
5-iodoxacan-2-one
(0]
0 I EtOH
o (C) Ar—C—OEt + aq. NaOH "
114. (A) C,,H,,0 (6:90)  (6:28) rds
10712 €75 H H
H CH3 O
(1-85) Il
(br, ) H
HO H (60, dg)
(5:0) (6-8)
OCHj,4
(3-8)

Ar—C—OH

Moderate positive d value (+ 2-:01) P/e=s flow
into transition state
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117. (B)
H O
BV DIBAL-H
(1-1eq)
1 hexane, -78°C

H
inversion takes place CICH,COOH
LiAlH, | DEAD
Mitsunobu reaction | PPhy
H OH

118. (A)
I,, PPhy
BOC—NC>—OH S BOC—NQI
imidazole
(A)
Cl
Zn, Pd(dppf)Cly(cat)
Cul (Cat) \©\
Br
Coupling reaction CN
NC
BOC—ND—@—CI
(B)
119. (C)

I.LDA, THF (]
2 ICHCl

1. MeMgBr, | 2. H;0®
Et,0

OMgBr

SV
QA

120. (D)

Keto- enolcl | e OH2

Tautomerism

CH,—NH
|
CH,COOH

/CHg

pNe H2COOH

=

©\/I
=

iminium ion

|
N 0
X heat ®
> S O
= —
ITI/\/ €O, N/\/
Ts l
oxazolidone azomethine ylide
M
N
cis-product H N
intramolecular dipolar CAR H
i
Ts

121. (A) We know that for unimolecular reaction
first order rate constant

kk, [A]
wni Tk [A]+k,
When k_|[A] = k,,
ky,
then ki = £ and [A] =[A],,
ki[A]
Kuni = 2
- ﬂ _ klAL,
2 2
k ke
= =
! [Ali
2. (B) Vibrational partition function is given
by —
o 02T
Gvib = 1 _ ot
hv
where 0 = A

(1) Atlow T, 6/T >> 1, s0 e 9T is negligible

Thus, Gyyp, = € 97T

(2) Athigh T, 0/T << 1

Then, e = 1-0/T+......
e 02T
Hence, 9 = 1-(-6/T (1-0/T)
T
— Qo = o e 02T

123. (D) First order energy correction is—
n
1 0 0)*
ED = (O rH IO

2 | (nnx
o _ £ nix
Y = \[LSIH(L)



124.

125.

126.

2 b nmx
n - £ N il
Thus, E) = L _, Sin (L)

5 ( —%) dx
%fl sin2 (%)
h) ( —%) dx

for ground state n = 1

n _
E(n) —

0

. f_mé(x—a)dx =1

2
o =
Thus, E\ = L
k,T - AE
(D) Rate constant k= s, e—2
" 4no 9ci, RT
) 2m kg T2
Since Quans = | 2
T.T32T. 1
ko * PRTTTRTT. S TR
- T-72
kg = T
(D) E, = (n + %) hv
o~ E/pT
Probability, P i) = ETE/I(BT
i
o312 e
- e 172 +e—3/2_ (1 +e l)
ele (e-1) e-1
= h ¢ =
e+1 " (e-=1)  e2-1
e >> 1
_e-1
=
= ‘ Pg = ee-1) ‘
(B) Fugacity coefficient is given by —
P@z-1)
Inr = f o p P
PV
Z = RT
At high pressure, z >>1
Thus r>1

Thus, repulsive term overweighs the attractive
term.
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127.

128.

129.

130.

131.

132.

133.

(A) Rotational-vibrational spectrum

AE = 2mB+v,(1-2x,)
In upper vibrational state

B, < B,
L
82 (urd) Cc ™

r = bond length

Thus, the gap between the successive
absorption lines of p-branch increases non-
linearly.
(B) Transmission probability is inversely
proportional to barrier width and height.
(B) Selection rule of EPR spectrum for a free
radical containing nuclei with non-zero
nuclear spin

Am, = £1,

Am; = 0
(A) Relation (A) is true and it is Gibbs-
Duhem equation.
We know that

B =

2 Nidu, =
i=1

At constant T and P, relation (B) is also true.

— SdT + Vdp

(A [S.8,] = [S.S,]+iS..S,]
= ihS, +i(=ihS)
= (S, +iS,) =hS,
©mer ([ | ][] [
2P 3p
Term = 3D
n
S = §=1,
L = 2(D)
J = (L-S)to(L+S)
=1,2,3

Thus, 3D3, 3D2, 3Dl

(C) Stepwise condensation polymerization,
overall rate law is given as
d[A]

g = ~MAF
_ [A)
A= 1 kA,

Fraction of groups condensed at time 7.
(Al - [A] k+[A],
/= [Al, ~ l+k+[A]
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134.

135.

136.

137.

138.
139.
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(B)
PE.
(ev)
Thus, | Dy(H,) = D,(H,*) - I(H) + I(Hz)\

r (internuclear distance).

(B) AG = 2746-06 kJ mol~!
We know, AG = nFE

AG  2746-06 x 103 J mol~!
nF = 26 x 96500
1:0944 V ~ 1-09V

(B) ccp means fcc structure

160 pm

4r

Ar
V2

no. of atoms in fcc = 4

So, E =

r =

a2 =

a =

So, no. of atoms in 1 cm? (one atom)

4 _4(v2)
a4}
4 x (V2)3
4 x4 x4 x(160)3 x (10-10)3
= 3-45 x 1023
E C, o, o/
1o o o 10 H H
H\Z/—\g/H
H H

-1 1 1 order of
10 &roup,h=4

) 1

no. of
unshifted
atoms
Character | 3
per atom 30 0 0
A, =10,A,=5,B,=5,B,=10
llrans = Bl + B2 + Al ’ lrot= B2 + Bl + A2
Thus, IR active model = 9A, + 3B, + 8B,
(A)
(B) A represents Langmuir adsorption
isotherm for monolayer adsorption.

ov.S; = Cj (rotation axis)

140.

141.

142. (A)

143.

144.

145.

B represents BET curve for multilayer
adsorption C also represents multilayer
adsorption for benzene on Fe,05 at 50°C.

(C) Wave function for central carbon
in propenyl cation

L
1

N

AL
11’2—\/—24)1

ni-electron charge
2
q, = E ni Cir

12
2x[—| +0+0
V2

=1

So, q, =

©

IS, a (1) 1S, B (1)
1S, a(2) 1S, B (2)
=1S, a(1) 1S, p(2) - 1S, B(1) 1S, a(2)
a and 3 are spin up and down

According to Pauli’s principle, 2 electrons in
‘a’ atomic orbital with spin up and down.

(D) No. of microstates

4
2
4x3x2

- E ><2><1=6

(C) Partition function
f= 2 g o Ei/kT
J
When T — o, ¢ &/kT — |
Thus, f= 2 8;
j

(C) We know that
logk = logky+ 1018 1Z,Z,1 V1

log k.04
log k.

1018 (1-x) [(0-04)1/2

—(0-01)172]
1-:018 x x[0-2 - 0-1]
0-30
0-1080

0-3

=277=3

X =
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PART A

. Each of the following pairs of words hides a
number, based on which you can arrange them
in ascending order. Pick the correct answer :
I. Cloth reel

J. Silent wonder

K. Good tone
L. Bronze rod
(A) L,K,J, I B) I,J,K,L
©) K,L,J,I D) K,J,I,L

. Which of the following values is same as
229

(A) 26 (B) 28

(C) 216 (D) 2222

. A 12 m x 4 m rectangular roof is resting on
four 4 m tall thin poles. Sunlight falls on the
roof at an angle of 45° from the east, creating
a shadow on the ground. What will be the area
of the shadow ?

(A) 24 m? (B) 36 m?
(C) 48 m? (D) 60 m2
CIf 2a
xb?2
c6
84
8d6
Here a, b, ¢ and d are digits.
Thena+ b=
(A) 4 B) 9
O 11 D) 16

. The maximum number of points formed by
intersection of all pairs of diagonals of convex
octagon is—
(A) 70

(©) 120

(B) 400
(D) 190

6.

10.

Find the height of a box of base area 24 cm
x 48 cm, in which the longest stick that can
be kept is 56 cm long—

(A) 8cm (B) 32cm

(C) 37'5cm (D) 16 cm

The product of the perimeter of a triangle, the
radius of its in-circle, and a number gives the
area of the triangle. The number is—

(A) 1/4 B) 1/3

©) 112 D) 1

. An infinite row of boxes is arranged. Each

box has half the volume of the previous box.
If the largest box has a volume of 20 cc, what
is the total volume of all the boxes ?

(A) Infinite (B) 400 cc
(C) 40 cc (D) 80cc
. Find the missing element based on the given
pattern —
1. O 2.0 3.70
1. § 2.d 3.9
A H ®) [
© b ) d

By reading the accompanying graph, deter-
mine the INCORRECT statement out of the
following —

N liquid [/

) .- gas
solid

Pressure

Temperature

(A) Melting point increases with pressure

(B) Melting point decreases with pressure

(C) Boiling point increases with pressure

(D) Solid, liquid and gas can co-exist at the
same pressure and temperature



11.

12.

13.

14.

15.

If you change only one observation from a set
of 10 observations, which of the following
will definitely change ?

(A) Mean (B) Median

(C) Mode (D) Standard deviation

A man starts his journey at 0100 Hrs. local
time to reach another country at 0900 Hrs
local time on the same date. He starts a return
journey on the same night at 2100 Hrs. local
time to his original place, taking the same
time to travel back. If the time zone of his
country of visit lags by 10 hours, the duration
for which the man was away from his place
is—

(A) 48 hours
(C) 25 hours

(B) 20 hours
(D) 36 hours

Let r be a positive number satisfying
F(U/1234) 4 1 (-1/1234) _ 9

Then F4321 4 p-4321 = 9
(A) 2 (B) 24321/1234)
(C) 23087 (D) 21234

A float is drifting in a river, 10 m downstream
of a boat that can be rowed at a speed of 10
m/minute in still water. If the boat is rowed
downstream, the time taken to catch up with
the float—

(A) will be 1 minute

(B) will be more than 1 min

(C) will be less than 1 min

(D) can be determined only if the speed of
the river is known

ABC is a right angled triangle inscribed in a
semicircle. Smaller semicircles are drawn on
sides BC and AC. If the area of the triangle is
a, what is the total area of the shaded lumes ?

B

~—"
(B) ma
(D) a2

(A) a
©) aln

16.

17.

18.

19.

20.
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An ant can lift another ant of its size whereas
an elephant cannot lift another elephant of its
size, because —

(A) ant muscle fibres are stronger than
elephant muscle fibres

ant has proportionately thicker legs than
elephant

strength scales as the square of the size
while weight scales as cube of the size
ants work cooperatively, whereas
elephants work as individuals

(B)
©)

D)

Consider a series of letters placed in the
following way :
U...G...C...C..S...I..R

Each letter moves one step to its right and the
extreme right letter takes the first position,
completing one operation. After which of the
following numbers of operations do the Cs
not sit side by side ?

(A) 3 (B) 10

<€ 19 (D) 25

An inclined plane rests against a horizontal
cylinder of radius R. If the plane makes an
angle of 30° with the ground, the point of
contact of the plane with the cylinder is at a
height of —

(A) 1-500 R (B) 1-866 R

(C) 1414R (D) 1-000 R

What is the maximum number of parallel,
non-overlapping cricket pitches (Ilength 24 m,
width 3 m) that can be laid in a field of
diameter 140 m, if the boundary is required to
be at least 60 m from the centre of any pitch ?

(A) 6 (B) 7
©) 12 (D) 4

In a fast moving car with open windows, the

driver feels a continuous incoming breeze.

The pressure inside the car, however, does not

keep increasing because —

(A) air coming in from the front window
goes out from the rear

(B) air comes in as well as goes out through
every window but the driver only feels
the incoming one

(C) no air actually comes in and the feeling
of breeze is an illusion

(D) cool air reduces the temperature therefore
the pressure does not increase
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21.

22.

23.

24.

25.

PART B

The biological functions of carbonic anhy-
drase and carboxypeptidase A, respectively,
are—

(A) interconversion of CO, and carbonates
and hydrolysis of peptide bond

gene regulation and interconversion of
CO, and carbonates

(B)

(C) gene regulation and hydrolysis of peptide

bond
interconversion of CO, and carbonates
and gene regulation

D)

Fe—Nporphyrin bond distances in the deoxy- and
oxy-haemoglobin, respectively are—

(A) ~2:1and 20 A (B) ~2:0 and 2:0 A

(C) ~22and23A (D) ~2:3and2:5A
The binding modes of NO in 18
electron compounds [Co(CO)3(NO)] and
[Ni(n® — Cp)(NO)], respectively are—

(A) linear and bent

(B) bent and linear

(C) linear and linear

(D) bent and bent

The role of copper salt as co-catalyst in
Wacker process is—

(A) oxidation of Pd(0) by Cu(II)

(B) oxidation of Pd(0) by Cu(I)

(C) oxidation of Pd(IT) by Cu(I)

(D) oxidation of Pd(II) by Cu(II)

For typical Fischer and Schrock carbenes,
consider the following statements —

1. Oxidation state of metal is low in Fischer
carbene and high in Schrock carbene.

2. Auxiliary ligands are m-acceptor in
Fischer carbene and non-m-acceptor in
Schrock carbene.

3. Substituents on carbene carbon are non-
sti-donor in Fischer carbene and mt-donor
in Schrock carbene.

4. Carbene carbon is electrophilic in
Fischer carbene and nucleophilic in
Schrock carbene.

The correct statements are —

(A) 1,2and 3 (B) 1,2 and 4

(C) 2,3and 4 (D) 1,3and 4

26

217.

28.

29.

30.

31.

. The species having he strongest gas phase
proton affinity among the following—
(A) N*- (B) NF;
(C) NH; (D) N(CH3)3

Consider the following statements regarding
the diffusion current at dropping mercury
electrode.

1. It does not depend on mercury flow rate.
2. It depends on drop time.

3. It depends on temperature.

Correct statement(s) is/are—

(A) 1 only (B) 2 only

(C) 1and2 (D) 2and 3

Q value for the reaction '3N(n, p)'3C is 3-236
MeV. The threshold energy (in MeV) for the
reaction 3C(p, n)3N is—

(A) —3-236 (B) —3-485

(C) 3-485 (D) 3-845

The ''9Sn NMR chemical shift (approximately
in ppm) corresponding to (n>-Cp),Sn (relative
to Me,Sn) is—

(A) -4 (B) +137
(C) +346 (D) —2200
All forms of phosphorus upon melting, exist
as—
@ | /P\
n P\+/P
L P
® /N /N
TN
(©) n(P=P)

] !
(D) P~pP~p P~ p P
/,P//P\P/P\P/P\

For the oxidation state(s) of sulphur atoms in
S,0, consider the following —

1. -2and+4

2. Oand+2

3. +4and0

The correct answer(s) is/are —

(A) land2 (B) 1and 3
(C) 2and 3 (D) 3 only



32.

33.

34.

35.

36.

37.

The correct set of pseudohalide anions is—
(A) CN-,ClO4, BF,~, PF¢~

(B) N3, NO;~,HSO,~, AsFg4~

(C) SCN-,PO,3-,H,PO,~, N5~

(D) CN-,N;~, SCN-, NCN*

In transition metal phoshine (M—PR3) com-

plexes, the back-bonding involves donation
of electrons from—

(A) M(y,) — PR3 0%)

(B) M(t,) — PR3(mt*)

(©) M(e,) = P(d)

(D) PR;(m) — M(zp,)

The refluxing of RhCl;.3H,0 with an excess
of PPhj; in ethanol gives a complex A.

Complex A and the valence electron count on
rhodium are, respectively —

(A) [RhCI(PPh;);], 16
(B) [RhCI(PPh,)s], 16
(C) [RhCI(PPh;)s], 18
(D) [RhCI(PPh;,)s], 18

The P-hydrogen elimination will be facile
in—
(A) M7 B) M7
H H
©M Y  owm
H

The reaction [Co(CN)sH,0]% + X~ —
[Co(CN)sX]? + H,O0 follows a/an—

(A) Interchange dissociative (I;) mechanism
(B) Dissociative (D) mechanism

(C) Associative (A) mechanism

(D) Interchange Associative (I,) mechanism

——H

Correct statement on the effect of addition of
aq. HCl on the equilibrium is—
o-

OH
(0]
> =,
O
(0]
O:O + CN- I:><

CN

(A) Equilibrium will shift towards right in
case of both A and B

..Eq. A

—
S

..Eq.B

38.

39.

40.

41.

42.
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(B) Equilibrium will shift towards left in
case of both A and B

(C) Equilibrium will shift towards right in A
and left in case of B

(D) Equilibrium will shift towards right in B
and left in case of A

The compound that exhibits sharp bands at

3300 and 2150 cm~ ! in the IR spectrum is—

(A) 1-butyne (B) 2-butyne

(C) butyronitrile (D) butylamine

The 'H NMR spectrum of a dilute solution of

a mixture of acetone and dichloromethane in
CDCl; exhibits two singlets of 1 : 1 intensity.

Molar ratio of acetone to dichloromethane in
the solution is—

(A) 3:1
©) 1:1
Intense band generally observed fora carbonyl
group in the IR specturm is due to—

(A) The force constant of CO bond is large
(B) The force constant of CO bond is small

(C) There is no change in dipole moment for
CO bond stretching

(D) The dipole moment change due to CO
bond stretching is large

B) 1:3
D) 1:2

The compound that gives precipitate on
warming with aqueous AgNO; is—

Br Br

"o "0
Br
Br
©) (D) |

Following reaction goes through—
COOAg Br
2

X
Pz
N

By,
(A) Free radical intermediate
(B) carbanion intermediate
(C) carbocation intermediate
(D) carbene intermediate
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43. The most stable conformation for the
following compound is—

Me
| Me

(A)

©)

\M
M

The major product formed in the following
reaction is—

TN
”z ///Z (%

44,

NaBH, CeCly
MeOH, H,0

Me/(Q_CH
OH
A)
MC/QO_/OH
Me
(6]
OH
©
Me/LO_/OH
) OH

The correct relation between the following
compounds is—

Hy, H el

/::§1Me Me—'>:.:\

Cl 7y, H
HO OH

45.

(A) enantiomers

(B) diastereomers

(C) homomers (identical)
(D) constitutional isomers

46. The correct order of heat of hydrogenation for

the following compounds is—

Me M

47.

48.

49.

50.

Me Me

\/ﬁMe

I i il v
(A) I>T>TI>IV (B) I>II>1>1V
(C) IV>I>MI>I (D) IV>II>I>TI

Among the following, the correct statement (s)

about ribose is (are)—

1. On reduction with NaBH, it gives
optically inactive product.

2. On reaction with methanolic HCI it gives
a furanoside.

3.  On reaction with Br,—~CaCOs;—water it
gives optically inactive product.

4. It gives positive Tollen’s test.

(A) 1,2and 4 (B) 1,2 and 3

(C) 2and 3 (D) 4 only

Biogenetic precursors for the natural product
umbelliferone among the following are—
X

\/\/ e\/\/

HO o (0]
umbelliferone

1. L-tryptophan 2. cinnamic acid
3. L-methionine 4. L-phenylalanine
(A) 1and?2 (B) 2and 4

(C) 2and3 (D) 3and 4

Number of signals in the 3C{H} NMR
spectrum of (R)—4-methylpentan-2-ol are—
(A) 3 B) 4

©) 5 D) 6

The major product formed in the following
reaction is—

Me_ Me
EtO,C NaBH,
! 0°C
H MeOH/THF
(0]
(A) Me. Me (B) Me._ Me
HO HO
i H I OH
OH H
© Me. Me (D) Me,_ Me
EtOZC EtOZC
T H I OH
OH H



51.

52.

53.

54.

The major product formed in the following
reaction is—

Vel NN
Me\ X

Me H
T—I Me
H H
oCh, oCh
H Me H "Me

The major product formed in the following
reaction is—

Me
9,

heat
—_—

H,N-NH,HCI
_—
Et3N, CH5CN, 1t

A)

Me Me
HO, HO
Me Me

The magnitude of the stability constants for
K* ion complexes of the following supra-
molecular hosts follows the order—

[5 N?)] [5 N?sj [5 “é]

0O 00 00 0
SN N0 s

A B C
(A) B>A>C B) C>A>B
) A>B>C D) C>B>A

Antitubercular drug(s) among the following is
(are)—

1. Salbutamol
3. Isoniazid
(A) 1and?2
(C) 3and4

2. Ethambutanol
4. Diazepam
(B) 2and 3
(D) 4 alone

55.

56.

57.

58.

59.

60.

61.
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A particle is in a one-dimensional box with a

potential V inside the box and infinite

outside. An energy state corresponding to

n = 0 (n : quantum number) is not allowed

because —

(A) the total energy becomes zero

(B) the average momentum becomes zero

(C) the wave function becomes zero every
where

(D) the potential V= 0

An eigenstate of energy satisfies H¥, = E, W,.
In the presence of an extra constant potential
Vo—

(A) both E, and W, will change

(B) both E, and the average kinetic energy
will change

only E, will change, but not ¥,

only ¥, will change, but not E,,

©)
D)

The intensity of a light beam decreases by
50% when it passes through a sample of 1-0
cm path length. The percentage of trans-
mission of the light passing through the same
sample, but of 3-0 cm path length, would be —
(A) 50-0 (B) 250

(©) 16:67 (D) 125

The electric-dipole allowed transition among
the following is—
(A) 3S =3D

(©) 3S—1D

(B) 3S — 3P
(D) 3S — 'F

The product C)éc;xy (C> is the two-fold rotation
axis around the x-axis and O, is the xy mirror
plane) is—

(A) o (®B) o,.

©) C (D) C:

The simplest ground-state VB wave function
of a diatomic molecule like HCI is written as
W =Wy (Is, 1) Yo (Bp,, 2) + B where B
stands for—

(A) Wy (B3p,,2) Peu (Is, 1)

(B) Wy (1s,2) We, Bp,, D

(©) We (Is,2) Py Bp,, D

(D) We (1s,2) Wy Gp, D

Heat capacity of a species is independent of
temperature if it is—
(A) tetratomic

(C) diatomic

(B) triatomic
(D) monatomic
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62.

63.

64.

65.

66.

67.
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In a chemical reaction : PCls(g) = PCl3(g) +

Cl, (g), xenon gas is added at constant

volume. The equilibrium—

(A) will shift towards the reactant

(B) will shift towards the products

(C) will not change the amount of reactant
and products

(D) will increase both reactant and products

The temperature-dependence of a reaction is
give by

k= AT? exp (— E¢/RT).

The activation energy (E,) of the reaction is
give by —

1

(A) Eo+, RT (B) E,

(C) E, +2RT (D) 2E, + RT
For a reaction, 2A + B — 3Z, if the rate of
consumption of A is 2 x 10~% mol dm=3 5~ !,

the rate of formation of Z (in mol dm=3 s—1)
will be —

(A) 3 x 10-*
(©) %x 10-4

(B) 2 x 10-*
(D) 4 x 10-*

Dominant contribution to the escaping
tendency of a charged particle with uniform
concentration in a phase, depends on—

(A) chemical potential of that phase

(B) electric potential of the phase

(C) thermal energy of that phase

(D) gravitational potential of that phase

The intrinsic viscosity depends on the molar
mass as [n] = KM9.

The empirical constants K and a are dependent
on—

(A) solvent only

(B) polymer only

(C) polymer-solvent pair

(D) polymer-polymer interaction

The correct AG for the cell reaction involving
steps

Zn(s) — Zn?* (aq) + 2e~

Cu?* (ag) + 2e- — Cu(s) is—

9zn2+

(A) AG®°—RT In
Aacu2+

(B) AG®+RT In 2202t
Acu(s)

68.

69.

70.

71.

(C) AG®—RT In %21
Aacu2+

a
(D) AG® +RT In “2%*

aCu2+
The lowest energy-state of an atom with
electronic configuration ns' np' has the term
symbol —

(A) 3p, (B) 'p
(C) 3p, (D) 3po

Energy of interaction of colloidal particles as
a function of distance of separation can be
identified as (1) van der Waals, (2) double
layer, (3) van der Waals and double layer.
The correct order of interactions in the figure
corresponding to curves (a), (b) and (c)
respectively, is—

E| ) @
-
(©
(A) 1,2,3 (B) 2,3,1
© 3,1,2 (D) 1,3,2

The packing factor (PF) and number of
atomic sites per unit cell (N) of an FCC
crystal system are —

(A) PF=0-52 and N = 3
(B) PF=0-74 and N = 3
(C) PF=0-52 and N = 4
(D) PF=0-74 and N = 4

PART C

Differential pulse polarography (DPP) is
more sensitivethan D.C. Polarography (DCP).
Consider following reasons for it—

1. Non-faradic current is less in DPP in
comparison to DCP.

2. Non-faradic current is more in DPP in
comparison to DCP.

3. Polarogram of DPP is of different shape
than that of DCP.

Correct reasons(s) is/are —
(A) 1and3 (B) 2and 3
(C) 2 only (D) 1 only



72.

73.

74.

75.

76.

7.

Considering the following parameters with

reference to the fluorescence of a solution :

1. Molar absorptivity of fluorescent mole-
cule.

2. Intensity of light
excitation.

3. Dissolved oxygen

The correct answer for the enhancement of

fluorescence with the increase in these

parameters is/are —

(A) 1and?2 (B) 2and 3

(©) 1and3 (D) 3 only

The geometric cross section of 125Sn (in barn)

is nearly —

(A) 1-33 (B) 1-53

©) 173 (D) 193

Match column A (coupling reactions) with

column B (reagents) —

source used for

Column A Column B
a. | Suzuki coupling i. | CH,=CHCO,CH3
b. | Heck coupling ii. | RB(OH),
c. | Sonogashira iii. | PhCO(CH,)3Znl
coupling
d. | Negeshi coupling | iv. | HC=CR
v. | SnRy
The correct match is—
(a) (b) (©) (d)
(A) i i v 1ii
B) i v iii iv
O iv iii ii i
D) i iii iv \%

The oxoacid of phosphorus having P atoms in
+ 4, + 3 and + 4 oxidation states respectively,
is—

(A) HsP30y (B) HsP30;

(C) HsP30g (D) HsP309

The geometries of [Br;]* and [I5]* respec-
tively, are—

(A) trigonal and tetrahedral

(B) tetrahedral and trigonal bipyramidal

(C) tetrahedral and tetrahedral

(D) linear and trigonal pyramidal

According to Wade’s theory the anion
[B;,H,,]> adopts—

(A) closo - structure (B) arachno - structure
(C) hypo - structure (D) nido - structure

78.

79.

80.

81.
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Considering the intert pair effect on lead, the
most probable structure of PbR, [R = 2, 6—
CeH3 (2,6—Pry,CeHs),] is—

SR

G R %
_Pb Pb SPbCOPb~—
(A) / Q& b B) r R

50

R//,,_ /R
(©) (APEOPT, (D) (PGSR

The reaction of SbCl; with 3 equivalents of
EtMgBr yields compound X. Two equivalents
of Sbl; react with one equivalent of X to give
Y. In the solid state, Y has a 1D-polymeric
structure in which each Sb is in a square
pyramidal environment. Compounds X and Y
respectively, are —

(A) SbEt; and [Sb(Et)], ],

(B) Sb(Et,)CI and [Sb(Et,)Cl],

(C) SbEt; and [SbEL,Br;, ],

(D) Sb(Et)Br, and [SbE(I) (Br)],

Match the complexes given in column I with

the electronic transitions (mainly responsible
for their colours) listed in column II

I I

a. | Fe(Il)-protopor- | 1.
phyrin IX
b. [MH(H20)6] C12

C. [CO(H2 0)6] C12

T — ¥

2. | spin allowed d — d
3. | spin forbidden d — d

4. | M — L charge transfer

The correct answer is—

(@) (b) ©
A) 1 3 2
B) 4 2 3
© 1 3 4
D) 1 2 3

The following statements are given regarding

the agostic interaction C—H---Ir observed in

[Ir(Ph;P);Cl].

1. Upfield shift of C—H proton in 'H NMR
spectrum.

2. Increased acid character of C—H.

3. wve_g in IR spectrum shifts to higher

wavenumber.
The correct answer is/are —
(A) 1and3 (B) 2and 3
(C) 1and?2 (D) 3 only
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82.

83.

84.

85.

86.

Amongst the following :

1. [Mn(n’ - Cp) (CO);],
2. [0s(n’-Cp)],

3. [Ru(n’-Cp),] and

4. [Fe(m*-Cp),l,

the compounds with most shielded and
deshielded Cp protons respectively, are —

(A) 4and 1 (B) 4 and 2
(C) 3and 1 (D) 3and?2
Total number of vertices in metal clusters
[Rug(C)(CO) 71, [Os5(C)(CO);5] and
[Rus(C)(CO)4] are 6, 5 and 5 respectively.

The predicted structures of these complexes,
respectively, are —

(A) closo, nido and nido

(B) closo, nido and arachno

(C) arachno, closo and nido

(D) arachno, nido and closo
Among the complexes,

1. K4[Cr(CN)]

2. K4[Fe(CN)g]

3. K;53[Co(CN)]

4. K4[Mn(CN)g]

Jahn-Teller distortion is expected in—
(A) 1,2 and 3 (B) 2,3 and 4
(C) 1and 4 (D) 2and 3

The reductive elimination of Ar—R (coupled
product) from A is facile when—

Ph\ /Ph
n O
PH by,
(A) R = CH, (B) R = CH,Ph

(C) R=CH,COPh (D) R = CH,CF;

The total number of metal ions and the
number of coordinated imidazole units of
histidine in the active site of oxy-hemocyanin,
respectively, are —

(A) 2Cu?* and 6
(C) 2C* and 6

(B) 2Fe?* and 5
(D) Fe** and 3

87.

88.

89.

90.

Match the action of H,0, in aqueous medium
given in column A with the oxidation/ reduc-
tion listed in column B :

A : action of H,0, B : type of reaction

a. Oxidation in acid 1. [Fe(CN)g]*~ —
[Fe(CN)]* -
2. [Fe(CN)g]*~ —
[Fe(CN)g]*
3.MnO,~ — Mn?*

4. Mn2+ — Mn**

b. Oxidation in base

c. Reduction in acid

d. Reduction in base

The correct answer is—

(a) (b) © (d
A) 1 2 3 4
B) 2 4 3 1
© 3 4 2 1
D) 4 1 3 2

The reduced form of a metal ion M in a
complex is NMR active. On oxidation, the
complex gives an EPR signal with g, = 2-2
and g, = 2-0. Mossbauer spectroscopy cannot
characterise the metal complex. The M is—
(A) Zn (B) Sn

(C) Cu (D) Fe

The least probable product from A on
reductive elimination is—

Ph\ /Ph -
P\M/\/ 3
P CH,

7N\
Ph
A

/\/CH3

H,C

Ph

A) (B) CH,4

CH,
CH,

O )

H3C CH3

Water plays different roles in the following
reactions —

1. 2H,0+Ca— Ca* +20H +H,

2. nH,0 + Cl — [CI(H,0), ]~

3. 6H,0 + Mg — [Mg(H,0)4]**

4. 2H,0+2F, - 4HF + O,



91.

92.

93.

94.

The correct role of water in each reaction is—

(A) (1) oxidant, (2) acid, (3) base and
(4) reductant

(B) (1) oxidant, (2) base, (3) acid and
(4) reductant

(©) (1) acid, (2) oxidant, (3) reductant and
(4) base

(D) (1) base, (2) reductant, (3) oxidant and
(4) base

With respect to o and & bonding in Pt—Ill in
the structure given below, which of the
following represent the correct bonding ?

Ph
C/
PhyP o
B R
PhsP C
Ph

(A) M(o) — L(o) and M() — L(n™)
(B) L(o) — M(m) and L(t) — M(m)
(C) L(;w) — M(mm) and L(o) — M(m)
(D) L(;t) = M(c) and M(t) — L(xt")

The complex [Fe(phen),(NCS),] (phen = 1,
10-phenanthroline) shows spin cross-over
behaviour. CFSE and u.g at 250 and 150 K
respectively, are—

(A) 04 A.,4-90 BM and 2-4 A,, 0-00 BM

(B) 24 A.,2:90 BM and 0-4 A., 1:77 BM

(C) 24 A.,0-00 BM and 0-4 A., 4-90 BM

(D) 1-2 A.,4-90 BM and 2-4 A., 0-00 BM

Consider the following statements with respect

to uranium

1. UO,* disproportionates more easily than
U022+

2. U0y is its most stable oxide of U

3. Coordination number of U in
[U02 (NO3)2 (H20)2]4H20 is six

4. UO,* is linear

The correct set of statements is—

(A) 1,2and 4 (B) 1,3 and 4

(C) 2,3and 4 (D) 1,2 and 3

Et

(R3P)2Ni(1,5-c clooclad'ene)l—zt N Et
5- 1
2 Bt =Et + COp ——2= . |

Et” O "0

For the above conversion, which of the
following statements are correct ?

95.

96.
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1. CO, combines with Ni(PR3), (1, 5-cyclo-
octadiene)

2. Insertion of CO, occurs
3. Insertion of Et —=—Et takes place

The correct answer is—
(A) 1and?2 (B) 2and 3
(C) 3and 1 (D) 1,2and 3

Consider the following statements for

(NHy), [Ce(NO3)¢] (Z)

1. Coordination number of Ce is 12

2. Z is paramagnetic

3. Zis an oxidising agent

4. Reaction of Ph;PO with Z gives a

complex having coordination number 10
for Ce.

The correct statements are —
(A) 1,2 and 3 (B) 2,1and 4
(©) 2,3and 4 (D) 1,3and 4

The major product formed in the following
reaction sequence is—

HO,C

1. (i) SOCl,,
o (i) NaN3, MeOH
2.t-BuOK
3.H;0*
= 0
(A)
—NH
HOC \ :I‘I
= 0
®) C[(
- H
"D H
H02C>
HO,C
- H
(C) W - N
(0]
H
- H
(D) HOCin) = N
O
H
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97. The major products A and B in the following
reaction sequence are—

R
R =0H R =Me
A— —_—
NaNH, NaNH,
NH3 (D NH3 (D)
Br
OH Me Me
WA, =00
NH, NH,
NH, (1:1)
OH Me
(B) A= B= @
NH,
NH,
OH OH Me Me
(@) A=©+©\ B=©+©\
NH, NH,
NHy (1.1 NHy (1.1
Me

>
1l
o
o
o]

NH, i “NH,

98. The major product formed in the following
reaction 1s—

p-TsNH-NH,

AcOH

20 " NaBH;CN
\éj: AcO ;

99. The major products A and B in the following
reaction sequence are —

0 o}
HN M+ M __COsEt agKOH | J4KOH
EtO,C rt reflux
C02H
(A)A—E;ﬁ; B—/ |
N COzH
H

CO,H CO,H
®) A= \ Bzw
N COzEt
H
CO,Et CO,H

E

>

Il

TZ TZ

Q
>
jas

e~}

Il

100. The major products formed in the following
reaction are —

0-5 equiv. PhC(Me),OOH

= 1:0 equiv. Ti(O#Pr)4
OH Me 1-2 equiv. (-)-DIPT
CH,Cl,, —20°C
o,

(A) A=

o

:r:§

o

<

® w
I

e
&

m
OH
0O,
2
(B) A= \>Y\©\ B= B
OH OMe OH OMe
O,
=
© A= % B="T 1
OH OMe OH OMe
O,
=
(D) A= % B="T T
OH OMe OH OMe
101. The correct statement about the following
reaction is—
O
| ~N NH2 Br,
— NaOH
N~ °F

(A) The product is 2-fluoropyridin-3-amine
and reaction involves nitrene inter-
mediate

(B) The product is 2-fluoropyridin-3-amine
and reaction involves radical inter-
mediate



(C) The product is 2-hydroxynicotinamide
and reaction involves benzyne-like
intermediate

(D) The product is 2-hydroxynicotinamide
and reaction involves addition-elimina-
tion mechanism

102. The major product formed in the following
reaction is—
OAc Pd(OAc),
C(/\ PPhs, Et;N
CH4CN
H
Ph
M=
4 ~pn
=N
B) |
H
H —pn
=N
oD
H
O
D) ITI/\Ph

Ac

103. The major products A and B formed in the
following reactions are —

KH Br Ph P\/\/

Me,, Me
TR
/l/\;i THF A n-BuLi B

HO Me  18-crown-6 rt 0°C

Me Me
(A) A= Me\%ﬁ/'\/CHO B= MCW
(B) A= \/W/'\/CHO B= \/\‘/k/\b

Me

©) A= \/\_/'\/CHO B= \/W
Me Me
Me
(D) A= \/\_/'\/CHOB Y A
Me 1\=/Ie Z

104.

105.

106.
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The major products A and B formed in the
following reactions are —
(0]

0

1. PdCl,, CuCl
0,,DMF-H,0
2. ethanolic KOH

i.Li, NH, (1)

ii. allyl bromide

An organic compound shows following
spectral data :

IR (cm~1) : 1680

'H NMR (CDCls) : 8 7-66 (m, 1H), 7-60 (m,
1H), 7-10 (m, 1H), 225 (s, 3H)

13C NMR (CDCl3) : 8 190, 144, 134, 132,
128,28
m/z (EI) :
4:9%)
The structure of the compound is—

OAc
]\
A Y (B)
o oy
A\ /A

O
The correct set of reagents to effect the
following transformation is—

0 0
CO,Me \ilj/k

(A) (i) (a) NaOMe, Mel; (b) NaCl, wet
DMSO, 160°C;
(ii) (a) LDA, —78°C, TMSCI; (b) ¢-
BuCl, TiCl,, 50°C

126 (M*, 100%), 128 (M* + 2,
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107.

108.

(B) (i) (a) NaOMe, Mel,; (b) aq. NaOH then
HCI, heat

(ii) (a) E;N, TMSCI, rt; (b) #-BuCl,
TiCly, 50°C

(C©) (i) LDA, +-BuCl, (ii) LDA, Mel; (iii)
aq. NaOH then HCI, heat

(D) (i) (a) NaCl, wet DMSO, 160°C; (b)
NaH, -BuCl
(ii) (a) morpholine, H*; (b) Mel then
H;0*

The correct structures of the intermediates
[A] and [B] in the following reaction are—

POCI PH->NH
N 2
N
H

o) N

N AN

N
a Ph

N” opr0)cl N° P
| 2 |
H nooa
N
N0 N" >l
P(0)Cl, P(0)Cl,
N N
© Az@ae B=
N"oro)c, N" =l
H
N N
ORI U
Yo A
P(0)Cl, H 0O

The correct reagent combination A and the
major product B in the following reaction
sequence are—

Q OOHNNH
Ja I e

Et0,C EtO,C

Et0,C N
H

EtO,C

(A) A :LiHMDS, AcCl B =

(B) A :n-BuLi, AcCl B=

109.

110.

OH
OH
=
(C) A :LiHMDS, AcOFEt B = \N/lN

OH

OH
=
(D) A : n-BuLi, AcOEt B = /@N/

The major product of the following reaction
sequence is—

Br NHAc OH

Z>CO,Me =
Pd(OAc),  Pd(OAc),
PPh;,EsN  PPhy, EyN

COZMC
A) OH

N
AcHN

-4z

S
COzMe

AcHN S -
A\
N
\
Ts

COzMC

(B)

©)

NHAc

-2

S

(D) ~}-OH CO,Me
\ —
NHAc
A\
N
\
Ts

The major product formed in the following
reaction is—

CP N
Cp”al”

Pyridine, toluene, —-40°C

AI/Me
S“Me

PhMe,Si—7 COOEt



©

111.

synthetic sequence are —

(0]

i. PhMgBr
Me Cul
- A
ii. H;0*

O

Ph

The major products A and B in the following

112.

113.

114.
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The major product formed in the following
reaction is—

Izl;/E hv acetone
The hydrocarbon among the following

having conformationally locked chair-boat-
chair form is—

H H Ir:I H
A H i om
H H H H

T
T
T
an

The major product formed in the following
reaction sequence is—
(0]
1. (Boc),0, pyridine
R atb LA
HO 2. TBSCI, Imidazole

NH, 3. LIAIH(Ot-Bu)y
EtOH, -78°C
OH
(A) 1BSO
NHBoc
OH
B) Boco
NHTBS
OH
(©) TBSO/\‘/\/\
NHBoc
OH

©) o

NHTBS
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115. The major product in the following reaction
sequence is—

0

iy

Me,
h >%OTIPS
Me

vycor filter
CICH,CH,Cl, 80°C

116. Structures of A and B in the following
synthetic sequence are —

0
M 1PhP=CHCOMe iLiAlH,
A" N CHO 2. heat i H;0
M
(A) A_§(\\\L COMe q@
OA
(0]

(B) A—¢© “CO,Me B = E@ "“'CO,0OH
O
0

H
(C) A= ACO/\EJ\/\@ B=

MeO,C HOH,C
(D) A‘&COZMG B={_N CH,OH
0 0

117. IN the following reaction, the ratio of A:B:C
is (* indicates labelled carbon)

(A 1:1 B)1:2:1
©) 2:1:1 D) 3:2:1
Structure of the major product in the
following synthetic sequence is—
COzMe

118.

1. Cul
o= 2.Se0,

S CO,Me

H
HOL e
NS
. CO,Me

Major product formed in the following
synthetic sequence on the monoterpene
pulegone is—

119.

1. Br,
2. NaOEt, EtOH
) 3. KOH, EtOH
~COOH
(A) cop ®
NN
©) )
N HO 0
OEt



120.

121.

122.

123.

124.

Optically pure isomers A and B were heated
with NaN; in DMF. The correct statement
from the following is—

NMGZ
o, X

Br Br
A B

NMGZ

[ ].,,/

C

(A) A gives optically pure D and B gives
optically pure C

(B) A gives racemic mixture of C and B
gives optically pure C

(C) A gives optically pure C and B gives
racemic C

(D) A gives optically pure D and B gives
racemic D

NMCZ

NMGZ

X

N3 D

N3

A molecular orbital of a diatomic molecule
changes sign when it is rotated by 180°
around the molecular axis. This orbital is—
(A) o B) =

© s D) ¢

IR active normal modes of methane belong
to the irreducible representation —

T, | E | 8C3| 3C;,| 684 60,

Y.V 0 T T U S B A O o e

Ayl 1| 1| 1 ]=1|-1

E| 2|=1] 2 0] 0]22-x2-y2,
x2_y2

Ty | 3| 0|-1] 1 |-1|R,R,R,

T, | 3 0|-1]-1 | x,y,2x,z,
X

(A) E+A, (B) E+A,

<) T, (D) T,

The symmetric rotor among the following
is—

(A) CH, (B) CH;Cl

(C) CH,CL, (D) CCly

The nuclear g-factors of 'H and “N are 5-6
and 0-40 respectively. If the magnetic field
in an NMR spectrometer is set such that the
proton resonates at 700 MHz, the !N
nucleus would resonate at—

(A) 1750 MHz (B) 700 MHz

(C) 125 MHz (D) 50 MHz

125.

126.

127.

128.

129.

130.
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The spectroscopic technique, by which the
ground state dissociation energies of
diatomic molecules can be estimated is—

(A) microwave spectroscopy

(B) infrared spectroscopy

(C) UV-visible absorption spectroscopy

(D) X-ray spectroscopy

The term symbol for the first excited state of

Be with the electronic configuration 1s% 2s!
3s!is—

(A) 7S, (B) 3So

© 'S, D) 2Sip

Which of the following statements is
INCORRECT ?

(A) A Slater determinant is an antisym-
metrized wavefunction

(B) Electronic wavefunction should be
represented by Slater determinants

(C) A Slater determinant always corres-
ponds to a particular spin state

(D) A Slater determinant obeys the Pauli
exclusion principle

Compare the difference of energies of the
first excited and ground states of a particle
confined in (i) a 1-d box (A;), (i) a 2-d
square box (A,) and (iii) a 3-d cubic box
(A3). Assume the length of each of the boxes
is the same. The correct relation between the
energy differences Ay, A, and A3 for the
three cases is—

(A) Ai>A)> A
©) A3>A> A

(B) Aj=Ar =4
D) A3>A1>A,
The correct statement about both the average
value of position ({x)) and momentum ({p))

of a 1-d harmonic oscillator wavefunction
is—

(A) (x)=0and(p) =0

(B) (x)=0but (p)=0

(C) (x)=0and(p)=0

(D) (x)=0but{p)=0

The value of the commutator [x, [x, p,]] is—
(A) ihx (B) —in

©) in D) o
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131.

132.

133.

134.

135.

The equilibrium constants for the reactions
CHy(g) + 2H,0(g) = CO,(g) + 4H,(g) and
CO(g) + H,0(g) = CO,(g) + Hy(g) are K
and K,, respectively. The equilibrium
constant for the reaction

CHy(g) + HO(g) = CO(g) + 3H,(g) is—
(A) KKy B) K -K,

©) Ky/Ky D) K, -K;,

Consider the progress of a system along the

path shown inthe figure. AS (B — C) for one
mole of an ideal gas is then given by —

A(T, V)

Adiabatic
process

C(T3, Vy)
v

B(T,.V,)

(A) RIn ! (B) R In 3

T3 T
\A
V,

A thermodynamic equation that relates the
chemical potential to the composition of a
mixture is known as—

(A) Gibbs-Helmbholtz equation

(B) Gibbs-Duhem equation

(C) Joule-Thomson equation

(D) Debye-Hiickel equation

According to transition state theory, the
temperature-dependence of pre-exponential
factor (A) for a reaction between a linear and
a non-linear molecule, that forms products
through a non-linear transition state, is given

Vs
(© Riny? (D) R1n
1

by—
(AT (B) T2
©) T (D) T-1

For a given ionic strength, (I) rate of reac-
tion is given by

log kLZ = —4 x 0-:51 (D2 Which of the

following reactions follows the above
equation ?

(A) S,047 +1-

(B) Co(NH3)sBr** + OH-

(C) CH3COOC,Hs + OH-

(D) H*+ Br + H,0,

136.

137.

138.

139.

140.

For a reaction on a surface

Hy+ —S—8§— = —S—S—

H

H
| | slow | |
—S—S§— — —S—S—+H

At low pressure of H,, the rate is propor-
tional to—
(A) [Hy]

(©) [H,]"?

(B) 1/[H,]
(D) 1/[Hy]"?

The temperature-dependence of an electro-
chemical cell potential is—

AG AH
(A) nFT (B) nF
AS AS
© nF (D) nFT

The single-particle partition function (f) for a
certain system has the form f = AVeBT. The
average energy per particle will then be (k is
the Boltzman constant) —

(A) BKT (B) BKT?

(©) KT/B (D) kT/B?

The indistinguishability correction in the
Boltzmann formulation is incorporated in
the following way : (N = total number of
particles; f = single-particle partition func-
tion)

(A) Replace fby f/N!

(B) Replace fN by fN/N!

(C) Replace fby f/In (N!)

(D) Replace fN by fN/In(N!)

In a photochemical reaction, radicals are
formed according to the equation—

ky
C4H10 +hy == 2C2H5
k_

C,Hs + CZHSL C,Hg + C,Hy
If I is the intensity of light absorbed, the rate
of the overall reaction is proportional to—
A1 (B) '
(C) T[C4H 0] (D) I"2[C4H 0]



141.

142.

143.

144.

145.

Conductometric titration of a strong acid

with a strong alkali (MOH) shows linear fall

of conductance up to neutralization point

because of —

(A) formation of water

(B) increase in alkali concentration

(C) faster moving H* being replaced by
slower moving M+

(D) neutralization of acid

Find the probability of the link in polymers
where average values of links are (1) 10,
(2) 50 and (3) 100—

(A) (1)0-99,(2) 098, (3) 0-90

B) (1)0-98, (2) 0-90, (3) 0-99

(©) (1)0-90, (2)0-98,(3) 0-99

(D) (1)0-90, (2) 0-99, (3) 0-98

The stability of a lyophobic colloid is the
consequence of —

(A) van der Waals attraction among the
solute-solvent adducts

(B) Brownian motion of the colloidal
particles

(C) insolubility of colloidal particles in
solvent

(D) electrostatic repulsion among double-
layered colloidal particles

In a conductometric experiment for estima-
tion of acid dissociation constant of acetic
acid, the following values were obtained in
four sets of measurements :

1-71 x 10-5,1-77 x 10-5,1-79 x 10~ 5 and
1-73 x 10-5.

The standard deviation of the data would be
in the range of —

(A) 0:010 x 105 -0-019 x 10->

(B) 0020 x 1075 -0-029 x 10-5

(C) 0030 x 10-5-0-039 x 10-5

(D) 0:040 x 105 - 0-049 x 10->

Silver crystallizes in face-centered cubic
structure. The 2nd order diffraction angle of
a beam of X-ray (A = 1A) of (111) plane of
the crystal is 30°. Therefore, the unit cell
length of the crystal would be—

(A) a=3151A (B) a=3273A
(C) a=3034A (D) a=3464 A

. (©) 22

. (C) 20 | a

. (D)
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Answers with Hints

. (A) I.Cloth reel — three
| —

J. Silent wonder — two
| I—
K. Good tone — one
| E—
L.Bronzerod — zero
| E—
Ascending order L, K, J, I.
242 =216

12m X 4m

4m

Area = 12 x4 =48 m?

105 |2006|10ab | = 840
2140 | 2a | =c6

and 2 x a gives 6 at unit place
2x3 =206

or 2x8 16
So, a can be 3 or 8.
According to question,

840 + c6 8d6
which gives c¢+4 = d
as digit at hundred place is 8, so ¢ will be
between 0 and 5.
So, from table we have

40 +2a = c6
¢ should be 4 or 5
40+2x3 = 46 ...(D
and 40+2x5 = 50 — (not possible)

So,a=3,c=4
Now check from option
We obtaina + b=11.

. (A) We use combination "C, point of inter-

section. For octagon n = 8.
8!
8¢, —
Ci= fixa
8xTx6x5x4_
4! x 4! =70

base area = 24cm x 48cm
Longest stick can be kept inside the body
diagonally.
So,  (24)% + (48)% + h?
after solving we get, h

562
16 cm.
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7.

10.

11.

12.

©)

Area of triangle = N.
Radius of incircle x P of triangle.
N =7
We know incircle touches the triangle at mid
point.

1 base x height

Area of triangle )

1 . .
x radius x perimeter

2
1
N = 2
(©) I:l [ 1]
Let volume be x
Series : x,?é Y ,L—
2’4 n
x = 20 cc
Common ratio = %
Sum of the series (as series is in G.P.)
_x _ 20cc
T 1l-r 1
I 2
= 40 cc
B) 1.0~ 2.0_ 3.70
1.9 2.d 3.0

Ratation of 180° clockwise.

(A) Melting point decreases with pressure,
boiling point increases and also solid, liquid
and gas can co-exist at the same pressure and
temp.
Sum of observation
Mean = .
No. of observation

If sum of observation change then mean will
also change.

(A) Journey start
0100 Hrs local time — 0900 Hrs.
So, elapsed time = (9 — 1) hrs + lag time
= 8hrs+ 10 =18 hrs.
Elapse time for staying
= (21-9
= 12 hrs

(A)

13.

14.

15.
17.

18.

19.

So, duration of Man
= Elapse time including time lag

+ Return time + staying time
=18 hrs + 18 hrs + 12 hrs

= 48 hours.
1
(Arke 1234 = *
+r* =2
1
rx+rx =2
2x
r :—1 -9
r
er_Z,«X_'_l =0
(rx_l)Z =0
or X =1
and —
So, 321 4 4321 = 9
(A) Time taken = Distance
" Speed in still water
_ _10m
~ 10m/min.
= 1 min.

(A) 16.(C)
O)Uu..G...C...C...S...T...R
No. of letters = 7

Position of first C = 3
Second C = 4
Permutation 3 x7x4 = 25
(B) A 0°
c7/ N
/R
30°
D
Height = AB + CD
AB = R cos 30°
Height = R + R cos 30°
V3
= R+ > R
B) Length = 24 m
Width = 3m

Boundary is required to be at least 60 m

first pitch is at 60 m from boundary =0

Diameter of field = 140 m

Next pitch at 63, 66, 69,72,75,78, 81
60 + 81 = 141

So, leave 81



20.
21.

22.

23.

24.

So, total possible pitches at 60, 63, 66, 69, 70,
75,78 m position

Total = 7
(B)
carbonic
(A) C02 + H20 H2CO3
Anhydrase

Hydration occur in blood at high pH value.
Dehydration occur in lung at low pH value.
Carboxypeptidase A is pancreatic exopep-
tidase that hydrolise peptide bond of C termi-
nal.
(A) Deoxy. Hb.
Fe+? HS

hg* eg?

Fe 1is above the
plane which tends
to increase the
Fe—N distance

Oxy. Hb.
Fet? LS
1,8%g°
Fe is fitted well
inside the plane
thus reducing
Fe—N bond dis-
tance.
(C) When NO is linear it donate 3e~
Since both complex follow 18e~ rule.
So [Co(CO);NO] = Total valence electron

Co = 9(d’s?)
CO = 3x2=6
NO =3
[Ni(n® — Cp)NO] = 18 ¢
Total Valence Electron
Ni = 10 (Bs?)
n’Cp = 5
NO = 3
TVE = 18 e~
(A) Wacker process—
(0]
[PdCI,12~
CH, =CH, + O, 4»@52 CH3)J\H

i.e., formation of carbonyl compound by
Reaction of Alkene and O, in presence of
Pd+2.

Mechanism —

CH, =CH, + [PdCl,]* + H,0 —
0

)J\ + Pd° + 2HCI

CHy” "H
Regeneration of Wacker catalyst,
Pd° + 2CgC12 +2CI- — [PdACl,]* + 2CuCl

25.

26.

27.

28.
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(B) [reference — Inorganic chemistry +
Atkins]

In Fischer Carbene Oxidation State of metal
is low and ligand is m acceptor and nature of
Fischer carbene is electrophilic

/OH
Ex.: (CO); Cr=C Q (Fischer Carbene)
CH;

While in Schrock carbene metal are in high
positive oxidation state, ligand are non-x
acceptor and nature of Schrock carbene is
nucleophilic.

Ex. : Grubb Catalyst

Peys
C]>F|{u = C<H
Cl”™ | H

Pcys

(A) [Inorganic Chemistry — By Greenwood]

Proton affinity of an anion or a neutral atom
or molecule is a measure of its gas phase
basicity. Higher the proton affinity stronger
the base and weaker the conjugate acid in gas
phase.

So Nj~ is strongest base.

(D) [Ref. — Analytical Chemistry — S.M.
Kopkar]

ilkovic equation id = 607 nD2 m?3 ¢/6 ¢
From this eq. id « /0

i.e., depends upon drop time (¢ = drop time)
and its value also depend upon temperature
the value of id (diffusion Current) increases at
arate of 1 —2% per °C.

(C) The threshold energy is the minimum
projectile energy necessary to satisfy mass
energy and momentum conservation in a
Nuclear reaction to form product in their
ground state.

TE. = —Q(m)
m,.
1+13
- —(—3-23)( 5
= 3-485
BN(n, p)3CQ = 3236
So 13C(p, n)®N = —3-236
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29

30.

31.
32.

33.

34.

35.

36.
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(D) =-2200 ppm

Reference — Tin Chemistry —Fundamental
Frontiers and Application By — Marcel
Gielen.

(A) At high temperature or at melting form
phosphorous exist as symmetrical P, type
structure

i1.e.,n /P\
P P
\P/

-2 + O
(A) S,0 existas S —S~
(D) Pseudohalogen are polyatomic analogous
of Halogen whose chemistry resemble with
true Halogen common example. These anions
contain nitrogen atoms.
CN-, N3, SCN-,NCN?-, OCN, Co(CO), etc.
(A) M (1) > PR3 (0")
Phosphines (PR3) primarily function as Lewis
base, interacting with metal as o donar
Ligand. PR; can accept electron density from
metal into P—C (c™) Antibonding orbital
having & symmetry.
(A)

RhCl3-3H,0 + PPh; [RhCI(PPh3);]
RhCI(PPhj3); is Wilkinson catalyst and
common method for preparation of
RhCI(PPh3); is Refluxing of RhCl;-3H,0
with PPh;. Moreover, on counting the total
valence electrons,

[Rh(PPh3),Cl] =9 +3 x2 + 1 = 16e"
{Cl atom cannot be bridging .. its contri-
bution is 1}. Wilkinson catalyst is 16e-
species.

Ethanol

(A) In M—H, the unit is anti-periplanar and

thus B-H elimination not possible. _~_g
M)

H

For f hydride elimination reaction § hydrogen
should be closer to metal in other 3 option all
hydrogen atoms are far so elimination not
possible (sp? carbon)

(A) The reaction follows SN, CB mechanism
in which M—Y bond is fully broken before
M—X bond begins to form.

Thus, Id mechanism is the most evidential
mechanism.

37.

38.

39.

40.

41.

Reference —Principles of Structure and
Reactivity. INORGANIC CHEMISTRY by
James E. Huheey IV edition Ch-13, page 552.

(A) Explanation — After addition of HCI in
equation (A) Primary OH group protonated
and H,O removed early. i.e.,

H'o'/_%inO@ /_\b'H
DS 3<\[0(

o
_ O
—H,0

(0]

In equation (B), Carbonyl group protonated
and Electrophilic charactor of C = O group

. o . .
increases so, CN ion attacks easily,

‘/5_\ ® O@

E}o(_) EN s
® +
SH

Therefore, equilibrium will shift towards right
in case of both A and B.
(A) Explanation—
3300 cm~! peak is for = C—H stretch.
2150 cm™! is for C = C—H stretch.
Thus, CH;—C=C—H
(B) Explanation —Acetone have 6H and
Dichloromethane have 2H, when concentra-

tion is same then intensity ratio is 3 : 1. in
'H-NM R spectra.

But intensity ratio obtained is 1 : 1. So,
concentration of Acetone and Dichloro-
methane must be in ratio of 1 : 3.

CN

(D) Explanation —The intensity of IR-spec-
trum bands is dependent mainly on the mag-
nitude of dipole.

More the polar charactor of a bond, the
greater the intensity of IR-band. So, In case of
CO the intense band observed in IR-spectrum
due to large dipole moment change of CO due
to bond stretching.

(C) Explanation — Bromo-Heptatriene give
Bromide ion easily and becomes aromatic, so
AgNO; give precipitate of AgBr.

@Br +AgNO;

—Bre

® + AgBr
Tropyllium cation

Aromatic (Most stable)



42. (A) It is Hunsdiecker reaction. This reaction M

follows a free radical mechanism.

COOAg OOBr o0
Bry
e —— E——
-AgBr “Br
l—co2
. COOBr
COO Br Li%}
+ — N
(Product) (Free Radical)

43. (A) Explanation—In general, 1, 2 Hetero
substitution, ee is the most stable form but
due to repulsion between the Methyl groups,
ae form here is most stable.

44. (D)

o OH
CHO NaBHy, CeCly
M¢ MeOH, 1,0 Me CHO

NaBH, give chemoselective reduction of

ketone in presence of CHO group, when
CeC(l; is mixed with NaBHj,.

(C) Explanation—Both structures are
identical; because both are super-imposable to
each other, when one structure is rotated out
of plane as shown below : —

45.

H, H H T e
cr’ ;§~Me ) Me—2= ‘H
HO ‘OH
@ oy
180 Rot" H//,,_‘ H
out of plane Cl/ :>/>Me
OH
(100

I and III are Homomers. So, both structures
are Homomers.

46. (B) The correct order of heatof hydrogenation

of the following compounds are —

W

47.
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M Me

WM@

) an
order, I >l > 11> 1V
because heat of hydrogenation of alkene

1
* Stability of Alkene

i.e., more the stable Alkene less will be heat
of hydrogenation.

(I11) Iv)

Hence order of stability of Alkene —
I<II<II<IV

(A) Explanation—The correct statement(s)
for ribose is—

(A) On reduction with NaBH, it give
optically inactive product

CHO CH,-OH
| NaBH,
(CHOH); ——* (CHOH),

CH,OH CH,OH

(Optical inactive)

(B) On reaction with methanolic HCI it gives
a furanoside.

N
c£0

H—+—OH MeO _O. CH,OH

H OH HCI, MeOH H H

H——OH H H
CH,O0H OH OH

(furanoside)

(C) On reaction with Br,-CaCOs;—water its
gives following compounds —

CHO CHO
H=—OH p, caco, H——OH
H OH OH
water
H——OH CH,OH
CH,OH
which is optical active.
(D) It gives positive follen’s test.
CHO COOH
H——OH ,,, H-T—OH
H OH Tollen’s OH
H——OH  glcoy H-——OH
CH,OH CH,OH

So, statement A, B and D is correct.
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48. (B) Cinnamic acid is biogenatic precursors for
the natural product umbelliferone

O BT
HO O S0

49. (C) (R)-4-methylpentane-2-ol give 5;
NMR signal.

13C_

PPN
|§_}_I3) 3 2 / CH3.

4
OH CH3

1 signal — 2 Methyl group
1 signal - CH
1 signal — CH,
1 signal — CH (attached to OH)
1 signal — CHj;
50. (D) NaBH,; is chemoselective reducing agent
for carbonyl group in presence of ester. In
presence of steric hindrence it give hydride

ion from less hindered side. So, product (D) is
major product

Me Me Me Me
EtOOC EtOOC
NaBH4
MeOH/THF
Less <O> more hindered
hindered due brldgmg
51. (A) Me
Heat
_—
[ene reaction] Oi%
l (CHZ
CHZ_H

H,N-NH,-HCI
[Walf-Kishner reduction]

[Product]

53. (A) Explanation —Magnitude of stability
constant for K* ion complexes of the supra
molecular hosts is directly proportional to
ionic interaction and size of cavity.

So, more the ionic interaction of hetero atom
with K*ion more will be stability. So, stability
orderis B> A >C.

54. (B) Explanation — Antitubercular
among the given compounds are —

(A) Salbutamol —It is used for relief of
bronchospasm in conditions such as ‘asthma’
and ‘chronic abstructive’.

OH

HO HN\'<

(B) Ethambutanol
OH
oS
N/\/ J/\
H

HO

drug(s)

(C) Isoniazid Ox. NH-_

NH,
N

Z
N

(D) Diazepam—It is used treatment of
‘anxiety’, alcohol withdrawal syndrome,
muscle spams, trouble sleeping and restless

legs syndrome.
CH
0
N‘%
—N

&

55. (C) We know that

v o= Jz sin (@) ifn=0
a a

then W =0 (i.e., wavefunction become zero)
and it is not possible. In I-D box for ground
state n = 1. n = 0 exists only for Simple
Harmonic Oscillator.

56. (C) When we add potential in the Hamaltonian
the energy eigen value will shift but the eigen
function will not change.



57.

58.

59.

60.

61.

62.

A, EC.L
(D) A, ~ EC.L,
(i)
DERCANTY A
A, L,
log@
_ 50 _ 1
A, 3
log2 _ 1
A, = 3log2=3x0-3010
A, = 09030
We know that A = log%
1? = Antilog of A,
— % — Antilog 0-903
1
T = 8
T = lg=1yx100=125
8 8
(B) For allowed transition
AS =0
AL = =1
3S — 3P
AS = 3-3=0
AL = (1-0)==1
(ForP,L=1forS,L=0)
x| oo X
A) [y| —— |~ (D)
z z
NC) | ¥ o | *
Cyloy = |y L()) -y = -
z -z z

From eqn. (i) and (ii)

C2x.0xy = Oy;.
(B) HCl is a covalent molecule. Thus, both the
electrons cannot reside only in Cl atom. Thus,
option (C) is wrong. In option (A) and (D) for
H-atom, 3p orbital is not present (H — 1s; CI
= 3523p°).
(D) For monoatomic gas it only posses
translational degree of freedom so variation of
heat capacity with temperature is ignored.

(C) At constant volume addition of inert gas
does not cause any effect on equilibrium

63.

64.

65.

66.

67.

Chemical Sciences (CSIR) J-15 | 25

because upon addition of inert gas at constant
volume, the total pressure will increase. But
the concentration of the product and reactant
(i.e., ratio of their moles to the volume of
container) will not change.

©)
is the modified form of Arrhenius Eqn.

= 2 - EO 1
k = AT-exp. 5+ (given)

_ —Eo
k = AT"exp. RT

RT
Comparing eqn. (i) and (ii) we get
E, = 2RT+E,
(A)2A+B —=3Z
_1D[A] _ D[B]_1Diz] 0
2 Dt Dt 3 Dt
—%’?] = 2 x 104 (given)
from eqn. (i)
1D[A] _ 1D[Z]
2 Dt 3 Dt
% =3 xEl x2x 104
= 3 x 10 *mol dm3s~!
(B) The escaping tendency of a charged

particle from a phase can be affected by the
charge state of the phase and the variable used
to describe the differences is escaping
tendency of electrostatic potential ¢ and the
electrostatic potential at a point (a) is defined
as the work per unit charge required to bring a
positive test change reversible from infinity to
the point
dWs
(I)(a) = do ¢

Reference — ‘Principle of thermodynamics’
by ‘Myron Kaufam’.
© n = KM¢ (given)
It is Mark-Hauwink equation where K, a is
constant for polymer solvent pair.
(D) We know that,

AG = AG°+RTInQ

Q = Reaction quotient,
o - [Product]
" [Reactant]
+2
AG = AG®+RT In Z0-LICul

[Zn] [Cu*?]
Since activity of Cu and Zn is unity
azn+2
AG=AG°+RTIn —=
Acu

So,

where a = activity.
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68. (D) Term symbol = 28+ 1L,

69.

70.

71.

72.

73.

S=1,L=0+1=1=P
25+1 =3
J = IL+Sl........ IL Sl
= 41l -1l
= 2,1,0

As this is half filled orbital [1] [1

.. Lower value of J will be considered.
=3P,

(B) Double layer interaction is determined by
Gany—Chapmann potential (¥, e~ ")

a = represents double layer

b = represents vander Wall’s and double layer.
¢ =Van der Wall’s.

(D) In FCC, Packing fraction is 74% and No.
of atoms per unit cell is ‘4°.

)
®
No. of atom per unit cell
1 1
=8 ><8 +6 x ) =4

Packing fraction (¢)
_ Volume occupied by the particle
- Volume of unit cell

4 ><i T

=%x 100 = 74%

x 100

(D) Differential pulse polarography (DPP) is
more sensitive then (DCP) from analytical
point of view because Non-foradic current is
less in DPP then DCP.

(A) Fluorescence is directly proportional to
the amount of absorbed radiation where F =
KPEbc.

The fluorescence signal can be increased if
the radiat power of the incident beam is
increased, therefore always use more intense
sources.

Dissolved oxygen largely limits fluorescence
since it promoters intersystem crossing
because it is paramagnetic.

(B) We know that, According to Fermi model
ro (A)153

A = mass number.

r =

74.

1256n = A = 125
r=12x10""m
(A)I/B - (125)1/3:5
r=12x1005x5
= 6x10Pm

Geometrical cross section = 772

1 barn = 10-2 m?
Cross section Area

- 27£x 6 x 10-15m)p = 1-53

(A)
Suzuki coupling— Palladium catalyzed cross
coupling between organoboranic acid and
halides.
Heck coupling —Palladium catalyzed C—C
coupling between aryl halides or vinyl halides
and activated alkenes in the presence of a
base.
Sonogashira coupling—This coupling
terminal alkynes with aryl or vinyl halides is
performed with a palladium catalyst, Cu(I)
cocatalyst and amine base.
Negeshi coupling—This reaction is the
organic reaction of an organohalide with an
organic-zinc compound Pd and Ni catalyst.

75. (C) HsP;O4
o’ (|)|_2 2
o #p I
p— —p
-1_~ ~ !

HO |4 -loy | OH
OH OH

76. (B)
[Br;]* Hybridisation = sp?
Geometry = Td
Shape = Bent shap
[Br3]* = Br,Brt Q 0
§ S
S = SBr, B “Br
[Is]*  Hybridisation = sp3d

7.

Geometry = TBP
(A) Wade’s theory,
= 3b+4c+h+x-2n
= No. of boron atoms
No. of carbon atoms
= No. of hydrogen atoms
= Amount of negative ions
= No. of vertices=b + ¢

S o ™
1



78.

79.

80.

81.

82.

83.

F =3x124+44x0+12+2-2(12+0)
= 26
F = 2n+ 2 for Closo.
26 = 2x12+2
= 24 +2=26.
Hence, closo.
R
A 5
QWS Z

Pb show the inert pair effect.
Due to inert pair effect Pb(Il) is more stable
forming banana bond in which structure is
only correct one.
(A) SbCl; + 3EtMgBr — SbEt; + 3MgBrCl

SbEt; + 2Sbl; — [Sb(EV)L, ],

Polymeric structure

(A) Fe—porphyrin complex — colour show is
due to m — t* transition.
[Mn(H,0)6]Cl, :
Mn* 2 = d5 configuration which is both spin
and Laporte forbidden
[CO(Hzo)G]Clz .
Co(ll) = d’ configuration which is spin
allowed but laporte forbidden.
(C) Agostic interaction can be detected by the
presence of a 'H NMR peak.
Agostic interaction most commonly refers to
a C—H bond on a ligand that undergoes an
interaction with the metal complex.
(A) Cp proton of complex (A) is highly
deshielded because of CO ligand. CO is very
good m-acceptor ligand.
Complex (D) will be highly shielded because
Fe is small in size. It is more closed to
nucleus.
(B) M + 1) =closo, (M + 2) = nido, M + 3)
= Aracho, (M + 4) = Hypo = (M = no. of
metal atom)

Weadge Rule = % [TVE — 12 x No. of metal]
Rug(C) (CO)yy
= %[8x6+4+17x2—12x6]
1
=5 [86 —72]
1 _
=5 [14]1=7

M £ 1) =closo

84.

85.

86.

87.
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[Os5(C)(CO);s]
= % [74 - 12 x 5]
= %[14]:7(M+2)=>nido
[Rus(C)(CO) 6]
1
= 5 [76-60]
= % [16] = 8 (M + 3) Aracho.

(C) J. T. distortion occurs where there is
unsymmetrical filling of electrons in ¢,, or eg
orbital.

K4[Cr(CN),]
Cr = +20.S. low spin complex
Cr(ll) = a* 1, eg” (unsym)
K4[Fe(CN)g] low spin complex
Fedl) = d° 15,° €g® (symmetrical)
K;[Co(CN)g] low spin complex
Co(IIl) = d° 15,° €g® (symmetrical)
K4[Mn(CN)g] low spin complex
Mn(l) = &° e eg® (unsym)

Hence only A and D is having unsymmetrical
filling, hence undergo distortion.

(A) The reductive elimination of (A) gives
toluene

A—> Ar—R= Qcm

So, R = CH; option A is correct.
(A) Structure of oxy-haemocyanin.
N N
e
D

[ K V=N
) N/
N
His
Blue colour O0S.Cu = 11
B.O.of O, = 1
(B) In strong acidic condition
+
KMnO, Mn*2
Base
Mn+2 Mn+ 4

So, option (B) is correct., Acidified Mn*? is
not oxidised by H,0, but Alkaline
MH(OH)2 + H202 - MH203
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88

89.

90.

91.

92.
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. (C) Oxidation of Zn to Zn*? will be diamag-
netic hence EPR inactive.
Fe and Sn — Inactive.
EPR spectroscopy generally used for the
species have one or more unpaired electron.
Cu(I) are EPR active because non-paired
electron.

© CHj;

CH3N
Alkene does not undergo reductive elemina-
tion reaction easily as compared to Alkane.
(A) Reaction (i)

Water acting as an oxidant oxidizing Ca to
Ca?* getting itself reduced to H,.

Reaction (ii) Water act as Lewis acid accept-
ing elecron from C1~ which act as a ligand.
Reaction (iii) Water act as Lewis base donat-
ing electron to Mg2* which act as a.

Reaction (iv) Water acting as an reductant
reducing F to F~.

(D) Alkyne can act as 2 or 4 electron doner.

L(w) — M(0) :
) &
SN
e

(Empty metal (Filled acetylene
d-orbital) m-orbitals)

o-Type donation

and L(x) = M(0) :
‘Zo )
Q0%
VAN

(Metal filled (Empty acetylene
d-orbital) mt* orbitals)

nt-type donation

(A) Fe(phen), (NCS),
OS.of Fe = +2
Fe(Il) = d°

High spin — low spin equilibria or spin cross
over

d°HS. 1 1 LS. _ _
11 121
No. of unpaird electron ~ No. of unpaired e- =0
u=49BM u=0-0 BM

93.

94.

95.

CFSEA = (-04p +0-6q9)
where p = No.of e7s in 1), orbital
g = No.of e7s in ¢, orbital
=dHS. A= (-04x4+06x2)
= -16+12=-04A
=d°LS. A= -04x6==24A.

(-) ve sign is used for CFSE.

(A) UO,* disproportionates more easily than
UO0,*? and U;0yg is most stable oxide of U.
But coordination No. of U in

[UO, (NO3),:(H,0),]4H,0 is eight.
Structure of UO,2™) is linear (Reffrac. = J.D.
Lee)

(B) CO, does not combines with [Ni(PR3),
(1,5 — cyclooctadiene]. Only insertion of CO,

occurs and Et — = - Et s inserted to complex
and formed compound.

(D) (NH4),[Ce(NO3)¢] complex NO; is
bidented ligand and structure is Icosahedran
i.e., coordination number of Ce is 12.

— — 2=

Ox
X N\
N 020 O—N=0
Oy 0
0 Ce 0

N~O/ ‘ \O\‘O/\Nto
O% R /

Il
0

In Ce** more stable
Ce = 4f15d! 652
Ce(IV) = 4f95d! 65°
i.e.,Z is diamagnetic
Ce*4is a strong one electron oxidizing agent.
Ce** used in redox process.
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9. (C)
OH cl N; g—
N N Ny O Oseq
0 socl, O NaN; Oy ;\< N, O Oy ;\< BUOK O§ ;\<
[Nxtrene] [Isocynate]
\C—N \C—N \C§
C—NH
(0]
\
— HO/C —
97. (D) 99. (C)
(0]
OH

0
0 s H{
CO,Et
NHz(l)

NH, C CO,Et
Br Benzyne
(OH at para position shows (e~ releasing)
Me Me O,Et COzEt
NaNH, N Y H SH A xon
NH;(I) / NH HOCOZEt
i 2 Aq.KOH
BD N(I?IQ Benzyne H 4-
I
98. (C) 02Et
02Et
. AcO, H- N / OzEt
P=TSNH-NHy/ACOH |
N CO CO,Et
/N ITI Ts 2 2
X CO,0OH CO,Et COZEt
aq.KOH aq.KOH
NaBchN | | — — | |
N W Co,o N"CO,E
AcO AcO 1 [B] H [A] H
N= N —NH—Ts 05 equiv PhC[Me],O0H
I 100. (A) =~ 1:0 equiv. Ti[OiPr],
H 12 equiv. () DIPT
OMe CH,Cl,, -20°C
AcO

//

| I/\‘/\©\ OMe and OH

OMe
(Product) [B]
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The asymetric synthesis of chiral secondary allylic alcohol or their corresponding epoxide

101. (A)
€] C=0
o, G g, o C&Nx *4
H H /
Nitrene Isocynale
|/
N~ °F

[Product]

PAIOACly/PPhy; Et N
&, @g

|II

( OACc
102. (B) ~—
N \pp Bl CH3CN
| = =
H H H
103. (B)
Me
Me,, M Me Me
1 AR ¢ KH/THF Me Me 22 — Me CHO
7 — 18-Crown—6 rt +OMe - OHC T
HO Me K Me Me [A]
Me
o &
Me BN BrPh;P~~>
Me =
[B]

|
IR — 1680 — — C— (Carbonyl group)

Ho g — 8 7-66 (M, 1H), 7-60 (M, 1H)
7-10 (M, 1H), 2-50 (S, 3H)

104. (D)
(0] (0]
Li, NH;(1) Allyl bromide
CH, =c1-1—c|1-12
Br
O (0] I3C_ymr — 6-190, 144,134, 132,128, 28
H;C_ ”
Ethanolic KOH \n/{ll' vb M/Z — 126 [M*, 100%], 128 [M* + 2,4-9%]
o PdCl,, CuCl
H;C 0, DI%/IF-HZO H;C 106. (A)
[A] o
$ 0 H_ oH CO,Me
2
ZC,\[} H NaOMe
—0 —0
HOC ;@ ome”
3 H H B
CH; - CH; O) CoMe o
— > Me C02M€
H{(7-66 (m, 1H)} u
NaCl, wet
DMSO, 160°C

105. (D) {7:10; (m; 1H)}H
| Il  CH;
H S (2:50; S, 3H)
O

{760, (m; 1H)}



OSlMe3 cl

Bu-Cl | TiCly (LDA removes e—s from least
hindered side)

Me
[Product]
107. (C)
€]
ITI OP(0)Cl, ITI OP(0)Cl,
H ClI H H
[A]
~N Ph-"NH, XNy gt l\
| < | — “— Qoo
N~ N">Ph NS N a
! [B] o
H
108. (A)
L1HMDS AcCl j @
EtO,C  CHj .9 EtOzC CH,
CH;y Tl
O N—NH; p,n-nH, )J\/U\
EtO,C CH; EtO,C
If
O, CH3 @O CH3
COEt N COEt (N HOA N
N/ N EtO,C
H~ H B H |
|1
e
EtOzC
NHAc
NHAc Br oM
NS
109. (D) \, «~ > COMe A
“PdI0ACh,
| PPhy, E;N N
Ts
OH NHAc
N
OH Z>C0,Me
P N\
Pd (OAc), N
PPhs, Et3N | (Product)

Ts

H 110. (C)
1-BuCl 4& Me A_LDA
TMSC] O

Chemical Sciences (CSIR) J-15 | 31

Cp\Tl/\Al/Me
7 cp” e

H Tabbe’s Reagent

PhMe,Si

COOEt

(4+42) Cyclo Addition
Reaction

PhMe,Si

PhMe,Siin:-

EtOOC

111. (A)

O)J\Me PhMgBr/Cul Of‘\

H3o@

Br—Br O\ NaOBt " Me

Ph
(Product)
112. (A)
Me Me Q- o.
! T

Me
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113. (D) 116. (B)
O
Ph,P=CHCO,Me
)J\/\/\ 3 2.
Aco/\l‘ll CHO ~ Stabilised
H

H
(Chair-Boat-Chair 9 CCH
Conformation) N W ZN
AcO N CH TOo,Me
114. (C) ¢ l\/' 2

E-form (trans)

o} o) H
(Boc),0, Pyridine N H, /—
HO HO N\[\@CH_Cone \ ~-||IC02MC
NH, NHBoc o CHy

A

Q OAc (o) (Al
TBSO/YJ\/\ TBSCI, Imidazole H
NHBoc N\ CH,OH LiAIH,/H;0*
OH
LiAlH, (Ot-Bu); H

e — P /Y\/\ [B]
EtOH, -78°C TBSO

step - (2) N 117. (C) NIBS gives bromination at allylic posi-
Step 2 : Chelation-controlled reduction of tion. In this reaction the ratio of A: B : C =
the ketone produces the anti-alcohol 2:1:1.
diastereo selectivity. Br
115. (D) * NIBS, AIBN * *
0 CCly, heat + +
(0] O g Br
N, [A] [C]
SAUN ©
- O
+
Me Me Carbene Ketene Br
0 [A] (B]
0] |C|? Ratioof A:B:C=2:1:1.
Me\ _
OTIPS Me>T OTIPS 118. (A) CO,Me
[2 + 2] Cycloaddition X NS BN
Reaction Ketene —N
1CuI 2
COzMe
l [Carbene]
Me
(Unstable) )\/\\\v
= CO,Me
lSeOz
Me



119. (B)

NaOEt EtOH
Br@
WCO KOH/EOH.
! OH -
Br@
(Product)

120. (B) A gives Racemic mixture of ‘C’ and ‘B’

gives optically pure ‘C’.

o @
.o NMe
NMe NMGZ 2

Or sy
l///Br

® Gy

NMe, NMe,
N; N;
Racemic Mixture
NMe, NMe, NMe, NMe,
Ol =rfory =
Br N (©) N3

21. (B) In diatomic molecule only ¢ and m-bond

is possible

o

O(gerade) Spherical

180° L
T(ungerade) —> Change in sign occur.

No change occur.

122. (D)

\

C|
order =24 E |8C3|3Cy| 684 6o, | 125
No. of unshifted atom 5 2 1 1 3
Contribution per atom 310 |-11-1]1
Reducible representation| 15| 0 | -1 | -1| 3

Chemical Sciences (CSIR) J-15 | 33

L[15x1><1+0x1x8+

A= oy
D x1x3+(=1)x(+1)
+6+3x1x6]=1
1
nA, = ﬁ[15x1x1+0x1x8+
Dx1x3+(-1)x1x6
+3x(-1)x6]=
1
nE = 24[15x1><1+0><(—1)><8
+(1)x2x3+(=1)x0)x6
+3x0x6]=1
nT, = 24[15x1><1+0><0x8+
(-Dx(D)x3+(=1)x1x6
+3x(-1)x6]=1
1
nT, = 24[15x1><1+0><0x8+
CFDxEDx3+Dx(=1)x6
+3x1x6]=

So reducible representation.

A +E+T, +3T,

Since IR activity is count by x, y, z co-
ordinate so T, mode is IR active by using
character table.

. (B) Explanation CH,, CCl; — Spherical

mols. (All Td mols are spherical).
H

CH,Cl, = has C,V point

|
/(|3 ~(]
H
group and thus is assymmetric top rotor.
Remaining CHClj; is symmetric top rotor.
Source—Molecular spectroscopy by Banwell.

Cl

. (D) We know that

o o 1o
T 2n
and g x v
81 Uy
or =
8N UN
56 700 _
= 04 . =50 MHz

(B) The dissociation energy g a diatomic
molecule is calculated from vibration
spectroscopy (IR)

— we (1-x,2)
De = 4x,
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126.

127.

128.

129.

130.

131.

(A) Term Symbol =25+ 1LJ
For orbital /=0 0

2s 3s
1. 1_
L=0-8,8=5+, =1
2S+1 =2x1x1=3
J =L+S
=0+1=1

Term symbol = 3S,;

(C) A slater determinent always corresponds

to a particular spin state.

* Slater determinate changes by changing
sign upon exchange of 2 electron.

Ny h
(B) Energy (A) = ¢
Similarly, A, = 22 ”*2 +
o R T gm|L2 L2

h? n
Ay = [ ELz

T 8m
So, ID BOX 2D BOX 3D BOX
_ ke p2 n? ol a2l
= 8m 12 8m Lx2+L2 8m

Ground n=1 ny=1,n,=1
state
Istexcited n=2 n,=2,n,=1
state

Energy difference

3h? 3h? 3h?

5 for 1-D Box

L2+L2+L2

- 8mL? 8mL? 8mL?

So, A, = A, =A3
©) (x) =
and p) =

Reference = Physical chemistry by ‘Alkins’.

D) x.(x,P) = xih=0

Since = [x.P,]=iA

When position vector commulate with

constant term, it is always zero.

©)

CH4 + 2H20 = C02 + 4H2, Kl
CO + H20 = C02 + H2, K2

CH4+H20 = CO+3H2, K3=?

132.

133.

134.

135.

Substracting equation (1) and (2), we get
Eqn. (3) and According to equilibrium

K
3 _K2
T, V,
(D) AS = C, 1n*+R1 =
Vi
In this case, for process B — C,
T, T
T, T,
V., vy
and vV, TV,
AS = C,1 T Rln Vi
= o + v,
T3 dV T3 Pdv
AS _sz T T

0

T;
0 ey
T,

A\
then, (AS)g .c = Rin. '
Vs

(B) Gibbs-Duhem equation gives relationship
between chemical potential and component

of a thermodynamic system
1

2 n;dw; = —SdT + VdP
i=1
(D) According to Transition state theory
GTranslational & T3/2
gvp * T°
Grotationat < T (linear)
Grotational & T32 (Non—linear)

Linear + Non-linear = Non-linear T.S.
Pre exponential factor

A = ky T L
- h Qu Qb
TI.T3/2 X T3/2 TO
or A = s an s

Tl T3/2 T3/2 T3/2
= T- 1-5
B) Explanatlon Primary salt effect

1oglf—0 = 2A1Z,Z W1

where A =0-51
1ogk£ = 2x051Z,72 VI
0
= —4x051VI
77 = -2

For option (B); +2x—-1 = -2



136. (C) From Longmuir Chemisorption isotherm

137.

138.

139.

dissociation isotherm

e _ k [P]l/n
T 1+ k[P]Vn
For Diatomic molecule n =2
k- [H2]1/2
0 = 12
1 + k [H,]

So, at low pressure

0 = k[H,]"?
or 0 « [H,]Y2

(C) We know that,
9E
AS = nf (8T ,
or (876 - AS
JT P - nf

Temperature dependence of Electrochemical
cell.

(B) F = Partition function
= AVeBT
where, A.V. = Constant.

Average Energy (E)
9

=" (D
But P = kiﬁ
w1
OT = kg T2
B = ‘ijrZ
then E = kBTZ-% mf
= kT2 8(21"' m (AveBT)
= kBTZaiT[mA+mU+BT]
E = kBTzaiT[BT]
E = kgT2B

(B) For indistinguisable particles, the

canonical partition function over-counts the

number of microstates by the total number

of possible swaps among the particle
identities ‘N’ correcting this

Q=9

N!

140.

141.

142.

143.

144.

Chemical Sciences (CSIR) J-15 | 35

oP

(A) o = KIGHsP? (D)

Applying steady state Approximation on

C,Hs

9[C,Hs]
at
2k41,

2ky1, —2k_1[GH5]* - 2k, [C,H5)?

2k_;[C,H5]? + 2k,[C,Hs]?
2kq1,

2(k_; + ky)

Substituting above value in eq. (1)

P _ Kl or P oy
ot~ ko +ky, |0t

[C,Hs]? =

(C) Basic principle of conductometric
titration; when faster moving ion is replace
by slower moving ion the conductance

decreases linearly.
1

1-P
P = Probability of polymer link

(C) Since N =

N = Average size

1 -0
(a) 10 = 1_P=>P—09
1 -0
(b) 50 = 1_P=>P—098
1
(©) 100 = 1_P:>P_0-99

(D) Electrostatic repulsion among double-
layered colloidal particle

Reference : Physical chemistry by Puri,
Sharma and Pathania.

(C) The mean
[1:71 x 105+ 1-77 x 1075 + 179 x 10~5
= + 173 x 10-3
4
[1:71 x 177 + 179 + 1-73] x 10-5
- 4
=7{)me5: 1-75 x 10-3

Standard Deviation (s)

(171 = 1-75)2 x 1010

+(1:77 = 1-75) x 10710

+(1:79 = 1-75)2 x 1010

+(1:73 = 1-75)2 x 1010
4-1
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(0-04)% + (0-03) + (0:04)?
= +(0-02)2 x 10-10

3

10016 + 0-0009 + 0-0016
= +0-0004
3
_. /0-0;)45 105

(s)=Vv0:0015 x 105
On solving, we get standard deviation data
of Range = 0-030 x 103 -0-039 x 10-3

145. (D) From Bragg’s Equation

x 10-5

nh = 2dsin 6 ...(1)
1 _h k2
and d2=a2+a2+a2
2
or d? = a

h2+k2+12

2

2 _ __a
d T 12412412
2
2 _ a
d -3
a
d=-"
V3

Putting the value of ‘d’ in equation (1)

2x1 = 2 x%sin30°

3
2 = 2xi%
V3
a=2\/§
= 2x 1732
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