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Chemical Science

Paper 111
Time Allowed : 75 Minutes] [Maximum Marks : 150
Note : This Paper contains seventy five (75) multiple choice questions, each
question carrying Two (2) marks. Attempt All questions.

1. In atomic spectroscopy, when a nebulized sample is carried into a flame,

desolvation of the droplets occurs in the .................. zone.
(A) Inner zone

(B) Outer zone

(C) Primary combustion zone

(D) Secondary combustion zone

2. Which of the following statements is ¢true for the selection of a developing solvent

in paper chromatography ?

(A) The distribution ratios of the components in the solvent system should be

dependent on concentration.

(B) The solvent should not undergo chemical reaction with any of the components

of the sample mixture.

(C) The solvent should interfere with the detection of the spots on the developed

chromatogram.

(D) The composition of the solvent system should alter with time.

3 [P.T.O.
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Columns I and II represent thermal methods and their graphs :

I
(@) TG
(b) DTG
(0 DTA
(d) DSC
The correct match is :
(A)  (a)-(h), (B)-(g), (c)-(), (d)-(e)
(B) (@)-(f), (b)-(e), (¢)-(g), (d)-(h)
(C) (@)-(N), (B)-(e), (c)-(h), (d)-(g)
D) (@)-(f), (b)-(h), (c)-(e), (D)-(g)

(e)

@)

(h)

II
dm/dt Vs. Temperature
mass Vs. Temperature or time
dH/dt Vs. Temperature

AT Vs. Temperature

Which statement about the trans effect and trans influence is

correct ?

(A) The trans influence is a ground state effect, whereas the trans effect has

a kinetic origin.

(B) The trans effect is a ground state effect, whereas the trans influence has

a kinetic origin

(C) Both trans effect and trans influence are ground state effects.

(D) Rates of substitution are affected by the trans effect but not by trans

influence
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The correct order of Nephelauxetic parameter () for halides is :
(A) CI” >Br >1I > F B) I"> Br > ClI"” > F
(C) Brr >CI" = T > F M) F >ClI” > Br > 1
Jahn-Teller distortion in octahedral complexes is shown by :
(A) Low spin d6, d8 and d° complexes

(B) High spin d?, low spin d" and d° complexes

(C) High spin d®, low spin d® and d° complexes

(D) High spin d3, high spin d® and d° complexes

The correct hapticity for cyclopenta diene in the following sixteen electron complex

[Tl (C5H5)4] iS .
(A) [Ti (05~ C5Hy),] (B) [Ti (n°- CgHy)y (n'— CxHy),]
(C) [Ti (N®~ CsHy)y (n'= CeHy)yl (D) [Ti (n3- CxHy),l

The room temperature (26°C) magnetic moment per copper (II) ion in copper
acetate monohydrate is 1.4 B.M. The magnetic behaviour can be best explained

by (At. No. Cu = 29)

(A) Ferromagnetic coupling of two copper (II) spins.
(B) Antiferromagnetic coupling of two copper (II) spins.
(C) Ferrimagnetic coupling of two copper (II) spins.

(D) This is the normal magnetic behaviour of this compound.

5 [P.T.O.
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The reversible coordination of oxygen between two metal atoms occurs in a

bridging dihapto manner (u — n2 n2) in :
(A) Oxyhemerythrin (B) Oxyhemocyanin
(C) Deoxyhemocyanin (D) Deoxyhemerythrin

[Ni (en)3]2+ has three absorption bands in electronic spectra : 11,200, 18350

and 2900 ecm™!. The 10 Dq value of the complex :

(A) 8,960 cm™ (B) 13,440 cm™
(C) 18,350 cm™! (D) 11,200 cm™
The strongest m acceptor ligand is :

(A) CN™ (B) PClg

(C) PFy4 (D) PMeg

EPR spectrum of tris (2, gl _ bipyridine) titanium (III) ion,

[Ti (Dipy)3]3+, (I = 5/2 for ’Ti). When the electron couple with nuclear spin

of Ti%* will ShOW wovvvveveevenn.. lines (At. No. Ti = 22).
(A) 6 (B) 18
(C) 5 D) 1

Which of the following is not a component is the Wacker catalytic cycle ?
(A) Ethylene (B) Oxygen

(C) Hydrogen (D) Acetaldehyde
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14. Quenching of the orbital contribution to the magnetic moment is observed due

15.

16.

17.

to the ligand field in electronic configuration :
A) &t B) i

©) & D) &

The compound trans—Fe (o-phen)y; (NCS)y has a magnetic moment of 0.65 B.M.

at 80 K, increasing with temperature to 5.2 B.M. at 300 K. This phenomenon

is known as :
(A) Spin pairing

(C) Spin crossover

(B) Spin canting

(D) Spin flip

Which of the following pairs of coordination complexes undergo inner sphere

electron transfer reaction ?
(A) [Co(NH3)5Cl1>*/[Cr(OHy)gl?*

(B) [Co(NHg);SCNI2*/[Cr(OHy)41%*
(C) [Co(NH3)sH,013*/[Cr(OH,)g**

(D) [Co(NHg)gl>*/[Cr(OH,)g]%*

The most powerful detector/s used in gas chromatography is :

(A) Flame ionization detectors
(B) Thermal conductivity detectors
(C) Electron capture detectors

(D) Mass spectrometer detector

[P.T.O.
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Racemization of octahedral complexes containing three bidentate chelate rings

by the Bailar twist mechanism forms a intermediate of ................... point group
(4) Dy, B) Cy,
(© Cg, D) Dy,

The S1P NMR Spectra of mer-Rh (PPh3) Cl3 (I = Rh = P = 1/2) exhibits:
(A) doublet of doublet and doublet of triplet

(B) doublet of doublet and triplet of triplet

(C) doublet of doublet

(D) doublet of triplet

5TFe Mossbauer spectra of (1) FeCO5, @i1) Fe2009 and (iii) Fe30012 shows :
(A) All compounds show doublet Mossbauer lines

(B) (z) and (iii) show doublet, while (ii) shows a doublet and a singlet

Mossbauer lines
(C) All compounds show a singlet Mossbauer line

(D) (i) and (ii) show doublet while (iiz) will show a doublet and a singlet

8
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Which of the following Actinide oxide is as strong oxidizing agent as

(A) UO¥ (B) NpO3*
(C) PuO3" D) AmO:"

Cis and trans [PtAoX,] type of complexes are distinguished by interacting
with :

(A) Chromyl chloride (B) Thiourea

(C) Potassium dichromate (D) Iron sulphate heptahydrate
In the lattice of r-FeyOg, Fe3* cations OCCUPY-.eevvvvvrennnnn octahedral sites.
(A) 13 (B) 13Y2

(C) 131/3 D) 131/4

A hexagonal close packed (hcp) structure wherein all the octahedral voids are
occupied is represented by :

(A) NiAs (B) a-Al;,04

(C) CdI, (D) CsCl

The noble gas which does not form clathrate compound is :
(A) Ne (B) Ar

(C) Kr (D) Xe

The correct sequence of steps involved in the formation of the product in the
following reaction is:

(0] o
W A
I ~
(A) [3.3]-sigmatropic shift; [1.5]-H shift; electrocyclic ring closure
(B) Cope rearrangement; electrocyclic ring closure; [1.5]-H shift

(C) Claisen rearrangement; electrocyclic ring closure; [1.5]-H shift

(D) [1.3]-H shift; electrocyclic ring closure; Claisen rearrangement

9 [P.T.O.
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27. The major product formed in the following reaction is

Cl
CH,
S
W r LiAlH
1 4

SH S
(A) Ej/ (B)
S L OH
o HO
Cl s
o o

28. Major product formed in the following reaction is

+ MeLi —

(B)

@
Li
©)
.®
oLi*
.®
L
(®); D) o

10
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29. Major product formed in the following reaction is :

)'V'e COOMe
Z - s
Me Me
COOMe COOMe
(A) (B)
e e
Me Me
o Me Me
() (D)
COOMe " coome

30. The correct reagents to affect the following conversion is :

Fo-T0

(A) () Og, HyOo, (ii) NalOg

(B) (@) CrOg, glacial AcOH (ii) NaOH

(C) (i) CrOg, glacial AcOH (i) HySO,

D) @ KMnO,, NayCOg (ii) Pb(OAc),, AcOH

11 [P.T.O.
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31. The major product formed in the following reaction is :

/ \ HCHO,aq.Me,NH

AcOH, heat

NMe2

b o
Dv e NN@

32. Major product formed in the following reaction is :
CHO

CO,H
O | .
N NH, Conc. H,SO, (cat.)
H

CO,H

(B)

CO,H

12




33.

NaNH,(2eq.)

Toluene, reflux
~
L
N
(A)
(B)
(9}
(D)
| X
N/

NH,

APR - 33317/111—A

13

[P.T.O.
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34. Major product formed in the following reaction is :

H (1 atm)

MeOH

(B)

o

(©) (D)

>O< S

35. A signal shows the following line positions in 200 MHz NMR instrument. The

chemical shift in § and coupling constant in Hz respectively are :

809 803 797 791

(B) §4.3, J
(D) §4.3,J =

14

(A) §4.0, J =
(C) §4.0, J =

[
o
i
N
[
©
i
N

|
w
i
N

|
o
i
N




36. Major product formed in the following reaction is :

I

O
Me
HN |
P
O
AgOAg
CH,CN

HO

o
Me
£y
AcO
o
Me
oY
OJ\\N
<

H

@)

(B)
O]
Me
o TV
OA\ N
O
~
I
(D) OAc

HO

APR - 33317/111—A

15

[P.T.O.
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37. Major products P and Q formed in the following reaction sequence are :
Me NaNoO, i. MeOH,H,SO,

OH
aq.HBr ~ © ii. NaN, Q

{

NH,
O
(A) P = Me Q= Me
OH OMe
Br N,
o o
B) P = ™M = M
(B) ~ A, @ \E/”\ .
Br I=\T3
@) 0)
(C) P = Me Q = Me
\‘)\OH \E)I\OMe
Br 1_\]3
0 o)
D) P = Me Q= wm
\E)I\OH eﬁ)J\ OMe
Br N;
38. Major product formed in the following reaction is
Me Me on
N/ NH,
NaNoO,
B HCl
H
H
Me © Me Me te
N NH2 \\\\ O
(A) (B)
H
Me ©
Me
(®); D)
H

16
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39. The major product formed in the following reaction is :

o

HN
Me

@@ Br, /Fe
R

O
HN_/
Me Me
M

Me

Br

(B)
D
D) HN—/ O
Me €
Br

40. The major product formed in the following reaction is :

(A) O
HN <‘(
Me Me
Br
() o
HN “(
Me Me
Br

(+)DET, Ti(OPr),
\/W_OH
= — tBuOOH, CH,CI,

4A, mol. sieves

(A) (B) __—OH
\M/_OH

w
iy

©) N EA O (D)

17 [P.T.O.
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The correct reagents combination to effect the following conversion is :

Me Me Me Me

OH

(A) KMnOy, t~Bu—-OH-H,0, Na, COq

(B) 0sO4, NMO, acetone

(C) @) m—CPBA, CHClg (i) H3O@

D) @) Iy, AgOAc, AcOH, HyO (i7) NaOH (aq.)

The correct structure of the compound that exhibits the following 'H-NMR

spectrum is :

d 3.0 (s, 6H); 3.9 (s, 3H);
5.8 (d, J = 12.3 Hz, 1H);
6.85 (d, J = 8.0 Hz, 2H);
7.8 (d, J = 8.0 Hz, 2H);

8.0 (d, J = 12.3 Hz, 1H).

o) 0
CH CH,
AN N N
(A) )@/‘\/\N\ CH. (B) @/\/\‘\ lon
CH,O CH,O
H,C CH,
HCOo o W/
© 3@/‘\/\1\1 _CH ) _
™\ CH,
H,CO

18



APR - 33317/111—A

43. The major products P and Q formed in the following reactions are :

OH

VAN
HN
O NaOHy , _\/ § Q
cl 0 -
MeO \/(/
OH
O r
s O - O
MeO MeO

O O C.-.)H l/
VN ANAANV
B) P = Q = Q
MeO MeO
/\N/\
O
O
\/</ NAOH
C) P = Q = O
MeO MEO
VANPAN
O ‘\‘\\\O N
VN O\}\/OH
D) P = Q = O
MeO

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

OH
H,C cCH,;dil. H,SO, o
Anhydrous CuSO,

HO HO OH

: oy
(A) H B) O
HO HO
C;é)

©) O (D)

45. The major product formed in the following reaction is :

Q) hv
N D (i1)0,

(A) Phenanthrene (B) Anthracene

(C) Pyrene (D) Phenanthroline

20
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46. Major product formed in the following reaction sequence is :

O
. ) Br
> CHO (i) EtO Na,)l\/ R

(i) KOH, EtOH

O Br
O
(A) (B)
Me
Me Br Me Me
O
O
©) (D)
Me Me ME o

47. Major product formed in the following reaction is :
()H,0,. A
)\/\)\/\NM% (ii)Zn, AcOH

H
M
| e

(A)

Me

OH

®) M

o ANA o A
21

[P.T.O.
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The correct match of natural product in Column-I with class in Column-II is :

Column I Column 1II
(P) Camphor (1) Terpene
(Q) Ascorbic acid (i1) Protein
(R) o-Keratine (zit) Enzyme

(fv) Vitamin
A) (P) - 0); Q) - @), R) - @)
B) (P) - (); (Q) - @); (R) — ()
(C) () - Gv); Q) - @) (R) - @)
D) (P) - @); (Q) — (w); (R) — ()

The correct structure of compound that exhibits the following l1H.NMR spectrum

18 !

d 6.6 (dt, J = 10 and 7 Hz, 1H); 6.0 (d, J = 10 Hz, 1H); 3.2 (t, J = 6.5 Hz, 2H),
2.0 (m, 2H), 1.6 (m, 2H)

O O

(A) (B)

©) (D)

22
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50. The major product formed in the following reaction is :

OMe
DDQ

OMe

N
FmocH

O

(@)
e O
(A)
HN Fmoc

OMe
(B)
N OMe
H
H o
OMe
(9))
N OH
Fmoc
H o

H
N
O

CO,Me

23 [P.T.O.
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For an observable A, the relation <A> is known as :

ensemble = <A>tim e

(A) Euler's theorem (B) Caratheodary's principle
(C) Ergodic hypothesis (D) Average energy theorem
Conservation of mass in open system is given by :

(A) dm = d;m (B) dm = d,m

1

(C) d,m = d;m D) d,m =0

l

Using Onsager’s reciprocity theory, an electroosmotic flow is defined :

(i) Ly (1) Ly
(A) I )sr=0 Ly (B) I Jar=0 Li

I L, J L,
© e Ty D g Ly

Entropy production for chemical reactions is given by :

(A) d,-S=AiF°>0 (B) dl.s=Ai‘t°<o
T T
(©) diS=—%§>0 (D) diS:—A%&<0

The statement that “in the neighbourhood of any given state of a thermodynamic

system, there exist states that cannot be reached from it by any quasi-static

adiabatic process” is known as :
(A) Euler's theorem (B) Legendre principle

(C) Ensemble dynamics (D) Caratheodory principle

24
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To every observable in classical mechanics there exists a corresponding linear

.............. in quantum mechanics.
(A) Hamiltonian operator (B) Probability function
(C) Hermitian operator (D) Non-commutator

Which of the following statements is not true for quantum mechanical harmonic

oscillator ?

(A) The smaller the mass of the oscillating particle, the greater will be its zero-

point energy, for a fixed force constant.

(B) The frequency is the same as that of a classical oscillator with the same

mass and force constant.

(C) Increasing the force constant increases the spacing between adjacent energy

levels.
(D) The vibrational potential energy is a constant of motion.

The spin multiplicity of an atom in its ground state and having the outer-

shell configuration 4s23d7 is:
(A) 19 (B) 15
C) 7 D) 4

Which of the following is a prediction that would result from a simple HMO

treatment of the butadienyl cation, C,H; ?

(A) The ESR coupling constant is larger for hydrogens attached to the two

inner carbons.

(B) The central C-C bond has a higher n-bond order than it has in the neutral

molecule.
(C) The positive charge resides mostly on the two central carbons.

(D) The MO coefficients on the central pair of carbons are larger in all of the

n MOs than they are in the neutral molecule.

25 [P.T.O.
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60. Destruction of Ozone in the stratosphere is taking place by the following

61.

mechanism
K N
-1

0,+0—=2320,

The rate of destruction will be :

d[O,]

(A) 7=_k1[03][M]+k1[Oz][O][M]_kz[os][o]
dlo

®) L= k[0, 1M1~ k. [0,][0M]+ [0, (O]

© 2= —kj0, 1M1+ K[0.1M1 -0, 0]
40,]

(D) 7 = k1 [03 IIM]- kl[OZ][M] +k2[03 1[O]
From the Collision Theory, bimolecular rate constant for the gaseous reaction

max " r

is given as k(T)= pmb> v exp (— ;—T] The steric factor p having value, normally
ranging from 0.1-0.001 reflects :
(A) Fraction of successful collisions the reactants can have.

(B) Range of probabilities that reactants will be in the correct configuration

for the reaction.
(C) Steric hindrance between colloiding reactants.

(D) Transition probability of electrons between the reactants

26
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62. The following experimental data was obtained for the reaction
2A+ B ->C+ D

[Al,/M |[B],/M | Rate/M.s™"'

0.1 0.1 1.2x1073

0.1 0.2 1.2 x1073

0.2 0.1 2.4 x1073

Which of the following is/are correct ?
() dICVdt = k[AIX[B]

i) dICl/dt = k[A]

(iii) —d[CV/dt = k[A]

(iv) Unit of k is s71

(A) (ii) and (iv) (B) (iii) and (iv)
(C) () only (D) (ii) only

63. In the enzymolysis, initial rate levels off with increasing substrate concentration

because :
(A) Too much of a substrate inhibits the reaction.

(B) At high substrate concentration, all the enzyme molecules get tied up with

the substrates and thus not available for further binding.
(C) The substrate start reacting with the product at higher concentration.

(D) The steady state approximation fails at high substrate concentration.

27 [P.T.O.
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64. log (y+)of 0.005 mol kgl KCl (aq.) at 25 C is :

Given : /0.005 =0.0707

(A) — 0.036 (B) — 0.005
(C) - 0.041 (D) - 0.020
65. A plot of conductance Vs. /c for the typical ionic surfactant would ideally
look like :
A
I M
: )
(I10)
g .
E av
O o~
Jo —
A) (D (B) (ID
(C) ID) (D) (IV)
66. Oxidation of ethylene on Ag catalyst surface takes place by the following

mechanism :

Which of the following plots describes this process ?

A A

[C,H40]
[C,H40]

(A) (B)

4

dt
4
dt

> >
> >

P~ at constant P P~ at constant P
O2 C2H4 O2 C2H4

»
|

»

|

[C,H40]
[C,H40]

©) D)

4

dt
4
dt

>

>
P~ at constant
O2 C2H4

>
>

P~ at constant P
O2 C2H4

28
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Which of the following statements is true for the given electrochemical cell ?

Ag|Ag' INO;,NO,Pt

(A) NO undergoes oxidation at the anode

(B) Pt acts as a catalyst

(C) The mass of the Ag electrode decreases

(D) The voltage of the cell is doubled when the size of the Ag electrode is

doubled

Which of the following is correct about critical micelle concentration at a given

temperature in water and 0.056M NaCl ?

(A) CMC of 012H25SO4Na in water and in 0.05M NaCl are the same

(B) CMC of Cy9HysSO4Na in water is lower than that in 0.056M NaCl

(C) CMC of C{9H9sSO4Na in NaCl is higher due to common ion effect

(D) CMC of C19HySO Na in NaCl is lower due to better counter ion binding
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69. Which of the following is correct ?
(A) AlClg is a Lewis acid catalyst
(B) Zeolites are good cayalysts for redox reactions
(C) MgO is a solid acid catalyst
(D) Zeolites are two-dimensional aluminosilicates

70. The boiling point of diethyl ether is 34.6 C. Which of the following is true with

respect to dimethyl ether at 25°C and 1 atm ?

(A) AGY,, >0 (B) AHY,, <0
(€) Kyy,p = 1.0 (D) ASy,, <0

71. Which of the following is/are acceptable quantum mechanical wave

functions ?

() AX) = X2 +1, for all values of X

i) P=1/(4-X);0<X<10

(i) ¥=1/(@4-X;0<X<3

(A) (1) and @Gi1) (B) (i) only

(C) (@) and (iz7) (D) (i) only
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According to simple collision theory of reaction rates, when the temperature is

increased from 400K to 800K the number of collisions will :
(A) Increase 2 times (B) Increase 1.414 times
(C) Remain the same (D) Increase 4 times

The ionization energy for hydrogen atom is 13.6 eV. The ionization energy

for the ground state of Li%* is :

(A) 27.2 eV (B) 6.8 eV

(C) 1224 eV (D) 40.8 eV

Which of the following is not a feature of Born Oppenheimer approximation ?
(A) Nuclear coordinates remain unchanged during electronic transitions
(B) Excited and ground electronic states have the same internuclear distance
(C) Electronic and vibrational motions are separable

(D) Amplitude of nuclear vibrations is smaller than that of electrons

An ensemble representing an open, isothermal system at constant temperature,

volume and chemical potential is known as :
(A) grand-canonical ensemble (B) canonical ensemble

(C) micro-canonical ensemble (D) 1isothermal isobaric ensemble
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