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CHEMICAL SCIENCES
PAPER - 111
Note :This paper contains Seventy five (75) multiple-choice, assertion/reasoning/

matching questions. Each question carrying TWO (2) marks. Attempt All

the questions.

1. Amongst the following, which has a graphite like structure ?

(A) Silicon carbide (B} Silica
{(C) Boron nitride - {D) Borazine
2. Cupric acetate monohydrate exists as a :

(A) Monomer
(B) Dimer with ¢ bond between Cu(Il) jons
(C) Dimer with two acetate bridges
(D) Dimer with four acetate bridges
3. The number of metal-metal bonds in Ir (CO)yq is :
{A) 4 (B) 6
) 10 Dy 12
4. The reaction of [PtCl4]2‘ with two equivalents of NHg produces
(A) cis-[PUNHg),Cly] |
(B) trans-[Pt(NHj3)5Cls]
(C) both cis-[PtNHg),Cly] and trans-[Pt(NHg),Clo)

D) cis-[PHNH,),Cly1%"

Chem. Sci—ITT 5 P.T.O]



5. The electronic transition responsible for the colour of transition metal ions

s :

(A) d, = dg (B) d; - d;*
(C) dp — d,* D) d; - d,*
6. The coordination number and geometry of cerium in [Ce(NO3)6]2_ are
respectively :
(A) 6 and octahedron (B) 6 and trigonal prism
(C) 8 and cubic | ' (D) 12 énd icosahedron
7. The substance in which electron accepting atom is small and has a high positive

charge is called :
(A) hard acid (B) hard base
(C) soft acid (D) soft hase

8. From the set of three complexes I-Ni(CO),, II-Co(CO); and

III-Fe(CO) T .

Predict the correct C—O bond order from the following :
(A) T>1II > III B HMI>II>1
(C) I >1> I M I> 1> II

Chem. Se1.-IIT 6



10.

11.

12.

Considering 18 electron rule, bonding in Ferrocene is best understood by
considering various bonding aspects. Which one of the following aspects fits

best ? (C, = Cyclopentadiene, C» = Cyclopentadiene anion)
{A} Considering bonding from Fe?* and two (ns—Cp)
(B) Considering bonding from Fe?* and two (n°-C3)
(C) Considering bonding from Fe®* and two (n°—C3)
(D) Considering bonding from Fe3* and two (n5—Cp)

In the atomic absoeption spectroscopic estimation of Fe (III) using Oy/H, flame,

the absorbance decreases with the addition of :

(A) COYF (B) SO

(C) EDTA Oy CI”

The term theoretical plates in chromatography is used to :
(A) Estimate the efficiency of a column

{B) Determine the thickness of the stationary phase

(C) Measure the distribution of the analyte between mobile and stationary

phases
(D} None of the above

A compound shows a pmr peak at 240 Hz downfield from the TMS peak in
a spectrometer operating at 60 MHz. The chemical shift {in ppm) is :

Ay 1 (B) 2

(C) 3 D) 4
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13. The ESR spectrum of anthracene radical anion consists of :
(A) 25 lines (B} 50 lines
(C) 75 lines (D) 100 lines
14. Among the following diatomic molecules which one will show EPR signal ?
(A) N, (B} HCI
(C) 80, (D) Protein

15. In DTA most of the chemical reactions or transitions produce endothermic

heat effect except :

(A) Some oxidation reactions

(B) Some decomposition reactions
(C) Some crystalline inversions

(D) All of the above

16. Mass spectrometers separate isotopes of different elements based on

their :

(A) Mass

(B) Electric charge

(C) Mass divided by electric charge
(D) None of the above

Chem. Sci—ITT 8



17. Predict the elution order of the fellowing solutes in reversed phase

HPLC :

(D

(T1T)

(A)

(C)

OH . OH
/v I /v
HO
Cl
(IV)
[ >11> 101 > IV (B) II >1>1III > IV
Il > 1 > IT > IV D IV>II>I>1

2
t
i8. Equation N =15("&] is used in chromatography for the measurement

of :

(A)
(B)
(C)

(D)

W

Column length
Column efficiency
Carbon loading capacity of column

All of the above

19. Oxyhaemoglobin has iron in :

(A)

(C)

Fe2* state (B) Fe3* state

Both (A) and (B) (D) None of these
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20. Upon oxygenation of myoglobin :
(A) Iron atom goes in the plane of the four porphyrin nitrogens
(B} Coordinafion number of iron goes to 4
(C) The Fe (II) is not present in plane of porphyrin ring
(D} Molecule become paramagnetic
21.  Which of the following will exhibit Anax 8t longer wavelength ?
(A) CH3CH,CH,CH = CH, (B) CH,=CHCH,CH,CH = CH,
(C) H,C=CH—CH=CH, (D) HyC=CH—CH=CH—CH=CH,
22.  Which of the following is not a common detector for gas chromatography ?
(A) Refractive index detector
(B) Flame ionization detector
(C) Thermal conductivity detector
(D) All of the above
23. 5 moles of toulene and 3 moles of benzene are mixed together at 1 atm. and

25°C. Xpenzene 18

8
(A) 3 (B)

oo |

3
(C) 5 (D)

| en

Chem. Sei.-110 10



24.

25.

26.

27.

When p = p°, the standard chemical potential, then fugacity is :

(A) Zero (B) Unity

(C) +ve M -—ve

Clausius-Clapeyron equation is given as :

@) dinp _ AH B) dinp = AH
dT RT? dT RT
dlnp AH dlnp  AH
© 31 TRE D =gt T RT

Consider that a binary mixture boils and its vapor pressure condenses at the
same temperature when it is prepared by mixing 60 g of A (mol. wt., 40 g)

and 120 g of B (mol. wt., 80 g). The azeotropic composition would have :
(A) x5 =253=05 (B) x, =0.55, x5 =045
(C) x, =045, x5 =055 (D) x, =0.40, x5 = 0.60

Under orthogonal conditions, I yv*ydt is equal to :

all space

A 0 ®) 1

- D)+
© -5 © +5

Chem. Sci~IT1 11 PTOl .



28. The condition for two commuting operators is :
A 6,0,/ > 0,0,f(x) B)  0,0,f(x) < 0,0,f(x)
©) 0,0,f(x) = 0,0,f(x) O 0,0,f(x) 2 0,0,f(x)
29.  Alternating positive and negative regions are seen in :
(A) 1s orbital (B} 2s orbital
(C) 2s orbital onwards (D) 3s orbital
30. 2F =—F,+2 ,E=-285V, so it signifies that :
(A) Fg is a poor oxidizing agent
(B) F, is a poor reducing agent
{O) Fyis the. best oxidizing agent
(D} Fg is a poor redox agent
31. One i.;>f the half cell reaction in calome! electrode is :
(A) Hg,Cl, + e — 2Hg + 2C1”
(B) Hg,Cl, + 2¢” —= 2Hg" + 2CI”
(C) Hg, + 2CI" + 27 —= Hg,Cl,

(D) Hg,Cl, === Hg, + 2CI" + ¢

Chem. Sei~IIT 12



32.

33.

34.

35.

The ionic strength of 1.28 M of HNO; is :
(A) 2.56 (B) 1.28
(C) 3.84 (D) 5.12

The ionic strength, pn of 0.002 M Cu(NQg)g is 6.0 x 1073, log ¥; would be,

given log y; = — 0.509 ZZu'? :

(A) +0.1577 (BY +0.1600

(C) -0.1577 (D) -0.1600

The transference number of Cl™ in KCl is, given Ithat tg" = 0.462 :
(A)- 1.462 (B) 0.462

(C) 0.538 D) 1.000

For the reaction : sucrose + water — glucose + fructose, the molecularity and

order are :
{A) 2 and second (B 2 and first
(C) 1 and second (D) 1 and first



36. A plot of vs ¢ ylelds a straight line, then the order of the reaction

1
(@ —x)
is :

A) 1 B) 0

© 2 | - D) 3
37.  According to collision theory, the rate of reaction is given by, k£ = Qq, where
q is :
(A) Partition coefficient
(B) Fraction of molecules involved in collision
(C) Fraction of molecules activated
(D) Both (B) and (C)
38.  Pyrolysis of acetone is a :
{A) Opposing reaction (B) Consecutive reaction
(C) Reversible reaction (D) Parallel reaction
39.  Propagation step occurs in :
(A) Chain reaction (B) Parallel reaction

" (C) Polymer reaction (D) Both (A) and (C)
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40.

41.

42.

Which one of the following is not a purification method for colloidal

solutions ?
(A) Dialysis (B) Electrodialysis
(C) VUltrafiltration (D) Electrophoresis

Which one of the following is untrue for gas adsorption following Langmuir

isotherm ?
(A) Monolayer adsorption

(B) At very low pressure, the amount of gas absorbed is proportional to the

pressure
(C) Adsorption onto porous surface

(D) At very high pressure, the amount of gas adsorbed reaches a constant

value
2d sin 6 = ni, 2d sin § measures :
(A) path difference (B) path length

(C) phase difference (D) phase orientation

Chem. Sci—II ' 15 [P.T.0.]



43.

44.

45.

Which one of the methods gives number average molecular weight ?

(A) Vapor pressure osmometry -~ (B) Membrane osmometry

(C} Cryoscopy : () All of these

o5 U is transformed to 2%Ph and it involves the loss of :

(A) 8o-particles and 68
(B) T7o-particles and 43~
(C) 6a-particles, lﬁ and 1p
(D) 6a-particles, 38~ and 2 deuterons
0.693

Half life of an isotope is related by an equation &y, =

A

TN

(A) Wavelength of the radiation

(B) Decay of the radiation

(C) Decay constant of the isotope

(D) Degree of decay

Chem. Sci. 1T 16
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46. Given below is an example of ‘ene’ reaction. The product and the reaction
conditions are provided. Identify the starting materials/synthons for the

same

OH

(CH,),AICI K/K

I+11 >
CH,Cl,, 25°C

c N

II

(A)

e

AN
B) + CH,CHO
I I
CHO
©) + CH,CHO
I IT
OI\
CH,
D) + CH,CHO

I II

Chem. Sci ~ITI B 17 [PT.0.]



47. Diborane can reduce various functional groups. Given below is the list of

reductions. Identify which functional group reduction is not possible by

diborane :
(A) —COOH - —CH,—OH (B) —C=N —» —CH,—NH,
(C) —NOy —» —NH, 0 —CHO —» —CH,0H
48.  Study the following reaction sequence and select the correct deseription for
the same :
CH, CH, CH,
ZnCl, H,-cat
CHO Stepl Step IT
OH OH

~

(A) Steps I and II are both stereoselective

pe

N

(B) Steps I and II are both non-stereoselective
(C) Step I is stereoselective and step II is non-stereoselective
(D) Step I is non-stereoselective and step IT is stereoselective
49.  Study the following reaction and predict the correct reagents/catalysis for the

same ;

Highly enantiomerically enriched
(A) (R)—BINOL, LiAlH,, EtOH
(B) t-BuOOH, Ti(O-i-Pr),, (-) DET
(C) t-BuOOH, chiral oreazolidinone
@) t-BuOOH, Ti(O-i-Pr),, (+) DET
Chem, Sci—ITT 18



50. Study the following two stereoisomers and select the correct description for

C-3 atom in I and I1 :

(A)

(B)
(C)

(D)

COOH COOH
H OH H OH
CH, CH,
H OH HO H
COOH COOH
I I

C-3 is achirotopic and stereogenic in I and C-3 is chirotopic but non-
stereogenic in 11

C-3 is achirotopic and stereogenic in I and II

C-3 is chirotopic but non-stereogenic in I and II

C-3 is chirotopic but non-stereogenic in I and C-3 is achirotopic and

stereogenic in II
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51.

52.

53.

Predict the correct product in the following reaction

KMan ;

(A) Meso exo-norbornadiol (B) Meso endo-norbornadiol
(C) Non-racemic exo-norbornadiol (D) Non-racemic endo-norbornadiol

Study the following reaction and identify the reactive intermediate involved

in the same :

O Cu, benzene 0
X >
N,
(A) Carbocation (B) Carbene
(C) Nitrene {D) Free-radical

One of the statements given below is incorrect with regard to the properties

of aromatic compounds. Identify which :

(A) Bond lengths of aromatic compounds are intermediate between single
and double bond lengths

(B) Aromatic compounds exhibit exalted diamagnetic character
(C) Aromatic compounds exhibit facile nucleophilic substitution reactions

(D) Aromatic compounds exhibit strong induced ring current when placed

in external magnetic field
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54. The IUPAC name of the following molecule is :

(A)

(B)

(C)

(D)

O H

Ph/

e

?”.

OH
(25, 3R)-1-Phenyl-pentan-1-one
threo-1-phenyl-2, 3-dihydroxypentanone
{28, 3S)-1-Phenyl-pentan-1-one

(2R, 3R)-1-Phenyl-pentan-1-one

55. Predict the product in the following reaction :

(A)

(€

e

320°C

_— >

HO
(B)

(D)
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56. Predict product in the following concerted reaction :

COOCH,

dioxane, Et,H
60°C

COOCH,

(A)

...... COOCH,
(B)
““““ COOCH,
X COOCH,
0
(©) -///
COOCH,

'00CH,
(D)
OOCH,

Chem. Sci~III 22

- -



57. One of the statements regarding pyridine reactivity is not true. Identify
which :

(A) Electrophilic substitution reactions are difficult and take place only at

(B)

(%

(D)

C-3 under vigorous conditions

Nucleophilic substitution reactions are facile and take place at C-2 and

C-4 positions

Nucleophilic substitution reactions are difficult and take place at C-3

position

Pyridine is less reactive towards electrophilic substitution reactions

compared to benzene

58. Match the following and select the correct combination :

Reagent/Catalyst/Auxiliary

(L} Chiral phosphine-Ru-Catalyst (i)
(M) (R) or (S)-BINAL-H (1)
(N) Chiral oxazolidinone {ie0)
(0 0sOy, Cinchona alkaloid, ()
Co-oxidant
(A) (L)), (M)—{v), (N)}—(), (O) (i)
(B) (L)—Gv), (M)—(iie), (N)>—(i), (O} —(zii)
(C) (L)—Gv), (M)—(i), (N)—(2d), (O)—(ii1)
(D) (L)), M)—@), (N)—(w), (0)—ii)
Chem. S 111 23

Reaction Qutcome
Enantioselective reduction
of prochiral ketones
Enantioselective reduction
of alkenes
Enantioselective dihydroxylation

Efficient chiral auxiliary
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59. Predict the number of signals in 13¢ NMR and !H NMR for the following

compound :

CH,
o)

(A) 7-signals in 'H NMR and 8 signals in 13C NMR
(B) 4-signals in 'H NMR and 10 signals in 3C NMR
(C) 7-signals in 'H NMR and 10 signals in !3C NMR
(D) 8-signals in 1H NMR and 10 signals in }3C NMR

60. McLafferty rearrangement fragmentation ions for the following compounds
will be :

=0

| |
Ph—C—CH,—CH,—CH, H,C—C—0—CH,—CH,
I 11
{A) 138 for (I) and 88 for (II)
(B} 105 for (I) and 43 for (II)

(C) 120 for (I) and 48 for (ID

(D) 120 for (I) and 60 for (II)
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61. In Fischer-indole synthesis of 2-phenylindole starting materials used
are :
(A) Phenyl hydrazine and acetaldehyde
(B) Phenyl hydrazine and acetone
(C) Phenyl hydrazine and benzaldehyde
(D) Phenyl hydrazine and acetophenone
62. Identify the product in the following reaction :

(A) (B)

OH

(© D) \_O
O
OH
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63.

64.

65.

Identify the name reaction involved in the following chemical

conversion

(1) 2 M NaOH, MeOH

(2) ice-cooled
KMnO,

(A} Nef reaction (B) Suzuki coupling
(C) Mitsunobu reaction (D} Chugaev reaction

Primary kinetic isotope effect (PKIE) experiment helps in identifying the

following aspect of reaction mechanism :
(A) Whether a particular bond is cleaved in the rate-determining step

(B} Whether a rearrangement proceeds via intramolecular or intermolecular

mechanism
(C) Whether a reaction follows NGP mechanism

(D) Whether a reaction proceeds with kinetic control or thérmodynamic

control

Cis-4-tert butylcyclohexyl chloride undergoes base-catalysed
dehydrohalogenation at a faster rate compared to the trans-diastereomer. This

suggests involvement of :

(A} Pyrrolytic elimination mechanism
(B) E; elimination mechanism

(C) E; elimination mechanism

(D) E., elimination mechanism
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66. Predict the major product/s in the following reaction :

[
CO
LiAlH,
H O —?
CH,
(+)

(A) meso-2, 3-dihydroxybutane

(B) racemic-threo-2, 3-dihydroxybutane

(C) non-racemic-threo-2, 3-dihydroxybutane
(D) racemic-erythro-2, 3-dihydroxybutane

67. Protection deprotection and coupling between two amino acid components are

important steps in peptide synthesis. One of the following is not used as a

protecting group in the peptide synthesis. Identify which :

(_A) benzoyloxycarbonyl
(B) N, N’-dicyclohexylcarbodiimide (DCC)
(C) 9-Flourenylmethoxycarbonyl (FMOC)

(D) tert-Butoxycarbonyl (BOC)
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68. The correct structure of the product obtained in the following reaction

is ;

0
HOO C\/\/\ Baker’s Yeast} )
CEHII
O H,
(&) O/\/\/\ (B) HOOG
H CeHyy Gy,
O
O
© (D) |
C.H,, CH,,

69.  Which of the following features is not valid with regard to green chemistry
principles ?
(A} Atom economy is preferred
(B) Use of non-toxic solvents is preferred
(C) Formation of racemic compounds is preferred

(D) Formation of enantiomerically enriched product is preferred

70.  Which of the following features is not associated with nanoscience and
nanotechnology ?

(A) Alteration of band gap upon conversion to nano-sized particles

(B) Reactions producing nanc-materials must involve nano-sized catalysts
alone

(C) Particle size preferably between 1 nm to 100 nm

(D) Tangible difference in properties upon conversion to nano-sized
particles
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71.

72.

73.

74,

75.

Which of the following factors is crucial with regard to supramolecular
chemistry ?

(A) Presence of large lipophilic part

(B) Presence of large hydrophilic part

(C) Non-bonded interaction between the species involved

(D) Bonded interaction between the species involved

One of the following is not commonly used as a host in supramolecular
chemistry. Identify which :

(A) Crown ethers (B) Cryptands

(C) Adamantoids (D) Cyclophanes

Arrange the following solvents in decreasing order of preference with regard
to green, environmental consideration.

Chloroform Ethanol THF Water

I 11 111 v
(A) IV>1II > 111 > 1 By O>II>1>1V
(C) I>11>111 > 1V D IV>1>1I> 111

One of the following statements given below is incorrect. Identify which :

(A) Pharmacophore is the crucial part of a drug molecule associated with
specific action

(B} PpB-lactam ring is the pharmacophore in penicillin series

(C) Highest wavelength absorbing chromophore is the pharmacophore in the
drug molecule

(D) Toxicology studies are a pre-requisite for development of a drug
molecule

Barbiturates are a group of compounds used as :

(A) Anti-biotic drugs (B} Anti-septic drugs

(C) CNS active agents (D) Anti-emetic drugs
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