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IMPORTANT NOTE FOR CANDIDATES
* Questions 1-30 (objective questions) carry fhiree marks each and guestions
+1-44 {subjective gquestions) carry fffleen marks each. |

*  Write the answers to the gbjective gquestions in the Answer Tuble for Objective
&uestions provided on page 9 only.

Q.1 The molar internal energy of a gas at temperature T is U_(T). The molar internal energy

at T=0 is U (0). The correct expression that relates these two with appropriate
contnbutions is

(A) U {Ty=1_(0} + 3RT [linear molecule; translation only]

(B} U_{Tr=1_10 +g ET {linear molecule: translation and retation only]

3 .
(C} U_{Tr=1] (0} +E RT [nonlinear molecule; translation and rotation only]

(D} U {Tr=U_(0) + BT [nonlinear malecule; translation only]

.2 If a particle has linear momentum ;; =27+ ;+E at. position - =3f-j+£. then its

anpular momentum s

(A) 1+2% (B) —27-57+k (C) 5i-2f (D) 2i+5)—F
.3 It ¥ is the eigenfunction to the Hamiltonian eperator with « as the eigenvalue, then o

MUST be

(A} positive (B) negative (C) aninteper (D)) reai

Q.4 A quantum mechanical particle of mass m free to rotate on the surface of a sphere of

10 8*

j'".l'til"2

(A5 20 (B} 10 (Cy 9 Dy 4

2.9 Choose the INCORRECT statement among the following :

(A} When ideal gases are mixed, the entropy of mixing is always positive.

(B} At equilibrium, the chemicel potential of 2 species is the same in all of the phases of
the system.

() The total pressure of a mixture of ideal gases is equal to the sum of the partial
pressure of each gas in the mixtura,

(D} When a gas 13 allowed to expand, the maxamum work 13 obtained when the process
is earried out irreversibly.

radius r1s in the state with energy . The degeneracy of this state is

.5 The work done during the free expansion of ene mele of an ideal pas at 27°C to twice 1ts
original volume is (given: RT = 2494 Jmol ™, In 2 = 9.7, log 2 = 0.3)

(AY 1746 J mol™ (B) 1746 J mol™ {C] zero (hH  748.2 J mol™
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Al

(‘hoose the correct order of the diffusion coeliicients of the following at 2098 K.

£
=1

P- H in water

Q: OH in water
R: H,(y in water

S: Sucroze in water
(A) P>Q>R=>5 (B S>R=>Q>P (C} S=8>RB=>P (D) P>R>Q>05

: 2 4 ,
(.8 Two matrices are given as X = [; gJ and Y :[E {]-]' If X' is the transpose of X

then what would be X'V 7
20 52 20 4 a2 4 14 28
D
Al [4 E'L'J () [52 ED] e [48 12] . [12 12]

(.9 Addition of 1.0g of a2 compound to 10g of water incresses the boiling point

by 0.3°C. The amount of compound needed to prepare a 500 ml of 0.1 M solution 13
(given: assume negligible dissociation or association of the compound, boilling point

constant K, of water = 0.513 K kg mol ™)
(A] 0.855 ¢ (B) 1¥%.1g (C) B.A5g (D) B5.bp

Q.10 The molar conductivity of 0.009 M aqueous solutian of a weak acid (HA} is 0.005 8§ m”* maol™

and the limiting molar conductivity of HA is 0.05 S m® mol™ at 298 K. Assuming activity
coefficients to be unity, the acid dissocialion constant (k,) of HA at this temperature 13

(A) 1x 107 (B) 0.1 (C] 9x 10 () 1.1 x 107

.11 The colour of potassium dichromate 15 due to

(A) d-d transition {B) transition in K ion
(C)  licand-to-metal charge transier [}} metal-to-ligand charge transfler

.12 Which one of the following cenfipuration will show Jahn-Teller distortion n an
oetahedral field?

(A) highspind® (B} Thigh spind® () highspind® () lowspind®

Q.13 B.H;and B,H,,, respectively, are examples of

(A)  nido and arachno boranes (B) mniddo and cfozo boranes
(C)  eloso and arachno boranes (D} mido horanes

.14  Which of the following has a square planar geometry according to the VSEPR theory?
Atomic number: B=5, 58 =16, Xe =54,

(A) XeO,F, (B) SF, (C) BF,” () XeF,
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A

.15 The siructure of rock salt consists of

(A] acube close-packed array of anions with cations in all the octahedral sites
(B)  a cubnc close-packed array of cations with anions in all the tetrahedral sites
) & hexagonal close-packed array of anions with cations in all the octahedrel sites

(D) 3 cubie close-packed array of anions with cations in all the tetrahedral sites

.16  Among hthium, nitrogen, carbon and oxygen, which elemnent has the highest first
ipnization potential?

LAY lithium (B} nitrogen (C) carbon (1} oxyeen

.17  In which of the following C-H bond has the highest ‘s’ character?
(A)  acetylens (B)  ethylenc (C) methane (I} CH radical

). 18  Which one of the following is an electron-deficient molecule according to the oetet rule?
(A) CH, 1By H.N:BH, (Z)  AlH, (D} {reH,

L. 19 Which one of the following has the highest lattice energy®
Ay  LiCi B Galla (C) LiF (1)) KLl

.20 At room temperature, HCl 1s a gas while HF 15 a liguid because

{A} of a strong bond between H and F in HF
{B} HF is less acidic as compared to HCI

{C} of strong intermolecular H-bonding in HF
{D] HCl is less acidic as compared to BF

Q.21 Benzene and Dewar benzene are

(D 77

benzene Dcwar benzene
(A) canomical formes {B) structursl isomers
({71 tantomers (I epnformaticonal isomers

.22  The IUPAC name of the following compound is

El\ /EN
/EH—EI-.I\
H oG CH,
(A] 2Z-cyano-3-chlerobutane B}  2-chlore-3-eyancbutane
{C] Z-methyl-3-chlorobutanenitrile (I 3-chioro-2-methyvlbutanenitrile
CY-3/40
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Q.24

Q.25

Which chemicel test will distinguish the compounds shown below?

Br—— CH; \\ / CH.Br
(A) Beilstein’s flame test (B} Ethanolic silver nitrate test
(C) Sodium fusicn test () Fehling's test

The reaction of the bromo compound shown below with sodium ethoxde gives

predominantly
Er

H
e
=,
T

(A)
iH D
B)
H
M2, H
Q)

H
1)) > ﬁ%[] H;C,;,.Hh -
H H and M

Choose the correct order of reactivity for dehydration of the
concentrated sulfuric aed,

(A)  Z-methylpropan-2-ol > 2-butanol » 1-butanol
(B} Z2-methylpropan-2-ol = 1-butanol » 2-butanol
(C)  2-butanol » 2-methylpropan-2-ol > 1-butanoal
([} I-butanol > 2-butanol = 2-methylpropan-2-ol

CY-4/40
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(}.26 The titration curve of alanine hydrochloride is given below.

14

12

10

0 0.5 1 1.5 2 2.9
equivalents of hydroxide

The pesition in the graph that correspends 1o the isoelectric point of alanine is

Ay P (B) Q iC) R m S

). 27 The absohute confipgurations at the twe chiral centers in D- Ribulose are

CH.OH
),
= -
H OH
CHQOH
D-Eihulose
(A 3R, 4F (B} 3R, 45 (C} 385, 4R (I 335, 45
(Y -5/40
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(.28 The most stable conformation of the molecule shown below i3 correctly represented by
H

Mg

Mo --"HIII<
Me
Me
Me
s o
Me Ma
HO Mo
Me Me
N OH
() (I} Me
hMe
Ma HO
Q.23  Thermal rearrangement of the following compound wonld give

0

. O/\EHG
O

O

LA)
(C)
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Q.30 The energy profile diagram that corresponds te 1,2-dihydroxyethane for retation around

the C-C bond is
(A) %‘
1
B
3
;
0
© B
®
f=
g
0
@
:

&4 120 180 240 S e
Clhedral Angls {deg)

40 13 130 M0 00 3D
Didrhd Arsgi {chig)

B0 1A 18 290 300 380
Dihedrad Angla (deg)

60 120 180 40 Md B0
Dihedril Adsh {dag)
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Space for rough work
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Answer Table fu}* Objeﬁtiué Ques.t-iﬂns

Write the Code of your ¢chasen answer only in the ‘Answer’ ¢olumn against each
Question No. Do not write anything else on this page.

Answer

Do hot wrlte In this

column

Answer

Do not welte In this |
n-nll_.lmn

FOR EVALUATION ONLY

Na. of correct answers

Marks

{+)

Mo, of incorrect answers

Marks

Total marks in queshion nos, 1-30

()

{ )
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A

Q.31 {a) Equilibrium constant for a reaction doubles as the temperature iz increagsed from
300 K to 600 K. Calculate the standard reaction enthalpy (in kJ mol™) assuming it
to be constant in this temperature range. {(given: R=8.3JK ' mol™, In 2=0.7}. (9)

(b) A 50 mL solution of 0.1 M moneprotic acid (K, = 1 x 107 at 298 K) is titrated with

r.1 M NaQOH at 298 K. Calculate the |[H'] of the solution after the addition of 50 mL
of NaOH at this temperature. {(given: K =1 x 107" at 298 K). (6)
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Q.32

For the reacticn
I'Iz{-g) + Bf:{g} —_— H:El'{g}
the following mechanism has been proposed.

Imitiation:
ki . ;
Hrg"f‘M ————— Hr + Bria M
Propagation:
k

Br' + H; —t HBr + B
* k 1

H + B, —E » HBr + Br
Retardation

- K,

Tetimination:

Br + Br' + M ——= Br, + M + encrgy

where M is the thitiator / terminator

ta)  Wnte the differential rate equations for the formation of the twa intermediates
H" and Br® (6

(b} Using the steady-state approximation, caleulate the concentrations of the
intermediates H™ and Br" and obtain the rate law for the formation of HBr. ()
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.33  Calculate AH and A8 _ for the process

| H. U] )

T=263K | —=

‘ =01 MPa

Assume that at 273 K the molar enthalpy of fusion of ice i3 8006 J mol™, the heat
capacity C_ (s} of ice iz 38 J K™! mol™ and the heat capaeity C, {1} of liquid water is
76 J K ' mol™. Consider the heat capacities to be constants.
(given: In 263 = 5.57 and In 273 = 5.61)

H;(}s)
T=23K

P=0.1 MPa

(15)
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Q.34

A

Two beakers, one containing 0.02 M KMnO,, 0.2 M MnSQ, and 0.5 M H,50),, and
another containing 0.15 M FeS0, and 0.05 M Fe,(30,),, are connected by a salt-hridge.

Platinum electrodes are placed in each beaker and these two electrodes are connected via
a wire with a voltmeter in between. H,30, is present in equal volumes in each beaker.

Assume H, 50, iz completely iomized.

SN | _ 2.303 RT
given: E_, . =08V, E'ﬂ;m_‘mhp =15V, =———=006 Vand log 2= 0.3
a2} Write the complete balanced redox reaction for this cell. {0)
(el What would be the potential of each halfcell after the reaction has reached
equilibrium? (9)
CY-16/40
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.35 An stomig orbital is described by the wavefunction
1 {a)
NTa;

yrir)= , where ¢, is the Bohr radius.

i " I r
Given: dr=r"sinf dr d9 d¢ and Ir“ R ,.Ei'n”fl L7 18 a positwve Integer)
o
(a) ldentify the atomic orbital and ealeulate the mean or the average radius of this
orbital in terms of « . {9)

(b)  Caleulate the most probable radius {in terms of a,) at which an electron will be
found when it occupies this orbital. (6)
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A

.36 Identify W, X, Y and Z in the following sequence.

(red) {brown)

; :Jm;s moist htmus paper blue, Write balanced chemical equation for the conversion of
vz
(15)
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A .

2 3 : a_
Q.37 {a) Draw the crysial field splitting diagram with appropriate labels for [NiClL]™.
Determine the spin only magnetic moment and the crystal [ield stabilization energy

(CFSE) for this complex. {given: atomic number of Ni = 28). ks)

(b Write the balanced equations for the reactions involved in the 1iodometne

estimation of Cu®* using thicsulfate. {f)
CY-22/40
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Q.33  {(a) Inthe reaction sequence given below P is an anionic Fe(ll} complex.

a - - oy
p 4 NO), o QO . R
(brown) (purple)
Identify P, @ and R. Bty
(b)  Draw g properly labeled unit ceil diagram of CsCl. Show throupgh ealeulations that
there is ondy one CsCl per unit cell. LB}
CY-24/40
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A

(.39 (a) Write the balanced chemical equations for the reactions involved in the synthesis of

horazine using ammonium chloride as one of the starting materials. Write the
structure of borazine. ()

)  Draw Lewis structures of SF, and NO,~. [6)
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40 (a) Comgplete the fﬂllﬂwing sequence by identifying B, F and 3.

l Al _
3 K by Hg F H3FD4 G
H3D+ cone:, HC

(3]
{b) Identify H and I in the reactions below.
C O
M NH, HNQ;
+ PhCH) ————
C{He heat H ﬂxldﬂtlmr L
(2 moles) {63
CY-28/40
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A

@41 (a) [dentify the productzs J, K and L in the following reactions. Lassigne’s test for L
shows the presence of mitrogen only.

NHCOCHA

+
H,S0,/ S0, j oxcessHNO; o LheatHi0' _ y  (9)

2. neumralizanon

(h)  Write the structures of M and IN in the fellowing reactions.

Mo
{LHC—=CH
HeS0 NaOEdY EtOH
ey e VRN LN (6)
dilute HESE];; Heat
0
CY-30/40
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W42 (a) Write the structures of P, @ and B in the given reaction sequence. $2)
1. LiAlH
P —— ., L MENIgBr p —Pd/BaS0, o —~1k
2. BrCH,COOC,H; H dry sther

(b} Identify 8 and T in the reactions given below.

COLEf |
NaH in toluene H-O" heat
e § —/ T (6}
COLEt heat
CY-32/40

=
&
gcollegedunlaa
India’s largest Student Review Platform

e ™



{Y-33/40

&
&collegedunlas
India’s largest Student Review Platform

e ™



Q43 (a) Identify X, Y and Z 11 the following reactions
)

NK + BrCH{COOCHs) -

X
‘) NaOE!t /
CICH»CH»SMa
Y

N 1. Na(QH
hthaiic aci il
phinaiic acid. T £ =~ 0 heat

ib)  Sugpest a suitable mechaniam for the following reaction.
)

CHO

Hir

rellux OH
CHO £t

LY-34/40
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A

.44 Consider the following reactions for a compound with melecular formula G H .

h :
EJ UJ:.'I 16 __}’dﬂl_*gﬂﬂﬂtl ﬂr'l' i E | UHEE
OZON0] Y515 O
L 1 I
2 moles of HCHO + 1 mole of acetone + 1 mole of
O 0

ta) Write structures that are consistent with the above data for the formula G, ;H.. (9}

(b) (aven that myrcene 13 2 terpene and has the molecular formula C H,;, using the

lanprens rule identify the correct structure for myrcene among the structures
elucidated in part (a). (G)
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mpace for rough work
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Space for rough work
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