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GA — GENERAL APTITUDE

Q.1 - Q.5 carry ONE mark each.

1. Inhaling the smoke from a burning

could you quickly.
(A) tire / tier (B) tire/tyre
(C) tyre/tire (D) tyre/ tier

The solution

tyre- rubbery ring

tire- cause to feel in need of rest
[Correct option: C]

2. A sphere of radius r cm is packed in a box of
cubical shape. What should be the minimum
volume (in cm?) of the box that can enclose
the sphere?

() = (®) 7

(C) 2r3 (D) 8r3

The solution

volume of cube = a°
a=2r

volume = (2r)3 = 8r3
[Correct option: D]

3. Pipes P and Q can fill a storage tank in full with
water in 10 and 6 minutes, respectively. Pipe R
draws the water out from the storage tank at
a rate of 34 litres per minute. P, Q and R
operate at a constant rate. If it takes one hour
to completely empty a full storage tank with
all the pipes operating simultaneously, what is
the capacity of the storage tank (in litres)?

(A) 26.8 (B) 60.0

(C) 120.0 (D) 127.5

The solution

Take the capacity of the tank is ‘X’ liter.
After one hour (60 minutes)

(3% 60) + (5% 60) +x = 34 x 60

10 6
6x + 10x + x = 2040
17x = 2040
_ 2040 _ 120 lit
x = 7= itre

x/10 per minute  x/6 per minute

Pl | [a

X (tank is already filled)

R |

34 litres per minute

[Correct option: C]

Six persons P, Q, R, S, T and U are sitting

around a circular table facing the center not

necessarily in the same order. Consider the

following statements:

= PsitsnexttoSandT.

=  (Qsits diametrically opposite to P.

=  The shortest distance between S and R is
equal to the shortest distance between T
and U.

Based on the above statements, Q is a

neighbour of

(A) UandS (B) Rand T
(C) RandU (D) PandS
The solution

s P T

RqU

Neighbours of Q are Rand U
[Correct option: C]

A building has several rooms and doors as
shown in the top view of the building given
below. The doors are closed initially. What is
the minimum number of doors that need to
be opened in order to go from the point P to
the point Q?

°Q

door

°P
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(A) 4 (8)
(@ 2 (D)
The solution

2 doors
[Correct option: C]

Q.6 — Q.10 Carry TWO mark each.

Rice, a versatile and inexpensive source of

carbohydrate, is a critical component of diet

worldwide. Climate change, causing extreme

weather, poses a threat to sustained

availability of rice. Scientists are working on

developing Green Super Rice (GSR), which is

resilient under extreme weather conditions

yet gives higher yields sustainably.

Which one of the following is the CORRECT

logical inference based on the information

given in the above passage?

(A) GSRis an alternative to regular rice, but it
grows only in an extreme weather

(B) GSR may be used in future in response to
adverse effects of climate change

(C) GSR grows in an extreme weather, but
the quantity of produce is lesser than
regular rice

(D) Regular rice will continue to provide good
yields even in extreme weather

The solution

Only 2" option is matches with given

information

[Correct option: B]

A game consists of spinning an arrow around a
stationary disk as shown below. When the
arrow comes to rest, there are eight equally
likely outcomes. It could come to rest in any
one of the sectors numbered 1, 2, 3,4, 5,6, 7
or 8 as shown. Two such disks are used in a
game where their arrows are independently
spun. What is the probability that the sum of
the numbers on the resulting sectors upon
spinning the two disks is equal to 8 after the
arrows come to rest?

‘Building tomorrows chemists’

8 1
7 2
6 3
5 4
(8) =
(D) =

The solution

Probability for sum of these 8 are,
(1,7),(7,1), (2,6), (6,2), (3,5), (5,3), (4,4)
Number of chances =7

Probability for a single number in a disc = 1/8
So, the answer is 7/64

[Correct option: D]

Consider the following inequalities.
()3p-qg<4
(i) 3qg - p< 12
Which one of the following expressions below
satisfies the above two inequalities?
(A) p+q<8
(B) p+q=8
(C) 8<p+g<16
(D) p+q=16
The solution
Add these equations
3p—q<4
3g=p<12
2p+29<16
dividingby 2; p+qg<8
[Correct option: A]

Given below are three statements and four
conclusions drawn based on the statements.
Statement 1: Some engineers are writers.
Statement 2: No writer is an actor.

Statement 3: All actors are engineers.

Conclusion |: Some writers are engineers.
Conclusion II: All engineers are actors.
Conclusion Ill: No actor is a writer.

Conclusion IV: Some actors are writers.

Which one of the following options can be
logically inferred?

(A) Only conclusion I is correct

(B) Only conclusion Il and conclusion Il are

correct

(C) Only conclusion | and conclusion Il are
correct

(D) Either conclusion Il or conclusion IV is
correct
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The solution

Engineers ‘

Only I'and Il are correct
[Correct option: C]

10. Which one of the following sets of pieces can
be assembled to form a square with a single
round hole near the centre? Pieces cannot
overlap.

YA
]
N
S

The solution

[
AN

[Correct option: C]

CY — CHEMISTRY

Q.11 - Q.25(MCQ) carry ONE mark each.

11. The major product M formed in the following
reaction is

N,H, (1 equiv)
B
Cuso,, 0,
(A)@ij (B)(:/\j

‘Building tomorrows chemists’

The solution
Reduction of alkenes using diimide

Preparation:

NH, [0]
—_—

| e |l

NH, NH

Reaction:

" H3C Me

e H. H,,
NH, [N o ”)
jO 9 < .
Me Cu Nq’, HAW
HsC Me

e Syn-addition

e Allsupra process (62 + 62 + m2)

e Trans alkene reacts more rapidly than cis
alkene in general.

Here

NoHy
cLlso4 0,

(Reactivity: trans >> cis)
[Correct option: B]

12. The starting material Y in the following

reaction is

0
Y + /\MgBr THF, —40 °C
3 i N
(3 equiv) o
Br
©: B) : NO,
Br Br
C) N3 (D) H
Br Q

The solution
Bartoli Indole synthesis

The chemical reaction of ortho substituted
nitro amines (R-NOz) and nitroso amines (R —
N = 0) with vinyl Grignard reagent to form
substituted indole.

Hence
NO,
©: + g _THF. 40 AN
Br (3 equiv) H
Br
Mechanism:
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Bng/\/ S S NH,
Ll N o A, X,
N~ N, N Ph\N Ph\N o Hoc
oD M=

e} N
e

o
H,0"
Y\<— BrMgo” X Biitg” N (A) glycine-phenylalanine-valine
(B) valine-phenylalanine-glycine
(C) glycine-tyrosine-valine

(D) glycine-phenylalanine-alanine
)
OMgBr«— -
\Nj The solution
MgBr This is Edman degradation. In this method

MgBr
phenylisothiocyanate(PITC) is reacted with an

NN H,0° unch.arged N—.t(.ermmal amino group .under mild
alkaline condition to form phenylthio carbonyl

Z

OMgBr OMgBr . . . . 0
N derivative (PTC derivative). Then under acidic

MgBr 10 condition this derivative of terminal amino acid

is cleaved as thiazolinone derivative (ATZ

Iz

[Correct option: B] derivative). The thiazolinone amino acid is then
selectively extracted into an organic solvent
13. The major product in the given reaction is Q. and treated with acid to form more stable
The mass spectrum of Q shows{[M] = phenylthiohydantoin ~ (PTH  amino  acid
molecular ion peak} derivative). PTH amino acid derivative can be
Me identified  using  chromatography. The
H PhsP, CBry procedure can then be repeated again to
Me Et,N, CH,Cl,, 0°C =0 identify the next amino acid.
H R T
(A) M], [M+2] and [M+4] with relative Ph/'\j HZN/'\’(N\pepﬁde
intensity of 1:2:1 s 3
(B) [M] and [M+2] with relative intensity of PH=8.0
1:1

(C) [M], [M+2] ‘and [M+4] with relative

SNH S
Y heat |
intensity of 1:3:1 S i fﬂk )\’(N\
peptide
H

o . . . HN N
(D) [M] and [M+2] with relative intensity of NN | |
Ph O
2:1 Lo >
H PTC derivative
The solution +H
Br
CBry + PPhy; —» C=PPh, o S
/
Br \R heat py )I\
Corey- Fuchs reaction S W _H N NH
%NH )—//

N o) R

Me Br Me Ph/ PTH-aminoacid derivative
H _C=PPhg H
Me Br Me S
—— PhNCS
o) e . PH=28.0 Ph
Wittig reaction tripeptid ~N NH .

Br Br ripeptide SHCT + dipeptide

two bromine atoms are present, so 1:2:1
[Correct option: A] M] o

14. A tripeptide on treatment with PhNCS

S
(pH = 8.0) followed by heating with dilute HCI PhNCS )]\ e
afforded a cyclic compound M and a dipeptide 2H=890 =N N HOZC)Y
dipeptide. The dipeptide on treatment with dirct th

PhNCS (pH = 8.0) followed by heating with o___[_l\}]. """ o ld\mc\l |
dilute HCI afforded a cyclic compound N and PTH. derivative " valine
an acyclic compound O. The CORRECT Sequence will be,

sequence (from N- to C-terminus) of the Glycine — Phenylalanine — Valine

tripeptide is [Correct option: A]
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15. The major product M in the following reaction (A) OH (B) OH
i B B
= =
Ph A
m r hy M N~ “oMe N~ “OMe
Ph Ar
Br. N Br (D) Br N Br
© | |
=z OH HO =z
Ar = cN N N OMe
Ph Ph

The solution

Br Br B Li
(A) (B) X "Buli, E,0 N
_—
Ar Ar | _ -100°c | =
N OMe N OMe

Ortho Lithiation

(Nucleophile)

Ph Ph Ar Ph
(Electrophile)
23 OH
© (D) Ar Br Li Ph)kH B
Ph | X \_/ ' | A Ph
—_— >
Ph Ar Z Z
| N” Some -78°C N” oMe
Ar Ar Ph Ph (C-C bond formation)

[Correct option: A]
The solution

It is an example for di pi methane 17. In differential thermal analysis (DTA)
rearrangement. (A) the temperature differences between the
sample and reference are measured as a
hv y N function of temperature
. (B) the differences in heat flow into the
Ph PhAr Ar Ph PhAr Ar reference and sample are measured as a

function of temperature

(C) the change in the mass of the sample is
measured as a function of temperature

(D) the glass transition is observed as a sharp
peak

Ar ArPh Ph A
More stable

W

Ar" ArPh Ph Ar

The solution

DTA technique measure the difference in
temperature between the sample and a
reference material (DT).

ie, Temperature change against time.

. . Exo
Generally, the product with electron donating bR e

group with unsaturation (double bond) and

electron withdrawing group with ring is more AT Endo or AT
s 4
stable.
[Correct option: A] Time Time

. ) ) [Correct option: A]
16. The major product T formed in the following

reaction is 18. The vy_gresonance Raman  stretching
Br ~5  (a)"Buli Et,0, -100 °C frequency (cm™) of the coordinated dioxygen
| » T in  oxy-hemoglobin and oxy-hemocyanin
P (b) PhCHO, -78 °C .
N OMe appears, respectively, nearly at

(A) 1136 and 744 (B) 1550 and 744
(C) 744 and 1136 (D) 744 and 1550
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19,

20.

The solution

Species
; Vg_presonance
.| coordinate )
Metalloprotein Raman stretching
d to metal frequency (cm™)
centre(s) g Y
oxy- 0- 1105 cm™ (~1136
hemoglobin 2 cm™)
OXy- 2,720~ 1 1
hemocyanin n%;n“0; 803 cm™(744 cm™)

[Correct option: Al

The number of metal-metal bond(s), with o, 7,
and & character, present in [Mo2(CH3CO2)4]
complex is(are), respectively,

(A) 1,2,1 (B) 1,2,0

(C) 1,1,0 (D) 1,1,1

The solution
[M02(CH3CO2)4] is a complex with quadrupole
bonds.
2x=4=0
2x=0
X=4/2=+2
ie Mo?
e Mo?"is d*system
e 8electrons from two Mo atoms
e  Electronic configuration

ot <t <82 <8°
e MO=Mo e
1- o type
2- 1T type
1- § type
[Correct option: A]

1saand 1sg are the normalized eigenfunctions
of two hydrogen atoms Ha and Hs,
respectively. If S = (1sa|1ss), the option that is
ALWAYS CORRECT is

(A) S=1

(B) S=0

(C) S=imaginary constant
(D) 0<S<1

The solution
The extent to which two atomic orbitals
overlap is measured by the overlap integral ‘S’.

S = (Is;]1sp) = f Yipde

e If two normalized atomic orbitals are
identical thenS=1

e If the integral over the region where the
product of the wave function is positive
exactly cancels the integral over the
region where the product is negative, so
overall S = 0 (as in case of ‘S’ and Py
orbital)

21.

22.

‘Building tomorrows chemists’

ie.0<S<1
[Correct option: D]

The pure Vvibrational spectrum of a
hypothetical diatomic molecule shows three
peaks with the following intensity at three
different temperatures.

Intensity (arbitrary unit)
Peak ™300k | 600K | 900K
I 1.0 1.0 1.0
1] 0.1 0.1 0.1
1] 0.02 0.04 0.06

The CORRECT statement is

(A) Peak | appears at the lowest energy
(B) Peak Il appears at the lowest energy
(C) Peaklll appears at the lowest energy
(D) Peak | appears at the highest energy

The solution
For-an anharmonic oscillator
<i> fundamental bond will observe
at, AEO_)lz We — 2 We Xe
<ii> first hot band, AE; ;= We —4 we Xe
<iii> first overtone, AE,_; = 2we— 6 we Xe
Here  we=hw =hv
By taking an arbitrary value for we = 1000 and
Xe = 0.01 we get
AE,_,1=1000 — (2 x 1000 x 102) = 980
AE,_,, = 1000 — (4 x 1000 x 10%) =960
AE,_,, = 2000 — (6 x 1000 x 10%) = 1940
The order of energy is
AE,, < AE,_,, < AE,,
Peak one must be fundamental band (AE,_,).
since it have highest intensity
Peak Il may be first hot band ( AE;_,,).
since its intensity increasing with increase in
temperature.
Peak 11" probably first overtone since it has
low value of intensity compare to 1°t.
By this we can conclude that the correct
statement is,
Peak Ill (first hot band AE;_,,) appear at lowest
energy.
[Correct option: C]

The point group of SFe is
(A) Den (B) On
(C) Ded (D) Cev

The solution
The point group of SFs is On

On|E 8Cs 6C, 6Cs 3C, i 65+ 85 305 604

Number of classes = 10
Number of elements = 48
[Correct option: B]
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23.

24.

25.

A point originally at (1, 3, 5) was subjected to
a symmetry operation (0,) thatshifted the
point to (-1, -3, 5). Subsequently, the point at
(-1, -3, 5) was subjected to another symmetry
operation (0,) that shifted this point to
(-1, -3, -5). The symmetry operators 0,and
0,are, respectively,

(A) C,(x) and 6(xy)

(B) Cy(2) and G(xy)
(C) &(xy) and C,(2)
(D) $;andS,

The solution

Gy z) = (x,—y,—2z)
Czy(x'y'z) - (—x,y, - Z)
C;(x,y,2) = (—=x,—-Y,2)
and
ny(x'y' Z) - (x,)’» - Z)
Oxz(X,y,2) = (X, —Y,2)
0y (%, ¥,2) = (=x,¥,2)
Here
C%(1,3,5) —(-1,-3,5)
Oxy (-1,-3,5) — (-1, -3, -5)
[Correct option: B]

Adsorption of a gas with pressure P on a solid
obeys the Langmuir adsorption isotherm. For
a fixed fractional coverage, the correct
relation between K and P at a fixed
temperature is

[K = ka /ko, kaand kb are the rate constants for
adsorption and desorption, respectively.
Assume non-dissociative adsorption.]

(A) K «c p=1/2 (B) Ko« P
(C) K« Pt (D) K « p1/2
The solution
From Langmuir isotherm,
9= Kp | _k_a

T 14+KP’ T Ky
0 =fractional coverage

\4

T Ve
1 _ 1+KP v
6 Kp ' Ve
1 1
5 = K_p +1
K=t

For a fixed fractional coverage
K =a constantx 1/p
Ko+
P
ie Kx Pt
[Correct option: C]

The temperature dependence of the rate
constant for a second-order chemical reaction
obeys the Arrhenius equation. The Sl unit of
the ‘pre-exponential factor’ is

‘Building tomorrows chemists’

(A) st (B) m3molts?
(€C) molm3s7t (D) (m3mol?)2s7?

The solution

Arrhenius equation says.

k = Ae—Fa/RT

k = rate constant

A = pre exponential factor

Ea = energy of activation (in J mol?)
R=8.314 J K mol*

T = temperature in Kelvin

The term f;—; is dimensionless

k = Ae—Ea/RT

unit of pre-exponential factor(A) = unit of rate
constant(k)

(since e"E2/RT have no unit)

Unit of second order rate constant =
[concentration] *[second] ™!
Concentration = mol m-3
[concentration] 1= m3mol?

Unit of k = unit of A=m3mol?s?
[Correct option: B]

Q.26-Q.32 (MSQ) Carry ONE mark each.

26. The CORRECT reagent(s) for the given reaction

is(are)

(0] (0]
_— O
Me Me
M Me Me Me

(A) H,0,, NaOH
O
B) |
®) >
(C) DIBAL-H, then mCPBA
(D) SO; pyridine, Me,SO

The solution

¢ &)

O,
/
O
7
I
O «———o0

(0}

H.02/OH™ is the best oxidizing agent for
oxidation of @, unsaturated carbonyl

compounds.
o}

Similarly, the dimethyldioxirane(DMD), ><<|3
is also used as oxidizing agent.
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27.

28.

O

@:ﬁ%
o
O A

[Correct options: A & B]

>

_—

s

N

The CORRECT statement(s) about the *H NMR
spectra of compounds P and Q is (are)

,QD

Hb\\\‘ Ph

P Q

(A) P shows a sharp singlet at 6 = 3.70 ppm
(for Ha and Hp)

(B) Q shows a sharp singlet at 8 = 3.70 ppm
(for Ha and Hp)

(C) Pshows a AB-quartet centered at 6 = 3.63
ppm (for Ha and Hy)

(D) Q shows a AB-quartet centered at & =
3.63 ppm (for Ha and Hp)

The solution

Ha and Hp in P is enantiotopic and Q is
diastereotopic. Enantiotopic atoms or groups
give same signal in NMR spectroscopy but
diastereotopic atoms or groups give different
signals.
[Correct options: A & D]

The CORRECT statement(s) about thallium

halides is(are)

(A) TIF is highly soluble in water whereas other
Tl-halides are sparingly soluble

(B) TIF adopts a distorted NaCl structure

(C) Tliz is isomorphic with Csls and the oxidation
state of Tl is +3

(D) Both TIBr and TICI have CsCl structure

The solution

TIF: TIF is a white crystalline solid, which is
highly soluble in water unlike the other TI(l)
halides. At normal room temperature it
possesses a similar structure to a-PbO which
has a distorted rock salt structure. At 62°C it
transforms to a tetragonal structure.

TICl and TIBr: They have crystal structure same
as CsCl.

Tllzs and Csls: Tls is isomorphic with Csls, but
oxidation number of Tl = +1.

Tllz is TI*13~ and Csls is Cs*l3~

[Correct options: A, B & D]

29.

30.

‘Building tomorrows chemists’

The CORRECT statement(s) about the spectral

line broadening in atomic spectra is(are)

(A) The collision between atoms
broadening of the spectral line

(B) Shorter the lifetime of the excited state, the
broader is the line width

(C) Doppler broadening is more pronounced as
the flame temperature increases

(D) In flame and plasma, the natural
broadening exceeds the collisional
broadening

causes

line
line

The solution

Several factors contribute to width of
spectral line (broadening of spectra)
i) Natural broadening:- it is a result of
Heisenberg’s uncertainty principle which
indicates that there is an uncertainty in the
energy state of the system.

AE.At=% , here AE, At represents
uncertainties of energy and time.
AE =

2m.At
Decreasing lifetime increase the energy

uncertainty and spectral line will become
broader.
i) Collision  broadening:- atoms and

molecules in ligand and gaseous phases are in
continual motion and collide frequently with
each other, these collision perturb the energy
levels and cause broadening.

iii) Doppler broadening:- in liquids and gases
(or plasma) the motion is random in a given
sample, shift to both high and low frequencies

occur and hence the spectral line is
broadened.
Increase in temperature increases the

kinetic energy (velocity) of molecule and cause
more broadening.

NB:- refer Doppler effect

Option A, B and C are correct

In flame and plasma collisional line broadening
exceeds natural line broadening hence option
four is incorrect.

[Correct options: A, B & C]

Match the CORRECT option(s) from column A
with column B according to the metal centre
present in the active site of metalloenzyme.

A B
P Cu I B12-coenzyme
Q Mo I Carboxypeptidase
R Co mn Nitrate reductase
S Zn v Cytochrome P-450

\'} Tyrosinase
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31.

(A) P-V, Q-lll, R-1, S-II
(B) P-IV, Q-ll, R-1, S-IlI
(C) P-II, Q-IV, R-V, S-lIl
(D) P-V, Q-lll, R-II, S-IV

The solution

Metal centre
Metallo- . )
. present in functions
protein . .
active site
Group
1. | B2 Co transfer
reaction
Carboxy Hydrolygs
2. eptidase Zn of peptide
pep bond
Nitrate Redgctlon
3 Mo of nitrate
reductase .
to nitrite
4 Cytochrome Fo Oxidation
" | P-450 of alkene
Melani
5. | Tyrosinase Cu eanln.
production
[Correct option: A]
The CORRECT statement(s) about the

following phase diagram for a hypothetical
pure substance X is(are)

o
g Pressure

gas

Temperature

(A) The molar volume of solid X is less than
the molar volume of liquid X

(B) X does not have a normal boiling point

(C) The melting point of X decreases with
increase in pressure

(D) On increasing the pressure of the gas
isothermally, it is impossible to reach
solid phase before reaching liquid phase

The solution

I. If molar volume of solid is less than that of
liquid. Then the solid- liquid boundary (fusion
curve) must have a positive slope in its
pressure- temperature graph (phase diagram).
Hence first option is incorrect.

32.

33.

‘Building tomorrows chemists’

Il. The normal boiling point (also called the
atmospheric boiling point or the atmospheric
pressure boiling point) is the case in which the
vapor pressure of a liquid equals the defined
atmospheric pressure at sea level, one
atmosphere. A substance having triple point
pressure higher than 1 atm do not show
normal boiling point. i.e second option is
correct.

. If Vm(l) < Vm(S), increase in pressure
increases the chemical potential of the solid
more than that of liquid and this case the
freezing temperature is lowered slightly, i.e 3™
option is also correct.

IV. From phase diagram it is clear that by
increasing pressure of a gas isothermally we
can reach solid state (sublimation) before
liquid state.

i.e option four is incorrect.

[Correct options: B & C]

The parameter(s) fixed for each system in a
canonical ensemble is(are)

(A) temperature (B) pressure

(C) volume (D) composition

The solution

The canonical ensemble is a collection of
imaginary - replications of the actual system
with a common temperature and number of
particles. Fixed parameters for a canonical
ensemble are temperature (T), volume (V) and
number of molecules (N) or composition.
[Correct options: A, C & D]

Q.33-Q.35 (NAT) Carry ONE mark each.

The number of peaks exhibited by T in its
broadband proton decoupled C NMR
spectrum recorded at 25 °C in CDCls is

o

T

The solution

8 different type of carbon atom
[Correct answer: 8 to 8]
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34. The diffraction angle (in degree, rounded off
to one decimal place) of (321) sets of plane of
a metal with atomic radius 0.125 nm, and
adopting BCC structure is
(Given: the order of reflection is 1 and the
wavelength of X-ray is 0.0771 nm)

The solution
Givenn=1, A=0.771nm, r=0.125 nm and
(hkl)=(321)
According to Braggs law n A = 2dsin©
Sing =22
2d
__*
JhZ+kZ 412

for BCC cube, 4r = v/3a
4r

V3

a=
_ 4r
V3 xh2+k2+12
_ 4x0.125 _4x0.125
V3x+32+22+412 V3xV14

1x0.0771x+/3 xV14
2x4x0.125

SinB =

=0.53
6 = 30
[Correct answer: 30.0 to 31.0]

35. For the angular momentum operator L and
the spherical harmonics Y;,,,(8,9),

(L2+ [2)Y,,(0,9)=nh?Yy(0,)

The value of nis......

The solution

Ly =1Ly I, =1L,

P=E+15+1;

24 12=12—2

L =1+ 1Dh?

l, = \/Eh, 12 = m;h?

12+ lf, =1+ 1)h? — m;h?
=2(2+1)—1xh%="5nr?

(Z:;Zc + LAJZI)Y21(9' $) = 5h%Y,1 (6, d)

Therefore,n =5

[Correct answer: 5 to 5]

l,=1,

Q.36 — Q.50 (MCQ) Carry TWO mark each.

36. The major product P obtained in the following
reaction sequence is
(a) NaH (2 equiv), THF _
(b) Mel (2 equiv), reflux, lhr
O (c) NH,0H.HCI
(d) PClg

‘Building tomorrows chemists’

o

(A)

o
oty

The solution

Me Me
—»
)
) \.O (o]
H
Me—l

more bamc center
(Conjugate acid might
be stabilised by nearby
benzene ring)

‘—QQ\

8)8

B
NH,OH. HCl
(Oxime formation) CQ\
—_—
Me Me

(trans oxime preparation)

PCl;

Beckmann
fragmentation /' _PClg
-—— 2=
OH
@ \-"\N b
Me Me

any mild base will carry
CN nulprumn elimination in E

CN
-H'(E) CE;/
- e
Me
stable 3° carbocation

[Correct option: A]

=
(o)
(@)
&z =
o 2

37. The major product Q in the given reaction

is
Mej3Si ZnCI
OCOCF; MecCN, o°c
Me Me
(A) B)
/ / SiMe;
CH,
Me Me Me Me
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SIM93
The solution
MesSi o MesSi
ZnCl, (Lewis acid)
OCOCF3 ———» o
H,C HC
Me
Me Me Me

Cycloaddition

(4+3)
ﬂ SiMe3
Me

[Correct optlon. Al

38. The major product P in the following reaction
is

SIMe3
)]\/”\ CsF (2 5 equiv)
Me MeCN, 80 0c

A) 0 (B)

Me (6]

Me
COZMe
MeO O

(@) (D) oTf

O (0]

COZMe
OMe
(0] Me

The solution

el _Me

SlMe3 SI\ °
@: —»@i Me ——» *)
-Me;SiF
L’OTf

-OTf

€0

ot

DS L0

—Me
(Benzyne)

Me work-up Me
_— >

MeO MeO o)

[Correct option: A]

‘Building tomorrows chemists’

39. The major product P in the reaction sequence

() /7 \

Me Me

=

(0]

I
|

oo
\J
!

(b) Hy/Raney Ni,
HCI, MeOH-H,0

)‘%Me
Me
© o
Me)K(\Me
Me
The solution
(Vg o [1,3]-dipolar

Me—=N—0 cycloaddition
~

Me N
ﬁ
Me Me

Me Me
H,/Raney Ni,
HCI,MeOH-H,0
(0] OH (o] OH
redraw
-
Me Me Me Me
Me Me

[Correct option: A]
40. The major products P and Q in the following
reaction sequence are
o]
}\ LDA, -78 °C (a) Grubbs-II
» P - » Q
\/S/ A "Br (b) LiBH,
\/y ~ Q= \6

W S
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® Qg oH
L
\i ~ ©=

The solution

o
L:@

o]
_ LDA,-8%C ’c }\\N

‘3\
\/S/ (enolate formation)

Nu
Y
™

(electrophile)

A
/

: ¢

fo

/
YC
= Qh

(attack from backside due
to the presence of t-butyl group

in the front side, stereoselective Grubbs-II
reaction) (alkene metathesis)
[-H,C=CH,]

~ Q CO
= »\N)"’/
& —— AIC
J
B Li
H \H
[Correct option: B]

41. The major products M and N in the given
reaction sequence are

(¢]
(a) NaH, (MeO),CO, benzene DIBAL-H (excess)
> M >
(b) Br, (2 equiv), Et,0
(c) NaOMe, MeOH
Et
(A) CO,Me CH,OH
M= /@—COZMe N= D—CHZOH
Et Et
(B) CO,Me CH,OH
M= L&*COZMe N= b*CHZOH
Et Et
©
M= COMe  n= CH,OH
CO,Me CH,OH
Et Et
(D) CO,Me CH,OH

=

i
m

z
m !

CO,Me CH,0H

’

‘Building tomorrows chemists

The solution

o 0 0
q,. ¢
NaH ©
Et Et Et
o O o O (:
Br MeO)JQ’Me
Br, - Et,0
OMe OMe
bromination
via enol formation
Et Et
o 5 o o 5 0
r r
Br. Brg \
Br,-EL,O 2 OMe OMe
H .
d . >
2"¢ bromination NaOMe
Et Et
Favorskii
MeO o o OD o rearrangement
B~ ¥ & ome _/Br\ S
OMe
-
Et Et
(e) o
excess DIBAL-H
will reduce both
MeO OMe o, Me' to CH,0H HO on
.
Et Et
[m] In]

[Correct option: B]

42. Three different crystallographic planes of a
unit cell of a metal are given below(solid
circles represent atom). The crystal system of
the unit cell is

g

1, = |

“Q o~ N=3

S ) )

[ =]

«—> —> «—>
0.20 nm 0.30 nm 0.25 nm
(110) (101) O11)

(A) triclinic (B) monoclinic

(C) tetragonal (D) orthorhombic

The solution

g
; IE I
@ N ©
< e A
(=] (=]
>
0.20 nm 0.30 nm 0.25 nm
(110) (101) 011)

a=0.20nm; b=0.30nm; ¢=0.25nnm
therefore, a # b # c,
From the given planes,
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Y.

43,

44.

z 7 F
|
X — X
) \“ (101) / L)
¥
L]
L]
o 0|
° X

A
(all solid circles arein faces )

In case of orthorhombic a # b # ¢, and

possible lattice types are P, B, F, E (from the

given planes) or all edge lengths of above unit

cell is like a matchbox,

[Correct option: D]

The number of equivalents of H2S gas released
from the active site of rubredoxin,2-iron
ferredoxin, and 4-iron ferredoxin when treated
with mineral acid, respectively, are

(A) 4,6,8 (B) 0,2,4

(C) 1,2,4 (D) 0,2,3

The solution

Rubredoxin--- FeSo — 0
2-iron ferredoxin--- Fe2S, — 2
4-iron ferredoxin--- FesSs — 4
[Correct option: B]

The number of vs_q stretching vibration
band(s) observed in the IR spectrum of the
high-spin  [Mn(dmso)s]** complex (dmso:
dimethylsulfoxide) is

(A) only one

(B) two with intensity ratio 1:2

(C) two with intensity ratio 1:1

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

The solution

High spin [Mn(dmso)s]**,
= Mn*, high spin - d* system
= Jahn Teller distortion

\Mn/ .
/‘\
ie, 2:4=1:2

[Correct option: B]

45.

46.

‘Building tomorrows chemists’

[Fe(H,0) 2 + [Fe*(Hy0)1" M1 [Fe(H,0)g%" + [Fe*(H,0)6"

k
[Fe(bpy)s]2* + [Fe*(bpy)s?" ———= [Fe(bpy)s]** + [Fe*(bpy)s]**

(bpy = bipyridyl)

k
[Co(NHy)g*"+ [Co*(NHy)gl"—2 s [Co(NH;)]*"+ [Co*(NHy) >

*indicates a radioactive isotope

The rate constants in the given self-exchange
electron transfer reactions at a certain
temperature follow
(A) kir>kao>kss
(C) kas>kaz>k1

(B) ka2>k11>ks3
(D) k22>ksz>ki1

The solution

Since (bpy) ligand is rich in pi electrons its
electronic movement is faster and hence outer
sphere electron transfer reaction is faster.

In [Fe (H20)e]** and [Fe (H20)¢]** the atomic
configuration is tzg*eg? and tageg? respectively.
Electron transfer from m* — m*, while in
[Co (NHs)e]*/3*. One is high spin and later is
low spin complex (tzg’eg? and t2fes®) and
electron transfers fromn* - o”.

m* - 1" electron transfer is faster than % —

o transfer, hence ka2 > ki1 > kss.
[Correct option: B]

The CORRECT distribution of the products in

the following reaction is
CHs

Cc=0
13
N\ co A

oc,,,

n —_—
ocY | Yco decarbonylation

co
(A) CH, CHs
oc, | «co  0¢,, | (°co
‘Mn' + 'Mn‘
ocY | Yco  OC | co
co Cco
(25%) (75%)
(B) CHs CHs
oc,, | «CO oc,, | (’co
e . R
ocY | A (%6 ocY | ~Yeco
co co
(20%) (80%)
(C) co co co
0C,,, | WCHs oc,,. \\\{300 HsC/,. ‘\\{300
n Mn + n
ocY | Yeo  HY | Yco  oc” | ~Yco
co co co
(25%) (25%) (50%)
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(D) CcoO CcO CcO
OC//, ‘\\\CH3 OC//, ‘\\{3CO ‘\\{BCO

HsCy,,
n + n + Mn
ocY | Yeo  HeY | Yco  oc” | ~Yco
co co co
(20%) (20%) (60%)

The solution
Decarbonylation follows cis manner only, so

four choices are possible

o~
c=o0 co
@\ o, o _®_, OC//,M WCHg T
Mn 0 25% 'S +:2CO:
oc” | Ao oc | co
co_____
L@, ey, | ot
25% n + CO
ocY | ~Yco
co
Co_____
3!
©) 0c,, Mn‘l‘\ .(_:.Q:
o + CO
2% oc¥ | WCH;
co
co.____.
"3 H
0) oc¢,,, | & CO:
n + CO
B% v | vco
co

e 3 & 4 are same, since 3CO and CHs
are cis to each other.
So, ratio is 25:25:50

[Correct option: C]

47. The addition of Ka[Fe(CN)s] to a neutral
aqueous solution of the cationic species of a
metal produces a brown precipitate that is
insoluble in dilute acid. The cationic species is

(A) Fe* (B) UO2*
(C) Th* (D) Cu*
The solution
Xt M Brown precipitate

cationic species insoluble in acid

X" =2
Copper(ll) give reddish brown ppt
Ka[Fe(CN)s] (potassium ferrocyanide).
2CuSO4 + Ka[Fe(CN)s] — Cuz[Fe(CN)s] 1+
2K2504
therefore, answer is Cu?
[Correct option: D]

with

48.

49.

‘Building tomorrows chemists’

The electronic spectrum of a Ni(ll) octahedral
complex shows four d-d bands,

labelled as P, Q, R, and S. Match the bands
corresponding to the transitions.

Amax ’

~ _ Transitions
nm (¢, M~tcm™1)

1000 (50) || 3A%(F) —3Tig(P)

3A2g(F) _>3T1g(F)

630 (55) | 3Axg(F) —3Tag(F)

P
Q| 770 (8) I
R
S

375 (110) IV | 3Az(F) —'Eg(D)

(A) P-IV, Q-lll, R-II, S-I
(B) P-Ill, Q-IV, R-Il, S-I
(C) P-II, Q-IV, R-1, S-1II
(D) P-I, Q-IV, R-I, S-III

The solution

According to orgel diagram three transitions
possible,

3A2g(F) — 3T2g(F) low energy

3A2g(F) — 3Tug(F)

3A2g(F) — 3T1g(P) high energy

But here there is a low intensity band (lower €
value is given) that should be a forbidden
transition 3Axg(F) — *Eg(D)

So,

*Axg(F) = *Tig(P) =S

*Axg(F) — *Tog(F) = P

*Axg(F) — Tig(F) =R

3A%(F) — Eg(D) = Q

[Correct option: B]

In the following table, the left column
represents the rigid-rotor type and the right
column shows a set of molecules.

P. Symmetric rotor .

(oblate) 1. SiHa
.S tri t

Q. Symmetric rotor 2. CHsCl

(prolate)

R. Spherical rotor 3. CeHe

S. Asymmetric rotor 4. CHsOH

5. CO:

The CORRECT match is
(A) P-1,Q-2,R-3,5-4
(B) P-3,Q-2,R-1,5-4
(C) P-3,Q-5,R-1,5-2
(D) P-5,Q-4,R-3,5-2

The solution
on the basis of moment of inertia, molecules
are classified as
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50.

<i> spherical top
<ii> symmetric top
<iii> Asymmetric top
<iv> linear

<i> spherical top

la=1lg=1lc

Molecules with point group

‘T4, ‘On" and ‘I’

Eg: CH4, SFs, IF7 etc..

<ii> symmetric top

(a) Oblate symmetrictop if lc>1a =1l
Generally oblate symmetric tops are flat and
round like a disc

Eg: CeHs, BH3

(b) Prolate symmetric top

Ifle=1p>Ia

In general, prolate symmetric ops are long and
narrow (like a cigar)

Eg: CH3-CHs, CHsl

NB: to confirm whether a molecule is oblate or
prolate, explicit calculations of moment of
inertia are needed.

<iii> Asymmetric top

Ia# g # lc

Molecules like H,0, Chlorobenzene
(both have Cav point group)

<iv> linear molecules
lc=1g; Ia=0

Eg:- OCS, HBr, O; etc...
Then,

P-3

Q-2

R-1

S-4

Methanol Chloromethane

H

~ Cl

o
| (CH;0H) |
C

H /

H

(cH,c1)

/ H

H

'
|
\“O
\M
™ l

not a symmetric top prolate symmetric top

Carbon dioxide

O—C—=0
linear
[Correct option: B]
The CORRECT statement regarding the

following three normal modes of vibration of
SOsis

51. The

‘Building tomorrows chemists’

(1) (n (1

o' 0
! || I

g-
TN N
/S\ 0 o* /O/ \O\
/O O\ '+' and '-' indicate
out-of-plane motion
(A) (1) and (1) are infrared active while (lll) is
infrared inactive.
(B) (1) is infrared inactive while (Il) and (ll1)
are infrared active.
(C) (1) and (1) are infrared inactive while (II)
is infrared active.
(D) None of the modes are infrared active
since SOs has zero dipole moment.
The solution
(N (1] (1
+
O ]
! || i
Q N /ST\
P O O
/0/ \O\\ '+ and '-' indicate ‘/o O\
out-of-plane motion

symmetric streching
(does not change dipole [R active

moment) 498 e’

y - IR active
IR 1nactive

1391 emr!
[Correct option: B]

Q.51 - Q.56 (MSQ) Carry TWO mark each.
reaction(s) that yield(s)
3-phenylcyclopentanone as the major product
is(are)

(A)
(a) Ph,CuLi

(b) H30"

Phl, cat. Pd(OAc),

(B) E
©)
(a) PhLi
(b) H;,0* -
o

D) (a) LDA, THF, -78 °C
PhSeBr .
(b) Hy0,

0
OH

KOAc, DMF, 60 °C
0
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The solution

(6] o [e]
ISERY (@) PhyCuLi  H (‘
(Gilman reagent) H;0"
R —
1,4 addition
/ Ph PH
Phl © o 3-phenylcyclo
/Cu Li pentanone
Ph
®) (Phl + Pd(OAc), — Ph-Pd-I)
OH
OH |
Ph-Pd-1
- » Pd—
KOAc, DMF, 60 °C |
Ph j
I—Pd H
B-hydride v/
elimination
Ph Ph
(0]
Ph
(©) O OH
PhL1 o
(1,2- addltlon)
(allylic alcohol)
/ @
\( Li
THEF, -78°C 6
Lithium enolate
(Nucleophile)
PhSe Br

(E]ectrophl]e)

202
ox1dat10n

B-hydride
elimination

&
cyclopentenone

[Correct options: A & B]

‘Building tomorrows chemists’

52. The reaction(s) that yield(s) M as the major
product is(are)

M

(A) OEt  (3)'BuLi, THF, -65 °C

) (b) E>_/ "

(b) H;0"
(a) Mg, Et,0
(0]
e)l\']l/OMe ,H;0"
Me
Br
(©) (@ E>_/
Li — Me
(b) HeSO, (cat),
H,S80,4, H,0
Br
D) (a) NaOMe,
Me/\N02 >

(b) 10 N H,S0,, -10 °C

The solution

(A) OBUYy npy1 i THF, —65°C

Br 7 .
t OEt \_G ¢EL
’ > E—
(o-hydrogen abstraction) BN
i

z B a -
H;0"
;+
H\O@/Et :0ET OET
C +H' HZ
—
@
OQH A
& I
Br BrMg )J\
f) (weinreb amide) Me
(B) lectrophil
0 Mg E,0 Me (electrophi e)

H,0°
Grignard reagent
(Nucleophile)
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eBr
©) )
© ——NMe
Li—=——"Me L»
'Nue,I
- . Me
(Alkynyl organolithium reagent) o
HgSOy, (cat),
-
H,S0,, H,0
Q¢ 99
@ o (@] (0]
o)y H H  NaOMe, Me/\N/ Me =
P e

Me NO,

(nitro enolate)
l \ﬂ
O 10N HZSO
-10 °c
Me

(Neff reaction)
(electrophile)

[Correct options: A, B & D]

53. The CORRECT statement(s) regarding BioHi4
is(are)
(A) Brgnsted acidity of BioH1s is higher than
that of BsHs
(B) Structurally BioH14 is a closo-borane
(C) The metal-promoted fusion of

BsHg produces BioHia

(D) Both BioH1s and BioHi12(SEt2)2 have the
same number of valence electrons

The solution

® Increases the size of borane, acidity also
increases.

® BiHis = BiH* = BnH*, ie. nido
borane. (so, second statement is wrong)

_ FeCl,
BSHS — > BlOH14

®  BigHis + 2 SEt — BioH12 (SEt2) + Ha
[Correct options: A, C & D]

54. The CORRECT statement(s) about the Group-I

metals is(are)

(A) Reactivity of Group-I metals with water
decreases down the group

(B) Among the Group-Imetals, Li
spontaneously reacts with N2 to give a
red-brownlayer-structured material

(C) Thermal stability of Group-I metal
peroxides increases down the group

(D) All the Group-I metal halide are high-
melting colorless crystalline solids

‘Building tomorrows chemists’

The solution

Reactivity of Group-l metal with water
decreases down the group. This statement
is wrong.

Reactivity of group-l metal increases down
the group.

Among group-l metal, Li spontaneously
react with N2 to give a red brown layer
structured material is right.

‘Li" is the only alkali metal which react with
N2 (Liz N- Reddish brown color).

Thermal stability of Group-l metal
peroxides increases down the group is
right.

Stability of peroxide or superoxide
increases with the size of metal ion
increases.

All the Group-I metal halide are high-
melting colorless crystalline solids. This
statement is right.

Alkali metal halides are prepared from
M0, MOH, M2COs react with aqueous HX.
[Correct options: B, C & D]

55. The compound(s) that satisfies/satisfy the 18-

electron rule is(are)
(Atomic number of Os = 76, Rh = 45, Mo = 42,
and Fe = 26)

By
\Rh/ \ h/Q

\
P
o

/

1

)

ﬁ\ \ /CI
o o ﬂ

) o)

Il o
~ N
Fe Fe

CI/ \C/ /
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The solution
(0]
Il
ﬁ\ /C\
“Rh Rh/
PR |
P RATC
o |

’ \\
" .0
grsti+1+1+1-18 LD

\
9+5+1+1+1+1=18

4 4
S O+5HI+1+1+1=18

6+5+1+1+1.5+1.5=16
—

\J
OHSHIHIHLSHLS =16 Bridged Cl atom

(0]

l
ﬁ\ gl
\
/ V
8+5+1+1+1+1 =17

\
/T

/
\

8+5+1+1+1+1 =17

A
8+6+2+2+1-1=18

[Correct options: A & D]

56. For three operators 4, B and C, [/i, [B, C]] +

|3, [¢.4]] =

The solution
From Jacobi identity we get,

[4.[8.¢])+ [B.[C.A]) +[¢.[4.B]] = 0
[4.[8.¢]] + [B.[¢.4]] = - [¢.[4.B]]

‘Building tomorrows chemists’

ie. 2" option.
“(etial =[]
= [ A,B]

ie. 4™ option.
[Correct options: B & D]

Q.57 - Q.65 (NAT) Carry TWO mark each.

57. The difference between the number of

Gauche-butane interactions present in P and
Qis

Me Me
sofee
Q

The solution
P is cis 9-methyldecaline,
Qs trans 9-methyldecaline.

5-gauche butane interactions in P

1. C1-Co-Cs-C7

2. (C1-Co-C10-Cs

3. (C3-C4-C10-Cs

4.and 5. are,

Methyl group is axial to ring 1. Therefore, an
interaction with C, and Cs carbon atoms.
4-gauche-butane interactions in Q

1. and 2. — methyl group is axial to ring-1, so
with C2 and C4 carbon atom:s.

3. and 4. also methyl group is axial to ring-2, so
with Cs and C7 carbon atom:s.

[Correct answer: 1 to 1]

58. The calculated magnetic moment (in BM,

rounded off to two decimal places) of a
Ce* complex is

The solution

Electronic configuration of cerium =

[Xe] 4f% 652

Electronic configuration of Ce3* = [Xe] 4f! 6s°
3 4241 0 -1 -2 -3

ALL LT jem

L=3,5=1/2
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59.

J=|L=S]|, For orbital less than half filled

J=(3-1/2)=5/2,

JJ+1D+SE+1)—-LL+1)
2JJ+1)

g=1+

5/2(3+1)+1/2(3+1) =336 +1)
2x5/2(2+1)
=6/7

=1+

The magnet moment of Ce®* in B.M,
Soperr = gyVJU + 1)

g = Lande splitting factor, here g = 6/7 and
] =5/2,

/ 5
fess = 6/7 5/2(§+ 1)
35

=6/7x"2,
= 2.53
[Correct answer: 2.52 to 2.56]

The state of the electron in a He* ion is
described by the following normalized
wavefunction,

3
L}J(r' 9! ¢) = \/; R21(r)Y10(9, ¢)
- i\/?% R10(M)Y00 (0, d) + xR, (r)Y50(0,P).

Here, R,;and. Y, represent the radial and
angular components of the eigenfunctions of
He* ion, respectively, and x is an unknown
constant. If the energy of the ion is measured
in the above state, the probability (rounded
off to two decimal places) of obtaining the

2 . -
energy of — 5 atomic unit is

The solution
Given that

3 7
Y(r,6,¢) = \[g Ry (1)Y10(6, ¢) — i\/; Ry (r)Y50(8, ¢)
+ XR3,(1)Y,0(6, §).
As a normalized wave function of He*
Etotal= P1E1+ P2E2 + P3E3
alsoP1+P2+P3=1,

P = |C12| :1':2 = |sz| Py = |C32|
E, = —13':22 (Z =2, forHe*and n=2)
= — 132)(4 =—-13.6eV =—-05au (au=
atomic unit)
2

E, = =255 with (Z = 2and n = 1)

13.6 X 4
= B =-20au
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2
Ey=—=22 (Z=2andn=3)
136x4_ 1 o,
=—-—=——x(13.6 X
3 g *( )
=-1x2
9
2
=—-au

The probability of obtaining the energy of —%

atomic unit is Ps.
Pi+P2+P3=1
3

+lbxt=1
8 16 ¥ T

z2 = i =0.187
X = 16 =0U.
[Correct answer: 0.18 to 0.20]

A certain wavefunction for the hydrogen-like
atom is given by
1 5
22 (Z\2 zr
Y(r,6,¢) = n (—)2 (6 - —) r e~%r/3% cos @,
81mz *%0 %o
The number of node(s) in this wavefunction is

The solution

1

W(r,0,¢) = —— (i)g (6

817z ‘%o

Zr

(4

) r e~2r/3a0 cos 9,

e—Zr/3a0

‘3" in above term indicate principal quantum
number ‘n’

Therefore, total node =n—1,

ie, 3 —1 =2 (one radial node and one angular
node)

[Correct answer: 2 to 2]

EMF of the following cell
Cu|CuSO4(aq, 1.0 mol/kg)| Hg2S0a(s) | Hg(l) | Pt

at 25 °C and 1 bar is 0.36 V. The value of the
mean activity coefficient (rounded off to three
decimal places) of CuSOs at 25 °C and 1 bar is
[Given: Standard electrode potential values at
25 °C for

Cu**+2e — Cuand

Hg2S04 + 2e” — 2Hg + 5042~

are 0.34V and 0.62 V, respectively.

Consider: RT/F at 25 °C = 0.0256 V]

The solution
According to Nernst equation
Ecell = Egell - %loge Q
activity of product
- activity of reactant
Ecen = potential of the cell
EZ,;; = standard potential of the cell
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According to IUPAC convention standard cell
potential is considered to be standard
reduction potential.

For the given cell.

Cu|CuS04(ag, 1 mol kg?) | Hg2S0a(s) |Hg(l) | Pt
Cell reactions are

Left

Cugs) = Cu?* +2¢

Right

Hg2S04(s) + 2& — 2Hgs) + SOZ ™ (aq)

Ecen = Efignt — Elee (IUPAC convention)

(NB: Consider reduction potential on both
sides)

Eden = 0.62V —0.34V = 0.28V

RT

Ecell = Egeyy — 77 log. (asoﬁ— X Qg2+ )
Aspz~ = Qcy2+ & Ay
Ecell = Ey — g log.(a)?

Ecen~Ecell
a, = e RIJF =g=3125
=0.0439 = 0.044
[Correct answer: 0.042 to 0.046]

The radius of gyration (in nm, rounded off to
one decimal place), for three dimensional
random coil linear polyethylene of molecular
weight 8,40,000 is

[Given: C—C bond length = 0.154 nm]

The solution
A random coil is a conformation of polymers
the monomer subunits are oriented randomly
while still being bonded to adjacent units.
Radius of gyration (Rg) is the radius of hollow
sphere that has the same rotational
characteristics as the actual molecule.
For a three dimensional random coil

1
Radius of gyration, (Rg) = [%] /2 x1
N = total number of units

I =length of one unit
N = total mass of all units _ 840000

mass of one unit 14
= 60000

g =

x 0.154

=[10000] "2 x 0.154
=100 x 0.154 nm
=154 nm
[Correct answer: 15.2 to 15.6]

Y
[60200] 2

The activation energy of the elementary gas-
phase reaction O3z + NO —NO2 + O2is 10.5 kJ
mol™. The value of the standard enthalpy of
activation (rounded off to two decimal places
in k) mol?) at 25 °Ciis

64.
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[Given: Ris 8.314 ) mol™* K]

The solution

For elementary (bimolecular) gas phase

reaction like

03+ NO = NO2+ 02

A*H = E.-2RT

(25°%C =298 K)

A*H = enthalpy of activation

Ea = energy of activation

RxT=8.314JK'mol!x298 K
=2477.572 J mol?

=2.478 ) mol?
A*H (in k) mol't) = 10.5 — (2 x 2.478)
=5.544

[Correct answer: 5.50 to 5.60]

In a collection of molecules, each molecule
has two non-degenerate energy levels that are
separated by 5000 cm™. On measuring the
population at a particular temperature, it was
found that the ground state population is 10
times that of the upper state. The
temperature (in K, rounded off to the nearest
integer) of measurement is

[Given: Value of the Boltzmann constant =
0.695 cm™* K]

The solution
From Boltzmann
population,

N, 3
v = Su o TAE/kT AF = F, — E,
Ng 99

u — upper state

g — ground state

g. — degeneracy of upper state
gg — degeneracy of lower state
Since levels are non-degenerate

distribution of relative

1

Ju — -1

dg 1

. N _

je. %= e AE/kpT
Ng

log (Z—:) = —AE/kgT
—AE
fond2 e

AE =5000cm™?, kg = 0.695cm™* K1

T =

N,=1, Nz =10
_— —5000 cm™t
{loge (1—10)} %X 0.695cm=1 K~1
_ —-5000 K
{—log, 10} x 0.695
T =3133.4K

[Correct answer: 3100 to 3150]
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65. The change in entropy of the surroundings (in
J K%, rounded off to two decimal places) to
convert 1 mol of supercooled water at 263 K
toice at 263 Kat 1 bar is
[Consider: AfsH® at 273 K = 6.0 k) mol?, and
the molar heat capacity of water is higher
than that of ice by 37.0 J K mol?! in the
temperature range of 263 K to 273 K]

The solution

Conversion of supercooled water to ice is a

spontaneous  process and  spontaneous

processes are necessarily irreversible.

For an irreversible isothermal process,

AsysH(263I()

AsurS(ZBSK) = _f

sur = surrounding

sys= system

From Kirchhoff’s law.

AHr,y = AHg,y + AC, [ dT

In given process,
H20() (263K) — H20iice) (263K)
AgysH = 6 kJ mol™* = 6000 J mol™?

Then AfreezingH = —ApH
=-6000 J mol ™ (at 273 K)

AfreezingH (273K) = AfreezingH (263K) +
A Cp(T2-T1)
AC, = Cy(ice) — C,(water)
=—37 JK1 mol*?
Since Cp (water) = Cp (ice) + 37
AfreezingH(263K) = AfreezingH(273K) -
A.Cp(T2-T1)

= —6000—(—37 x 10)
AsreeringH(263K) = -5630) mol= Ay H (263 K)

AyysH(263K
Ay S (263K) = —%
- ﬂ =21.41
263 '

AgyrS (263K) = 21.41 ) K1 for 1 mol
[Correct answer: 21.20 to 21.60]
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