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CHEMISTRY
Paren-l
Time Allowed — 3 Hours Full Marks — 200

if the questions attempted are in excess of the prescribed number, only the questions attempted
first up to the prescribed number shall be valued
and the remaining ones ignored.

The figures in the margin indicate full marks for each question.

Secrion = |

(This section comprises 15 questions in three groups.
Answer any ten questions taking at least three questions from each group. ]

Group - A 4x5=20
|, PFs exists, but PHs does not exist. — Explain.
2. Predict the shapes of
(a) TeFs
(b) SF; molecules.
3. Determine the lowest possible energy for the electron in the He* ion. HeH exists. — Explain.
4, Cuprous ion is not stable in solution. — Explain.
5, Zinc(Il) salts are colourless, while nickel(1l) salts are coloured. — Explain.
Group - B 4x5=20
6. Calculate the reversible PV work when an ideal gas undergoes a polytropic expansion
(PV¥ = Const) and show that as k —» 1, the work takes on the form of an isothermal reversible
expansion,
7. The Maxwell’s speed distribution function dependent on the molar mass of the gas and the

(& o S
temperature, Show that, in terms of the reduced speed, defined as Cr=.5m;, the distribution
function is independent of M and T.

&, Calculate the viscosity coefficient of O, at 0°C and 1 atm from the kinetic theory expression.
Given o = 25 A.
9. Find the ratio of wall collision frequency Z.an and binary collision frequency Z,. What will be

the value for O, molecules at 1 atm and Y

10, What is the expression for the Joule co-efficient p,? Obtain p; for n moles of a Van der waals gas.
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14, Designate R, S configuration of the following structure:

CHO
H ot Wkl
HOOC COOH
(i) e (i1) T /
H——OH / o \ "M OH
H——OH Ho: H
CH,OH

15. Predict the products giving mechanism when azulene reacts with acetyl chloride in the presence
of anhydrous AICI;.

SectioN - 11

[This section comprises 6 questions in three groups.
Answer any four questions taking at least one question from each group.]

Group - A

16. (a) Define ‘inert pair effect’” with examples.
(b) Compare the 0-0 bond length of H,O, with O,F, and explain.
(c) Analyze the dimeric structures of Al(CH3), and BH;.
(d) Calculate the spin states and bond orders of C,, C,” and sz‘.

(e) Establish the expression of lattice energy defining all the terms involved in it.

N R D i O 00 e O

(f) Explain the nature of conducting electricity in water and gaseous state of PCls.

17. (a) Illustrate the MO diagram of NO and predict the spin states of NO, NO*" and NO~. 6

(b) Ilustrate the structures of N5Os. 4

(c) For the following cell,

Zn(s) | ZnS0,(aq) " CuSO, (aq) | Cu(s)
when the concentration of Zn** ion is 10 times the concentration of Cu** ion, find the expression
for AG(in J mol™"). 6

(d) Compare the hydrolysis reactions of NF; and NCl. 4
(e) Compare the reactivities of borazine with benzene. 6
6

(f) Find the expression of pH of the aqueous solution of sodium acetate.
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(2) Construct ;
g S the Frost diagr: ideni
S am conside s ' :
. e i considering the tollowing Latimer diagram:
nQ, —=bt 2- 2. ) :
MnO{=S Mno, 293\ *1S] o2 LIS :
Group - B
I8. (@) Justify *
Yy 'At60K, C measu
e * Sum MEASUrements reveale , [ese ) ) v I :
gas’. ealed that H, resembles the behaviour of MONOALH M
(b) At what emperature of a gas will th ber of :
nu > a N N " 1 a o
i e ¢ numboer of molecules within a Speed range de, pe
St i - ~
art from a 3-dimensional speed distribution.
\
(¢) One mole of water at 20°C ; i r
of water at 20°C is converted Into steam at 250°C at 1 atm pressure, Given;
Cp.'n([) = 75.6 -1 -1 C - Va .
IK™! mol™!, Cpum(vap) =q+ b7 With @ = 3634 and b = 1195 x 10" k!
and AH\'ap = 40:68 kJ ll]()l_l at' 373 K. ClllCl.llﬂte L\S\'\\ AS\NIH\ i—\Slmi\‘- 10
d) Sho
(d) W that for a van der Waals gas, Cp—Cy = R«{l+ ;;P }
Starting from the general relation of Cp—Cy, . §
(e) Calculate the dissociation pressure of CaCOj; at 25°C. Given:
0 o
Hcaco, =—11288 kJ mol . Hgo =-394:36 K/ mol~" and K¢yo=—60403k/ mol ' ¢
(£) Chromium crystallises as a body-centered cubic structure with a density of 7:20 g em™ at
20°C. Calculate the length of a unit cell and the distance between successive 110 and 111
planes. :
dinK g
19. (a) Show that, bty o A“, . 4
dr RT-
(b) Obtain an expression for excess pressure across a curved surface. Consider a soap bubble
where there are two interfaces. 0

Calculate the entropy change of the source, sink, engine and of the universe for
(i) a reversible Carnot cycle.

(i) an irreversible Carnot cycle. dedad

A 3-step reversible ideal gas cycle consists of
(i) an isothermal expansion at 7,
(ii) constant volume cooling to 7, and
(i11) an adiabatic compression to the initial state. Show that the efficiency 18

(h-T) d
N=l=———rrs

i
Ting.
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(¢) Consider the dissociation of PCls = PCL, + PCl,. Obtain
of the reaction given Ky = 046 at 300°C
decreases from 56 to 21 on increasing the

an expression for &, the extent

show that the percent dissociation of PCl,
pressure from 1 to 10 atm at 300°C. 444=8

Consider an orthor ic unit cell with di i
() er an orthorhombic unit cell with dimensions ¢ = 487 pm, & =646 pm, ¢ = 415 pm

Calculate the perpendicular distance between
(1) the 110 planes; and

(i1) the 222 planes of this crystal.
Group - C

20. (a) Write Sawhorse projection and Newman projection of the

’ 101 following compound having
Fischer projection.

lCH, >
A

H——"——2ClI

H—J—-Br
CH,

(b) Arrange the following Carbocations in the increasing order of stability. — Justifv.
(i) CsHsCH,*
<+
(i) CoHsCH CH,4
it +
(i) (C4Hy),CH

+
(iv) (C4Hy),C 6

(¢) ‘Haloalkanes undergo nucleophilic substitution reactions where

in rge as halo arenes undergo
electrophilic substitution reactions’. |

[Mustrate with suitable examples, 10
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