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CHEMISTRY
( Major )

Paper : 1.1
( Physical Chemistry )

Full Marks : 60

Time : 3 hours

The figures in the margin indicate full marks
Jor the questions

1. Answer the following as directed : ' 1x7=7

(a) A system in which exchange of both
matter and energy with the
surroundings is possible is called

(i) homogenecous system
- (i) closed system

(iﬁ) open system

(iv) isolated system

( Choose the correct option )
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(d)

(e)
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2. Answer the following :

(a)

(bj
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(2)

State the first law of thermodynamics.

For an ideal gas, calculate the difference
between molar heat capacity at constant
pressure and molar heat capacity at
constant volume.

State the entropy statement of second
law of thcrmodyna.rm’cs.

Calculate the entropy change for fusion
of 1 mole of a solid which melts at

300 K. The latent heat of fusion of the
solid is 2930 J mol™L.

Give the SI unit of rate constant of a
zeroth-order reaction. ,

Give the statement of steady-state
approximation.

_Give the molecular interpretations of

heat and work.

Calculate the work done during
isothermal expansion of 2 moles of an
ideal gas from 50 bar pressure to 5 bar
pressure at 300 K.
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(3)

Define chemical potential. Give its
physical significance.

Define half-life time of a reaction. Show
that half-life time of a first-order
reaction is independent of initial molar
concentrations of the reactants.

3. Answer any tﬁree of the following : 5x3=15

(a)

(b)

(c)
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State and explain the Hess's law of
constant heat summation. Given bond
enthalpies of H—H and O=O0 bonds
respectively are 436 kJmol™! and
498 kJmol™! and enthalpy of
formation of H,0(g) is 2420 kJ mol ™.

Calculate the bond enthalpy of O—H
bond. 2+3=5

Define heat capacity at constant
pressure and heat capacity at constant
volume. -Show that

U oV
-— = P —
Cp-Cy [ _+(3V)T ]( aT)p 2+3=5

What is Joule-Thomson effect? Show
that the process in Joule-Thomson
experiment takes place at constant
enthalpy. Define Joule-Thomson
coefficient. 1+3+1=5
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(4)

d) Definfa Helmholtz function and Gibbs’
function. Show that decrease in
Helmholtz function in any process at
cons_tant temperature gives the
maximum work that can be obtained
from the system during any change.

1+1+3=5

ated r i
first. gr ate equation for a

reas t<i>rder reaction. For a first-order
time on, t.0~5 is 100 s. Calculate the
required for the reaction to be

c
Ompleted by 75%. 34925

4. An -
SWer either () and (b) or (c) and (d) :

(@) Fo .
r an adiabatic process, show that

(S)

(c) Using the relation AG=AH-TAS, give
the conditions when AG can be positive
or negative. Obtain the relation between
Gibbs’ free energy change and
equilibrium constant of an equilibrium

reaction. 2+4=6

(d) Of the following pairs, which has higher
chemical potential?

i) HyO() at 298 K, 1 atm and H,0(g)
at 298K, 1 atm

(ii) HpO(s)at 273 K, 1 atm and H,Of}) at
273K, 1 atm

(i) HyO(s at 268K, latm and
supercooled H,O() at 268 K, 1 atm

fiv) Glucose(s) at 298 K, 1atm and
glucose (aq) at 298 K, 1 atm

TVl a constant ) A .
. Give brief reason in each case.
He where, y=Cp /Cy
nce for . ‘
PYY _ an jdeal gas show that
Constant. : 4+2=6 5. Answer either (a) and (b) or (¢) and (d) from

(b) One mole o

f an ideal gas at STP is

the following :

(a) What are Maxwell’s relations? By using

compreg ‘ '
to ocCup?,ed adlabatically and reversibly Maxwell relation, show that
the amo 2 Volume of 2-24 L. Calculate oH av
unt of work done during the (—) =-T(——) +V
process. 4 oP Jp aT ) p 2+dm6
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(6)

() 40g of helium gas is allowed to
expand reversibly and isothermally at
300K from a pressure of 1 atm to a
pressure of 01 atm. If helium gas
behaves ideally, calculate the change in
Gibbs’ free energy. Also predict whether
the expansion is spontaneous or not. 4

() Deduce the Gibbs-Helmholtz equation.
Give the physical significance of this

equation. 44+92=6

(d) What are partial molar quantities? Show
that

(57) coposn ™
oP T, composition

6. Answer either (a) and (b) or (c) and {d) from
the following :

fa) Define activation energy} of a reaction.
The gas-phase reaction between
methane and diatomic sulphur is given
by the equation

CH,(g) +2S,(g) = CS,(g) +2H,S(g)

For this reaction, the rate constant at
300 K is 1-1dm® mol™'s and at 400 o¢
the rate constant is 64 dm3 mep-!g

Calculate activation energy of the
reaction.

1+4=5
20A/393
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(v)

(c)

(@
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(7)

What are competing reactions? Give cfne
suitable example of competing Feactmt;
showing the different steps involve

in it. How can a desired prod}lct be -
obtained as major product In tl';e+1=5
competing reactions? 1+

What are homogeneous catalyses? Give
a suitable example of homogeneous
catalysis. Explain how a homogeneous

te of a reaction.
catalyst changes the ra 1+143=5

Distinguish  between order and
molecularity of a reaction. Give one
example of reaction in which order and
molecularity are the same. The rate of
reaction 2NO+Cl, —2NOCl1 becomes
doubled when the concentration of
Cl, is doubled. But when the
concentrations of both the reactants are
doubled, the rate becomes eight times.
Determine order of the reaction. 2+1+2=5
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