5.

6.

b)

[4]

GROUP-C

Show that in the spectrum of a non rigid rotator, the
separation between successive lines decreases steadily
withincreasingj vaue. 4

Theequilibriumvibration frequency of theiodinemolecule
is 215 cm™* and the anharmonicity constant is 0.003.
What istheintensity of the hot band rel ativeto that of the
fundamental band, if thetemperatureis300K ? 4

Answer any two questions:

a)

b)

Show that the principa doubl et term separationinatomic
gpectraof sodiumisgreater than that of diffused doublet.
4
What istheaverage period of rotation of HCl moleculeif
itisinthej = 1 state. Theinternuclear distanceof HCl is
0-1274 nm. Given the mass of hydrogen and chlorine
atoms are 1.673 0 107?’ kg and 58:06 0 107%' kg

respectively. 4
Show that inadiatomic vibrating rotator, the separation
between the maximainthe Pand R branchesis

AV = 8kTB+ZB
\' hc

wherethetermshavetheir usua meaning. 4
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Use aseparate answerscript for each group.
GROUP-A

1. a Describebriefly thesignificanceof T — phasespaceand
the representative pointsin it. State the “Principle of
equal a-priori probability” postulate of Statistical
Thermodynamic.

b) Statethestatistical definition of Temperatureand derive
theexpression of Pressure, P of aclosed gaseous system
of N particlesof massm at temperature, T and volume,
V. The canonical partition function (Q) associated with
thesystemisgivenas,

N%a

o[ V=Nb " 2nmkgT 3“’2.erBT
- ha

(kg : Boltzmann Constant ; a, b are constants)
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2.

c)

b)

[2]

Calculate the possible number of ways of arranging 3
particlesamong 6 energy statesif theparticlesare:

(i) distinguishable, (ii) Bosons. (2+1)+3+2

Obtain the low and high temperature results from the
expression of specific heat of molecular crystals (with N
molecules at temperature, T and characteristic Einstein
frequency, v¢) derived by Einstein as,

2 —hvg /knT
CV:BNkB(hVE] ( ©

keT ) (1_ g Mve/keT )2

Comment briefly onthelimitation of theresults.

Show that the molecul ar rotationa partition function of a
heavy hetero-nuclear diatomic molecule at relatively
higher temperature T is (T/6,,). Comment on the
modification of result for a symmetric molecule like

Benzene. 9, : Rotational temperature of themolecule.

rot
Find the difference in molar Helmholtz free energies
between two ideal gassesA and B kept separately intwo
containers of volume V and 2V respectively at 25K,
where the mass of a particle of gas-A istwice that of
gas-B. 3+3+3

3.

b)

b)

[3]

GROUP-B

With proper explanation compare the characteristics of
nt* and mrn* absorption bands of a compound.
Comment ontheshift of maximum of the nz* absorption
band (A,,) of a compound with an increase in the

solvent polarity.

Justify or criticize the statement, “Static quenching leads
toareductionin thefluorescenceintensity, but not inthe
fluorescence lifetime”. How would you differentiate static

and dynamic quenching ? (3+2)+(2+2)

Which force causes nonpol ar molecul eslike hydrogen or
argon to condense at low temperature ? Explain how it
works.

What ismeant by the pol arizability of amolecule?

Explain why the polar molecules experienceadropin
molar polarization when thefrequency of theaternating
current isincreased to 10°— 102 Hz.

At STP, the dipole moment of NH3 is reported to be
1.44D. Thesumof theatomicand € ectronic polarization
isabout 6 cm?® mol~L. Cal culate the diel ectric constant
assuming NH3 to beanideal gas.

22 +1+2+23
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