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1. (a) State and explain Lambert-Beer law for
light absorption by solution. What is
meant by molar absorption coefficient?
How are transmittance and absorbance
related to each other? 4

(b) A103 M aqueous solution of a certain
substance absorbs 10% of the incident
» radiation in a path length of 1 cm.
Calculate the concentration required
for 90% absorption of the incident
radiation. | S
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(2)

OR

2. (@) Discuss the photochemical reaction
involving the dissociation of hydrogen

iodide molecule. 4

(b) A sample of gaseous HI was irradiated
by light of wavelength 2537 nm when
307 J of energy was found to decompose

1-30%x10~3 mole of HI. Calculate the
quantum yield of HL

3. (a) Discuss Einstein’s theory of heat
capacity of monatomic crystal and also

comment on the results obtained on

a plot. 4

(b) A photon of wavelength 4000 A strikes
a metal surface, the work function of
the metal being 213 eV. Calculate
() the energy of the photon in eV
(electron volt), (i) the kinetic energy of
the emitted photon, and (ifi) the velocity
of the photoelectron (mass of electron

=9.109x1073! kg). 3
OR |

4. (@) Set up and solve Schrodinger wave
. . equation for a particle in an infinite one-
dimensional (1-D) box. What is zero |

point energy for the same particle? 4
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( 3)

(b) An electron is confined in 1-D box of
length 1 A. Calculate its ground state
- energy in electron volts. Is quantization

. of energy levels observable? Comment. 3

S. (a) Derive an expression for '_Maxwell
distribution law which gives most
probable distribution for a microstate. 4

(b) Calculate the rotational temperature
and the rotational partition function
for H, gas at 2727 °C given that
the moment of inertia of H, gas
molecule at this temperature is

4.6033x107*® ko m?2, 3

OR

6. (a) Derive an expression for the molecular
vibrational partition function of an ideal
diatomic gaseous molecule. How does
it vary at low and high temperatures? 4

(b) For H, gas at 3000 K, calculate the
| characteristic vibrational temperature
and the vibrational partition
function given that the fundamental
vibrational frequency of H, molecule

is 44053 cm . : 3
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(4)

7. (a) Using the energy level expression and
the appropriate selection rule, draw the
energy level diagram and the spectral
transitions for a pure rotational
(microwave) spectrum of a rigid diatomic
rotor. 4

(b) The fundamental vibrational frequency
of HCl is 2890 cm™!. Calculate the
force constant of this molecule.

[H=1-673x10"%7 kg and
Cl1=58-06x10"%" kg | 3

OR
8. (a) Discuss the following giving examples :
2+2=4
(i) Franck-Condon principle

(i) Mutual exclﬁ sion rule

(b) The internuclear distance of CO molecule
is 1-13 A. Calculate energy (in joules
and in eV) and the angular velocity of
this molecule in the first excited
rotational level.

[C=1-99x107%° kg and
0=2-66x10"26 kg | 3
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(S)

9. (a) Define galvanic cell with a suitable
example. 1

(b) Establish the relationship between
e.m.f. and equilibrium constant for a
cell reaction involving reversible cell. 3%

(¢) A Zn rod is placed in 0-1 M solution of
ZnS0O, at 25 °C. Assuming dissociation
of the salt up to 95%, calculate the
potential of the electrode at this
temperature E° (Zn2+ /Zn)=-0-76 V. o1,

OR

10. (a) Set up calomel electrode and through
appropriate electrode reactions. Find
the electrode potential of such an
electrode. 4

(b) For the Daniell cells
Zn(g) |Zn?* (aq), G ||Cu?* (aq), C;ICu(y)

write the half-cell reaction and the
overall cell reaction and also find
e.m.f. of the cell if the standard free

energies of Zn(s), Cu(s), Cu?*(aq) and
Zn2* (aq) are 0, 0, 644 kJ mol™! and
~1-54 kJ mol™! respectively. 3
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( 6)

Physical Constants :

Boltzmann constant, k =1-380 x 107 gk-!
Planck’s constant, h=6-626 X 1073 J-s
Speed of light, c=3 %108 ms™!

Avogadro’s number, N, =6-022 x1023 mol™!

* & K
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SECTION—A
- (Marks : 5)

Put a Tick (v) mark against the correct answer in the
brackets provided for it : 1x5=5

1. Absorbance (A) of a solution and transmittance (7T)
are related as

(a) A=logT ( )
(b) A=-logT ( )
(c) logA=T ( )
(d) log A=-T ( )
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( 2)

energy density between

2. Rayleigh-Jeans formulae for 1 case of black-body

wavelengths A and A +dA 1
radiation is given by

(@ E,dh =8nkT /A ( :.)
(b) E,d\ =8nkT [/ A> ( )
(c) E,dA =8nkT /A3 ( )

(d) E;dA\ =8nkT /A2 ( )

3. In terms of molecular partition function gq, the
internal energy of a molecule is given by

(a) U=nRT[dIlng/dV]r ( )
(b) U=nRT@lng/dTly  ( )

(c) U=nRT?[dlnq/dv]y ( )

(d) U=nRT?[3lnq /3Ty ( )
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(3)

4. The molecule which is IR-inactive but Raman-active
is

(a) HCl ( )
(b) SO, ( )
(c) Nj ( )

(d) protein ( )

5. At O K, the cell potential is equal to

@ o0 ()
(b) E° ()
(c) <E ()
(d) >E ( )
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SEcTION—B
( Marks : 15)

3x5=
Answer the following questions : 15
hetic dissociation

1. Wri i hotosynt
Write the mechanisms of p 4 lene molecule.

of (a) hydrogen molecule and (b) ethy
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3. Whal are the boundary conditune apphed on & wave
i on? What e meant b nermalised  wave
$ar T 2
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3. Eatabhiah the reiationahip between maolar and
mode ular partition functons
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t7)

4. Caiculate J, fiw a npd distomic molecule st 300 K
for which the rotational conestant s | %4 cm |
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(8)

s Ufﬁlw bguad usw tion poteritial (L1 and slso detive
CXprension for us potential
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