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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination
June, 2022

CHEMISTRY
CHE-10 : SPECTROSCOPY

Time : 2 hours Maximum Marks : 50

Note: Answer any five questions. All questions
carry equal marks. Use of log tables and
non-programmable calculators is allowed.

Ry = 1097 x 107 m™!
h =6626 x 10734 Js
k=138x 10723 JK1

1. (a) Calculate the value of v for the first spectral
line of Balmer series for H atom. 2

(b) Draw the planes of symmetry in H,O

molecule. 2

(¢) What are the selection rules for rotational
spectrum of a rigid rotator and a non-rigid
rotator ? 2

(d) Derive the term symbol for the D state of
hydrogen atom. 4
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2. (a) What is zero point energy ? Write its
expression.

(b) Using VSEPR theory, explain the shape of
NH; molecule. Which are the symmetry
elements present in it ? Write the point
group of this molecule.

(c) Calculate the relative population of first two
rotational energy levels for HCl at 300 K.
Use B = 10-5 cm™1

3. (a) Draw and explain the normal modes of
vibration of an angular triatomic molecule

AB,.
(b) Explain the terms (i) fundamental

transitions, and (ii) overtones.

(¢) Which of the following has higher carbonyl
frequency ? Give reason.

PiS

L b

(d) molecule shows an absorption at
2886 cm‘l. Determine its force constant and

the maximum displacement for v = 2.
Given : my; = 1 g mol™ and
mep = 355 g mol L.,
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4. (a)

(b)

(c)

(d)

(b)

(c)
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Draw and explain the NMR spectrum of
methyl acetate.

How are ESR spectra presented ? Explain
using a suitable diagram.

Why is the intensity of Stokes lines
generally greater than the intensity of
anti-Stokes lines ?

Derive the expression for rotational Raman
shift for a linear molecule.

The 7 — # transition shows a red shift
when the solvent is changed from hexane to
ethanol. Explain giving reasons.

Discuss Franck-Condon principle for the
following cases :

(i) R.=R,

(i) R;>>R,

where R, and R, are the nuclear separations

in the ground and excited electronic states,
respectively.

Explain the origin of peaks at m/z 45, 59
and 73 in the mass spectrum of 2-butanol.
Which one of these is the base peak and
why ?

With the help of a suitable diagram, explain
the splitting of 3d orbitals of a metal ion M2*
in the presence of (i) an octahedral crystal
field, and (ii) a tetrahedral crystal field.

4

3 P.T.O.



(b)

(c)

7. (a)

(b)
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The benzene anion has g = 2:0025. At what
magnetic induction B,, would its ESR

spectral line be centred at a frequency
9:35 GHz ? Given : f3, = 9-274 x 10724 Am?2,

Draw the block diagram of a spectrometer
and briefly explain the function of various
components.

Explain any two of the following terms :

(i) Chemical shift

(ii)) Phosphorescence

(iii) McLafferty rearrangement

Arrive at the structure of an organic
compound having molecular formula, C,HgO
using the following data :

IR : 1716 cm™l, 2941 — 2857 cm1,
1460 cm™!
NMR : 1-0 (Triplet, 3H),

(6,CDCly)  2-47 (Quartet, 2H), 2-2 (Singlet, 3H)

Mass m/z : 43,57, 72

UV: A at 274 nm

max
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PiS
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