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BACHELOR OF SCIENCE (B.Sc)

Term-End Examination

June, 2010

CHEMISTRY

CHE-10 : SPECTROSCOPY

Time : 2 hours	 Maximum Marks : 50

Note : (i) Attempt any five questions. All questions, carry
equal marks.

(ii) Use of Log Tables and non-programmable scientific
calculators can be allowed.

NA = 6.022 x 1023

it= 6.626 X 10-34 Js

c = 2.998 x 108 ms-1
CD
N)

1. (a) What is meant by spectral terms ? How are 	 5
the term symbols designated ? An atom incp
its ground state has a term symbol 2 3P2.
What do the letter P and the prefix
2 signify ? Also state what do the
superscript 3 and subscript 2 in
2 3P2 denote.
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(b) (i) Define the proper axis of symmetry in 	 5
a molecule and illustrate with suitable
example.

(ii) Identify the symmetry elements
present in trans-1, 2-dichloroethylene.
What is its point group ?

2.	 (a) Give the expression for the rotational energy	 6
of a rigid diatomic molecule, in terms of 5.
What do its various terms indicate ?
Calculate the term values of first five terms
and draw the energy level diagram.

(b) The energy expression for an anharmonic 	 4
oscillator is given by :

2E hvosc V + —1 ) — hvoscXe (V + —1)2

where vosc is oscillation frequency and xe is
the anharmonicity consultant.

What is the ground state vibrational
energy of the anharmonic oscillator ?
Compare it with that of a harmonic
oscillator.

For an anharmonic oscillator, find the
energy difference between the two
energy levels corresponding to V =1
and V = 0, respectively.
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3.	 (a) If the rotational constant of 1 H35C1	 4

is 10.54 cm -1, what is the value of
the rotational constant of 2D35C1 ?
The atomic masses of 1H, 2D and 35C1 are
1.673 x 10 -27 kg, 3.344 x 10 -27 kg and
58.06 x 10 -27 kg respectively.

What is meant by normal modes of	 3
vibration ? What is the total number of
normal modes of vibration for linear and
non-linear polyatomic molecule ?

What do you understand by group 	 3
frequencies ? Explain the effect of hydrogen
bonding on the stretching frequency of a
carbonyl group. Give an example.

	

4.	 (a) Explain the following :

Rayleigh scattering.

Stokes lines.

(iii)	 Anti-stokes lines.

Draw the block diagram of Raman	 3
spectrometer.

The moment of inertia for hydrogen
molecule is 4.600 x 10 -48 kg m2. Calculate
the spacing between the S-branch lines in
its Raman spectrum.
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(a) Draw the molecular orbital energy level 	 6
diagram for a polyatomic molecule. List the
possible electronic transitions. Which
transitions will require the highest and the
least amounts of energy ?

(b) Explain the difference between d-d	 4
transitions and charge transfer transitions.
Give one example for each of them.

(a) A low resolution NMR spectrum of a 	 4
compound with molecular formula C2H3C13
shows two signals with intensity ratio of
2 : 1. Another compound with the same
formula exhibits only one signal in NMR
spectrum. Identify these compounds.

Give the fundamental equation for the	 3
resonance condition in ESR spectroscopy.
What is the significance of various terms
appearing in this equation ? How many
lines are observed in the ESR spectrum of a
Hydrogenation.

Explain the origin of peaks at m/z 70 and	 3
59 in the mass spectrum of
2-methyl-2-butanol.

OR

Name the three methods of ionisation used
in mass spectrometry. Discuss any one
method in brief.
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7. (a) A compound having the molecular formula 	 6
C5I-1803 shows the following spectral data :

UV spectrum-Xmax : 262 nm

IR spectrum : 2300 - 3333 cm -1 (very broad),
1715 very strong

NMR spectrum (6) : 2.12 (S, 3H),

2.60 (S, 4H),

11.0 (S, 1H).

Mass spectrum (m/z) : 116 (M t ),
43

Assign the structure of the compound and
explain your answer.

Name the type of containers used for 	 4

sampling in infra-red and UV-visible
regions.

Match the items of Column A with

those of Column B.

Column A	 Column B

Microwave spectrum Golay cell

Raman spectrum	 Quartz crystal

IR spectrum	 Photomultiplier
tube    
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