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

e=1602x10719C

m =9109 x 1031 kg

£, =8854x10712C2N1m2
h=6626x 10734 Js

¢ =2998 x 108 ms™!

1. (a) Derive the term symbol for a p’ electron in
hydrogen atom and hence show that the
transition of an electron from an s to a p

level exhibits two lines. 4

(b) Name and draw the symmetry elements
present in NHg. 3
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What is the necessary condition for a
molecule to show rotational spectrum ? In
which region of electromagnetic spectrum
does rotational spectrum appear ? Which of
the following molecules exhibit rotational
spectrum ?

CH,4, CH3Cl, H50, Ny

Calculate the value of Rydberg constant for
hydrogen atom.

If the rotational constant for 1H 35C1 is
10-59 cm~—1, what is the value of rotational
constant of 2D 35C1 ?

Masses : 35Cl = 581 x 1027 kg
2D = 3-344 x 10-27 kg
1H = 1-673 x 1027 kg

What are the processes of intersystem
crossing and phosphorescence ? Discuss
giving suitable diagram.

Give the selection rule for a harmonic
oscillator.

Explain the origin of P, @ and R branches in
the IR spectrum of a vibrating rotor using a
suitable diagram.

What is a normal mode of vibration ?
Calculate the number of stretching and
bending modes of PF5 and CH,.

Discuss how (i) isotopic substitution, and
(i1) resonance, cause a change in frequency of
an IR band.



4. (a) What are Stokes and anti-Stokes lines ?
Predict the position of Raman vibration lines
for C—H stretching of an alkane at
2900 cm~1 if Hg radiation of 22946 cm=! is
used. 4

(b) How can you differentiate between the

following structures with molecular formula
AB, ?

A
/ \ B-A-B
B B

Which rule is applicable here ? State the
rule.

(c) Explain the following :
(i) a-cleavage with an example

(11) Chemical ionisation

5. (a) Discuss the ESR spectrum of methyl radical
giving the energy levels and transitions
involved. Also draw a suitable diagram. 4

(b) Explain the following giving reasons : 4

(i) An aqueous solution of an acetone
absorbs at 264-5 nm while the solution
of acetone in hexane absorbs at 279 nm.

(ii) 1,3-Butadiene absorbs at a longer
wavelength than ethene.

(¢) KyCrOy is intensely coloured though there is
no possibility of d-d transition. Explain
giving reasons. 2
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Draw the NMR spectrum of ethanol and
explain the observed splitting in the signals.

The chemical shift of protons in a test
sample occurs at 2 ppm. Calculate the
difference in Hz between TMS and Test
Proton Resonances when measured in a
200 MHz spectrometer.

Which of the following would show an ESR
spectrum and why ?

*CHa, Ny, COy, *CgHp

Explain McLafferty rearrangement taking
pentanoic acid as an example.

Discuss the sampling techniques used in IR
spectroscopy.

A compound with a molecular weight of 108
has the molecular formula C;HgO. It is not
an acidic compound. It exhibited the
following spectral data :

uv A at 254 nm, 202 nm.

max
IR : 3420, 3064, 1500, 1455 cm~!
(broad)
NMR : (6, CDCly) : 3-8 (s, 1H),
4-55 (s, 2H) and
7-25 (s, 5H)

Mass m/z : 108 (M*), 107, 79, 77

Determine the structure of the compound
using the above data.
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