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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 is allowed.

N, = 6022 x 102

h = 6626 x 10734 Js

¢ = 2998 x 108 ms-1

pp = 92741 x 10724 g 77!

1. (a) The vibration of a diatomic molecule is
anharmonic in nature. Draw the typical
diagram of potential energy of a diatomic
molecule and compare it with that of a
harmonic vibrator. . 2
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(b) Explain what do you understand by the
following : 3

(i) Fundamental transition
(i1) Overtone transition

(iii) Hot band

(¢) The vibrational energy levels of CO molecule
are given by

2
E Jmol™! =25940 [V + 1) _152(v1l ,
v 2 2

where V is vibrational quantum number.

Calculate the following for the CO molecule: 5
(i)  Fundamental vibration frequency

(ii) Anharmonicity constant

(iii) Zero point energy

(iv) The energy of the first overtone

2, (a) How can you differentiate between the
following two structures using IR and

Raman spectra : 3

/A\ and B—A—B
B B
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(b) The infrared specfrum of pure liquid
1-butanol has a single broad band between
3500 — 3200 cm™l. When it is diluted with
CCly, it shows an additional band near

3650 cm ™. Explain the reason. 2

(c) Explain the appearance of Rayleigh and
Raman lines from the quantum viewpoint. 3

(d) How do intensities of Stokes and anti-Stokes
lines compare with each other in vibration
Raman spectra ? 2

3. (a) What information can be derived from a
rotational spectrum ? 2

(b) What is meant by degeneracy ? Calculate
degeneracy for the J = 0, 1, 2 rotational
energy levels. - 2

(¢) The first rotational absorption of 120160 5
found to occur at 3-8424 cm~! and that of
130160 5t 36734 cml. Assuming molar
masses of %0 and '2C as 15:9994 g mol™!
and 12-0000 g mol!, respectively, calculate
the molar mass of 13C. 3
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(d)

4. (a)

(b)

(e

(d)

(b)

(c)
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(i) Predict the shape of PCl; molecule
- using VSEPR theory.

(ii) How many lone pairs of electrons are
there on the central atom ?

(iii) What are the symmetry elements
present in it ?

What do you understand by magnetically.
active and inactive nuclei ?

Explain how chemical shift varies with
magnetic field.

The benzene radical anion ‘CgHg has a
g-value of 2:0025. At what field would
you search for resonance in a spectrometer
operating at 9-302 GHz ?

Draw the 'H-NMR spectrum of ethyl
bromide and explain the peaks and their
splitting pattern.

[PtCl4]2_ has a square planar structure.
State the name of the two proper axes of
symmetry.

Both CO5 and CO are linear. Which of the
two can exhibit pure rotational spectrum
and why ? '
Define  term-symbol. @What is the
term-symbol for He; ?



(d)
6. (a)
(b)
(c)
(d)
7. (a)

(b)
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Write short notes on any #wo of the
following : :

(1) Fluorescence
(ii) Pre-dissociation

(ili) Zeeman effect

Stéte and explain Franck - Condon
principle.

What is the difference between
hyperchromic and hypochromic effects ?

CH3NH,; exhibits n — n* transition in basic

medium but not in acidic medium. Explain.

The absorption spectrum of I, vapour
consists of a series of bands which terminate
in a continuous absorption at 499-5 nm. I,
molecule in upper state dissociates into an
atom in its ground state and one with an
excitation energy of 9079 kJ mol 1.
Calculate the dissociation energy of I in its

ground electronic state.
+ +
Calculate m/z values for CHy, OCH3 and

+
OCCHj.

Draw a block diagram of a single beam
infrared spectrometer.

2
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(¢) A compound shows the following spectral
data :

Mass : (m/z) M+ (84), 56, 41
IR : (cm™1) 2900, 1450
NMR : (5) 1-42

Predict the structure of the compound and
assign the spectral data to the structural

units present in the molecule.
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I, 3 % Relem ¥ & Toy q@ e §
T B} 3R g 90-79 kJ mol ! IH
Sl ATl BT B | g e et | I
$ feriom St altwfea iR | 4

T+ + +
7. (%) CHz, OCH; 3 OCCH3 % fau m/z oW
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(1) e AMfies & fore g Seeht st a

§Q:

SEM : (m/z) M* (84), 56, 41

AT : (cm™1) 2900, 1450

.U : (5) 142
dofiee N amw Fuifm A v D=sh
kgl & fore Sogrft o) o Iufedm TS
Fh1gA] <l ST HIfY | 5
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