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Fig. 2.3 Electromagnetic spectrum
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Problent 4. List all the electronic transitions possible for («) CH, (b) CH,Cl (¢) HC
Solution. (@) In CH,, there are only sigma bonds. So the only possible transition is
o -o*
(b) In CH,CI, there are no 1t or t* molecular orbitals. So the possible transitions are:

o — o*and n - o*
H

(¢) In H—C==0, all the bonding, antibonding and  molecular orbitals are available, so the
following transitions are possible:

— ——t
—_— ———

=0, n-oo* 1= 7*and n - T

Problem S. The UV spectrum of acetone shows two peaks at A

max 280 nm, amax = 15 and
Aax = 190 nm, € = 100,

(@) 1dentify the electronic transitions for each and (b) which is more intense?

Solution, (a)’Fhe longer wavelength (280 nm) is associated with smaller energy transition i.e., n — m*,
The transition © — 1* occurs at 190 nm,

_/(b/T’l‘ he larger the value of &

w the greater the intensity of the transition. Therefore, m — 7* is
~ more intense.

Problem 6. Identify the two
X

geometric isomers of stilbene, CH,CH = CHC H,, from their Mnax
values, 294 nm and 278 nm.
|

Solution. The two geometric form of the given formula are:

C¢H,—C—H CeHs—C—H
I and
C¢H,—C—H
Steric strain would be greater in the cis form as c
prevent full coplanarity of the cis phenyl groups and
higher energy cis-isomer has the shorter A,

H—C—CH,

trans

ompared to trans form. The steric strain would
the conjugative effect is attenuated. Thus the

¢ Lhe isomer with Xmax =278 nm is cis and other is trans.
Problem 7. Predict the kind of electronic transitions

in (a) Cl, and (b) carbonyl group. Also give
their intensity.

Solution. (a) The transition in Cl, are: (i) 6 — g* (allow

ir ; ed transitions), which is stron
(if) n — o* (forbidden transition) which is weak in intens

ity.
(b) In C =0 group, 6 — c* and 11 — T*, both are allowed transitions and strong in intensities,
whereas n — * and n — o*, both are forbidden an

LA d of weak intensity.
ProWow will you distinguish between benzene and anthracene

g in intensity,

by UV Spectroscopy?
Solution. The structures for benzene and anthracepe are given below:
O m O
Benzene Anthracene
Anthracene will have higher A, than benzene, Thjq is because anthracene is more conjugated
than benzene.
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SPECTROSCOPY TECHNIQUES AND APPLICATIONS |
PM. Arrange the following compoun

' ds in the increasing order of the their UV absorption
maxima.

(a) Ethylene (b) Naphthalene

(c) Anthracene

(d) 1, 3-Butadiene
Solution. The structures of the given compounds are:

(a) H,C=CH, (b) OO
Ethylene '

Napthalene
(©) ., (@) H,C=CH—CH=CH,
1,3-Butadiene
Anthracene

The absorption maxima (M) 18 directly proportional to the extent of conjugation. Therefore,
the increasing order of absorption maxima of the given compounds would be:

(@) <(d)<(b)<(c)
Problem 10. Which among CH,=CH,, CH,=CH—CH=CH,, and trans CH,=CH—CH=CH—

CH=CH, can give A___absorption at about 274 nm? Give reason.

Solution. Trans —CH2=CH—CH=CH—CH=CH2, since it is an conjugated triene.

Problem 11. Most of absorption bands in the UV-visible spectra are very broad. Give reasons.

Solution. UV-visible spectra involve transitions between electronic energy level which are associated
with vibrational and rotational energy levels. The electronic transition may occur from any of the several
vibrational and rotational states of one electronic level to any of the various corresponding states of
higher level. Since a large number of transitions are possible, so a large number of absorptions will
take place corresponding to different wavelengths. Hence, spectra are very broad.

Probl{:‘pn/fla’. Why does 1, 3-butadiene possess higher kmax value than that of ethene?

Solution. In 1, 3-butadiene T, — 7,* excitation takes place, which requires lesser energy (of higher
wavelength) than T — 7* excitation in ethane.

Problem 13. Which of CH,COCH; and CH,=CHCOCH, exhibit higher value of A in the
UV-visible spectra? * .

R
Solution. CH,—CHCOCH,, since it has two conjugated chromophores (double bond and C=0 group),
whereas H;CCOCH, has only one chromophore (C=0 group).
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