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Effect of substituents

The attachment of substituent groups (other than H) can modify the position
and intensity of an absorption band.

Certain substituents that do not absorb in the UV-Vis region but when attached
to a chromophore bring about a shift of the absorption band towards the red

end of the spectrum ( longer wave length) are called auxochromes.
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Substituent Effects

General — Substituents may have any of four effects on a chromophore
1. Bathochromic shift (red shift) — a shift to longer A; lower energy
2. Hypsochromic shift (blue shift) — shift to shorter A; higher energy

3.Hyperchromic effect — an increase in intensity
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Substituent Effects

Conjugation - most efficient means of bringing about a bathochromic and
hyperchromic shift of an unsaturated chromophore
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Conjugation of Alkenes

The observed shifts from conjugation imply that an increase in conjugation

decreases the energy required for electronic excitation

From molecular orbital (MO) theory two atomic p orbitals, ¢, and ¢, from two sp?

hybrid carbons combine to form two MOs ¥, and ¥,* in ethylene
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When we consider butadiene, we are mixing 4 p orbitals giving 4 MOs of an energetically
symmetrical distribution compared to ethylene
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Extending this effect to longer conjugated systems the energy gap becomes
progressively smaller thereby making it absorb at higher wavelengths.




Conjugation of Alkenes

Similarly, the lone pairs of electrons on N, O, S, X can extend

conjugated systems - auxochromes
Here we create 3 MOs - this interaction is not as strong as that of a

conjugated p-system
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Methyl groups also cause a bathochromic shift, even though they are

devoid of n- or relectrons
This effect is thought to be through what is termed “hyperconjugation”

or sigma bond resonance
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FIT] Ultra-violet Absorption in o, B-unsaturated Carbonyl Compoypg,
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For a carbonyl group, two types of transitions occur.
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The first transition involves the promotion of one of the 7 electrons to an antibongiy,
m* orbital (m — 7*). It is very intense and corresponds to shorter wavelength. The second transitio

———————— n4
m* A ,\,\ :/\A 3 n*
\\:. L_LIM_‘?__.;’/ n—m*
n—m 280nm
320 nJ
n
n—m* n—mn* n-n*
175 nm 230 nm 190 nm
__H_____lt:
7 HOMO,
/ N
/ \
{ / \
& \
n—ﬂ—‘—( »—?i——f[
S X { L)
/C—C\ \\ // /C:O
ETHYLENE % / CARBONYL
et
N e
A0S
C\ O
. B-UNSATU D /
6/2/2001 o B-UNSATURATED CARBONYL

Fig. 2.23. UV transitions in «, B-unsaturated carbony! compounds.



A comparison in the ultra-violet spectra of un-conjugated carbonyl compounds (see Fig,. 2.25)
reveals that the value of absorption maximum for carbonyl group experiences a bathochromic
well as hyperchromic effects in conjugated carbonyl compound as compared to an un-conjugateq
carbonyl compound.
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6/2/2021 Fig. 2.25. UV Absorption spectra for conjugated,and unconjugated carbonyl compounds.
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Solvent Effects

Highly pure, non-polar solvents such as saturated hydrocarbons do not interact with solute
molecules either in the ground or excited state and the absorption spectrum of a compound 1n
these solvents 15 similar to the one in a pure gaseous state. However, polar solvents such as
walter, alcohols etc. may stabilize or destabilize the molecular orbitals of a molecule either in the
ground state or in excited state and the spectrum of a compound in these solvents may
significantly vary from the one recorded 1n a hydrocarbon solvent.

(i) ® = =" Transitions

In case of m = n* transitions, the excited states are more polar than the ground state and the
dipole-dipole interactions with solvent molecules lower the energy of the excited state more than
that of the ground state. Therefore a polar solvent decreases the energy of © = n* transition and
absorption maximum appears ~10-20 nm red shifted in going from hexane to ethanol solvent.
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(ii) n = * Transitions
In case of n = n* transitions, the polar solvents form hydrogen bonds with the ground state of

polar molecules more readily than with their excited states. Therefore, in polar solvents the
energies of electrome transitions are increased. For example, the figure 5 shows that the

absorption maximum of acetone in hexane appears at 279 nm which in water 15 shifted to 264
nm, with a blue shift of 15 nm.
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Figure 5 : UV-spectra of acetone in hexane and in water
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