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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. 

Common auxochromes include alkyl, hydroxyl, alkoxy and amino groups and the 

halogens
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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 l; lower energy

2. Hypsochromic shift (blue shift) – shift to shorter l; higher energy

3.Hyperchromic effect – an increase in intensity

4. Hypochromic effect – a decrease 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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lmax nm e

175 15,000

217 21,000

258 35,000

n → p* 330 27
p → p* 213 7,100

465 125,000

n → p* 280 12
p → p* 189 900
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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, f1 and f2 from two sp2

hybrid carbons combine to form two MOs Y1 and Y2* in ethylene

Y2*

pY1

f1 f2
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Conjugation of Alkenes

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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DE for the HOMO → LUMO transition is reduced
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Conjugation – of Alkenes

Extending this effect to longer conjugated systems the energy gap becomes 
progressively smaller thereby making it absorb at higher wavelengths.

Energy

ethylene

butadiene

hexatriene

octatetraene

Lower energy =
Longer wavelenghts
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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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Conjugation of  Alkenes

Methyl groups also cause a bathochromic shift, even though they are 
devoid of p- or n-electrons
This effect is thought to be through what is termed “hyperconjugation”
or sigma bond resonance
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