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Section 4
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Electron Transition for Ethylene 

with a Substitute Possessing Lone Pair

• Hyper-conjugation: 

 extension of π system by resonance effect of lone pair

 decrease conjugation due to inductive effect of heteroatom
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Functional Groups as Chromophores

• Compare λmax & є in different functional groups due to the 

type of electron transition levels.
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Electron Transitions for Un-Saturated Functional Group 

Possessing Oxygen or Nitrogen 

• Carbonyl (C=O) or imine (C=N):

• Electron transitions:  

π-π*transition: λmax= 190nm

 n-π* transition: λmax=280-290nm(

Є = 15

• Describe the changes if a carbon or heteroatom is attached to carbonyl group.
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Effect of Auxochromes on 

Maximum Absorption Wavelengths of Carbonyls

• Consider angle of methyl to carbonyl in sp2 hybridization to discuss shorter λ

• Lone pair of auxochrome has:

 bathochromic effect on π - π*

 hypsochromic effect on n - π*

• Also consider solvent effect: 

 solvation of base state 

comparing to 

 solvation of excited state
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UV Characteristics for Acetone as a Ketone
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UV Spectra for a Couple of 

Conjugated Aldehydes

• Bathochromic & hyperchromic on π-π* & n-π*transitions

• However, changes are more intense on π - π*

• Hence, n - π* bands are buried under π - π* bands
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Woodward-Fieser 

Rules to Calculate 

Theoretical Maximum

Absorption Wavelength

of Conjugated Carbonyls

or enones
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Comparing Electron Transitions for 

Alkene, Carbonyl & Enone Systems
• Bathochromic effect in enone system:
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310-330nm

220-250nm



Solvent Effect on UV Spectrum and λmax

• Compare energy state of base state after solvation of 

to excited state.

• Polar solvent including ability of  hydrogen bond:

 stabilize π*

hence decrease E required for π-π* transition

bathochromic effect on λmax 

 stabilize n

hence increase E required for n-π* transition

hypsochromic effect on λmax 
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Electron Transitions for 

Aromatics & Poly-Armoatics
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UC Spectrum for Benzene

• Three electron transitions:

 two primary transition:

one is allowed (180-184nm):є=47000

& one is forbidden (200-202nm ):є=7400

 one secondary transition:

is forbidden (250-260nm ):є=204 -230

• Substitute effect: enables n-π*transition

 bathochromic & hyperchromic

• pH effect on substitutes
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UV Spectrum for Polycyclic Aromatics
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UV Spectrum for Hetero-Aromatics & 

Polycyclic Hetero-Aromatics 
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Effect of Resonance & Induction of 

Substitutes on Aromatics
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• Lone pairs on substitutes: amine; hydroxy; alkoxy; X

• Electron donation or withdrawing by substitutes

• Conjugation by substitutes: 



Woodward-Fieser Rules to Calculate Theoretical Maximum 

Absorption Wavelength for Aromatics Possessing Substitutes-1
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Woodward-Fieser Rules to Calculate Theoretical Maximum 

Absorption Wavelength for Aromatics Possessing Substitutes-2
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Woodward-Fieser Rules to Calculate Theoretical Maximum 

Absorption Wavelength for Benzoyl Derivatives
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