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Aromatic Compounds

benzene has six -MOs, 3 filled , 3 unfilled *
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Benzene chromophore Benzene displays three absorption

❖ The B-band of benzene & many of its homologs is  
characterize by considerable fine structure (in case of vapor  
phase or in nonpolar solvent

Increase λmax E1 (not appear )E2 (shorter to appear )  
& B with increase E max. Or stable and loss its fine structure

These bands arise from transition π → π *
✓ Allowed transition == intense band near 18ε0nm
✓ Forbidden transition === weaker bands near  

200&260nm (230-260) ,In highly symmetrical benzene
molecule

Bands λ max. nm Εmax. Type of bands

لطموةب

نم

لابلاط

E1(allowed ) 180-184 60000 Primary band

E2(forbidden ) 200-204 7900 Primary band

B(forbidden ) 254-257 200 Secondary band(benzoid band )  
fine str.

B
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In polar solvent  
solvent interaction

large energy lowering caused by  
decrease fine structure
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Substation of alkyl group on the benzene ring

B-band Bathochromic shift (red shift )

➢ But the effect of alkyl substation upon the E-band is not clear defend

Q) Why this substation Bathochromic shift (red shift )

Ans.) that due to hyperconjugat in which the σ electrons of alkyl C-H bond participate in resonance  
with the ring .

Note :- the CH3 group is more effective in hyperconjugat than other alkyl group
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Compound E2-band B-band

λmax. E max. λmax. E max.

Benzene 204 7,900 256 200

Phenol 210.5 8200 270 1450

Phenolode  
anion

235 9400 287 2600

Aniline 230 8600 280 1430

Anilinium
cation

203 7500 254 160

By  
resonance

Q) The nonbonding electrons resonance  
with π bonds of the ring to increase E  
max. & λmax. Why?
Ans.) as the nonbonding electrons are
more available for interaction with the π
system to greater the shift will be

▪ Because the unshared of  
electrons activating the ring  
by the resonance

▪ Decrease of excited state to 
decreases required energy
for transition (red shift )
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protonation of nitrogen eliminates the n-pair, raising transition energy

The effect of PH :- i,.e. 1) Aniline 2) phenol

the pair of nonbonding electron of aniline is no longer available for interaction with π-electron system of  
the ring . Its spectrum almost identical to that of benzene result .
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Base
NaOH

Compound E2-band B-band

λmax. E max. λmax. E max.

Benzene 204 7,900 256 200

Phenol 210.5 8200 270 1450

Phenolode  
anion

235 9400 287 2600

bathochromic shift of the E2 and B-bands and increase in ℰmax.

The negative charge of oxygen  
delocalizes more effectively than  
the unshared pair of electron
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Interaction between the nonbonding electron pair of heteroatom  
attached to the ring & and the π electrons of the ring is most effective  
when the p orbital of the nonbonding electron is parallel to the π orbital  
of the ring
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- When auxochromic gr.s appear on the same ring as the chromophore,  
both groups (gr.s) influence the absorption.

- For predicting λmax of the primary band of substituted benzene the  
following rules are used. ( in case of disubtituted benzene)

- Table XXV: substituent shift : substiotuent shift

- CH3 3 -NH2 26.5

- CHO 46 - OH 7.0

- COCH3 42 - OCH3 13.5

- CO2H 25.5 - NO2 65.0

Base value is (203.5 nm) for 1° band ( π π* interact)
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A- For Para substitution

1- Both groups are e. donating EDG or e with drawing EWG: only the effect of the  
group causing the larger shift is used ( so it is similar to monosubstituted benzene)

i.e P- nitrobenzenic acid its λmax

Would be expected to be the same as that of nitro-benzene

Why ? because λmax parent cpd. = 203.5 nm

+ 65 NO2 > CO2H

268.5 nm 65 25.5
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B/Meta and ortho: if the two gr.s are o- or m- to one another the effect is

usually the sum of the two individual effects (the shift effect are additive

(meta : no resonance ….ortho steric effect)

So: by Uv: we can diff . between p & (-o,-m) derivetave…… no  

resonance

Note: -o,-m can not diff . between them by Uv
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2. One gr. Is EDG and other one is EWG : The
calculated λmax is usually much lower then the observed  

λmax (the same reasons) given for p-nitrophenal (resonance)

*
*  
t

* The red shift & in intensity of the k-band

* The influence is most pronounced when an electron  
donating gr EDG & e attracting gr. are para to the  

another (complementary substitut)
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