
SPECTROSCOPY – 1
UNIT 3
PG 1ST SEMESTER
PRIYANKA BARUA



UV-VISIBLE SPECTROSCOPY



I

I0

I

I0
I0

I

A = εcll

ε is called molar absorptivity

























β-carotene





α,β-unsaturated carbonyl compounds

There is hyperchromic shift also as the participating orbitals are extended over a larger area (i.e. 4atoms) 
than in C=O alone (i.e. 2 atoms only). We know ε increases with cross-sectional area of the bonding 
orbitals involved in the chromophore. This also applies in case of C=C conjugation also.





Charge Transfer Complexes 

OH

 The formation of charge-transfer complex occurs between molecules
which, when mixed, allow the transfer of electronic charge through space
from an electron rich molecule to an electron deficient molecule with
molecular orbitals of suitable energy and symmetry.

 The filled π-orbitals in the donor molecule overlap with the depleted
orbital in the acceptor molecule and generate two new molecular orbitals.
Thus transition between these newly formed orbitals are responsible for
the new absorption bands observed in the charge transfer complexes.





In 1945 Robert Burns Woodward gave certain rules for correlating λmax with molecular structure.
In 1959 Louis Frederick Fieser modified these rules with more experimental data, and the modified rule is
known as Woodward-Feiser Rules. It is used to calculate the position and λmax for a given structure by
relating the type of chromophores present, the substituents on the chromophores, and shifts due to the
solvent.

According to Woodward’s rules the λmax of the molecule can be calculated using a formula:

λmax = Base value + Σ Substituent Contributions + Σ Other Contributions
4.

As we know that the presence of auxochrome or extension of chromophore may cause the change in wavelength and the
intensity of the absorption maximum. Woodward and Fieser formulated a set of empirical rules, which could be used to
predict absorption maxima of conjugated systems like dienes, enones, aromatic systems (benzene and its derivatives),
benzoyl compounds etc.

WOODWARD-FIESER RULES FOR CALCULATION OF ABSORPTION MAXIMA OF ORGANIC MOLECULES



Woodward-Fieser Rule for conjugated dienes or polyenes
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For polyenes with more than 4 conjugated double 
bonds, Fieser-Kuhn rule is used to calculate λmax
Fieser-Kuhn derived the following equation to calculate 
the wavelength of maximum absorption λmax and also 
maximum absorptivity εmax
λmax = 114 + 5x + y (48.0 – 1.7 y) – 16.5 Rendo – 10 Rexo
Where,
λmax = wavelength of maximum absorption
x = number of alkyl substituents / ring residues in 

the conjugated system
y      = number of conjugated double bonds
Rendo= number of rings with endocyclic double bonds 

in the conjugated system
Rexo = number of rings with exocyclic double bonds 

in the conjugated system

εmax = (1.74 x 104) y
Where,
εmax = maximum absorptivity
y = number of conjugated double bonds

Let us take β-carotene as an example. The observed λmax of β-
carotene is 452 nm, while the observed εmax is 15.2 x 104.

x (number of alkyl substituents) = 10
y (number of conjugated double bonds) = 11
Rendo (number of endocyclic double bonds) = 2
Rexo (number of exocyclic double bonds) = 0

Thus λmax = 114 + 5x + y (48.0 – 1.7 y) – 16.5 Rendo – 10 Rexo
= 114 + 5(10) + 11 (48.0 – 1.7(11)) – 16.5 (2) – 10 (0)
= 114 + 50 + 11 (29.3) – 33 – 0
= 114 + 50 + 322.3 – 33
= 453.30 nm

εmax = (1.74 x 104) y
= (1.74 x 104) 11
= 19.14 x 104



Woodward-Fieser Rule for α,β-unsaturated carbonyl compounds

Base value for
a) Acyclic α, β unsaturated ketones = 215 nm
b) 6 membered cyclic α, β unsaturated ketones = 215 nm
c) 5 membered cyclic α, β unsaturated ketones = 202 nm
d) α, β unsaturated aldehydes = 210 nm
e) α, β unsaturated carboxylic acids and esters = 195 nm
Increment for
ii) Each double bond extending conjugation = 30 nm
iii) Exocyclic double bonds = 5 nm
iv) Homoannular diene component = 39 nm





Woodward-Fieser Rule for benzene and its derivatives

1) Base values for
a) ArCOR = 246 nm
b) ArCHO = 250 nm
c) ArCO2H = 230 nm
d) ArCO2R = 230 nm


