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Electronic Spectroscopy

• Ultraviolet (UV) and visible (vis) spectroscopy:
• This is the earliest method of molecular 

spectroscopy.
• A phenomenon of interaction of molecules with 

UV and visible lights.
• Absorption of photon results in electronic 

transition of a molecule, and electrons are 
promoted from ground state to higher electronic 
states. 



UV and Visible Spectroscopy
• In structure determination : UV-vis spectroscopy 

is used to detect the presence of chromophores
like dienes, aromatics, polyenes, and conjugated 
ketones, etc. 

• Also very useful in quantitative analysis of 
compounds with chromophores.

• Chiroptical spectroscopy-ORD and CD : the 
difference in the refraction (ORD) or absorption 
(CD) of left and right circularly polarized light is 
measured, or absorptivity (CD) between left and 
right circularly polarized light . 



Chiroptical Spectroscopy

• Chiroptical properties reflect stereochemical 
arrangement of atom in a molecule. Both 
CD and ORD show sense of handedness in 
reflecting the handedness of
nonsuperimposable mirror-image molecule 
(enantiomer).  So their curves appear as 
positive or negative peaks of Cotton effects 
reflecting the difference in chirality of 
molecule. 



Display of spectra 

• Horizontal scale (abscissa): all three methods use 
wavelength, λ, in nm (nanometer) unit.

• Vertical scale (ordinate):
• UV-vis: absorbance, A, or molar absorptivity, ε.
• CD: difference in molar absorptivity, Δε, or 

molar ellipticity, [θ].
• ORD: molar rotation, [φ]. 



Origin of electronic spectra 

• Absorptions of UV-vis light photons by 
molecule results in electronic excitation of 
molecule with chromophore. 

• The electronic transition involves 
promotion of electron from a electronic 
ground state to higher energy state, usually 
from a molecular orbital called HOMO to 
LUMO.



UV Spectral Origin

Transition of an electron from HOMO to LUMO 
by light photon 



UV Absorptions for some isolate chromophores
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Terms describing UV 
absorptions

• 1. Chromophores: functional groups that give 
electronic transitions.

• 2. Auxochromes: substituents with unshared pair e's 
like OH, NH, SH ..., when attached to π chromophore
they generally move the absorption max. to longer λ.

• 3. Bathochromic shift: shift to longer λ, also called 
red shift.

• 4. Hysochromic shift: shift to shorter λ, also called 
blue shift.

• 5. Hyperchromism: increase in ε of a band.
• 6. Hypochromism: decrease in ε of a band.





Circular Dichroism - CD











ORD and CD

Optical Rotatory Dispersion ORD
involves measurment of a rotation,
whereas Circular Dichroism CD

involves measurment of an absorption



ORD spectra are dispersive (called a Cotton effect for a 
single band) whereas circular dichroism spectra are 
absorptive. The two phenomena are related by the so-called
König-Kramers transforms. 





UV: A vs. λ (nm), the same curve for 3R-, 3S-isomer, and racemate.

CD: Δε vs. λ, + Cotton effect for 3R-isomer, and - Cotton effect 
for 3S-isomer.

ORD: [φ] (molar rotation) vs. λ, + C. E. for 3R-isomer and – C. 
E. for 3S-isomer.  
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The octant rule

The octant rule states that substituents lying in the nodal planes make no
contributions to n→* Cotton effect. Substituents within an octant 
contribute the sign of that octant to the overall sign of the Cotton effect. 
Since most substituents are usually on the same side of the nodal surface 
as the carbonyl carbon, the octant diagram is simplified by considering 
only the four rear octants. Relative intensities are determined qualitatively.
For example, when both negative rear octants are occupied, the magnitude
of the Cotton effect is enhanced.



The octant rule
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How would look spectrum of racemate like?



Two optically active isomeric 2-methyl-4-tert-butylcyclohexanone were
prepared, and their CD spectra were run. One ketone had an n→*

Cotton effect max = + 1.4; the other had max = -0.3. Both ketones 
had the same optical purity. Assign the absolute configuration of 
each ketone.

Problem
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Why is the value of the Cotton effect different?


