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UV/Vis spectroscopy 

UV/Vis spectroscopy provides information about compounds with conjugated 
double bonds.  
 
Ultraviolet light and visible light have just the right energy to cause an 
electronic transition—the promotion of an electron from one orbital to another 
of higher energy. 
 
Depending on the energy needed for the electronic transition, a molecule will 
absorb either ultraviolet or visible light. 
 
Ultraviolet light is electromagnetic radiation with wavelengths ranging from 180 
to 400 nm (nanometres); visible light has wavelengths ranging from 400 to 780 
nm. 
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The normal electronic configuration of a molecule is known as its ground state—all 
the electrons are in the lowest-energy molecular orbitals.  
When a molecule absorbs light of an appropriate wavelength and an electron is 
promoted to a higher energy molecular orbital, the molecule is then in an excited 
state.  
Thus, an electronic transition is the promotion of an electron to a higher energy 
molecular orbital MO. The relative energies of the bonding, nonbonding, and 
antibonding molecular orbitals are shown in the below Figure. 

The electronic transition with the lowest energy is the promotion of a nonbonding (lone pair) 
electron (n) into a π* antibonding molecular orbital. 
The higher energy electronic transition is the promotion of an electron from a π bonding 
molecular orbital into a π* antibonding molecular orbital 3 



The UV spectrum of acetone 

The λmax (stated as “lambda max”) is the wavelength corresponding to the highest point 
(maximum absorbance) of the absorption band. 
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The Beer–Lambert Law 

The relationship among absorbance, concentration, and length of the light path is known 
as the Beer–Lambert law and is given by 
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The molar absorptivity (formerly called the extinction coefficient) of a compound 
is a constant that is characteristic of the compound at a particular wavelength.  
 
It is the absorbance that would be observed for a 1.00 M solution in a cell with a 
1.00 cm path length.  
 
The molar absorptivity of acetone, for example, is 9000 at 195 nm and 13.6 at 274 
nm. The solvent in which the sample is dissolved when the spectrum is taken is 
reported because molar absorptivity is not exactly the same in all solvents. 
 
So the UV spectrum of acetone in hexane would be reported as λmax 195 nm 
(εmax = 9000, hexane), λmax 274 nm (εmax = 13.6, hexane). 
 
Because absorbance is proportional to concentration, the concentration of a 
solution can be determined if the absorbance and molar absorptivity at a 
particular wavelength are known. 
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The two absorption bands of acetone are very different in size because of the difference in 
molar absorptivity at the two wavelengths. Small molar absorptivities are characteristic of 
transitions, so these n         π* transitions can be difficult to detect. Consequently,                
π                  π* transitions are usually more useful in UV/Vis spectroscopy. 

In order to obtain a UV or visible spectrum, the solution is placed in a cell. Most cells have 
1-cm path lengths. Either glass or quartz cells can be used for visible spectra, but quartz 
cells must be used for UV spectra because glass absorbs UV light. 
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A chromophore is that part of a molecule that absorbs UV or visible light. 
The carbonyl group is the chromophore of acetone. The following four 
compounds all have the same chromophore, so they all have 
approximately the same λmax . 

An auxochrome is a substituent that when attached to a chromophore, alters 
the λmax  and the intensity of the absorption, usually increasing both; OH and 
NH2groups are auxochromes. 
 
The lone-pair electrons on oxygen and nitrogen are available for interaction with 
the π electron cloud of the benzene ring, and such an interaction increases λmax   
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Because the anilinium ion does not have an auxochrome, its λmax is similar to that 
of benzene. 

Removing a proton from phenol and thereby forming phenoxide ion (also called 
phenolate ion) increases the λmax because the resulting ion has an additional lone 
pair. 
 
Protonating aniline (and thereby forming the anilinium ion) decreases the λmax 
because the lone pair is no longer available to interact with the π cloud of the 
benzene ring. 
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Because wavelengths of red light are longer than those of blue light, a shift to a 
longer wavelength is called a red shift. 
 
A shift to a shorter wavelength is called a blue shift. Deprotonation of phenol 
results in a red shift, whereas protonation of aniline produces a blue shift. 
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The more conjugated double bonds there are in a compound, the less energy is required for 
the electronic transition, and therefore the longer is the wavelength at which the electronic 
transition occurs. 
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The Woodward-Fieser Rules: 
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