
Hunt / Lecture 4 Additional Notes 1 

Interaction of Light with Matter 
• think back to carrying out a UV-vis experiment.  We know from the Beer 

Lambert rule that the absorbance(A) depends on the molar absorption 
coefficient (ε) the concentration (c) and the dimension of the curvette(l) 
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• the absorption coefficient ε contains the molecule specific information 
that determines if an absorption will occur 

o the other parts of the equation relate to the experimental set-up only 
impacting on the strength of the signal 

o the absorption coefficient is the factor we need to understand, it is related 
to the ability of the molecule to interact with the incident light 

• for an absorption to occur: 
o  the energy of the incident lightwave must exactly match the difference 

in energy between two rotational/vibrational/electronic energy levels 
within the molecule. 

 ΔE = !ν  
o however even then not all such transitions are "allowed" the lightwave 

must couple the initial and final states of the molecule 
o the molecule must have a population difference between the ground 

and excited state (rotational/vibrational/electronic) or the absorption 
cannot occur 

• the absorption coefficient must therefor depend on the lightwave frequency, 
νfi, the Einstein coefficient, Bfi which gives the probability that a transition 
will occur from an initial to a final state and the population inversion (Ni-Nf) 
on the molecule: 

!κ =
hν fi
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Bfi (N f − Ni )  

o we have assumed a perfectly sharp absorption, in reality there will be a 
small range of frequencies, and an absorption peak of finite width, in 
which case we would integrate κ' over the range of frequencies, ν 

• The probability that a molecule absorbs light and undergoes a transition from 
an initial to a final state is given by the  Einstein coefficient, Bfi 
o Einstein developed the theory for light interacting with matter, he 

proposed that molecules undergo spontaneous emission and induced 
absorption and emission. 

o spontaneous emission is related to the molecule interacting with the 
radiation vacuum state and is only relevant at frequencies above 
ultraviolet, and thus is not important for us. 

o the probability of induced absorption Bfi is equal to that of induced 
emission Bif  

o stimulated emission occurs when the incident photon stimulates the 
emission of another photon from the molecule. 


