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Relationes 

Franck-Condon Factors for the Transitions 
N 2 ,  C 3 n u - - + B 3 7 r g  a n d  CN, B 2 z ~  + - - + S 2  z~ + * 
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Department of Chemistry, Boston College, Chestnut Hill, Massachusetts 02167 

Received May 5, 1970 

Franck-Condon factors for the transitions N2, Carcu--+B3ng and CN, B2S + -+X2S + have been 
calculated by the method of Chang and Karplus. 

The Franck-Condon factor, q~,v',, plays a very important role in the deter- 
mination of intensity distributions in a system of electronic vibrational bands of 
a diatomic molecule [1]. It is defined as the square of the overlap integrals of the 
vibrational wavefunctions ~Pv, and ,pv,, of the upper and lower electronic states, 
respectively, 

i lP~"(r) dr 2 q~,v, ,= IIo,v,,L 2 =  tpv,(r) . (1) 

Various methods [2-5] have been proposed for calculations of Franck- 
Codon factors. However, all the methods given the literature suffer some short- 
comings. They are only appropriate for particular ranges of vibrational quantum 
numbers and some of the methods involve a laborious calculation. Recently, 
Chang and Karplus [6] have introduced the asymptotic expansion method for 
Franck-Condon factor calculations. In the present note, this method is applied 
to the second positive (C3rcu--+B3no) band system of N 2 and the violet system of 
CN(B2S + --+X3S+). Double precision computations have been carried out on 
a CDC 6600 computer. The results which are in excellent agreement with the 
values obtained by the extremely tedious method of numerical integration of 
accurately computed Morse wave functions, over a much larger range of 
vibrational quantum numbers than has been previously reported [2-5] are 
shown in Tables 1 and 2. These more extensive data have been found useful in 
the interpretation of laboratory spectra where large vibrational quantum numbers 
are often encountered. Besides, we have found that the method of Chang and 
Karplus gives accurate results for a wide range of vibrational quantum numbers 
for which a Morse potential can be expected to be valid. Also, the method is very 
simple to use. For  v' or v" greater than ten cases, it requires more than 20 signi- 
ficant figures, so double precision computations on CDC 6600 are recommended. 

* This researchwas supported bythe Office of NavalResearch under Contract # N00014-69-A-0453. 
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