Derivation of the relationship between Hund’s case (a) and base (b)

vibronic matrix elements
We start with the following three relationships discussed in the text. These are the general
relationship for Hund'’s case (a) matrix elements in terms of Hund’s case (b) matrix elements:
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the matrix element of the transition dipole using a Hund’s case (a) basis:
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and the corresponding expression in Hund’s case (b):
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For more details on these expressions see Brown and Carrington (2003).

To relate the two vibronic dipole moments we substitute the latter two equations into both
sides of the first, giving:
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In making this substitution we have imposed the constraint that S= S’ but, in contrast to the
previous version of this derivation, we have not required X = 3'. (The derivation of equation (3)
assumes S = S', imposing this constraint on the transformation equation (1).) The terms in M, and
some others factorise out of the sums on both sides leading to the simplified form:
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For a given Q' and Q, the 3-j symbol means that there will be at most one non-zero term in the sum

over g on the left hand side, so the sum can be replaced with a single term with g = Q' — Q. Similarly,
for a given A" and A, only one term can contribute to the sum over g on the right hand side, with
g =N\'—A. This gives:
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which can be rearranged to give the required result:
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Relationship between Hund’s case (a) and base (b) vibronic matrix
elements when the vibronic matrix elements are independent of N
If we make the assumption that the vibronic matrix element, <77'V'A"TAK._A(,u;N'NX77VA>, is
independent of N then this can be taken out of the sum, and we are left with the following sum:
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which results in:
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The value of this sum is actually a known identity if 2 =2'; Brink and Satchler (1968) give the
following (Apendix Il, p141):
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Making the identificationsc=N', f=N,a=k,d=S,b=J,e=J,a=N-N,B=Q,y=-N,6=-3,e=Q'
and ¢ = A, gives (after some rearranging):
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Substituting this back into the expression for the sum gives:
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provided Z = Z'. Substituting back into the relationship between the transition moments we have the
expected relationship were 2 = 2":

<77'V'A"T:.7A(y; J'o JQ)(nvA> = <77'V'A"T:.7A (1;N'N ]77VA> (13)
Given this is describing a transformation between orthogonal basis sets, the sum Z will be zero if
X' # 2. This has been checked by numerical evaluation of the sum, Z, for a range of J values up to 20.
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