Further details on the calculation of matrix elements in “The Coulson-Fischer +
r1» wavefunction for H,” by Nick J. Clarke, David L. Cooper, Joseph Gerratt and
Mario Raimondi, Molecular Physics 81, 921-935 (1994).

The calculations were performed in confocal elliptical coordinates (¢,n,¢) defined as:
_(ra+rb). _(ra_rb).
§ R NETR
@ is the angle between the AeB plane and the yz plane. A and B are the two nuclel, which define the
z axis, and eisan electron. Theintegration rangesare; +1<¢ <o; -1<n<+1l; 0<@Q<2m
ra and r, are easly written in terms of & and ). Expressions for x, y and z are given in the

paper. Thisleaves only the volume element and r .
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Substituting these expressions into the matrix elements below alows for their solution by standard
numerical integration procedures.

The Born-Oppenheimer Hamiltonian (minus the internuclear potential) is:
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Writing the Coulson-Fischer+ry, wavefunction as W, = (W, +cW,q )(1+ pry,) and ignoring the
parameters ¢ and p, which are optimised later, the Hamiltonian matrix elements required are:
W T|W 0
WraNVWri0  iandj=HLorION; mandn=0or1l
WV, W 5 0
The matrix elements involving VandV,, are evauated directly by the relevant substitutions to

confocal elliptical coordinates given above, leaving only: W, |[T|W, Oand W, [T|W r,,C.



Firgtly
Wr, [TIW, O -2 W, |02 + 03|W, C
W, and W0y are both symmetric in the coordinates of the two electrons, therefore:
Wor, [TIW, O Wi, |02 W, L.
Denoting 1s,(1) as & etc and taking i and j asHL, for example
(W, [T, O —Hab, +ba, )1, [0 |(ab, +bia,)C
= —2[ayb, +bya,)r,, I, |7 ]a, 0

since operating on a; or b; with 002 producesidentical results. The orbital a; is astandard 1s STO so

where ( is of course the STO exponent, giving:
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Substitution of confocal eliptical coordinates now renders this soluble.
Finally we have matrix elements of the form:
BPn I'f |LIJHLr12 [F-2[W, 1, m’zlmi |a'1r12 L,
using the same reasoning as before. Analysis gives
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Combining these all together gives:
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Again, substitution of the confocal elliptical equivalents of these variables makes thisintegral soluble.



