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TasLE II. Electronic energy of the ground state of Hy* as
given by the quadratic approximation.2

—W(R) =

R —W(R)exast® —W,—3R%MN | Error |
1.0 0.4518 0.3974 0.0544
1:2 0.5290 0.5114 0.0176
1.4 0.5700 0.5649 0.0051
1.6 0.5909 0.5898 0.0011
1.8 0.6003 0.6001 0.0002
2.0 0.6026 0.6026 0

22 0.6008 0.6009 0.0001
2.4 0.5965 0.5969 0.0004
2.6 0.5908 0.5917 0.0009
2.8 0.5843 0.5859 0.0016
3.0 0.5776 0.5798 0.0022
4.0 0.5461 0.5513 0.0052
5.0 0.5244 0.5287 0.0043
6.0 0.5120 0.5114 0.0006

2 All quantities in atomic units.
b Data taken from D. R. Bates, K. Ledsham, and A. L. Stewart, Phil.
Trans. Roy. Soc. (London) A246, 215 (1953).

present the precise connections between atomic and
molecular w,.

IV. DISCUSSION

The foregoing argument appears to establish the
theoretical basis for the potential of Eq. (1), as a
potential of wide and general applicability for diatomic
molecular species near R.. It would seem, for instance,
that the formulas of Egs. (2)-(5) are likely to hold, to
reasonable accuracy, whenever a diatomic molecular
state is bound, whatever the detailed valence-theoretic
description of the binding is.!

Alternative perturbation expansions about equilib-
rium are of course possible. The expansion in powers of

1 For example, these results should hold for such species as
He-He at long range. See the review of experimental results given
by R. B. Bernstein and J. T. Muckerman, University of Wisconsin,
’11‘9}16(370retica1 Chemistry Institute Rept. WIS-TCI-200, January
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the parameter u=(R/R.)—1 has been well investi-

gated,? but it lacks the simplicity of the expansion in
powers of A=1—(R./R) we have here put forward.
Relations among higher-order potential constants and
lower-order potential constants do not appear in the
expansions in u. The possibility of attaching physical
meaning to successive coefficients W, in the expansion
of Eq. (6), already exemplified by construction of a
simple model of the quadratic form,* lends confidence
to the reasonableness of the A expansion. Table II
shows the effectiveness of the quadratic form for the
energy for Hy™, Eq. (28), over a large R range with w,
determined from R, and k..

Extensions of the argument, both in the context of
perturbation theory and in the context of simple models,
to the truncated cubic form including a term Wj;/R?,
may be worthwhile. There is an extraordinary result
in the literature: For Hy* a potential of the form of Eq.
(6), including the cubic term, gives an energy within
1073 a.u. of the true energy for 15 points on the exact

potential near R.."* The results already reported for |

other molecules also encourage one to expect high
accuracy at the cubic level.”

Actual calculations by the perturbation method here
proposed, or its variational analogues, would not be
easy, but it is notable that kinetic-energy matrix
elements between wavefunctions at a single inter-
nuclear separation are all that enter the perturbation
calculations. It would be interesting to try some cal-
culations by simplified forms of the method using
limited-basis-set atomic orbitals and the molecular-
orbital method. Even more interesting, perhaps, will
be to try to extract from the perturbation-theoretic
formulas for the potential constants, Eqs. (29)-(31),
the quantum-theoretical structure of the empirical
charge and bond-order entities introduced in the
simple models described in the accompanying paper.t
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