Chemical Physics 81 (1983) 297-302
North-Holland Publishing Company

297

A TEST OF MULTICONFIGURATIONAL COUPLED-CLUSTER THEORY

ON Be('S) + H,(X'X}) > BeH,('A))
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A perpendicular C,, insertion of Be into H, is explored via our multiconfiguration coupled-cluster method within the
double-excitation (CCMC-T;) model. This straight-line path, which encompasses the fragment geometry (Be and H,), the
equilibrium geometry (linear BeH,) and a transition-state geometry of BeH ;. requires several configurations to achieve a
qualitatively correct zeroth-order description of the ground state. The path is identical to that used by Shepard et al. in their
single-configuration coupled-cluster study of this same system. It is demonstrated that the CCMC-T, model is theoretically and
computationally viable and that the resultant coupled-cluster energies parallel the reference-wavefunction energies. When the
reference wavefunction ceases to incorporate the dominant configurations, the coupled-cluster wavefunction correspondingly

represents the state poorly.

1. Introduction

Calculations of potential energy surfaces of uni-
form accuracy over a wide range of nuclear geom-
etries are essential when such surfaces are used in
dynamics studies. So-called size-consistent (SC)
methods [1] are therefore desirable for such appli-
cations. Rayleigh—Schrddinger perturbation theory
and coupled-cluster theories satisfy the SC require-
ments stressed by Pople et al. [1]. However the
introduction of finite (truncated) approximations
to the effective hamiltonians arising in the above
theories is not sufficient to guarantee the desired
uniform accuracy unless the zeroth-order wave-
functions of these theories are qualitatively correct
(in the sense described below) over the relevant
geometries.

An example, which forms the subject matter of
.the present paper, involves the perpendicular (C,,)
insertion of ('S) Be into (X'E)) H, which has
been investigated by Shepard et al. [2]. The BeH,
molecule is chosen to lie in the YZ plane with the
Be atom at the origin and with the Z axis the C,
Totation axis. The path of insertion defined arbi-
trarily in ref. [2], can be described by the straight
line r =254 - 0.46 R (in au), where r is the H-H

separation and R is the Be to center of H, dis-
tance. The geometries at which calculations have
been performed are given in table 1. Although this
constrained path is not any actual reaction path, it
covers a wide range of geometries over which (as is
shown later) at least six configurations, 1a32a}3a?,
Ia%2a3ib3, lai2ajlbi, Tal2a,3a 1
1a32a,3a,1b,2b, are required to achieve a qualita-
tively correct (zeroth-order) description of the
ground state. As shown in more detail in section

Table 1
The perpendicular insertion path of Be into H,. Be located at
(0,0,0)

Point Coordinates of H, (x, ¥, z)
(bohr)

(0, £2.54, 0.0)
(0, +£2.08, 1.0)
(0, £1.62,2.0)
(0, £1.39,2.5)
(0, +1.275, 2.75)
(0, +1.16, 3.0)
(0, £0.93, 3.5)
(0, £0.70, 4.0)
(0, +£0.70, 8.0)
(0, £0.70, 20.0)
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