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ABSTRACT: A method is presented for the calculation of some first-order per-
turbative terms in the interaction between molecules, by means of

the POLYATOM computing program for the calculation of
L CAO=MO=SCF wave functions.

The first order pertutbation intermolecular energy can in general be written
L 23 a5 an expansion of terms in powers of the intermolecular potential U

and the overlap integral §. A direct evaluation of these terms is in general

difficult to do with reasonable wave functions such as Hartree=Fock orbitals

centered about the individual atoms.
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We present a method which allows us to evaluate the more important
terms in the firsteorder perwurbation energy by using the LCAO-MO=SCF Polyatom
computing program and data obtained from it. We shall discuss in particular the
case of two He atoms and evaluarte its first-order intermolecular energy to within
terms of the order of §2.

If we take as zero-order wave function the antisymmetrized product
(D = O.A B, of the individual atomm wave functions, the first-order perturbation
energy to wuhm terms of order §7 is given by the expressions, ‘

H=4(1=-5{(A|b| A)-s(A|p|B)}
1/2 6 = 2(1- $*){(AA|g | AA) + 2(AB|g | AB)~(AB|g | BA)} -

2
~85(1-5)(AB|g | AA) (1)

where H is the one-electron and 1/2 G the two-electron contributions to the energy.

In the Polvatom program each orbital is expanded over a gaussian basis
set. Overlap, hamiltonian and density matrices are formed with the dimensions
of the basis set. The energy values at each iteration are calculated by taking
the traces of the products of the hamiltonian matrices by the density matrix of
that iteration. Suppose now that we start the SCF procedure with the coefficients
obtained from a calculation with the atoms at an infinite distance 7. [t can
then be seen that at iteration zero, the density matrix elements are zero in all
places corresponding to exchange tems, i. e., this matrix would split into two
matrices referring to gaussians centered in each atom. The energy values com-
puted at this iteration are then the un-normalized values of the one and two
electron energies,

Y= aaln]a)
172G6" = 2{(AA|g| AA) + 2(AB|¢| AB) - (AB | g| BA)}

the contributions arising from 52(A |b IA) 3 S(AIIJ IB) and (AB |g | AA) are then
completely missed.

We can obrain the missing terms by complementing the procedure as follows.
With the coefficients Cy and C, of the atomic orbitals we form Caa’ Cap and
Cpp matrices of half the dimension of the density matrix. We also split the
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hamiltonian matrices at iteration zero into the matrices HAA ; ﬁBB and MAB "
Two of these referring to the isolated atom, the other to the interaction terms.
By taking the traces of the products of the C and ¥ matrices it can be seen’that
we obtain the following results:

twCypH,p = (Alb[B)
0 CypGyp = 2(AB|g|AA)
oy g = AEYS

where SaB is the overlap matrix similarly split.

We have applied this method to the system formed by two helium atoms
at a distance of 4a.u., taking for our zero-order wave functions the twosgaussians
basis set of Huzinaga® and we have obtained the following results,

- 2
§=9.7798x10" >, (1-52) =0.9998087 ,
wC,  H,, ==2.3881562, trCy Gy = 1.5291598,
wCy Hyp == 0.0346586 , "CABGAB = 0.0095542

With these values, the energies of equations (1) are,
H=-9.552185
1/26=3.058530

: ; G -
The toral first-order perturbation energy value to within terms in §° is then,

E! = - 6.493655 .

This is to be compared with the value obtained by the full SCF proceaure which
is

Egop = = 6.493784.
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RESUMEN

Se presenta un método para calcular algunos términos perturbativos de pris
mer orden en la interaccién entre moléculas, utilizando el programa POLYATOM
para el cdlculo de funciones de onda tipo LCAO-MO-SCF.



