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ABSfRACT: A method i s presented for the calculation of sorne .first-order per-

turbative terros in the intcraction between rnolecules, by means of

the POLYATOM cornputing prograrn for the calculation of

LCAO-MO-SCF wave functions.

Tbe first order perturbadon intermolecular energy can in general be 'M'iuen
out1, 2,3 as an expansion of terms in powers of tbe intermolecular potencial U

and the averIap integral S. i\ direct evaluation of tbese tcrm s is in A;eneral
difficult to do with reasonable wave functions such as Hartree-Fock arbitals
centered about the individual atoms.
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¡'e presenl a mcthod which allol;J"s us ro evaluate che more important
lecms in che rirM-orUer perturbation energy by using lhe LC¡\O-~tO-SCF polyatom
<.ompuung program and data obtainl'd from ir. \Ve shall discus:,> in panicular (he
case of two He awms and evaluare ils first-ordcc inrermoiecular energy ro wilhin
rerms of [he arder oí 52.

If \\le cake as zero-ordcr wave funccion [he antisymmeuizcd producr
l1>= aA B of [he individual awmic wave funetions, rhe firs[-order pcnurbatüHlo O o
energy ro within [erms of arder 51 is gi\'en by {he expressions,-4

(1)

where 11 is rhe ane-electron and 1/2 G rhe rwo-elecuon comribmions [O me ('nergy.
In rhe Pol~':l.(om program cach orbital is expanded over a gaussian basis

ser •. Overlap, hdmiltonian and density matrices are formed with the dim(;nsions
of the basis sct. Th!.' energy values at each iteration are calculated by taking
the traces of me proclucts (lf the hamilwnian matrices b)' the density mauix of
dIat iteration. SUpPOS(ono\\' that we staf[ the SCF procedure ""üh me coefficiems
obtained from a calculaüon with the a[Oms at an infinit(' dlstances". It can
tht-n be seen that at iteration zero, the density matrix elemenls are ZctO in all
places cotresponding to exchange tenns, l. e., this matrix would split into tWO
matrices tderring to gaussians centered in each a[Om. The energ)' values com"
puted at this itcracion are then the un ..normalized values of the one and two
electron energies,

the con tribu tion s arising from 52 (A Ih lA) , 5 (A Ih lB) and (AH le IAA) are then
completel)' mis ••ed,

\t'e can obmin the missing tecms by complementing the procedure as folIows.
U'ith the coefficients CA and CB of the atomic orbital s wc form CItA' CAlJ and
CBB matrices of half the dimension of me density matrix. We al50 split th~
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hamilto01an maCrIces ac iceracion zero inco the matrices UAA. ' UBB and ji AB •

Two of these referring ro the isolated atom, che other to the imeraccion terms.
By taking the traces of the produces of me e and Ji matrices it can be seen'that
we obtain the following results:

where SAB is the ovetlap matrix similarly split.
We have applied this method lO the system formed by two helium atoms

at a distance of 4 a. u., taking for our zero"Order W<1vefunctions the two"ga USSlans
basis set of Huzinaga6 and we have obtained the following resules,

• 3
5=9.7798x10.

,
(1 - 5') = 0.9998087

trCAA l/AA = - 2.3881562, 1.5291598,

- 0.0346586,

With these values, the energies of equations (1) are,

l/ = - 9.552[85

1/2G = 3.058530

The total first-order perturbation energy value to within terms in S2 is chen,

El = - 6.493655.

This is to be compared with the value obcained by the fuIl SCF proceaure which
IS

E5CF = - 6.493784.
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RESUMEN

Se presenta un método para calcular algunos términos perturbativos de peí .•
mer orden en la interacción entre moléculas, utilizando el programa POLYATOl\.t
para el cálculo de funciones de onda tipo LCAO-MO-SCF.


