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A general version of the formulas given by the author for the expansion of Slater-type orbitals (STO) in
terms of STO’s at a new origin is derived. By the use of these formulas multicenter electron-repulsion
integrals are evaluated analytically. The final results are expressed in terms of both the overlap integrals and
the usual 4 and B functions.

In a previous paper we presented a particular method for obtaining the expansions of Slater-type orbi-
tals (STO’s) with the screening parameter ¢ in terms of STO’s with the same ¢ at a new origin which has
been utilized for the evaluation of molecular three- and four-center two-electron integrals.! In this note
we wish to give more general formulas, based on our treatment of the expansion problem, and to esta-
blish simpler expressions for the multicenter electron-repulsion integrals, suitable for machine compu-
tation.

With the aid of the method set out in our paper,' we can easily obtain a more general formula for the ex-
pansion of real STO’s in terms of STO’s at a new origin:
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Here (nlm) =X, (;7,0,9,) and ('U'm’) = X, (&'; 7,0,9,) are real STO’s with the screening parameters ¢
and ¢’, respectively.

Now we can move on to the evaluation of multicenter electron-repulsion integrals over real STO’s. For
this purpose we use the expansion formula (1) for the Slater-type orbitals X;, X,, and X, which we express
through the STO’s centered on the nuclear center a. Then we obtain for the four-center electron-repul-
sion integrals over real STO’s the expression in terms of the overlap integrals and the one-center two-
electron integrals for , =%, [see Eq. (2) of Ref. 2]:
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where (n]l;m;) = Xotatiamia (€345 729,9,). In Eq. (3) one of the screening parameters of STO’s at the new ori-
gin (&,,, &5, and £,,) must be calculated from the relation ¢, +&,,=&,, +&4, and
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Let us now consider the expressions for the expansion of complex STO’s about a point displaced from
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TABLE I. Three-center methane integrals and their convergence as a function of number of summation terms.
Number of
terms Comparison
Integral 3x12 6x12 9x 12 12x12 values
hihys hohg 0.109 820 92 0.09505046 0.095 624 24 0.095704 85
ccihihy 0.155592 10 0.16525070 0.16627067 0.166 53583
xCshihy 0.001 593 37 0.002 394 04 0.002 35919 0.002 37019 0.002 370 04
zc; hihy —0.00341679 —0.001 684 82 ~0.001 678 80 -0.001 67518 -0.001 67581
x%3hihy 0.11246520 0.122 87576 0.141 88946 0.141 92271 0.141 922
x2Z;hihy —0.000 945 34 —0.001 38932 —-0.00141329 -0.00143579 -0.00143579
yy;hihy 0.109 31898 0.12117134 0.136 21829 0.136 75818 0.136 758
223 hyhy 0.155425 32 0.12809328 0.13965361 0.140911 77 0.140912
hyhos hihg 0.036 00544 0.03566960 0.035688 89 0.035693 39
chy;chy 0.006 612 75 0.01160803 0.011 316 92 0.01112872
chy;xhy 0.013 54575 0.02029613 0.020 039 37 0.019804 02 0.01980903
chy;zhy 0.002 484 28 0.00645978 0.006 000 26 0.005884 71 0.005 88522
xhy;xhy 0.038 344 59 0.034 939 86 0.03560703 0.035 568 51 0.035 568 58
xhy; zhy 0.000 682 30 0.00139916 0.001 50091 0.00148906 0.001 48940
Yhy; YAy 0.016 963 86 0.019220 94 0.022171 74 0.022 31898 0.02231959 -

the orbital’s center. Carrying through calculations for the case of complex STO’s analogous to those for

real STO’s, we obtain
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We notice that the overlap integrals on the right-hand sides of Eqgs. (2) and (7) can be determined by the:
formulas of our previous works [see Egs. (16), (21), (22) of Ref. 1 and Egs. (14) and (15) of Ref. 3].
When one takes Eq. (6) into account, it is easy to establish for the multicenter electron-repulsion inte-

grals over complex STO’s the following expression:
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where ({nlllml}*{n{l{m{}l{nzlzmz}?{h;lz’mé}*)’ can be
calculated from Eq. (4) for A} ., =0y, m, -] and
Agzmé M.mz—m .

It should be noted that for the evaluation of two-
and three-center electron-repulsion integrals we
can also use Eqgs. (3) and (8). For this purpose we
must go to the limit in Egs. (3) and (8) for R,,~0
and replace the quantities M ::;:m;mﬂ.mi (0,¢,) and

L (0, ¢,,) by the Kronecker symbols,
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From Egs. (2)-(5), (7), and (8) and the above-men-
tioned formulas of Ref. 1 and 3 it can be seen that
the multicenter electron-repulsion integrals over
STO’s are expressed through the overlap integrals
or the well-known auxiliary functions A, and B,.

It should be noted that formulas (3) and (8) contain
quantities CZ1!(1m, 1'm’), £V, N,), and w},, (in-
dependent of the screening parameters and the
coordinates of nuclei) which can be calculated
once and for all, thereby making the evaluation of
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multicenter electron-repulsion integrals for large-
scale quantum-mechanical calculation economical.
Since the author is inexperienced in efficient
programming, it is difficult to make a general
statement on the practicableness of the proposed
method. It is, however, possible to test the con-
vergence of the expansions (1) and (6) by calcula-
ting concrete cases. The results of tests on ex-
pansion accuracy are given in Table I for several
three-center methane integrals which contains

two infinite summations. The last column gives
the comparison values of the integrals contained
in Ref. 4. As we see from the table, the accuracy
was assessed by increasing the number of terms
taken in the infinite summations. An overall ac-
curacy of between 10-° and 10~° hartree was
sought for 12x12 terms. Greater accuracy is
easily attainable by the use of more terms of the
expansion,
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