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Abstract. Molecular auxitiary functions A, {p) and B, (pt), atising in the Hartree—Fock—Roothaan
(HEFR) approximation for molecules, Ewald’s crystal lattice theory, electromagnetic stopping theary,
and other approximate methiods, are evaluated and analysed in the range of 17 < n < 60 and
25 < pt-< 60.
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1. Introduction

Computation of molecular integrals over STO's arising in the calculation of molecuiar
properties by the use of HFR approximation is one of the most important probiems of
quantum chemistry. Numerical analysis of exror occurrence and propagation in these prob-
lems are naturally followed with interest [13. In the literature the molecular integrals over
STO’s are computed by transiation of STO's to the new center [2]. The coefficients of
translation forpilas are two-center overlap integrals quantum members of which are the
variables of infinite series.

Tf the overlap integrals for large quantum numbers contained in the series expansion
formulas are calculated accurately, then the results will be maore efficient and satisfactory.
The overlap integrals can be evaluated analytically by using A, (p) and B, {pt} auxiliary
fanctions [3]. In the literature the calculation of auxiliary functions 4, (p) and Bo{pt) for
n > L7 and pt > 25 are not much satisfactory. For 1 < n < 17 and 0.01 < pt < 25 some
molecular integrals have been evaluated by series and recursive formulas [4].

The aim of this report is to show that for large n and pt the downward relation of By, (pt)
gives more accurale results.
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2. Theory and computational method

The auxiliary functions Ay, (p) and By (pf) are defined by (5]

., 1
Anfp) = / wleTPd,  B.{pt) = f v P dy, (1
J1

-1

These functions satisfy the following recursive relations [0]:

i } )
Anlp) = 5 [T‘Lr’lnﬁl(p) + e_P] , (2
e;p' L S .
Ap (P) = 3
P
and
1
B, (pt) = po [nBn_1{pt) — Zcosh{pt)] foroddn, (4)
B, (pt) = ;J:; InB,_1{pt) + 2sinh(pt)] for even n, (3
it
14 (~1)"
B0 = Jﬁ)* fort = 0. (G)

Computation of 4, (p)} for small internuclear distances is very difficult {7]. In the calcu-
lation of molecular properties, the values of p for p < 0.01 are seldom usad.

For p > 0.01 values, the auxiliary functions A, (p) are calculated from the recursive
relation (2). The recursive relation (3) for auxiliary functions B, (pt) becomes unstable
when n/{pt) > 1. The absohute error made in the initial value Bg(pt) in eq. (5) grows
with a factor n/(pt) in each step. Since B, {pt) values have almost the same order of
magnitude for all n, the relative error grows in each step by a factor n/{pt). Corbato
overcame this difficufty with an indirect approach by using the modified Bessel functions
[8]. In this study, we used a direct approach as described below.

It could easily be shown that if the error made in the initial value is £g, then the error in
B,.(pt) is '

nl
En = WEU- {73

The recursien could be used upward forn/(pt) < e while keeping the magnitude of the
error at the same level with £9. However, for large values of n, this relation can not be used
upward.

This difficuity can be overcome by using the recursive relation downward for e/ (pt) > 1.
For this purpose, in the downward recursion, the error made in the initial value decreases
by a factor {pt}/(n + 1). Therelore, starting with a sufficiently large value of ny,, the
initial valoe can be chosen arbitrarily. As mentioned, ali B, (pt) values have the same
order of magnitude; therefore, in the downward recersion, Bo(pt) may be taken as the
initial value.
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In the downward recursion, the relative error made in the 7ig,x-th step is

; Prop — Mmax
£, = (pﬂ e nmax!‘ (8)

Teop!

As a result of having d significant digits in B
recursion with an even value of 1., satisfying

{pt), we should start the downward

Trmax

Tl!] ax
Tosop 2 d/ 108 (#) + Tmax- (9)

For pt < 0.01 values, egs (43 and {5) give more sufficient resuls,

3. Resulis and discussion

It is shown that the overlap integrals for large quantum numbers can be computed by using
auxiliary functions A, (p} and B, {(pt). Therefore, by the use of translation formulas for
STO’s multi-center melecular integrals for 17 < n < 60 and 25 < pt < 60 can easily be
calculated in terms of auxiliary functions.

The result of computer caleulation A, (p) and B, (pt) auxiliary functions for large pt are
shown in tables 1 and 2, respectively. The graphics of A, (p) versus pforn > 17 is shown
in figure 1. Besides, the graphics of By, (pt) versus pt for odd and even n, and 0 > 17 can
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Figare 1. The graphics of 4, (p) versus p.
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be seen from figure 2. From the adequacy of graphics in figures 1 and 2, it is understood
that the results are satisfactory.
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Figure Za. The graphics of By, (pt) versus pt for even n.
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Figure 2b. The graphics of B, (pt) versus pi tor odd #.
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