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Summary. Following a previously described method which approximates the 
Coulomb and exchange integrals in valence-electron-only SCF calculations, 
the necessary parameters for the atoms from In to Xe are reported. 
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We have carried out the optimization of the parameters needed for the approxi- 
mation of the matrix elements of Coulomb and exchange operators generated by 
the core electrons of atoms In, Sn, Sb, Te, I and Xe. This paper is the last of the 
series which has covered, in successive steps, atoms Li through Cd [1-5]. 

A widely adopted way to reduce the computational effort is to restrict the 
molecular calculation to the valence electrons of the system. Core electrons are 
not involved, but their effects--the core-valence interaction--must be taken into 
account. These effects, which in a usual all-electron calculation are brought by 
numerous dielectronic integrals, can be quite adequately approximated by the 
monoelectronic integrals we have proposed. 

We shortly recall that the Coulomb operator generated by the core electrons 
of an atom centered on R~, may be approximated by the formula 

*,r erf(aslr -- gc  l) ~ 

Jc(lr-Rcl)=~ [r-gel + Z (1) 

where Mr is the number of core shells and MY = Mr - 1. 
The exchange integrals between the core of an atom and two generic 
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functions ~t and ~2 are computed by the formula 
N M l 

<(~11 gc  I t/)2> = E E H/" E t 1 fl",(ri )gzm(r~), 
i,j t m : - - I  

where 

(2) 

l 

~ ( ] r -  RI]) = ~ E f~m(r)r'Ylm(f2) 
t=O m= --I 

l 

 2(I r - ) = Y Y glm(r)r'Yz",(O), 
l = 0 m =  --1 

I and m are the azimuthal and magnetic quantum numbers and ftm(r) is the 
average value of the function f on a spherical surface of radius r, i.e.: 

p = l  

Cl",p = Slm(~-~p ) 

E;P_. I Slm(~"~p) 2 

and 

where Sl",(f2p) is the value at f2 e of the spherical harmonic in its real form, St.,. 
The nonlocal character of the exchange operator is kept. The right contributions 
f~m(r~) at least up to quantum number l are obtained by computing the f function 
for np points on a sphere having radius rl, multiplying by the appropriate Cl,,~, 
coefficients, and then adding them. The monoelectronic integral matrix so 
obtained can be added to the kinetic and nuclear attraction matrices and a 
Phillips-Kleinman pseudopotential matrix [6], which prevents a variational 
collapse into the core orbitats, and used in a SCF (valence electron) calculation. 

Throughout the present calculations we have adopted Huzinaga's 18(16)s, 
14(12)p, 8d basis sets as reference for SCF atomic orbitals [7]. We freeze the K, 
L, M and N shells; 5s and 5p are the valence orbitals. We report cs, a~, ds and 
bs parameters for the Coulomb operator approximation in Table 1; points, rl, 
and weights, Hb, necessary for the exchange integral approximation are in 
Table 2. 

Table 1. Parameters used to fit Coulomb potentials 2 J  c by Fxt. (I) ,  for atoms from In to Xe ~ 

In Sn Sb Te I Xe 

a 1 42.9599 43.8448 44.7298 45.6148 46.4999 47.3848 
a 2 9.8073 10.0251 10,2429 10.4608 10.6788 10.8969 
a 3 3.3956 3.4920 3.5883 3.6847 3.7811 3.8774 
a4 1.1380 1.1998 1,2606 1.3206 1.3798 1.4388 
b I 89,1488 88.6208 88~3744 88.3376 88.5008 88.8704 
d~ -2 .9616  --2.9088 -2 .8624  --2.8208 -2 .7840  -2 ,7520  
b 2 21.3680 22,8768 24.4400 26.0240 27,7088 29.4288 
d 2 --1.8752 - 1.9360 - 1.9984 -2 .0592  --2.1248 --2.1904 
b3 1.2896 1.4896 1.6752 t.8576 Z0320 2.2096 
d3 -1 .3568  -1 .4464  - 1.5344 -1 .6240  -1 .7104  - 1.8000 

a cl = 2, c 2 = 8, c 3 = t74 = 18 for all atoms 
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Coulomb and exchange operators of  the atoms In through Xe 

Table 3. Values of  some exact and approximate ( ~ ] ( 2 J -  K)c I~ )  integrals 

Molecule core �9 function Integral Error % 

At om type g Exact Approx. 

HIn  a In H s 1. 13.181690 13.187937 0.006248 0.047 
HIn  In H s 0.3 13.149572 13.175141 0.025569 0.194 

H I  b I H s 1. 15.117575 15.131328 0.013753 0.091 
HI I H s 0.3 15.057442 15.091883 0.034441 0.229 

TeH2 c Te H s 1. 13.525858 13.529376 0.003518 0.026 
TeH 2 Te H s 0.3 13.502629 13.517710 0.015081 0.112 

SbI3 d Sb I s 0.6 9.116720 9.117938 0.001218 0.013 
SbI 3 Sb I s 0.1 9.092672 9.097697 0.005026 0.055 
SbI 3 Sb I p 0.3 9.713456 9.714765 0.001309 0.013 
SbI 3 Sb I p 0.09 10.697852 10.744498 0.046646 0.436 
SbI 3 I Sb s 0.5 9.110846 9.117925 0.007078 0.078 
SbI 3 I Sb s 0.08 9.056620 9.067403 0.010783 0.119 
SbI 3 I Sb p 0.5 9.469277 9.476178 0.006901 0.073 
SbI 3 I Sb p 0.07 10.753629 10.810537 0.056908 0.529 

a re = 3.488 a.u. 
b re = 3.04 a.u. 
e r e = 3 . 4  a.u. 
d re = 5.045 a.u. 

The quality of this approximation has been tested and is found to be good. 
In Table 3 we compare the values of several Q b l ( 2 J -  k)c ]4~) integral calculated 
exactly, and by means of our approximations (1) and (2), for the molecules HIn, 
HI, Tell2 and SbI3. The 45 are gaussian basis functions (exponent=g);  the 
operator ( 2 J - K ) c  is built with the Huzinaga's atomic core orbitals. The error 
introduced by our approximations is always much less than 1.0%. 
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