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Monocentric electron repulsion integrals arising in t he s,p,d basis of a tomic 
orbitals were expressed in t e rms of t h e Slater — Condon pa rame te r s F%b a n d 
G%b a n d in t e r m s of t h e radial integrals B^^. The to ta l n u m b e r of such 
integrals in t h e s,p,d basis is 6561, from which 753 are non-zero. 

Methods in q u a n t u m chemis t ry , which explicit ly include electron repulsion, contain 

expressions in which one finds electron repulsion integrals of t he t y p e 

(ac\bd) = J j* ^ ( 1 ) xl(2) - - XcW Jfo(2) d n dr 2 . (1) 

Different me thods which use different degrees of approximat ions , neglect several t ypes 
of these integrals . The use of t he I N D O me thod cont inues to increase. This m e t h o d 
covers all t h e monocentr ic integrals of t he t ype (ac\bd), where a, 6, c, and d are a tomic 
orbitals (AO's) cent red on the same a t o m . Express ion of these integrals by the Slater — 
— Condon pa ramete r s is simple. As long as we use s,p AO's basis we do no t come across 
a n y problem. There are m a n y a t t e m p t s to ex tend the I N D O me thod to t he basis of s,p,d, 

AO's a n d to in te rpre t t he compounds of t rans i t ion meta l s , where s,p,d basis is unavoidab le 
[1 — 3]. However , none of t he ment ioned papers uses a complete set of non-zero mono
centric repulsion integrals in t he s,p,d basis, a l though thei r expression b y m e a n s of t h e 
Slater—Condon pa ramete r s is simple. The n u m b e r of all monocentr ic repulsion integrals , 
including t h e zero ones, in this basis is 94 = 6561; when using the basis of s,p AO's th i s 
number is only 44 = 256. 

Calculation of monocentric repulsion integrals 

The m e t h o d of calculat ion of monocentr ic repulsion integrals of t he t y p e (ac\bd) is well 
known a n d has been described e.g. in [4, 5]. In tegra ls of the t y p e (1) can be divided in 
the radial a n d t h e angular p a r t if we consider t h a t l/ri2 can be expanded into a series 
of spherical functions a n d the complex a tomic orbi tals m a y be wr i t t en as a p roduc t 
of their radial a n d angular p a r t s . Then we get [4, 5] 

(ac\bd) = 2 Ск(1ата,1стс) Ск(1атаЛ^ь) Rk(a,b,c,d), (2) 

where 

oooo 2f^ 

Rk(a,b,c,d) = I&a = J J K„ia (п)Кл Ы Л „ А in) • RndU ( « ) — 7 ň 4 d r x d r 2 , (3) 
о 0 r^+1 
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Table 1 

Expression of real atomic Orbitals in terms of linear combination of complex atomic 
orbitals 

l*> = |0,0> 

\x> = l/j/2( | l,-l> - 11,1» 

|y> = i/]/2( | l,-l> + |1,1» 

l*> = |1,0> 
|z*> = |2,0> 

| ж 2 _ 2 / 2 > = l/]/2(|2,2> + 12,-2» 

W> = г/]/2_(|2,-2> - [2,2» 
\xzy = l/]/2(|2,-l> - |2,1» 

\yz> = i/j/2(|2,-l> + 12,1» 

Table 2 

Non-zero monocentric electron repulsion integrals which originate in s,p,d basis 

1-K (1) 
(s,s\s,s) 

2.-C (6) 
(s,e\z,z), (s,s\x,x), (s,s\y,y) 

3. 1/3 G]p (12) 
(s,z|s,z), (s,x\e,x), (s,y\s,y) 

4 . ^ + 4 / 2 5 ^ ( 3 ) 

(z,z\z,z), (x,x\x,x), (y,y\y,y) 
5.F°pp-2l25F% (6) 

(z,z\x,x), (z,z\y,y), (x,x\y,y) 
6 . 3 / 2 5 i * p (12) 

(z,x|z,a:), (z,y\z,y), (x,y\x,y) 
7. 1/15 GJ,, + 18/245 0», (8) 

(X,Z2\X,Z*), (y,Z*\y,Z*) 

8. - УЗ/15 Ol,t - 1/27/245 G«, (24) 
(x,z2\x,x* — y2), (x,z2\y,xy), (x,xy\z2,y) 

9. 1/5 G£„ - 21/245 <%, (8) 
(ж,#2 — y2\y,xy) 

1 0 . - 1 / 5 ( ^ + 21/245 6 ^ (8) 
(ж,ая/|2/,ж2 — 2/2) 

11. J * , - 2/35**, (4) 
(x,x\z*j*)9 (y,y\z*,z*) 

1 2 . - 1 / 1 2 / 3 5 ^ (12) 

(x,x\z2,x2 — ?/2b (#,2/|z2,#?/) 

13. 1/3/15 6^+.1/27/245 6 ^ (8) 
(y,z2\y,x2 — у2) 

14. 4/15 G\d + 27/245 Gg, (4) 
(z,z2|z,z2) 

15. 3/49 Gg, (48) 
(z,z2 — 2/2|2,ж2 - у2), (г,ху\г,ху), (x,yz\x,yz), (y,xz\y,xz), (z,x2 — y2\x,xz), (z,xy\x,yz)r 

(z,xy\y,xz)f {x,yz\y,xz) 

Chem. zvesti 28 (5) 594 - 598 (1974) к Q č 



P. PELIKÁN, L. TURÍ NAGY 

16. 1/5 G\d + 24/245 G^ (32) 
(z,xz\z,xz), (z,yz\z,yz), (x,xy\x,xy)y (x,x2 — y2\x,x2 — y2), {x,xz\x,xz), {y,xy\y,xy), 
(y,yz\y,yz), (y,x2 — y2\y,x2 — y2) 

17. 12/15 G\d - 1/243/246 G*vd (16) 
(z,z2\x,xz), (z,z*\y,yz) 

18. 1/5 G\d - 6/245 Gld (32) 
(z,xz\x,x2 — y2), (z,yz\x,xy), (z,xz\y,ícy), (x,xz\y,yz) 

19. - 3/49 Gld (8) 
(z,x2 — y2\y,yz) 

20. - У з / 1 5 G ^ +1/432/246 G ^ (16) 
(z,?/z|?/,z2), (z,a;z|#,z2) 

21. - 1/5 Gl

pd + 6/245 Gld (8) 
(z,?/z|s/,a;2 — 2/2) 

2 2 . 2 ^ + 4/35 2 ^ (2) 

(z,_z|z2,z2) 

23. "[/Š / 3 5 1 % (16) 
(z,a;|z2,;cz), (z,2/|22,2/z) 

2 4 . 2 ^ , - 4 / 3 5 2 ^ (8) 
(z,z\x2 — y2,x2 — y2), (z,z\xy,xy), {x,x\yz,yz), (y,y\xz,xz) 

25.3/35 2*^ (32) 
{z,x\x2 — y2,xz), (z,x\xy,yz), (z,y\xy,xz), (x,y\xz,yz) 

26. - 3 / 3 5 1 % (8) 
(z,y\x2 — y2,yz) 

2 7 . ^ + 2 / 3 6 ^ (16) 
(z,z|zz,a;z), (z,z\yz,yz), (x,x\xy,xy), (x,x\x2 — y2,x2 — y2), (x,x\xz,xz), (y,y\xyyxy), 
(У*У\уг>У*)> (y,y\x2 — У2,х2 — y2) 

2 8 . 1 / 1 2 / 3 6 ^ (4) 
{y,y\z2,x2 - y2) 

29. 1/5 G2

sd (20) 
(s,Z2|S,Z2), (s,#2 — y2\s,X2 — y2)y (8,Xy\8,Xy), (s,XZ\s,XZ), (s,yz\s,yz) 

Z0.F»sd (10) 
(s,s|z2,z2), (s,s|#2 — y2,x2 — y2), (s,s\xyyxy), {s,s\xz,xz), (s,s\yz,yz) 

31. F°dd + 4/49 2^d + 36/441 J?*, (5) 
(z2,z2|z2,z2), (ж2 - 2/2,ж2 — y2\x2 — y2

fx
2 — y2), {xy,xy\xy,xy), (xz,xz\xz,xz), (yz,yz\yz,yz) 

32. 4/49 2 ^ d + 15/4412^ (8) 
(z2,a;2 - </2|z2,a;2 - s/2), (z2,z2/|z2,a*/) 

33.1/49 2 ^ + 3 0 / 4 4 1 * 1 (8) 
(z2,a;z|z2,a;z), (z2,yz\z2,yz) 

3 4 . 2 ^ - 4 / 4 9 2 ^ + 6 / 4 4 1 * ^ (4) 
(z2,z2|a;2 — г/2,я2 — 2/2), (z2,z2|#?/,z2/) 

35. j/3/49 *£ , - 1/7б"/441 *»£, (24) 
(z2

9xz\x2 — y2,xz), (z2,xz\xy,yz), (z2,yz\xy,xz) 

36. - 1/3 /49 **, + 1/Ť5/441 *$, (8) 
(z2,yz\x2 — y2,yz) 

37. *•«, + 2/49 F\d - 24/441 Fdd (4) 
(z2,z2|zz,:rz), (z2,z2|2/z^z) 

38. - 1/Í2 /49 2 ^ + 1/300 /441 * * , (12) 
(Z2,.T2 — 2/2|#z,#z), (z2,;n/|#z,2/z) 
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39. j/12 /49 F*d - j/300 /441 Fdd (4) 
[z2,x2 — y2\yz,yz) 

40. 35/441 Fdd (4) 
(x2 — y2,xy\x2 — y2,xy) 

41. 3 / 4 9 ^ + 20/4411**, (20) 
(xy,xz\xy,xz), (xyfyz\xyfyz), (xz,yz\xz,yz), (x2 — y2,xz\x2 — y2,xz), 
(x2 — y2,yz\x2 — y2,yz) 

42. F°dd + 4/49 J J , - 34/441 Fdd (2) 
(x2 — уг,хг — y2\xy,xy) 

43.3/49*^-15/4412^ (8) 
(x2 — y2,xz\xy,yz) 

44. - 3 / 4 9 * 4 , + 1 5 / 4 4 1 ^ (8) 
(x2 — y2,yz\xy,xz) 

45. 1% - 2/491% - 4/441 Fdd (10) 

(xy,xy\xz,xz), (xytxy\yzyyz), (xz,xz\yz,yz), (x2 — y2,x2 — y2\xz,xz), (x2 - y2,x2 — y2\yzfyz) 

4 6 . 2 / ^ 2 4 5 1 ^ (4) 
(S,Z2|z2,Z2) 

47. - 2/1/245 i?fdd6Z (24) 
(s,s2 - y^\z2,x2 - y2), (s,xy\z2,xy), (s,z2\x2 - y2,x2 - y2), (s,z2\xy,xy) 

48. 1/1/245 i ^ d (24) 
(s,xz\z2,xz), (s,yz\z2,yz), {s,z2\xz,xz), {s,z2\yz,yz) 

49. I/З /j/245 J^Md (36) 
(s,a;z|a;2 — 2/2,#z), (s,#z|#?/,2/z), {8,yz\xy,xz)9 (s,xy\xz,yz), (s,x2 — ?/2|a;z,a;z) 

50. -1/"з/1/245^ б Ш (12) 
(s,2/z|a;2 - y2,yz), (s,x2 - y2\yz,yz) 

51. - l/]/\25R%pd (8) 
(s,z2|avc), (s,z2\y,y) 

52. -l/3/l/4"5iiJ p p d (8) 
(s,y\y,x2 — y2) 

53. - l / 3 / l / l 2 5 i ? ^ (4) 

(y,y\s>x2 - У2) 

54.2/1/461?^ (8) 
(z,s|z,z2) 

5 5 . 1 / 3 / 1 / 4 5 ^ , (56) 
(z,s|avcz), (z,ícz|a?,e), (z,s\y,yz), (z,yz\y,s), (x,s\x,x2 - y2), (x,s\y,xy), (x,xy\s,y) 

56. 2/1/Í25 Д| р р ( / (4) 
(z,z|s,z2) 

57. ]/3/]/l25R%pd (28) 
(z,a;|s,ruz), (z,y\s,yz), (x,x\s,x2 — y2), (x,y\s,xy) 

58. - l / l / 4 5 " i ? ] ^ (16) 
(#,ф-,г2), (y,s\y,z2) 

The numerals in brackets represent the number of all possible integrals of the given 
value. Only one integral from each type is shown, because: (ab\cd) = (ab\dc) = (ba\cd) = 
= (ba\dc) = (cd\ab) = (cd\ba) = (dc\ab) — (dc\ba). 
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-гк я 2л 

w = — Ä О О 

• ^ с т с (&i><Pi) 4 W ' (°os 0Х) exp (im Vl) sin 0X d ^ d<p, (4) 

and a similar expression for Ск(1йта,1ъ™>ъ)- The values of the integrals of angular parts 
Ck(lama,lcmc) and Ск(1ат^,1ьть) for s,p,d orbitale have been tabulated [4, 5]. 

Integrals of the radial part of the types R!:{a,b,a,b) and Rk(a,b,b,a) are the Slater —Con
don parameters and usually are represented by 

Rk(a,b,a,b) = Rk

bab = Fk

b, (5) 

Rk(a,b,b,a) = Rk

bba = Gk

b. (6) 

These integrals occur in expressions for the differences of energy levels of atoms and 
they can be determined by an analysis of the atomic spectra [6, 7]. In MO calculations 
it is advantageous to use the real atomic orbitals as a basis. These are the linear combina
tions of the complex atomic orbitals (Table 1). Then it is necessary to substitute the 
appropriate linear combinations into expression (1). After rearranging we obtain repulsion 
integrals in a basis of complex atomic orbitals, for which the coefficients Ck(Umi,ljm}) are 
published [4, 5]. Since the linear combination in the formation of real AO's from complex 
AO's concerns only their angular parts and the radial parts remain unchanged, the shown 
procedure is sufficient for the calculation of angular coefficients Ch(limi,ljmj), while the 
radial integrals will be the same in both bases. 

This procedure was applied in the calculation of all monocentric repulsion integrals, 
which arise in the s,p,d AO's basis. From 6561 possible integrals 753 are non-zero (Table 2). 
Non-zero integrals can be categorized into 58 groups which contain integrals of equal 
value. Not all of the non-zero integrals can be expressed in terms of the Slater—Condon 
parameters because several types of integrals have the radial part which does not belong 
among the Slater—Condon parameters. 
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