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ABSTRACT. A method for calculation of two center overlap integrals for a pair of Slater type
orbitals was developed by Mulliken e al. In this method the spherical polar coordinates for
a pair of Slater type orbitals located at two different points are required to be transformed into a
spheroidal coordinate set for calculation of two center overlap integrals.

A new method, the expansion method for spherical harmonics, in which Slater type orbitals,
located at two different points, are expressed in a common coordinate system has been applied for
computation of two center overlap integrals. The new method for computation of two center over-
lap integrals is required to translate Slater type orbitals centered at two different points into the
reference point for computation of two center overlap integrals.

This work has been expanded the expansion method for spherical harmonics for computation of
two center overlap integrals to [3s>>, 155> and |5p)>. Master formulas for two center overlap
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integrals are derived for these orbitals, using the general expansion formulas. The numerical
values of the two center overlap integrals evaluated for a hypothetical NO molecule are in agree-

ment with those of the previous works.
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Fig.1. The coordinate system for two center overlap
integral of the expansion method.
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Table 1. Master formulas for two center overlap integrals.

{1sl8s>=(32/45)"2(a/5)%/2 Gy

(28! 35> = (32/136)V/2(a/ B)5' Ko
{2p.|3s)=(32/45)1/%(a/B)5/2cosf K,

{2p.183) = (32/45)1/% (a/5)5 %sinf cosp K,
{20,13s) = (32/45)V/*(a/ 3)5/ 2sinf sing K
<3s|3s)=(8/45) (a/8)"/* Lo

(3p.138) = (64/675) /2 (a/3) /2 cosh Ly
{3p;: 38y ={64/675)1/2(a/58) 7/ 2sinf cos L)

{3p, '35y = (64/675) 1% (a/3)7/sind sing Ly

(3d2| 350 = (16/675)1 2 (a/5)7 2 (2c0s?0 —sin®d) L,
¢3d,|3s) = (64/135) 172t/ 8)*/2cosfsinf cosg L,
¢3d,.|3sy = (64/135)1/2(a/§) 72¢0s@sinf sing Lo
{3+ 35) = (16/135)172(a/5) 7/ sin?6 (cos®d—~sin?@) Ly
{34,138y = (64/135)1/2(a/ 8)"*2sin*F sing cosg L,
(1s158> = (16/315)172(a/ 332 Ry
{2¢158y = (16/945) 12 (a/§)5/2 Jy

{2p. 158> =1(16/315)/2(a/ 8"/ 2 cost I

(2p.155) = (16/315)1/2(a/3)/2sinfl cosd Jy

{2p, 158y =(16/313)1/%(a/8)%/2sinf sing J|
{3s|5s) = (32/14175)1/2(a/B)7 /2 N

{3p.! 55y = (96/14175) 1/ 2(a/5) T 2 cos® Ny

{3p. |55y = (96/14175}1/2(a/ 5)7 /2 sinf cosd N
-{3p,|5s) = (96/14175)1/2{a/ §}7/ *sinf sing N}
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{3d.:|5s) = (8/2835)1/2(at/ B)7/2(2c0526 —5in%6) N,

{3d..|55) = (32/945)1/2(a/5)7/ 2 cost sinf cosg) N

{3d,,!5s) = (32/945) /2 cosf sinf sind Na

{38,221 B8 = (8/945) 1/ 2(ar/ 8) T/ %5in2f (cos®d — sin?d) Na

$3d,, |55 = (32/945)V/%(a/3)7/?sin?f sinc cosp Nz

{5s|5s> = (4/315) (a/ 5y 2y

{5p: 155> = (4/315) (3)1/2(a/5)%/ 2cosf O

(6p.15s) = (4/315) (3)1/2(at/5)¥2sinf casp @y

{5p, 155> = (4/315) (3)1/2(a/5)%/ 2 sind sing Qy

{2p:|5p> = (16/945)1/2{a/ 3)5/2 { Ly 4 (2c0520 —sin?8) Lo— (1 + (2c0s%¢ —sin?d) ) a Ky}

{2p.15p.>y = (16/105)1/2(a/ 3)3/2 cosf sind cosd (Lo —aK)

{2p,|5p.> = (16/103)1/2(a/ 3)5 2cosfsinfsing { L, — aK)

{3s|5p.> = (96/14175) 1 2(ar/ 5) 7 20058 (M) —aly)

{8p.15p.> = (32/14175) 1/ 2(a/5)7/2 { Mo+ (20528 —sin?f) M — (1 + (2c0s?@ —sin®f) }al,)

{3p.|5p.y = (288/14175)1/2(a/ B)?/ 2cosBsinfcos¢ (Mo — aLy)

{3p,|5p.> = (288/14175) 1/ 2(er/ B)7  2eosOsindsing (Mz— aL, )

{8d,:15p.y = (8/23623) 1/ 2(a/£)7 /2 {4cosf (M) — aLs) +3(2¢c0s30— 3cosbsin?®) (Ms—al,)}

{3d..|5p,> = (32/70875) /2 (a/8) 7/ 2{sinfcosd (M) — aL2) + (4cos?fsind —sin®f) cos¢ (M —aL,) }

{3d,.15p.> = (32/70875)1/2{a/ £)7/2 {sinfsing [ M7 — aL,) + (4cos?fsing —sin%F)sing (Ms—aLo}}

(3d.2- 2| 5p:> = (8/315)1/2 (a/ A) 7/ ZcosBsin?@ (cos? ~—sin?) (Mz—alsy)

€384d.,!5p.> = (32/315)1/2(ar/ 8) 7/ %cosbsin®Psingcosd (Maz—als)

(58 |5p.y = (4/315) (3)1/2(a/B)%/2cost  Y1—alMo)

{8p. |5p-y = (4/315) (&/3)9/2{ Yo+ (2c0s20 —sin28) Yo — (11 (2cos?f —sin®f) ) aMy}

{5p:15p.> =(12/315) (a/8)%/ %coshsnfeosp( Yo —aMM,)

(5, 15pey = (12/315) (a/8)?/2cosbsindsing (Yo —al)

(2D, 15p.> = (4/945)172(a/ B)5/2(2 (Lo— aKy) — (20080 —sin20) — 3sin% (cos’p—sin®)) (Lz—aKy)}

£2p, |5p.> = (16/105)}2/2(a/ 8)5/25in?f sing cos {Lp—aK;)

(3s|5p.> = (96/14175)! /% (ar/ )7/ sinficosp (M — aLo)

{3p:13p.» = (288/14175) /2 (ec/ 8) 7/ 2cosbsinfeosd (Mo —aly)

{3p.15p.) = (8/14175)1/2(a/ B)1/2 {2 My — aLy) — { (2c08%8 —sin?f) — Isin?@ (cos?p—sin®g) ) (Mz—al,)}

{30,|5p.> = (32/1575) /2(a/ 5)"/%sin?fsingcosd (Mz—aL1)

{3d.15p.y = (8/23625)172(er/ 3)7/2{3 (dcos?fsind — sin®F) cosgp [ Mz —aLy) — 2sinfeosd (M1 —aL.))

(3d..! 5p.> = (8/7875)1/2 (ar/ §)172 (20088 My — aLs) — { (2083 — Beosfsin?f) — SoosOsin?d (cos’d—sin®p) ) (Ms—~aLa)}

{8d,: |5p.> = (82/315)1/2(ar/ 5)7/ 2cosbsin?fsingcosp (M3 —aL;)

{8d.2_,:|5p.) = (2/7875)1/2(e/ $)7/2 [4sinfcos¢ (M) —aLsy) — [(dcos?Psing —sin3F) cosp+ 5sindf (4cos¥—3cosd) )

+ [(Mz—alLs)}

(B4, | 5ps) = (2/7875)V/2(a/ )" /? (dsinfsing (M — aLs) — [ (4costfsind—sin)sing + 5sindF (3sing—dsin’g) )
» (M3~aL,)}

(5s]5p,» = (4/315) (3)}/Zsinfeosd [ ¥y —aMo)

{5p.15p. = (12/315) (e/ 5)%/2casfsinbeosd (Yo —a)

$5p. |5 = (2/315) (a/8)972(2( Yo—aMy) — ((2¢0s? —sin?6) — 3sin28 (cos?d —sin®g) ) (Y2—aM,;) ]

{5p,15p.> = (12/315) (a/B)%/%sin’fsingcosp (Y2 — aM)

{2p 5P,y = (48/315)1/2(a/§)5/ %sin*Osingcos¢ (L —aK)

{2p,]5p,> = (4/945) V2(a/8)%/2{2(Lo—aK1) — 35in?8 (cos?¢ —sin2g) (Lo—aK)) + (2c0s? —sin%f) (Lo +aki)}

(3s|5p,>=1(96/14176) 2 {a/3) 7/2infsing (M) —ale)

{3p.|15p,» = (288/14175)1/%(e/§) 7/ %cosfsinfsing (My—al,)

{3p.|5p,> =(32/1575)1/2(a/ )/ Zsin2fsindeosd (Mp—aLy)

{3p,|5p.» = (8/14175)Y/ 2a/3)772(a/B) T2 {2 (My—aLy) —3sin?f (cosZs —sin?@) (Mp—alq) 4+ (2cos?d —sin20)

Vol. 23, No.3, 1979



130 B BHE

(Mp+aLy)}
{3d.: |5p,»=(8/23625)V/2{a/B)7/2{3(4cos?fsind ~sin®§) sing (Ms— aly) —2sindsing (M —aly) }
{3d.z|5p,» = (32/315) 22 (a/ 8) 7/ %ostsin?Psingcosg [ Mz —als)
3d,:15p,» = (8/7875)1/2(a/8) 772 {2c0s8 (M) — 2 L2) — ({2¢05%8 — Scosfsinf) + Scosfsin®d (cos?p—sin?g)} ) (Ma~aL,)}
{Bdar_ye |5p,> = (2/7875)1/2(at/ 8)7/2 {4sinbsing (M) — aLs)
— [ (4cos?Fsind —sin3F) sind —5sin’@ (3sing — 45in%3} ) (Ma—al,)}
<3d,,i5p,> = (2/7875)1/2 (ar/ 57?2 [dsinficosp (M) — aL,) — [ (4cos?fsind — sin®8) cosp~ 5sin38 {4cosdd— 3cosd) )
{(Mz—aly}}
(5s15p,> = (4/315) (3)V/2(a /) sinfsing{ ¥ — aMy)
{5D: 15D,y = (12/315) (a/ §) % %cosbisinBsing ( Y2 —aMy)
(5p.15p,> = (12/315) (@/B)%/ %ein?fsingcos (Yo — aM))
{5p,15p,> = (2/315) (a/ 8/ 2{2({ Yo — a M) — (3sin*@ (cos*p—sin?@) ) [ Ye—aM)) + (200520 — sin6)
(Yo+ab))}

Where a=5r and « and 3 are the Slater constants for atomic orbitals in bra and ket vecter respectively.

Table 2({A). Definition of the radial part integrals. Table 2(B). Defnition of the radial part integrals.

K Jﬁ:}*.("ls royrf " . K J:dn (r1, r2)ra¥ : " ;
exp(—arz)dr; 0 1 2 3 exp(—ary)dry 0 i1 2 . 3

2 G. () 2 R, Ro ‘

3 Ka KO Kl 3 Jn J 1] i J 1

4 L, Ly Ly L, 4 N, No i M N,

5 M, My | My | My | Ms 5 Qu Q| @ & &

6 Y, Yo{ Vi | Y2 Y3 & O, O | O] O} O

The above radial integrals were integrated elsewhere.? The above integrals were integrated eisewhere.?

Table 3. The numsrical values of two center arerlap integrals for a hypothetical NO molecule whose Slater
«constants are 2.275 and 1.95, respectively. (r=1.50A)

I {Haldnd
Overlap Numerical = value Overla Numerical
integral This method Mulliken integra value
{1s|3sy 0. 1643914 ' 0. 1643890 (3s!1s) 0. 1643014
{2s]3 0. 2780122 0. 2790118 (3s]2s) 0. 2700125
{2p.|3s> 0. 3036601 0. 3036653 (3si2p.) —0. 3036602
{3s!3%) 0. 3767330 0. 3767620
3p:13> 0. 4459490 0. 4459185 /35 3p.> —0. 4459497
{1s|5s) i 0. 2236236 0. 2236508 {Bs| 18y 0. 2236236
{2s(5s) : 0. 3550830 0. 3550553 {5128y 0. 2550827
{2p:i5s) 0- 3119961 0. 3119916 {5512p.> : —0. 3119999
(3s 5% 0. 4336270 0. 4301007 <5s|3s) i 0. 4336210
{3p: |3s» 0. 3985072 0. 3949884 {6s:3p.> ~(. 2085179
¢(5si58) 0. 7754750 0. 8532610
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