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Table 1. Recurrence expressions for overlap integrals
over sand p contracted Cartesian Gaussian functions
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Table 2. Recurrence expressions for kinetic energy in-
tegrals over sand p contracted Cartesian Gaussian func-
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Table 4. The electron repulsion integrals(ERIs), the aux-
iliary ERIs,and the auxiliary initial ERIs

(a)Electron Repulsion Integral

{abed) E/drl/dr2 O(ry,a)d

®
ng MNp Ne Ng

=2 DD upatp, up up,labed] ©

Pa Py P

¢ Pa
[abed] E/drl/er $(r1,2)6(r1, b)¢(ra, ) d(r2, d)

[ry — 1o
(b)Auxiliary Electron Repulsion Integral
(abed|m gagyGap gcgdch>

ny

EZCEX (Cpa + Cpp)™
Py
g

xZC}} (Cpo + Cpa) ™

VPaP_b_PcPdm = Upg upbupc up, [abed|m]
(c)Initial Integral

VPanPcPdm
(0000|m gagbGab gcgdch>

—ZCEX (Cpa + Cop)™
xZC}} (Cpe + Cpa)™
P

Vbapypepam = Upa 1;%, Upe Up, [0000]m]
0000|m| = MLI( K
[ Im] Coa tlpp FlpoFip, FoPo PePd

’a — 1 _ CPa Cpb _ 2]
Kpapy, = geexp [~ 258 (A = B)

(rlvb)q>(r27 ) (r27 )
[r1 — 12|

(10)

d m
Ge P Vpapypepam

d m
Ge P Vpapypepam

Table 5. The vertical and horizontal relations of ERIs
(a)Vertical Relation
{((a 4+ 1,)05c04|m gagsGab gegaGea)
= (B A) (a0b00d|gb +1,Gap + 1>
—|—(A B) (a0b00d|m + 1,95+ 1, Gap + 2>
+(D - C){abpcO4lm +1,Gar + 1,94+ 1,Gcqa + 1)
—|—(C ) (a0b00d|m + 1, Gap + 1>
+(
—(

/2){(8 — 1,)00¢04]Cr + 1)
aM/2)((a — IM)ObC0d|m + 1, Gap + 2>
(CM/2)<aOb(C — lu)0d|m + 1, Gap + 1, Geqg + 1>

(b)Horizontal Relation

(a(b+ 1,)cd|m gageGab gegaGea)
= {(a+ 1,)bed|m gagGab gegaGea)
+(A — B),(abcd|m gage Gab §egaGea)

00000000000000000000000
0000 Table4(c) D0 OO ODOO0OOOOOOOO
O000O([Table5(0)] 0000000000000
0000D00000000000000 (abed) 00
00000000000 bOdOOOOOOOOOO

0{(x00)000000000000000000
000000000000000000000000
0 (ppss) (=(1,1,0,0,)) 00000000000 0d
000000000000000000000000
000000000000C000000000000
oooo

169



32 (ppss)0 00O

000000 (ppsy 0000000 OOO0OOOO
gboobooboobooboboooobooobod

321 O00O0OO

000000 (ppss)(=(1100)000000000d
0000000b01000000000000 OTable
50)0000000000b0dOOOODOOOODO
000000000000000000000000
ObO0O0OO0OODO0O0DO00D000D0D00O [Table
5()] 000000

(pupvss) = (dusss) + (A — B),(pusss) (11)

00000 (dysss) 0 (pss) 0000000000
oooooo0O0

322 0O0O0OO

00000 (dysss)y O (p,sssy 00O 00O [Table
50 0000000000000 00O0DO0O0O0OO0
oooooooodoooooooooooooan
00000000000000000 O{dusss)00

(dysss) d 5[0 000 000)
B — A),(p,sss|0 011000
A —B),(pusss|1 012000

(
( )
( )
(D — C),(pusss|1 001 011)
( )
(
(

C — A),(pusss|1 001000

a,/2)(ssss|0 001 000)
a,/2)(ssss|1 002 000) (12)

+ 4+ + +

I
I
000000000000 (p,sssi0011000) 00 00

gboobooooooboooboooooobobooooo
gbocobooboobooobbooooooboooboog

(pldsiss[D 011 000)

(B — A),(ssss|0 022 000
(A — B),{ssss|1 023 000
(D —C),(ssss|1 012011
(C — A),(ssss/1 012000

1

1

+ o+ +

)il )
)il )
i )
i )

(13)

170

000(11)0000000000 (p,sss)00

(pusss) = (pusss|0 000 000)
= (B— A),(ssss|0011000)
(A — B),(ssss|1 012 000)
+ (D —C),.(ssss|1001011)
+ (C—A),(ssss|1001000) (14)

gooooooooooooooooobood

323 00O0ODODOOO

00000000000000000000000
000000000000000000000000
000(ppss) 000000000 150000 [Table
6(2))00000 Table4(c)D DO DO0O0O0O0O0OOO
000000000000000000000000
000000000000 ¢0000000000
0|000000000000 1500000000
000001200000000000000000
0000000000O0000 ¢p 00000000
D0000000000000000000(Y,,)
00000 ¢,=00000000000000000
0000000000000 (Y, Y, >, )000
00 Table6(b) 00000 130000000000
0000000000000

Table 6. All the necessary initial ERIs for the calculation
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(a)Initial integrals needed for {ppss) calculation
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(b)Initial integrals have to be calculated at Zpa
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(c)Initial integrals have to be calculated at Zpd
(sss5|0 000 000) (ssss|1000000) (ssss|1000011)
(sss5|2 000 000) (ssss|2000011) (ssss|2 000 022)

d)Initial integrals have to be calculated at
Pe
(sss5|0 000 000) (ssss|1 000 000) (ssss|1000001)
(sss5|2 000 000) (ssss|2000001) (ssss|2 000 002)
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Table 7. Execution time and ratio of the evaluation of
ERIs of CO molecule (102 seconds)

basis GAMESS present ratio
DZV(/721/41)) 7.02 352 200
TZV(/62111/411/) 14.7 745 197
DZVP(/7211/41/1)) 16.0 885 1.80
TZVP(/621111/411/1/) 29.5 201  1.47
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First, we review the general recursive expressions of molecular integrals overcontracted Gaussian func-
tions which were reported by Honda, Yamaki, and Obara. Next, we have proposed an efficient algorithm
for computing the electron repulsion integrals, and presented it in detail for the evaluationof {ppss) integrals.
The present method has accomplished from 1.5 to 2.0 times faster computation than by GAMESS which is a
widely used quantum-mechanical calculation program. The present algorithm is applicable to various kinds
of molecular integrals, thus it would be very useful for further expansion of theoretical chemistry study.
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