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We present formulas for two-electron free-free exchange integrals and integrals with three Gal
and one plane-wave function that are required in calculations of electron scattering by poly:
molecules. The formulas of integrals with p- and d-type Gaussians were obtained by differen
of the fundamental integralsK|sk and €9sk that contain s-type Gaussians only and that may
evaluated by means of the Faddeeva functiorExplicit formulas are given for the two types
integrals in the spd Gaussian basis.
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Evaluation of hybrid two-electron integrals is still a topical problem in calculation
electron scattering by polyatomic molecdl|gsarticularly in applications to molecula
systems which may be of chemical interest. Watson and McHKesived formulas for
these integrals already a long time ago. For their method, which is based on a
wave expansion, McKoy and collaborators advoctite use of highly parallelized al
gorithms. Apparently, the method is computationally very demanding for treatmer
polyatomic molecular targets, and therefore new ways of calculation of hybrid
electron integrals were looked for. Recently Kuang and déerived formulas for two-
electron integrals in a mixed Slater and plane-wave basis set but, in our opini
applications to electron scattering by polyatomic molecules it is preferable to use
sian basis sets. One of the authors exantitiegrefore the use of the Rys numeric
quadraturg developed for effective calculation of two-electron integrals in the G:
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Evaluation of Molecular Integrals 1265

sian basis in the electronic structure th&dryn this paper we follow the suggestion &
Ostlund that hybrid integrals may be calculated as is usual in the electronic stru
theory for calculation of two-electron integrals over Gaus$jagscept that complex
arguments must be used in incomplete gamma funétifng/atson and McKa¥/ did
not consider this method profitable because the formulas for p-, d-, and higher
sians, obtained by differentiation of the integral for s-type Gaussians, quickly be
complicated and error-prone. However, our test calculations show that the metho
be competitive to other methods for certain ranges of the argument of the incor
gamma function. We considered it therefore expedient to publish the formulas we
derived for exchange free-free integrals and for integrals with three Gaussians at
plane-wave function.

COMPUTATIONAL METHOD

A product of a Gaussian and a plane-wave function may be expressed as a pro
two Gaussians, multiplied by an preeponential factor

¥ a2 a0, ik
galr-AY gkt = kA g 20 ¢ 20V g 2077l )
The exchange free-free integral
(GKIgH) =[] €% (x ~ AT (y, ~ A (7 ~ AJTT s A E}B@k@
12[]
X (4= BY (y,~ B)"(2,~ B)" e¥=" 8" drydr, @

and the integral with three Gaussians and one plane-wave function

(9910 = [J (1 = AJ™ (1 = A)™ (1 = A)™ €= A (x, = BY™ (v, ~ B)" (2~ B

<P B =)' 0,-C) -G e T e, ()
127

may be expressed as

e 5 g 2 —a(r, - A+ 01 0

(gik’|gjk) = gk g 4u dkB g 4[3‘|"|'(X1_Ax)mK v, _A\/)my (Zl—Az)mze 1 20 lz%
X 7 ik

X (% =B (v, - B)"(, - B)" eP(~ B 50 drydr, | @)
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and

® . .
@919k = €KCe & [ (x, = AJ™ (y, ~ A)™ (23— A)™ €A (x ~ BY)™ (y, — B

Yy _~2 Y~k
x(z,-B)" P8 5L 5o, - C) (r,- C)" (- C) e 27T e T drar,
or
®)
For exchange free-free integrals define the complex vectors
N P
P=A 20‘k , ©)
i
Q=B+ Z—Bk (7)
and the constant
kK
f=gikidg 4 dkBg 48 ®)
Then the fundamental integral for s-type Gaussians be¢8mes
2
(sK[sK = In afFy(2) , )
where
_
T (0
and
_ aB 550
z= B PQ- . 1y

PQ is a distance between the points P and Q. For integrals with three Gaussia
one plane-wave function we define
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aA+BB, | _GA+B,  _aA.+PB,

Py = a+Bp Y a+B T a+p (12
—c+ -
Q=C+ 2yk , @3
Bz K
f=e arf"® ¢ wakT (149
and the fundamental integral for s-type Gaussians becomes
(45K = =--afF(2) 9
CVm 0
where
™
— 16
@ BWETBTY 49
and
(a+B)y 552
2= apay PO @n
For both types of integrals we define a new variable
t=ivz , 18

which permits us to express tig function by means of the functiorf1%, which is
also called the Faddeeva function, as

Fo@ = 7—" 1 -wt)e'H. @9

The Faddeeva functiow may be calculated as recommended by Gautsabi more
conveniently by using the FORTRAN subroutine WFOZ {&fFormulas for p-, d
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and higher Gaussians may be obtained by differentiation of the basic for®@uéasl(
(15). For convenience we define the function

_ig_ #
Wolt) = H - w(e'. 20
where for the expression in the brackets we will use the notation
b(t) = 1 - w(t)e” . 1)

For the derivatives of\, it holds

dW(®) _ _n d"We(®) i db(t) 22
dtn - t din-1 t dn
and by using the recursive expressidior the derivatives of thes function
dn+ 2w(t) d"* w(t) d”w(t)
g2 + 2t e +2(n+1) =0 23
we have
- 1)/2] .
db(t) ) ogn-1-2 Har) ”
dan Zl'(n—l—Zi)!ﬁ da -

The term in the brackets is equal to the expression for the Hermite polyridmié)
in which the factor for sign was dropped. F&t)fdt it holds

dbt) _ _ 2i p
@ =o€ 25)

For the derivatives d#, with respect to the Cartesian coordinates of the points P
Q on which the Gaussians are centered we have

oWy _ OWo ot
oP, ot oP, '

(26)
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My W, ,
90, ~ P, @7)
02W, 02W, oW, 2
o _0Wo ot ot OV 0% ’ 29)
POP.~ o 9P 9P = ot PP,
W, 02w,
= : (29
dPOP, ~ 0Q0Q
oW, W,
=- , 30
0PAQ ~ aPoP,

FWo _Wo ot ot ot  PWoD % ot , 0% ot %t oD
OPOPOP, O 0P, 0P, P, otz OPOP, 0P,  0P,0P, 9P, OP,0P, OP,

oWy 9%
ot POPOP, @)
Mo _0Wo ot ot at ot
OPOP,0P,OP,  at* 0P, OP, 0P, 0P,
0*Wo Pt ot ot WD %t ot 2t 0% O

o Dok PP, 9P, 9P, T BP‘“J“ aPianaPka?ﬁP&”k' OPOP, apkaplg

oWy ot

* 7ot oPAPAPIP, ©2

"Wy _ W, ot ot ot ot ot

0P,0P.OP,OPOP, ~ at> 0P, 0P, P, 0P, OP,,

0*Wo 0% At ot ot

+—7 P1ojjkim a5 AP AD
ot oPoP; 9P, 9P, 0P,

LT Y SO O SRS SO S e
s 5 10jjkim aPianaPk P, oP,, 15jjkim aPiGPj 0P, 0P, OPmB
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LD, ot %% O
o2 5 Sikm 9p.opaP,P, 0P, " 9Km 3P,9P6P, OPOP,,

ot OPOPOPIPOP,, ' 3

GRWA _O0Wo ot ot ot ot ot o

L IWo 0% ot ot At ot

LIWo D Pt ot at ot 2 0% ot ot O

ot Epzo*lk'm" 0P,0P,0P, 0P, 0P, 0P, Pasijimn dP,0P; 0P,0P, 0P, apng

Ay VSN S, SRR . SU- S 3
Y B 15jjkimn OPOP,OP,AP, 0P, 0P, 60jjkimn 0P,0P,0P, 0P0P,, 0P,

P 0t 0t 0t O
181K 9P9P, 9P, OP| 0P, 0P, B

LSOO, 0% oL, Al 0%t
o2 5 oIk 9p9PaP,APAP,, 9P, ' KM 5P,9POP,AP oP,IP,

. RE ot O
10jjkimn 0P,0P,0P, 0P,0P, 0P, B

oW, 0%t
420 ot 34)
ot 0P,POPIPIP,

The subscripts, j, k, | mean X, y, z components of the position veci®rand Q, and

P, ... meansh permutations of, j... As in the second derivatives, any single change
P; by Q; in the third and higher derivatives leads to the change of sign. Expressio
the derivatives of with respect to the Cartesian coordinates depend on the type ¢
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integral. Therefore we present them separately for exchange free-free integrals ¢
integrals with three Gaussians and one plane-wave function.

Special Expressions for Exchange Free-Free Integrals

o _.~fag P-Q

OAi_I-\/cx_+B PQ ®9
ot __ at

B (36)

The symboldA, B, a, 3, P, andQ have the same meaning as in Eg},(6), and {). For
higher derivatives we have

0t _ s aB 1_ot a1
OAOA =0y +Bt OAOAt’ @37
0t _ 9%
OAOB; ~ 0AOA (38)
o __ 100t o, ot ot 9% otO
==—0 + + O (39)
OAOAOA, t SOAOA 0A  0AOA OA ~ OAOA OA F
et %t
OAOAOB, ~  OAOADA, (40)
ot  __10, 0%t ot ot ot O
W_ . BP4,ijkI OMOAOA, OA + Pgjig OAOA, aAkaAIB’ @1
0%t 0% a2

OADAIADB, ~  OAGAGAIA -

P, andP5; mean that the terms are sums of four and three permutations in ingliged,
respectively. For convenience we define the following two vectors with the compol
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a=P-A @3

b=Q-B . @4

Derivatives of theW, function with respect to the coordinatésandB, are obtained
readily from Eqgs 25)—(33) by means of a substitution

" _ o
TN‘ = OTD,” ) 49
o _ o
== 6)
0B~ 0Q

Special Expressions for Integrals with Three Gaussians and One Plane-Wave
Function

ot _ f@+By o P-Q
aA‘*\/;+B+va+B PQ @
ot _fl+By B P-Q
OB]-_I-\/:+B+VO(+B 156], (48)
ot __ L [@+By P

T '\/:+B+v o @9)

The symbolsA, B, C, a, B, y, P, andQ have the same meaning as in E8js (12), and
(13). For the second derivatives we have

*t _ a%y 1_otot1l
OAOA O @+B+y)@+P) t OA At (0
0t apy 1_ot ot1 51)

0A0B, DG +Bry@+B) t 0A 0B t
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0% _ s (@+By 1_ot ot 1 52
0CAC, U(a+B+y)t 9CIC t
2
ot ay 1_9t a1l 53

aAachQJ (@+B+y) t 9A OC t

For higher derivatives the following general formulas hold

1D 7t ot 9%t ot 9%t ot O
TosaT, 0R 5’ (4)

+
t HORAS T, * 9RAT, 05

%t
OROSOT,
0%t 04 O
PsRsTY R0 0T, ak &9

ot __ 10, Pt ot
OROSOT,OU, ~  t 5 “RSTY 9RASAT, U,
%t 10, At
OROSOT, AUV, tD SRSTUVn OROSOT,AU, OV,

0% 04 O
* PLoRsTuv, oRasaT, aU0V,, 2 9

0%t 1 DP 0t ot
OROSOTOUAV, W,  t 5 SRSWUVA% 9RISIT,OU 0V, OV,

P AT S N5 5y
ISRSTUNAY, OROSOT,AU; OV, AW, 1ORSTUYa%h 9ROSOT, 9U OV, OW, 5

HereR, S T, U, V, W may represent any of the cent&sB, C, andP, means that the
respective term is a sum ofpermutations in indiceR;, S, Ty, U;, V;,, W,. For conveni-
ence we define the following three vectors with the components

=P -A, (59
b=P-B , 59
G=Q -G (60)
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Derivatives of theW, function with respect to the coordinat&s, B; , andC,, may be
obtained from Eqs26)—(33) by means of the following substitution

" _Oa o 61
oAy~ Ri+BH 0Py

o OB 0o

z - e 62
o8P~ Hr +BH P €3
N _ o

o _0 63
aCy o ©3

FORMULAS FOR INTEGRALS IN THE spd GAUSSIAN BASIS

Exchange Free-Free Integrals

In the following equations6@)—(69) a is defined by Eq.10), f by Eq. 8), and the
vector components; andb, by Egs 43) and é4). By s, p, d we mean unnormalized s-
p-, and d-type Cartesian Gaussians, with exporeerfeg center A) ang (at center B)

(sK|sk = af\wy 64
KISk = af CaWe + L om0 5 6
(PKIsK =af CaWo + 50 g 0. 65

KIok) = af dapw + P W & W 1 0Wo [ -
(P ij)—agaij 0" 20 oA, " 2B 0B, 40‘50A1-0|3,E’ (66)

O
(615K =af ag +3 ywg+

3 MW 3 W 1 OW
120" 20 on * 20 oA Taczomen S @)

_.0 Loy, 38 Mo, AD WG ab oy 1 oW,
(GkInd) =2 C(aahr & 5o * 55 o, 20 20 0A 1 4ap 3B,

1 02w, 1 02W, 1 02W, 1w, O
+a——— _ +a o _ + bk—2 7N o A o,
4af aA,aBk 4af3 0A0B, 4a GA,GA, 8a-B OA,GAlaBk 0

€9
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O 1 1 1
(diK|dk) = af B(aiajbkbl + 9 Ebkbl + 9y Eaiaj + 80y HB)WO

10 1, 0W 10 DGWO
+2T3Eaiajbk+6|j quk%*' 2B Eaiajbl J qul

1 00w oW i 0. 1 DaWo

1 oW, 1 02W, 02W, 02W, W, O
tag o Da,b +ab, +ab +ab
4B2 0B,0B, 4ch K OA0B, 0A0B,  17* 0A0B, 'OA,OBkD

1 W, 1 O 02w, °W, ow, O
+hb + 5> 0 + g +g O
402 OAOA;  8ap? [ 0BIB, 0A0B, 0B, 0A0B,0B,

1 02W, *W, ew, O 1 ow, O

" 8a% Da“' OAOA b"aAaAﬁasl % omoA0B, 5" 16a7p? aAGA,aBkaB,D ©9)

Integrals with Three Gaussians and One Plane-Wave Function

In the following equations70)—(102) a is defined by Eq.16), f by Eq. (4), and the
vector components;, by, ¢, P;, andQ, by Egs $8)-(60) and (12—(13). By s, p, d we
mean unnormalized s-, p-, and d-type Cartesian Gaussians, with exmoiantenter A),
B (at center B) ang (at center C)

(sgsk =af\W (70

1 ow, O
(pSISk) af Dai\NO Z(G + B) aPI B Gl)
(PipisK =af D3, + D+ DY, 72
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(d;sisk) = af DDZO\N +D29+ D3]

PR S
4a +PB)* g

O 1 0
DAt =mab +8 5, w0,
BN A CRle

po_ 1O oo, aawo
T 2@+p) 51 0P, % op

b= 1 92W,,
27 4o +B)2 PP,

a’

D= (8% 8 gy

10 W, oW,DO
Di°= +a oo O,
2a+p) 5V o, ¥ P

20:# 9" Wy
27 4o +B)2 PP,

(djpysk = af HD%lWo +Di'+ D3+ Df* H:

a 1 a
th)l: Ealajbk+ 2((1 + [3) 9ijbk+ 6ikaj + 6jka|HB ’

1 oW, oW, GWO

0
= 2(a+p) % op, AP gp T PR D

2% ap, Ok op T A op,

1 O w, 92W, W, O

=4+ B2 B opop, B opop, T opop,

DY
id

73

(74

79

(76)

77

(78)

(79

80

81)

82

®3
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gio 1 Mo 84)
8(a + )3 OPOPOP,
(chjdlsk = af P§AW, + Di?+ D32 + D32+ D2 , 89)
0 1

D§*=CRahbi + 55", g (Bl + 8,3 + 8iabi+ 3,ah + dab, + daa)

" 4 +B)2( 0 + Gudy +6jk6|l)[|1 86)
e L g W W Wy WD
U7 2+ B) % op, T AN gp, T A gp AN p

1 0 AW, AW, AW, AW,
4(0”'5)2 08P3jiOk 3p oP, + P30k ap 9P, +ka3u| T oP, +b|P3IJk d; 9P, D @87

1 0w, 92W, 92W,

22 —
D= 2w + B2 ¥ apop, H 3P opop, T A apop,

vap TN oy OWo g WO B 1 o 88
4B apop, * AP apop, PP opaR B B + B "o apaP, aP - 69
1 0w, W, W, Pw, O
D§?= 8 + g + by +b 0, 89
8 +P)° " OPOPIP, I 9PAPIP, X aPaPOP, " ' OP,IPOP, [
W,
pz2=— 1 0 (90)

16(a + B)* OP,0P,0POP,

P; in Egq. 87) andPg in Eq. 88) mean three permutations in indiceg, k and six
permutations in indices j, k, I.

1 0WO
2y 0Q.

O
(sgpik) = af BCiWO 91

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



1278 Carsky, Reschel:

0 =afacw +a L 2 L W, 1 W Do o,
(Pislpk) = a SAGWo A5 9q TG 20+ p) oP, T4+ By aPIQ O 2

GIA
(Pplpk) = af Dck(DllWo +Dt+D3) + Dél 20,
1 O 0w, 2w, O 1 W, O
*a@+py P orag, TP apag, 2 0POPOQ. 1’ ©3
(a+B)y Qk i0Qc o 8(a +P) i0P;0Q, O
A Sipk) = af [0 (DZW, + D20+ D29) + = pgo S0 W
( |JS|pk) a Dck( 0) 2y 0 aQ
L W, BV [ 1 W o 94
T 4a+By E‘q 0P,0Qy % apaq, 0 8(a+B)% 0POPOQ, o’
0 0
(d;ppik) = af DC|(D21W + D31+ D3+ D3) + Dgl 50
|
1 O 2w, 02W, 02w, O 1 GEYA

T4+ By % opaq *ab s 0Q *abapag 0" 8+ By P21 5p a0,

1 W, W, ocw, O
2 Dal +ta +by O
8(0( +B)%y ' 9POPIQ 0P,0P,0Q, 0P0P;0Q,
1 ow, O
O, 95)
" 16(a + B’y 0POPOPIQ O
O oW,
(d;dlpK) = af Oc(D§AW, + D3% + D3% + D3% + DZ?) + 1 D222
O 2y © 0Qn
1 O W, 92W, 92N, AW,

0
* 2o+ By PP opaq, T 2P 9p g, * A% apaq, * AP 9paq,,
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+#DP602\N Péa?w cbp P2, vbp W, O
8(cx +B)2yém1 3,jkI%¥k aplaQ a] 3,ikI¥ik aPaQ K 3,ijl IJ aPaQ | 3ljk 1j oP anB

1 O PW, 3w, 3w,
* 8o + By 73 0paPaQ, T A apopoq, © AP 9PoPaQ
kYT m m kY ~<m

W LW Wy O 1 s W
*a0GpoPaQ, T AP 9PaPaQ, P aPaPaQ, BF 16a + By % 9PaPOQ,,

L1 D AW, oW MW O
16(a + By B 9POPAPAQ,, * 3 POP,IPAQ, X 9PaPIPAQ, " ' 0POPOPIQ,

O
O
O

1 05WO
32(0( + )%y oP,0P, aPkaP 0Q,,

0 oW, oW, O 2w, O
(sgd;k) = af%ccﬁ ,JZSW+iDq—_°+cj °B+1 OE' ©@7)

(pSidk) = af (TG + 5 um L OWbE, o 15 Mo, Mop
3 =2t % 4 " 2a+P) 0P o 2y 31 0Q, % oQ

1 %c 62WO 0°W, D 1 02\NO 1 W,
4((1 + By 0 1 0P, an Ci 0P, aQ] 0 4y2 anan 8(a + B)y? OP; anan

0
O, (99
0

(PipldgK) = af DDCkC| + 5k|2 (DllWo +Di'+ D3

Lond, Mo, Mo 1 W [
0Q, an 2y 0QIQ O

1 I EWA 02w, O 1 0 W, 0°W, D
4 g; [y + G [+ b ¢ +G
(@+py 0 “0POQ " oPAQ. O Aa+B)y o oPoQ T oP, an 0
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. 1 O o, W, D 1 O  w, W,
8(a + B)%y Bck 0P;0P,0Q Ta 0P, 0P, an 0 8(0( + BV Ba' oP; an0Q| by 0P,0Q,0Q,

O
O
O

1 o, O N
" 16(a + BA? 0P,OPOQAQ O’ 99
(djsldyk) = af D]]qu + 6k| D(DZOW + D20+ D29)
1 00 W oW 1 W, O
7D20 -0 b
+2y 0 . ) +G 9Q, zyanan B
1 0 02W 62W [I 1 0 azwo 02W [l
"4+ py ¥ 0P, " 0PaQ. " 4a+ By T ¥ aRaQ % aPaQ,
8o+ B2y O ¥ oPoPOQ, Y oPoP an 0" 8+ )2 B 0P0QeQ T ¥ 0P0QaQ O
1 o, O o
" 16(a + B3 0P,OPOQAQ O’ (100

0 10
(dipddink) = af %Clcm + O ny B(Dglwo + D3+ D3'+ D%Y)

+iD%1%c|%+ aWO 1 aWOB
2y " g 9Qn ™ aQ, zyanan[l

1 a 02W, 0°W, 0w, O
4(a + B)y Dala] 2ImCI oP aQ aibk 2ImCI oP. aQ a] K 2ImCI oP. an B
8((] + B)zy 0 ij 2,ImCI aPkan ik 2,ImCI aP]an ik 2]mCI aplanB
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1 O W, b °W, b W,
T+ By O OPIQAQ, | K IPAQIQ, T I K IPIQAQ,,

O
O
O

1 W, 1 "W,
¥ 22 P35 5p, 50,00, * 3y P2 3P 9P 3P,
16((X + B) V2 K QI Qm 16((X + B) Y v YK Qm

o1 Bo MW o W OW O
8(a + By o 29 9papaQ, T A #m 9paPaQ, T ¢ 2 9P aPaQ,,

1 O W, AV N "W,
1600 + P 2 9POPAQEQ, * J 0PIPIQIQ,, | X aP,IPIQAQ,,

O
O
O

1 05Wo
32(0( + B)3y? oP,0P, 0Pk0Q,0Qm

0
a, (10D
0
P, j means two permutations in indiceand].
N
(el =l LEcnh *+ By - (D3, + D2+ D32+ DZ2+ D)

oW, oW, 02 D
+ 1 D22, 270, c, o, 1 0
20 5™aQ, " aQn " 2y 9QuAQn 7 0

1 Bap,p OWo | b bp,. P AL
4a + By Baiaj 2 kIP2mPiCm oPaQ, A 2i 2 mrCm apjaQnB

8(G+B)2V5ai 3jkIP2,mrOjkCm 9P3Q, 3P3;11P2 mrOikCm 9P3Q,

9°Wy W, O

+ ka3JJIP2mn61 m aP aQ + bIP3 IJkP2 mn6|JCm aPkaQ B
n
0 P, RA

1 b 0
+——— [P --b7+Pi- bbb —————— 0O
8(cx + B)VZ O 2Ykla1a‘ K aplanaQn ZYJai K ananaQn O
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N # BP 6 b + 6 + 6 073\,\/0
16 + B2 2 G0 T4 590 00,
aAw, O
* Pa; (B4 + 81+ 3@ p o 5 0
] m n
L1 Do W W
8(a + By A 2mEn op, opaQ, * PPz en popag
03WO O 1 03WO

+P,iP2 1i@biPo mim aPIPAQ, B"‘ 16(a + B)%y Pe;iki%P2mrCm 9POPOQ,

. 1 O W, b W, 4P P ab W,
16(0 + B 4 3PP 0Q,0Q, T P 9POP0Q,IQ,  2i" 244k 5p9PaQ, 9Q,

O
O
O

1 04Wo
+-— - __ P.d -
32(a + @)}y M 9P APOQ,0Q,

ot B W W, O
16(a + By O 218" 2mfm 9p ap apaq, T 2K 2mifm 3p 9P ap Q)
. 0 W, %W, 0

- .. . O
* 32a + B O 292 0PoPP0Q.AQ, 24 9P AP aPAQ,AQ,

# P aSWO + 1 GGWO
320 + Bty 2™ aPoPIPAPAQ, T 64(a + B)Yy2 OPOPOP,IPIQ,IQ,

0
O, (102
0

P, j means two permumations in indideandj, andPg j, Six permutations in indices
ik, L.

Use of complicated formulas fog,@,|pk) and (,9,|d;k) integrals may be avoidec
by means of the following expressions

(919IPK) = €i(919,IK) + (9,9,IsK) (103
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(%%%@=%ﬁ+&”;§%%B@+q%%h@+%%%h@+@ﬁﬁw, (104)

where §,0,|sk) is obtained by the formula fog{g,|sk integrals but each derivative c
W, is substituted by a higher derivative according to the pattern

1 W,
07 2y 0Q

My 1 W
oP, ~ 2y 0QoP; ’

"W, FECAR
oP,...0Py, 2y 0QOP,...0P,,

Integral @,9,ls;k) is also obtained by the formula fag,§,|sK) but each derivative of
W, is substituted by a higher derivative according to the pattern

w_ L GRIA
°7 4P 0Q0Q

W, 1 Bw,

0P, ~ 4y 0QIQIP,

O 1 0W,
OPy...0P, ~ 4y2 0Q0Q0P...0P,,

CONCLUSIONS

We have derived formulas for two-electron free-free exchange integrals in a Gal
basis and two-electron hybrid integrals with three Gaussians and one plane-wave
tion. For integrals with p- and d-type Gaussians we used a traditional method
ferentiation of the fundamental integrals containing s-type Gaussians only. Sinc
fundamental integrals may be evaluated by means of the Faddeeva fumctioeir

differentiation leads to expressions containg derivatives with respect to Cartesiar
coordinates of points on which the Gaussians are centered. The formubd|éd (
integrals given by Eq.102 supports the opinion of Watson and McKRayat the

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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method becomes quickly cumbersome as it is applied to Gaussians with higher
tum numbers of the angular momentum. However, we still believe that the methoc
be useful for electron-molecule scattering calculations in the spd Gaussian basis
work is now in progress in which we test the efficiency of different methods fol
evaluation of two electron integrals in a mixed plane-wave and Gaussian basis.
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