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ABSTR.\CT: Expressions for [he one and two Fock operarors for rhl" 11;

molecule are deri'ied in lIartree-Fock merhods for open shell

molecules. Furthermore rhe values of the La¡;:range multiplitors

for fI; art" shown, and also the molecular orbilal coefficiC'nts,

by using twO differenl sers of gaussians as basis funcrions.

The difficulties in volved in opcn sln.lI lIartrce-Fock calculations
have be en recognised fúr a long time1•3. Hecendy there has been much
interest in finding satisfactory methods for molecules 4 -10.

ti illier and Saunders 7 have stressed the arbitral)' nature of the molecular
orbirals obtained, and referred tile doubly occupied, singly occupied and
virtual molecular orbitals to different Fock operators. lne molecular orbitals
that form a diagonal representation of the Fock operator they caIl canonical.
Oodds and Mc\t1e('ny9 ha ve givcn a similar discussion in density matrix t('rms.
Hum, Dunning and Goddardó ha ve described a mt,thod in which the singly
occupied orbitals are expand('d in terms of the virtual orbitals associated
\Virh the doubly o{:cupied orbital.s. Thes(' authors have 0111made use oC their
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merhods in practical calculations by rhe ah initio Gaussian expansion (('ch-
nique foc rhe itHcgrais. Thefe cioes oot, howcvcr, seem (O be a d{'(ailed com-
parison of results obtained br dlCSt.' methods availahle in rhe lirerarure. The
ob;ec! oC [his note is ro present sorne results for (he hydrogen molecule aniDO,

H;.
Thc (wo basic methods weee discussed by Roothaan2, \1erhod 1 using

00(' Fock opcrawr, amI \tethod 11 using two Fock opcrarors. In Merhod I rhe
basic equations defining rhe molecular orbitals IjJr (Of a closed shell and f?
(oc an open .••hell are:

F,I,e = ,I.e C'+', 'P, TJ; (1 )

(2)

where F may be wcinen in lcems of a one electron operator h and a (wo e1ecuoo
operaror G , (hus,

F=h+G

In \fethod II rhe equarions are,

pC,l.e = ,I.e C
'+'i '+' j E; (4)

where pe, ¡,;o may be written as in equation (3). General expressions are
given by Roothaan2

. The precise form oC che opcrawrs depends 00 the state,
aod iovolves three constants a, b, and!.

For 11; with ooe doubly filled gerade orbital f¡ aod ooe singly filled
urlgerade orbital f2, (he diagonal elements oC che Fock macrices are, Method 1,
with a = 1, b = 2, != 1

(6)



(7)
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and \techad n,

(8)

(9)

In \-fechad 1 (he ¡ncorreer cerm 1" appears in 1J , and TJ has a rather surprising
2, l.

formo In \fechad 11 (he [erms have a c1ear physlcal meanlng. The total energy

W i5 che same for both methods,

(ID)

The matrix elements hij, Ji; and Kit are defined by,

K .. = f'" ~ (1) ./.~ (2) (1/ r ) '/'. (2) '/'. (1) dr .'] 'P, 'P, . 12 'f" a 't'1

For [he virtual orbitals VJ3 .•••..... ,

(11 )

(12 )

(13 )

(14)

(15 )

Calculations of (hese quantities were made using a modified version
oC POLYATO\1 (QCPE 47.1) 00 ehe KOF9 computer at the University oí
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Birmingham. and AT\tOL 2,1000 rhe IB\t 370/19'5 computer linkcd to che SRC
Adas Computer Laboratory, Chilton. Une s-type Gaussian orbital (exponen(
0.3) and two s-eype Gaussian orbÍ[als (exponents 0.8, 0.2) per awm were
used in thl.' two sets of ealculaüons. The ¡nremuelear distance was caken
as 1.4 a.u. The resuhs are shown in rhe rabies. The lack of physical
meaning 01 rhe 7J values is well shown5, and can' is nceded in using rhe
aufbau principie with \t{'thad 1. Dodds and \tcU'ecny have stressed this for
Method II.

Q

The mechad used by [he AT\tOL programmelO was developcd by Ilillier
and Saund('rs7 00 rhe basis oí condidons given by \1c\l'eeny4. The orbital s
obraincd by rhe method can be transformed to a ser canonical for a given
operator. For the Fock operator corresponding lO ionization to the

TABLE 1

Lagrangian paramc(cr

values for 11; (a. u.)

Symmetry GTO 2 GTO

g '1, -0.07484 -0.07616

e
- 0.09363 -0.1691,,

u '1, 0.6158 0.4908

o
0.3785 0.2805"

g '1, 1.2069

" 1.2381

u '1, 1.717

, 1.3583,

To(al energy - 0.581947 - 0.787732



0pf>n shell Ha,t'f'f'-Fo,Jt .. ,

TAIJLE 2

\folecular orbital ...•in terms of normalised Gaussian functions

g 0.5352

u 2 1.40101

g .\

u 4

Exponents ePI' eP, 0.3

Symmetry Orhital 1 GTO 2 GTO
ePI ' eP, eP" eP.

0.2)30 0.3477

0.09296* 1.570(,.

0.8712 -0.7275

1.2182. - 1.44)8.

ePI,eP, 0.8; eP"eP. 0.2

t Thc coefficicnl of rP is nt'gali,'e
• 2
The coefficienls of rP

3
,rP. are 0ppOSJlC in si,lCn 10 rP1 ,rP2

triplet state, with matrix 11
3
in Jlillier and Saunders' noratioo,

E' = h + J + J1 -11 11 22 (16 )

\\'hich has the "a¡ue - 0.0.)6021 io rhe ooe (~aussian per atom
-0.12262 in the t\\'o Gau.o.;sian per atom basis. The corresponding
thcorem ionization potentials are O.98eV and 3.3ft,.\'.
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Se obtienen expH .••iones para caso.;; dt, uno y do •• operadores de
Fock para la nwli'cula de 11;, t'n m~{odo ..•de lIanrn'-Fock p.ua moli'clIlas
de caras abieT[a ...•; así mismo S(' muestran valor(' ..•de los muhiplicador! ...•de
Lagrange para f1~. al igual que los codicient{",> d(. los orhitaks moleculares.
utilizando dos dif('rctues conjuntos de funcione ..•gaussiana ..•como funt."ioll(''''
de la base.




