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ABSTRACT

In the new partitioning perturbation formalism for electron
exchange problems, the exchange function W plays an important
role. For H, and H;- the W 1is determined variationally in
terms of a 14 term Slater orbital basis set. Tables are given for
expressing W at 14 values of the internuclear separation ranging

from R = la to 20a .,
o o
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The Interaction of Ground State Hydrogen Atoms,

Consider the interaction of two ground state hydrogen atoms, a
and b, separated by a distance R. There are two molecular states
which arise from this separated-atom state: (58 5 3'&2 ) , the ,23

‘ i
ground state; and (u E ’u £ 4 ) » the 329' repulsive excited

state. The exact spatial wavefunctions for these states satisfy

A ]

(k -E)’C =0,

and

A TR = PR s .igﬁw %e

]

‘The hamiltonian H is defined by

- =l 2 2y _ L b oo L A -

and A{ is a symmetry projector defined by

Ay = (L5Fa)(L28) (£37) 0 |

The upper sign is for q symmetry; the lower, for W ., ’PSQ. permutes

the electron labels, .Pab permutes the nuclel 1abé1§, d" reflects
the electronic coordinates-across any plane whigh includes the inter-
nuclear axis, and (92 is the projection operatoy for the M =0

L4

eigenfunction of the total azimuthal orbital angulay momentum Xgﬁ ;

_ T M-
G =1L -

Az: _ 1is seen to be a compound projector for the symmetry grq‘up of
H . The first factor in Ai projects onto the 'space of either

singlet (upper sign) or triplet (lower sign) functioms; the second,



onte elther gerade or ungerade fumctione; the third, omto + fuuc:ions;

and the last factor projecte ounto the apace of 2 functiona.

Zeroth Order Primitive Functiong; When the atoms are infinitely

gaparated (Q@‘%) s @n exact wavefunction for the system is

2 = qw b,

where @@ ie 2 1s orbital centered about nucleus a, and bg is a 1s

orbital centered sbout mucleus b. The subgeript 1" {ndicates the

srbitrary sssigawent of electron 1 to atom a and electrom 2 to atom b.

Because of the physical indistinguishability of electrous, <$%(03

s degenerate with the configuration 2",

gaéﬂﬂ |
T2

. 0 the sense that

b o,z

O 1HI42) = <42 H14),

Thie is & different type of degeneracy from that digcussed in i

I ! o
_jgn_&hat q&%ﬂg é 3 are anot degenerate eigenfunctions

" of the pame __uﬁ_perturbad.hmi—lt‘m“““ in P“"ti““lar'
; I : ; ' g
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. which starts from b

and

Y IR (9
fug, = TR N W o b .

sad €, iz the anevgy of & ground stste hydrogen atom (= » % Hertree),

but

P s ey

éa %”’%% - & } {g%v o B
whers

o (o - L
() e |0 sve WO W = (S 4 -

{3

, | are "primitive

in group theoretic language, %ﬁfw and

functions™, l.e.; they are a basis for reducible representation of the

=)

3
symmetry group of -HM ., Since %&% and @;@3 do not have pure

symmebyy, there Lz no Raylaighmswrgdimger expangion of %Z:;% s M"@}

{o) LEy)

AL N ag the unperturbed states and proe

. V‘:duces a wavefunction that has the symmetry of the exact functions,

ordex by order.

| (52
Heitlar-Loudon Wavefunctions,. . The projectors Aﬁ » Au, allow

the construction of zeroth order functions which do have the symmetry

. of the ewact wevefunction. Pubting

Spter A9 ¢ ewh@ bWl
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Ly

A b (0 , (5] e
My, 09 Ay, P, g 003 by (2) = by, (1) O (2)

yields the Heltler-Londorw epprowimetion to the wavefunctions. In
perturbation theowy, the energy through firet ovder is simply the

expectation value af %% computed with the zeroth order wavefunction.

 Thus

e s gD = (peniee),
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whare

VI | S dwd oL
,2;%@@ %‘\j@ %@%ﬁ‘g Gt 00| %, %m R]dz i,

\ (13)-

-
| SRUE | |
The integrelz in Eq. E {133 lere a1l well kncwnﬁ?ﬁ.’?g.'
L

It is not possible to proceed in 8 straightforward manmer to

.. higher order, however, since g%&@%y M?%Ewb are unot eigenfunctionz

‘ 3
Hf@ or {@:9

of iy

Exact Primitive Functionms. On the other hand, given the exact

- ppatial wavefunctlons @?& and %@ s 1t ig possible to counstruct
'_‘m@ exach p?“%mi@:ﬁ'&m iﬁm;mm %g and @ which have precisely the
o) anﬁ @m ‘., ’Ehat is,

\

o same &,mmmm@tim W@@%’MW & @

EN '\
o v

o (14)
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g@ & { f:% &i%i; }
« %% & —*@ % a—l&@ %
o= (%D v
=S S L J e
" m .
EQ°E'Q1QQ§J@R& the regquinemont that %%g ~aad %%3‘ be normalized
implice
g
f Cow @ o0 &
@ T g . R @ i &
| aam @ = A%

e B increeses without limit @ approaches

| (o)
cg@ o 1680 Bt J{g« &&}&}E “and @ approaches &, .

¢
Exact pz’%miy ws functions have beem digcussed previously by
: |16 15 5\ 3
Herrving ;- Hirschfzlder and Silbayl..»~and Musher Intuitively
one expects %‘ég to have zlectyven 1 localized about atom & and
glectron 2 about atom b, H&rwmw who calls %ﬁ the "home baga"
g i
7
function, enforces this intuition by assevting a set of auxiliary cou-
ditione that 2, ‘must setisfy, auch as the requirement that gfg,@?
gpproach «é:gj;':;%‘& when Yg,®8 ov ’%'gé@%ﬁ o (Xt is not cbvious
that this zondition can be satisfiled.) DBy contrast, Hirschfelder and
§1lbey enfores their fnguition ouly in zeroth order by setting up a

periurbation aeqﬁeam@ for %§§ which at&rt@yﬁxam,- g%fé?o Thig is

*&h@ approgch w? lowad here,

@h@ @@g @ﬁ @@u@%g& @@ sobions satlsfied by

$



whare

g

| ; k1= o
% = B '@ﬁ 8

and

It i ecomvanient to define two energies, the Coulomb energy

e e R T T R R T IR TR R R R

= {@m} é %g “5* E" )g

and the gxchange energy’ . ...

L Elmew = & ("Eim “E),

. . i %@ﬁ9 ‘. - 'H".;) :-'

A e e

E (exeh)

E &mw .

Given %§§ ; %E@“ b th@ sxact wavefunctione @QQ QéZE are ;

. obtained by projection

Code = CElate),
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Perturbation Expsnsion. The formalism developed ini I ‘

suggeste iteelf se 2 means of solving Eqﬂﬁilé} ;, It must be

extendad s&mﬁwhat» however, eince the previous sualysls assumed that
gil of ﬁh@ uyuperturbed funetlons gve elgenfunctions of the same
hemiltoulen. This zssumption iz uo longer velid in exchange pere
burbation problams.

-
The zercth ovdar sgustions corvesponding to qu {i6) are

defined to be

e i

gud | ) g (m

and Sy

1) TR

respentively. The auperscript@ are used in a loose sense to denote

s i %

~the ovder of @@rturbati@@, -As disﬁu@sed praviﬁusiyg vy Yorder" is

J——— e it et

© a0t & well defived concept, hﬂWaV@Es since

4, 683 - 5y g R :
g‘;%@ 3 ﬁ@j} . E%& Q%‘%a ‘E - ég&%“%" %’-’m G a@;@}ﬁaoi(m)

a

‘Eqa ﬁ*@% @tg@@@ &haﬁ & “%exeﬁh @cd@f“ quamtity is equal to a "first

ovder’ @@@m&m@vg o ﬁh&& tha- &p@@%@@t @rﬂew @ﬁ &@rma can be arbitrarily

phifeed,

e e S
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Heveribeless, Bg. {f:. f} man ba expanded into different orders

;{‘s&wn—..‘,

im & congletent, though arblizary, wanoser by defining

g o=w €'Y E 3 @m

yie g
gud (19)

%ﬁéw}

[P

e

oo
fa% s
@ = &ﬁé@ g gﬁ’

mv"‘

where 4 48 a formel ordeving paremeter whose physieal value isunity.
]‘; ? oy . 0% e ‘@% f‘}
The hemiltonisn can be ressived in two ways, elther as H%m Hg -@}‘Hb

ox a8 o %*-;5%“ E | H.g . Gmly for s does W= =,

a3
@
w
g
&
2
gﬁ
@‘b
]
é'%‘:&
oF
;&
EH
-
%

Substituting the expansgions ﬁu into Eqg. {(16) and equating

‘ . the meffmmut of sach ga%s@z of B to za*’@ yields, in addition to
Bq. | s:m o for e% Pemd &,

P

AW g ‘E @«% W' s MG ST e )
& ""”_ﬁ & * ,» .gﬂ v@ g‘%’g . %i @
, g@ R éﬁ ﬁé% é.ék 2
| (20)
2
. N i L=
é% o w’}j,%@i%%;m e %.%Z:}é%; ) Z Zm (m . ne,
) ey A= ?

Given the sslution of 4"%%5& ‘fivet H perturbation aquatﬁ.@ns (20}

“the am@rgy ie ghven by

3

M Sl Hl ALB, ()
{&%gm% %;. @@M} | .
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The justificstion for thiz procedurs hae been developed in J]'_,

. S
r %8 o e e , ,

i 1E 4 is eny wavefunebion which fg orthogonsal to @QQN&} and

P

A

then the hemiltonise mebvin slemente & ﬁei ’g?fg’%m%} bbb @Ai X >

“wvanish through

L0 aMN®Eh . Hence the addition of X to the basis

. & Ap+2
fieats the sasrgy only by (% }ﬁ:emﬁse

o o

. 15
Bauviveiencs to $iz&r%=e%dermuil%ey Perturbation Theorv. It is

. f {E@} i is identical to the equation solved
..

g o et

s

™

o seslly verdfled that ¥Ee

fn the Hivschfelide: exchange parturbation theovy for the inter-

oy g e s

action of ground stata hydrogen étozz@az Nevert‘heles@, the solution of

firet ovder Ea. ;.{?gﬁ}m? is digouszed in detail below in order (1) to

demonstrats that, h snalogy with almost degenerate perturbation theory,

the off-diagonel chﬁ"é’ﬂm& of & are not completely fixed by the é
- formeliswm; end {2} to davelop a method of solving Eq«f (20) f;which :
-, veduces the corresponding eguatiou for manyu@mm&r@n gystems to on=. -

,

snd two eleckron eguatiocus.

§
= E«:zej{?,}‘} qg which mey be wrilten

SR

) 8 . e ; T
@?’vm = Eﬁg% g“m that 4t 1s sufficient to @@m@i‘é@r enly R=} in

fed 2 fe 0§00 4 fed € fe {
{gafgg LT A é“f“*é?; 3%%€  &,,E Leaui) % ) EQM{ g]@ a) :

o , (z 1) F
Multdnlying B ei f?““%.’i» from %'?tze:» Eﬁf:& ‘Eﬁay &’gﬁém @mi mmgmtmg yields C

SRt
e ol
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B # et o { (223
oo ; LD ot
el fm‘:é/ (e
V-
£ %‘f? g ? 5% XL 4 ,;.--. €& F grem of 5o "B e g 7
WiIeTs v'\:‘?‘ ‘; i ER 1) 3 A AngiOg, Wi LOBY
i . -

#¥ waithematicsl cone

sletency gives ou twe soknown Flvete

orday enevgiss.

veb ) i obtained by erbitrariir

lopoging the reguirement that the energy through first ovder agrse

r——-—~ S

%ﬁ%@ Lie %ei%ﬁ@?wbmmﬁsm r@%@ Eqd(l%} . This yizlds

@

‘ . f‘
aééa - §;@ %@@ o

and

(23}

e

2 afg’?é@ 2 .
Lo {f%@é-} B2

gw g
f‘ ) % ﬁ

~which clearly satilsfy qu:(ZE} }

-Another way to fix the umknown coustants I8 by & variational

‘method avalogous to thet introduced in the alwost desgenerste perturba-

. i T
N ,
kion @heoryﬁ ‘ -4 kG was shown theve that psuch e procedurs

can be expected to have a swmell effect upon the energy in s rapidly

converging pevturbation expansion. Thus, the guestion of applying

the veriational procedurs to the preseat cass csnnot be answered withe

oput testing the convergeuce properiies of the formelism with numerical
- [ PP o EEN ‘ e )’ &vj&gg‘gzé 8%

examplies. For the poesent, 16 L5 sssupnd that - ~€€@&ﬁ@ and

{ \ , iyrevac U s
ézg%kwﬁﬁaﬂ% fined by ¥Bg. (£33} . —

b :
J BRI '

{ = é%;i s ,; | >'T”"””'7

S

b
5
R
5
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%
L
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. 2 ; P 5:3\1
3 4 P ’ T R . TPV & r P2 b WY& )
With the cpusbenty fo Ba.i {20 W, bha ag, zgn be sbtained,

w b

Jdnte a polarization

¥Ry o g g P .H 2 @ g
o this and, 12 1 con

eguatlon

TS s Y | - “
g‘égi - 20 o e é} b (249
EIE A
and an gxchange @qmv&;@m
J— -
£y
g P i N NSRBI

s 5%

s
pzonn

Fa% 8L fﬁ‘?f

e
=£3
v bl
g
gy
k™)
T
£
B
LAY
ot
[
g
4 i
§

Tha polarization equation is ﬁh@\fiﬁ$? prder 2quakion in the un
{ o
o}

. e e
pysmetbeical paiafazatiau axﬂanaﬁmg\ ¥ 98 or . For the case

of %ég s Lt has ma&m solved to high gsccurasy by veriastionsl methods

|

36, ) 37
by Hirschfelder and ngdiQ%‘“anﬁ by'ﬁaﬁgal£{MmTh& primeyy effect of

=

& g
€8
g%“ : is te introduce covvelations botwezn the slactvons which give
o
rise bo vaun der Wasle intersctions., The solution of Bgq. “2&3 w1y

" not ba mmiﬁeméxﬁfur&ham

The solution of the exchange aquetion will he considered in
. - » § R
detail., In terms of the erbitale Ly eed L, . Bu, } ‘*3} may be

JS—

wiitten

éf é:i g6l = & %'% "é &ggﬁﬁ s B Eﬁyjfg %’%d@f

i,

e o

e R S

I

e Ay e S

B it s
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7
o

Thue, Bg. , (26)  ls 2 coupled, two election, two center squation.
3 .

Fan e ov e BB ey T g
Introducing the sowplate

>3

funetione of B, and Z

?
E;; % w g

4 e 7 g ¥4 o 4 f‘ i s 5
{ng “ Gy iy = P Sy s L 3

& e p v“(}« s
&
., (27)
] {apibSastn, ]
ﬁ 'y !gﬁg }(’\ ﬁ‘ § wfvg
2 : v «, N @ {
‘. “%ﬂf %43@@ g éfzzg j; g&ﬁ m}ﬂo @g (‘& jég> g &g ;

Lp 4

ﬁ
whare &, m S e W
‘:‘p& a.*g% % ; % = %w 2 o

T
. The infinite suws in Eq. (2?} mﬁy be evaluated by g techul. ue

(oL

. &
which~ /hag been us%d succesafully f@g the cgleulstion of atomic

yoiarizabiii@ieﬁg van der Waals é% poefficlents, ete. The first sum

i

in Bg. (é?} ‘is analogous to dispereion energies in the polarization

P

@quﬁti@n and the last twe sums ers gnalogous fo inductlion energics.

The sums for a/> o  aud é,@f;ﬁ«@ way be evalusted ubing the idearity,

i
g -

oo / e

cen o s R

J

§

RN

AT RGELS s SR

é 5 o '
’ Siels s o wymz!&ma agg,“lrz s «\fw"‘* . P d ; {fé &3' -

&

which con be Eh@%ﬁvﬁﬁ be an applicetion of the rasidue theorem.

Furbling g R abitutis "« |
futting o @ ﬁg@ e ﬁ %y 4 %;@%ﬁ%imgm&m E@sl%%gs into

A /
| ko € ¢ Lo e/ 9

e Sl L

T




S gad

.. sre the solutions of Eq. &{3@} for Eﬁ%‘n@ » In the applicatiod™

L

Bg. £2%% ;m«: intervchanging the ovdey of summsetion end integration

viaide

é‘%z";’ﬂ .

o[ {5; 12 X é L
or ,, N

wﬁ?, = \ﬁ;g”éégig @“ W& m}[ﬁ @)+ & m]ﬂ”
L

SN e Tua g,
= é’gé(gﬁ@ i é{; K&”} é@ f{g}‘?i%ﬁ‘;'s;j%fsf} {%ﬁ f@%}] .

S whare .

REATRE Dy

= gé@"w Seo 2 9

N

PO

T .
{“ﬁ we Sy «&*@%}éﬁé = (O, s g@@ ﬁg';@wg,
wi &S s (5P, EEe (BE)E L me B £

.29

the Hirschfelder-Eilbey formalism to H g s the fivst order exchange

function wﬁ ig @imyi;y % @@fm@& by Eq. ;{3@3 R

of .

T S
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Thus 1% has Ye‘aéen shown that w@iw can be obtained by solving

the one slectron, two center Hg. {303 and performing the quadrature,

fg. €293..

Varistional Asprosch. Rg. (30} de3till & coupled two-dimensional

partizl differentinl aquation, snd an eusct closad form solution does

not appeay poseible. Varistional approximatiouns o the exsct

[

TUET = CE e v LB

T S ad - (St 52D, o

whers }g?g’ 3 éi@v P {g} }% are trisl functions.
The funetfonmal '  is analogous to the Hyllersss functional

fov second order gnergles. For ~WU=8, S L g@f’j provides an

upper bound to Eg%g’:@, where gj" is the ervci. {U™=e)

solution of Bg. (30), If gf’ i# a linear variational function,

incressing the size of the basie set necessavily yi@icﬁ@ & better

- bound to TLE>] . If §j" denctes the value of hg;ﬁ*' |

—hideh minimizes §. , then

Fay

E”gé;gz’ﬁ m by Sl 7D %?’ xﬂéﬁ%ﬁe

We h@w @Ewﬁm t&a@ &:E’i&l ﬁumtim : éf‘?‘ o %;@ hav@ the fom

gv@a = %g % %@ 5 (32)

‘eolution mey ba abtained by £inding tho extreme polnte of the famc&i@nalsg
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ES @’%; -
where the &,  eve Lineay cowbinaticns of Slater-type orbitals,

centered on veclews ra’ gud b, which disgonalisze the hydrogen atom

e LT Y T

bamiltonisn "g@, g hod,

!

;

i

A : ap & - Ay o & é é‘i‘»}g 33 :
(ka1 07 &y _{%@ K22 &y O f

The walues @Z’é‘i the varietional p@fs&m@m}w‘f é’f& which ninimize T are f
‘glwen by
' - f
i. , {
]
!
, &
¢ 7“& ' < xf@ g ﬁ@ - g@& Q’@> (34)
.1' = d ) » 8 i
} @% - @& ¢ 23
C 4. g
%o heve computed  tha ?«f@ mﬁ% eﬁ& fow values of R ]
ranging from lay to 20a_ with various size basis sets.
s ”ﬁ;a:v H@f@ - L : i” : ; ;
4 ? - t
) < i . ° + ,{:
C Xy ot E‘Bég 3 s ;
where the E};ﬁ% i @re the coefficients of the Slater orbitals @?f o
Holf of the Blater orbitsle are centered on &' end the others
1 .e-x "- : CF e « . P . B .
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are centered on b. They have the form

ns

- 2 n-
L= 22 eyt 775/ w2t exp(-r,)

2n-1 , Va1
np, (2 R (2n)! 1?:) rZ cos®, exp(—ra).

The ms, , np, are the reflection of ns_ , mp, through the midpoint
of the internuclear axis. The following tables give g?k) which
the computer output calls E(k); < %: I/Zg" Q@\% designated
(B-SA,X(K)); the coefficients ij ; and the minimum value of the
functional J.

Substituting Eq. (32) into (29) and integrating yields an

a
expression for L&) which has the same form as Eq. (27), with
/ q )

r 1 3 e r ac i n anc

(the reflection of 'afji through the midpoint of the internuclear
2 .
axis) replacing . Because :t/ involves Slater functions
73
centered on a and on b , it is seen that ¢¢é contairs the

polarized ionic states (e.g. zﬁ;‘ 0] Z?Q‘"’(Z) ) which have
& A

2 .
been shown 3 to be necessary to obtain good exchange energies,

&
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VARTIATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION ZETA

(H{A)=E(0)+IU)ZETA = B=SA

4 . o £3-
BRAGEN—ATOM—HAMTLTONTAN =058

e ZETA 2 S (B3 XAKI)ALELK) = (O) R TYI SN IR —

NOE R = 1
NCE— *

«0000
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4cA -0.0000032457 041757497589 -1.0770714073 -11,9491831970 8, 8791720576 163, 7106480002 w0, 5147734141
J4hégyﬁywuiala-—«~49v}+126144%&———-67953}ﬂ6824e»—»—AﬁA3241286665—~ww 315647695962—4~4*ﬁ*20i985?67-‘"***
3pA «0,0000001048 =0,0049956327 =0,190A503976 =0,4913%26387 =0.7524522816 846437250157 =1,7377342847
- A8 = T2 0641525 —— 04261061 .W%&&ﬁ————k?&ées3fak3" oo 4, 5931609208 2*t35726‘36
2s8 00000023994 =0¢1865035610 =0¢3329620349 9.8324237824 =7.9000766230 S «],9582415423
i -2 o8- - 3 - . W«m&w&w——o—msﬁaﬁzﬁ :
4s8 0,00000324641 «0+5727291682 ~0,6642162888 10,2522812830 «T,6618469284 WAL LI L LT «3,7828148224
; 0w b408416010—— 040306939489 =05 008680851 T =Ne4792831919 wSe63608T71429 - .1351300653*'*'~
3m08 0,0000001067 ~0,1540301100 «0,1010984366 1,4812442948 0,2754273616 -8,3667885514 =0,7061898337
_ ‘ — 0w 2T T3406980 00567185648 =0, 8158998775 =334393333457 - ~4544362539016— a.03973#5533~*—~—
FUNCTIONS X(K) wWHICH DIAGONALIZE HlA)
E(x) 0,4573760379 0,7978861430 1,0710492814 1,7963005423 3 33:3046275 4 9806209044 8,6513550607

e AB=SA XK G H0RTFEII6 =0+ 269521216 0vB3IF08YEEL =0, 0137940575 =04 0135399599 w04 121I504kET — 0u03005TIHIE——

ST10 - EXPANSION COEFFICIENTS OF SLATER-TYPE ORRITALS
LEXPONENTS=13 e S e
1sA 2,5972867903 -1,9568651436  =18,8150831307 2.6263045126 3, 5613285266 6,7562417471 17. 5286167399
s 2,1172047332 242375657147 — 18, 7634847257 =0, 0290574162 —  1,7168443989 *9,46721582565 — =16,821T774457——
25A 644192433421 =207432786212  =37,5213387590 ~4,0284323463  =12,5581610845 9.8832483306 62.7046738463
e 11, 39 a6 1 EEE5Y TSH09TSS . =1 085691927 I% w64 ,5453038°
4sA 19,4233367636  =33,1184249306  #araussuawwrss 5,4732136221 ~9.6623617497 57,0152100902 223,1659473740
e BP A e i ARG A T 6 =05 395 R 42272 4= TI50B T I592 303428091967 =3,3571543994 T.53%27113238 19,3198955471
3PA =5.RIB6969673 8,6535333490 3241879248526 ~7.8798446818 843974857708  =20.7697724444  =58,2801253553
o 5163 —=1233395664T50 ~6270170965856 59635988586 =6, 6TUSH6TE68 19.2434615344  60,0860413768
258 =300313010335 03737485647 3841859496683 =3.7723233888 =142575939336 =3+0015327153 .64,4704014939
> S ' LS . C ; . 50618 36649592593 ”"GB‘.C‘YTUEOEI§Z”
4sB ~16,0339622288 31,3876011632  229,2099168897 =9,4638589262 4,1275534502  =54,2390821157  ##sosntocsne
2r8 153726807996 =0 0B36780540  ~3¢B8B842617276 138522867876 =4 2388163614 - =5.5196126204  ~20.0655592363
3pR =3.0098196237 =605735450877  ~33.5742636304 ~2.8960457241 8+8884345649 1549730611998 59.9782429272
. = +3935890407 6331861679160, 7800408450 =5,2320372299 — ~15,8093858708  «61,2679122128

JIMINIMUM) = «0,4340430412




VARTATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION Z2ETa

(H(A)=E(0)+TU) ZETA =

AT A4

B=5A

Tt =035

- ZETA = S HBeSA KA K L0

ATOM—HAMELTONTAN

FUNCTIONS X(K) wHICH DIAGONALIZE H¢a)

E(K) -0,4999999994 -0,1209387132 -0,1147617313 0.0039917255 7,0713076908 001490852534 0, 1845057124
& 0000800001 Oeh 072927093 =0e 0193843700 =050 T 1817522 =0, 3986802828 — =0+ 0417212097 0.031936938&‘””’”
STO EXPANSION COEFFICIENTS OF SLATER=TYPE ORRITALS
(EXPANENTS=1) e e e e e
1sA 0.9999998533 ~0,0908956006 0,5221039306 2,08p4237140 2,8988642121 ~21,6405837494% 0, 0063512161
ls8 040000001461 — =0,023 —— 73— w2 4414004109 ——wP; 9222063862 — -2156155T65303— -=0,2983583363-
25A =0+0000002063 =0+0723500957 ~0+2488290016 4,2881044575 404204093225 =38.7266435632 -0.7091357938
S ) 25 2 s . v ~3956477 +3822034932
4SA ~0,0000004693 -0,1310346618 “1,1435414527 6,1790877886 5,0865508885 w54,3273194646 .4,0701453450
) ; : G+ T1050504588 — 053256492526 =2+5974B8383T4—— 03 24TBTS0 Y0 —
3rA 0,0000000122 =0,0042487419 «0,2209935123 0.0490183883 049092462778 =~209894192948 =2,0950627017
E 40T To— A2 66365545 =205 TIIT683T29 ——2,453T821 159 - —
2s8 0.0000002670 002249994345 -~0,2790010810 ~4.2043485480 ~3,9254852303 38,68268203130 el 4611567546
: . : 0 sH18049305 0e 154695484
488 0.0000004689 046456294509 -0,5838660494 -4.7086296576 -3,4667659078 54,6924121985 =3,05794768850
— =28 1,8 35 0270228933 031046974581 w04 4150653523 - 246946857866 0,145T11TIgy
306 ~0.0000000156 041350949756 -0,0891088249 ~1,2251299940 043371727064 245608658707 0, 7146303403
AP 550000001856 = 0<2189623824 0503 T4199484— 0 8196494252 =2,8150891160  21.6959644244 - 0,06T6938934 ——
FUNCTIONS X(K) wHICH DIAGONALIZE H(4)
E(x) 0e4243342089 07045158304 049994316172 1.,5675811372 2.8576081232 4.0449147541 .0196026305
=04 0791799084 ~0504385320 10050437526 10— =051 284 7868 T4 — =0, 0569453470 —
ST0 _ EXPANSION COFFFICIENTS OF SLoTER=-TYPE ORRITALS
!EXD"NF""TQ“, ) e e P SRPUTIN
15A -1.4189178999 048925831669 5.8985603446 1,8346612685 -4, 3136523933 0.9118676142 -2, 230451#305
158 04843485525 03375712 —-5,8369137947— =0, 1204122210 —0,0930522648- - =5,3298377052 0,7977T8506452 —
2sA =441810493448 2.0689597926 13,9957460456 =2,3168422210 9.7857258499 11+1956877266  =25,7877927362.
s . vI65 030, 978102465%
4SA ~9,9541656408 17,1784278629 74,5468610283 4 8573895989 -o 11317675978 30.4466021601 =67,8526054047
—2PA—— —*ﬁ1ﬂ445ﬂ59043“‘"—_0 630#*#6375‘“"_*t‘¢5¢365366¢"——‘ 3.619r79¢7a9--=q;2166332273 547835279135 .3,3553¢63351
3pA 4.47?0419499 =7e4802944219 =15,3159380232 -8,5408107301 0,4289245875 =~15.6523038459 2447057654345
’ ey 6ﬁ“__?ﬁ73&8659?9$#‘*"”Tﬁ‘lrv&##ﬁt#* T w2%,9056688957
2%8 1.;3399976553 0.9957239428 =~15.0747975917 -3,1032901743 12823415544 041949280029 39.3535339333
; ARSESEES 2 ’ 0 v : =36, 7099982062
4sA 6.7674135072  =14,T407791540 =75,3401190974 -7.8685620724 4,7105249666 ~25,7739812909 69,2876205575
2ra e SH3A95 40— —~ 050948263059 —— 05570878273 — 15 800269 33T622737TI8I =450 755379366 - 9, 1153816970
3eB 343636270057 5¢1029344946 17.2308838936 ~2.8670356986 “844546629461 1144183590044 =2644610592425

— AP ———— =15 R3I89 22

O O - e ey .

14 F10,9904893166 26, 1447343328

JIMINIMUM) = =~A,R272841415




VARIATIONAL APPROXIMATION TO THE EXCHANGF FUNCTION ZETA

(H{A)Y=E(0)+111)ZETA = B=SA

o Ad—A-T Yt FONTAN

-ra o
ROGFN—ATOMHAMITTONTAN =035

ZETA = S ({BaSAs XKD 1L EAKImE {01 TN INARY— —

FUNCTIONS X(K) wHICH DIAGONALIZE H(a)

E(x) N e 4999999998 ~0,1213250856 =041149050283 0,0000368644 0,0627550249% 0+1425962567 0.1790571656
—————4£~§++*+K++~—-%TﬁGﬂﬁﬂﬂﬂﬂﬂi%————%T4€6ﬂﬁ?7438*”*”iﬁTﬁSQSﬁﬂﬁﬁTQ“‘*”iiﬂ&82388188““‘0‘4648492932H* — 040685057208 " w0,0651106028

8T0 FXPANSION COFFFICIENTS OF SLATER=-TYPE ORRITALS
(e D ARETALT & LY
VAT TN sy -
isA ~0.0999999777 =0es1241158382 0+499%037604 =0,9373408414 ~1,8131461069 87796443801 0,0719958500
38 B w85 0008000210 0500354 1469005 0289583931 PIBITIVRA— 1, 8743129255 - wBTHSOI4TSH4 0, 2061711558
2<A 00000000410 -o.o7ooaﬂ49o7 «0,2B820697462 ~2.3494415238 ~2,7574096610 16.3339586719 0.8205473628
3 5 oF . 79510857 14+4 125307556~ w4590557393%1
4SA 0.0000000870 ~0,0695471078 -],.2018378926 -4,1333995872 -3, 5653850571 25,.9962308449 1,3014055495.
. 2 0053 0.2390686463  0,1528506856 =0.5913861910 =0.3555871965 145528287248 = 0e 2735488191 ——
3PA =0,0000000120 =0.,0211999417 002263367016 0.,1791828224 1.0843090602 121743053340 202729799309
v : x f—-aﬁz%aﬁ&trszz—*.r.sﬁsmzz TTI2 0807032690 w2,62263735]5
8B ~o 0000000424 (e2492255579 =042373602515 2.3056560400 ?-1857532313 1604773654056 1.2159233461
3 9 O 5149547998 Oe 249619170 T84S 3Y6TTT —w 139660
4ch -o.oooooooabo 0,6682715023 =0,5168282479 2.8929139943 1a 6327066604 «26,5076325932 a 6842021426
e 2DR w0 0000000044 =0.0258941101 0, 0170161666 — =0,165T423220 s 3475344357 —— w69 T1 446614 —ff.m.1zt9317330—“~“—
3P 0.0000000090 0.1036737203 =0,0610392437 1.1230122211 -0,2990262830 ~0.5494890234 06567402173
— 4oB _m0,0000000422 — =0,1586639910  0,0123871006  =0.8366280663 - ~zv3téeree9sa ~wid3 2316970425 — w05 0010279466 ——

FUNCTIONS X(K) WHICH DIAGONALIZE H(a)

E(K) 73912857336 0.6470527845% 009369275918 1,4103369245 244430131767 3.5354313936 6.076318354}

——A BB X =D A 032194 =04 371 IRETOHE 051190338930 =0,083926782) 0, 0466452227 w0, 1175599946 0, 0883574945
sTn EXPANSION COEFFICIENTS OF SLATEQ-TYPE ORRITALS

(EXRAONENTS=1) - e e e

1sa ~N,9731613421 =0,5704509831 =2,6779608951 1.2587564221 -3, 5529694344 -1.5925217140 =0, 5916608723
———1SB 0,4042686007 07048902986 — 25837595738 ——=0; 2166080635 —— -0,4475343425 - w3,3463905703 2, 7504669366 —

2s4A -3,2N57998341 =~243570372608 ~T:5826449479 -o elooosaaaa 7.5957738917 12.4606593238 14,7559436755
S T 506 v T e + 16 FI6% + 866 = [ 520 ‘ ".—933-5‘89030_—

45A =6.6878207708  =11.7733687342 =34,8003313662 4 8439126671 -1,734937323% 20, 3758790679 29,5798830586

A =00 75589678 049200724939 0+ 7593684731 — — 3, 8043628684 - -—w]56)148845593 ~4v1545908231 4543132641300

3pA 3.0645020290 649244751468 8.6863351385 =8,9704521822 3.7595738592 ~11.3413610528 «»12,8933886809
AAA*AA‘—ARA—______”4T%}35MQHFH¥~—#'ﬂW4429311934v74**5752}53148%1*——~{hﬁg?ﬂ3 0433 w2 BITE146234 - 1072563929886 12,780169%059——

258 07510047404 =1+3048871994 902100178646 =2.7134322510 0.9773192318 064231621593 -20.1797669656

3 2 63327 1+ 198184 LT — 246150 3§t343

4SR 3,7917490107 8,6952340056 35,9937690645 -7.0335533585 S, 3746978129 =15,0069445912 =31,7656274149
________—298-—~v444~91§948998444-———£~4€}9399918—A—A~61i4644464&3~44442Tﬂiﬁi48ﬁﬁ28ﬁ4*443‘6657353002 - “'355#856559#9 w#.9960751878————'

3r8 32404354046 =4+2267803876 1104284277104 =2.6616856399 »B,3125520458 944420244333 1402708784346
L —— 16396746687 0, 1B3ITHI8393— 5,9898488249 - =876455691881 w13,7981138004————

JIMINIMUM) = ~1,1912576019
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VARTATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION ZETa

H(A)-E(O)*IU)ZETA

A AT AN

B=SA

(
A
N

23 vuw HH!'U.I...!VNINW

FUNCTIONS X(K) wHICH

DIAGONALTZE H(A)

E(K)

0.0538525179 Ne1323156078

-144999999995 ~0+1217371854 ~0s1150518796 =0,0073%526723 0.1701388904
B S e K O3 0000000000~ 0-5859000937 — =05 0850976123 050560363005 =0,5118654796 — =0 Y126092602 =0,1498547990
570 EXPANSION COEFFICIENTS OF SLATER=TYPE ORRBITALS
(EXPANENTS= — — ,,mﬁ,v” e —
15A 1+9999999980 0.1550367917 0.4739849748 =0,1450748451 0,846803253) 202434945255 0.,0706176768
— 188 3.0000000010—— 050071503604 — s 38999 ——0,5070658678— w1, 0118103097 - — 251669929905 0.1582085634-
2<A .n000000032 00466113865 -0-3291752304 —1.01?7185516 1,4521740055 -4-8675014536 047512458663

25 ‘ o504 . : 79590186 — —=4,2788273633
454 ;.0000000013 ~0, o;qo%aacsl -1 ?954733242 2. 535@964566 2,52855833,8 -5, 8091728280 1,1262649035
¢ , . 4?8568395*4444ﬁ~i58154844b-—‘“*ﬁz#*6&662“76——*'“¢'3934OT%SIO"“*"*0-783##268’ - '-0.297o§83883‘“”—-
3PA G,0000C00001 o 93r?517239 -0,2208898080 0,2333057511 -1.2986833308 =0,2357858562 2,4134159405
> 2060560 5%%4~*—_v%~9¥%55#8#¢?M—~-ﬂ'3#47766947 - =533820905330 - «2,9429394828 ——
258 “"e 0000000014 -0.2509A8T645 ~6n1852977360 1.1069674761 -0.8168893636 4.9938787136 1.1335807608
; LY EEE VP : 5 +51367 : wty367677282y ——
4B -y n'\f‘Od!}« 06 ~(,6%17102659 EItIN 41917&54(\4 1,86214(8436 «0,2214699251 10, ¢537767069 2 6705479593
21 C B LLLRNU00 fi g 01056 L3054 -l 0005738688 = 4858399 wb, 26551 18995 0;9853596790 "0a0226b4l088 S
308 ihu't*US = ,0479501496 =3, 0157973844 0,8922498705% 0,1827578221 ~0,7916843984% 044955382673
4l MR A B EBTAIRLER =i I BRIL6BD4 i TR BITET VS —w 1, 692FLIBET2T  6.89T3T13932 0,2961385457 ——
FUNCTIONS X (K} wHICH DIAGONALIZE H(A)
E(K) tLEIBETLLIPS 2L BRTRER6BTL S.8TT3583024 1,34R84359015% 2.044287T3170 2,927@025555 5,2026455777
(BwSa 9 X-(K)} A ABGE3 LA Ay S BARERYGLES w2435 IAD 50944 IG5 023585V E98 Ov0BTOVT9505 w0 ,12769105)es  ——
$T0 EXPANSION COEFFICLENTS OF SLATER=TYPE GRRITALS
(EXFANENTS=1) o . .
isA N.A165195326 =0e4338729687 0,9504372249 0.7261912166 2. 3131b36?71 3.3532974563 1,1500190268
—1SB 1031458974 0,4394544488 w0 7281682958 — wh 279030724 wi, 3650313884 1,5292723006 -~ «4,2019639375 —— —
25A 263267534219 ~3.0384053314 209608409357 064927309966 448328407215 ~13.0991990196 =T.1291162120
£ : 8 ] 5550 N > 0 9,6016549692
4SA 4,4992050565 ~8,6468309858 11,4736929194 4,2181828386 1,5128175346  =12,4202838116 ~9,9683778782
2PA-— — 3923760933 —=0wTBOL4T 4644 =D 5504458088 - 456144T6T626— — 16671714227 »2:1515845404 .1.7775565145
3PA =1.1604495718 5.4080571395 =2,8373192341  =10,2527662534 =440478437593 6.1512234778 5,0532422666
4PA 240218690148 65801736218 556227578437 7.3265757605—— 3, 2145610030~ — =5, 7341677444 —  «4,8988225266
258 =0e7018676y63 ~0.8473488077 603678470460 »1.6976545702 =1+007940849) 000062122276 14,9350885632
7 ; v0652961 336 159716018378 =17:826951 0903
4B «2,3570087804 5.,0341091427 =14, 0837585926 ~5 .0686356849 by 1274128427 6,7843666326 13,18407600
20R o 0ehT91272020 - 044325575336 . =0,7564826754 1 -4y 2129402219 - 24777604839) 1.99597846éammmn—
3PB ~2.4459744414 =43151135843 62191987564 =1,6963877169 9,1103778223 »6.8085621259 .5.7409133525
—4PB. L, 71364 1]8E —=83 49 o2 +3450569959—— 557372861638 5,5054878405 -

JIMINTMUM) = =1,5353152377
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VARTATIONAL APPROXIMATION TO THE EXCHANGF FUNCTION ZETA

(H{A)=E(0)+IL)ZETA = B=SA

————————————**———————————————H+t+;=—H*BRﬂ6EN*#*ﬂM—HtMTtTﬁNTNV““————“"—fﬂﬂT*E LdUry-]

450000

FUNCTIONS X(K)

WHICH DIAGONALIZE H(a)

E(K) “1e4999999996 =041218733661 =0e1150666488 =0.0150641890 00526401570 01217811993 0.1632930544

BB <04 0000000001 ——~0.5786397662 - - 041218734346 - — - 01458746519 — 0 49tel26572 — w0s1115210401 - 0,2507481385
sTa EXPANSION COEFFICIENTS OF SLATER«TYPE ORRITALS

{EXPANENTS=1) e e

lep =1 :9999999987 0,1573413263 ~0,4636285051 0.0751277710 -0, 4155074911 »0.7041619973 =0,0684621392

— 188 a3, 0000000003 — =0y 0076459618~-~—wevﬂﬁé5894gaéhm~—“ﬂw24355166364~4Wﬂﬁ36428551175 06104527551 »0,0737439343

2 =1,0000000025 90278111147 03537974792 «0,5798359397 -1,9397522902 w2,0618955346 .0.6032791995
' : ; ; 0 255 TG It 0v260981ziz6— 3,511406583F

4gA «0,0000000010 =0,1020796157 1, 35#194’817 =1,8569795822 -2,1995761494 =4,8951252346 =0 ,6636085656
—————————2nA——~*'———4vﬂﬁﬂﬂﬁﬁﬁﬂﬁ5**4"ﬁfe*ﬂfﬂ35643***“'6?%399&6i5i”F‘”*'ﬂ‘ﬁﬂ#38ﬁ£#68* TENTITHT482638 1 #0.4520T10403 0.3245365044“WW““

3ea =0,00060000013 0.0526062402 0,2153039422 0,2420395491 1,4781117591 =0,5044356007 »2,4958118712
ARA 00003000012 s 35 1 36B9GTETI5——=370308674617 =2,3235197416 - 3,2046435059 - —

258 020000000003 =0.2268400812 001483580781 0.7801346592 062884562293 2+ 0635606687 =1o1108220114
: ' 4 543 52 G281 0T44T A A1 T a—

438 =0,0000000006 ~0,5957R08848 0,3499019124 1,6274819800 ~0,2610069871 5,4745319568 w2, 9779725848
2,000 040022603090 0v00472H1506-— - =0, 1417863332 — 042275868202 046698983386  =0,0577147k63 ——

3r8 00000000000 0.0002445770 =0,0029840256 0.7124976397 =0,0861147349 %1:2045519873 036611469748

—— PR «0,0000000004 — =m0.,0113444848  0,0259131491 - =0,6520477161 -1,3484672191 404663158077 «0,6525775959

FUNCTIONS X(K) wHICH DIAGONALIZE H(A)

E(K) 02815268277 04553113589 08762609229 1 42u9118529 2.0746961019 247133536518 4,9355636038

————(Ba=SAX (K)o 17709786 —— 02088844263 =0+3581859820 0, 0496996728 =0:0220869996 =~0s0616470213 -~  0,143}1735%68 — —
ST0 EXPANSION COEFFICIENTS OF SLATER=TYPE ORRITALS

(EXPANENTS=1) - . .

154 -0,51564831360 0,3750016209 0.4444419898 =0, 8120892307 1, 4972944004 »3,9232859145 »0,8529608035
——1S8B . ag o Bl) -912}53445329447 052468323440 0; 2051699871 - -ﬁ32752233483 w0,8456142943 4.4411347274~~~w

2sA o1.0838?06042 20 4165648700 1:3660442842 0o 1287730342 »3, 1221883646 13:3843120008 4o,24648T07365

‘ 35 & ,
b 9669948085 4,R492682161 *3 1008786519

-4.3238347580

0. 9057627506 9,8131596029
—_—2PA A P396254 176 —— 022398267848 =0-4063298170 =5, 1035911650 044879900715 1n648§30026a
3PA 0:5437990651 «3,0338428398 «0.,9963634535 10,6670010916 =1,7653997360 ~4+4811128235
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VARTATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION ZETA
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VARTATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION ZETA

(H{A)=E(0)+IU)ZETA = B=SA

FUNCTIONS X(K) wHICH DIAGONALIZE H(a)
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VARTATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION ZETa

(H(A)-E(O)*IU)ZETA = B=SA
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VARTATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION ZETA o

(H{A)=E(0) +IU)ZETA = B=SA
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VARTATIONAL APPROXIMATION TO THE EXCHANGE FUNCTION ZETA

(FH{A)=E(0)+IU)ZETA = ©=SA
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