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ABSTRACT _
The ab mino calculations of the a, B, K, & Parameters of the Wolfberg - Helmholz’s and Wheland & Mann's
_semiempirical theories are presented for a generalized closed shell system at a zeroth order level. The K and
o quantities now have firm literal basis and clearly defined physical meaning, contrary fo the conclusion of :
the ab initio theorist that they are ill-founded parameters. ,

' INTRODUCTION

The emergence of superspeed computers and the
availability of programs have made it possible to
perform ab initio calculations beyond the Hartree-
Fock level. However, it has been generally
recognized that the ab initiv wavefimctions generated
from such calculations are often diﬁculttni!nmprete
in chemical terms. Also, the question of accuracy for
certampropemesoflargemlewlessnﬂpersnstsevm
with the largest basis set possx‘ble ‘beyond the valence
shell. :

Moiwithstanding this wm:adﬁrable progress in the
duwsiion o @b dmiic  dwarods,  seMicnwis cal
calculations could be perforued with relative sase
and the results stay closer to sxperimental chemistry
in dealing with the properties of classes of molecuies
vather than individual molecules. In ‘addition, they
relate integrals that ocour in quantum chemistry
directly o the properties of atoms and molecules.
Despite -the much celebrated sucoesses of the
semiempirical theories, some nd initio theorists hold
the view that they are rather ill-founded and
parameter fitiny techniques. But the question is why
does the senvenpinical theory often work better than
the former even though is wavefinction has ne

apparent literal counterpart in the solutions of the fall

Schradinger equation? These, in our opinion, sre
sufficient justification for the contmued interest in
semiempirical methods®®,

The adjustable parameters of the semiempirical
theories are basically the integrals not canceled by the
theories” levels of approximations. While two- and
multi-electron integrals are calculated in most cases,
the ome-electron integrals are optimized from
experimental data through empirical expressions. Of

" * Author for correspondence]

the one-electron integrals, the bond integral Hj, is the
most crucial. It has always been treated as an
adjustable parameter set proportional to the overhp
through Mulliken’s magic formula® ‘

Subu

whemtheproponﬁmaﬁtyomsuntﬂ,,isasmmdm
be a function cnly of the nature of the bonded atoms,
fragments, molac\ﬂns, eic. to which orbitals k and /

are located.
In the swte Hircke! theory (BEHT) formalism,

for example, the Wolfberg - Helmholz™ relation

(% + @, 3
ﬂk] = K ................ .;....;...(2)

2
is used to express this comstant, a&anda,bmg
parameters characteriatic “of the atoms,
fragments, molecules, ol mﬂytbatamdﬁmnmed
empincaily, The coefficient K is an ad]ustable
mnmr that has 70 *ﬁ%wrmaeﬂ basiy and, m

Hy

o
=

hest ¢ ;iaé' £ *%"mv s miﬁ na. o gﬁmost all reported cases
K bios

Whilst the bond wisgral Hy, is conveniently
optimized and related to e intermolecular distance
by the Muliken’s magic formmla in most
semiempirical theories, there have been so many
variant formulas for the determination of the diagonal
matrix element H, Of the various forms, the
Wheland & Mann’s expression'!, o
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H“t: (i“" d))ak ,'
is the most reliable. The parameter w is intended to

take care of charge deflation on moieties. Thus, both

K and @ have no literal meaning; they are the
empirical parameters which make the semiempirical
theorics that use the parametric expressions (2) and
(@) work. :

But assigning experimental values to quantum
mechanical integrals, such as Hy, and H in equations
(1), (2) and (4) etc., ought to force us to examine the
theoretical basis of the parametric expressions of the
semiempirical theories. On this issue, only feeble
attempts were made in the literature to interprete the
parameters a, f, K, ..... in terms of ab initio theory.
For instance, by choosing a model Hamiltonian to
correspond with the true effective valence shell
Hamiktonian, Iwata and Freed? evaluated the
parameters a, S, 7 of the PPP semiempirical #-

. electron theory for ethylene from first principles.

Also, Carbo and Amau’® proved the mathematical
basis of equation (2) above for the special case of K
= 1. Taking it all in all, these works are scarce
because it is a daunting task in'‘many cases. Even for

" the cases reported, the theoretical bases proved were

not generalized. In fact, most systems have XK » 1.
Furthermore, the work of Carbo and Amau couldnot
attach any physical meaniing to the K parameter. But
of course even this kind of attempt to provide some
literal basis ié difficult to cite for @~

In this study, the ab initio calculations (i.e. literal
interpretation) of the & f, K, @ parameters ofthe H,
and Hy integrals of the extended Hiickel

" semiempirical theory and Wheland & Mann’s

formula (4) are presented for a generalized cases of
atoms, fragments, molecules, etc. at the zeroth order
approximation for any ¢lectton system. In particular,
the mathematical expréssions desived for X and o
reveal defined physical meaunings. The work is,

however, divided into two parts: in the present paper,

thedeﬁvaﬁonsreponed#eforspin-restﬂded
systems whilst in the next one (same issue of this
joumal) the case of spin-polarized systems is
examined. Ruedenberg’s approximations' is
employed in the calculations. ,

ab initio DERIVATION OF THE 4,5, K,
SEMIEMPIRICAL PARAMETERS: SPIN
RESTRICTED VERSION

For the sake of flow and completeness, we shall
review some essential standards. That is, using the

X

true Hamiltonian with ome- and two-electron
operators and a zexoth order closed shell wave
function (1, 2, ..., N) it can be shown that the one-
electron molecular orbitals {y,; p=1,2, .....} of the
¥(1, 2, ..., N) satisfy

Hy @)= £, (1) . (5)

Hartree - Fock - Roothan equations, H; bemg one-
electron operators. The molecular orbitals {w,; p =
1,2, .....} may be expanded as linear combination of
mdepmdmtﬁmtlcms {¢au 9¢bn ’¢cm ’¢a\c seseesls
b,ed,....;un,mw,....}

Vo~ Z;Cm%

a

where the indices a, b, ¢, 4,
fragments, molecules, etc. whereas u, n, m, W, ....
denote basis set orbitals on the a, b, ¢, d, .... moieties.
Putting (6) in (5), the trial one-electron energies
become

SRR LX) 33,
X C;&C pé,S ak’b)

From (7), it is easy to show that the values of Con™
which give the lowest value for the &, and therefore
the best approximation to the total energy, E=2%8,
p=12, .. (occupied MOs), satisfy

| 2{; 2’ Con(Hap - €,845)=0 , . (®

for each a and k as condition for minimum, The Satn
and H,,,; are defined as

Sapt = j¢;¢ud7 , and

v? Z :
R SRR ))
a "a e m d w

Hak,bl =< ¢ak

)
zdw (< $abu

batan> 5 < bubalbufn >)
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1 should be noted that in equation (10) we could have
Moy (or simply Hy) when & = and g = b. Also, this
 equation has been the starting point of all the rigorous
semiempirical spin-restricted theories. We too shall

begin from it.

Evaluation of Wheland &Mann 's parameters a and
®

From (10) the diagonal matrix elements, i.c. the
caqea =handk =/, are

R 2
RS X 05 ) )
¢ "d e m d w

al:;ﬂ: =< Py

P
« TR fuulfba >~ 3 < Bt >)

¢m¢w

vz

2

z| P
T > + L5 < St
o # .

=< Pa

) -
im.. > =5 < fubulfuta )t L L L2

3 N oowa m

x (< fiafak

a..§

- fé" < ¢¢k¢dw‘¢aﬁ¢m >)

¢m‘m > "E < ¢dém‘¢de¢m >)’

)ID ‘”’""" ~ZE (< b im..m >

dra w

Equation (12) contains two- and mulmm-deamn
integrals which are very dlﬁcult to handle
computationally. For that reason, 'we employ the
Ruedenberg’s approximation'’, which was
mathematically justified', to transform all two- and
muiticentre-electron integrals into one-centre integrals
that can be managed without loss of accuracy.
Making use of the approximation, namely expanding

W

¢(ef = z Saf.ar

it

¢ar»” 0= cv»dr“; j: mw,... m

MO MOL

and setting thg ‘overiap charge density
&, , squation (12) becores

v? V 4 Pou'
Hy gy =< "'I"-.ZL-Z, 7, ” >,+2" —'i-""'k bubu

> 2 < bubulbutn >)

+ Z Z Z vm = cmau(< ¢ak¢ak |¢au¢¢u "

u cwa m

< ’a’a|¢,;,¢,,, >)+ Z 2 Z 2 Z Ponae

u oma m due w

X Su.ﬁs (< 'd‘dl‘a‘- >-y< ‘d‘al‘d‘u >) m

fuﬂher, we manipulate (14) by adding

T fubulfute > - > < bubuliate ) 09

wumdmamgwneﬁann(opumnoﬂms)
We got

Vi w4,
Ha&,d =< fu}""‘“‘"‘ Z';:

fa > +‘};‘(< bubalfubn>

P P,
Seprs

e

+zzzz-—°r~f‘-'—sms,,...,,.~)

cka m dea w

A< tuboliatrr 5

(< ¢ak¢akl¢au’m > - %_< ¢ak¢au‘¢ak¢au >)(16)

Again, {he second term of (16) can be difficult to
control. So, we made the following additional
approximation

e EZ**””'*—“""SMWZZE

kg m o m dta w

XS S = |

o, on 8

) a"ﬂ 2 i i - 5, i
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P : " : well as bond orders {P,, . and Py, ; candd #a}. It

z Z Zomak Sm ot Z Z should be noted, however, that w,; in (20) is mainly

: m K m w due to the charge P, , so that (P, . /2 - 1) accounts
for charge deflation on the ath moiety due to an
electron in orbital @, exactly as in the Wheland &

Mann’s semiempirical theory.

o “ Ex. g (17) in (16) we have Evaluation of the Wolfberg - - helmholz's parameters

Kand B

Hy 4 =< d,,, Z ¢,, > +Z (< bulba |¢,,¢,,, The off-diagonal matrix elements Hag,,, are gnvm
by (10). Again, making use of the Ruedenberg’s
apprommatlm 1e.

fal _.2".2*_.
- <‘°*¢~|*-*¢~>)+( =+ L L5 S st,ta,, o=abcd,; = kimw, ey

and setting the overlap charge density
#., (14, (1) = O, , we obtain

+ZZZZ m — OematSiwat ~

" cta m dra w

| 1 ‘ | vV «Z, P
kY (< fubalbata > - 3 < babulbata ) Han= Sualcbuy 5 iy NI

=(l+ @, )00 s (18) 1
. ¢.,..¢.,.>——2-<¢a¢u|m. >)

x (< $ubu

where the o ’s are basis, orbital energies which
depmdaﬂymthenamreof’theaﬂamolety They are (
on, N S

denedty | RS )

Z__.:".'.’_ﬁis S )
. V2 . 7 ) | cn,bm ¥
Ay =< #4"5"-2 r: ¢¢>+Z (< ¢¢¢&|¢g¢u>

x (< ¢.,,¢,..]¢,.¢.., > 3 < bubulfute >)

PPW) Z-—‘-’-"-‘*’—S S

ua,b m drad w

1 -
-5 < bubalfata )

L+ T < utulbaba> - 5 < buba
‘ (< futulfabe > - —<¢¢¢.,.l¢¢¢ >» )

. 1 .
X I¢d¢m D) (19) = The second and ﬂm-d terms in (22) are easily

handled if, as in the case of H,,, we use the

and - | approximation of (17) to estimate them. That is

P, P
0u ="+ L2 “"“*SM+ZXZE
2 era m 2 cra m dza w Pmbn Pakbn
: @ Z "‘5"‘“3»,.,4.. = Z -*—5’—5,,,,,,,,, > ... {23)
P -1 "
XS S - 1) Te s 20)

ctap m \

The parameter @, is a function of charge P, . as
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- ~ (4 ,vm,uk P, embn )
= “Zﬂ'bzm.. ( 7 Sam,ak + Z” p) Sm aksbn.ah (%S + 2 S,..‘su‘) ".’.' X
and.

(iii) ZZ Z Z m’ dv,au

ova,b m dua,b w

"Z fnte = Soma S = '1}(4& - I.e,.t)] 28)

SWymmdhs

am d\v """ oL o ;
a§,b§ dg,bg dwak ( ) ’4 = ;1 S‘V'b’¢b’; o=a,cd,; j= ;lc,m?w,.(29)

all u index. Putting (23) to (25) in (22) the bond , )
integral simplifies to and setting the overlap charge density

g o By ()= 4, Bllowingthesaps o210
Has = Syu <‘¢.+-2-'-.-Zﬂ;jl¢.¢ > +Su.d{;‘%!’ (28) we got

P,
Hak.u«' Sa.u[au + {Zy = S Z Z

an.b »

P P ,
| | Pow P ‘
} (-—;‘LS....wZ-%’-s,.ﬂsa.u% ZZ )

X SMS,,‘, wobm deab
dv .
8 2 < butaffut > 3 < ¢..¢,.l¢..¢.. P s ‘}“’N - W’]
s - where oy, sad J uaredaﬂmdby(w),mphcingﬂw
Ao, 'f"wf'dd 1 | indices @ and k with 5 and
SMAZ < ,;fak#‘w énbu >- "z' < fuh"&f. >)..2" mmng)?ﬁ 9 ?::e m :
' compact expreumn ,
to(26)andsubtractsamefrmmt(openﬂmnoﬂmg) a,+a
the result will be - , H, o= K S n Lﬁ—;ﬁl R ey

which has exactly the same form as the Wolfbery -
Hyy= Sblal'[aak + {Z —22, = S Z Z

b ™ cagethe parameter K is defined literarily explicitly by

P

(?éﬂ,b " " mm.b m dead w
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Helmholz’s empirical formula (2), except that in this

i



X Sk St = i}fﬁ:_‘!i’:’_ {Z Pum St Zz( ombl Sm,u

a’ +a”

+ZZZZ‘“

cﬁa,b m deab w

=1+ 0"*’1,,

om, bl S bl ~

.............

. Pm ! ‘
) é“S”*Wj/
ay, + ]bl,bl

Oy is a function of bond orders, overlap - ~ therefore
intermolecular distance, and basis orbital energies,

Hence K depends on both the nature of the individual
moieties a, b, ¢, d, etc. and the extent of interaction
. between them. Since o, depends upon the
interaction between the moieties o and b, then it
should identically vanish when they are at infinite
separation away from one another. That is, it must
convergetozeroatﬂwlumtR,p 0. l.oolmsnttha
expression for Oup i (32), this condition is not
satisfied. In the following section, the logical form of
0y that satisfies this convergence condition and its
physical significance shall be dxscussed

Determinaﬁon of the bound Oy and its physical

, significance
We begin bywmmgthe electronic mrgy of the
molecule (for a closed shell system) as

oeccupied |
E=2 2, ¢,
B 4

=ZngﬂH¢M+);§};ZPanﬂﬁy

= 22’; Pﬂy,#(lﬂ” @D )2

T a

ad + Xy
P ak,bl(l t+o ak,bl)Sak,bl """"5'""”

3333 o

using (7), (18), (31) and (32). Consider now the
energy required to dissociate the molecule into widely
separated moieties, AE. This is the binding energy of
the molecule and is the second term of (33):
LRI

AE = 2 ); }; le Pup (14 0un)San="3

The sum consists of a number of terms, each referring
to orbitals of one pair of moieties o and b,

" ‘When electron distribution in the {a - b} regions
is zero all the a, b, ¢, d, ... moieties are separated,
andthcbmdmgmergyAB 0, Identically all the
{Pwawmdswlqummmmm
this condition. This is the physical fequirenent that
these quantities must satisfy. qumtely {Pusyand
Say} have slreally met this ; but g,y does
not. Emmmgﬂwmspmdxforawm(n)m
found that, after some rearrangement, it may be
casted as a sum of convergent and divergent terms: -

” crab m

P,
Cum= [Z ~5 S = D+ ZZ{

ok

+ZZZZ

enab m deab w

S oS e ™ 1)}

% (Somat = D+ Z Lo (S et Sk = 1)}

1 P
ek [Z (S = D+ L )) {J%&

@ o + ap

" crab m
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1)0mau ¥
S~ D4 L 52 S0+ LT T T2

ceab m deabd w

i the divergent term

..............

ay, -1 bl,61

S -1
dw bl .) @, +ay

Seeing that o, must vanish in order to satisfy this
physical requirement, then it reduces logically to the
convergent term only in (35) - which has been written
in full. That is, the divergent term should be cut off
when calculating it.

In the expression for the bound o0,,, all the
building blocks (or moieties) of the molecule interact
with one another. In practice, most of the Z..,,, 2, and
D apSnidaaply terms may tum out to be zero,
especially when topological .approximations are
invoked. In fact, the main contribution to it would be

due to the
Fyin akak B,
— (Sima ~ =
Zn 2 ’ Qutay Zu
@y~ Lyp
X (S, . =D)——= .. 36
( au bl ) aak,+ abl ( )

nearest mneighbour terms. Whence, from the
proceeding sections, it has been shown that the
parameters o, B, K, w of the Wheland and Mann’s
and Wolfberg - Helmholz’s parametric expressions
(1), (2) and (4) now have literal or theoretical basis
and can'all be calculated from first principles. The
conclusion of ab initio theorists, that these
semiempirical parameters are ill-founded, is then seen
tomukﬁmnmoverlynmveorhteralnﬁuprmnm
ofthmthemu
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