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1. INTRODUCTION

‘In recent times particular attention has been paid to the semi-empiricat
S.CF-L.C.A.O. approach to molecular orbital theory. This is due in particular
to the successful work on the unsaturated hydrocarbons by Pariser and Parr!'2.

One of the characteristic aspects of the semi-empirical molecunlar orbital
theory is the introduction of quantities estimated from the valence states of the
atoms, in place of the one centre integrals. In such a way electronic correlation
and effective electronegativity are taken into account.

Hitherto the semi-empirical theory had been applied mainly to the n-systems
of aromatic compounds in which each atom participates with only one atomic
orbital., The purpose of the present work is to generalise the criterions by which
the one centre integrals are estimated so that the semi-empirical calculation can be
applied to systems other than the unsaturated hydrocarbons.

2. SEMI-EMPIRICAL EVALUATION OF THE ONE CENTRE INTEGRALS

The valence state of an atom is charactensed by the random distribution of
the spins of the valency electrons.

The energy of an atom in its valence state can. generally be represented by
the following expression:
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¢t Pr - - . . are donbly occupied atomic orbitals e
?p Doy - .- - ATE Smgly accupied atomic orblta}s. o ' :w."'
If one introduces for each atomic orbital b, »an oocupatmn number n (= 0 ‘1 or?2,
according to whether the orbital is empty, singly or doubly ocenpied respectively)
then eqn. {1) can be re-written:
. E = an +i‘£ z* gu"n +i’zgh {ni 1) . .'_} - (2)
(LY
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The integrals H,, g;;, and g; vary with the occupation number in much the
same way as the Hartree-Fock self-consistent orbitals vary with the configuration.
Now in the molecular orbital calculations according to the S.C.F.~L.C.A.O.
method, the integrals have values which correspond exactly with the occupation
numbers of every atom in the molecule. In such situations the occupation numbers
are rarely whole numbers,
in order to overcome this ddﬁculty one can postulatc as has heen done by
many authors?®#, that the electronic energy of an atom in its valence state is a
continuous function and may be differentiated with respect to the occupation
numbers. Strictly speaking this assumption is not valid; nevertheless because each
occupation number can only take three values (n; = 0, 1 or 2), and the electronic
energy takes a definite value for each state with a definite occupatiou number, it
follows that such a postulate can be introduced.
Using this idea, one can work out the relative energies of the valence state,
with respect to a given valence state, in a polynomial form: :

E=F, + ); adn,—n")+3 ?; by (n—n)n;—n,5+ ... )
. . - . .

in which n,° are the occupation numbers of the piven reference state.

. .. By considering only those valence states which do neot differ much from the
reference state, at least with respect to the oxldatlon numher, (as we shall see later)
the equaiion can be reduced to quadratic terms: " - _ . _
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Such an expression is analogous to equation (2), except in the constant C, there
being a formal correspondence between the integrals H,, g;;, g;: and the guantities . -
H*, g:;* and g;*. Naturally these last quantities do not have an unmed:a.te
physical significance and so much the less that attributed to the integrals. .
. Neversheless we shall see that such quantities, which are called semi-empirical
 integrals, have scveral advantageous propert:es Above all t.hey are constants in-
dependent of the occupation numbers.
When these ars introduced into tbe equations for the vertical ionisation poten- '
tials and electrsn affinities, one obtains the experimental values for these quantities:

E("r= 1)—E(nr= 0) = H,‘ -+ ‘; higfr* = -

Fexp.
E(n,=2)—Em=D=H*+ 3 ng*+g." = —A,... )
from which it follows that they also give correctly the electronegativity according
to Mulliken's definitions:
= (L. + Av,,) = HE(m, = 0)—E(n,=2)] | (®

Finally such semi-empirical integrals reproduce the criteria of Pariser and Parr®-2:
Jerwer® - swo@ s ds; =i, ~ A, - 81
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[T+ K10 do, = 1, =B+ ¥ gn @

i=r

The last expression {7) is similar to that of Goeppert-Mayer and Sklar®, in which T
represents the Kinetic energy and ¥, the potential energy of the nucleus and all
the electrons. -

3. DISCUSSION AND CONCLUSIONS

. As an illustrative example of eqn. (4), we choose the carbon atom and take
as the reference valence state V;(sZ, p,, Py)--In such a case the semi-empirical
integrals take the following values (in eV):

C =-%a7" gt =12534 o
H* = —-52.136 : ope” = Eup,* = 80 = 10264
H,* =H,*=H, "= —40876 g% = 55, = 855" = 11084 (8)
Boery = Epupe = gp,,,*_ = 9.534
The electronic energies of the valence states of C~, C% C* and C** are rcpdrte'd
in Table I column B. The: elcctromc energies caicul‘ated as the sum of the tonisation
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TABLE [ ' _ =t
VALENCE STATE ENERGIES {IN eV)* : . - I

Grotnd State Volence State Promotion " Valence state
i . .energy';. Eenergy
L P 4 B
C-  S(s5p% Vo(s*, Py, Dy P © 013 —148.95 —148.95
JEJ- = —149.68 Vi(st, p.o, py) 1.71 —147.97 —147.40
Vals, 2.5 Py p.) 9.18 —140.30 ) —140.30
LSO o Vals®, Py PyY 0.31 —141.67 —141.67
V.4 pY 1.68 —146.30 —146.12
E = —14798 Vs, P, P, P.) 8.14 —139.84 —139.84
Vauls, Pyt Py) 9.66 —138.29 —138.2%
C+  2:p(sip) Vst o} [ —136.716 —136.856
V(s Prs P 8.42 — 128295 —128.296
E = —136.716  Vy(s, 5,) 10.34 —126.376 —126.746
Villx Py P2 18.22 —118.496 —118.496
C*+ 15 (5% V,(s™) 0 —112.340 —116.508
E.J- = —112.340 Vails, p) 8.04 —104.300 —107.218
(SR F - py} 17.32 —95.02 —96.638
* The ¢nergies of the ground state E; are estimated as the sum of successive ionisation patentials
E, = —XI,. The energies of the valence states in column A, are obtained from the relationship
1
E, = E+P.

potentials (stariing from the ground state to the configuration (1s5)?, whose energy
is not included) and of the promotion energy to the valence state are given in
column A. The two sets are in good agreement for the valence states of C~, C°
and C*, the difference being very small; in the case of C*, the difference between
the two ‘columns increases, the increase being in the same sense for all the states.
It is therefore evident that the simplification of equation (3) to a quadratic form
prevents the data piven above (8) from corvectly predicting the encrgies of the
valence states of C**,

In general for elements of the firs: and second period, equation (4) gives,
with a good degree of accuracy, all the valence states of three adjacent oxidation
numbers, provided that the reference state belongs to the intermediate oxidation
number. -

" Recently Kiopman® has proposed the following formula for the calculation
of valence state energies:

E= EI:B,'+i-iZ;A,+6U+~}§:A;(1—6H) )

in which B,", A,™ and A, are constaats.
i and ij represent each electron amd each pair of electrons respectively,
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8;; is the Kronecker delta; §,; takes the values I or 0 according to whether the
electrons i and j have parallel or anti-paralie] spins. '

This formula is in many ways similar to equation (4); for cxampie it repro-
duces with reasonable accuracy the energies for three adjacent oxidation states.
The fundamental difference is that this formula does not give the total electronic
energy understood as the sum of the successive ionisation potcritia.ls (from the
ground staie of the atom or ion) and the promotion energies to the valence state.
In conclusion, because the semi-empirical integrals provide a good description of
the atom, and because they contain especially the criteria adopted with success by
Pariser and Parr, we propose that they can be advantageously introduced inro
calculations of the semi-empirical molecular orbital theory.
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