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An improvement in the calculation of electron repulsion integrals in Pariser-Parr-Pople
theory has been made, considering the following two characteristic features associated with
electron interactions in molecules; Firstly, a given m-electron moves in the sea of electron
clouds consisted of o-electrons and other s-electrons, which forms a polarizable dielectric
medium. Secondly, in alternant hydrocarbons, s-electrons will be alternatively distributed to
the “upper” and “lower” sides of molecular plane. The present idea is applied to SCF MO
calculations of simple hydrocarbons. Calculated results for singlet and triplet transitions
energies, and first ionization potentials are in good agreement with experimental data.

Bei der Berechnung der Elektronenwechselwirkungsintegrale im Rahmen der PPP-
Theorie wird eine Verbesserung angegeben, die folgende Charakteristika betrifft: 1. Ein gege-
benes 7z-Elektron bewegt sich im Feld der iibrigen. o- und zz-Elektronen, die ein polarisierbares
elektrisches Medium bilden; 2. in alternierenden Kohlenwasserstoffen sind die s-Elektronen
abwechselnd auf der Ober- und Unterseite der Molekiilebene verteilt. Diese Idee wird auf
SCEF MO Rechnungen von einfachen Kohlenwasserstoffen angewandt. Die Ergebnisse von
Singulett- und Triplettitbergangsenergien und Ionisierungspotentialen stimmen mit den expe-
rimentellen Daten gut tiberein.

On a amélioré le calcul des intégrales de répulsion électronique dans la théorie de Pariser-
Parr-Pople en prenant en considération les deux aspects caractéristiques suivant de l'inter-
action électronique dans les molécules. Premiérement, un électron 7 donné se déplace dans
la mer des nuages électroniques des électrons ¢ et des autres électrons 7, qui forme un milieu
diélectrique polarisable. Deuxiémement, dans les hydrocarbures alternants, les électrons m
seront alternativement distribués sur les cotés supérieurs et inférieurs du plan moléculaire.
Cette idée est appliquée & des caleculs SCF MO d’hydrocarbures simples. Les résultats des
calculs pour les énergies de transition singulet et triplet et pour les premiers potentiels d’ioni-
sation sont en bon accord avec les donées expérimentales.

Introduction

The usefulness of the Pariser-Parr-Pople theory [20, 24] is rapidly increasing
with the development of large digital computers. This theory includes two kinds
of basic parameters, electron repulsion integral, y,, = [ 2 (1) (¢¥fry) ¢} (2) dv,
and core integral, f,, = [ @, (1) Heore @y (1) dv, where @, is the 2pmw AO centered
at p-th atom. Several methods of calculating these integrals have been proposed
[16, 19, 21]. NM approximation [78] for »,, has been obtained from the following
procedure; y,, may be expressed by y,, = ¢ (B,)/F (R,,), where G (R,,) and
F (R,,) are the some functions of interatomic distance R,, between u-th and v-th
atoms. First approximation might be y,, = €2 (B, + b)/(R%, + aR,, -+ c), because
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there is a restriction that at quite large distance v, = ¢%/R,,. Using threc benzene
singlet transition energies and Pariser-Parr approximation, y;; = I — 4, the
coefficients were determined as b = ¢ = O and a = €¥/(] — 4), or y, = €2/(R,, + a).
This NM expression is useful for the calculations of singlet transition energies and
bond lengths of various hydrocarbons and heteroatomic systems [2, 19]. However,
this expression is not adequate for the caleulations of triplet energies. Moreover,
the physical meaning of E 4 ¢ is not clear.

The purpose of this paper is to propose a more reasonable method for the
calculation of y,,’s and to apply it to some simple hydrocarbons.

Method

In order to improve NM expression, the following facts should be taken into
account; Firstly, a given z-electron moves in the sea of electron clouds consisted
of ¢-electrons and other z-electrons, which forms a polarizable dielectric medium.
According to the theory of dielectrics [3], the repulsion energy between two
electrons in a dielectric is given by £ = €*/(¢ ry,), where ¢ is the dielectric constant
of the medium. 7y, is the interelectron distance. For an interaction in micro dimen-
sion, & should be replaced by the square of refractive index, », of the medium.
Consequently, y,, should be given by

Vi = €E[(n*2 1)

where n* means the effective refractive index which may vary with interatomic
distance. Secondly, the electron correlation must be taken into account. Alternant
molecular orbital method [15], split p-orbital method [4, 7, 8, 9, 10], and extra-
ordinary function [25] were proposed for this purpose. They pointed out that the
electrons in a sz-system have a tendency to stay on opposite sides of the z-nodal
plane. In benzene, six m-electrons are uniformally distributed. Probably, three of
them. are on the upper side of the molecular plane, and other three are lower side
of this plane. Generally, in alternant hydrocarbons, z-electrons will be alternatively
distributed to the “upper” and “lower” sides of the molecular plane. According to
DewaRr-SaBELLI [10], 9,, should be written by the form.

Vaw = Oy yid + Oy yits

where superscripts % and ! denote upper and lower lobes of -orbitals. Coefficients
Cy and O, are connected by C, -+ €, = 1 each other. Pariser-Parr replaced the
normal integrals y,, everywhere by the 9 corresponding to interactions between
electrons on opposite sides of the nodal plane of the m-electron system [10]. How-
ever, it may be more reasonable to consider that y,, and y,, in benzene are the
repulsion integrals between opposite sides electrons, whereas y,; is associated with
the same side electrons. Therefore, two types of the two center repulsion integrals
should be defined. They are as follows;

Vin = (0¥ 1)
ys = e%l(n¥e i)
In this paper, interelectron distances are given by

i =Vai,+ B  and iy =(fs) (Val, + B, + 2 R)
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where a,, is the characteristic constant for u— pair and is expressed by the valence
state ionization potential, I,,, as a,, = (/,) (@, -~ a,) and a,=e?/I,,. a, may probably
measure the average distance between the center of u-th core and an electron
located at this core. Rough application of above expressions to the four lower
transitions, three of them are singlets and another is the lowest triplet, of benzene
shows that the valence state ionization potential of carbon 2pzm-orbital given by
Hinze-JArrg [13] is not appropriate, because when their value (I, = 11.16 V)
is used, a strange result, n* (R = 2.790 A) < n* (R = 1.395 A) is obtained. The
reason for this is probably they estimated the ionization potentials and electron
affinities of the valence states of free atoms, but not of atoms in molecules. Proper
value of I, (2pm) lies within the range between 8 eV and 10 ¢V. In this paper, I,
has been estimated by I, = Ig ru/fre, where Iy and rp are the ionization potential
and van der Waals radii [22] of hydrogen atom, respectively. 7, is the halfthickness
of aromatic hydrocarbons [22]. According to Hinze-JAFFE [13], the electron
affinity of carbon 2ps AO is nearly zero. Therefore, y,, is given by I in this case.
Then, y,; = I, = 9.60 eV and a, = 1.50 A are obtained. n*2 is expressed by

n*2 = g (1 — 1[k Ry + ni)(ng — 1)]) .

n3 and k are estimated from benzene spectrum as k = 1.079/A and n2 — 1.828, or
n*2 = 1,828 (R,, + 1.127)/(R,, + 2.060). It is interesting to note that the value
of n* {R = o) which is equal to n, is comparable with the refractive indexes of
aliphatic hydrocarbons.

Results and Discussions

SCF MO calculations of simple hydrocarbons based. on the present idea, assum-
ing equal bond distance of 1.395 4, have been carried out. For core integrals, the
variable f approximation [19],

Bur=—051 P, — A4, eV
where
Ay =2.08 for ethylene, butadienes, and benzene

Ay =192 for naphthalene ,

has been used, where P, is the bond order for x—» pair. It is inberesting to note
that according to Pariser-Parr-Pople theory, the total s-energy of ethylene at the
infinite separation is given by

En(R=°°)=_‘216+(1/2)711+2ﬁ12-

However, the value of E, (B = co) must be equal to — 2 I,. Using yyy = I, =
9.60 eV, B, is determined as B, = —2.40 eV, which is very close to the spec-
troscopic value of —2.59 eV. Therefore, the large part of f,, will be attributable
to the correction term associated with the overestimation of ionic structure in
LCAO MO approximation.

The calculated transition energies, first ionization potentials which are equal
to the negative of the orbital energies of the highest occupied orbitals, and reso-
nance energies are shown in Tab. 1. In Tab. 2, y,,’s are given.
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Tt is found from Tab. 1 that the present
idea gives satisfactory results for both
singlet and triplet transition energies.
Considerable improvement is found in
the result for 1L; energy of naph-
thalene. Electronic spectra of cyclopen-
tadiene will be very similar to those of
cis-butadiene. Transition energies of cyc-
lopentadiene are 5.21 eV [23] for lowest
singlet and 2.5 eV [11] for lowest triplet,
which are comparable with the present
results.

Table 2. Eleciron Repulsion Integrals,
Vv, ond Effective Refractive Index, n*

Ruw(inA) yuw(ineV) n*2

0 9.60 1.0

1.395 5.260 1.335
2.416 3.8850 1.447
2.790 3.070 1.477
3.624 2402  1.528
4.185 2.167» 1.555
4.832 1.8552 1.581

5.030 1.728 1.587

& upper-upper repulsion

It should be noted that the present
parameters give good results for first
ionization potentiasl of the hydrocarbons.

According to BricrsTOoCK-PorLm [4],
the resonance energy is given by the
negative of the difference between the
total m-energy of the actual system and
the corresponding energy of the hypo-
thetical system represented by one of
its classical structures. The calculated
resonance energies given in Tab. 1 are
almost twice of the experimental values.
In order to calculate accurate reson-
ance energy, the compression energy
and energies associated with the change
in hybridizations should be known.
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Table 1. Transition Energies, First Ionisation Potentials, and Resonance Energies for Simple Hydrocarbons
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