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Abstract:

The equivalent bond index is defined especially for the
topelogy of the molecular skeleton of a saturated hydrocarbon,
i. e., branching and ring-closure in a molecule.

This index has such a remarkable characteristic that it can
show the topological nature of equivalent bond orbitals in
saturated hydrocarbons. The recursion formula of the
characteristic polynomials having relation with the index is
explained. The general expression for the value of this index
is also discussed.

1.INTRODUCTION

Many graph theoretical investigations have been performed

to study the total m-electronic energy of unsaturated
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hydrocarbons1-5) or thermodynamic quantities of
hydrocarbons 13'17)_

On the other hand, the electronic energy of saturated
hydrocarbons has not been well studied graph-theoretically,
because there are many parameters which are not suitable for
the graph-theoretical treatments.

Heilbronner et al. applied the equivalent bond orbital
method to calculate the ionization energy of saturated
hydrocarbons.6-8) At that time they supposed Koopmans'
theorem. According to them this simple method gave better
results than they had thought, because the calculated orbital
energy showed good agreement with the observed Cyg
ionization potential.

They did not calculate the total equivalent bond orbital
energy, E, because E depends only on the number of equivalen
bonds but not on the topology of the molecular skeleton of a
saturated hydrocarbon, i.e., branching and ring-closure in a
molecule.

Therefore instead of the total equivalent bond orbital
energy, E, we calculate the quantity o.

The quantity, O, corresponds to the total m-electronic
energy index Z* which has been introduced for n-electronic
syslcms.z) Let us call the index © the equivalent bond index.

A simple explanation is given in Section 2 and the
equivalent bond index is introduced in Section 3. The
o-values of many saturated hydrocarbons are shown and

discussed in Section 4.
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The recursion formula of characteristic polynomials having
relation with this value are explained in section 5 and the

general expression of the o-values is discussed in Section 6.

2. OUTLINE OF THE EQUIVALENT BOND ORBITAL

METHOD

Heilbronner et al.5-8) applied the equivalent bond orbital
method to calculate the electronic energy of saturated
hydrocarbons. First the outline of their method will be
explained.

1t is assumed that the delocalized molecular orbital P, is
expressed as the linear combination of the equivalent bond
orbitals % y's.

ij = 2 Cuv‘jX\w » (1)
u,v

where %,y is localized between two atoms u and v which are
bonded in the hydrocarbon molecule.

There are three kinds of the determinantal elements with
respect to the Hamiltonian H, i.e., the self-energy, interaction

element, and overlap integral:

Hyvuy =<Xuv|H|Xuv)=Auv (2)

Hyvyv =(Xuv|Hb{u' v'>=Buv,u’ v (3)

Suvw ™ (o) (4)
Let us apply the Hiickel approximation to Su\.'u,v..

St etk = Suv,u'v'. (5)

Now suppose that all kinds of the self-energy are equivalent:
Acc = Acy = A =constant, (6)

Assume that all the adjacent interactions are equivalent,
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Becee = Begen = Bengen (7)
If we neglect higher interactions,

Ccc‘('(: &= C(‘(.'.(_'H = CCH,CH =10. (8 )
From Egs.(6)~(8) we have

H=aE +bA, (9)
where E is the unit matrix of order n (the number of orbitals)

and A=[A!W] is the adjacency matrix. Let us assume as

follows:
=1 w,v adjacent

Auv = S“VL 0 i:lhcrw:sc (10)
If we define the orbital energy as

£, = a + bX;, (11)
we have

|A-XE]|=0, (12)
To solve Eq.(12) means to calculate a characteristic value of

graph G. In this case a vertex of graph G represents an

equivalent bond orbital of a given saturated hydrocarbon.

3. EQUIVALENT BOND INDEX
After solving Eq. (12) we can express the characteristic

polynomials as follows:

P(X) = Sa X" (13)
k=l)

with the definition that ag=1 and n is the number of equivalent
bond orbitals in a hydrocarbon. Using n roots of X P(X) can

be expressed as



n=3N+1-r.

One can compute Z* and o from Eqgs. (13)-(17).

(18)

Decompose P(X) into the sum of even and odd functions,

S(X) and A(X), as
P(X) = S(X) + A(X).
For odd n

Ik W2+ 1)
S(X) = Z a1 X
=

[n/2]
A= 3 anX",
k=0
while for even n

n/2 a2k
S00=F ay X"
k=1

1 Alhara calls Z* the total TT-electron cnergy index (Sce Ref. 2).

(19)

(20a)

(20b)

(20¢)










































