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DESIGN ON TOPOLOGICAL INDICES. 1

DEFINITION OF A VERTEX TOPOLOGICAL INDEX
IN THE CASE OF 4-TREES
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Distance imatrix of a 4-tree was used in defining eighteen vertex topological indices.
The best definition was chosen, which ensures a low degeneracy and a large interval
of values.

1. INTRODUCTION

Molecular topology determines a large number of molecular pro-
perties ranging from physicochemical and thermodynamic properties to
chemical reactivity and biological activity. Organic molecules are repre-
sented by hydrogen-depleted graphs depicting the covalent bonds between
non-hydrogen atoms. In graph theory, alkanes are represented as 4-trees.
A 4-tree is a connected graph without cyeles and with no vertex with the
degree greater than 4. The topology of a chemical structure can be coded
in matrix form by the use of the adjacency matrix and the distance matrix,?

The adjacency maitrix 2 of a graph G with N vertices, A(G) = A, i8
the square N X N symmetric matrix which contains information about
the connectivity of vertices in G. Its entries are defined as :

ali ] _

{1, for vertices i, j adjacent
0, otherwise

The distance matrix of a graph G with N vertices, D(G)==D, is
a square N X N symmetric matrix, whose entries, d;;, are equal to the
number of edges connecting vertices i and j on the shortest path between
them. The two types of matrices are interrelated and the distance matrix
an be computed from the adjacency matrix using a simple algorithm
based on the adjacency matrices of higher orders.?

From the practical point of view, an efficient way of coding the
topology of a chemical structure is represented by the topological indices.*5
A topological index (II) is a numerical quantity which characterizes
the bonding topology of a molecule.

The problem of chemical species classification is a difficult task.

* Correspondence address: strada N. Grigorescu, 18/2 2730 Hunedoara, Romania
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For example, the number of alkane constitutional isomers increases very
rapidly with the number of carbon atoms, being equal with ¢ 75
for O,oH,., 366,319 for CyoH,,, 4, 111, 846, 763 for CgHg, 62, 431,
801, 147, 341 for CpHg, and 1, 117, 743, 651, 746, 953, 270 for C50H, ya-
In order to classify such a great number of structures, topological indices
with high discriminating power are strongly needed.

An almost general deficiency of topological indices is that they do
not characterize uniquely the topology of a molecular graph, but are more
or less degenerate, i.e. two or more nonisomorphic structures may lead to
the same numerical value for a certain topological index. There are two
possible exceptions : the smallest binary notation (SBN) of a graph, intro-
duced by Randi¢?’~1° and according to Hosoya’s conjecture,'* the distance
polynomial and the distance polynomial index Z’.

By definition, the vertex topological index (VII) ix a numerical
quantity associated with a certain vertex of the chemical graph, which
expresses the local topology of the chemical structure.

In the present paper, a design of a VII for 4-trees is presented. The
definition obtained ensures a minimum degeneracy and a good distribution
of the values. A number of informational TI’s are computed, based on the
defined VTI’s. The rules of branching!? at constant number of vertices are
tested for the computed TI's.

2. THE DEFINITION OF THE VERTEX TOPOLOGICAL INDEX

The molecular topology will be defined by the aid of the distance
matrix, because it contains a larger quantity of information concerning the
molecular structure. In equations (1)—(18), eighteen types of VTI’s are
defined. The valence (degree) v, of the vertex i is equal to the number of
neighbours of the vertex i.

N

VIT-Y, = ¥ 4, (1)
j=1
N

VTI-.?i _— Z dle'i (2)
j==1
N

‘rTI-3i = Z dijvrl (3)
j=1
N

VII-4 = ¥ d;v; (4)
j=1
N

VII-5 = Y] dijvy (5)

j=1

N
‘v‘TTI-61 - Z dg_jViVj (6)
j=1






