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DESIGN OF TOPOLOGICAL INDICES. PART 5.
PRECISION AND ERROR IN COMPUTING GRAPH THEORETIC INVARIANTS
FOR MOLECULES CONTAINING HETEROATOMS AND MULTIPLE BONDS
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The precision of computing several Graph Theoretic
Invariants (GTI"s ) was examined for molecular graphs
containing multiple bonds and heterocatoms. A large
variety of GTI's were computed: adjacency and
distance matrix spectra, characteristic, acyclic,
and distance polynomials, as well as three new
topological indices based on these GTI’s. All of
them exhibit a significant dependence on the
precision of computing the weighting parameters. A
standardization for the computation of GTI’s is
proposed, aimed to improve their wuse in chemical

similarity and identity asserting, and QSAR.
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1. INTRODUCTION

Molecular topology determines a large number of
molecular properties ranging from physico-chemical and
thermodynamic properties to chemical reactivity and
biological activity. In this respect, chemical applications
of graph theory have undergone dramatic expansions in recent
years.2—7

From the practical point of view, an efficient way of
coding the topology of a chemical compound is represented by
the topalogical indices (TI's).Si12 A TI is a numerical
quantity obtained after a matricial, polynomial, or
combinatorial manipulation of the molecular graph.

A theoretical interpretation of TI’s was offered by

14 .
e in the framework of graph cluster expansion

Klein
theory: TI's represent a low-order expansion of the chemical
structure in terms of the subgraphs of the molecular graph.
The characterization of the chemical structure by using Graph
Theoretical Invariants (GTI’s) may be viewed as discrete
analogues of Taylor series expansions. A GTI is termed
multiplicative if
GTI(GIU GZ) = ETI(GI)'ETI(GE)

where GlU 62 denotes the graph composed of two disconnected
compornent s G1 and Gz. Such applications relating a physico-
chemical property in terms of connected-subgraph cluster
expansions have been made to a wide wvariety of properties,
including boiling points, refractive indices, solubilities,
heats of atomization and formation, and liquid densities.

By removing all hydrogen atoms from the chemical formula
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of a chemical compound containing covalent bonds we obtain
the hydrogen-depleted graph (or molecular graph) of that
compound, whose vertices correspond to non-hydrogen atoms.
One has to note that the molecular graph of a saturated
hydrocarbon is a graph, while the molecular graph of an
unsaturated hydrocarbon is a multigraph, and that of a
molecule with heteroatoms is represented by a general agaraph.
some definitions concerning molecular graphs will follow.

Let G = (V,E) be a graph G with the vertex set V = V(G)
and the edge set E = E(G). A general graph G = (V,L,E,Lw,Ew)
is a graph with loops and multiple edges, with the vertex set
V=uUYG), the loop set L = L(G), the edge set E = E(G), the
loop weight set Lw = Lw(G) and the edge weight set
Ew = Ew(G). In a molecular graph the atoms are represented by
the vertex set V, and the chemical bonds are represented by
the edge set E. Conventionally, the loop weight of a carbon
atom equals zero, while the edge weight of an aliphatic C-C
bond is equal to one.

The presence of mnultiple or aromatic bonds or
heteroatoms in the molecular graphs requires the development
of special parameters.

One approach was developed by Trinajstié and
couorkers.ls’16 These autors defined the loop weight of a
heteroatom as follows:

L, = 1-8/7, (1)
where z, is the number of all electrons in atom ¢{. A few
values of Lw for various elements are presented in Table 1I.

The edge weight is defined as:
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Table 1. Calculated loop-weights

for various chemical elements.

Atom Luw

0.

0.143
0.250
0.600
0.625
0.333

O MM w vV o Z

1 0.647
Br 0.829
I 0.887

Table II. Calculated edge-weights

for various chemical bonds.

Bond Ew
c-C 2 [BY
c=C 0.500
c=C 0.333

aromatic CC bond 0.667

C-N 0.857
C=N 0.429
C=N 0.286

aromatic CN bond 0.571

c-0 0.750
C=0 0.375
C-F 0.667
c-Cl 0.353
C-Br 0.171

c-1 0.113




























































