rrefieh no. 7 pp. 5 - 64 1979

Plenary Lecture

CHARACTERIZATION OF ATOMS, MOLECULES AND CLASSES OF

MOLECULES BASED ON PATHS ENUMERATIONS+

MILAN RANDIC

Ames Laboratory, U. S. Department of Energy,
IOWA State University, Ames, Iowa 50011

Abstract

Paths of different lengths are taken as a basis for character-
ization of atomic environment in a molecule, for character-
ization of molecules, and for characterization of classes of
molecules. Enumeration of paths in a graph is briefly outlined
and some properties of derived sequences of path numbers are
given. It is conjectured that the list of path numbers is
unique to the graph. A support for the conjecture is indicated
by a reconstruction, though only acyclic cases have been con-
sidered. Use of truncated atom codes 1is briefly indicated.
Construction of molecular codes by summation of atomic path
sequences , term by term, is outlined and the properties of



the molecular codes discussed. Examples are given of molecular
codes in some polycyclic structures. Generally similar struc-
tures will have similar molecular codes. This property is used
for characterization of classes of structurally related mole-
cules.

+Dedicated to Professor Bo¥o Tezak

Introduction

The study of chemistry 1is primarily concerned with problems
of forming and breaking bonds and synthetizing, isolating,
and identifying unknown substances and determing their molecu-
lar structures. The number of registered compounds is now
over four million and is still increasing. Various molecular
forms (constitutions , confiqurations, isomers, tautomers,
enantiomers, etc. ) clearly demonstrate the enormous number of
the combinatorial possibilities in nature, even when one
restricts attention to only a few kinds of atoms. Yet, it is
surprising how combinatorial chemistry, initiated over one
hundred vyears ago, T and recognized before the turn of the
century as a new and distinctive branch of chemistry,2

still has not firmly established itself. During past years
there have been numerous contributions to the field of

chemical combinatorics and chemical topology, although these

have not been necessarily recognized as having a graph-theo-
retical origin. As an example, we may mention the Coulson and
Rushbrooke theorem on the pairing of orbital energies in simple
MO calculations3 for molecules whose graphs are classified

as bipartite. The current revival of interest in chemical appli-
cation of graph theory4 has already lead to numerous new results.
Particularly application of graph theory helped viewing some old



mented in a meaningful way and corresponding to certain mathe-
matical or chemical operations. Such applications although not
yet numerous justify claims to the fundamental character of
graph theory in chemistry, which is parallel to the role of
group theory, statistecs, and quantum mechanics, each of which
characterizes distinctive property of nature. Group theory is
concerned with symmetry, statistics with distributions, quantum
mechanies with interactions, and graph theory with relations
(binary relations - to be precise). Since relations can be de-
picted as graphs we may equally consider connectivity as the
basic quality of graphs. Relationship to chemistry is now ob-
vious: molecules can be viewed as graphs, chemical bonds corres-
ponding to binary relations. Consider now the problem of enume-
ration of all isomers of given molecule. Clearly the problem
does not belong to quantum mechanics, nor statistics, nor group-
theory. Combinatorial aspect of the problem arises in having
multiple possibilities of linking bonds, the topolegical aspect
is reflected in the fact that the result does not depend on
details of graphical representation. Non-triviality of the pro-

blem, which is deceptively simple, is well known to all who have














































































































































































