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Abstract. A set of 373 molecular descriptors was calculated for use in the hierarchical
quantitative structure-property relationship (QSPR) modeling of normal boiling point for a
database consisting of 1015 diverse chemicals. Topological descriptors (partitioned into
topostructural and topochemical classes) and geometrical descriptors were utilized in a
hierarchical fashion in the model development process. The results indicate that the quickly
and easily calculated topological descriptors are sufficient in accounting for the majority of
the variance and that the geometrical descriptors improve the quality of the model only
minimally.

INTRODUCTION

The last three decades of the twentieth century has witnessed many important
developments in the formulation of concepts for the characterization of molecular structure
using mathematical invariants [1, 2] Many of these contributions originated from applications
of graph theoretical and topological concepts to chemical structure. A graph G = [V, E]
consists of an ordered pair where V represents a nonempty set of vertices and E symbolizes a
set of edges [3]. When V represents the set of atoms in a molecule and E represents the set of
bonds in the molecule, the graph G becomes a molecular graph. The edge set E usually
represents covalent chemical bonds between atoms, but that not necessarily have to be the

case. In fact, elements of the set E can represent any type of bonds or even weak or
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nonbonded interactions among atoms; and it has been argued by Basak et al. that weighted
pseudographs constitute a very versatile model capable of representing many diverse classes
of chemical species [4].

Mathematical characterization of graphs, including molecular graphs, can be accomplished
using graph invariants. A graph invariant is a graph theoretic property which has the same
value for isomorphic graphs [3, 5]. A graph invariant may be a polynomial, a sequence of
numbers or a single number. A single real number characterizing a molecular graph is
usually called a topological index (TI). A particular TI quantifies certain aspects of molecular
structure and is sensitive to such chemically interesting features as size, shape, symmetry,
branching, cyclicity, heterogeneity of atomic neighborhoods, bonding patterns, etc [5].

The last quarter of the twentieth century has witnessed an upsurge of interest in the use of
graph invariants in the formulation of quantitative structure-activity/ property relationship
(QSAR/ QSPR) models. This trend in research has been fueled primarily by two factors: a)
availability of a large number of TIs which are easily calculable and useful parameters for
QSARs/ QSPRs and b) a need for the quick estimation of properties of large numbers of real
or hypothetical chemical structures for many practical situations in drug discovery and hazard
assessment of chemicals. Various TIs have been defined to characterize different aspects of
molecular structure. Many of them have been successfully used in the ordering of isomeric
and closely related structures, to quantify the degree of molecular branching, etc. [6-10]
Attempts have been made by various authors to define parameters with increased
discriminatory power [11-14]. Such TIs have been useful in the QSPRs of congeneric sets of
chemicals when the ordering derived from TIs paralleled the ordering of the molecules with
respect to certain physicochemical properties of interest. Based on the original work of
Randi¢ in the formulation of the connectivity index [8], Kier and Hall developed a set of
valence connectivity and electrotopological indices based on molecular graphs properly
weighted to capture chemically relevant information [15]. In another recent development,
Randi¢ et al have pioneered the development of optimal descriptors for which the associated
weights are variables and different values of the variables are used in correlation studies until
an optimal model is obtained [16-18].

While such interesting developments in the formulation and interpretation of TIs were
taking place, one line of research of our group has been involved in is the use of TIs vis-a-vis
physicochemical properties in the formulation of QSARs/QSPRs. The major goal of such
studies has been to see whether TIs can be used to produce predictive models as good as those



Database

The database represents a subset of the Toxic Substances Control Act (TSCA) Inventory
[42] for which normal boiling point data was available and HB,, a measure of the hydrogen
bonding potential of a chemical, is equal to zero. HB; was calculated by a H-Bond, a
software program developed by Basak et al. [43]. The normal boiling point of the compounds
in the database ranges from -127.8 to 524 ° C. The chemical diversity of the database is
summarized in Table 1.

TABLE 1. Summary of Chemical Diversity of Normal Boiling Point Database.

Compound classification Number of compounds
Hydrocarbons 548
Alkanes, Cyclic alkanes 195
Alkyl benzenes 80
Polycyclic aromatic hydrocarbons 49
Aromatics 288
Fused rings 55
Halogens 365
Thiols 29

Sulfides 73











































