
y~ ~PIA~i I~ ~C~i RU) I
UNIV RTHENS DEPT OF CHEMISTRY S EL-INSIL 11 A410 97

LUISIFIED TR 3U6614-6-K636 FIO?/3N



1.0 W-
L

4 .'

1±N M8

IAICROCop~y RESOLUTK)#4 TESI CHAEOI

,_&Q BURLAAJ Of STANWOS1~_9W A

w ~w
U.U '. .



CD

OFFICE OF NAVAL RESEARCH

0- Contract N00014-84-K-0365

R&T Code 4007001-6

Technical Report No. 53

Novel Application of Randi' Molecular Connectivity Index
On Data Reduction of Chemical Graphs

by II

Sherif El-Basil ELECTE-

Prepared for Publication AuG 2 5 7
in the W

Chem. Phys. Letters

University of Georgia
Department of Chemistry

Athens, Georgia 30602

August 11, 1987

Reproduction in whole or in part is permitted for
any purpose of the United States Government

This document has been approved for public release
and sale; its distribution is unlimited.



Unclassified
SECURITY CLASSIFICATION OF TNIS PAGE (VIIn Data te//ro

REPORT DOCUMENTATION PAGE' COMPLEI FORM
11 REPORT NUMBER . GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER

Technical Report No. 53

4. TITI.E (and Subtitle) S. TYPE OF REPORT i PERIOD COVERED

Novel Application of Randid Molecular Connectivity Technical Report
Index on Date Reduction of Chemical Graphs TechnicalReport

S PERFORMING ORO. REPORT NUMBER

7. AUTHOR(s) S. CONTRACT OR GRANT NUMUER(a)

Sherif El-Basil N00014-84-K-0365

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA A WORK UNIT NUMBERS

University of Georgia
Department of Chemistry 4007001-6
Athens, GA 30602

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Office of Naval Research August 11, 1987
Department of the Navy IS. NUMBER OF PAGES

Arlinaton, VA 22217 16
14. MONITORING AGENCY NAME A AODRESS(Il different from Controlltln Office) IS. SECURITY CLASS. (of this report)

ISO. DECLASSIFICATION DOWNGRADING
SCH EDULE

I. OISTRISUTION STATEMENT (of this Report)

This document has been approved for pl.blic release and sale; its distribution
is unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered In Block 20. It differit from Report)

Is. SUPPLEMENTAR e-Q TKS

To be/pyglished in Chem. Phys. Letters

/

IS. KEli
4

RDS (Centinue on reverse side if necessary and Idenffy by block number)

Graph Theory I
Randid Molecular Connectivity Index-
Data Reduction)
Caterpillar Trees 01-
a lBen zenoid Hydrocarbons

ABSTRACT (Continue 
a
n e.er.e side It n.ce. ay and IdIi

t
y by block umb

e
t)

Benzenoid hydrocarbons are studied in terms of the much simpler caterpillar
tree Using molecular connectivity indices of the latter almost exact linear
relations are obtained with natural logarithms of five properties of nzenowd
hydwcarbons including all self-avoiding paths, conjugated circuits, number
of Kekuld structures, electronic absorption sp,,tra, and heats of atomizations.

DO JAN73 1473 EDITION OF IN m SI iOSOLETE Unclassified
S N 0102- LF- 014- 6601 SECURITY CLASSIFICATION OF THIS PAGE ("OJwn Date Bntered)

j



Novel Applications of Randit Molecular Connectivity Index

On data reduction of chemical graphs

Sherif El-Basil

Department of Chemistry, University of Georgia

Athens, GA 30606 U.S.A.

Benzenoid hydrocarbons are studied in terms of the much simpler caterpillar

trees. Using molecular connectivity indices of the latter almost exact linear

relations are obtained with natural logarithms of five properties of benzenoid

hydrocarbons including all self-avoiding paths, conjugated circuits, number of
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1. Introduction and definitions

One of the main goals of every science is the endeavoring to arrange and

collate the numerous individual observations and details which present themselves,

in order that they become part of one comprehensive picture. 1 Such an objective

may be achieved through the use of data reduction which is an essential part

of chemical and physical data analysis. In the past the task of data reduction

involved mainly curve fitting procedures which have recently become more

efficient due to increased availability of computers. Topological approaches

which consider additivities of molecular properties have been almost ignored

in the past. However some recognition of the role of graph theory became

apparent soon after the (important) work of Smolenskii 2 and (to a lesser degree)

the work of Gordon and Kennedy3 who formalized their schemes of general

approaches to molecular additivities. Revival of interest in chemical graph theory

is probably due to Balaban via his (editing) of a book4- which provided a source

of problems and numerous other papers. Several counting polynomials were defined

which act as descriptors of the connectivLty pattern of various types of molecular

graphs. The latters are well-defined mathematical objects whi h describe the

bonding relation between atoms in the original molecules. Such counting

polynomials are then a combinatorial form of data reduction. Equation 1 describes

the general form of a graph-theoretical counting polynomial 5 , F(G;x), for an

arbitrary graph G, containing n vertices:

M
F(G;x) = I p e(G;k) xf(k,n) (1)

k=O

where P is either 1 or (- 1)k, e(G;k) enumerates..certain selected graph-invariants

in G taken in k independent tuples (i.e. no two of them are adjacent) and M is
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the maximal value of k. For the purpose of this paper we consider three

polynomials for all of which p 1 and f(kn) -n. These are:

i) The counting polynomial (of Hosoya)6, H(G;x) for which e(G;k) - p(G;k)

the number of k-matchings in G.

ii) The sextet polynomial (of Hosoya and Yamaguchi)7 , a(B;x) of which e (G;k)

= r(B;k) - the number of selections of k mutually resonant but nonadjacent

aromatic sextet in a benzenoid system (=- polyhex graph8 ), B.

iii) The independence polynomial (of Gutman)9, w(G;x), for which e(G;k) = O(G;k)

= the number of selections of k independent vertices of C.

2. The Caterpillar Tree10
1 the Polyhex Graph'1 and the Clar Graph9 12

In a given Kekuld structure an (aromatic) sextet is defined as a set of three

double bonds circularly conjugated so that no two sextets can have a common

bond. When two rings (hexagons) can have aromatic sextets so that all other -

carbon atoms are spanned by a sextet or by double bond, such two rings are called

resonant. 9 , 12 The individual hexagons of a given benzenoid system may or may

not be resonant 7. Information on such resonance relations (among the individual

hexagons) are best "reduced" (i.e. described) using either a caterpillar tree10

or a Clar graph.9 To illustrate this fundamental relation' 13 we consider the three

graphs shown below:

T

A

.
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The hexagons of B may be grouped into three subsets, viz., {1,2,3); f 4,5,6,7,8);

{ 9,10,11,12). One observes that no two hexagons are resonant if they belong

to one subset. Similarly the edges of T may be subdivided into analgous three

subsets observing that no two edges of the same subset can be adjacent. A similar

description obtains for the vertices of graphA. In fact bijective (i.e. one-to-one,

onto)14 mapping might be defined between the hexagons of B, the edges of T

and the vertices of A: the latter is called the Clar graph9 ,12 of B. It is easy

to verify the following identity:

a (B;x) = H(T;x) = w(A;x) = 1 +12X + 45X2 + 53X 3  (2)

A caterpillar tree such as T whose counting polynomial is identical to the sextet

polynomial of a benzenoid hydrocarbon B will be called an equivhlent caterpillar

to the benzenoid hydrocarbon. the set of graphs { B,T,A) shown above will be

called a set of equivalent graphs. Gutman 15 demonstrated that for every :-

nonbranched 16 benzenoid hydrocarbon there is an "equivalent" caterpillar tree.

3. Conjecture

The physical properties of a benzenoid hydrocarbon which depend on its topological

structure may be predicted from graph-theoretical properties of its equivalent V

graphs.

11



4. Results and tests of Conjectures

Fig. 1 shows benzenoid hydrocarbons and their equivalent caterpillar trees studied in this work.

4.a Graph theoretical (combinatorial) properties

Three graph-theoretical properties of benzenoid hydrocarbons, viz.,

self-avoiding paths19 , conjugated circuits20 and the number of Kekuld structures

(i.e. number of perfect matchings) are correlated with the molecular connectivity

indices,2 1 x 's of the equivalent caterpillar (or pseudocaterpillar) trees. Fig.

2 shows the types of linear correlations obtained. In all cases correlation

coefficients > 0.999 were obtained.

4b. Physical properties

Two physical properties viz., electronic absorption spectra 22 , and heats

of atomizations23 of several homologous series of benzenoid hydrocarbons are

linearly correlated with x (TYs; the molecular connectivity indices2 1 of the

corresponding equivalent trees. Details of data are available oh request 1 7 but

as an illustraton Table 1 is included which contains 8 and p bands of the electronic

spectra of two families of hydrocarbons of Fig. 3. A separate manuscript

is submitted elsewhere2 4 dealing with electronic absorption spectra of 27 arene

systems all linearly correlated with%(T) values. The same type of data reduction

is obtainable17 when molecular properties (topological or physical) of benzenoid

hydrocarbons are studied in terms of connectivity functions of their equivalent

Clar graphs. 2 5 Fig. 4 is a plot of heats of atornizations of some benzenoid

hydrocarbons versus connectivity indices of the corresponding caterpillar trees.

I

~~,i
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6. Discussion

Caterpillar trees and Clar graphs seem to be quite promising "storage

devices" which preserve many properties of (the much larger) equivalent polyhex

graphs. In contrast to the Balaban-Harary dualist graphs 26 they do not have

a geometric element and as such, connectivity alone best describes them. It

is amazing that some of the studied properties such as the total number of paths 1 9

in a polyhex graph (Fig. 2) take nearly 30 minutes on a Corona computer, 2 7

yet can be retrieved by very simple hand calculation of the connectivity index

of a much simpler graph! Table 2 lists percent retrievals of the total number

of self-avoiding paths for a series of nonbranched benzenoid hydrocarbons shown

in Fig. 1. All the above mentioned correlations imply classification of molecules

into families (i.e. homologous series). The concept of classification is well-known

in science: the periodic table of the elements and recently table of alkanes

introduced by Randid and Wilkins2 8 and more recently table of benzenoid

hydrocarbons of Dias29 are all non-mathematical forms of set theory. However

in constrast to the latter two tables,. which result from graph theoretical

considerations, the "old" periodic table is a result of group theory as it follows

from symmetry properties of atoms.
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Electron absorption spectra of the 8 bands, A$ , of the homologous series of

benzenoid hydrocarbons shown in Fig. 3. X (TYs are molecular connectivity indices

of the equivalent pseudocaterpi liar trees.

Hydrocarbon* X(T) . 8 (A P(;)

A 3.914 2570

B 4.684 2870

C 5.293 3130

D 5.812 3430

1 1.000 2068

2 1.414 2850

3 1.732 3745

4 2.000 4710

5 2.236 5755

6 2.449 6930

Oc.f. Fig. 3



Table 2

Percent retrieval of the total number of self-avoiding paths for the series of

nonbranched benzenoid hydrocarbons shown in Fig. 2. The regression line is Y

4.374 + 0.484X with a correlation coefficient =1.0000.

Hydrocarbon* Calcd. Epa(B)o Actua I pi (B) D if ference O/ Retrievala)

E 3254 3277 23 99.298

F 7391 7413 22 99.704

G 16055 16055 0 100. OOQL

H 33827 33879 52 99.846

169675 69857 182 99.740

J141060 142645 1585 98.889

Oc.f. Fig. 2

a) =100 - 100 1 Calcd-Actuall /Actual
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Fin. Legends

Polyhex graphs of benzenoid hydrocarbons studied in this work together with

the molecular graphs of their corresponding caterpillar trees.

Combinatorial properties of benzenoid hydrocarbons studied: K(B), Ep(B) and

r Rtot(B) respectively indicate number of Kekuld structures, total number of

self-avoiding paths and total number of conjugated circuits of a benzenoid system,

B, plotted versus the connectivity index of the corresponding caterpillar tree,

X (T) raised to various powers. (The hydrocarbons and their caterpillars are shown

in Fig. 1).

Electronic absorption spectra of benzenoid hydrocarbons: Points 1-6 indicate

benzene, naphthalene, anthracene, tetracene, pentacene and hexacene; the line

passing through these points is a plot of their absorption para bind (in In units)

vs. the connectivity index of the corresponding caterpillar trees, X(T). The line

passing through points A-D is a plot of the beta band vs. X (T) where the

hydrocarbons and their trees are shown in Fig. 1.

A plot of the natural logarithms of the heats of atomizations of some benzenoid

hydrocarbons, In Ht At(B), against the connectivity indices, X(TYs, of the

corresponding caterpillar trees shown in Fig. 1.

----- ....-
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