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ABSTRACT

The elements of the graph distance matrix of heteroatom
molecules have been calculated from the electronegativity values
for hybridized atomic orbitals o+ different structure. The
electronegativities belonging to all the atoms of the periodic
system are calculated semiempirically with carbon C(sp® ) as
standard.

INTRODUCTION

Topological i{ndices are applied for analysing the relations
between structure and properties of molecules. The topological
dtntnncn‘tl one of the methods generally used for calculation of
topological indices. Calculation of the elements of a distance
matrix associated with a hydrocarbon molecule proceeds without
problems. The presence of a hetercatom in the molecule requires
the development of special procedure for evaluation of vertices
and edges of the multigraph which belongs to the molecule.

This evaluation can be carried out by uming coulombic and
resonance integral values of Hickel molecular orbital thonryz ar
according to Bnryl:a. The latter method uses +or the calculation
ot diagonal d“ and offdiagonal dU elements of distance matrix D
the proton number of atoms and multiplicity of bnnd13 +  Numeric
values are in this way easily available, for carbon atoms these

values are identical with those which are used #4or the



definition of matrix elements of homoatomic molecules. However,
tor the elements with the proton number lower then & is djj<O.
Semiempirical electronegativity values of atoms calculated on
the basis of the known covalent diameters of atoms and their
belonging to groups in the periodic system are used by Balaban
for calculation of his topological index J‘.

We devise here & molecular multigraph edges and vertices eva-
luation to come out of orbital electronegativities values of

atoms joined through & bond.

DEFINITION

In the chemical bond between two atoms each atom participates
in the first approximation by one (in the case of single bond)
till three (in the camse of triple bond} hybridized atomic
orbitals (HAO). It is not difficult to find the types of HAO
participating in each bond of the molecule under study. In this
casme it is possible to use electronegativity values dependent on
the valence state of atoms to characterize the bond. The
corresponding electronegativity values of HAO can then be
entimated acording to PIREIFS.

The diagonal elements of matrix D are determined as the mean
electronegativity of the i-th atom:
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where n, is the number of valence orbitals of atom A and Ej is
the electronegativity of the i-th orbital.
The evaluation of wedge H which corresponds to the bond

between atoms A and B is the following:
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The Ei and Ej are electronegativities of HAO o+ atoms A and B
which are taking part in the chemical bond. The values of K and

M constants are:



bond

single
double
triple

aromatic

K f kJ.mol-* L}
816.3 172
400.6 174
266.% 1/6
334.2 1/4

Eome of the most frequently used electronegativity values are

presented

TABLE 1.
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The electronegativity values of HAD can be calculated for

practically all the slements of the periodic system.

DISCUSSION

The values of disgonal elements d;; have a similar property
as the diagonal elements defined in re4.3 : for carbon atom in
lp3 hybridization d,, eguals zerc and if the mean electronegatti-
vity o4 the i=th atom is higher than the mean electronegativity
o4 carbon atom C(.p]l then d;<0. In the case when the d- and +-
orbitals participate in the hybridization ot the atom, too, the
values of electronegativities and distance matrix elements
depend on the structure type of the HAO, FIGURE 1 shows the
situation of vanadium atom in lp3d hybridization and two
structure types.

B
A . D

FIGURE 1. Orbital electronegativity of vanadium

Electronegativity values th.mnf’

A -737.8, B -727.8, C -734.7, D -719.6.

)i

The values of H 4rom equation (2) are consistant with
evaluation ot edges in graphs associated with hydrocarbon mole-
cules acording to Balaban and cc-nnrkor.'-". The evaluation of
edges of molecular multigraph through electronegativity values
0f HAD is here derived from the feature of the chemical bonds
and not exclusively 4rom the feature of atoms joined through
bonds. The structure of HAD is incorporated in the constructed
distance matrix, therefore, it includes the maximum of
information which can be read from the structure formula of the
molecule. The elements of this distance matrix are defined for

systems with the intramolecular hydrogen bond, too. The distance
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matrix used to calculation of topological indices and distance
matrix calculated on the basis of the HAO electronegativities
are identical for hydrocarbon molecules.

h

Comparisocn of topological indices J calculated by Balaban and
indices J calculated from distance matrix constructed by the

method described in this paper s given in TABLE 2.

TABLE 2. Topological indices J

molecule J1 Jz

ethanol 1.5986 1.7057
1-propanol 1.%000 2.0144
Z2-propanol 2,2294 2.3841
i-butanc! 2.1323 2.2177
2-methyl-1-propanol 2.4728 2,.5735
2-butanol 2,46425 2.3787
t-butyl alcohol 2.9314 3.0791
isobutylamine 2.3030 2.5%71
sec. butylamine 2.4971 2.5586

N-methylisopropylamine 2.4340 2.5524
N,N-dimethylethylamine 2,40357 2.6166

Ji - topological index calculated on the basis of relative
electronegativities of atoms
J2 - topological index calculated on the basis pf HAD electrone-

gativities.

AVAILABILITY:
Electronegativity values of HAO +or other the eslements are

available upon request from cur laboratory,
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