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A FORTRAN 77 computer program is prasented, which allows the
computing of the topological indices J (average distance sum
connectivit{) and PDS <{(parametrized distance sum), taking
into accoun the presence of wunsaturation, aromaticity an
the chemical nature of the atoms in the molecule: JX and
PDSX are based on electronegativities of heteroatoms, while JY
and PDSY are based on covalent radii of heteroatoms. Graphs are
encoded in an efficient and economical manner.

Molecular topology determines a large number of molecular proper-
ties, ranging from physico-chemical and thermodynamic proparties
to chamical reactivity and biological activity. Organic molecules
are represented by hydrogen-depleted graphs depicting the covalent
bonds between non-hydrogen atoms. The topology of a chemical

structure can be encoded in matrix form by the use of the adijacency
matrix or the distance matrix.

-
The adlacency matrix ° of a graph 6 with N vertices, A(G)=4,
is a square NxN symmetrical matrix which contains information about

the connectivity of vertices in G. Its entries are defined as:

t, for vertices i, J adjacent
3{j~ { t1)

0, otherwise

The distance matrix of a graph 6 with N vertices, D{(G)>=D, is 2
square MNxN symmetrical matrix, whose entries, d;; are equal to
the number of =2dges rconnacting wvertices 1 and J on the shortegst
path between them.

The two types of matrices are interrelated and the distance

matrix can be computed from the connectivity matrix using a simple
algorithm based on higher powers of the adjacency matrix.3
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From a practical point of view, a more economical way of
expressing the topology of a chemical structure 1{s represented by
another class of graph invariants, usually referred to as topological
indices.q—ll A topological index (TI) is a number which characterizes
the bonding topology of a molecule.

Although in their origins TI’s were developad for the purpose
of obtaining correlations with a variety of physico-chemical
properties of chemical substances, namely GSPR (Quantitative Struc-
ture-Property Relationships), their range of applications was
extended to bibliographical documentation of chemical compounds
and QSAR (Quantitative Structure-Activity Relationships).

An almost general deficiency of topological indices 1is that
thay do not charactarize uniguely the topology of a molecular
graph, but are more or less degenerate, 1.e. two or more nonisomor-
phic structures may lead to the same numerical value for a certain
topological index. High structural seiectivity of a TI is hiaghly
needed for bibliographical indexing, while 1in @QSPR and QSAR
the essential characteristic of a TI {5 to reflect structural infor-
mation in a proper way, in connexion with the property under inves—
tigation.

A brief review of the most used TI“s follows.

TI s H1 and "2' the Zagreb group indices}2 are based on the

adJjacency matrix:

N 2 -
Hl=.z Vi (2)
i=1
H2= :EE (vivJ)l/2 (32
edges i

where v; is the degree of the vertex 1 in the hydrogen-suppresed
gr aph.

The connectivity 1index )@ similar to the My index, was intro-

duced by Randic:
= :E (v,v 31/2 (4>
il

edges 1

The TI Z was introduced by Hosoya:”'15

(N/2] A
1= 2_ p(G,k) {3)
k=0

where p(G,k) is the number of ways in which k edges are chosen from
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the graph 6 in such a way that no two of them are adiacent; N/2 in
square brackets is the smallest integer not exceeding the real number
in them. By definition, p(G,0)=1, while p(G,1) equals the number of
edges in the molecular graph.

The path number index W, defined by Lliencer,lé’_18 equals the

half-sum of the off-diagonal elements of the distance matrix:

W=1/22d; ; TS
i,d 7

-
The topological index J19"0 {average distance sum connectivity)

is defined by the formula:

Jr— E (5.5 ? (7)
1 J

9-p+2 edges 14

where the summation 1is over all edges e;; of the molecular
graph. The number of edges and vertices in the molecular graph
are gq and p, respectively. The distance sum s; for vertex

i représents the sum of topological distances from vertex 1

to all other vertices in the graph, i.e. 5; di;-

Owing to the factor q/{g-pt2), the index J does not
{ncrease automatically with the increasing number of

vertices and rings, unlike most TI’S.OIt has a very
low degeneracy, as was proved analytically“1 and tested with a

computer program.22 For many infinite graphs, J attains a

finite limit,23 e.g. for an infinite linear alkane, J tends
towards JT =3.14159. A mathematical study of the branching
problem has revealed that among all TI’s under consideration,

J is the only one which orders trees (molecular graphs of alkanes)
up to heptane in a similar manner to Bertz’s graph invariants.

The widely used informational Tl”s are those defined by Bonchev

and Trinaijstic:

[§=N21b<N2)—N1n(N>- T 2k, 1b(2k,) (8)
=1 i i
'ff,:—[zki/mg—m 1b[2ki/(N2-N)] (9)

U
!D=U1b(U)~Zkii 1b(i) (10)

—u
ID=-Zkii/U 1b(i/u) (11)
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where k; is the number of topological distances of length { in the
molecular graph.
A comparisonEof the structural se%ectivity between six TI s
Hl' W, Z,)(, ID and J was reported” for a fairly large sample
of hydrocarbons., Tha chamical strusturas an which thasa indicas wars
tasted were all constitutional {somers of alkanas with 5-12
carbon atoms (439 structures) and all monocyclic and bicyclic
saturated hydrocarbons with 4-8 carbon atoms (376 structures).
Another comparison between these Tl’s consisted in the distribution
of their numerical values for classes of constitutional isomers,
exemplified by the 35 nonane isomers. It was concluded that
J has the lowest degeneracy among the six TI’s tested, but afforded
less satisfactory correlations than some other TI’s.
For the presence of heteroatoms in molecules , several

approaches were proposed . The first and the widely used one

is Randic’s molecular connectivity index, modified

2,10

by Kier and Hall. This method takes into account the

number of valence electrons and was successfully applied
in QSAR, Other methods were developed by Trinalstic and
coworker527 and by Basak and coworkers.

A different approach was proposed in order to take
into account the periodicity of chemical properties for
heterocatoms, based on heteroatom electronegativities and
on hetercatom covalent radii, respectively.

The effect of a heterocatom 1is characterized by its
calculated vrelative slectronegativity using a two-parametric
linear equation. The two parameters for an atom | are Z;
(atomic number) and G; (the number of the group in Mendeleev’s
short form of the Periodic System):

X{=0.4196-0,0078Z;+0.13676; (12)

The calculated relative electronegativity is relative to
the calculated electronegativity for carbon.

The second method of caracterizing the effect of a hetero-
atom i is hased on {ts relative covalent radius Y;, based on
calculated covalent radii of carbon. Parameters Y; are
obtained according to equation:

Yi{=1.1191+0.0160Z;-0.00537G; (13)
In order to obtain the TI J for heteroatom-containing molecules

(JX and JY) the vertex distance sums s; are multiplied by the
parameters X; or Y;,corresponding to the chemical nature of the
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atoms and with a scaling factor FXj or FYj, and then we apply the
usual formula (7). Factors FX; and FY;, which in earlier papers were
assumed to be 1, are introduced now for enhancing or depressing the
effect of hetaroatoms; for carbon, FX=FY=1.

UWe now define two new TI‘s, electronegativity- and sterically-

parametrized distance sums, PDSX and PDSY, respectively:

PDSX= }1: FX;X;${
(14)
PDSY= 2 FY,Y;s{
i
These indices increase steadily with increasing number N of
atoms, like most TI’s, and especially like the Wiener index U.
For n-pentane, isopentane and neopentane the W values are 40, 36

and 32, respectively.
COMPUTER PROGRAN JHET

In order to compute TI’s JX, JY, PDSX and PDSY, the computer
orogram JHET was developed, which takes into account the presence
of unsaturation, aromaticity and the chemical nature of the atoms
in the molecule.

The program, which was written in FORTRAN-77 and implemented
on a CORAL 4030 computer, is intended to be user-friendly and
was designed to operate in two differant ways: interactively
with the operator from the terminal, and through the agency of
two files stored on a mass-disk. The listing of the program is
presanted in FIGURE 1.

A brief description of the main parameters and matrices of

the program follows.

NAT - number of atoms

NB - number of bonds

[BOND - bond type index, having values 1, 2, 3 and 4 for
simple, double, triple and aromatic bonds, respec-
tively

NSB - number of supplementary bonds

[go - index of saturation, having value 1 {if the molecular
graph has only single bonds, and value 2 otherwise

NAME(30) - array containing the name of the chemical compound

NZ(30) - array containing the atomic number of the atoms

ICOD(30) - the connactivity code of the molecular graph
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JBO(30) - array containing the bond type index corresponding
to the bonds coded in ICOD
[SB(30,2)- matrix containing the supplementary bonds; the number

of the two atoms of bond i are located in the pair
ISB(i,1) and ISB({,2), respectively

A(30,30) - adjacency matrix

D(30,30) - distance matrix

PA(2,60) - matrix containing the calculated relative electro-
negativities and covalent radii, respectively; PA(1,121)
contains the calculated relative electronegativity and
PA(2,Z1) the calculated relative covalent radius of the
element with the atomic number Zi

DS(30) - array containing the distance sums

UTIX(30) - array containing the electronegativity vertex topological
indicas (UTI'g)

UTIY(30) - array containing the steric VTI’s

JX ~ electronegativity-parametrized TI J

JY - sterically-parametrized TI J

SF - scaling factor

PDSX - electronegativity-parametrized distance sum
PDSY - stericaly-parametrized distance sum

First, from the terminal, the operating mode has to be chosen
through the values of two indicators: INTR and IOUT. Input data
can be supplied from the terminal (INTR=1) or from a datafile
(INTR=2) and results are directed to the terminal (I0UT=1) or
to a datafile (I0UT=2). Then the scaling factor SF is introduced.

If input data are provided from the terminal, the following
routine has to be performed for every molecular structure:

- the name of the compound, NAME, is introduced. If the sat of
molecular structures is exhausted, a return command ( <CR> )
must be given at this stage and the program stops.

- the number of atoms, NAT, and the number of bonds, NB, are
introduced.

- the vertices of the {nput structure ara arbitrarly labelled with
numbers between 1 and NAT, and for each bond between vertices
I and J the bond order IBOND is supplied in a DO cycle running
over the NB bonds. ‘

- in another DO cycle, the atomic number Z of every atom is
introduced.

FIGURE 2 presents the output of the program JHET with input



data supplied from the terminal.

Alternatively, if data are provided from a datafile, the program
opens the file JHIN.DAT, where structural information must be pre-
viously introduced. A somewhat different way of coding is used, in
comparison with the one used if input data are provided from the
terminal. This is a more compact and space saving procedure of
coding a molecular graph.

If the molecular graph is a polycyclic one, we define the NSB
quantity, i.e. the minimum number of bonds by whose removal the
graph is transformed into a tree. It is easy to observe that NSB
equals the cyclomatic number of the graph, i.e. the number of rings
in the definition of polycyclic compounds according to the IUPAC and
Chemical Abstracts nomenclature systems.

The molecular structure is transformed into an arbltrary spanning
tree by removing NSB bonds. An arbitrary vertex is defined to be the
focal vertex of the tree and is numbered with 1. The rest of NAT-1
vertices are numbered in such a way that on every path of the tree
if d(1,J1)<d(1,i2) then J1<y2.

The tree is coded by a sequence of numbers, in which at the
position 1 appears the number of the vertex closer to the focal
one to which is bonded atom i+1. Thus, the sequence begins with
the digit 1, the vertex to which atom bearing number 2 is bonded,
then the second digit indicates the vertex bonded to atom number 3,

closer to the focal point,and so 0n.30'3l

Thus, every polycyclic compound can be coded by a tree-code and a
sequence of NSB edges which transform the tree into the original
polycyclic graph.

Ue have to note that this code is not unique, but depends on the
vertex defined to be the focal one, and on the selection of the spanning
tree. If we impose a restrictive condition, namely that the sequence of
digits, read as a number in a NAT-1 base, is the minimal one, we obtain
a2 unique code for a given tree. It is important to note that this condi-
tion is not restrictive for the input of the program.

Taking into account the above way of coding a molecular struc-
ture, the input information read from the file JHIN.DAT fs contained
fn the following items:
~item 1 contains the name of the compound, NAME, in FORMAT 30A1.

-item 2 contains the values for three indicators: NAT (number
of atoms), NSB (number of supplementary bonds reforming the

original graph from the spanning tree) and 1BO (index of bonds),

199
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in FORMAT 3I2.
—item 3 contains the code of the spanning tree of the graph, 1C0D,

in FORMAT 30I2.

-ttem 4 contains the array JBO in FORMAT 30I1; JBO{(I) contains
the bond index of the bond I, between vertices I+1 and
[coptIy. It IBO=1, this item is missing.

-item S5 contains matrix ISB in pairs [ISB(I,1) and ISB(I,2)
corresponding to the vertices forming the supplementary
bond I, in FORMAT 30[2. If NSB=0, this item is absent.

~-item & contains the bond indlces of the supplementary bonds,
in FORMAT 30It, read in the array JBO. If NSB=0 or IBO=1,
this item is missing.

-item 7 contains the array NZ in FORMAT 3012.

Based on the input data, the program contructs the adlacency matrix
A and the initial distance matrix, whose entries are 1/b if between atoms
{ and | there exists a bond with the bond order b, otherwise dti, )
gquals O. For bonds in aromatic rings, b=1.5.

Then subroutine DIST computes the distance matrix D, and subroutine
SJH computes Tl‘s JX, JY, PDSX and PDSY. If I0UT=1, the values of the
TI’s are displayed on the terminal. In the other case, when [0UT=2,
the output is directed to the file JHOUT.DAT and the program writes
an item containing NAME, JX, JY, PDSX and PDSY in FORMAT 1X,30Al,
4(2X,F14.6).

FIGURE 3 contains datafile JHIN.DAT in which input data is stored.
Datafile JHOUT.DAT containing output data in a test run is presented
in FIGURE 4.

[t can be observed from FIGURE 4 that if the connectivity of the
heteroatom increases from 1 to 4, JX and PDSX decrease markedly whereas
JY and PDSY increase slightly in the following three series: butylamine
- N-methylpropylamine - diethylamine; isobutylamine - sec-butylamine -
N-methylisopropylamine - N,N-dimethyltethylamine; tert-butylamine -
tetramethylammonium. On the other hand, on comparing primary amines one
can observe that JX and JY increase whereas PDSX and PDSY decrease with
increasing branching.

These observations agree with earlier data on the heteroatom-modified
index J, and on the Uiener index. Indeed, the above three series have
PDSY values which are close to the Wiener index for n-pentane, isopentans
and neopentane, respectively; for PDSX the values have a slightly larger

spread. The above three hydrocarbons also served for comparing other
TI'S.32'33
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PROGRAN JHET
3606 06 06 06 06 36 6 36 36 36 6 06 36 26 36 JE 36 0606 06 06 06 06 J6 06 06 3 06 36 06 06 0 36 36 6 0 3 36 36 36 JE 306 JEJE 0 0 0 06 00 X KX K

PROGRAM JHET

THIS PROGRAM CALCULATES THE TOPOLOGICAL INDICES

J ( AVERAGE DISTANCE SUM CONNECTIVITY ) AND

PDS ( PARAMETRIZED DISTANCE SUM ), TAKING INTO ACCOUNT
THE PRESENCE OF UNSATURATION, AROHATICITY AND

THE CHEMICAL NATURE OF THE ATOMS [N THE MOLECULE,

ACCORDING TO ELBCTRONEGATIVITIES OR COVALENT RADII
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FIRST, FROM TERMINAL, TUO INDICATORS AND THE SCALING FACTOR
ARE SUPPLIED

INTR=t : DATA IS SUPPLIED FROM THE TERMINAL
=2 . DATA IS SUPPLIED FROM A DATAFILE

10UT=1 : RESULTS ARE DIRECTED TO0 THE TERMINAL
=2 : RESULTS ARE DIRECTED TO A DATAFILE

SF : SCALING FACTOR  FORMAT : F10.3

INPUT DESCRIPTION :
IF INTR=1 THE FOLLOWING DATA ARE PROVIDED FROM TERMINAL
NAME(30) : THE NAME OF THE COMPOUND

NAT : NUMBER OF ATOMS FORMAT : I2
THE UPPER VALUE OF NAT IS 30

NB : NUMBER OF BONDS

BONDING DATA : I , J , IBOND

I AND J ARE THE NUMBERS OF THE ATOMS FROM THE
TWO ENDS OF THE BOND

[BOND=1 : SINGLE BOND
=2 : DOUBLE BOND

3 : TRIPLE BOND

4 : AROMATIC BOND

7 DATA : THE ATOMIC NUMBER Z IS INTRODUCED FOR EVERY ATOHM.

AFTER FINISHING ONE MOLECULAR STRUCTURE COMPUTATION, THE
USER IS ASKED IF ANOTHER RUN IS TO BE PERFORMNED. [F THE

FIGURE 1. Program JHET
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ANSWER IS “N’, THE PROGRAM STOPS AND IF [T IS “Y” THE
PROGRAM SEEKS THE NEXT MOLECULAR STRUCTURE

I[F INTR=2 INPUT DATA ARE READ FROM THE FILE JHIN.DAT
NAME(30) : THE NAME OF THE COMPOUND

NAT,NSB,IB0 : FORMAT 312
NAT - NUMBER OF ATOHS

NSB - NUMBER O0F SUPPLEMENTARY BONDS (CYCLOMATIC NUMBER)
IBo - INDEX OF SATURATION
[BO={ : THE COMPOUND HAS ONLY SINGLE BONDS
=2 i THE COMPOUND HAS DOUBLE, TRIPLE OR AROMATIC
BONDS

[COD(30) : THE CONNECTIVITY CODE FOR THE SPANNING TREE OF THE
MOLECULAR GRAPH, [N FORMAT 30I2

JBO(30) : ARRAY CONTAINING THE BOND TYPE INDEX CORRESPON-
DING TO THE BONDS CODED IN ICOD, IN FORMAT 30I1
IF IBO=1, THIS ITEHM IS MISSING

[SB(30,2): MATRIX CODING THE NSB BONDS. A BOND IS CODED BY
A PAIR ISB(I,1) AND ISB(I,2), GIVING THE
NUHBERS OF THE TWO ATOMS OF THE BOND IN
FORMAT 3012
[F NSB=0, THIS ITEM IS MISSING

JBO(30) : ARRAY CONTAINING THE BOND TYPE INDEX CORRESPON-
DING TO THE BONDS CODED [N ISB, IN FORMAT 30I1
IF IBO=1 OR NSB=0 THIS ITEM IS MISSING

NZ(30) : ARRAY CONTAINING THE ATOMIC NUMBER OF THE
ATOMS, IN FORMAT 30I2

AFTER FINISHING ONE MOLECULAR STRUCTURE COMPUTATION, THE
PROGRAM AUTOMATICALLY LOOKS TO SEE IF DATA FOR ANOTHCR
MOLECULE FOLLOUS

OUTPUT DESCRIPTION :

JX ¢ ELECTRONEGATIVITY TOPOLOGICAL INDEX J

JY : STERIC TOPOLOGICAL INDEX J

PDSX : ELECTRONEGATIVITY PARAMETRIZED DISTANCE SUH
PDSY : STERICALLY PARAMETRIZED DISTANCE SUHM

[F I10UT=2, RESULTS ARE TYPED IN FILE JHOUT.DAT IN AN
ITEM CONTAINING NAME, JX, JY, PDSX AND PDSY IN
FORMAT 1X,3041,4(2X,F14.6)

WORK MATRICES

A(30,30) - ADJACENCY MATRIX

D(30,30) - DISTANCE MATRIX

FIGURE t. (continued)



