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aAbstract

A computer program was devzloped for calculating the
highly discriminating distance-based topological index J on
the basis of vertex adjacency data, This topological index
can take into account the presence of unsaturation or
aromaticity in hydrocarbous or lLydrocarbon radicals (frag-
ments). A new definition is proposed for the topological
index of a univalent hydrocarbon radical, corresponding to
a rooted pgroph, and an alternative approach is considered
for olefinic or acebylenic wigaturation. Problews raised by

heteroatoms ore also discugsed.
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Introduction

Topological indices (TI's) convert chemical structures
into numerical values which can be used for guantitative
correlations with physical, chemical or biochemical properties,
The reverse process is, however, impossible, i.e. topological
indices are not in one-to-one correspondence with chemical
structures : two or more structures may correspond to the same
topological index which in this case is degenerate.

The forty odd topological indices so far proposed have
been reviewed.l-7 S50 far, all topological indices proposed till
now take into account only constitutional isomerism, ignoring
stereoisomerism. Among those which have proved to be most
successful in guantitative structure-activity relationships,
especially for drug design, Randié's index x is the first to
deserve mention.6'8 W¥iener's index w is historically the first
TI;‘3 it allowed a good correlation with boiling points of

alkanes in isomeric seriesgs. Centric 1ndiceslo'll

12

as well as
the mean square topological distance afford good correlations
with octane numbers in isomeric series of heptanes and octanes.
Information TI's developed by Bonchev and Trinajstié,lB‘ls and

16

more recently by Bertz  provide increased discrimination, l.e.

lower degeneracy.

Topological index J

A new, bhighly discriminating topological index J,

average distance sun connectivity, was recently proposad.le'17
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It is based on topologiczl disbances in graphs. Chemical
structures possesing covalent bonds correspond Lo graphs :
atons are the vertices (poinlis) ol the graph, and covalent
bonds are the edges (lines) of the graph. As customary in
organic chemistry, nydrogen atoms are ignored so that hydro-
carbons correspond to hydrogen-~depleted graphs whose vertices
represent carbon atoms and whose edges represent carbon-carbon
bonds : single bonds for scturated hydrocarbons represented by
gimple graphs, or nultiple bonds for unsaturated hydrocarbons
represented by wultigraphs. The topological distance between
two vertices is the number of edges along the shortest path
between chese verbices. In acyclic sysbtem (Srges) the path is
unigue, but in cyclic systems two vertices may be connected
by more than one path. Two vertices at distance one are said
to be adjacent.

The adjacency mabtrix A of a sraph with n vertices is
a square syametrical nxn matrix whose entries are 1 for
adjacent vertices and O otherwice. The distance matrix D is
also a square symwetrical nxn mabtrix, bubt the entries are the
topological distances. In both cases the main diagonal has
only zeoroes and the entries 1 are the same, but all other
entries are difforent for A and D : in A they are zeroes,
while in D they ere nuwsbers lorger than one, Lhe sun of
entries for conluwn or row i in A is called the degree of
vertex i (vi). The summ of wntries for column or row i in D
is occasionally called distance degree, but we prefer to call
it the digstance sun of viorbex i (si). Loth vy and 5; are graph
invariants which do not depend on how the graph is drawn or on

how the vertices are numbered.
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The cyclomatic numoer of a connected graph with n
vertices and q edgcs (iu this case wultiple edges are counted

as a simple edge) is W ¢

p.:q-n+1 (1)

This gyclomabic number is the number of rings in the
classical definition of polycyclic compounds according to the
baeyer, IUPaC and Chemical Abstracts nomenclature systems.

By defirition, the new topological index is

1/2

’ q T =
d = (s.8.)
edge Ll

(2)
for all edges having i and j as endpoints (the sum is over all
edges ).

There is a linited analogy Letween formula (2) and the
delinition of Lhe ikendié index y by foruula (3) :

- -i/2
= i ) )

However, instead of using products of vertex degrees Vivj
{(degrees can bave only bthe values 1,2,3 or 4 for hydrocarbons,
totalling ton mossible comuinations) index J uses products of
distance suus S;55 lazding to a double infinity of combina-
tions : in addition, the normalizing factor before the sum
of formula (2) ensures that J does not increase automatically
with n 1ike uost TI's, bub reilects only the "topological
shape", i.c. the desrce of branching. LIndesd, for some infinite

gréphs congisting of linearly repeating units, J has finite
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values (n for infinite j0lyeithene, l.5m for polypronene,
12,17,

ebe, while Tor highly branched infinite raphs J can be o

Couputer oropram (LJK0JAnEOL 1 = J

for saturated systems forunla {2) affords in a
straightforwvard marner the value of J. In order to facilitate
the calculation from adjacency data, we have developed a
coupubter program writtoen in Eesil which was iuplemented on a
tlewleti~Packard 9C30A desk-tep compuber,

Por unsiburatad and aronalic systews, two approaches

L1217

are possible. The firs is to take into consideration

conventicnal bond orders b (b = 1, 2 and 3 for single, double

and triple bonds,
bonds); then the ceniry
multiply-bonded varticas with bond o

Distance

Swis .'_ii
account such non=integer topological
cation of formula (2) multiple bonds

as a sinyle bond when calculobing ge

As smaumplses, all psntane 15312
C5H10 (& -~ 123 ric structures

resnectively, and b

riny
DAL

= 1,5 for aroratic

in the distance satrix for two adjacent

b Letween them is 1/b,.

are then calculated by taking inbo

distances. In the appli-

are btreated in this case

(L - 3) and pentene

will be discussed in Figures



- 168 -

3

N
E ol
(9.}
N
N
~ w
w
o
w -———FT——w
&~

1
Le3®s vy 12345 vy 12345 vy
1fo1000f12 010001 01000}
2l 01002 lo100]2 101114
30101 0f2 e1011l]3 01000{1
A 4ffoo1o1j2 001001 010001
sIcoco1cll 00100f1 010001
85 85 8;
1101 2 3 49 10 61l235.35 9 01222 7
21101 2 3| 7 10122 6 10111l #
D 32101 2| 6 21011 5 21022 7
49132101 7 322102 8 21202| 7
SI4 3210010 3212010 8 212201 7
J = 241906 245595 3.0237
Fige 1. adjacency and distance mablrices for 1 - 3
as well as corresponding graph invariants
vy and Sy e
"
2 L 0 0.5 1.5 245 3.5 |1 8
(P T W 0.5 0 1 2 3 6e5
1.5 1 0 1 2 545
4 2.5 2 1 0 1 645
D D 2 1 0 9¢5
Jd = 217

Fig. 2. Distance matrices and distance sums 84
for & - 12
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It can be seen that J increases with graph branching,
and that J is larger for systems with "internal" double bonds.
The listing of Lha computer prosram HIDROCAKICH 1-J which
incoiporates this approaca iz srosentod in Figures 3 and 4.
The input for calculating tae Lopological index J consists of
adjacency data recorded on magnetic tape with the aid of a
small intveractive routine which is listad in Fig. 3. In order
to enable the calculation of J for large numbers of different
structures without coapubter-operator interaction, the input
data are most conveniently reccorded on magnetic tape. The
adjacency dataare inputed as nairs of bonded atoms, and bond
type. Fer the TYDROCARLGON 1-J program (Fig. 4), one starts
from a null mabrix with an order eynal to the nuuber N9 of

carbon atoas., for obtairiy thz adjaseney aatrix, the program

~

stuleacnds 1950-2C20) reolaccs bhe soipresponding zeroes by the
bond t; pe for ceck pair of honded atoms. The adjacency nmatrix
is printed if %he corresponding option (statement 30) is
chogen; in the printed =2djacency matrix, Uopological distances
are presented as reciprocals of the code for bond type.
Notation for paramcters is opresented in Table 1.

Afterwards, the distance aatrix is obtained (statements
270-4%0). The entries of the distance watreix for bonded atoms
are obtainad by considseing the non-zero terms of the printed
adjacency matrix. Then the topological distances between the
non-bonded atous are computed or all possible paths, the
lowest valne being retainad for euch atom, and are optionally
printed as teiwas of thz distonce anirix (statemonts 4060-550).

Finally Lhe eynloaatic nuaber and the topological



Table 1

=1 g2 =

Notation for program parameters and variables

Frograua Hotation Parameter
PuT L nuaber of adjacencies
N9 nuaber oi carbon atoms
15 structure identification nuwaber
x[1,1]
: } nunbering of bonded atoms
%[1,2]
b bond type
FL,19 first zsnd last deta file number,
regpectively
itPUT
plus
HYDJICCAREQOW | K2 option paramcter for printing:only
adjacency matrix (K2 = 1); only
distance mabrix (K2 = 2); both
patrices (X2 = 3); no matrix (K2 = 0)
alL,k] adjacency matrix with bond types
DiL,K] Jdisbtance amatrix
Gl distance sun for atom I
18 cyclomatic nuaber of graph
J1 topological index J
1LPUT 30 miniaun distance sum in the graph
HY p0CAABON
plus s nusbering of rooted vertex

RADICAL
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10 COM X1,N9,19,%s[15,3]
20 DISP "NUMBER OF ATOMS =3

30 INPUT N9

40 DISP "NUMBER OF BONDS  =";

50 INPUT X1

60 DISP "FIRST DATA FILE NUMBER ";
70 INPUT F1

80 DISP "STRUCTURE IDENTIPICATION NUMBER ";
90 INFUT I9
100 FOR I=1 To X1

110 DISP "TNPUT II;I-II' BOND lri
120 mWpUT X[1,1],%(1,2

130 DISP I;"  BOND TYFE ";

140 INPUT X[I,3]

150 NEXT I

160 STORE DATA 1

170 PRINT

180 PRINT "STRUCTURE "1I9,LIN2,"BONDS ", LINZ
190 ¥OR I=1 To X1

200 PRINT X[I,1];"-"3¥X[1,2]3" TYPE ";X[I,3]
210 NEXT I

220 PRINT

230 DISP "DO YOU HAVE MORE DATA (1=YES)";
240 INPUT W9

250 IF W9=0 THEN 280

260 P1=F1+1

270 30T0 80

280 END

rig. 3. Subroutine for input data of program

HYDROCARBON 1-J (in BASIC)
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10 CUM ¥1,N9,19,%X5[15,3%)

20 DIM A=[15,15),Ds[15 151,0»{15]

30 DIoP "TYPE A,D,A+D {1,2,3)

40 INPUT E2

50 DISP "INPUT FIRST DATA FIIE NUMBER ";
60 INPUT ®1

70 DISP "INPUT LAST DATA FIIE NUMBER ";
80 INPUT P9

90 IUAD DaTa ®1

100 IF I9#0 TIEN 120

110 oTUP

120 REDIM A[N9,N9],D[N9,N9]

130 PRINT LINS,"™>TRUCTURE "I9

140 MAT A=ZER

150 FOR I=1 TO X1

160 A[x[1,1],x[1,2]}=x[1,3]

170 NEXT I

180 FOR I=1 TO N9

190 FOR J=I+1 TO N9

200 A[J,I]=A[1,J]

210 NEXT J

220 NEXT I

230 IF K2=2 UR K2=0 THEN 270

240 PRINT ZLIN2,"ADJACENCY MATRIX "
250 K1=1

260 05UB 710

270 MAT D=ZER

280 PUR 1=1 TO N9

290 FOR J=I+1 TV N9

300 IF A[I, JB 0 THEN 320

310 D(1,7]=D{J,1]=1/4[1,7]

320 NEXT J

330 NEXT I

340 FOR I=1 T0 N9

350 FUR J=1 T0 N9

360 IF I=J THEN 440

370 POR 1=1 TU N9

380 IF 1=I UR 1I=J THEN 430

390 IF D 1 J}=0 UR D[I.J] 0 THEN 430
400 D1=D[{1,J ]+D[J,1

410 IP D 1 LJ#0 AND D1 >= D[I,1] THEN 430
420 D[1, 1] D[L,1]=D1

430 NEXT

440 NEXT J

450 NEXT I

460 PUR I=1 TV N9

470 o[1])= 0

480 FOR J=1 T0 N

490 3[1])= b[I]+D[I J]

500 NEXT

510 NEXT 1

520 IF K2<2 THEN 560

530 PRINT LINZ,"DISTANCE MATRIX "

Fig. 4. Program HYDROCARBON 1-J (in BASIC)
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540 K1=2
550 3UoUB 710

560 J1=0

570 FUR I=1 TO N9

580 FOR J=I+1 TU N9

590 IF A[I,J)=0 THEN 610
600 J1= J1+1/oqa(u[1]*o[3])
610 NEXT J

620 NE{T I

630 I18=X1-N9+1

640 J1=X1*J1/(18+1)

650 PRINT LINZ,"PUPUIUZICAL INDEX J="J1
660 PRINT "CYCIUOMATIC NUMBER = "I8
670 P1=F1+1

680 IF F1>F9 THEN 700

690 GUTU 90

700 END

710 PRINT

720 FUR I=1 TU N9

730 IF I#1 THEN 750

740 WRITE {15.770)" "
750 WRITE (15,770)1;

760 NEXT I

770 PURMAT F6.0

780 PURMAT P6.2

790 IF K1=1 THEN 810

800 WRITE (15,770)" oI";
810 PRINT

820 PRINT

830 FUR I=1 TU N9

840 WRITE (15,770)1;

850 PUR J=1 TU N9

860 ,UTU K1 OF 870,980

870 IF LI J]= o CR A[I JJ)=1 THEN 960
880 A2-2%Al1,3]-2

890 ;0T0 A2 OF 900,920,920, 940
900 WRITE (15,770)"  2/3"}
910 UTU 990

920 WRITE (15,770)"  1/2";
930 30T0 990

940 WRITE (15 770)" /3"
950 zUTL 9

960 WRITE (15 770)A[1,d];
970 30T0 990

980 WRITE {15,780)D[1,J ];
990 NEXT J

1000 IF X1=1 THEN 1020

1010 WRITE (15,780)=[1];
1020 PRINT

1030 PRINT

1040 NEXT I

1050 RETURN

1060 END

Fiz. 4 (Continued)



- 176 -

index J are computed and printed (statements 560-670). The
adjacency matrix and the distance matrix are printed with a

subroutine whica appears in statements 720-1060.

Computer program HYD:RCCARBON 2-J

A second approach for systems with multiple bonds is
to calculate distance suns as integer values ignoring the
wresence of multiple bonds. Then formula (2) is applied
separately fTor =uch edge (considering a double bond as two
edpes and a triple bond as three edses) ; also in calculating
q in this case each edge is counted separately, even for
multiple bonds. This second approach has not been mentioned
earlicr,

do shall exemplify again with the same strustures of
the isomeric pentenes 4 - 3. The distance sums for 4 and 5
are those calculated for the saturated congener 1, whereas

for ¢ = ¢ the distancc sums are those for 2 :

'IVT\B/‘?\IO 9 S 5 .
14,5 /\'s/
The resulting J values are : BE LA
41 I =503/V70 + 2/VEZ) = 343359
5: J=5/V70 + 3/VE2) = 3.5098
6 J=5@/V5F + 1/V30 + 2/V/80) = 3.8548
2+ J=50/VSE + 2/V30 + 2/V80) = 4,0873
8: J=51/V3 + V30 + 3/V40) = 3.8855
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It can be observed that the first and szecond approach
for ungaturation give similar ordering of isomers, but not
identical numerical results : marginal double bonds lead Lo
smaller J values than internal double bonds, as can be seen
by comparing 2 with 4, or Y with & and &.

The program HiD{OCA«EUN 2-J is prescnted in Fige 5.

A4 drawback of the second approach is that for aromatic
systems such as ortho-xylcne, different Kekule structures lead
to different J values; therfore for aromatic systems, the first

approach (HYUrOCARZON 1-J) is bto be preferred.

Coumpuber program RaDICAL 1-J

L.ost biolopical correlations involve various molecular
fraguents ar radicals attached to one and the same skeleton.
So far, no satisfactory rules were devised for Tl's or radi-
cals. Je present in the present paper an approach to this
problem and a computer propsram implewenuving the underlying
idea,

4 molecular (consbitubilonsl) graph, e.g. an alkane,
can give rise to as many alliyyl radicals as the number of
constitutionally non-equivalent carbon atoms ; in graph-
-theoretical terminology, & 3ziven graph can give rise to
several rooted sraphs, where the root vertex corresponds to
the carbon atom which has lost a hydrogen on foraing the
alkyl radical.

For calculating J for a radical we first obtain the s
values for the graph, then according to formula (3) we assign

to the root vertex a distance sum which is ten times smaller
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10 COM ¥1,¥9,19,Xs[15,3]

20 D asf15,15),08(15,15],s5[15)

30 DISP "TYPE A,D,A+D {1,2.3) *;

40 TINPUT K2

50 DISP "INFUT ®PIRST DATA RIIE NUMBER ";
60 INPUT 71

70 DISP "INPUT IAST DATA FPILE NUMBER ";
80 INFUT P9

90 I0AD DATA ™

100 IF I9#0 THEW 120

110 STOP

120 REDM A[N9,N9],D[N9,N9]

130 PRINT LINS,"STRUCTURE "I9

140 MAT A_ZER

150 PQR T=1 T

160 A K[I 1J T[I 2] =x[1,3)

170 NE

180 FOR I 1 To N9

190 FOR J=I+1 TO N9

200 A[J,T)=A[1,70]

210 NEXT J

220 NEXT T

230 IFr K2=2 THEN 270

240 FRINT 1INZ,"ADJACENCY MATRIY "
250 K1=1

260 10SUB 710

270 MAT D=ZER

280 MR I=1 To N9

290 POR J=I+1 TO X9

300 IF A{I, JB 0 TYEN 320

310 D[1,J]=N{J,1]}=1

320 NEXT J

330 NEXT I

340 POR I=1 TO N9

350 POR J=1 TO N9

360 IF I=J THEN 440

370 FOR 1=1 To N9

380 IF L= OR I=J THEN 430

390 IF D[I,J]=0 OR D[1,J]=0 THEN 430
400 D1=D[1,7]+D[J,L

410 TF D[1I, 1,#0 AND D1 >= D[I,L1] THEN 430
420 D[1,1)=D{1,1)=D1
430 NEXT L

440 NEXT J

450 NEXT 1

460 POR I=1 TO N9
470 s[1]=0

480 MOR J=1 TO N

490 s[I]=s{I]+D[I J]
500 NEXT J

510 NEXT I

Fig. 5. Program HYDROCARBON 2-4 (in BAS1C)
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520 IR K2<2 THEN 560

530 PRINT LIN2,"DISTANCE MATRIX n
540 K1=2

550 30SUB 710

560 J1=0

570 FOR I=1 TO N9

580 FOR J=I+1 TO N9

590 IP A[I,J]=0 THEN

600 J1= J1+A[I J]/SQR(s[I]*s{J])
610 NEXT J

620 NEXT I

630 I8=X1=-N9+1

640 J1=X1*J1/(18+1)

650 PRINT LIN2,"TOPOID3ICAL INDEY J="J1
660 PRINT "CYCIOMATIC NUMBER = "I8
670 F1=F1+1

680 IF F1>F9 THEN 700

690 0TO 90

700 END

710 PRINT

720 POR I=1 TO N9

730 IF I#1 THEN 750

740 WRITE 515.770)" ",
750 WRITE (15,770)1;

760 NEXT I

770 PORMAT F6.0

780 TORMAT 76,2

790 TF K1=1 THEN 810

800 WRITE (15,770)" SIv;
810 PRINT

820 PRINT

830 FOR I=1 TO N9

840 WRITE (15,770)1;

850 FOR J=1 TO N9

860 30T0 K1 OF 870,890

870 WRITE (15 770)A[1,7];
880 30TQ

890 WRITE (15 780)D(1,J];
900 NEXT J

910 IF K1=1 THEN 930

920 WRITE (15,780)s[1];

930 PRINT

940 PRINT

950 NEXT I

960 RETURN

970 END

Fig. 5 (Continued)
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than the minimal distance sum aamong all graph vertices. Then

we apply formula (2).

s(root) = s(ain)/10 (3)

For example, for the l-pentyl, 2-pentyl and 3-pentyl
radicals derived from 1 the J values thus computed are 3.,6643,
4.8365 and 4.8598 respectively. For the 2-methyl-l-butyl,
2-methyl-2-butyl, 2-methyl-3-butyl and 2-methyl-4—butyl
radicals derived from 2 the J values are 4,4369, 6.8537,
5.6803 and 4,3046 respectively.

The program HADICAL 1-J (Fig. 6) has a similar
structure to that of program [IIDI0OCAKBUN 1-J, excepting
statements 500-7/30 whersin the amallest distance sum is found
and used according to rormula (3) for obbtaining the distance
suw of the rooted vertex. The nuavsring of the rooted vertex
i3 asked by the program in the saae sequence of statements.
The program allows the calculation of indices J for several
radicals obtained from the same graph by changing the rooted
vertex (statement 860 which asks if a loop is wanted).

Unlike program :HYD«CJSAWSON 1-J, prograam RADICAL 1-J
uses input data Irom a deba block (stateuwent 129C) which is
easily eapp.nda2d 2t the and of the progranz on the HP-9830A

desk~top couputer,

Prescnce of heteroatoms

The presences of heteroutoms is not taken into account
in wost topolopical indices ; a few TI's, however, do account

for heteroatomss?S*®
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10 DIM Ad[1s,15] A0 015 15],==~> 151
20 DIsP "TYPE A,D,a+D (1,
30 INPUT K2

40 DISP "ORDER OR SRAPH ";

50 INPUT N9

60 DISP “NUMBER OF ADJACENCIES ";
70 INFUT X

80 REDIM A[NQ N9],D[N9,N9]

90 READ I9

100 IF I9#0 THEN 120

110 LTOP

120 PRINT IINS,"STRUCTURE "I9
130 MAT A=ZER

140 POR I=1 TO X1

150 READ 11,J1,19

160 A[T1,31)=19
170 NEXT I
180 FOR I=1 TU N9

190 FOR J=I+1 TO N9

200 a[J,11=4[1,7]

210 NEXT J

220 NEXT I

230 IF K2=2 UR K2=0 THEN 270

240 PRINT LIN?,"ADJACENCY MATRIX "
250 K1=1

260 GOSUB 930

270 MAT D=ZER

280 FOR I=1 TO N9

290 FOR J=I+1 T0 N9

300 IF A[I, Je 0 THEN E

310 D[1,J]=D[J,1]=1/A[1,7]

320 NEXT J

330 NEXT I

340 FOR I=1 TO N9

350 FOR J=1 TU N9

360 IP I=J THEN 440

370 FOR 1=1 TU N9

%380 IF I=I UR I=J THEN 430

390 IF D[I,J]=0 OR D[I,J]=0 THEN 430

400 D1=D 1,7 +D[J,1L

410 17 D[I,1l#0 AND D1 >= D[I,L] THEN 430
420 D[1, 1]=D[1,1]-D1

430 NEXT L

440 NEXT J

450 NEXT I

Fig. 6. rrogram RADICAL 1-J (in Ba31C)
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FOR I=1 TU N9

o[1]=0

FUR _J=1 TU N9
S5[1)=s({1)+D[1,7]

NEXT J

NEXT 1

IF K2<2 THEN 560

PRINT 1IN?,"DIoTANCE MATRIX "
K1=2

3UeUB 930

50=100

FOR I=1 TU N9

ir 5[1] >= 50 THEN 600

QOtD‘ I

NEXT I

DIsP "RUOTED VERTEX ",
INPUT NS

a1=SEN5]
5[Ng]=50/10

PRINT

PRINT

PRINT "RUOTED VERTEX = "N§
PRINT

PRINT " I S(I) "

PRINT

FOR I=1 TU N9

WRITE (15,730)1,5[1]

FURMAT ¥4.0,F8,2

NEXT I

J1=0

FOR I=1 TO N9

FOR J=I+1 TU N9

IF A[I,J]=0 THEN 800
J1=J1+1/5QR(S[1]*S[J ])

NEXT J

NEXT I

I8=X1-N9+1

J1=X1*J1/(18+1)

PRINT LIN2,"™POPOLO3ICAL INDEX  J="J1
PRINT "CYCIOMATIC NUMBER = "I8
DI>P "DO YUU CHANZE THE ROOT (1=YEo)";
INPUT W9

IP W9#1 THEN 910

o[N5 }=01

3010 610

3010 20

END

Fig. 6 (Continued)



- 183 -

930 FRINT
940 FOR I=1 T0 N9

950

IF I#1 THEN 970

960 WRITE %15,9903" L

970 WRITE

15,990)1;

980 NEXT I
990 PURMAT PF6.0

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180

PORMAT F6.2

IF K1=1 THEN 10730

WRITE (15,990)" SIM;

PRINT

PRINT

FOR I=1 TO N9

WRITE (15 90)1

FOR J=1 Té
0?0 K1 OF 1090 1200

Ir Al1,7])= o ORrR A[l J]=1 THEN 1180

A2=2%Al1,0]-2

3070 42 OF "1120,1140,1140,1160

wn:mn (15 990)"  2/3m;

GOT0 1

WRITE (15 ggo)"  1/2%;

goTo

wg%mn (15 990)"  1/3";

WRITE1(15 ,990)A[1,J];

1190 3010

1200
1210
1220
1230
1240
1250
1260
1270
1280
1290

Fig.

WRITE (15,1000)D[1,J];

NEXT J

IF K1=1 THEN 1240

WRITE (15,1000)o[1];

PRINT

PRINT

NEXT I

RETURN

END

DATA 171,1,2,1,2,3,1,3,4,1,4,5,1

€6 (Continued)



- 184 -

For distance sums in hetercatom~containing molecules a
formula (4) based on the atomic number % af the heteroatom was
proposed by T'rinajstié and coworkers.l8 The off-diagonal
elements dij are calculated normally, but the diagonal elements

dii are

6
ii 7 L

where Z; is the atowic number of the heteroatom (provided that
2,2 6). The idea is cxtended™® to detormine multiple bond
orders bii (involving atoms i and j and having Zi and Zj;la)

according to formula (5).

bij = b

2:2
= )

Then one can use this bond order bij for multigraphs
ingtead of tie conventional vond order b (as indicated above
For orders b = 1, 1,5, 2 and 3 involving only carbon atous).

On trying to explain the physical meaning of most
topological indices a relationship was found with molecular
volume: for several TI's, correlation with the molar refraction
evidenced that 7Y0-3855 of the explained variance is due to the
molecular volume.lg'zo since atomic volunes, like electronegsa-
tivities and all cheawical pronerties, show a periodical, rather
than a monobonous variation versus the atomic number Z, we
believe that a more accurate way of expressing the presence of
heteroatoms ouzht to talke into account this perliodical
variation.

In a future joint pzper with Professor Trinajstié we

chall indicate & aore elaborate approach than formulas (4) and

(5) for taking into account the presence of heterocatoms, on
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the basis of the above idea.

Conclusions

By means of the computer programs presented here, even
with a relatively small and slow compubter such as the Hewlebtt-
-~ Packard 98304, it is possible %o obtain rapidly for fairly
complicated graphs the topologicel index J from input data
which give only adjacencies and, for multipgraphs, corresponding
bond orders according to an arbitrary numbering of the graph
vertices.

Two different methods for obtaining J of multigraphs
( HYDROCARBON 1-J and UIDROCARBCN 2-J ) were presented, the
latter being based on & new approach.

A gimilar progran enabling one to coapute J for
molecular fragumenbs ( RADICAL 1-J ) was presented; it is
based on @ new idea, naw=ly to correlate such fragments or
radicals with rooted graphs, and %o assign to the rooted
vertex a lower distance sun that the minimum distance sum
for the corresponding non-rooted graph.

Figures 7 and 8 present the FORTRAN-IV version of the
program HYDROCARBON 1-J ; analogcus versions of the other

programs presented here are available con request.
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DIMENSICN 1X(15,%),4(15,15),D(15,15),8(15)
1IN= input channel label
I0UT= oubtput channel label
16¢6 READ(ILIN,1é@) ICONT,ILEG,NDIM, [DNE
168 FOMAT(HIR)
IF(ILEG.LE.E) STOP
W iPe(10UT,24¢) 1DNT
286 FOHWAD(//," STRUCTUKLE % i3
DO 1 1=1,ILEG
1 {EAD(LIN,101)(IX(1,J),J=1,3)
DO 2 T=1,HDiM
S(L)=6.¢
DO 2 J=1,HDIi
A(I,J7)=0.8
2 D(L,J)=¢.8
DO 3 I=1,ILEG
I1=IL(I,1)
J1=1X(I,2)
GO TO (4,5,6,6),IX(1,3)
4 AD=1.
GO TO 7
5 AQ=1./1.5
GO 10 7
6 AO=l./(FLOAT(IX(I,3))=1.)
A(I1,J1)=A0
3 A(J1,11)=A0
IF(ICONT o Se @ OR, LOONT 4 544 2)GOTO 8
WRITE(IOUT, 2¢1)
281 FOMAT(//,™ ADJACENCY MATRIX ',/)
CALL TLuAT (MDDM,4,3,1,10UT)
8 DO 9 I=1,IDIM
DO 9 J=1,NDL
9 D(I,J)=A(L,J)
DO 11 I=1,NDIH
DO 11 J=1,NDIN
IF(I.®%.J) GO TC 11 version of the program
DO 1¢ K=1,NDIM HYDROCARBON 1-J

~3

Fig. 7. The FORTRAN-IV
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IF(K.EQe Te0R.KWEQ.J) GO TO 19
IF(D(I,J)eEgeffe@.08.D(K,T) . EQ.@F.@) GO TO 10
D1=D(I,J)+D(J,K)
IF(D(I,K)NE.@.P. 4D, D1.GE.D(I,X)) GO TO 1¢
D(I,K)=D1
D(X,I)=D1

1¢ CONT INUE

11  CONT INUE
DO 12 I=1,NDIM
DO 12 J=1,NDIi

12 3(I)=8(I)+D(I,J)
IF(ICONT.LT.2) GO TO 13
dzITE(ICUT,282)

2¢2 FOMNAT(//," DISIANCE MAT.IX ™,/)
CALL TIMAT(NDL,D,S,2,I0UT)

13 AJl=@.¢@
DO 14 I=1,KDIM
I11=I+1
DO 14 J=I1,NDIM
IF(A(I,T) e Ege@a@) GO TO 14
AJ1=AJ1+1./5GaT(S(I)=S(J))

14 CONTINUE
ICYCLE=ILEG - NDIM + 1
AJ1=ILEG=AJ1/(ICYCLE+1)
WRITE(IOUT,2@3 )AL

2¢3 TFOMMAT(//," TOPOLOGICAL INDzX J =",F8.4)
WiITE( LU, 2@4 ) ICICLE

2¢4 FOMMAT(/," CYCLOMATIC NUMBER =",I3)
GO TO 1¢@¢
END

Fig. 7 (Continued)
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SUBROUTINE TIwAT(N,A,S,K1,IOUT)
DDMENSION A(N,N),S(N)
WoITE(IOUT,18@)(I,I=1,N)
19@ FORMAT(/," ",1518)
DO 1 I=1,NDIM
1 WRITE(IOUT,1¢1)I,(A(I,J),J=1,NDIM)
1¢1 FORMAT(/,I4,15F8.3)
IF(K1,EQ.1) GO T0 2
JRIPE(IOUT ,1¢2) (3(J),J=1,NDIx)
1g2 FORMAT(/," SI ",15F8.3)
2 RETURN
END

Fig. 8. The FORTRAN-IV version of the
subroutine for input data of

program HYDROCARBON 1-J
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