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The use of distance measura 1in defining a highly saelective,

k

connactivity-based spactirum of topological indicas, denoted by IR

{s prasented. Thay are obtained by a distance measure method,

using a spectrum of fourteen connactivity topological indices.

The newly defined topological indices have no degaenerate valus for

a set of 661 alkanas between butana and dodecane. The statistical

characteristics and the ordering of structuras induced by the
values of the indices are also considerad.
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A graat number of methods from mathematics and computer

science hava been largely investigated for the elucidation

of the causal relationships between chemical structure and

physico-chemical properties. PAttern ReCognition (PARD)

mathods are aspecially usaeful for the classification of chemical
structures into distinct classes on the basis of characteristic
teatures. A set of characteristic features of a chemical
structure {s consideraed as an abstract pattern which contains
information about physico-chemical properties, chemical
raactivity or biological activity of the investigated chemical
structure.

Ue have to mention here that PARC methods try to find
relationships between the pattern and a chemical property
without using chemical knowledge.

A largely used classification method in PARC is tha distance
measure in pattern space, briefly described in what follows.

Let X(xy, %2, .-.r Xp)s Ylyy, ¥2, <oy Yp) and Z(zy, 23,
.e.) Zp) be three points in an n-dimensional space. Any function

D(X,Y) which satisfies the following relationships:

DX, X)=0
D(X,Y)>0 for XpY

(1)
DX, Y)=DlY,X)

DX, Z)+D(Z,Y)2D(X,Y)

has the quality of a distance.
The most frequently used distance measuremants form the

genaral Minkowski distance:
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n
DH= %;l[(xi~yi)k] (2

For k=1 we obtain the Manhattan distance(®city block distance”)
in analogy with the shortast distance between two points in a city

with rectangular streets:

n
D= l};llxi-yil (3)

and k=2 gives the most often used Buclidean distance:

n 1/2

§: 2
DE- (xi—yi) (3)

i=1

Clasifications of chemical structuraes by distance measurements

in pattern space were used for the recognition of the structure

) 3 4
of moleculas from mass spectra and infrarad spectra. The

dlstance measura mathod was also applied in studies concerning
aromaticity, photoreactivity, thermal reactivity and intermole-

S
cular forces.

Another method used in establishing correlations betwean
structure and physico-chemical propertias 1is to express the
bonding topology of the molecular graph by a mathamatical
expression which may be a matrix, a polynomial or a numerical

6-11
index. Numerical indices developad in this way are callud

topological indices (TI”s).
Although in their origins T1’s werae devaloped for the purpose

of obtaining corralations with a great variety of physicochemical
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properties of chemical substances, namely QSPR (Quantitative Struc-
ture-Property Relationships), their range of applications has
extended to bibliographical classification of chemical compounds
and 0SAR (Quantitative Structure-Activity Relationships).

A general problem of topological indices is that they ars
more or less degenerate, i.e. two or more nonisomorphic
structures may lead to the same value for a given topological
index. The discriminating ability or structural selectivity
of a Tl is inversely related to its dagenaracy. A study on
the structural selectivity of six TI‘s : Uiener’s number VW,
the Zagreb group (Gutman, Ruscic, Trinalstic, Wilcox) TI danoted

by My, Hosoya’s index I, Randic’s connactivity index )( , the

E
information on distanca index In and Balaban’s average distance

sum connectivity index J, reveals that J has the greatast
sellctlvtty.lz 0f course, high selectivity, although strongly
desirable, is not sufficient to obtain good results in QSPR

and GSAR if the values of indices do not properly reflect struc-
tural information in conlunction with the property under inves-

tigation.

' 8
The Randic connectivity index was defined as:

-1/2
X =Z(vivj) (5)
L

where v; and v; denote the degrees of the two endpoints of
an edga in the molecular graph 6, and the summation i3
extended over all m adges.

f genaralized connectivity index was suggested by

extanding the summation in aq. (S) over all possible



connected subgraphs with m edges of four'types ¢+ path,

9
cluster, path/cluster and chain:
N r '
m -1/2
X= > B (v,), (6)
J=1 i=1

where n, is the number of connected subgraphs of type t with
m edges and r is the number of vertices of the subgraph. In the
case of path, cluster and path/cluster subgraphs, r=m+l1 and
for a chain-type subgraph r=m.

A further extension of the connectivity index was suggested
in order to take into account the presence in the molecule of
atoms of different chemical nature as well as the presence of

single, double, triple and aromatic bonds. The vertex degree vj

. v 10
is raplacad by the atom connectivity Z&i:

v \'4
Z.\.i=zi-H1 (7)

v
whera Zi and Hi are the number of valence electrons of atom i

and the number of hydrogen atoms attached to this atom, respec-

v
tively. In order to obtain valence delta-values ([Xt) for second and

third laval atoms and halogens, a slightly different definition

11
was proposed:

AVe--ioci (8)

v
where tha signifiance of Zi and Hi is the same as in aguation (7)

and Zi is the count of all electrons of atom i. The connectivity



index is given by:

g ¥
mv v -1/2
Xt’z l—] VAV (9)
=1 i:1

The generalized connectivity indices have found numerous
applications in establishing GSPR for alkanes. Bood correla-
tions were obtained for the heat of atomization, heat of
formation, boiling point, molar refraction, molar magnetic

9
susceptibilities, heat of vaporization, solubility.

k
TOPOLOGICAL INBICES DM

13
The mechanism of constructing a Tl, considered earlier, was

revealed to be a two-stage process, viz. tha assignment and the
operational stages, respectively. The assignment stage consists in
finding a local vertex invariant (LOVI)., In the operational stage
the LOVI’s are mathematically manipulated in order to produce a

number which represents the TIl. For the generalized connectivity

m
index :Xt' the LOVI i3 selected to be the vertex degree and tha

operational stage consists in a summation over all subgraphs of
conneciivity contributions of the subgraphs.
Ue introduce here a new spectrum of highly selaective TI’s as a

result of another operational stige using as the basis of computa-

m
tions a spactrum of connectivity indices y&, based on the method of

distance measurs; we denote these indicaes by DN :
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k 14[ m mn 1
LIE S ('O S ] (10)

i=1

m m
whara Xt i and Xt , reprasents the corrasponding connactivity
l I

indices of the molecular and reference structure, respectively,

and the summation is done over all fourteen connactivity terms up

to the sixth order (m=6) and k=173. The reference molecular graph
is considared to ba that of methane, in whose case all 3(t r are
r

equal to zero. By its definition, this type of TI is reminiscent

14 k
of tha superindex. In FIGURE 1 is presented the computation of DN

Ti1’s for 4-tB-2-M-Cy.

e have investigated some basic properties of the new Tl’s

nuk tor a population consisting of 661 alkane isomers batwaan
butane and dodecane. The alkane class of chemical compounds was
chosen due to the rapidly increasing number of isomers which
allows comparisons between isomers with subtle structural diffe-
rences. The set was limited to dodecane due to the small i{nterast
in investigating higher alkane isomers, raflected in the small
amount of data on various physico-chemical properties. For the set

of 461 alkane isomers no degenerate value was detaected.

In TABLE 1 ara presented values of TI’s Dﬂk for the 147 alkana
isomers between butane and decana. The abbreviations used in the
nomenclature of alkanes are: M=methyl, E=ethyl, P=propyl, iP=iso-
propyl, tB=tert-butyl and a linear chain of n carbon atoms 1is

symbolized by C,.
Some statistics are given in TABLES 2-6 for the whole set of 661

alkane isomers between butane and dodecane and for the sats of 33
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FIGURE 1. Tha computation of DN Ti’s for 4-tB—2-H—C7.



k
TABLE 1. Values of the Tl’s DM

for alkana isomers C4 through C]o.

1 2 3 4 5
No. Name DM DN DN DM DN
Callio
1 Cq4 6.82843 4.07076 3.63268 3.50180  3.452¢8
2 2-H-C3 7. 61880 4.37387 3.83417 3.67240 3.61471
CsHy2
3 s 8.94975 S$.02701  4.43021 4.24947  4.17977
4 2-M-Cq 9. 98960 5.26852 4.59278 4.39928  4.33074
5 2,2-M3-C3 12.00000 6.12372 S.12081  4.78286  4.64067
Celya
6 Cg 11.15685 5.99576 S.23310 5.00010  4.90870
7 2-M-Cs 12.37312 6.22687 S5.39444 5.14933  $.05843
8 3-M-Cg 12.55852 6.24659 5.38987  5.14463  5.05627
9 2,2-My-Cq 15.07107 6.8628% 5.73880  5.41341  5.2945i
10 2,3-Hp-Cq 13.95214 6.62242 5.60300 S5.31770  5.21903
RTART
1 C 13.42062 6.97257 6.03945 S.75273  5.63891
12 2-H-C4 14.76562 7.19466  6.19899  5.90056  5.78707
13 3-8-C4 1S 08212 7.20870 6.15075 5.89492 5.78480
14 3-E-Cs 15.36658 7.25435  6.19705  3.89638  3.7861%
15 2,2-U5-Cs 17.94975  7.81372  6.53066  6.16006 ' 6.02112
16 2,3-M3-Cs 16.54921 7.57322 6.38401  6.05477  S5.93981
17 2,4-Np-Cs 16.36313 7.58215 6.40512  6.07560  S5.93274
18 3,3-U5-Cg 18.48528 7.88594 6.50882 6.12932  5.99923
19 2,2,3-H3-Cq 20.54701 8.46943  6.85280  6.37878  6.20511
Cgfig
20 (g 15.61028 7.95382 6.84817  6.50676  6.37006
21 2-M-Cy 17.02015 8.16964  7.00646  6.65386  6.51690
22 3-H-Cy 17.42935 8.18587 4.99937 6.64828  6.51478
23 4-#-Cy 17.56084 8.19717  6.99968  6.64827  6.51494
24 3-E-Cq 17.91494 B8.22740 7.00082 6.64815  6.51565
25 2,2-My-C4 20.51561 8.75210 7.32066  6.90480  6.74622
26 2,3-M3-Cg 19.60890 8.52990 7.18120  6.80400  6.66787
27 2,4-Mp-Cg 19.20822 8.49687 7.18043 6.80789  6.67080
28 2,5-H3-Cq4 18.60840 8.47418  7.19967  6.82303  6.67933
29 3,3-Hy-C4 21.42993 8.83181 7.29276 6.87327  6.72557
30 3,4-H3-Cg 20.00839 8.60561  7.19309  6.80405  6.66684
31 3-E-2-H-Cs 50.10744 8.61035 7.18685 6.80099  6.66587
32 3-E-3-H-Cg 22.13693 9.03071 7.33684  6.88412  6.72587
33 2,2,3-H3-Cs 23.14856 9.39424 7.57885 7.07839  6.903%0
34 2,2,4-H3-Cs 22.80578 9.34954  7.63329  7.13473  6.94471
35 2,3,3-M3-Cs 24.49869 9.54702 7.64187  7.10049  6.50990
36 2,3,4-H3-Cs 22.07279 9.03695 7.41989  6.98234  6.83206
37 2,2,3,3-M42C4  29.75000 11.00852 8.45704  7.63364  7.32502



TABLE 1. (Continued!}.
1 2 3 ] S
No. Name DN 1, DM DN 1,
Csh20

38 9 17.81111 8.93845 7 .65860 7.26185 7.10190
39 2-H-Cg 19.15960 9.14907 7.81589 ].40/58 7.24/63
40 3-M-(g 19.63434 9.15570 7.80947 7.80269 7. 28561
31 4-M-C 19.85814 9.17312 7.80842 7.40243 7.245/1
42 3-E-Cy 20.726217 9.202%91 7.810156 7.40250 J.208657
43 A4-E-C~» 20.456331 v.721844 7.80990 7.40194 7.24640
44 2,2—“2—67 22.71384 9.69154 8.11706 7.65272 7.4730&
43 3,3-K,-Cy 23.89581 9.77848 8.0%048 7.62313 7.4538%
46 4,4-M,-Cy 24.27449 9.85039 8.10692 7.62796 7.45594
47 2,3-H-Cy 21.89196 9.49158 7.98721 7.55667 7.39730
48 2,4-M,-Cy 21.62238 9.48662 7.99251 7.56244 7.40113
49 2,5-Mr-Cy 21.20796 9.43959 7.984434 7.55983 7.39974
S50 2,6-H2-C7 20.59842 9.42199 8.00267 7.57418 7.4079¢
31 3,8-Mr-Cy 22.57392 9.56926 7.99165 7.955354 7.39331
52 3,5-Hp-Cy 21.95915 9.501464 7.98150 7.55301 7.39579
53 3-E-2-M-Cg 22,74302 9.357620 7.98843 7.955237 7.39524
54 3-E-3-K-C4 25.10292 9.99240 8.12848 7.62461 7.450S0
55 4-E-2-K-Cg 22.12826 9.51664 7.98174 7.95340 7.39640
S6 3-E-4-H-Cg4 23.18683 9.67321 8.00961 7 .53433 7.3%9627
57 2,2,3-13-C4 26.88478 10.32016 8.35562 7.81829 7.62804
S8 2,2,4-H3-C4 25.72740 10.25209 8.36344 7.83605 7.64225
59 2,2,5-R3-C4 24.592%1 10.14573 8.37488 7.86131 7.66134
60 2,3,3-N3-C4 27.48250 10.45963 8.39217 7.82371 7.62582
61 3,3,8-H3-Cy4 28.03870 10.62413 8.437464 7.83174 7.62448
62 2,4,4-H3-C4 26.32512 10.34058 8.36383 7.82400 7.63170
63 2,3,4-83-C4g 2516898 10.08643 38.22887 7.72698 7.9554%97
64 2,3,5-M3-C4 23.90616 9.88340 8.19818 7.73202 7.56312
65 3,3-Ep-Cyg 26.01713 10.26930 8.22328 7.63772 7.46271
66 3-E-2,4-Hy-Cg 25.48212 10.16736 8.24897 7.73310 7.55742
67 3-E-2,3-Hy-Cg 28.56041 10.78609 8.50079 7.85603 7.63327
68 3-B-2,2-H5-Cgq 27.78762 10.52867 8.39863 7.82197 7.862442
69 2,2,3,3-M3-Cs 34.31891 12.04613 2.17576 8.31011 7.97684
70 2,2,4,4-H3-Cs 30.44023 11.45191 9.1156% 8.33002 8.01423
71 2,2,3,4-N3-Cg 30.24957 11.17576 8.75092 8.06360 7.82374
72 2,3,3,4-N3-Cq 31.3%5631 11.47089 8.885%94 8.12643 7.849%904



