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A great number of methods from mathematics and computer
scienca have been largely investigated for the aelucidation

of the causal relationships between chemical structure and

physico-chemical properties. PAttern ReCognition (PARC)

mathods are especlalily useful for the classification of chemical
structures into distinct classes on the basis of characteristic
faatures. A set of characteristic features of a chemical
structure is considered as an abstract pattarn which contains
tnformation about physico-chemical properties, chemical
raactivity or biologtical activity of the investigated chemical
structurs.

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 the distance
measurae in pattern space, briefly described in what follows,

Lat X(xl, XDy weoy nn), Y(yl, ¥2: «--, ¥p) and Ilzy, 22,
+«-s 2p) be three points in an n-dimensional space. Any function

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

DEX,X)=0
DX, Y)X0 for XpY

()
DEX,Y)=DiY,X)

DOX,Z34D(2,YI2DUX,Y)

has the guality of a distance.
The most frequently used distance measurements form the

genaral Minkowski distance:



17k

n
I
BH= E: [txi—yi) (2)
i=1

For k=1 we obltain the Hanhattan distance(®city block distance®)

in analogy with the shortest distance between two points in a city

with reclangular streets:

n
D= & bxy-yyl )
i=1
and k=2 gives the most often used Euclidean distance:

n 172
2
DE= izl (xl-yli 3)

Clasifications of chemical structures by distance measurements

in pattern space wara used for the recognition of the structure

3 4
of moleculas from mass spectra and infrared spectra. The

distance measure mathod was also applied in studies concerning

aromaticity, photoreactivity, thermal reactivity and intermole-

cular forcas.

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
indax. Numerical indices developed in this way are callud

topological indices (TI”s).
Although in their origins TI‘s were developed for the purpose

of obtaining corraelations with a great variety of physicochemical



properties of chemical substances, namaly QSPR (Quantitative Struc-
ture-Property Relattonships), their range of applications has
extended to bibliographical classification of chemical compounds
and @SAR (Quantitative Structure-Activity Relationshieps).

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

by Ny, Hosora’s index Z, Randic’s connectivity indax y , the

information on distance index l: and Balaban’s average distance
sum connactivily index J, reveals that J has the greatest
soluctivi!y,l2 0f course, high selectivity, although strongly
desirable, is not sufficient to obtain good results in QSPR

and QSAR if the values of indices do not properly reflect struc-
tural information in condunction with tha property under inves-

tigation.

8
The Randic connectivity indax was defined as:

-t/2
X =Z(vtv1) (5)
n

where v; and v; denota the dagrees of the two endpoints of
an edga in the molecular graph G, and the summation is
extended over all m edges.

A genaralized connectivity index was suggested by

axtending the summation in 8q. (5) over all possible



connected subgraphs with m edges of four types : path,

9
cluster, path/cluster and chain:
: 4
m -1/2
Xz / r] vy 1)

vhere ng 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+1 and

for a chain-typa 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 degres vy

v 10

is raplaced by the atom connactivity Al:

va v "
=7, - )
| Z1 !|1 {
v
where Z‘ and “t are the number of valence electrons of atom i
and tha number of hydrogen atoms attached to this atom, respac-
v
tively. In order to obtain valence delta-values Uﬁii for second and

third lavel atoms and halogens, a slightly different definition

was proposed:

{8)

v
where tha signifiance of Zi and Hl is the same as in agquation (7)

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



index is given by:

fp 7
m v v -1/2
-3 [,
J=1 i1

The generalized connectivity indices have found numerous
applications in establishing QSPR for alkanes. Good correla-

tions ware obtained for the heat of atomization, heat of

formation, boiling point, molar refraction, molar magnetic

susceptibilities, heat of vaporization, solubility.

k
TOPOLOGICAL INDICES DM
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The mechanism of constructing a TI, considered earlier, was

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

number which represents the TI. For the generalized connectivity

index ﬁx‘, the LOVI i3 selected to ba the vertex degree and tha
operational stage consists in a summation over all subgraphs of
connectivity contributions of the subgraphs.

Ua introduce here a new spectrum of highly selective TI’s as a

result of another operational stage using as the basis of computa-~

m
tions a spectrum of connactivity indices X‘, based on the method of

k
distance measure; we denote these indices by DN :



1/k
k 14 m n K
N = (Xl,i_xhr, J (10}
1

i=
n n
whare X‘ i and Xt ¥ reprasenls the corresponding connactivity

indices of the molecular and raference structure, raspectively,

and the summation is done over all fourteen connectivity terms up

to the sixth order (m=6) and k=[,5. The reference molecular graph

is considered to be that of methane, in whose casa all 7{' r e

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

18 k
of the superindex. In FIGURE 1 is prasented the computation of DN
Tl’s for 4-tB-2-H-Cy.

Ue have investigated some basic properties of the new Ti’s

DHk for a population consisting of 641 alkane isomers betwaan
butane and dodecare. Tha alkane class of chemical compounds was
chosen due to the vapidly increasing number of isomers which
allows comparisons between isomers with subtlae structural diffe-
rences. The sel was limited to dodecane dus to the small interast
in investigating higher alkana lsomers, reflected In the small
amount of data on various physlico-chemical properlies. For the sat

of 661 alkane isomers no dagenerate value was detacted.

In TABLE 1 are presentaed values of TI’s an for the 147 alkana
isomers between butane and decane. The abbraeviations used in tha
nomenclature of alkanes are: H=methyl, E=ethyl, P=propyl, {P=iso-
propyl, tB=tert-butyl and a linear chain of n carboa atoms is
symbolized by C,.

Some statistics are given in TABLES 2-6 for the whole set of &61

alkane isomaers between butane and dodecane and for the sets of 33
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FIGURE 1. The computation of DA TI’s for 4-—!8~2-H-C7.



k
TABLE 1. Values of the Ti“s DN for alkane isomers C

4

through CIO'

1 2 k} 4 £
No. Name DM LL] jil.8 DN DN
Catho
1y 6.82843  4.07076 3.63268 3,50180  3.45268
2 2-M-0y 7.61880 4,37387  3.83417 3.67240  3.61471
sty
3 4 8.94975  5.02701  4.43021  3.24547  4.17977
4 2°H-ry 9.98960 5.26852 4.59278  4.39928  4.33074
5 2,2-M5-C4 12.00000 6.12372  5.12041 4.78246  4.64067
Celyg
6 Cg 11.15685  5.99576 5.23310  S.00010  4.90870
7 2°M-Cg 12.37312  6.22547  5.39444  S5.14933  5.05843
8 3-n-(5 12.55852  6.26459 3.38987 S.14463  5.05627
9 2,2-M3-C4 15.07107  4.86289  5.73880  5.41341  5.29451
10 2,3-Mo-4 13.95214  6.62242  5.60300 5.3i770  5.21903
Callyq
1 cy 13.42462  6.97257  6.03945  S5.75273  5.63891
12 2-M-rg 18.76562  7.19866  6.19899  5.90056  5.78707
13 3-M-0y 15.08212  7.20870  6.19075 S.85492  5.78480
18 3-E-ig 15.36658  7,2543%5  6.19705  9.69658  $.78619
15 2,2-H,-Cg 17.94975  7.81372  6.53066  6.16006  5.02112
16 2,3 Hy-Cg 16.94921  7.57322  6,38001  £.03477  5.93981
17 2,4-N5-C5 16.36313  7.54215  6.40512  5.07560 5.95274
18 3,3-85-Cq 18.48528  7.885%4  6.50882 4.12932  5.99923
19 2,2,3°M3°Cy4 20.54701 8.46943  6.85280 6.37878  6.20511
Cglyg
20 (g 15.61028  7.95382  6.84817  6.50474  4.37006
21 2Ky 17.02015  8.16964  7.00646  5.65336  4.51690
22 3-M-Cy 17.42935  8.18587  6.99937 5.44828  4.51478
23 4-M-Cy 17.56044  B.19717  6.99968  6.64827  &.51494
24 3-E-Cy 17.91494  8.227840 7.00082 6.64815  6.5156%
25 2,2-M5-Cg 20.51561  8.75210 7.32066 5.90480  4.74622
26 2.3-HyCg 19.60890 8.52990 7.18120 6.80400  6.66787
27 2,4-My-Cq 19.20822 8.49687 7.18043  4.80789  4.67080
28 2,5-M3-Cg 18.60B40 8.47418  7.19967 6.82303  6.67933
29 3,3-HyCg 21.42983  8.83181  7.29276 6.87327  6.72957
30 3,4-Hy-Cg 20.00839 8.60561 7.19309 6.80805  &.66684
31 3-E-2-H-Cs 20.10744  8.61035 7.186B5  6.80099  6.66587
32 3-E-3-H-C5 22.13693  9.03071 7.34684 6.88412  6.72587
33 2,2,3-H3-Cg 24.14856 9.393424 7.57885 7.07839  6.90390
34 2,2,4-M3-C5 22.80578 9.34954  7.63329 7.13473  6.94471
33 2,3,3-M3-C5 24.49869  9.54702  7.64187  7.1004%  4,90990
36 2,3,4-43-C5 22.07279 9.03695 7.41989 6.98238  6.B3206
37 2,2,3,3-H,-C,  29.75000 11.00852 B8.45704 7.65464  7.32502



THBLE 1.

(Continued}.

i

1 2 3 L} S
No. Nama DM 4.} I 1], ] nK
LoH20

38 e 17.81111 8,93863 7.65860 7.2618B5 7.10190
39 2-H-CH 19.15940 9.14907 7.81389 7.40/58 7.241673
40 3-H-Cg 19.63434 ?.14370 7.80947 7.4026%9 /. 245610
41 Q-N—CQ 19.85814 ?.17512 7.808A2 /.40243 7.28574
42 3-E-C, 20.26217 9.20291 7.8101& 7.402%0 /.24652
43 4-E-Cy 20.446331 2.21844 7.809%0 7.40174 7.2%640
44 2,2-Hy-C; 22.71384 9.691S4 B.11/06 1.65272 7.4/30¢
45 3,3-M5-C; 23.89581 9.77848 8.0%048  7.62313  ].453A9
46 4,3-Hy-Cy 24.2744% 9.85039 8.10692 7.62796 7.455%4
47 2.3-"2-C7 21.89196 9.4%158 7.98721 7.55667 7.39730
48 2,4-My-Cy 21.62238  9.48662 7.99251 7.56244 7.40113
49 2,3-Wp-Cy 21.20796 7.43939 7.98444 7.55983 7.39%74
50 2,6-K5-C, 20.59842 9.42199 8.00267 7.57418  7.4079¢
31 3,4-M5-Cy 22.57392 9.56926 7.99165 7.55354 7.39531
52 3,5-H3-Cy 21.95915 9.50164 7.98150 7.55301 7.39573
33 3-E-2-M-C, 22.74302 9.57620 7.98845 7.55237 7.39524
54 3-E-3-H-Cg4 25.10292 9.99230 B8.128468  7.62461 7.45050
55 4-E-2-H-Cg4 22.12826 9.51664 7.98174 7.55340 7.3%9&40
56 3-E-4-H-Cy4 23.18683 9.47321 B8.00961 7.55853  7.39427
37 2,2,3-H3-C4 26.88478 10.32016 8.35562 7.81829 7.62804
58 2,2,4-N3-C4 25.72740 10.25209 8.36344 7.83605 7.464225
59 2,2,5-H3-C4 24.59251 10.14575 8.37688 7.86131 7.66134
60 2,3,3-U3-C4 27.48250 10.45963 8.39217 7.82371 7.62582
61 3,3,4-H3-C4 28.03870 10.62313 8.43764 7.83174 7.62448
62 2,4,4-N3-C4 26.32512 10.34058 B8.36583 7.82400 7.63170
63 2,3,4-N3-C4 25.16898 10.08645 8.22887 7.72698  7.55497
64 2,3,5-N3-Cyg 23.90616 7.88340 8.19818 7.73202 7.56312
83 3,3-Ex-Cq 26.01713 10.26930 8.22328 7.63772 7.46271
66 3-E-2,4-Hy-Cg 23.48212 10.167346 8.24897 7.73310 7.55742
67 3-E-2.3-H3-Cs 28.56041 10.78609 8.50079 7.83603 7.63327
68 3-E-2,2-W5-Cg 27.78762 10.52467 8.39863 7.82197 7.62442
69 2,2,3,3-H3-Cs 34.31891 12.04613 9.17576 8.31011 7.97684
70 2,2,4,4-M4-Cs 30.44023 11.65191 9.11569 8.33002 8.01423
71 2,2,3,34-N4-Cq 30.24957 11.17576 8.75092 8.06560 7.82374
72 2,3,3,4-M3-Cs 31.35641 11.47089 8.88594 8.12645 7.84904



TABLE 1. (Conttnued).

1 2 3 4 S
No.  Mame oH DM m m il
Crofz2
73 Cyp 20,01193  9.92572 8.47029 8.01771  7.83427
74 2-R-Cq 21.36714  10.13338  8.62679  B.16268  7.97905
75 3-H-Cq 21.78617 10.14846 8.42093 B.15800 7.97714
76 a4-N-Cq 22.07552 10.15850 8.62018 8.15775 7.9772%
77 S-H-Cq 22.16822 10.16382 8.62032 8.15774 7.97728
78 2.2-Wy-Cg 24.81999 10.64846 8.91848 8.40280 B.20118
79 2.3-N3-Cg 20.06698 10.4609t 8.79527 8.31037 B8.12753
80 2,4-Hy-Cg 23.89010 10.45508 B8.79845 8.31531  8.13106
81 2,5-My-Cq 23.60678 10.42583 §,79376 B.31416 8.13057
82 2.6-My-Cg 23.18264 10.40213 8 79213  8.31331  8.12982
83 2.7-Ho-(g 22.68408 10,3931  8.50978  B8.32685  8.13754
84 3,3-Hy-Cg 26.06631 10.72234  8.89190 8.37493  §.18329
83 3,4-f5-L(g 24.83083 10,53084 §.798928 B.30735 B.12574
86 3,5-Hy-Cg 24.34717 10.48318 ©.7898& 8.3065¢ B.12618
87 J,6My-Cg 23.78137 10.443%0 8.78%75 8.30780 B8.1243%9
88 4.4 My-Cg 26.71276 10.79542  9.90243  8.37743  B.184c4
89 4,5-Hy-(g 25.11330 10.55749  B8.79845 8.30621 8.12534
90 3-k-Lg 22.41251 10.18394 8.62161 8.13779  7.97804
91 4 t-Cg 22.75588 10.19922 8.62052 B8.15708 7.9779:
92 2,2,3-H3-C; 29.08342 11.22327 9.13998 8.56287 B.353%1
93 2,%,4-M3-C; 28.05714 {1.19671 9.15114 8.58528  8.3700%
94 2,2,5-H3-C; 27.10765 11.04539  9.12346 2.57334  8.364%4
95 2,2,6-H3-C 24.26410 11.01103  9.15583 8.60301  8.38489
96 2,3.3-H3-C7 29.85621 11.37078 9.17286 B.56576  B.35066
97 3,3,48-H37Cy 30.66136 11.5396%  9.20671  8.56713  8.34480
98 3,3,5-H3-Cy 29.13318 11.31418  9.14407 8.55331  8.34507
99 3,3,6-H3-Cy 27.88043 11.13462 9.12128 8.356002  8.3545¢
100 2,4,4-H3-Cy 29.07751 11.37966 9.193%5 8.58424 8.36382
101 3,4,3-N3-Cy 30.90894 11.58714 9.21826 8.57001  8.34741
102 2,3,4-K3-Cy 27.64751 11.02861 9.02053 8.47417 B.28256
103 2,3,5-M3-Cy 26.57008 10.87985 8.99496 8.47216 8.28383
104 2,3,6-H3-Cy 25.62781 10.77823 8.99238 8.48127 8.29077
105 2,4,5-K3-Cy 26.78416 10.90358 8.99605 8.47180  8.2838%
106 2,4,6-K3-C7 25.64153 10.82830 9.01621 8.49408 8.29987
107 3,4,5-K3-Cy 28.15810 11.153%1 ?.05370 8.48142 8.28354
108 3-E-2-H-Cy 25.04946 10.53028 8.79357 8.30580 8.12557
109 3-E-3-H-C7 27.50197 10.92189 8.92121 8.37376 8.17941



TABLE 1. (Continued).

1 2 3 4 &

No. Name N DH DM oM L]

110 3 25.68925 10.44597 B8.81351 B8.30818 8.12585
111 3 24.81607 10.52855 8.79272 8.30514 8.12538
112 3 24.00000 10.43927 8.78441 8.30659 B8.12654
113 4 24.63589 10.50349 B.79255 8.30824 8.127335
114 4-E 25.75930 10.64386 8.81150 8.30782 8.12587
115 4-E 28.00197 11.00080 8.93485 8.37558 8.1795%
116 4-P-Cy 23.00435 10.21685 8.42231 8.15743 7.97812
117 4+ C; 25.40198 10.5732S 8.79896 8.30666 8.12594
118 2,2,3,3 37.26561 12.89461 9.86278 8,98100 8.65585
119 2,2,4,4 33.92246 12.57776 ?.79473 8.97267 8.66343
120 2,2,5,5 30.82107 12.03627 9.67511 8.97033 B8.68891
121 2,2,3,4 33.31078 12.19834 9.54244 8.79551 8.53532
122 2,2,3,5 31.34085 11.78B067 9.43108 8.77884 8.54299
123 2,2,4,5 30.58415 11.73346 9.43281 8.78793 8.55085
124 2,3,3,4 34.82191 12.57600 7.69677 8.85677 8.55724
125 2,3,3,5 32.47364 12.00048 9.48326 8.78394 8.53749
126 3,3,4,4 38.69543 13.44154 10.12324 9.10048 8.70714
127 2,3,4,4 34.06521 12.46106 9.,464954 8.83575 8.54843
128 2,3,4,5 30.41994 11.66699 2.31851 8.67458 8.45424
129 3-E-2,2 30.48033 11.45571 9.17952 8.56379 8.34965
130 3-E-2,3-H3-Cg 31.55197 11.74018 9.26854 8.58533 8.35152
131 3-E-2,4-N3-Cy 28.58562 11.22622 9.06648 8.48296 8.28352
132 3-E-2,5-Wy-Cg 27.10464 10.94854 9.00526 8.47534 8.28582
133 3-E-3,4-Hy-Cy 32.04063 11.95056 9.35677 8.62027 8.36471
134 3-E-4,4-Ny-Cg 31.61798 11.79031 9.28443 8.59C14 8.35303
135 3-E-4,5-Mp-C4 28.37154 11.14887 9.05033 8.47865 8.28235
136 3-E-5,5-M3-Cy 28.70456 11.25413 9.14581 8.56573 8.35623
137 3-E"3,5-H2“C6 30.02379 11.50529 9.19385 8.56378 8.34677
138 3,3-Ep-Cg4 28.93763 11.23770 9.00674 8.39712 8.18646
139 3,Q-E2-C6 26.3223% 10.74658 8.84050 8.31541 8.12876
180 3-iP-2-H-Cg 28.18207 11.11838 7.04128 8.48043 8.28513
141 2,2,3,3,4-H5-Cs 42.21763 14.41131 10.69097 2.50037 9.01246
142 2,2,3,4,4-H5-C5 39.68173 13.99388 10.52846 9.42363 8.97431
143 3-E-2,2,3-M3-C5 38.86701 13.44801 10.11571 7.09464% 8.70363
144 3-E-2,2,4-N3-Cg5 34.02821 12.48650 ?.68147 8.86589 8.57032
145 3-5-2.3,4—H3—C5 35.71442 12.88210 2.83714 8.,92329 8.58781
146 3,3-E5-2-H-(g 32.76944 12.17784 9.84863 8.66004 8.38220
147 3-iP-2,4-ﬂ2-C5 31.40982 11.99926 ?.45440 8.73297 8.47956



nonanes, 75 decanes, 159 undecanes and 355 dodecanes, consisting in
the lower, upper and average values, standard deviation, relative

width of the interval of values, defined as in egq. (11) and the

Yupper Yiower
R ————— (1)
v

average
distribution of the values of the corresponding TI in ten equal

intervals between the lower upper value of the TI. In order

to exprass quantitativaly the distribution of the values of a TI,

15
the informational energy content was computed:

2
E=L o, (12)
where
Nj
pi=— 113
N

whose Hi and N are the number of isomers in the i-th intarval and the
total aumber of isomers, raspectively. For an even distribution of the
values of a TI, E=0.1, and the more uneven the distribution, the
closer to 1 is the information energy content.

The most apparent features in TABLES 2-6 are that the populations

of DHk indices are overlapping for consecutive numbers of carbon atoms,
and the standard deviatton and relative width of the interval of

valuas increase in the same direction. This feature reveals that the
values are spread over a larger field as the number of carbon atoms
increases, thus even if the structural differences ara less pronounced
the indices discriminate well the set of structures.

TABLE 7 contains the values of information energy content of the

k
distribution of DM in ten equal intervals for the classas of isnmers



TABLE 2. Statistics for tha sat of 661 Lgq-Cyz alkanes
of the values of TI“s DH .

TI Lower Upper Average Standard Relative width of the
valus valua value deviation intarval of valua=

DH’ 6.R2843 59.38371 32.749%90 58.320%5 1.604/5

DH2 4.07076 20.29166 12.71322 4.40355 1.2/5%1

DH3 3.63268 14.94078 10.2030%9 1.98213 1.10830

DH4 3.50180  13.07701 9.47444 1.45499 1.01064

DH5 3.45268  12.18046 9.20150 1.27673 0.%4852

Intervals

Tt 1 2 3 4 S & 7 8 2 10

' 6 12 35 97 198 174 89 33 13 4

DH2 q 10 17 55 132 277 119 33 1 3

DH3 a é 14 31 74 182 286 51 2 4

DH4 4 3 8 19 a1 136 282 148 13 1

HH5 s ¢ S 10 \7 33 76 151 331 21 4

TABLE 3. Statistics for the set of 35 Cg alkanas
of the values of TI‘s Blk-
Tl l.ower Upper Aver age Standard Ralative widih of the
valus value value deviation interval of values

DHI 17.81111 34.31891 24.38361 14.50162 0.67700

DH2 8.93865  12.04613  10.00126 0.54307 0.3107/1

DH3 7.65860 ?.17574 8.20249 0.12876 0.1849¢&

]JH4 7.26185 8.33002 7.69098 0.060G/3 0.138639

nH5 7.10190 8.01423 7.50359 0.0427% 0.12159

Intervals

TI 1 2 3 4 5 6 7 8 L/ 10

UH1 2 S ] & 3 3 2 1 1

i’ & & & s s 13 o 1 21

o’ s 0+ 1 & 6 2 0 1 1 2

't 1 s 9 5 3 8 o0 1 1 3

DHj 1 0 13 3 8 1 1 1 2



]
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TAHLE 4. Statistics for the set of 75 Uy alkanas
of the valuas of Tl s Bﬂk.

TI Lower pper Aver age Standard Relative width of the
valua valua valua deviation intarval of valuass

DH' 20.01193  42.21763  2B.29778  21.73949 0.784/1

ml2 9.92572 14.41131 11.26055 0.88844 0.39835

l)l‘l‘a 8.47029  10.69097 9.13417 0.193/1 0.2an2

an 8.01771 9.50037 8.52593 0.08152 0.17320

IH‘I5 7.83427 ?.01246 8.30245 0.05220 0.14191

Intervals

TI 1 2 3 4 b 6 7 8 9? 10

nni S 11 15 14 12 8 4 2 3 1

w? B 21 18 8 6 2 2 o 2

ﬂlf’3 8 19 16 15 é 5 2 2 0 >

I]N4 ] 14 9 25 4 7 4 2 0 2

m’ 17 2 un 17 4 7 1 o 2

TABLE 5. Statistics for the sat of 159 Cy; alkanaes
of the values of Tl"s Dllk.
TI Lower Upper Average Standard Relativa width of the
value value value daviation interval of values

JH|I 22.21276  54.37500  32.36131 29.79931 0.99385

I!ll2 10.91443  18.17751 12.57235 1.38487 0.57770

nHJ 9.28294 13.20660  10.09848 0.32516 0.738854

l]H4 8.77419 11.48336 9.38314 0.13309 0.288/3

l]lt5 8.56706 10.67394 7.11676 0.0/728 0.23110

Intervals

TI 1 2 3 4 S é 7 8 9 10

on' M 32 42 3 20 8 3 0 |

rll'l2 36 51 33 18 it q 4 1 0 i

nn’ 36 41 32 16 S S 3 0 0 t

HH“ 76 42 18 3 3 ] o] ¥

DNS ? 34 62 34 8 q 3 0 0o ]



TABLE &. Statistics for tha set of 335 Cjy alkanes
of the values of TI’s DN .

TI Lower lipper Aver age Standard Ralativae width of the
valua valua value daviation intarval of valuas
DH‘ 24.41358 5%.38371 36.32847 37.12236 0.962561
2
UL 11.90437 20.29166& 13.87807 1.90189 0.60413¢
DHJ 10.0%9633 14.94078 11.06665 0.48RR7 0.437/53
DH“ 9.53115 13.07701 10.74626 0.208%0 0.3460¢&
DHS 9.30018 12.18046 9.73676 0.11987 0. 898
Intervals
TI 1 2 3 q S & 7 8 9 10
! 14 6 87 75 S6 25 16 12 2 )
DH2 63 119 78 47 21 i3 8 2 1 ’
’ 63 166 66 30 14 2 22 |
IIH4 41 145 97 27 13 2 1 2 1
HHS 22 155 116 40 11 2 1 2 1
TABLE 7. The informational energy content of the
distribution of DN .
Tsomers oy o’ o’ on? o’

Cq-Cy» 0.20482 0.75R54 0.28450 0.27984 0.32/81

Co 0.13796 0.14122  0.186%4 0.17224  0.22447
Cio 0.14311 0.17867 0.17404 0.18756 0.18293
C1y 0.18010 0.21417 0.25145 0.31696 0.26134

Cy2 0.17389  0.21512 0.29416  0.27851 0.31518



examined in TABLES 2-&. As a rule, with increasing the number of carbon

atoms the distribution becomes more and more uneven. The most evenly

1 L] 5
distributed is DM and the most unevenly distributed are DM and DK .

k
THBLE B praesents the intercorrelation matrix of the TI“s DN for

the sel of 461 lsomers. It results that all T1“s are strongly inter-

correlated, espeacially Dﬂz, DH3 and nua, DH4, DHS. The intercorrela-

tion coefficients indicate that all TlI“s express approximataly tha

sama type of structural information and they are not worthy to be

used as independent variables }a a multiparametric regression eguation.
As previcusly mentioned, the main goal In developing a TI is its

capacity {o be a reilable parameter 1n QSPR and GSAR. Because Tl°s

1

X, { and X are jargeiy usec as parameiars in .orvalailonal equa

tions, wa have coppoted the covrelation matris betuwasern tha anove

k
smanticoed connectividy Indices and JB and the rssaits A7a erasan-

ted i~ TABLE 9. Taking !nto crasideration that tha .orreialton

coaffivten:s arg raihe: hlgh. ccesciails Tor D!3 2ﬁ4 and Dﬂsl e
expect that they could e used 25 pood correlational paramelers.
There s another lmportant feature of graph invariants; they can
ba used 1o characterize and to order the molecular structures accor-
ding to thair branching. Tha rules of branching were recently detined

16
and tested using informational graph invariants.

k
An example of ordering of a structural population using DN is

presented in TABLE 0. All &2 heptane, octane and nonane isomers are

k
ordered in ascanding ordaer according to the corresponding BN values.

The order induced is in the increasing grade of branching, with small



TABLE 8.

Intercorelation matrix

k
of TI’s DM .

T

1 2
1| DN

3
DK

1]

i},

TABLE 9. Correlation matrix between

1
pL}

2
DN

3

4

5
bl |

1.000 0.976 0.921

0.874

1.000 0.982 0.954

%(.%(.%X and Dﬂk.

1.000 0.993

1.000

0.844
0.932
0.982
0.998

1.000

Tl%y

TI

DN N

DM

o

DN

Pa g

0.799 0.893

0.514 0.664

0.807 0.833

0.953

0.778

0.843

0.982 0.
0.838 0.

0.837 0.

867
829
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{Continued) .

TABLE 10.
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variations between lindices.

Following the rules of branching, we have detarmined that the

ordering of structures induced by nnk closely parallels these rulas,
with few exceptions concearning Dlla, Dllq and Blls.

The pracision of only five decimal places of the reported data
in TABLE 1 becomes insufficient in a comparison concerning the

rules of branching for trees applied to dodecane isomers, so in

k
TABLE 11 selected values of DN are presentad with nine decimal

figures.

After a careful inspection of the valuas of DHk in TABLE 11 ona
can observe a clustering tendency for higher terms, i.s. for l]llq and
Bl5 . For example, DH4 for !,i—!z—clo ranges betwean 9.88400 and
9.90723 and for i,1-H3-Cyqg ranges between 9.81621 and 9.83513.

The following rules of branching are commented as defined in ref.l6:
1. The influence of the total number of branches.
Rule 1.1. In a tree having a constant number of vertices, the
branching increases when the number of branches
attached to a given vertex increases owing to tha

chain decreaset
I-8-Cy <3, i-N9-Cyg
for §=2,3,4,5 and %=1,2,3,4,5
3, 1-Hp-Cyy<J, J,1-H3-Cq

for J=2, l=3.4r5r61713

=3, 1=2,4,5,6,7,8
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i=4, 1=2,3,5,6,7

and k=1,2,3,4,5

i-E-Cyg<i-E-i-N-Cg
for 1=3,4,5 and k=1,2,3,4.5
Rule 1.2. A tree is always more branched than a chaln having

the same number of vertices:

this is evident after an inspection of TABLE 11.

Rule 1.3, In a tree having a constant number of vartices, the
branching increases when the number of branchas
connected to a given vertex increases owing to the
decrease in length of a long branch attached to the

sama vertax:

J-E-C1o($,i‘ﬂ—ci0

for 1=3,4,5 and k=1,2,3,4.5

J-P-Cy<i-E-i-H-Cq

for i=4,5 and k=1,3,4.5

Rule 1.4. Among the trees having the same number of vertices
and different number of branches of the same size
attached to differaent vertices, the greatar the number

of branches, the greater the branching:

1-H=Cy <1, 4-Ha=Cy g4, i, 1-Ha-Cq

for all t#J#1 and k=1,2,3,4.5

2. The influence of the chain lenath.

Rule 2.1. The branching decreases when at a constant number of



vertices the chain length increases at the cost of

some branch length decrease:

{-E-C >1-H-C
10 11
for i=3,4,5 and k=1,2,3.5
i'P“Cq)l'E'C]Q

for i=4,35 and k=1,2,3,3

3. The influance of the branch length.

Rule 3.t. In graphs having a constant number of verlices, the
branching decreases when some branch increases its
length at the cost of the decrease of the length of
another branch having the same or smaller size than

the first branch:

4,4-E-Cg>4-H-4-P-g

for k=1,2,3,4,5

4. The influence of the branch position.
Rule 4.1. In graphs having a constant number of vertices as well
as a constant number and length of branches, the bran-
ching increases with the displacemant of the braach

from the terminal to the middle vertex of the chain:

2-K-Cy <3-H-Cy 1 <4-H-Cy<5-H-Cyy<6-H-Cy

for k=1,2

3-E-C)<4-E-Cy¢5-E-Cyq

for k=1,2

4-P-C<5-P-Ly

for k=1,2



= bl =
3. The influence of the number of branches attached to a given
vertex.

Rule S.1. In a tree having a constant number of vertices and bran-
chaes, the branching increases when a branch is displaced
from one vertex to another branched one, having equivalent
position in the chain (thereby Instead of two vertices with
degree v we obtain two vertices with degrees v+l and v-1,

respectively):

2,9-M3-Cy0¢2,2-U3-Cyo
3,8-H3-Cy0<3,3-H5-Cy g
4,7-Hp-Co<4,9-H3-Cy o
5,6-H3-C1¢5,5-H-C10

for k=1,2,3,4,5

CONCLUDING REMARKS

3
The analysis of the spectrum of indices DM is favourable, being

the basis of further studies. Tha calculation of the indices, based
on a spectrum of connectivity tndices, is straightforward and the
computer time needed is very small. The new indices have no degenerate
value for the set of 461 alkane isomers batween butane and dodecane,
thus eliminating ona of the main drawbacks of connectivity indices.
Horeover, they express in a proper way the structural information
contained in the molecular graph and we expsct that they could be
used as good correlational parameters. Work is in progress in this

direction.
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1
DN has the largest range of variation for a given saet of isomaric

alkanes, and the largest overlap with other sets.

1 2
DM and DN order alkanes according to generally accepted increasing

3 5
branching (2-Me { 3-Me < 4-Me... alkanes), unlike DM -DN .
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