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Abatract. The linear relatlonships betwesen pairs of
topological indices were investigated in three series of hy-
drocarbons with wide structural variation, 1.e., 37 alkanes,
36 polyalkylbanzenes and 48 monocyclic structures with side
chains. One evidenced strong intercorrelations between
=% -2 "";‘1;‘"1‘"2 - x, and DROI - DRGI. Results
provided by the topologycal branchlng equation here formulated
for alkanes indicate that M, ;g, X ,E& , w and Z have as do-
minant feature the van der Waals volume, B,C and Q express
predominantly the c¢hain branching, and Xy E& and RCI have com=-
parabls waights for these two factors. The dependence of boi-
ling polnts at normal pressurs in the three serles of hydro-
carbons was also investigated, the best results being obtained

for X and £ .
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SYMBOLS and DEFINITIONS

zZ= Zp(G,k)
k

_ 2
MiTa11 vert.Vi

o
My=.11 edges‘¥iVy)

the number of distinct ways the acyclic
C-C-C fragment can be superimposed on the
molecular graph

M. Gordon, G.R. Scantlebury, Trans. Faraday
Soc., 60, 605 (1964)

the largest eigenvalue of the characteristic
polynomial of the graph

L. Lovasz, J. Pelikan, Period. Math. Hung.,
3, 175 (1973)

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

H. Wiener, J. Amer. Chem. Soc., 69, 2636
(1947)

where p(G,k) is the number of ways in which
k edges are chosen from the graph G so that
no two of them are adjacent

H. Hosoya, Bull. Chem. Soc. Japan, 44, 2332
(1971)

where vy is the degree of vertex i in the

hydrogen suppressed graph; and

where vy and Vj are the degree of the two
ends of the edge (ij)

I. Gutman et al., J. Chem. Phys., 62, 3339
(1975)

where 61 is the number of vertices deleted
at step i on running a tree-graph towards ist

centre
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where U = [1—(—1)N] and N stands for
the number of the graph vertices

where Vi stands for the number of
vertices of degree i<4

A.T. Balaban, Theor. Chim. Acta, 53,
355  (1979)

with Vg and v. being the degree of
the two ends of the edge (ij)

M. Randi¢&, J. Amer. Chem, Soc., 97,
6609 (1975)

information content on the graph or-
bits

N. Rashevsky, Bull. Math. Biophys.,
30, 229 (1955);

E. Trucco, ibid, 18, 129, 237 (1956)

chromatic information content of the
graph

A. Mowshowitz, Bull. Math. Biophys.,
30, 175, 225, 387, 533 (1968)

information index for the equality

of distance in graph; and

information index for the magnitude
of distance

D. Bonchev, N. Trinajstié&, J. Chem.
Phys., 67, 4517 (1977)

information analogues of the Hosoya
and Randi¢& indices

D.Bonchev, N. Trinajsti&, J. Chem.
Phys., 67, 4517 (1977)



RCI, DRCI,
DRGI
r,s and F

RGI,
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Electropy index
W.T. Yee, K. Sakamoto, Y.J. I'Haya, Rep.
Univ. Electro-Comm., 27, 53 (1976)

topological indices based on the generalized
concept for the graph centre

D. Bonchev, A.T. Balaban, Ov. Mekenyan,

J. Chem. Inf. Comp. Sci., 20, 106 (1980)

stand for correlation coefficient, standard

deviation and Fisher statistic, respectively
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l. Introduction

i

Tha large number of existing Gtopological 1ndiuosl ralses

the guestion to what extent bthey are orthogonal. In other
words, it is possible that soms topological indices existing
in the literature express predominantly the sams type of
gtructural informabtion ; the differences then reside in
the scaling factors.

Another problem is the meaning of the bLopologleoal 1lndices.
We are intarested to identify which topological indices, and
to what extent, espress sterloc effects.

Finally, we investigate the ocorrelation ability of GLopo-
loglcal indices, caloulating the dependence of boiling polnts
for three series of hydrocarbons on topological indices.

2, Inter-relations Among Topological Indices

In the following treatment, tha existence of linear re-
lationships (1) between pairs of topologlcal indices T; and
Tj was lnvestigated :

Tf.:‘,*b!';j ) 1*3 (L

For avolding chanoy correlations, three series of hydro=
garbons with wide structural varilation were coosidered : 37
alkanes (Table 1), 36 polyalkylbenzenes (Table 2) and 4B mo-~
nooyclic struotures with side - chains depicted in Figure 1
(Table 3). The three tables 1llst the structures, their topolo=-
gleal indloes and the bolling poinbs at normal pressure of the
corresponding hydrocarbons.

The pairwise linear correlations betwsen topological in-
dices Ty and ‘1‘j are displayed in matrix form in Tables 4 - 6,
These matrices are symmetrical and indicate the correlation
coafficiants r(Tt.Tj), 143d .

The strong lntercorrelations Ti ya. T, evidenced by all
three series of struotures are presented in more detall in
Table 7 A.

Filgure 2 presents as a graph the most stroogly intercor-
related topologleoal indices together with their correlation
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coafficient r averaged for the three series. One can note two
disjoint graphs.

Thg g:asent data supplement those indicated 1in previous
pPapersy’” On comparing the data from Tables 4 - 6 with bhose
from ref. 3, two conclusions emerge : 1) Some inter-relations
Ty vs. T, for one of the three series are statistically signi-
ficant, yst they are due oaly to structural similarities in
that series. Tables 7 B and 7 C illustrate this parallelism
betwsen topological indices gensrated by structural similariby;
1i) BEquation (1) translated into Figurs 2 evidences the follo-
wing two classes of atrongly intercorrelated topological in=
fices : class 1 : Z, w, I;, Xy B M,, N5, x;, and glass 2 :
DRCI and DRGI. The other topological indices are practically
not intercorrelated with the above indices or among themsslves
(the centric and quadratic indices are also intercorrelated
as seen in the alkane series, Table 4, but since no data are
available for the other two series, they have not bsen in=-
¢luded in Tables 7 A = C or in Figure 2).

3. Which Topological Indices, and to What Bxtent, Express

Steric Effects
Eor.29 chemical structures, in ref. 4 a pumerical integra-
tion §(Honta Carlo) of van der Waals envelopes was affacted
resulting in van der Waals volumes (WV). On correlating these
volumes with molar refractions (MR), equation (2) was obtained:

MR = -10966 + 0.523 WV (2)
(r=0.95, s=2.01, F=128.53, EV=0.91)

This indicates that the MR valuss depend with about 90% on the
van der Waals volums, and only about 10% on other factors such
as electronie components.

It has been arguadebhsb topological indices reflect Ghe
wolecular branching. In the previous papar; we observed core
relations between MR and topologlcal indices, therafore it
is plausible that some topological indices contain sterio com-
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ponents refleoting molecular volumes.

We therefore proceeded to identify the topological indices
whioh reflect substantimlly the molecular volume by studying
eorrelations MR va. Tl' For 17 topological indices calculated
for a restrioted alkane series, ref.? demonstrated that Z,

I;, % and M, are proportional van der Weals volumes. Since MR's
are oalculated inorementally (either from atomic refractions
or from bond refractions) , evidently the number of carbon a=-
toms in a alkane is proportional to MR.

SBince sterio effects depend both on the molacular volume
and on its shape, we testad the vallidity of the following to=-
pological branching equation (3) for asycliec structures :

T, =a+ b NJA + ¢ NBP + 4 NSO (3

where NCA indicates the number of ¢arbon atoms (l.e., thé
pumber of vertices in the molecular hydrogen - depleted graph
of the hydrocarbon) ;

NBP is the number of branching points (i.e., the number
of vertices with degree 3 3 in the above graph) ; and

N8C is the number of side~ chains (i.e., after the lon-
gest path has been defined on an acyclic graph, from the
branching polnts one enumerates the slde - chains).

For example, structures 18 and 35 from Table 1 have the

following characteristics :

(no. 18) (no. 35)

NCA =7 3 NBP = 1 ; NSC = 2. NCA = Bj NBP = 3 ; NSC=3.

One can imagine that for mcyclic structures grouped in Ta=-
ble 1, NCA measures the volume, while NBP and NSC express to=-
gether tha branching of the alkane. If we adopt the notation®
Vl for the number of vertices of degree 1, then for carbon
trees (i.s., acyclic graphs corresponding to alkanes) we have :

NCA = Vl + V2 + Va + ‘J4

NBP:VZ,-‘-VQ_ H NSC=V3+2V4=V1-2
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whenoe we obtaln the number of vertices with degree two :
Va = NCA - (NBP + NBC) -2

Thus, separately and lumped together as & sum, Ghe two pa-
rameters NBP and NSC reflect the branching since V, (whose
maximal value is NCA-2 for n-alkanes and whose minimal value
is zero) also raflects the degree of branching.

It should be mentioned that several topological indices
are linearly dependent® on V; and V, like NEP and NSO :

My =2 (3V,.+.Vy) + 4NOA - 6
Ny =3V, «+ Vi # NCA - 2
Q= 3V4 + V5

The correlation (3) proved to be valid for the following
topological indices : B, O, Q, M), S x)y Ty, € and RGl
The résults are presented in Table B.

Results provided by egn.(3) indicate that some indices
from Table 8 (M, I;, X 4 &, w and Z) express steric effeats,
having as dominant feature the van der Weals volume or the num-
ber of carbon atoms, while other indices (B, C, Q) express pre~
dominantly the chain branching, and still other indices (xl,
Ib. RCI) have comparable weights for these two factors.

The number of endpoints Vl in the molecular graph is re~
flected with a considerable weight in the ceantrio indices B,C,
and (by extension) Q because bthe oubter shell of sndpoints is
squared and summed into these indices. Since NSC = Vl -2, 1t
is not surprising to find that B,C and Q correlate well with
NSC, 1little with NBP &nd not at all with NCA (of. Table 8).

The topological indlces which do not appear in Table B8).
cannot be represented according to eqn. (3) 1 the correlation
coefficients r raoge from 0.337 (I7) to 0.829 (I,), therefore
it is improbable that these other indices could represent ste=
ric effects.

The above results from the two preceding sections suggest
how to explore the systematic construction of tepological su=-
periudleea7 81 :
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81 = j)m; r, ()
ST = [Tys vev s T} (5

Ope should sum Tis belonglng to the same class 1o Figure 2. The

pumber m of topologlcal indices constituting the superindex
should be selected according to the requested discriminatiog
ability of the superindex among 1someric graphs. For instance:

ST =Ij+2% , or SI =M +¢+ I; + X
reflect the volume parameter, while

8Bl =B+C, or 8I = Xy + RCI

reflect the molecular shape.

The SI defined by relation (5) will contain as entries only
orthogonal T}a. B

The results from Table 8 indicate that X, £ , I; and w
may be used with equivalent results in QSAR.

4, Comparative Study of the Correlation Ability of

Topologlcal Indices

As en i{llustration, the dependence of boiling points at nor-
mal pressurs8 (B.p.) on topological indices Ti (Tables 1-3) was
Investigated ;

Bep. = a + bT1 (6)

Results are grouped in Tables 9 - 1l.

The data from Tables 9 - 11, especially the higher values
for X and € show the usafulness of topological indices for
describing thermodynamic propertles which depend on molecular
weight, volume, and branching.
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