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Abstract.Correlations between octane numbers of alkanes
with -8 carbon atoms and topological indices were investigated.
Statistical evaluation indicates that the newly proposed cen-
tric indices give best correlations, both in uniparametric and
biparametric equations (the second parameter being either the
molecular weight of the alkane or its number of carbon atoms).
Intercorrelations hetween 14 topological indices were investi-
gated on the basis of data for alkane isoners ; with the ex-
ception of I all indices were found to be strongly intercor-
related. Pe

1. Introduction

In a previous part of this scrieﬂz, topological indices
were reviewed and five new topological indices were introdu-
ced. We shall briefly summarize below the notations and defi-
nitions of all topological indices which will be used in the
present paper, rFor details, ref. 2 or the original references
should be consulted.

The centric index2 B is detlined for acyclic hydrocarbons
by using the hydrogen-depleted graph of the carbon skeleton.
On finding the centre or bicentre of such a tree (graph with
no cycles) the vertices of degree one are stepwise removed.
The numbers of these steps removed at each step give rise to
a pruning (lopping) sequence. This sequence Vis Vs .. Which
indicates the numbers of vertices with degree one removed at
each step, is used for the definition and calculation of the
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B = Vi

i

centric index B :

If tie degrees di of vertices in the hydrogen - depleted
graph are taken into account, the sum for all vertices
_ n 2
1‘.11 = % di
3

cié, Trinajstié¢ and Wilcox Jr.

defines” another topological index introduced by Gutman, Rus-

A related index N2 was introduced by Platt4

and by Gor-
don and Scantlebuxw’? Platt defined the "first-neighbour sum
f " by summing for all edges the numbers of edges adjacent to
an edge. Gordon and Scantlebury defined N, as the number of
distinct ways a C - ¢ - C fragment may be superimposed on the
carbon graph. It can be shown that £ = 2N2. 1f we denote by
Vd the number of vertices of degree di (di = 1; 25 3 or 4);

thén it can be shown2 that for a graph with n vertices
o, B, OV BT W B 4V e dn B e R O
i 4 3 2 2 4 5} ¥ =1

o P
6V4 + 3V3 + U, = 3V4 + V3 tm=2=%g :§; dy (di = 1)

N
]
oy

The above three indices increase with increasing bran-
ching, and also with the number of carbon atoms. In order to
conserve only the variation with branching, these indices may
normalized so as to be zero for any n - alkane (chain - graph).
Thus the normalized centric index was defined2 asg :

C = %— (B=-2n+U) = %[E - B (chain—graph)]
where U = [1 - (~1)2 ] /2.

The normalized quadratic index related to Ml and Ny is
defined2 as :

1 1 ;
Q=4V4+%V3+1—'2'V1=3V4+V3=§§11Vi—2n+3

The relationship between Q, N2 and Ml is proved by the
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sxpressions 2 H
M
Q-Hz-n+2 = -21-2n+3
l,-2(l2+n-l)

In order to approximate through topelogical indices the
"{epological shape" of the moelecule, bunormalized topological
indices denoted by C' and Q' were introduced 2. By definition,
these indices have value zero for the normal (linear) alkanes
(ohain-graphe), and value ene for the moast branched graphs
(etar-graphs) formed by n - 1 vertices of degres one, and
one vertex of degree n - 1, The binormalization is carried
out by dividing C and Q threugh the respeoctive values for
star-graphs :

C' = c B-2n + U

Clatar-graph) =~ T52)2 -2 + U

Q vV, +V
L}
Q' = G(star—graph] =~ Z(o-2)(n-3)
The Wiener index 6 (or the path number) w is the sum of
the number ef bonds between all pairs of vertices :

L Zui
i

where g, denotes the number of pairs of vertices whose distance
is i, i. e, half the number of times a distance i occurs in the
distance mairix D ; Rouvray's index 7 I is the sum of entries
in the distance matrix D = [diJ ] =

I = Z dli = 2w
i,J
é >
denoted by 3 = p(Gyk) for a graph
k
G is the number of ways in which k edges may be chosen so that
ne twe of them are adjacent ; for trees, I is the sum of the
abselute values of coefficients p(G,k) in the characteristic
pelyneminl

The Heseya index

S (05 p(Gee) 272 2 (-1)" aex |4 - xg]

where A is the adjacency matrix and E is the unit matrix.
The largest eigenvalue of the characteristic pelynemial
was also considered El to be a measure of branching.
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Benchev and Trinajstib 10 introduced several infermatienal
topelogical indices. The information content Ix of a sequence
of numbers X, s where g X =X, is

I; = X logX - %x‘ Log X,
and the mean information content IX is
I
iy = '%’i Logyp;
whers p; = X;/X.

Thus, the information content and the mean information
content on pelynomial coefficients, Ipq and -i)o y respecti-
vely, are obtained from the ceefficienta of the characteristic
pelynomial of graph G :

I = 2 legyZ -%p(s.k) 10g,p(G,k)

- N p(G,k Gk
Ipca -Lk 10‘22"2‘—). = Ipo/t

where t is the number of terms in the characteriatio peoly-
nomial.

The information content and the mean information content
on realized distances (I; and 'f; s respectively) as well as
on the distribution of distancea (I% and fﬁ » reapectively)
are connected to the distance matrix D of the graph G, and te
the Wiener index w :

I; = w logzi - 12 8y i 10521
™ i w
Ip = ‘lzﬂa%“f‘ai‘ = Ip/w

I e %‘1 loga8y

—£ 28y 28y 2 E
I, == log = I
D n(n-1) 2n({n-1) n(n=1) “D
i

Finally, Handié's index denoted by ) or M, is '' :
-1/2
Y= n, = Z(vivj) /
q

where vy and v, denete the degrees of two adjacent vertices
i and j in the hydrogen-depleted graph ¢, and the summation
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is extended over all q edges of the graph G.

An intercemparison between &ll above topological indices
201012 )t the highest discriminating ability ameng
isomers is associated with indices 2, Z and Ig .

shews

!%ﬂl cal indig:g

]

The correlational ability of some topelogical indices
mentioned in the previous section and denoted in general by
T. , was investigated in monoparametric (linear) equations of
type (1) :

Y=8a +0D0 Td (1)
where Y.‘L estimates the measured wvalues ‘Il.

A property of alkanes which is knewn to depend strongly
on the degree of branching is their "anti-knook"™ ability :
the more branched the alkane, the less prone it is to self-
-ignitien on sudden compression in air. Conventionally, the
anti-kneck ability is determined in terms of octane numbers
{ON), with n-heptane having ON = 0.0 and 2,2,4-trimethylpen-
tane (isoGctane) having ON = 100.0 as standards. No cerre=-
lation with topelegical indices has been described seo far.
The ON of an alkane or of a gasocline sample is determined
under prescribed comditions with a test internal ceambustion
engine and is equal te the ratie (percent) of isedctane in
that dual mixture with n-heptane which affords the same
engine pewer as the given sample. Two different types of ON
exist '3, namely Research ON (demoted by EON or Y,) and Me-
tor ON (demoted by MON or Y,). The correlatiens were investi-
gated primarily en heptane and octane isomers, mainly fer twe
reasens : (a) practically all their isemers have been tested
experimentally for ON determination (unlike the higher alkanes
Gg » O4g » etc.), and (b) in these twe oases of 07 and 0g , &
fair number of isomers with various degrees of branching exist
allowing meaningful cerrelations (unlike the lower alkanes
04 . C’ » 05 which have small numbers of isomers.

Experimental data for ON's 13 and structures for all
alkane isemers are presented in Table 1, and caloulated tepe-
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logical indices are displayed in Table 2. The numbers (No.)
refer to the same isomer in Tables 1 and 2.

It appears, as known, that the anti-knock ability of
alkanes increases with (i) increasing branching and (ii)
decreasing molecular weight or number m of carbon atoms.

The formar feature deserves more detailed comments : ithe
linear (normal) alkanes have the loweat ON's among all their
isomers ; with increasing numbers of tertiary and/or quater—
nary carbon atoms, i, e, of branches, the ON increases ; the
ON's of imomeric systems increase if on a longer chain a
shorter bDranch moves farther from the endpoints of the chain.

Equations presenied in the subsequent tables express more
quantitatively the dependence of ON versus branching as refle-
cted in tepological indices ; in additien, these equations
possess predictive capacity. Regression ceefficients were
determined by the methed of least squares using a pregram
devised for this purpose on a FELIX (=256 compuier. The
statistical parameters for estimating the accuracy of corre-
lations are 3

r {correlation coefficient)

8 (standard deviatioen)

P {#isher statistics)

EV (explained variance)

Tables )} and 4 list for octane isomers the regresasion
ceefficients a and b in equations (1) as well as the above
statistical parameters for !] and Yz » respectively. Tables 5
and 6 list the same ceefficients and parameters in cerrela-
tieons with I‘ and 1'2, respectively, for heptane isomers.

It is wseen from Tables 3} - © that from all topelegical
indices listed in these tables, the ceniric indices B, C and
C' give systematically the beat regressienal squations. Next
best are the Wiener index w and the informational indices I; »
IlD and Tg . Only in ene caase, as seen in Table 4, I; gives _
better resulta fer !2 in the Qaﬂm series. Indices Ip. and I
give aystematically the worst regressional squations.

In order to include in a singls regression both the G-;Hgs
and the CgH,o series, we used equations (2} :
Iaa¢h21+oc)',uth1-aora (2)

pe

i
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correlations can be found between octane numbers and selected
topolegical indices for each series of isomeric alkanes, and
that fair correlations are obtained by combining such series
into & single ene with the aid of indicater variables.

3. !iu_rg;ltrio ogr;:llt :_octane bers versus
tng}oﬁeu indices and number of onrhg ltgg
ermeleculsr weight of slkases

Since in the preceding Sectiom the introductiom of the
indicater variable d was an ad-heo solutiom, valid enly fer
the GTHw plus 08“18 series, we investigated a mere general
cerrelation which should take inte acceunt both facters (i)
and (ii), of. previous sectien : the degree eof branching er
shape of the alkane expressed by a topolegical index, and
the size of the alkans expressed by the number of its carbea
atems, n, or by its molecular weight, MW. A biparametirie
equation (4) was empleyed :





















