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Abstract

Topological indices represent an important class of structural descriptors, widely used in developing structure—
property models, in drug design, virtual synthesis, similarity and diversity assessment. Because there is a
considerable interest in deriving additional topological indices for QSPR and QSAR models, we introduce in this
paper an extended Ivanciuc—Balaban operator. We consider that the exponent —1/2 used in the standard formula
of this operator may not be the optimum for modeling some molecular properties, and we now define a new
formula containing an adjustable exponent that is optimized for each investigated property. The Ivanciuc—
Balaban structural descriptors were computed for 134 alkanes C¢—C;o from seven molecular matrices, namely
adjacency A, distance D, reciprocal distance RD, distance—path D,, reciprocal distance—path RD,, path Szeged
Sz, and reciprocal path Szeged RSz, matrix. Structural descriptors derived from the new operator were tested in
QSPR studies for several alkane properties and we found that in most cases the optimum value of the exponent is
different from —1/2.

Keywords. Structural descriptors; molecular graph operators; topological indices; molecular matrices; QSAR.

1 INTRODUCTION

Numerous attempts have been made in theoretical chemistry to develop structural descriptors
that express in a numerical form the chemical structure. Such structural descriptors are widely used
in modeling physical, chemical, or biological properties, in similarity and diversity assessment,

database mining, and in the screening of virtual combinatorial libraries. In a first approximation the
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chemical structure of a molecule can be represented as a molecular graph. Molecular graphs are
non—directed chemical graphs that represent molecules, using different conventions. In the graph
representation of molecules, their geometrical features such as bond lengths or bond angles, are not
taken into account and the chemical bonding of atoms is regarded as being their most important
characteristic. In molecular graphs vertices correspond to atoms and edges represent covalent bonds
between atoms. Numerous reviews and research papers present the computation of structural
descriptors from molecular graphs, and their use in drug design, toxicology, property prediction,

and design of chemical libraries [1-14].

Using molecular graphs the chemical structure of a compound can be expressed by means of
various graph matrices, polynomials, spectra, spectral moments, sequences counting distances,
paths, and walks, or topological indices. A topological index (TI) is a numerical descriptor of the
molecular structure based on certain topological features of the molecular graph. When compared
with other classes of structural descriptors, such as geometric or quantum descriptors, topological
indices have some important advantages because they can be easily computed from the molecular
graph and they offer a simple way of measuring molecular branching, shape, size, and molecular
similarity. Although it is possible to perform semiempirical quantum computations for molecules
with more than one hundred atoms, the similarity and diversity of chemical databases is

characterized almost exclusively by descriptors derived from the molecular graph.

Topological indices are mainly used as structural descriptors in quantitative structure—property
relationship (QSPR) and quantitative structure—activity relationship (QSAR) models. Although
there are several hundreds TIs defined in the literature, only a few have been extensively used in
QSPR and QSAR studies. One of the most successful graph descriptors is the Randi¢ connectivity
index y defined with the following equation [15]:

— -1/2
X g e o) (1)
where deg; and deg; denote the degrees of the two adjacent vertices v; and v; that are incident with
an edge e; in the molecular graph G, and the summation is extended over all edges from the edge
set E(G). Altenburg [16] suggested that the exponent —1/2 used in the standard formula for
computing the connectivity index may not be the optimum for modeling some molecular properties
and proposed a generalized y index with the formula:

1(p)= 2. (deg, xdeg,)’ )

EijEE(G)

where the exponent p is optimized for each property investigated in a QSPR or QSAR study. This
proposal had almost no echo in the scientific community that continued to use the basic equation (1)
to compute the connectivity index. A study dedicated to the optimization of TIs by simple

modifications of the original equations found that in formula (2) the exponent —1/3 gives the best
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correlation with the boiling temperatures of a set of 21 alkanes [17].

The connectivity index y has a fairly high degeneracy, i.e. two or more non—isomorphic
molecular graphs have the same value for the  index. Estrada studied the degeneracy of
connectivity indices in regular graphs and graphs representing alkanes and cycloalkanes [18]. He
found that the exponent —1/2 is the main cause of the degeneracy of these indices and proposed to
use the exponent —1/3 that reduces the level of degeneracy for the studied graphs. In a recent study,
Altenburg’s modification was used in an attempt to improve several QSPR models [19],
demonstrating that the optimum value of the exponent p may be different from —1/2, and that it
depends on the investigated property and on the set of chemical compounds. For example, for the
boiling temperatures of 18 octanes, p = —1.15; for the boiling temperatures of 35 nonanes, p =—1.3;
for the boiling temperatures of 20 cycloalkanes, p = —0.5; for the solubility of 54 aliphatic alcohols,

p =—0.4; for the retention times of phenolic acids and anthocyanidins, p =—1.6.

The conclusion of the above studies is that the exponent —1/2 used in the original equation of the
connectivity index may not be the optimum for modeling some molecular properties and equation
(2), with a variable exponent, should be routinely employed in QSPR and QSAR models. This
finding has relevance for all structural descriptors computed from vertex invariants with a similar
formula. Such an index is the Balaban index J defined by the formula [20,21]:

J(G) = % 3 [DS,(G)x DS ()] 2 3)

¢ <E(G)

where DS; and DS; denote the distance sums of the two adjacent vertices v; and v; that are incident
with an edge e; in the molecular graph G, M is the number of edges in the molecular graph, p is the
cyclomatic number (the number of cycles in the graph, p = M — N + 1, where N is the number of
atoms the molecular graph), and the summation goes over all edges from the edge set E(G). The
distance sum is a vertex invariant computed from the distance matrix of the molecular graph. In a
graph G with N vertices, the distance sum of the vertex v;, DS,, is defined as the sum of topological
distances between vertex v; and every vertex in the molecular graph, i.e. the sum over row i or

column 7 in the distance matrix D [20,21]:
N N
DS,(G)=)'D,(G)=) D ,(G) )
Al JAl

The factor M/(pn + 1) from formula (3) of index J ensures that the values of J do not necessarily
increase with increasing number of vertices and cycles in the molecular graph. By design, the index
J has a very low degeneracy, as was proved analytically [22] and tested with a computer program
[23]. It was demonstrated that for many infinite graphs, J attains a finite limit, e.g. for an infinite
linear alkane, J tends towards m = 3.14159 [24]. The definition of J was extended for molecular

graphs containing heteroatoms and/or multiple bonds [25,26], and used successfully in structure—
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property and structure—activity studies [27-30].

The Ivanciuc—Balaban operator [31] IB represents an extension of the index J, that can be
computed with vertex invariants derived from any symmetric molecular matrix [32]. Because the IB
operator is computed with a formula similar to equation (3), it is possible that the exponent —1/2
used in the standard formula may not be the optimum for modeling some molecular properties. In
this paper we define an extended Ivanciuc—Balaban operator with a formula that contains an

adjustable exponent to be optimized for each investigated property.

2 THE EXTENDED IVANCIUC-BALABAN OPERATOR

For any graph matrix M we introduce here the vertex sum operator, representing a generalization
of the distance sum. The vertex sum operator for the vertex v; in a graph G, VS(M,G);, is defined as

the sum of the elements in the column i, or row i, of the molecular matrix M [8,9,31,32]:

N N
VS(M.G), = 3 M,(G) =3 M ;(G) (5)
Jj=1 Jj=1

The vertex sum operator was used to define new vertex and graph descriptors. If M is the adjacency
matrix, the operator VS is identical with the degree vector Deg, if M is the distance matrix, the
operator is identical with the distance sum DS, while if M is the reciprocal distance matrix RD [33],

this operator gives the reciprocal distance sum RDS [34].

Using the vertex sum local invariant, the Ivanciuc—Balaban operator of a graph G, IB(M) =
IB(M,G) was defined by analogy with the J index [31,32]:

172

IB(M.G) =2~ 3 [VS,(M.G)x VS ,(M.G)| (©)

eijeE(G)

where the summation goes over all edges from the edge set £(G). The IB operator gives the J index
when M is the distance matrix, VS represents the distance sum DS, and G is the molecular graph of
a hydrocarbon. The Ivanciuc—Balaban operator can be applied to any symmetric molecular matrix
[32], such as the adjacency A, distance D, reciprocal distance RD [33-37], resistance distance 2
[38], path Szeged Sz, [39-42], detour A [43], distance—valency Dval [44,45], distance—delta Dy
[46], or distance—path D, [46] matrices.

In this paper we introduce the extended Ivanciuc—Balaban operator which contains an adjustable

exponent that is optimized for each investigated property:

IBOM. p.G) =L 3 [vs,(M,G)x Vs, M, 6)) (7)

eijeE(G)

In the following sections we present the influence of the parameter p on the correlational abilities
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of the IB indices in several QSPR models involving six physical properties of alkanes.

3 MATERIALS AND METHODS

Chemical Data. The QSPR models were developed for a data set consisting of 134 alkanes
between C¢ and Cy, for the following six physical properties [47]: t», boiling temperature at normal
pressure (°C); Cp,, molar heat capacity at 300 K (J K" mol™); AfG®300 (g), standard Gibbs energy of
formation in the gas phase at 300 K (kJ mol’]); AvapH300, vaporization enthalpy at 300 K (kJ mol’l);
np”, refractive index at 25 °C; p, density at 25 °C (kg m™). As it is known, there are 142
constitutional isomers for these alkanes, but data for all six properties are missing for the following
eight of them: n—hexane, n—nonane, n—decane, 2—methylnonane, 3—methylnonane, 4-methylnonane,
S5—methylnonane, 3—ethyl-2,4—dimethylhexane. The value of the refractive index of 2,2,3,3—
tetramethylbutane is missing, while the reported density of this compound, 821.70 kg m™ [47], is
too high when compared with the density of similar alkanes and it was not considered in the
computation of the density QSPR models. This group of 134 alkanes together with their six physical
properties forms a database used as a standard test for structural descriptors and QSPR models [48—
55].

Structural Descriptors. All Ivanciuc—Balaban structural descriptors IB(M,p) were computed
with the formula (7) for the range of the exponent p from —2 to 2 with a step equal to 0.1. The
vertex sum local invariants VS(M) and the IB descriptors were computed from seven molecular
matrices: adjacency A, distance D, reciprocal distance RD, distance—path D), reciprocal distance—
path RD,, path Szeged Sz,, and reciprocal path Szeged RSz,. Because the Ivanciuc—Balaban
descriptors encode mainly the molecular shape and branching and not the size, the number of

carbon atoms N was added as a molecular size descriptor in some equations.

QSPR Model. The QSPR models were developed using mono— and bi—parametric regression
equations. All biparametric correlations contain N and an IB index as variables. During the
optimization of the exponent p the statistical quality of the QSPR models was monitored by

computing the correlation coefficient r, standard deviation s, and Fisher test F.

4 RESULTS AND DISCUSSION

In Table 1 we present the statistical indices for selected monoparametric QSPR models obtained
for the six alkane properties. For each property and molecular matrix M we present in Table 1 the
results obtained with the Ivanciuc-Balaban indices IB(M,p) for the optimum p value and for p
equal to —0.5. For comparison, we give also the statistics of the models that use as structural
descriptor the number of carbon atoms N. We have also investigated the influence of the variable

exponent p in biparametric QSPR models that contain as structural descriptors the number of carbon
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atoms N and an index IB(M,p). For each property and molecular matrix M we present in the right—
hand half of Table 1 the results obtained in biparametric QSPR models for the optimum p value and
for p equal to —0.5.

(1) Normal boiling temperature. Although we have investigated a large number of IB

descriptors, the best correlation is obtained for the number of carbon atoms N:

t, = — 78.906(£2.698) + 23.859(+0.816)N
r=0973  s=6.19 F = 2315

Very close statistical parameters has the equation that uses IB(A,-0.5):

t, = 28.543(£0.996) + 3.212(0.112)IB(A,-0.5)
r=0972  s=631 F=2222

We have to mention that for alkanes, IB(A,—0.5) is identical with the Randi¢ connectivity index
% The results obtained indicate that the IB descriptors do not model satisfactorily the alkane boiling
temperature in monoparametric equations. This results does not rule out the use of these descriptors

in multiparametric models, together with other structural descriptors.

Although in the best monoparametric equation the IB index has p = —0.5, for biparametric
models involving N and an IB index, the results from Table 1 indicate that IB(A,—2.0) gives the best

results:

ty = — 63.987(+4.120) + 20.068(+1.292)N + 3.170(+0.204)IB(A ,~2.0)
r=00983  s=4.94 F = 1851

The decrease of the standard deviation from 6.19 to 4.94 is significant, and shows that a
combination of a size descriptor, N, and a shape descriptor, IB, can give effective correlations for

the alkane boiling temperature.

(2) Molar heat capacity. The result obtained in modeling the alkane molar heat capacities show
again that a simple descriptor like N outperforms in monoparametric equations all IB indices tested

here. From Table 1 it is clear that the best descriptor is V:

C, = 3.689(+0.086) + 23.161(+0.540)N
r=0987  s=4.10 F =4978

The second place is occupied by the Ivanciuc—Balaban index IB(A,—0.1):

Cp = 110.965(+2.903) + 1.779(+0.047)IB(A,~0.1)
r=0984  s=4.58 F =3953

The biparametric equations show barely a minor improvement in the standard deviation for
IB(A,-2.0) when compared to the equation with N only. From our limited investigation, it appears
that the IB descriptors are not particularly good descriptors for the alkane molar heat capacities

which, being additive properties, depend of composition rather than on constitution.
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Table 1. Statistical indices of the monoparametric and biparametric QSPR models for the six alkane properties. The
biparametric QSPR models have as structural descriptors the number of carbon atoms N and an index IB(M,p). For
each property and matrix M we present the results obtained with the indices IB(M,p) for the optimum p value and for p
equal to —0.5; for comparison, we give also the statistics of the monoparametric models with N as structural descriptor.

Descriptor r s F Descriptor r s F
Monoparametric correlations Biparametric correlations
(1) boiling temperature at normal pressure, t, (°C)
N 0.973 6.19 2315
IB(A,-0.5) 0.972 6.31 2222 1B(A,-2.0) 0.983 4.94 1851
IB(A,-0.5) 0.972 6.31 2222 1B(A,-0.5) 0.976 5.84 1310
IB(D,—0.1) 0.964 7.07 1742 1B(D,-2.0) 0.975 5.97 1251
IB(D,-0.5) 0.507 22.96 46  1B(D,-0.5) 0.973 6.21 1149
IB(RD,-0.1) 0.966 6.86 1857  IB(RD,-2.0) 0.975 5.95 1260
IB(RD,-0.5) 0.942 8.93 1042  IB(RD,-0.5) 0.973 6.18 1163
IB(D,.—0.1) 0.952 8.12 1287  IB(Dp,—2.0) 0.975 5.97 1248
IB(D,.—0.5) 0.002 26.64 <1  IB(D,,—0.5) 0.973 6.21 1151
IB(RD,,—0.1) 0.966 6.86 1857  IB(RD,-2.0) 0.976 5.81 1323
IB(RD,,-0.5) 0.939 9.19 977  IB(RD,,—0.5) 0.973 6.14 1178
1B(Sz,,-0.1) 0.969 6.54 2057  1B(Sz,,0.7) 0.977 5.71 1369
1B(Sz,,-0.5) 0.662 19.98 103 IB(Sz,,—0.5) 0.973 6.17 1163
IB(RSz,,—0.1) 0.955 7.87 1380  IB(RSz,,0.1) 0.973 6.12 1185
IB(RSz,,—0.5) 0.800 15.97 235  IB(RSz,—0.5) 0.973 6.21 1151
(2) molar heat capacity at 300 K, C, (J K" mol™)
N 0.987 4.10 4978
IB(A,-0.1) 0.984 4.58 3953  1B(A,-2.0) 0.987 4.04 2567
IB(A,-0.5) 0.976 5.59 2613 IB(A,-0.5) 0.987 4.07 2519
IB(D,—0.1) 0.980 5.10 3165 IB(D,-2.0) 0.987 4.11 2478
IB(D,—0.5) 0.507 21.96 46  IB(D,-0.5) 0.987 4.11 2472
IB(RD,-0.1) 0.984 4.59 3933  IB(RD,2.0) 0.987 4.09 2502
IB(RD,-0.5) 0.953 7.74 1301  IB(RD,-0.5) 0.987 4.10 2488
IB(D,,0.1) 0.970 6.16 2131 IB(D,,—2.0) 0.987 4.10 2479
IB(D,,—0.5) 0.015 25.48 <1l  IB(D,-0.5) 0.987 4.11 2471
IB(RD,,—0.1) 0.983 4.64 3850  IB(RD,-2.0) 0.987 4.08 2515
IB(RD,,-0.5) 0.947 8.20 1144 IB(RD,,-0.5) 0.987 4.09 2501
1B(Sz,,—0.1) 0.978 5.30 2918  1B(Sz,,1.0) 0.987 4.10 2480
1B(Sz,,—0.5) 0.690 18.45 120 IB(Sz,,—0.5) 0.987 4.11 2470
IB(RSz,,—0.1) 0.973 5.86 2363  IB(RSz,,2.0) 0.987 4.06 2532
IB(RSz,,—0.5) 0.813 14.84 258  IB(RSz,-0.5) 0.987 4.10 2482
(3) standard Gibbs energy of formation in the gas phase at 300 K, A{G° (g) (kJ mol ")

N 0.801 8.85 236
IB(A,1.5) 0.932 5.36 872  1IB(A2.0) 0.939 5.10 489
IB(A,-0.5) 0.758 9.63 179  1B(A,-0.5) 0.819 8.51 134
IB(D,-0.3) 0.925 5.62 780  IB(D,-0.2) 0.933 5.34 440
IB(D,-0.5) 0.813 8.60 258  1B(D,-0.5) 0.927 5.58 398
IB(RD,2.0) 0.928 5.51 819  IB(RD,2.0) 0.928 5.53 406
IB(RD,-0.5) 0.657 11.14 100 IB(RD,-0.5) 0.901 6.43 283
IB(D,.—0.2) 0.936 5.19 938  IB(D,,—0.2) 0.939 5.10 488
IB(D,,—0.5) 0.461 13.11 36  IB(D,,—0.5) 0.929 5.50 411
IB(RD,,1.9) 0.935 5.23 920  IB(RD,,2.0) 0.941 5.02 507
IB(RD,,-0.5) 0.650 11.23 97  IB(RD,,—0.5)  0.887 6.86 241
1B(Sz,,—0.2) 0.927 5.55 803  1B(Sz,,—0.2) 0.942 4.99 514
1B(Sz,,—0.5) 0.250 14.31 9  1B(Sz,,—0.5) 0.910 6.15 316
IB(RSz,,0.3) 0.906 6.25 607  IB(RSz,,0.3) 0.907 6.26 303
IB(RSz,,-0.5) 0.411 13.47 27  IB(RSz,-0.5) 0.905 6.30 297
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Table 1. (Continued)
Descriptor r s F Descriptor r s F
Monoparametric correlations
(4) vaporization enthalpy at 300 K, Ay,,H300 (kJ mol ™)

Biparametric correlations

N 0.930 1.58 849
IB(A,—0.8) 0.969 1.08 1999  1B(A,0.7) 0.975 0.96 1282
IB(A,-0.5) 0.963 1.17 1667  1B(A,-0.5) 0.968 1.09 966
IB(D,0.3) 0.952 1.32 1289  1B(D,-0.3) 0.970 1.05 1060
IB(D,—0.5) 0.246 4.19 8 IB(D,-0.5) 0.970 1.05 1052
IB(RD,-0.6) 0.981 0.84 3367 IB(RD,-2.0) 0.986 0.72 2304
IB(RD,-0.5) 0.979 0.88 3062  IB(RD,-0.5) 0.980 0.86 1586
1B(D,,0.2) 0.956 1.27 1394 IB(D,-0.2) 0.968 1.09 980
IB(D,.—0.5) 0.278 4.15 11 IB(D,-0.5) 0.968 1.09 968
IB(RD,,—0.6) 0.982 0.81 3588  IB(RD,-2.0) 0.989 0.64 2933
IB(RD,,—0.5) 0.981 0.83 3428  IB(RD,-0.5) 0.981 0.83 1719
1B(Sz,,0.1) 0.934 1.55 897  1B(Sz,,—0.4) 0.952 1.32 636
1B(Sz,,-0.5) 0.795 2.62 227  1B(Sz,,-0.5) 0.952 1.33 635
IB(RSz,,—0.2) 0.974 0.98 2443 IB(RSz,,0.3) 0.978 0.90 1450
IB(RSz,,—0.5) 0.933 1.55 890  IB(RSz,—0.5) 0.977 0.91 1407
(5) refractive index at 25 °C, np”
N 0.875  0.0066 428
IB(A,1.2) 0.944  0.0045 1080  IB(A,2.0) 0.960 0.0038 766
IB(A,-0.5) 0.838  0.0075 309 1IB(A,-0.5) 0.886  0.0064 238
IB(D,—0.3) 0.950  0.0043 1225  IB(D,—0.4) 0.951 0.0043 614
IB(D,—0.5) 0.780  0.0086 204  IB(D,-0.5) 0.950  0.0043 601
IB(RD,1.3) 0.925  0.0052 776 IB(RD,-0.3) 0.937  0.0048 464
IB(RD,-0.5) 0.753  0.0090 171  IB(RD,-0.5) 0.935  0.0049 449
IB(D,,—0.2) 0.951 0.0042 1233 IB(D,,—0.3) 0.954 0.0041 654
IB(D,,—0.5) 0.379 0.0127 22 1B(D,,—0.5) 0.951 0.0043 613
IB(RD,,1.1) 0.931  0.0050 853  IB(RD,,2.0) 0.946  0.0045 550
IB(RD,,-0.5) 0.745  0.0091 163 IB(RD,—0.5) 0926 0.0052 392
1B(Sz,,—0.2) 0.957  0.0039 1443 1B(Sz,,—0.2) 0.959  0.0039 738
1B(Sz,,—0.5) 0.366 0.0127 20 IB(Sz,,—0.5) 0.939  0.0047 485
IB(RSz,,0.2) 0.931  0.0050 856  IB(RSz,—0.3) 0942 0.0046 507
IB(RSz,,—0.5) 0.514 0.0117 47  IB(RSz,—0.5) 0.941 0.0046 503
(6) density at 25 °C, p (kg m )
N 0.854 13.75 354
IB(A,1.3) 0.938 9.21 951 1IB(A2.0) 0.953 8.06 642
IB(A,-0.5) 0.819 15.18 268  IB(A,0.5) 0.864 13.37 192
IB(D,—0.3) 0.946 8.60 1111 1IB(D,-0.4) 0.948 8.49 571
IB(D,—0.5) 0.801 15.84 235  IB(D,-0.5) 0.947 8.57 560
IB(RD,1.5) 0.913 10.79 657 IB(RD,-0.3) 0.927 9.96 398
IB(RD,-0.5) 0.726 18.19 146  IB(RD,-0.5) 0.924 10.17 378
IB(D,.—0.2) 0.950 8.30 1201 IB(D,,—0.3) 0.951 8.18 621
IB(D,.—0.5) 0418 24.04 28  IB(D,-0.5) 0.948 8.44 579
IB(RD,,1.2) 0.921 10.30 734 IB(RD,,2.0) 0.936 9.36 459
IB(RD,,-0.5) 0.721 18.35 142 IB(RD,,-0.5) 0.912 10.89 322
1B(Sz,,-0.2) 0.956 7.76 1394 1B(Sz,-0.2) 0.961 7.30 795
1B(Sz,,-0.5) 0.320 25.07 15 1B(Sz,-0.5) 0.937 9.30 466
IB(RSz,,0.2) 0.917 10.54 695  1B(RSz,—-0.3) 0.932 9.62 431
IB(RSz,,-0.5) 0.483 23.18 40  IB(RSz,—0.5) 0.932 9.64 429
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(3) Standard Gibbs energy of formation. In the case of the alkane standard Gibbs energy of

formation, the IB indices give much better results than N:
AfG®300 = — 49.224(+2.643) + 5.032(x0.270)IB(D;,—0.2)
r=0.936 s=5.19 F=938
Interestingly, the results from Table 1 show for this index a marked improvement over those
obtained with IB(Dp,—0.5). The size parameter N gives worse results, indicating that the shape
information contained in the IB indices has a great importance in modeling the alkane standard

Gibbs energy of formation:

AG®300 = — 69.896(+7.485) + 10.896(+1.167)N
r=0801  s=8.85 F=236

A slightly better model is obtained in the biparametric models, as can be seen also in Table 1. In

this case, the IB index derived from the path Szeged matrix gives the best equation:
AfG®300 = — 66.940(£8.176) — 6.234(+0.761)N + 14.791(£1.806)IB(Sz,,—0.2)
r=10.942 s=4.99 F=514
Overall, our results indicate that IB descriptors have a good modeling ability for the alkane
standard Gibbs energy of formation. This finding deserves further investigations for other classes of

chemical compounds.

(4) Vaporization enthalpy. Interesting results were obtained for vaporization enthalpy of
alkanes, with best equation offered by IB(RD,,—0.6):

AvapH300 = 17.842(£0.490) + 1.252(%0.034)IB(RD,,,—0.6)
r=0.982 s=0.81 F =3588
Again, the lower statistical results obtained with N show that the shape information contained in

the IB(RDy) index has a great importance in modeling the alkane vaporization enthalpies:
AvapH300 = 4.195(£0.237) + 3.700(£0.209)N
r=0.930 s=1.58 F =849
For biparametric models, the same reciprocal distance—path RD, matrix gives the best model,
but with p =-2.0:
AvapHz00 = 2.683(£0.137) + 3.246(£0.166)N + 8.054(£0.412)IB(RD,,—2.0)
r=0.989 s =0.64 F=2933
It appears that IB indices give good models for alkane vaporization enthalpies, especially with

descriptors derived from the RD, matrix.

(5) Refractive index. The number of carbon atoms N is not a good descriptor for the alkane

refractive indexes showing that this property depends also on the shape of alkanes:

np> = 1.30795(x0.10396) + 0.01104(+0.00088)N
r=0.875 s=0.0066 F=428

327
BioCHEM Press http://www.biochempress.com



Optimum Structural Descriptors Derived from the Ivanciuc—Balaban Operator
Internet Electronic Journal of Molecular Design 2002, 1,319-331

The results from Table 1 indicate that IB(Sz,,—0.2) gives the best monoparametric model:

np2> = 1.30852(0.05666) + 0.00966(0.00042)IB(Sz,,—0.2)
r=0957  $=0.0039 F=1443

The improvement over the corresponding index with p = —0.5 is significant, adding new
evidence that the exponent —0.5 is not always the optimum value for the Ivanciuc—Balaban

descriptors. With biparametric equations, a slight improvement is obtained by using IB(A,2.0):

np? = 1.335428(+0.133625) + 0.006162(£0.000617)N + 0.000009(:0.000001)IB(A,2.0)
r=0.960  s=0.0038 F=766

The results reported in Table 1 demonstrate that IB descriptors are capable of modeling with

reasonable results the alkane refractive indexes.

(6) Density. A size descriptor is not able to model the alkane densities, as demonstrated by the

low quality statistical parameters obtained with N:

0 = 536.027(246.842) + 20.835(=1.821)N
r=0854  s=13.75  F=354

A significant improvement is offered by the IB descriptor derived from the path Szeged matrix,
IB(Sz,,-0.2), showing that the shape effect on the alkane densities is well reflected by this index:

p = 532.799(+23.472) + 18.657(+0.822)IB(Sz,,—0.2)
r=0.956  s=7.76 F = 1394

A biparametric model that uses the same index IB(Sz,,—0.2) and N brings a small improvement:

p = 542.389(£53.275) — 6.846(+0.672)N + 23.764(+2.334)IB(Sz,,~0.2)
r=0961  s=7.30 F =795

These models developed with the IB(Sz,) indices demonstrate that this descriptor reflects in an
adequate way the shape effect on alkane densities. The results from Tables 1 indicate that the use of
a variable exponent in the computation of the IB descriptors greatly improves the correlation for

this property.

S CONCLUSIONS

In summary, in monoparametric correlations the best results were provided by N for t, and C,, by
IB(Sz,,—0.2) for nD25 and p, by IB(Dp,—0.2) for AiG°300 and by IB(RDp,—0.6) for AyapH3e0. In
biparametric correlations including N and a topological index, the best results were provided by
IB(A,-2.0) for t, and C,, by IB(Sz,,—0.2) for A{G°00 and p, by IB(RD,,—2.0) for Ay.pH300 and by
IB(A,2.0) for np”. As one can observe, the molecular matrix that gives the best IB index is

conserved (but with a different exponent) only for Ay,,Hz300 and p.

Obviously, in biparametric regression equations, the intercorrelation coefficient between the size
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descriptor (which here was the number N of carbon atoms, but in other cases may be the molecular
weight, etc.) and the shape (structural) descriptors IB(M,p) will vary with the value of the exponent
p. This behavior can be exploited in generating quasi—orthogonal basis sets of structural descriptors
for compound clustering, screening virtual libraries, and for measuring the molecular similarity or
diversity. Whereas in QSPR and QSAR models the exponent p is modified to maximize the
correlation coefficient, in devising sets of quasi—orthogonal structural descriptors the parameter p
would be set to a value that offers the minimum intercorrelation coefficient between a pair of

descriptors.
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