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Two new approaches are presented for the calculation of atom and bond parameters for heteroatom-containing
molecules used in computing graph theoretic invariants. In the first approach, the atom and bond weights
are computed on the basis of relative atomic electronegativity, using carbon as standard. In the second
system, the relative covalent radii are used to compute atom and bond weights, again with the carbon atom
as standard. The new definition of the atom and bond parameters leads to a periodic variation versus the
atomic numberZ, with a more natural variation when compared with the parameters defined only byZ.
The two approaches are used to define and compute topological indices based on graph distance. A
quantitative structure-property relationship study is reported for boiling points of 185 acyclic compounds
with one or two oxygen or sulfur atoms (devoid of hydrogen bonding), in terms of four or five molecular
descriptors.

INTRODUCTION

An important problem in theoretical chemistry is the
deduction of molecular properties from the molecular
structure considered at various levels of complexity. The
first level of molecular structure description uses the con-
nectivity of atoms and does not consider the information
regarding the three-dimensional structure of the molecule.
Molecular topology determines a large number of molecular
properties, ranging from physicochemical and thermody-
namic properties to chemical reactivity and biological
activity. For the latter type of activity, however, three-
dimensional structure descriptors are increasingly being
developed.2 Among the large class of molecular graph
invariants used to describe the chemical structure, we
mention here graph theoretic polynomials and spectra,
spectral moments, topological indices, and distances, walks,
and paths in graphs. The most used molecular graph
descriptors in establishing quantitative structure-property
relationships (QSPRs) and quantitative structure-activity
relationships (QSARs) are topological indices (TIs).3-8

A graphG ) G(V,E) is an ordered pair consisting of two
setsV ) V(G) andE ) E(G). Elements of the setV(G) are
called vertexes and elements of the setE(G), involving the
binary relation between the vertexes, are called edges. In
this paper, chemical structures are represented as molecular
graphs. By removing all hydrogen atoms from the chemical
formula of a chemical compound containing covalent bonds
one obtains the hydrogen-depleted (or hydrogen-suppressed)
molecular graph of that compound, whose vertexes cor-
respond to non-hydrogen atoms and whose edges correspond
to covalent bonds. In this study, the expressions “molecular

graph” and “molecule”, “vertex” and “atom”, “edge” and
“bond” are used interchangeably.
The presence of multiple or aromatic bonds, or of

heteroatoms, in molecular graphs requires the development
of special parameters. A general approach was developed
by Trinajstićand co-workers9 by weighting the contributions
of atoms and bonds with parameters based on the atomic
number Z and the topological bond order. The weight
associated with an atom,AwZ, was defined with the following
equation:

where Zi is the atomic numberZ of the atomi. A few values
of the parameterAwZ for various elements are presented in
Table 1, column 4.
The bond weightBwZ, is defined as:

whereb is the bond order, which takes the value 1 for single
bonds, 2 for double bonds, 3 for triple bonds, and 1.5 for
aromatic bonds. Table 2 presents some bond parameters
BwZ.
As an example of theZ weighting scheme, we present in

Table 3 the atom- and bond-weighted distance matrix of
2-methylpyridine (see structure).

TheZweighting scheme was applied with good results in
various QSAR studies.10-12 There exist other methods for
computing heteroatom parameters13 and weights for chemical
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AwZi ) 1-6/Zi (1)

BwZij ) 36/bZiZj (2)
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bonds.14 A different approach for considering heteroatoms
was developed by one of us, which takes into account the
periodicity of the two chemical properties electronegativity
and covalent radii.15

We will present a brief overview of the topological indices
that are relevant for the present paper. The Wiener index,
W, is equal to the sum of topological distances between all
N atoms in the molecular graph, and is expressed by the
following equation16,17:

whereD is the distance matrix of the molecular graph and
Dij is the ij -entry in this matrix.

The distance sum of the vertexi, DSi, is defined as the
sum of the topological distances between vertexi and every
vertex in the molecular graph; that is, the sum over rowi in
theD matrix18,19:

The highly discriminating TI average distance sum con-
nectivity (J) was defined by the following formula18,20:

whereDSi andDSj denote the distance sums of the endpoints
of an edge in the molecular graph,m is the number of edges
in the molecular graph,µ is the cyclomatic number, andE(G)
indicates that the summation goes over all edges in the
molecular graph.
Because the indexJ contains the factorm/(µ + 1), it does

not increase automatically with increasing number of vertexes
and cycles, unlike most TIs. Because of its design,J has a
very low degeneracy, as was proved analytically21 and tested
with a computer program.22 For many infinite graphs,J
attains a finite limit23; for example, for an infinite linear
alkane,J tends towardπ ) 3.14159. The definition ofJ
was extended for molecular graphs containing heteroatoms
and/or multiple bonds15,24 and used with success in QSAR
studies.25,26

Reciprocal distance invariants were recently defined27 and
used for the generation and coding of alkanes28 and to define
the reciprocal distance matrix and other molecular graph
invariants.29,30 In the present paper we will use a slightly
modified definition for the reciprocal distance matrix,
because a molecular graph that contains heteroatoms has
some nonzero diagonal elements. The reciprocal distance
matrix RD(G) ) RD, of a graphG with N vertexes, is a
squareN × N symmetrical matrix, whose entries,RDij, are
equal to the reciprocal of the distance between vertexesi
and j for nondiagonal elements, and is equal toDii for
diagonal elements:

Recently we investigated the precision and error of the
computation of molecular graph invariants with theZ
weighting scheme.31 Despite its widespread use, theZ
weighting scheme gives atomic and bond parameters that
monotonically increase or decrease with the atomic number,
neglecting the periodic variation of atomic properties. The
scope of the present paper is to introduce two new schemes
for the calculation of atom and bond parameters used in
computing graph theoretic invariants. In the first scheme,
the atom and bond weights are computed on the basis of
relative atomic electronegativity, and in the second system,
the relative covalent radii are used. The two approaches are
used to define and compute graph distance topological
indices.

PARAMETERS BASED ON ELECTRONEGATIVITY OR
COVALENT RADIUS

As already mentioned, one of us15 introduced two atom-
weighting schemes for the indexJ, by using the electrone-

Table 1. Atomic Parameters Computed with Different Weighting
Schemesa

Atom X Y AwZ AwX AwY

B 0.851 1.038 -0.200 -0.175 0.037
C 1.000 1.000 0.000 0.000 0.000
N 1.149 0.963 0.143 0.130 -0.038
O 1.297 0.925 0.250 0.229 -0.081
F 1.446 0.887 0.333 0.308 -0.127
Si 0.937 1.128 0.571 -0.067 0.113
P 1.086 1.091 0.600 0.079 0.083
S 1.235 1.053 0.625 0.190 0.050
Cl 1.384 1.015 0.647 0.277 0.015
As 0.946 1.379 0.818 -0.057 0.275
Se 1.095 1.341 0.824 0.087 0.254
Br 1.244 1.303 0.829 0.196 0.233
Te 0.954 1.629 0.885 -0.048 0.386
I 1.103 1.591 0.887 0.093 0.371

a X represents the relative electronegativity;Y the relative covalent
radii; AwZ the atomic numberZ atomic parameter;AwX the atomic
parameters based on relative electronegativity;AwY the atomic weights
defined by relative covalent radii.

Table 2. Bond ParametersBwZ Computed with the Atomic Number
Z

Atomi Atomj single double triple aromatic

C C 1.000 0.500 0.333 0.667
C N 0.857 0.429 0.286 0.571
C O 0.750 0.375
C F 0.667
C Si 0.429
C P 0.400
C S 0.375 0.188 0.250
C Cl 0.353
C Se 0.176
C Br 0.171
C Te 0.115
C I 0.113
N N 0.735 0.367 0.490
N O 0.643 0.321 0.423
O S 0.281 0.141

Table 3. The Atom- and Bond-Weighted Distance Matrix of
2-Methylpyridine Computed with Parameters Derived from theZ
Weighting Scheme

1 2 3 4 5 6 7

1 0.143 0.571 1.238 1.905 1.238 0.571 1.571
2 0.571 0.000 0.667 1.333 1.810 1.143 1.000
3 1.238 0.667 0.000 0.667 1.333 1.810 1.667
4 1.905 1.333 0.667 0.000 0.667 1.333 2.333
5 1.238 1.810 1.333 0.667 0.000 0.667 2.810
6 0.571 1.143 1.810 1.333 0.667 0.000 2.143
7 1.571 1.000 1.667 2.333 2.810 2.143 0.000
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gativity and covalent radii, respectively. The electronega-
tivities of main group atoms recalculated by Sanderson32 on
the Pauling’s scale, with fluorine, sodium, and hydrogen
having the values 4, 0.56, and 2.592, respectively, were used
in a biparametric linear regression equation to obtain
computed electronegativities,S. The two parameters used
in devising this equation areZ, the atomic number, andG,
the number of the group in Mendeleev’s short form of the
Periodic System. Using a similar biparametric equation, the
relative electronegativitiesX, based on the calculated value
for carbonS(carbon)) 2.629, were obtained:

Using the covalent radiiRselected from Sanderson’s book,
a similar biparametric correlation affords calculated covalent
radii data and relative covalent radiiY based on calculated
R(carbon) ) 87.126 picometers (pm), according to the
following equations:

Computed relative electronegativitiesX and relative covalent
radiiY for various elements are presented in Table 1, columns
2 and 3, respectively.
Using the relative electronegativitiesX and the relative

covalent radiiYwe now define two new general weighting
schemes for molecular graphs. The first one, which uses
the relative electronegativity, defines the weight parameter
AwX for atom i:

A bond weight parameterBwX is defined as follows:

Selected values for the parametersAwX are presented in Table
1, column 5.
The weighting scheme based on atomic electronegativity

givesAwX values that span a more narrow range of values
compared withAwZ. For the elements with an electronega-
tivity lower than that of carbon (Si and Te in Table 1), the
correspondingAwX values are negative, whereas for the
elements with a relative electronegativity>1, the AwX
parameter is positive. From the definition ofAwX, it is clear
that this parameter captures the periodicity of electronega-
tivity and can generate molecular descriptors that express
both the effect of topology and of electronegativity. Selected
bond parametersBwX are presented in Table 4. The carbon-
carbon bonds have weights identical with the corresponding
BwZ parameters. The values of CsSi and CsTe bonds are
>1, whereas all other weights are<1.
The atom- and bond-weighted distance matrix of 2-meth-

ylpyridine computed with theX weighting scheme is
presented in Table 5.
The second weighting scheme, which uses the relative

covalent radii, defines a weight parameterAwY for atomi as
follows:

The second weighting scheme defines the bond weight
parameterBwY as follows:

Selected values for parametersAwYandBwYare presented
in Table 1, column 6, and Table 6, respectively. TheY
weighting scheme applied to the computation of the atom-
and bond-weighted distance matrix of 2-methylpyridine gives
the matrix shown in Table 7.
All elements with covalent radii lower than that of carbon

present negative values for theAwY parameters; Table 1
presents three such cases, namely N, O, and F. All other
heteroatoms from Table 1 present positiveAwYvalues. The
closer the covalent radii of an atom to that of carbon, the
closer to zero the correspondingAwY parameter. TheBwY
parameters from Table 6 show the same kind of periodicity
of values as the one observed in Table 4 in the case ofBwX.
On the other hand, the variation ofBwYparameters does not
parallel that ofBwX parameters; for example,BwX decreases
for the bonds CsX (XdC,N,O,F), whereasBwY increases
for the same set of bonds.

OPERATOR DEFINITIONS

There exist many molecular graph descriptors, and the
development of new molecular matrixes can multiply their
number. Also, each structural descriptor can be computed
by using one of the three weighting schemes compared in
the present study. This situation calls for some kind of rules
in the notation of the descriptors; that is, rules that allow
the description of the mathematical operation, matrix, and
weighting scheme used to compute a particular invariant. In

Table 4. Bond ParametersBwX Computed with the Relative
ElectronegativityX

Atomi Atomj single double triple aromatic

C C 1.000 0.500 0.333 0.667
C N 0.870 0.435 0.290 0.580
C O 0.771 0.386
C F 0.692
C Si 1.067
C P 0.921
C S 0.810 0.405 0.540
C Cl 0.723
C Se 0.913
C Br 0.804
C Te 1.048
C I 0.907
N N 0.757 0.379 0.505
N O 0.671 0.336 0.447
O S 0.624 0.312 xxx

Table 5. The Atom- and Bond-Weighted Distance Matrix of
2-Methylpyridine Computed with Parameters Derived from theX
Weighting Scheme

1 2 3 4 5 6 7

1 0.130 0.580 1.247 1.914 1.247 0.580 1.580
2 0.580 0.000 0.667 1.333 1.827 1.160 1.000
3 1.247 0.667 0.000 0.667 1.333 1.827 1.667
4 1.914 1.333 0.667 0.000 0.667 1.333 2.333
5 1.247 1.827 1.333 0.667 0.000 0.667 2.827
6 0.580 1.160 1.827 1.333 0.667 0.000 2.160
7 1.580 1.000 1.667 2.333 2.827 2.160 0.000

AwYi ) 1-1/Yi (13)

BwYij ) 1/bYiYj (14)

Si ) 1.1032-0.0204Zi + 0.4121Gi (7)

Xi ) 0.4196-0.0078Zi + 0.1567Gi (8)

Ri ) 97.4989+ 1.3898Zi - 4.6779Gi (9)

Yi ) 1.1191+ 0.0160Zi - 0.0537Gi (10)

AwXi ) 1-1/Xi (11)

BwXij ) 1/bXiXj (12)
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the present paper we use families of related molecular graph
descriptors computed with graph operators.33 An operator
uses some mathematical operations performed on a certain
molecular matrix computed with a weighting scheme. The
three weighting schemes are denoted byZ for the atomic
number scheme,X for the relative elctronegativity scheme,
andY for the relative covalent radii scheme. The operatorial
notation of the graph invariants offers a simple way to
describe similar descriptors and to denote the weighting
scheme, and can be extended to the development of new
matrixes.
The Wiener operator, Wi(M,w,G), is defined by the

following equation:

whereM represents the molecular matrix ofG andw is the
weighting scheme. IfM is the distance matrix, the Wiener
operator givesW, whereas ifM is theRDmatrix, the Wiener
operator gives the Harary index.29,30

By analogy with the hyper-Wiener index,34-37 we define
the hyper-Wiener operator of a graphG, HyWi(M,G), as
follows:

If M is the distance matrix, the HyWi operator is identical
with the hyper-Wiener indexR.34-37 Diudea36,37has recently
proposed two molecular graph matrixes: the distance-delta
matrix, D∆, and distance-path matrix,Dp, whose elements
are calculated by a combinatorial algorithm from the classical
distance matrixD:

The element [D∆] ij counts the number of “internal” paths
(larger than unity) included in the shortest paths between
vertexesi and j; the element [Dp] ij counts all internal paths
included in the shortest paths between vertexesi and j in a
graph. The matrixDp allows the direct computation of the
hyper-Wiener indexR, whereas the matrixD∆ gives an index
related to the “non-Wiener” part of the hyper-Wiener index.
The Atom Sum operator for the vertexi, AS(M,w,G)i is

defined as the sum of the elements in the rowi, or column
i, of the molecular matrixM computed with the weighting
schemew:

If M is the adjacency matrix, the AS operator gives the atom
degree; ifM is the distance matrix, the AS operator gives
the distance sum DS; ifM is theRDmatrix, the AS operator
is identical with the reciprocal distance sum.30

By analogy with theJ index we define a more general
type of indices, the Ivanciuc-Balaban operator, IB(M,w,G):

The IB operator gives theJ index whenM is the distance
matrix.
The two molecular operators just described will be used

to compute a series of topological indices. Table 8 presents
the Wiener and Ivanciuc-Balaban indices obtained from the
distance matrix computed with the three weighting schemes.
We have considered nine molecules related to ethanol, with
various heteroatoms (Het), with the molecular graph
CsCsHet. Inspection of the values in Table 8 shows that
whereas Wi(D,Z) decreases and IB(D,Z) increases with
increasing atomic number, the Wi(D,X), Wi(D,Y), IB(D,X),
and IB(D,Y) indices show a periodicity in their values. For
the elements in the first row of the Periodic System, Wi(D,X)
and IB(D,Y) decrease, and Wi(D,Y) and IB(D,X) increase
from carbon to fluorine. For the halogen series, Wi(D,X)
and IB(D,Y) increase, but Wi(D,Y) and IB(D,X) decrease
from fluorine to iodine.
In Table 9 the Wiener and Ivanciuc-Balaban operators are

applied to the reciprocal distance matrix computed with the
Z, X, and Y weighting schemes. Again, the Wi(RD,X),
Wi(RD,Y), IB(RD,X), and IB(RD,Y) indices show a periodic-
ity in their values. For the elements in the first row of the
Periodic System, Wi(RD,X) and IB(RD,Y) increase, whereas
Wi(RD,Y) and IB(RD,X) decrease from carbon to fluorine.
For the halogen series, Wi(RD,X) and IB(RD,Y) decrease and
Wi(RD,Y) and IB(RD,X) increase.
A scaling factor was defined in order to allow a greater

flexibility for the weighting methods using relative elec-
tronegativity or covalent radius.24 The scaling factor is used
to multiply the atomic parameters and has the effect of
enhancing or depressing the effect of heteroatoms. The use

Table 6. Bond ParametersBwY Computed with the Relative
Covalent RadiiY

Atomi Atomj single double triple aromatic

C C 1.000 0.500 0.333 0.667
C N 1.038 0.519 0.346 0.692
C O 1.081 0.541
C F 1.127
C Si 0.887
C P 0.917
C S 0.950 0.475 0.633
C Cl 0.985
C Se 0.746
C Br 0.767
C Te 0.614
C I 0.629
N N 1.078 0.539 0.719
N O 1.123 0.561 0.748
O S 1.027 0.513

Table 7. The Atom- and Bond-Weighted Distance Matrix of
2-Methylpyridine Computed with Parameters Derived from theY
Weighting Scheme

1 2 3 4 5 6 7

1 -0.038 0.692 1.359 2.026 1.359 0.692 1.692
2 0.692 0.000 0.667 1.333 2.000 1.385 1.000
3 1.359 0.667 0.000 0.667 1.333 2.000 1.667
4 2.026 1.333 0.667 0.000 0.667 1.333 2.333
5 1.359 2.000 1.333 0.667 0.000 0.667 3.000
6 0.692 1.385 2.000 1.333 0.667 0.000 2.385
7 1.692 1.000 1.667 2.333 3.000 2.385 0.000

Wi(M, w,G) ) ∑
i)1

N

∑
j)1

N

Mij (15)

HyWi(M,G) )
1

2
∑
i)1

N

∑
j)1

N

([M] ij
2 + [M] ij) (16)

[D∆] ij )([D] ij2 ) (17)

[Dp] ij )([D] ij + 1
2 ) (18)

AS(M,w,G)i ) ∑
j)1

N

Mij (19)

IB(M, w,G) )
m

µ + 1
∑
E(G)

(ASiASj)
-1/2 (20)
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of the scaling factor gave good results in QSAR studies.25,26

We propose to use a scaling factor for theZ, X, and Y
weighting schemes; this factor is used to multiply the atomic
numberZ, andXi andYi parameters used to compute theAw
andBw parameters. For carbon, the scaling factor is equal
to 1.

CORRELATIONS WITH THE BOILING POINTS OF
ACYCLIC ETHERS, PEROXIDES, ACETALS, AND

THEIR SULFUR ANALOGUES

The two weighting schemes defined in this paper, together
with theZ weighting scheme, were tested in a QSPR study
that computes the boiling points of a set of 185 acyclic ethers,
peroxides, acetals, and their sulfur analogues; this series was
studied earlier with other descriptors.38 The following five
molecular graph matrixes were used to compute TIs:A, D,

RD, Dp,36,37D∆.36,37 The list of the 78 structural descriptors
used in the QSPR study is as follows:

1. Constitutional descriptors: the number of carbon atoms,
NoC, the number of oxygen atoms, NoO, the number of
sulfur atoms, NoS, and the molecular weight, MW.

2. The Randic´, Kier and Hall connectivity indices:0øν,
1øν, 2øν, 3øpν, and3øcν.

3. Indices representing the minimum (MinSp) and maxi-
mum (MaxSp) value of the molecular graph spectra: MaxSp-
(A,X), MinSp(A,X), MaxSp(A,Y), MinSp(A,Y), MaxSp(A,Z),
MinSp(A,Z), MaxSp(D,X), MinSp(D,X), MaxSp(D,Y), Min-
Sp(D,Y), MaxSp(D,Z), MinSp(D,Z), MaxSp(RD,X), MinSp-
(RD,X), MaxSp(RD,Y), MinSp(RD,Y), MaxSp(RD,Z), MinSp-
(RD,Z), MaxSp(Dp,X), MinSp(Dp,X), MaxSp(Dp,Y),
MinSp(Dp,Y), MaxSp(Dp,Z), MinSp(Dp,Z), MaxSp(D∆,X),

Table 8. Topological Indices Computed with the Wiener and Ivanciuc-Balaban Operators for the Distance Matrix and with Three Weighting
SchemesZ, X, andY

compound Wi(D,Z) Wi(D,X) Wi(D,Y) IB(D,Z) IB(D,X) IB(D,Y)

CH3sCH2sCH3 4.000 4.000 4.000 1.633 1.633 1.633
CH3sCH2sSiH3 3.429 4.067 3.887 2.148 1.589 1.714
CH3sCH2sNH2 3.857 3.870 4.038 1.736 1.726 1.607
CH3sCH2sPH2 3.400 3.921 3.917 2.182 1.689 1.692
CH3sCH2sAsH2 3.182 4.057 3.725 2.491 1.595 1.845
CH3sCH2sOH 3.750 3.771 4.081 1.823 1.806 1.580
CH3sCH2sSH 3.375 3.810 3.950 2.213 1.774 1.668
CH3sCH2sSeH 3.176 3.913 3.746 2.500 1.694 1.827
CH3sCH2sTeH 3.115 4.048 3.614 2.604 1.601 1.948
CH3sCH2sF 3.667 3.692 4.127 1.897 1.875 1.551
CH3sCH2sCl 3.353 3.723 3.985 2.242 1.847 1.643
CH3sCH2sBr 3.171 3.804 3.767 2.508 1.779 1.809
CH3sCH2sI 3.113 3.907 3.629 2.608 1.699 1.933

Table 9. Topological Indices Computed with the Wiener and Ivanciuc-Balaban Operators for the Reciprocal Distance Matrix and with Three
Weighting SchemesZ, X, andY

compound Wi(RD,Z) Wi(RD,X) Wi(RD,Y) IB(RD,Z) IB(RD,X) IB(RD,Y)

CH3sCH2sCH3 2.500 2.500 2.500 2.309 2.309 2.309
CH3sCH2sSiH3 4.605 2.354 2.772 1.417 2.415 2.138
CH3sCH2sNH2 2.848 2.813 2.415 2.095 2.114 2.369
CH3sCH2sPH2 4.814 2.686 2.696 1.364 2.189 2.183
CH3sCH2sAsH2 8.164 2.375 3.233 0.870 2.399 1.899
CH3sCH2sOH 3.155 3.091 2.324 1.936 1.968 2.437
CH3sCH2sSH 5.019 2.978 2.616 1.316 2.025 2.233
CH3sCH2sSeH 8.340 2.704 3.168 0.855 2.178 1.930
CH3sCH2sTeH 11.448 2.394 3.635 0.666 2.385 1.729
CH3sCH2sF 3.433 3.346 2.230 1.811 1.849 2.514
CH3sCH2sCl 5.220 3.242 2.534 1.272 1.895 2.287
CH3sCH2sBr 8.516 2.995 3.101 0.841 2.016 1.962
CH3sCH2sI 11.618 2.721 3.577 0.659 2.168 1.752

Table 10. Coefficients, Structural Descriptors, and Statistical Indices of the Best MLR Equations with Four and Five Independent Variables
for the Computation of the 185 Boiling Points of Oxygen and Sulfur Compounds Described in References 38

eq a0 a1 TI1 a2 TI2 a3 TI3 a4 TI4 a5 TI5 r s F

1 -104.02 52.94 NoS-15.38 2øν -3.05 MinSp(D,X) 75.33 MaxSp(RD,Y) -15.28 IB(D,X) 0.9899 6.94 1741
2 -104.99 56.77 NoS-14.10 2øν -3.02 MinSp(D,Z) 75.24 MaxSp(RD,Y) -15.61 IB(D,X) 0.9897 6.99 1715
3 -44.23 85.22 NoS -4.94 Wi(RD,Z) 40.47 HyWi(A,Y) -0.0025 HyWi(Dp,Y) -17.85 IB(D,X) 0.9893 7.13 1646
4 -56.92 50.54 NoS-15.97 2øν -49.29 MaxSp(A,Y) -3.32 MinSp(D,X) 76.01 MaxSp(RD,Y) 0.9892 7.15 1637
5 -54.56 54.39 NoS-14.59 2øν -52.47 MaxSp(A,Y) -3.27 MinSp(D,Z) 76.53 MaxSp(RD,Y) 0.9892 7.18 1625
6 -88.53 15.08 NoO 50.89 NoS -8.56 2øν 106.00 MaxSp(RD,Y) -55.16 IB(D,X) 0.9891 7.19 1621
7 -102.61 28.00 NoO 141.86 NoS 49.35 Wi(A,Z) -9.40 Wi(RD,Z) 0.9886 7.35 1933
8 -110.68 56.13 NoS-15.91 2øν -4.22 MinSp(D,X) 60.32 MaxSp(RD,Y) 0.9884 7.41 1905
9 -112.20 61.58 NoS-14.12 2øν -4.22 MinSp(D,Z) 59.71 MaxSp(RD,Y) 0.9882 7.48 1869
10 -104.27 42.23 NoO 161.57 NoS -9.90 Wi(RD,Z) 50.87 HyWi(A,Z) 0.9877 7.63 1791
11 -54.05 88.61 NoS -5.48 Wi(RD,Z) 38.52 HyWi(A,Y) -8.99 IB(D,X) 0.9870 7.84 1693
12 -79.58 94.17 NoS -3.85 3øcV -6.11 Wi(RD,Z) 39.74 HyWi(A,Y) 0.9867 7.94 1652
13 -59.54 20.10 NoO 44.35 NoS 95.56 MaxSp(RD,Y) -60.81 IB(D,X) 0.9865 7.98 1635
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MinSp(D∆,X), MaxSp(D∆,Y), MinSp(D∆,Y), MaxSp(D∆,Z),
MinSp(D∆,Z).
3. Topological indices obtained from the Wiener operator

applied to a set of molecular graph matrixes: Wi(A,X), Wi-
(A,Y), Wi(A,Z), Wi(D,X), Wi(D,Y), Wi(D,Z), Wi(RD,X), Wi-
(RD,Y), Wi(RD,Z), Wi(Dp,X), Wi(Dp,Y), Wi(Dp,Z), Wi(D∆,X),
Wi(D∆,Y), Wi(D∆,Z).
4. Topological indices obtained from the hyper-Wiener

operator applied to a set of molecular graph matrixes: HyWi-
(A,X), HyWi(A,Y), HyWi(A,Z), HyWi(D,X), HyWi(D,Y),
HyWi(D,Z), HyWi(RD,X), HyWi(RD,Y), HyWi(RD,Z), Hy-
Wi(Dp,X), HyWi(Dp,Y), HyWi(Dp,Z), HyWi(D∆,X), HyWi-
(D∆,Y), HyWi(D∆,Z).
5. Topological indices obtained from the Ivanciuc-Balaban

operator applied to a set of molecular graph matrixes: IB-
(A,X), IB(A,Y), IB(A,Z), IB(D,X), IB(D,Y), IB(D,Z), IB-
(RD,X), IB(RD,Y), IB(RD,Z).
The search for the best multilinear regression (MLR) with

n topological indices as independent variables begins by
computing all one-parameter correlation equations, selecting
for further use only the structural descriptors with a correla-
tion coefficient greater than a threshold,|rmin| > 0.15. In
the second step, all sets ofn structural descriptors with
pairwise correlation coefficientrij lower than a threshold,
|rij| < 0.8, are selected and the corresponding MLR equation
and statistical indices are computed. In the third step, the
best MLR equations are selected and reported. The best
MLR equations are reported in Table 10 (eqs 1-6 with four
independent variables, and eqs 7-13 with five independent
variables). By increasing the number of independent vari-
ables to six or more, the correlation coefficient does not
significantly increase, and therefore we do not report QSPR
equations with more than five independent variables.
The results presented in Table 10 show that the QSPR

equations are of good quality, giving better results than those
reported in ref 38. Each equation from Table 10 contains
the NoS descriptor. Also, the connectivity index2øν appears
in a large number of equations. From the set of TIs
computed using graph matrixes, MinSp, MaxSp, and IB
appear with a greater frequency. There is only one descriptor
computed with theDp matrix, whereas the TIs computed with
theD∆ matrix were not selected in the best QSPR models.
The best two eqs 1 and 2 with five variables are related to
the second best eqs 8 and 9 with four variables. The best
eq with four variables (eq 7) does not have a corresponding
equation with five variables in Table 10. The standard
deviation for most correlations in Table 10 is∼7 °C.
Overall, the TIs derived from theX and Y weighting

schemes are well represented in the models presented in
Table 10, thus demonstrating their utility in computing
structural descriptors for QSPR studies.
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(6) Randić, M. On Characterization of Molecular Branching.J. Am. Chem.
Soc. 1975, 97, 6609-6615.

(7) (a) Kier, L. B.; Hall, L. H. Molecular ConnectiVity in Chemistry and
Drug Research; Academic: New York, 1976. (b) Kier, L. B.; Hall,
L. H.Molecular ConnectiVity in Structure-ActiVity Analysis; Research
Studies: Letchworth, 1986.

(8) Schultz, H. P. Topological Organic Chemistry. 1. Graph Theory and
Topological Indices of Alkanes.J. Chem. Inf. Comput. Sci. 1989, 29,
227-228.

(9) Barysz, M.; Jashari, G.; Lall, R. S.; Srivastava V. K.; Trinajstic´, N.
On the Distance Matrix of Molecules Containing Heteroatoms. In:
Chemical Applications of Topology and Graph Theory; King, R. B.
Ed.; Elsevier: Amsterdam, 1983; pp 222-227.
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