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Constructing quantitative structure—property/activity
relationships (QSPR/QSAR) is one of the most impor�
tant avenues of research in modern theoretical chemis�
try.1,2 The relations obtained are used for estimating cer�
tain characteristics of those compounds for which experi�
mental data are unavailable and for constructing math�
ematical models of various physicochemical processes or
action mechanisms of biologically active compounds.

Usually, a QSPR/QSAR model has the form of an
equation

y = f(x1, ..., xn),

relating particular topological, electronic, physicochemi�
cal, etc. molecular parameters x1, ..., xn to a property y by
means of a certain function of n variables, f = f(x1, ..., xn).
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The main problems in the field of QSPR/QSAR studies
involve the choice and calculations of the parameters
x1, ..., xn, the choice of the function f, determination of
the applicability range of the mathematical model con�
structed, and interpretation of the model and possible
implications.

The most popular molecular parameters used in the
QSPR/QSAR studies are the topological descriptors
(TDs), i.e., invariants of the molecular graphs represent�
ing the chemical structures.1,2 The advantages of the TDs
are relative simplicity and the possibility of being rapidly
calculated (compared to certain quantum�chemical de�
scriptors), which is of particular importance in processing
of large databases. In addition, the TDs can even be cal�
culated for hypothetical structures (in contrast to, e.g.,
the physicochemical descriptors) and constructed with
inclusion of specific features of the electronic and spatial
structure. Numerous structure—property relationships
obtained using the TDs confirm the efficiency of this
approach.

However, it is possible to construct an infinite number
of different TDs suitable for the use in the QSPR/QSAR
studies; however, most of them usually have no clear
structural or physicochemical interpretation. Therefore,
the problem poses of selection of a finite number of de�
scriptors belonging to this infinite set. Often, good corre�
lations are the fruits of researcher´s intuition. One should
also keep in mind that many descriptors are interrelated
by some rigorous or approximate mathematical relations;
as a consequence, they contain the same structural infor�
mation.

The problem, which naturally poses in this connec�
tion, can be formulated as follows: it is necessary to find a
family of universal descriptors suitable for unambiguous
expression of any TD for any set of molecular graphs. We
will call descriptors belonging to this family the basis
descriptors. Given the basis descriptors, one would use
them instead of an infinite set of TDs employed in the
QSPR/QSAR studies, so that corresponding mathemati�
cal models could be constructed using the basis descrip�
tors only.

Construction of a basis of graph invariants has been a
subject of some earlier studies.3—8 Often, the numbers of
occurrences of particular subgraphs (basis structural frag�
ments) in a graph were used as the basis descriptors. The
approaches employed can be divided into two groups.
The first group comprises methods which include a math�
ematically rigorous proof of the basis property of corre�
sponding descriptors or subgraphs (see, e.g., Refs 6 and 7).
The second group includes methods in which the basis
property of particular sets of descriptors is intuitively de�
termined by a researcher or simply postulated. The first
group of approaches appeared to be inefficient in solving
specific chemical problems due to either the use of sub�
graphs with relatively large numbers of vertices or very

complicated procedure of definition of these subgraphs.
The descriptors proposed for the second group of meth�
ods were (i) the connectivity indices of different order;
(ii) the indices defined as the sums of the elements of the
mth degree (m = 1, 2, ...) of some matrix of a graph (e.g.,
connectivity matrix); and (iii) the numbers of occurrences
of chains of different length and their unconnected sub�
graphs in the graph.3—5,8 Often, particular sets of descrip�
tors are chosen as the basis descriptors only due to the fact
that there is a large number of structure—property rela�
tionships involving these descriptors or due to the possi�
bility of unambiguous encoding of the structures of some
small class of compounds using these descriptors.

In this work, we introduce a new family of the basis
TDs for simple molecular graphs. These descriptors are
constructed using particular structural fragments and de�
pend on certain parameters. The choice of these invari�
ants for constructing structure—property relationships is
substantiated. Application of the method proposed is ex�
emplified by constructing QSPR�equations for those
hydrocarbons whose structures can be represented by
simple molecular graphs. In the examples given below
both various physicochemical characteristics and a num�
ber of widely used TDs of compounds are considered as
the "property."

Description of Method

Definition of the basis descriptors. Consider the fol�
lowing types of structural fragments of a simple graph G:
(a) a chain of length L (L = 1, 2, ...); (b) a ring with
r vertices (r = 3, 4, ...); and (c) a ring with r vertices
(r = 3, 4, ...) and one more vertex attached to some of its
vertices (we consider all possible types of attachment pro�
vided that at most one vertex is attached to a vertex). Let a
subgraph Fk of the graph G with k vertices be the join of
several unconnected components represented by frag�
ments of the types (a), (b), or (c). It is possible that some
kind of fragments will be absent in Fk. Notice that a num�
ber of different (non�isomorphous) subgraphs Fk of the
graph G can exist for one k value. Enumerate all non�
isomorphous subgraphs Fk corresponding to a preset
k value arbitrarily and denote the mth subgraph as Fk,m.
Figure 1 presents the subgraphs Fk,m for k = 2 (m = 1),
k = 3 (m = 1, 2), k = 4 (m = 1—4) and k = 5 (m = 1—6).
The procedure for generation and enumeration of the
subgraphs Fk at a preset k value was reported earlier.9 In
that study9 we also introduced two sets of TDs, {Xk,m} and
{ϕk,m}, based on the {Fk,m} subgraphs and applied them in
the QSPR/QSAR studies. The {Xk,m} and {ϕk,m} TDs were
defined as follows.

Definition. An occurrence of the subgraph Fk,m in the
graph G is a subgraph of G, which is isomorphous to the
Fk,m fragment. Denote the number of occurrences of Fk,m
in G as Xk,m. Enumerate all subgraphs of the graph G,
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which are isomorphous to Fk,m, denote the jth subgraph as
Fk,m,j, and assign Fk,m,j a number

,

where ni is the number of vertices in the ith connectivity
component Fk,m,j, v

(j)
p (p = 1, 2, ...) are the degrees of the

vertices of Fk,m,j in G, and summation is performed over
all the connectivity components Fk,m,j. Then, the descrip�
tor ϕk,m is given by the relation

.

Here, we propose the following modification of the
descriptors ϕk,m. Consider the descriptors ψk,m(α) =
ϕk,m/nα, where n is the number of vertices of the graph G
and α = α(k, m) ≥ 0 is an arbitrary parameter which can
take any value for any pair (k, m). Therefore, in the case of
ψk,m(α) any pair (k, m) corresponds to a one�parametric
family of descriptors. Let us include yet another descrip�
tor, ψ0(α) = nα, in the family of the {ψk,m(α)} descriptors.

Definition. A family of descriptors {Zk(α)} (k = 1, 2, ...)
depending on the parameter α is called the basis descriptors
if for any invariant J of any set of non�isomorphous graphs
{G1, ..., GN} there exist N descriptors Zj1(α), ..., ZjN(α)
belonging to this set and N numbers α1´, ..., αN´ such that

,

where ci are constants (i = 1, ..., N). To check that this
family of descriptors possesses the property of being a

basis, it is sufficient to establish the correctness of the
following statement: for any set of non�isomorphous
graphs {G1, ..., GN} there exist N descriptors Zj1(α1´), ...,
ZjN(αN´) at certain values α1´, ..., αN´ of the parameters
α1, ..., αN such that the matrix A = (Zjp(αjp´, Gi)) (i, jp =
1, ..., N; Zjp(αjp´, Gi) is the value of the Zjp(αjp´) descriptor
for the graph Gi) is nondegenerate.

It is possible to prove that the {ψk,m(α), ψ0(α)} de�
scriptors possess the property of being a basis for, e.g., the
following types of sets of the graphs {G1, ..., GN}: (A) the
graphs G1, ..., GN have different numbers of vertices (in
this case a total of N desired descriptors can be provided
by ψ2,1(α), α = 1, ..., N) and (B) all the graphs Gi (i =
1, ..., N) belong to the {Fk,m} set at certain k and m values
(in this case the desired number, N, of descriptors can be
provided by ψk,m(α) at corresponding N pairs of the num�
bers (k, m) and at α = α(k, m) = 0).

Notice that the number of sets of the types described
above is very large even at relatively small N values and
number of graph vertices, n. For instance, the number
of the sets of the type (A), which include only the
chemical trees with 2 ≤ n ≤ 11 and N = 10, equals
T(2)•T(3)•...•T(11) = 2028442500. (Here, T(n) is the
number of chemical trees with n vertices; T(2) = 1,
T(3) = 1, T(4) = 2, T(5) = 3, T(6) = 5, T(7) = 9, T(8) = 18,
T(9) = 35, T(10) = 75, and T(11) = 159). The total
number of sets of the type (B) for the connected graphs
with 2 ≤ n ≤ 10 and 2 ≤ N ≤ 56 equals C56

2 + C56
3 + ... +

+ C56
56 = 256 – C56

1 – C56
0 = 256 – 57 (the total number

of such graphs equals 56; the number of sets including
N graphs equals the number of combinations of 56 things
N at a time, C56

N).
Descriptors {ψψψψψk,m(ααααα), ψψψψψ0(ααααα)}: substantiation of choice.

Let us clarify the reasons why the subgraphs {Fk,m} and
descriptors {Xk.m} were chosen. It is known that the spec�
trum of a graph with n vertices can be unambiguously
determined using the Sachs subgraphs {Sk} (k = 1, 2, ..., n)
with k vertices and the chains of length L = 1 and rings
with r vertices (r = 3, 4, ...) as the connectivity compo�
nents.10 As a consequence, two graphs characterized by
the same {Sk} sets have the same spectra. However, a
graph is not uniquely defined by its spectrum (i.e., the
{Sk} set). Non�isomorphous graphs having the same spec�
tra are called isospectral graphs (IGs). A reasonable ques�
tion arises as of how we can distinguish between the IGs?
We analyzed the structures of the isospectral trees with
n = 2, ..., 10 reported in Ref. 10 (among a total of two
hundred trees with 2 ≤ n ≤ 10, there are nine pairs of
isospectral trees; among one hundred and forty�nine
chemical trees, there are six pairs of isospectral trees) and
found that these graphs differ from one another in num�
ber of chains of different length. By comparing some ring�
containing IGs we found that they have at least different
number of rings of particular size with one more vertex
attached to some ring vertices. Based on this fact, the

Fig. 1. Basis fragments for k = 2—5.
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set {Sk} was augmented with subgraphs representing chains
of different length and the rings mentioned above. Taken
altogether, these subgraphs form the set {Fk}.

To be precise, a set of subgraphs is called the basis set
of subgraphs for a given set of graphs if these graphs can be
unambiguously encoded using vectors with the compo�
nents equal to the numbers of occurrences of correspond�
ing fragments in a graph. Note that it is sufficient to
establish the basis property of the set {Fk,m} for a class of
graphs only using the IGs belonging to this class (if exist).
We considered9 a number of the IGs reported in the lit�
erature and constructed different pairs of IGs or groups
including four IGs. In all cases the subgraphs we intro�
duced were found to be the basis subgraphs. In addition,
the basis property of these subgraphs was checked taking
some classes of chemical graphs (e.g., trees with n = 11
and the graphs representing benzenoid hydrocarbons with
seven six�membered rings) as examples.

Now let us substantiate the expedience of introducing
the descriptors {ϕk,m} instead of {Xk,m}. Notice that the
descriptors equal to the numbers of occurrences of par�
ticular structural fragments in the structure (the so�called
fragmental descriptors, FDs) are usually characterized by
low resolving ability. Therefore, unambiguous encoding
of structures using the {Xk,m} descriptors requires a rather
large set of subgraphs. For the same reason, in this case
good structure—property correlations can usually be ob�
tained using a rather large number (compared to the num�
ber of structures in the training set) of the {Xk,m} descrip�
tors. Earlier,7 we proved that for any set including N
structures and any property there exist N fragments such
that they provide an ideal correlation between the prop�
erty and the numbers of occurrences of these fragments
(i.e., a correlation is transformed in a strict equality using
the starting set). From this it follows that the problem of
constructing an exact model for structure—property rela�
tionship can be considered solved. However, the main
goal of constructing the correlation equations is to predict
the properties of compounds that are not included in the
initial set. As applied to chemistry, of particular interest
are those correlation equations which depend on a small
number of parameters. Because of this, yet another goal is
to construct a model with a reduced number of param�
eters without loss of accuracy.

A possible way of improving the FDs is as follows.
Let M be the number of occurrences of a specified frag�
ment in a graph G (i.e., M is the value of a FD on the
graph G). Enumerate all these occurrences from 1 to M.
Let a weight w be a function of, e.g., the degrees of the
vertices of an occurrence in the graph G. Assign the weight
wp (p = 1, ..., M ) to the pth occurrence. Define a new
descriptor I using the relation I = Σwp (summation is
performed over all M occurrences of the fragment in G).
Here, the weights wp are chosen to be different non�inte�
gers. By denoting the number of occurrences having the

same weight, sj, as nj it is possible to represent I in the
form I = 

.

Consider the FD X2,1 = q, which equals the number of
edges of a graph, as the simplest example. Let us show
that the so�called Randić index

χ = Σ(vivj)
–0.5,

is constructed on its basis using the procedure mentioned
above; here vi and vj are the degrees of the vertices i and j
of the graph, respectively, and summation is performed
over all the (i, j) edges of the graph.1,2,11 The type of the
(i, j) edge is determined by two numbers (vi, vj), vi ≤ vj and
the edge weight is given by the number (vivj)

–0.5. Denote
the number of the (k, l) edges as nkl. Then, χ can be
written in the form

χ = Σnkl(kl)–0.5

(summation is performed over all (k, l) pairs, k ≤ l).
The Randić index offers some advantages over

the FD q.
First, the resolving ability of the χ index is much higher

than that of the FD q. For instance, the q descriptor takes
the same value for any series of C3—C7 alkane isomers,
whereas the Randić index is non�degenerate in this case
(twofold degeneration of χ occurs for the C8 alkanes).11

Second, the Randić index is characterized by much
higher informativity compared to the FD q. Consider
simple graphs representing the carbon frameworks of cata�
condensed benzenoid hydrocarbons. Denote the number
of six�membered rings in a graph as r and the number of
the (3, 3) edges lying on the perimeter of the graph as n33´.
According to Ref. 12,

χ = an33´ + br + c,

a = (5•61/2 – 12)/(6•61/2), b = (12 + 61/2)/(3•61/2),
c = (8•61/2 – 12)/(3•61/2),

and, in addition,

n33 = n33´ + r – 1, n23 = 4r – 4 – 2n33´, n22 = n33´ + 6.

Using irrationality of the numbers a, b, and c, it can be
shown that two such graphs characterized by the same χ
value necessarily have equal parameters r and n33´. From
this it follows that the number χ provides a means of
unambiguous and simultaneous determination of two in�
dependent parameters, r and n33´, which are then used to
determine the quantities n22, n33, and n23. At the same
time the descriptor q (here, q = 5r + 1) is suitable for the
determination of a single parameter, r. Generally, the
following four topological indices can be unambiguously
reconstructed given the χ value:

2n22 + n24, 2n13 + n34, n23, 6(n22 + n14) + 4n23 + 3n44.
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The proof of this fact is also based on irrationality of the
Randić index χ.

Third, the structure—property correlations involving
the index χ are better than those based on the FD q.
Consider the C3—C7 alkanes with known boiling points
(Tboil/°C, the property y) and construct the following two
correlations based on these data:

y = –129.732 + 68.33χ,
δmax = 9.5 °C, s = 4.6 °C, R = 0.9934, F = 1454.5;

y = –102.352 + 31.885q,
δmax = 15.7 °C, s = 7.6 °C, R = 0.9827, F = 505.4;

where δmax is the maximum absolute error for the starting
set, s is the root�mean�square deviation, R is the correla�
tion coefficient, and F is the Fisher test. As can be seen,
all the characteristics of the model with the Randić index
χ are better than those of the model with the FD q.

It should be emphasized that the {ϕk,m} descriptors
introduced in this work are a generalization of the index χ
and that χ = ϕ2,1. These descriptors are constructed using
the subgraphs {Fk,m} and the procedure described above,
so the reasoning similar to that mentioned above for χ is
also valid in this case.

Let us discuss the expedience of passage from the {ϕk,m}
descriptors to the family of {ψk,m(α), ψ0(α)} descriptors.
Often, TD�based QSPR/QSAR studies involve normal�
ization of the descriptor, i.e., division of the descriptor by
some function, f(n), of the number, n, of vertices of a
molecular graph (e.g., f(n) = n1/2, lgn, (n – 1)(n – 2)2,
n2, n).1,13—15 Experience shows that often this does im�
prove correlations. For instance, the authors of Ref. 15
constructed two kinds (type I and type II) of models for
structure—property relationships for six physicochemical
properties (boiling point, specific heat, Gibbs free energy,
vaporization enthalpy, refractive index, and density) of
C2—C10 alkanes

y = a0 + a1n + a2I, (I)

y = b0 + b1n + b2I/n. (II)

Five different descriptors were used as I; then, the statisti�
cal characteristics of the models (R, s, F) were compared.
A total of thirty equations of each type were obtained. All
the three characteristics of the type II models were better
than those of the corresponding type I models in twenty�
eight out of thirty cases; in two cases the parameters R
and s were equal while the parameters F were somewhat
better for the type I models.

Thus, the use of descriptor normalization procedure
can favor the obtaining of better results. When construct�
ing correlation equations, it is a priori unknown which
descriptors must be selected and which functions f(n)
should be chosen for each descriptor. Because of this we
only use f(n) = nα at α ≥ 0 (for all descriptors) and choose

the best α value for each descriptor. The α values for a
particular problem can be chosen, e.g., as follows. Con�
sider a finite set of α values (α = t/h; t = 0, 1, 2, ..., T,
where T is a specified integer and h is a preset natural
number). This gives a total of T + 1 values of the param�
eter α at any constant h. Then, the ψk,m(α) and ψ0(α)
descriptors are constructed using all the Fk,m fragments
present in the training set at all values of the parameter α.
Then, the best descriptors are selected in constructing a
correlation equation using a conventional step�wise lin�
ear regression. If, for any reason, the correlation thus
obtained is unsatisfactory, the procedure can be repeated
using an increased T or h value. In the examples given
below we used h = 10 and T = 20, 30, 40, 50, 60 (depend�
ing on a particular example), which gave satisfactory
results.

Passage from {ϕk,m} to {ψk,m(α)} can be considered as
a possible way of extension of the set of the {ϕk,m} descrip�
tors, because ψk,m(0) = ϕk,m.

Now let us discuss the expedience of inclusion of the
descriptor ψ0(α) = nα in the {ψk,m(α)} set. It is known that
many properties of alkanes are strongly dependent on n.15

For instance, a correlation obtained for the boiling point
of C3—C7 alkanes has the form

y = an + b,
δmax = 15.7 °C, s = 7.6 °C, R = 0.983.

At the same time, the TDs can also strongly depend
on n. In particular, for the same set and the Wiener in�
dex (W ) one has

W = cn2 + d,
δmax = 8.6, s = 3.4, R = 0.978.

Therefore, it is quite logical to extend the family of the
descriptors constructed by the descriptor ψ0(α) = nα and
to choose an appropriate α value using the procedure
described above.

Examples

In this Section we present the results obtained using the
method proposed in this work.

We used a number of databases containing information on
the physicochemical properties of various classes of hydrocar�
bons and on the values of some well�known topological indices.
The characteristics considered were the boiling point (Tboil/°C),
critical temperature (Tcr/°C), molar refraction (MR/cm3 mol–1),
enthalpy of formation (∆H°298.16/kcal mol–1), heat of combus�
tion (∆combH°/kcal mol–1), critical pressure (Pcr/atm), mo�
lar volume (Vmol/cm3 mol–1) at 20 °C, heat of vaporization
(∆Hvap/kJ mol–1), surface tension (γ/dyn cm–1), density
(d/kg m–3), enthalpy of formation, melting point (Tm/°C),
Gibbs free energy (∆G/kJ mol–1), and the specific heat
(Cp/J mol–1 K–1). The topological indices employed were the
Wiener (W ), Hosoya (Z ), second�order molecular connectivity
(2χ), and the Kier 1κ and 2κ molecular shape indices (see a
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review1) and the total π�electron energy Eπ (in β units). The
corresponding training sets and test sets were obtained by ran�
domly dividing the content of the databases in such a way that
the number of structures in the test sets be nearly 10% of the
total number of structures in the databases. The QSPR�equa�
tions were obtained using the training sets and then used for
calculating the corresponding characteristics of the compounds
in the test sets. Parameters of the correlation equations given
below are as follows: N is the number of structures in the train�
ing set; m is the number of the descriptors used in the equation;
R, F, and s are the correlation coefficient, Fisher test, and stan�
dard deviation for the training set, respectively; Np is the number
of compounds in the test set; and prms and Rp are the root�
mean�square error and the correlation coefficient for the test
set, respectively. For simplicity, the basis descriptors appeared
in the correlation equations and the corresponding fragments
shown in Figs 1—5 are enumerated 1, 2, ..., etc.

The fragments corresponding to the descriptors used in
Eqs (1)—(19) are shown in Fig. 2.

Alkanes C2—C9. The correlation equations obtained for a
number of sets of C2—C9 alkanes with known physicochemical
parameters16 and the Randić, Wiener, Hosoya, and Kier1 topo�
logical indices are as follows:

Tboil = –150.5 + 63.1ψ1(0) + 75.5ψ2(1.3) +

 + 1527.6ψ3(2.9) + 8606.4ψ7(3.7) – 0.62ψ13(0), (1)

N = 67, m = 5, R = 0.998, F = 3721, s = 2.8, Np = 7, prms = 3.6,
Rp = 0.995;

Pcr = 12.25 + 125.6ψ1(1.8) + 133.81ψ2(2.8) +

 + 241.88ψ3(2.7) – 2.11ψ6(0.5) – 989.33ψ10(4.6), (2)

N = 67, m = 5, R = 0.99, F = 551, s = 0.67, Np = 7, prms = 0.68,
Rp = 0.97;

Tcr = 189.01 + 71.9ψ1(0) – 436.2ψ1(1) +

 + 1685.8ψ3(2.5) + 12558ψ4(4.2), (3)

N = 67, m = 4, R = 0.995, F = 1449, s = 6.2, Np = 7, prms = 6.2,
Rp = 0.989;

MR = 27.18 + 16.47ψ3(1.4) + 47.69ψ4(2.8) +

+ 0.77ψ8(0) – 3299.6ψ10(4.9) + 0.7ψ11(0.3) +

+ 4907.4ψ21(5) – 51.12ψ26(2.9), (4)

N = 62, m = 7, R = 0.996, F = 1029, s = 0.47, Np = 7, prms = 0.61,
Rp = 0.995;

Vmol = 143.261 – 7720.5ψ1(4.1) – 197.5ψ3(2.5) –

– 6417.2ψ4(4.2) + 3.173ψ11(0.5) + 13248ψ21(5), (5)

N = 62, m = 5, R = 0.997, F = 2070, s = 1.28, Np = 7, prms = 1.56,
Rp = 0.997;

∆Hvap = 2.87 + 9.42ψ1(0) + 32.35ψ3(2.5) –

– 27.8ψ4(2.3) – 0.53ψ6(0.3) + 1070.2ψ7(3.7) +

+ 78.78ψ11(3.8) + 3.32ψ12(3.1) + 689.7ψ14(4.2) +

+ 0.003ψ23(1), (6)

N = 62, m = 9, R = 0.998, F = 1712, s = 0.33, Np = 7, prms = 0.41,
Rp = 0.997;

γ = 24.98 – 31.13ψ1(1.2) – 0.73ψ5(0) +

+ 353.95ψ11(3.9) + 3.39ψ12(1.3) + 1219.5ψ12(4.5) +

+ 7.27ψ14(1.4) + 0.48ψ17(0.1) – 4.66ψ23(1.9), (7)

N = 61, m = 8, R = 0.984, F = 197, s = 0.36, Np = 7, prms = 0.45,
Rp = 0.98;

Fig. 2. Basis fragments used in Eqs (1)—(19).
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2χ = 0.087 + 0.94ψ2(0.1) – 3ψ3(1.8), (8)

N = 67, m = 2, R = 0.9988, F = 14480, s = 0.043, Np = 7,
prms = 0.03, Rp = 0.9993;

W = –1.736 + 40.59ψ2(1.4) – 3965.1ψ4(4) +

+ 3.74ψ6(0) + 2.567ψ7(0) + 4.03ψ10(0) +

+ 1243.7ψ16(3.4), (9)

N = 67, m = 6, R = 0.9988, F = 4047, s = 1.563, Np = 7,
prms = 1.311, Rp = 0.9989;

lnZ = –0.502 + 1.296ψ1(1) – 0.8ψ2(2.3) –

– 86.55ψ4(4.3) – 119.72ψ16(4.9), (10)

N = 67, m = 4, R = 0.9997, F = 36720, s = 0.015, Np = 7,
prms = 0.022, Rp = 0.9993;

1κ = 8.806 + 2.03ψ1(0) – 17.48ψ1(1) – 10.81ψ2(2.5) +

+ 0.0055ψ16(0), (11)

N = 67, m = 4, R = 0.9996, F = 21865, s = 0.044, Np = 7,
prms = 0.02, Rp = 0.9998;

2κ = – 20.12 + 43.52ψ1(0.9) – 207.03ψ1(6) –

– 106.54ψ3(3.1) + 2280.8ψ7(3.7) + 655.9ψ16(4.9) –

– 0.37ψ21(1.7) + 0.05ψ23(0.5), (12)

N = 67, m = 7, R = 0.9785, F = 190, s = 0.32, Np = 7, prms = 0.38,
Rp = 0.956.

Alkanes C6—C10. The following correlation equations were
obtained for sets of C6—C10 alkanes with known physicochemi�
cal characteristics17 :

d4
25 = 639.33 + 19.35ψ3(0) – 2810.8ψ11(3.8) +

+ 41156ψ13(4.9) + 3458.8ψ16(3.5) – 0.68ψ18(0), (13)

where d4
25 is the density (in kg m–3) at 25 °C, N = 121, m = 5,

R = 0.943, F = 184, s = 9.38, Np = 13, prms = 6.63, and
Rp = 0.97;

∆Hf = 2.73 + 10.41ψ1(1) + 1.91ψ2(0.7) – 20.88ψ3(1.8) +

+ 2207.9ψ7(3.8) + 2799.4ψ14(4), (14)

where ∆Hf is the enthalpy of formation (in kJ mol–1) at 300 K,
N = 121, m = 5, R = 0.987, F = 897, s = 0.69, Np = 13,
prms = 0.65, and Rp = 0.991;

∆G = –45.9 + 22.9ψ2(0.8) + 8.93ψ3(0) + 62.2ψ4(1.1) +

+ 18254ψ7(3.8) – 1.66ψ18(0.4), (15)

where ∆G is the Gibbs free energy (in kJ mol–1) at 300 K,
N = 121, m = 5, R = 0.969, F = 359, s = 3.7, Np = 13, prms = 2.6,
and Rp = 0.981;

Cp = 263.9 – 7111.2ψ1(2.8) – 4612ψ6(3.4) + 0.74ψ13(0) +

+ 0.61ψ19(0) + 1.13ψ24(0.2), (16)

where Cp is the specific heat (in J mol–1 K–1) at 300 K, N = 121,
m = 5, R = 0.983, F = 653, s = 4.68, Np = 13, prms = 4.77, and
Rp = 0.987;

nD
25 = 1.34 + 0.0091ψ3(0) + 0.45ψ11(2.9) +

+ 11.75ψ13(4.9) + 0.067ψ15(1.5) – 0.0002ψ18(0) +

+ 0.00006ψ19(0) + 0.016ψ20(1) –

– 0.00063ψ24(0.2), (17)

where nD
25 is the refractive index at 25 °C, N = 120, m = 8,

R = 0.987, F = 505, s = 0.0021, Np = 13, prms = 0.0022, and
Rp = 0.989.

n�Alkanes. A correlation equation obtained for a set of fifty�
four n�alkanes with known Tm values18,19 has the form

Tm = –184.16 + 3403.7ψ3(4.6) + 9065.2ψ9(2.9) +

+ 403.64ψ10(1.9) – 22636ψ11(5.1), (18)

N = 48, m = 4, R = 0.9995, F = 10145, s = 2.82, Np = 6, prms =
2.12, Rp = 0.9982.

Note. We also carried out a QSPR study of a set comprising
fifty�six branched alkanes.18,19 Two cases considered were
(a) N = 49 and Np = 7 and (b) N = 56 and Np = 0 (no test set).
The model for the case (a) was characterized by N = 49, m = 38,
R = 0.9778, F = 5.739, s = 16.5, Np = 7, prms = 14.6, and
Rp = 0.7601. The model for the case (b) was characterized by the
parameters N = 56, m = 41, R = 0.973, F = 6.242, and s = 15.6.

Notice that attempts to construct adequate linear models for
the Tm of the branched alkanes with relatively small number of
descriptors have failed. This confirms the results obtained
earlier.20

Benzenoid hydrocarbons. The correlation equation for a set
of 118 benzenoid hydrocarbons with seven six�membered rings
and characterized by known Eπ values obtained from EHT cal�
culations21 has the form

Eπ = –29.026 + 0.0003ψ20(1.3) – 2.91ψ22(2.7) –

– 60.409ψ25(4.3), (19)

N = 107, m = 3, R = 0.972, F = 577, s = 0.032, Np = 11,
prms = 0.031, and Rp = 0.951.

Alkylbenzenes. A set of forty�eight alkylbenzenes with known
values of some physicochemical characteristics8,22 is described
by the following correlation equations (the fragments corre�
sponding to the descriptors appeared in Eqs (20)—(24) are shown
in Fig. 3):

∆H°298.16 = 350.3 – 214.64ψ1(0.8) + 149.67ψ3(0.9) –

– 7840.7ψ6(2.4) – 164.6ψ7(0.9) +

+ 82945ψ10(4.6) – 27649ψ12(3.6), (20)

where ∆H°298.16 is the enthalpy of formation of gaseous alkyl�
benzenes from atoms (in kcal mol–1) at 25 °C, N = 43, m = 6,
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R = 0.99997, F = 87832, s = 7.96, av.dist = 5.42, Np = 5,
prms = 4.1, and Rp = 0.99998;

∆H°CnH2n–6
 = 32.91 – 1678.1ψ4(3.8) – 9.54ψ7(1.2) +

+ 2827.6ψ10(4.3) – 1.35ψ12(0) + 1058.9ψ14(3.7), (21)

where ∆H°CnH2n–6
 is the enthalpy of formation of gaseous

alkylbenzenes from elements (in kcal mol–1) at 25 °C, N = 43,
m = 5, R = 0.9998, F = 15233, s = 0.43, Np = 5, prms = 0.38, and
Rp = 0.9994;

∆combH° = 10.1 – 4628.6ψ6(2.4) – 110ψ7(0.9) +

 + 64450ψ10(4.6) – 56063ψ13(4), (22)

where ∆combH° is the heat of combustion of gaseous alkylbenzenes
(in kcal mol–1) at 25 °C, N = 43, m = 4, R = 0.9998, F = 46783,
s = 8.95, Np = 5, prms = 8.04, and Rp = 0.9997;

∆combH°298.16 = – 486.89 – 182.13ψ2(1.5) –

– 37796ψ5(3.8) – 42.71ψ7(0.6) – 39933ψ8(4) –

– 3.97ψ9(0)+ 21855ψ11(2.6) + 1.89ψ15(0), (23)

where ∆combH°298.16 is the heat of combustion of liquid alkyl�
benzenes (in kcal mol–1) at 25 °C, N = 32, m = 7, R = 0.9997,
F = 5633, s = 4.48, Np = 4, prms = 3.26, and Rp = 0.9988;

MR = 13.56 + 302.12ψ4(3) + 1443.4ψ5(3.8) +

+ 1.8ψ7(0.7) + 1413.8ψ8(4), (24)

N = 32, m = 4, R = 0.9987, F = 2647, s = 0.26, Np = 3,
prms = 0.24, and Rp = 0.9943.

Mixed sets of hydrocarbons. The following correlation equa�
tions were obtained for a set of hydrocarbons with known en�
thalpies of formation23 (fragments used in Eqs (25) and (26) are
shown in Fig. 4 and those used in Eq. (27) are presented in Fig. 5):

∆H°f,g = –78.32 + 3698.8ψ1(6) + 44223ψ2(6) +

 + 1302.1ψ3(2.5) + 111770ψ4(5.2) + 7.61ψ9(0) –

 – 2418.6ψ10(3.5), (25)

where ∆H°f,g is the enthalpy of formation of gaseous hydrocar�
bons (in kJ mol–1) at 298.15 K, N = 173, m = 6, R = 0.968,
F = 417, s = 7.18, Np = 15, prms = 7.68, and Rp = 0.94;

∆H°f,l = –260.12 + 651.8ψ1(1.4) + 168ψ2(1.3) +

 + 175.96ψ5(2.2) + 478.6ψ6(2.8) + 104.45ψ7(0.7) –

 – 15850ψ8(3.5), (26)

where ∆H°f,l is the enthalpy of formation of liquid hydrocarbons
(in kJ mol–1) at 298.15 K, N = 85, m = 6, R = 0.982, F = 344,
s = 4.0, Np = 7, prms = 3.1, and Rp = 0.958.

The correlation equation obtained for a set of ring�contain�
ing hydrocarbons (a total of 381 compounds) with known Tboil
values24 has the form:

Tboil = –145.04 + 106ψ1(0.2) + 58.5ψ2(0.7) –

– 39.3ψ3(1.9) – 0.4ψ4(0) + 195.6ψ5(0.7), (27)

N = 353, m = 5, R = 0.987, F = 2684, s = 6.3, Np = 28,
prms = 5.1, and Rp = 0.989.

Fig. 3. Basis fragments used in Eqs (20)—(24).

Fig. 4. Basis fragments used in Eqs (25) and (26).

Fig. 5. Basis fragments used in Eq. (27).
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Thus, in this work we proposed a new method of solv�
ing the problem of selection of a relatively small, finite set
of molecular topological descriptors for constructing struc�
ture—property correlations. The method is based on the
concept of basis property of a family of parameter�depen�
dent descriptors. This approach offers the advantages of
(i) algorithmization and subsequent full automation and
(ii) the use of parameter�dependent descriptors, which
extends the field of possible applications. Besides, the
basis descriptors introduced in this work permit a uniform
description of the structure—property relationships for
various properties of different classes of hydrocarbons;
the models obtained are characterized by high predictive
power. The examples presented above demonstrate that
the method elaborated is of great practical value.

This work was financially supported by the INTAS
(Grant 00�0363).
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