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Abstract.  Purpose: Development of a novel semi-empir-
ical descriptor (MRχ) for molecular modelling. Method:
The index is based on a molar refractivity partition using
Randictype graph-theoretical invariant. Results: This
hybrid index describes not only the London dispersive
forces in a ligand fragment related to the molar refractivity
but also structural features of the molecule It is also appli-
cable in Quantitative Structure-Activity Relationship
(QSAR) and Quantitative Structure-Property Relationship
(QSPR) studies. Conclusions: The method is convenient
and can discriminate between isomers. 

INTRODUCTION 

In the drug design process, the X-ray tridimensional struc-
ture allows evaluation of the the binding energy of several
ligands with the receptor and finds the conformations and
groups with optimal binding. If the X-ray receptor struc-
ture is not known there is the possibility to work on similar
protein that posses structural and functional analogy. But
often there is no information about the nature of the
receptor, hence the efforts must be focused on the struc-
ture of the active molecule itself. The binding energy of a
ligand with the receptor involves (1): 1) the 3D structure
of the biological receptor and its conformational dimen-
sional flexibility; 2) the knowledge of the active site; 3) the
conformational behaviour of the ligand; 4) the interaction
of the biophase with the ligand and with the receptor; and
5) the interaction of the ligand with the receptor. Each one
of these aspects has their own enthalpic-entropic contribu-
tion, and the final balance of these factors will determine if
the process take place. Subsequently, the researcher is
forced correlating the biological response with structural
aspects as well as global or partitioned physical-chemical
properties of the ligand. These physical-chemical proper-
ties represent the different types of molecular forces that

are involved in the binding process (1). The first part of
the problem is then the identification of the forces (cova-
lent, ionic, hydrophobic, Van der Walls forces) that are
involved in the biomolecular interaction, and the second
one consists in identifying the chemical-physical properties
that can model these forces.

Whereas it is obvious that the geometric and electronic
structure of a molecule has to contain the features respon-
sible for physical and chemical properties, it is less obvious
that they can be discerned in a simple way. Then, two
major types of parameters used in QSAR studies to corre-
late with biological activity are (2): 1) empirical, which are a
measure of physicochemical properties and can be experi-
mentally determined, and 2) non–empirical or topological
indices, which are generated from the molecular structure
of the compound by counting its fragments, paths, bonds,
atoms, etc. which can not be experimentally determined
but they encode the chemical structure and are broadly
used. 

In these work we combine, in a semi-empirical index, the
molar refractivity (MR) with topological aspects of the
molecules using the Randic graph-theoretical invariant (3).
The MR values employed are the atomic refractivity devel-
oped by Ghose and Crippen (4-5). The objective of this
paper is to demonstrate the possibility of combining a par-
titioned chemico-physical property with topological algo-
rithm in an hybrid index, and the utility of this index in
QSAR and QSPR studies, specifically when the problem
involve non-specific chemical interactions.

Molar refractivity and polarizability 

The molar refractivity is a constitutive-additive property
that is calculated by the Lorenz-Lorentz formula:
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where M is the molecular weight, n it is the refraction
index and ρ the density, and its value depends only of the
wave longitude of the light used to measure the refraction
index. For a radiation of infinite wavelength, the molar
refractivity represents the real volume of the molecules.
Molar refractivity is related, not only to the volume of the
molecules but also to the London dispersive forces that act
in the drug-receptor interaction. 

According to S. Gladstone (6), the first attempts of making
a rational partition of the molar refractivity in the involved
electronic groups were A.L. von Steiger in 1921, K. Fajans
in 1924 and C. P. Smith in 1925. Nevertheless, the impor-
tance of splitting the molar refractivity in their atomic
component for QSAR studies guided to three-dimensional
molecules, has been demonstrated by Crippen et al. A
method for the estimation of molar refractivity, based on
the assignment of 22 atomic contributions obtained by
classification of each atomic fragment according to the
number and nature of the connected atoms to him, was
developed by those authors (4-5, 7-8). The reported corre-
lation coefficient between observed and predicted values
of the property using the method is 0.999, with standard
deviations values of 0.774. This method has been widely
used for this property estimation and QSAR studies. 

Graph theory. The Randic-type graph theoretical 
invariant.

Graph theory is a branch of mathematics related to topol-
ogy and combinatorial problems (9). A large number of
topological and topographical indices have been reported
by different authors as well as their broad and successful
applicability in QSAR and QSPR studies. But the principal
problems of its use are related to its physical meaning and
the duplication of information among indices of similar
definition, commonly expressed by high correlation values
between indices (10). On this subject Randic stated (11)
that a novel molecular descriptor need to be simple, add
more insights to the problem, or to solve a problem that
was not explained with alternative schemes, among others
that will be discussed later.

Elementary definitions in chemical graph theory

In chemical graph theory, vertices represent atoms and
edges represent bonds.

Figure 1: Example of molecular graph. 

Then combinations of vertices and edges generate other
subgraphs, graphically defined as shown in figure 2.

Figure 2: Examples of different fragments or subgraphs.

Molecular connectivity index

The molecular connectivity index ρχ (9) is defined as 

and is a generalisation of the χ index for path of order p.
The index ρχ was modified by Kier and Hall (12-13) by
defining subgraphs Gj tree type in the G graph containing
edges. To each vertex i of graph G is associated a term σi
(for example σi=υ i). After this, to each subgraph Gi with
vertices j1,..., jh+1 is calculated the magnitude 
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The numbers F(σi1,σj(h+1) are then summated on all the
subgraphs Gi. To take into account the multiple bonds and
heteroatoms, Kier and Hall suggested the employ of σi as, 

where Zi is the total number of electrons, Zvi is the num-
ber of valence electrons and hi is the hydrogen atoms
number bonded to atom i. The connectivity indices
obtained by this way are known as valence indices and are
represented by (14) hχv. A more detailed explanation of the
graph theory and calculation procedures can be found on
Molconn-Z 3.50 Manual (15). 

The molar refractivity partition index PMRχ

The molar refractivity partition index (MRχ) using the
Randic-type graph-theoretical invariant is defined as:

where the sum is all over l adjacent vertices in the graph
and σMR(vi) is the atomic refractivity value of the vi atom,
plus the atomic refractivity values of the hydrogens
bonded to the vi atom, to include the contribution of hydro-
gens to the molar refractivity values in the hydrogen-sup-
pressed graph. In figure 3 is shown an example of the
calculation technique of the PMRχ index with 4-methyl-2-
pentene, where the hydrogen-suppressed graph is also
shown. For subgraph of higher orders, the number of the
terms in equation 5 is equal to the number of vertices in
the subgraph.

Figure 3: Computation of the 1MRχ index for 4-methyl-2-
pentene.

In all cases MRχ index calculation involve three steps: a)
the molecular structure generation, performed by the
RIGA program (16), b) classification of the atom types
according to table 1 and c) PMRχc index calculation using
software developed in the author’s laboratory (17).

Table 1: Atomic refractivity values

The superscript P and c indicate path order and cluster
order, respectively. Paths of order 1 to 6, clusters of order
3 and 4, and combinations of cluster 3 with path order 1 to
3 were calculated. The statistical analysis of the data was
carried out using the program STATISTICA v.4.0.

The atomic refractivity values for each atom type are
shown in table 1.

RESULTS AND DISCUSSION

As previously stated, there are desirable properties of topo-
logical indices (18). These properties include: direct struc-
tural interpretation, good correlation with at least one
molecular property , good discrimination of isomers,
locally defined, generalizable, linearly independent, sim-
plicity, not based on physical of chemical properties, not
trivially related to other indices, efficiency of construction,
based on familiar structural concepts, correct size depen-
dence, gradual change with gradual change in structures.

The word topological is emphasized because this 13 crite-
ria are proposed for these type of indices and we postu-
lated that the MRχ index is not a pure topological but
mixed index. Then, the criteria # 8 will be discharged and
others will be discussed in some details to gain insight in
the quality of the index. These criteria postulated by Ran-
dic are the best guide to analyse any descriptor based on
the chemical graph. 
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The MRχ index has direct structural interpretation in the
same extension as other graph-based indices. The topolog-
ical feature of MRχ takes in to account the nature of the
fragment it represents and, with the inclusion of the
atomic refractivity of its environment, is possible to ana-
lyze the influence of London forces on the corresponding
fragment and the relationships with another molecules. 

As the MRχ index is based on the Randic algorithm, is
easy to understand that it is locally defined in the same
way. Equally, it is generalizable to higher order fragments. 

The MRχ index is simple and easy to construct. The Ran-
dic algorithm is well known. For the calculation of MRχ
only is necessary in addition, the identification of each
atom with the corresponding atomic refractivity and the
sum of the hydrogens to heavy atoms bonded. 

The molecular indices based on connectivity matrix are
criticised because of the frequently high correlation
between them. In this sense, it is advisable to test the
duplication of information with other topological indices.
The 1MRχ, 1χ, 1χv, 1ε , 1ερ, 1Ω, 1ΩQ and 1ΩQC indices were
calculated for a 508 compounds sample (19) including
hydrocarbons, alcohols, acids, ethers, esters, aldehydes,
ketones, amines and halogenated compounds. The correla-
tion matrix between indices was calculated (table 2).

Table 2: Correlation matrix between different indices.

This result shows that, while there is a high correlation val-
ues among indices, 1MRχ only has a significant correlation
with 1Ω and 1χ, but less than the others. Therefore, the
weighting of the vertices in the adyacence matrix with the
atomic refractivity values and the calculation of Randic
algorithm produce a new hybrid index with a different
information contents, related by definition to the molar
refractivity values included on its calculation. That is to say,
related to London dispersive forces. 

MRχ index shows an acceptable isomer discrimination
capability, feature desirable but not indispensable in molec-
ular descriptors. In table 3 the 1MRχ values of a 5-atoms-
hydrocarbons set are shown. No cis-trans isomer discrimi-
nation can be obtained.

Table 3: 1MRχ values for a 5-atoms-hydrocarbons set.

The index also presents an exact size dependent correla-
tion. 

Two homologous series and their correspondent MRχ val-
ues of different orders are shown in table 4 (hydrocarbons)
and 5 (alcohols). The correlation coefficient between car-
bon-number and MRχ values is also presented. In all cases
the r- values are higher than 0.99 (r≅ 1). 

Table 4: Index Size dependence. Hydrocarbons.
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Table 5: Index size dependence. Alcohols.

Physico-chemical meaning of PMRχ index in QSAR
studies

The direct interpretation of a molecular property that
shows a double meaning like the molar refractivity could
be an annoying task, more if it is splitted in fragments.
However, these splitting values can be used as a measure
of the weight or importance of the analysed fragment on
the biological or chemical property. Hence this index is an
approach to identify important fragments for the associa-
tion between the drug and the receptor.

Correlation with the molar refractivity 

An index like the proposed should be able to reflect the
MR by a combination of different subgraphs. That must
be true because a high correlation with only one of the
subgraphs would imply a trivial relationship with the prop-
erty. To determine the relationships between PMRχ and
MR a heterogeneous sample of 295 compounds (hydrocar-
bons, alcohols, acids, ethers, esters, aldehydes, ketones,
amines and halogenated compounds), was selected. These
values were correlated with the MR, incorporating the
variables one by one to analyse their weight in the correla-
tion (table 6). The final model obtained satisfies the con-
sideration that for a study of structure-property
relationship it should be obtained correlation coefficients
above 0.95. Then, is possible to affirm that a combination
of these indexes is related to MR and therefore with the
London forces. On the other hand, the relevance of the
property fragmentation is evidenced in the improvement
of the model (r=0.4, 0.91, and 0.99) with the inclusion of
indices of different orders: Path order 1, path order 2 and
cluster order 3. Also, others statistical parameters are sub-
stantially improved (F and s). Therefore, the proposed
hybrid index MRχ is not trivial and it is possible to affirm

that it possesses information, not only about the topology
of the molecule but also of the dispersive forces expressed
by the MR values. 

Table 6: Regression models of PMRχ vs MR.

Application of PMRχ index in QSPR studies

As a molar refractivity partition, the index shows less
applicability on this field than the classical topological indi-
ces. Nevertheless, a QSPR study using PMRχ is valid
whenever the molar refractivity is related to the studied
property. As an example of the applicability of the index, it
was correlated with the RM values (20) (RM35%=RM mea-
sure using buffer – acetone 65+35; RM40%=RM measure
using buffer – acetone 60+40) obtained by thin layer chro-
matography of 14 isomeric phenol derivatives. Equation
for RM35% and RM40% and statistical parameters are shown
in table 7.

According to the results the index perform better than
other tested indices. This fact must be related to the infor-
mation content of MRχ index, able to express interactions,
not only between the solute and the stationary phase, but
as well as the partition coefficient considerate the solute
affinity to the phases, the index consider this type of inter-
actions too. The regression analysis show that when the
polarity in the mobile phase is decreased, in the model
appear a variable of high order (6), with a great negative
coefficient value; the order 4 variable disappeared, and is
substituted with the order two MRχ, with positive contri-
bution. That means that, when working with the first sol-
vent mixture, the influence of the size of the different
fragments is expressed by an index of media size as 4MRχ.
This fragment type or subgraph encodes the influence in
the association capability of the compounds with the sta-
tionary or mobile phase in the conditions above men-
tioned.
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Table 7: Regression models obtained and reported for
predict RM values of 14 isomeric phenol derivatives. r, s

and F represent the correlation coefficient, standard
deviation of regression, and Fisher ratio respectively.

When the polarity is diminished, it can be distinguish as
the largest fragments, although shows less occurrences in
the chemical structure (less value of the index), are capable
of diminish the affinity with the stationary, the mobile or
both phases. The MRχ index express the polarizability and
the size of the molecules as a function of the considered
fragment an its local MR value. 

Others QSPR models have been found related to different
physicochemical properties during the development of the
index. Those models are summarised in Table 8. The index
correlate well with different physico-chemical properties as
normal boiling points of hydrocarbons, the molecular
weight and an important descriptor related to lipophilicity
as the Solvent Accessible Surface Area (SASA). The first
two properties are more related to the topological feature
of the molecules. In this sense, the correlation can be con-
sidered logic, taking into account that the molecular topol-
ogy is very important for these properties.

In the case of SASA, this consideration is something dif-
ferent because for this property, the polarizability of the
molecules determines the capability to associate solvent
molecules, not only the topological features. From the

table 8 can be see that the hybrid index MRχ, don’t corre-
late in a simple way with the corresponding property. In
the regression model always appear two or more variables
to underline that different subgraphs or fragments in the
molecules have influence in the analysed property. 

Table 8: QSPR models obtained using MRχ index.

Application of PMRχ index in QSAR studies

Many authors confer an important role to the molar
refractivity to model the dispersive forces in biological
processes. According to the previously expressed charac-
teristics of the PMRχ index, we consider that it is applica-
ble fundamentally in QSAR studies whenever these forces
has a important role in the biological activity. We carried
out several QSAR studies in different families previously
reported in the literature to test the index capability to rep-
resent phenomenons associated to dispersive forces. The
results are briefly discussed in the next examples 

Cell growth inhibition by 10 1H-isoindoleines

In the model purposed by Lukovits using the Wiener index
S  he reported r=0.791 and F=13. (22) and in the Estrada’s
report using the spectral moments µ2ª and µ0

b the
obtained values were r=0.935, s=0.205 and F=24 (23). 
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The model raised by MRχ is given by the equation 6

From statistical point of view, the model with MRχ seems
to be the best equation of a single variable reported in lit-
erature. Although this result is not better than the model
obtained by Estrada with the spectral moments, the result
strongly suggest that the London forces, together the
topology of the molecules, play the principal role in the
inhibition of cell growth by 10 1H-isoindoleines. This fea-
ture is not taking into account by spectral moments.

Hepatic esterase inhibitory activity of 17 alcohols in 
sheeps

In 1980 (24) Kier reported several models for this activity
using the negentropy index, χ index, molecular weight and
log P. The resulting models for these descriptors shows the
following r and s values: (r=0.97, s=0.2); (r=0.95,s=0.24);
(r=0.94, s=0.27); and (r=0.93, s=0.31) respectively. In
1995 (25) Estrada reported his model using Ω index, with
r=0.97 and s=0.19. 

The model with MRχ is given by equation 7. 

The obtained model seems to be the best equation
reported in literature to describe this biological activity of
the compound set. Furthermore, the regression model
obtained with the MRχ index assess that the activity is due,
not only to pure structural aspects or to lipophilicity as
given by the precedent models, but also to the dispersive
London forces. 

Lypoxigenase inhibitory activity of 12 alcohols 

In the same work and with the same indices (24), Kier
reported several models for this activity. The r and s values
were: (r=0.98, s=0.14); (r=0.97, s=0.16); and (r=0.98,
s=0.14) for negentropy, χ, molecular weight and log P
respectively. On the other hand, Estrada obtained a model
using Ω with r=0.99 and  s=0.074 (25).

As the knowledge about inflammation is in constant grow-
ing, the models reported by Kier and Estrada were
employed for comparison purposes only. The regression
with the log Po/w tells us about the role (transport) in the
activity of this important property. These equations are

similar to the ones reported by us. The correlation with the
Ω index take into accounts, only structural aspects. This
last model is equivalent, from a statistical point of view to
the obtained with MRχ. Nevertheless, the calculation of
MRχ index doesn’t need previous semiempirical calcula-
tion as Ω does. The substantial difference between these
results is that with MRχ the role of the London forces in
the interaction of the molecules is underlined. 

Anesthetic effect of 13 barbiturates in mice (AD50)

Basak (26) studied the anesthetic effect of 13 barbiturates
in mice with different indices. He employed the Theoreti-
cal Information Index (TIC, based in the information the-
ory), two topologic indices (1χ and Wiener index) and log P.
He obtained different models with the following results:
(r=0.97, s=0.10); (r=0.98, s=0.08); (r=0.97, s=0.10) and
(r=0.97, s=0.10), respectively. But the model obtained with
MRχ (eq. 8) seems to be the best equation reported in lit-
erature to describe the biological activity of this compound
set. This improved result suggests that the London forces
are involved by molecular fragment in the anesthetic effect
of barbiturates in mice.

In all cases the MRχ index was capable to represent how
changes in the chemical structure modify the biological
activity of the compound set; better or in a similar way
than other classical indices. Note that in almost all cases
the activity is expressed as the inhibition of a macromole-
cule function. Therefore is logical to think that a specific
interaction between a receptor site and the molecule
occurs, and that the proposed index contains the necessary
information about the main forces that are involved in the
biological activity. 

CONCLUSIONS

The atomic refractivity values proposed by Crippen et al
and the Randic-type graph-theoretical invariant were used
to generate a new hybrid molecular descriptor (MRχ). It
outlines the weight of the molar refractivity of fragments
of the analysed molecules, in the biological activity or
chemical property. Hence, it contain a representation of
the dispersive forces involved in the compound macro-
molecule interaction; and also topological information
about the chemical structure of the ligand. Besides, MRχ
index has good discrimination of isomers and his calcula-
tion is very simple. The proposed index promises to be
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useful in quantitative structure-activity relationships as well
as in quantitative structure-property relationships when-
ever dispersive forces are involved. 
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