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Abstract

A novel approach to the study of quantitative relationships between chromatographic parameters and the chemical
structure is introduced. It is based on the computation of the spectral moments of the topological bond matrix by using
different weights as diagona entries of this matrix. The main advantage of the present approach is that the quantitative
contributions of the structural fragments of molecules to the chromatographic parameters studied can be obtained explicitly.
By using this approach we study two data sets: one composed of 156 alkanes and the other of 81 oxygen-containing organic
molecules. In both cases excellent quantitative structure—chromatographic retention relationships were obtained. The
contributions of the different fragments to the chromatographic retention were generated obtaining tables of additive
contributions to the properties studied. The physicochemical interpretation of the results on the basis of the retention
mechanisms is also analyzed in light of this new approach. [ 1999 Elsevier Science BV. All rights reserved.
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1. Introduction

The prediction of physicochemical and biological
properties of organic molecules is one of the main
objectives of the methods based on quantitative
structure—property  relationships  (QSPRs)  [1].
Among the most important parameters that have
been extensively studied by using these approaches
are the chromatographic ones [2]. Quantitative struc-
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ture—chromatographic retention relationship (QSRR)
studies have been reported with the use of structure-
cryptic, structure-implicit and  structure-explicit
schemes [3-5]. Examples of structure-cryptic QSRR
studies are those that use experimental properties as
independent variables to describe chromatographic
parameters [6—9]. Structure-implicit methods gener-
aly employ quantum chemical parameters in the
model [10] and the structure-explicit approaches are
based on the use of graph theoretical parameters in
the development of the QSRR models [11-16].
Overlapping approaches using combinations of struc-
ture-implicit and structure-explicit schemes have also
been reported in the literature [17-24].

The main advantage of the graph theoretical
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approach to the prediction of properties is that it
permits the interpretation of results in terms of
structurally related concepts. In spite of that, the
most important criticism of the so-called topological
indices, which are graph theoretical invariants, is
concerned with their physical meaning. The com-
plexity of some of the QSPR models obtained by
using this kind of molecular descriptor has been
recognized as forbidding by others researchers [25].
But, the graph theory permits the definition of novel
invariants that produce similar quantitative models to
those aobtained with *‘classical”” topological indices
but having more ‘‘transparent’ structural interpreta-
tion [26].

One of the graph theoretica approaches to the
prediction of physicochemical and biological prop-
erties of molecules is that based on the bond
adjacency matrix of molecular graphs [27—-30]. Re-
cently, one of us (E.E.) has introduced a sub-struc-
tural approach to QSPRs that employs the spectral
moments of such a matrix [31-35]. The main
advantage of the novel approach consists in the
possibility of expressing the spectra moments as
linear combinations of structural fragments of the
molecules. Consequently, we can substitute the
spectral moments in the quantitative model by their
expressions in terms of structural fragments of the
molecules obtaining an equation that relates the
property directly with the molecular structure. In this
approach, the study of molecules containing any kind
of heteroatoms in the structure is accounted for by
using edge weights as diagonal entries of the bond
matrix, such as bond distances or bond dipoles, in
the molecular graphs [32,34,35].

The objective of the present work is to introduce
this novel approach to the study of chromatographic
parameters in simple data sets in order to test its
applicability to such kind of QSPR problems. We
will see that it produces significant QSRR models
permitting their interpretation in terms of structural
fragments of molecules. The use of this approach to
describe other data sets of chromatographic parame-
ters of more complicated molecular structures will be
studied in forthcoming studies.

2. Theoretical model

The present approach is based on the representa-

tion of molecules through the so-called hydrogen
depleted molecular graphs [36]. In a molecular graph
G=(V, E), the elements of the vertex set V={v,, v,,
...y V.} represent the atoms in the molecule and the
elements of the edge set E={e,, e,, ...., &} represent
the covalent bonds in the molecule. Then, these
molecular graphs are represented by square and
symmetric matrices named their bond-adjacency
matrices [27,36]. The non-diagonal elements of such
matrices are ones if, and only if, bond i is adjacent to
bond j. Two bonds are adjacent if they are incidents
to a common atom.

Two different approaches can be distinguished in
the theory of the spectral moments of the bond
matrix depending on the values assigned to their
diagonal entries. The first, simplest approach, uses
zeros as diagonal entries in those matrices [31,33],
while in the second approach the use of bond
distances (or any other bond property, such as bond
dipoles, bond polarizabilities, etc) are used
[32,34,35]. The first scheme is appropriated in such
cases in which the presence of heteroatoms is not
decisive in the explanation of the property studied.
For instance, this approach is useful in the study of
chromatographic or physicochemical properties of
alkanes. However, in the most general case in which
heteroatoms are present, the second approach is more
appropriated.

The present approach to QSRR studies is based on
the computation of the spectral moments of the bond
matrix, i.e., the sum of diagonal entries of the powers
of the bond matrix. This approach can be resumed as
follows. First, the chromatographic property, P, is
described in terms of the different spectral moments
of the bond matrix via a linear regression model of
the form:

P=agu, +a,u +au, +agus +au, + - -
+a.m thb (1)

This quantitative model is obtained by using any
of the many different multivariate regression ap-
proaches currently described in the literature. Here
we will use the multivariate linear regression analy-
sisin order to generate models of the type of Model
(2).

In the second step of the application of this
approach, the spectral moments are substituted by
their expression in terms of the different structural
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fragments of the molecules. Two different cases can
be presented here. The first is when zero-diagonal
entries are used, and the other when bond distances
are used as diagona entries for the calculation of the
spectra moments. In the first case, Modd (1) is
transformed to the following expression directly
relating the chromatographic property to the molecu-
lar structure of the compounds studied:

P=ay [Fy|+a;-|F) +a5|Fy +a,|F +ag|Fy
+ag:|Fg+ - +a -|F|+b (2
This model is obtained by substituting the spectral
moments by their expressions in terms of the differ-
ent structural fragments that are given in Table 1 and
Fig. 1.

In the second case, when heteroatoms are consid-
ered, Model (1) is transformed to the following:

P=b +Z(bAB|AB|)i +Z(bA(BC)|A(BC)|)j
i i
+ 2 (Bugaco) ABCD)),
+2)(Buacos) ABCDE)),

+2(bs.p.c.o/A-B-C-DJ),,

m

+;(loA(BCD_E)|A(BCD-E)\)n + .. (3)
In this expression, the indexes i, j, k, I, mand n

run over the different fragments in the molecules.
The symbol AB represents a bond in which atoms
are denoted by A and B, A(BC), ABCD) and
A(BCDE) are fragments F,, F; and F,, respectively

Table 1

(see Fig. 1), in which atom A occupies the central
position. Fragments F, and F, (see Fig. 1) are
denoted by A-B-C-D and A(BCD-E), respectively, in
fragment F, the atom A is that of valence three. For
instance, (|CX]), =|CC|, (ICX)),=|C=0|, ..,
(ICXY))), =|C(CC)|, (ICXY))), =|C(CO)|, and so
forth. The coefficients byg, bagc), €tC., given in Eq.
(3) are directly computed from the values of the
elements used in the diagona entries of the bond
matrix, for instance, the bond distances. In the
appendix we give the mathematical expressions that
should be used to carry out these calculations. The
standard bond distances taken from Ref. [37] are
used here as the diagonal entries of the bond matrix
in the case when heteroatoms are to be considered.

In the present work we will study the chromato-
graphic retention indices of two different data series
of organic compounds. The first of these data sets
consisted on the experimental gas chromatographic
retention indices of 156 C,—C,, alkanes on squalane
at 333 K measured by Chretien and Dubois [38] and
on sgualane at 373 K reported by Schomburg and
Dielman [39]. This data set was previously used by
Bosnjak et a. [40] in testing the three-dimensional
Wiener index, which was published in this journal.
We did not consider the methane molecule because
its hydrogen-depleted graph has no bond, which
makes the present approach impossible. On the other
hand, 81 oxygen-containing aliphatic compounds
including alcohols, ketones and esters compose the
second data set. The chromatographic retention
indices of these compounds were measured on OV-1
at 333 K as reported in the Sadtler catalogue [41]
and they were collected from the work of Duvenbeck
and Zinn [42].

The first eight spectral moments of the bond matrix as linear combinations of the number of fragments in the acyclic graph®

Mo =|Fy]

My =2:|Fy

My = 6'|F3|

ta=2F,| + 12-F| + 24-F,| + 4-|F
s = 30-|F,| +120-|F,| + 10-|F|

e = 2|F,| + 60 |Fy| + 480 |F,| + 12+|Fy| + 24|F| + 6|F,| + 36|Fy| + 24-|F|

1ty = 126|F| + 1680 |F,| + 84-|Fy| + 210-|Fy| + 112|Fy| + 14-|F, | + 14-|F,,| + 84-|F |

g = 2|F,| + 252+ |F,| + 5544 -[F,| + 28|F,| + 200|Fq| + 32-|F,| + 1008 |Fy| + 464 |F,| + 32-|F, | + 40-|F,,|
+ 672+ |F | + 8 |F o] 48 [F | + 48 |F o] +32: [F | +32:|F,| +288:|F|

®The different structural fragments F, are illustrated in Fig. 1.
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Fig. 1. Structural fragments contained in the first eight spectral moments of the bond matrix of non-weighted graphs.

3. Quantitative structure—chromatographic
parameters relationships

It is normal in science to go from the simplest to

the most complicated. In testing any new graph
theoretical approach to QSPR studies, the first step is
to prove the usability of the proposed model to
describe properties of alkanes. These compounds are
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the simplest ones and their properties are almost
completely dependent from topological features. As
a consequence, we have selected as a first data set a
series of 156 akanes as reported by Bosnjak [40].
The first 15 spectral moments of the bond matrix for
the graphs representing these alkanes were calculated
and correlated with their retention indexes through
multivariate regression analysis.

The best linear regression model obtained by using
the present approach is illustrated below together
with the statistical parameters:

| =31.15+ 137.94u, — 24.77u, + 6.01u,

— 2.06p, + 0.23u,;

n =156, R=0.9986,s=9.44,s.,, = 10.11

and F =10 718 (4
where | is the retention index, n is the size of the
data set, R is the regression coefficient, s the
standard deviation of the regression, s, is the
standard deviation of the leave-one-out cross valida-
tion, and F is the Fisher ratio. The correlation

between observed and calculated retention indices is
illustrated in Fig. 2.

1400

Model (4) explains more than 99.7% of the
variance in the experimental retention indexes of
alkanes. The standard deviation of the cross valida-
tion is only 6.6% greater than that of the regression
model, which indicates the predictive power of this
model. However, as we have previously stated, the
most important feature of the present approach is not
only its ability to obtain QSRR models that are
statistically significant, but also the possibility of
expressing these models in terms of structura frag-
ments of molecules. By substituting the values of the
spectral moments given in Eq. (4) by their expres-
sions in terms of structural fragments given in Table
1, we obtain the following expression for the re-
tention indices of alkanes:

| = 137.94|F,| — 3.66|F,| — 62.94|F, + 118.80F |
— 24.72|F,| + 29.98|F| — 12.36|F,| — 25.86|F|
— 23.68|F,| + 3.22F, | + 3.22|F ;| + 19.32JF |
+31.15 (5)

The other example that we will study here is the
description of the retention indices of a series of 81
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Fig. 2. Observed versus calculated retention indices of the 156 alkanes studied here.
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aliphatic molecules containing oxygen in their struc-
tures on OV-1 at 333 K [41]. This data set includes
alcohols, ketones and esters. We calculate the first 15
spectra moments of the bond matrix for these
molecules by using the standard bond distances as
weights in the diagonal entries of the matrix. The
best linear regression equation obtained for this data
set is illustrated below together with the statistical
parameters of the model:

| = 273.44 — 20152, + 236.91u, — 38.154,
+15.10u, — 1.414, + 0.20p,;
n=81,R=09912 s=14.35 s, = 14.97
and F = 692 (6)

The observed and calculated retention indices for
al compounds in this data set are illustrated in Table
2 together with the residual and the cross-validation
residual. In this case, the QSRR model obtained
explains more than 98% of the variance of the
retention indices. This model shows a great stability
to the inclusion or exclusion of data points as
demonstrated by its standard deviation of the cross
validation which is only 4.1% greater than that of the
regression model.

The calculation of fragment contribution to the
retention indices for molecules containing oxygen in
their structures was carried out by the procedure
explained in Section 2. The contributions coming
from the 63 different fragments present in the studied
molecules are illustrated in Table 3 and Fig. 3.

4. Discussion

The main objectives of any QSPR study are the
prediction of the studied property with an appropriate
accuracy and the interpretation of the results in terms
of structural features of molecules. The first objec-
tive is concerned to the statistical quality and predic-
tive power of the model obtained, while the second
aspect is related to the structural meaning of the
molecular descriptors included as independent vari-
ables in the model. The use of graph-theoretical
descriptors, i.e., topological indices, in QSPRS, quan-
titative structure—activity relationships (QSARS) and
QSRRs has been successful from the statistical point

of view. Both examples studied here are not excep-
tions of this rule. As can be seen, the spectra
moments of the bond matrix produce excellent
correlations with the retention indices of akanes and
oxygen containing organic molecules, such as a-
cohols, ketones and esters. The good predictive
abilities of the models found in the present work
have been proved by using the leave-one-out tech-
nique of cross-validation. In both cases the standard
deviations of the cross validations do not exceed
10% of the standard deviations of the regression
models. It is obvious, that the use of other, more
powerful, statistical methods for the generation of
the QSRR models will produce even better quantita-
tive models with improved predictive abilities. How-
ever, in the present work we have preferred the use
of the multivariate linear regression analysis in order
to show the possibilities of the present theoretical
approach in a simpler and universal form.

The present approach permits an easy interpreta-
tion of the QSRR models in terms of the chemical
structure. This is the principal feature of this theoret-
ical scheme to the modeling of chromatographic
properties of organic compounds. For instances, the
model describing the retention indices of alkanes in
terms of the molecular structure has some similarities
to that obtained to describe boiling points of alkanes
by using the present approach [31], proving that
these properties are dependent of approximately the
same structural parameters. This fact provides a
structural justification to the correlations obtained
between these two experimental properties, as well
as to the success obtained in the description of both
properties with simple topological (graph theoretical)
descriptors.

The analysis of the structural influences on the
chromatographic retention indices of the oxygen-
containing compounds also shows interesting fea
tures. These chromatographic parameters were ob-
tained by using the non-polar stationary phase OV-1.
Consequently, it is not expected that factors related
to polarity or protic nature, such as the ability to
participate in hydrogen bond donation or acceptance,
of the compounds studied have a great influence on
the retention processes in this phase. As in the case
of alkanes, the molecular “‘size” and ‘‘branching”
can be determining factors in the chromatographic
retention of the alcohols, ketones and esters studied.
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Table 2

Observed and calculated retention indices of oxygen-containing compounds

Compound Observed 1* Calculated |° Residual® CV-res!
2-Methyl-2-butanol 626.20 641.56 —15.36 —18.38
1-Butanol 646.50 663.00 —16.50 —18.67
3-Methyl-2-butanal 666.00 672.23 -6.23 -6.77
2-Pentanol 682.70 713.31 —30.61 —32.52
2-Methyl-2-pentanol 717.60 736.04 —18.44 —21.08
3-Methyl-1-butanol 719.30 712.50 6.79 7.18
4-Methyl-2-pentanol 744.10 763.58 —19.48 —20.91
1-Pentanol 750.40 755.97 —5.57 —-6.17
2-Methyl-3-pentanol 758.00 765.79 —7.79 -819
2,4-Dimethyl-2-pentanol 775.90 789.16 —13.26 —15.08
3,3-Dimethyl-1-butanol 778.80 737.53 41.26 48.72
3-Hexanol 780.40 805.96 —25.56 —26.70
2-Methyl-2-hexanol 817.30 829.17 —11.86 —13.46
2-Methyl-1-pentanol 818.40 805.19 13.21 13.76
2,4-Dimethyl-3-pentanol 821.20 821.21 -0.01 -0.01
4-Methyl-1-pentanol 821.20 805.52 15.67 16.38
2,3-Dimethyl-3-pentanol 823.70 828.59 —4.89 —5.66
2-Ethyl-1-butanol 825.90 804.99 20.91 21.80
3-Methyl-1-pentanol 828.80 805.24 23.56 2454
5-Methyl-3-hexanol 838.20 856.34 —18.14 —19.22
3-Ethyl-3-pentanol 843.10 850.09 —6.99 -7.78
1-Hexanol 853.00 848.94 4.06 4.50
4-Heptanol 875.40 899.20 —23.80 —25.16
2,2,4-Trimethyl-3-pentanol 881.50 882.67 -1.17 —1.40
3,5-Dimethyl-3-hexanol 883.10 892.83 -9.73 —10.64
2-Methyl-2-heptanol 916.40 922.15 —5.75 —6.63
6-Methyl-2-heptanol 951.10 948.86 224 245
4-Ethyl-3-hexanol 953.30 953.76 —0.46 —0.49
4-Octanol 975.50 992.22 —16.72 —18.28
3-Octanol 982.00 991.95 -9.95 —10.88
3,6-Dimethyl-3-heptanol 986.60 982.46 4.14 4,75
Ethyl acetate 600.00 615.06 —15.06 —16.50
Methyl propionate 615.20 613.70 1.50 1.65
Methyl isobutyrate 671.00 665.76 5.24 5.61
Ethyl propionate 694.20 707.50 —-13.30 —14.07
Propyl acetate 696.30 708.04 —11.74 —12.40
Methyl butyrate 705.60 706.88 -1.27 -135
Ethyl isobutyrate 744.60 759.64 —15.04 —15.67
sec.-Butyl acetate 743.80 758.40 —14.60 —15.27
|sobutyl acetate 757.70 757.57 0.13 0.14
Methyl isopentanoate 761.30 757.09 4.20 4.39
Ethyl butyrate 784.00 800.68 —16.68 —17.40
Propyl propionate 792.60 800.48 —7.88 -822
Butyl acetate 796.20 801.01 —4.81 —5.00
Isopropyl butyrate 827.60 851.42 —23.83 —24.82
Ethyl isopentanoate 838.40 850.90 —12.50 -13.01
Isobutyl propionate 852.80 850.01 2.78 2.90
Propyl butyrate 881.50 893.66 —12.16 —12.79
1,3-Dimethylbutyl acetate 885.10 902.02 —16.93 -18.95
Butyl propionate 891.40 893.45 —-2.05 —2.16
Pentyl acetate 896.40 893.98 241 253
Isobutyl isobutyrate 900.00 902.17 -217 —2.40

(Continued on next page)
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Table 2. (continued)

Compound Observed 1* Calculated |° Residual® CV-res!
Methyl hexanoate 907.00 892.86 14.14 14.92
Isobutyl butyrate 940.30 943.19 —2.89 -3.07
2-Ethylbutyl actetae 957.00 943.41 13.58 14.41
Butyl butyrate 979.40 986.63 —-7.23 -7.84
Ethyl hexanoate 982.90 986.67 -3.77 —4.08
Pentyl propionate 990.50 986.42 4.07 4.41
Hexyl acetate 996.50 986.95 9.54 10.30
3-Methyl-2-butanone 640.90 623.92 16.97 18.27
2-Pentanone 663.30 665.43 —2.13 —223
3-Pentanone 676.40 664.81 11.59 12.13
3,3-Dimethyl-2-butanone 693.10 672.01 21.08 2351
4-Methyl-2-pentanone 721.20 715.60 5.59 5.85
2-Methyl-3-pentanone 733.00 717.33 15.66 16.19
4-Methyl-3-pentanone 733.00 717.33 15.66 16.19
3-Methyl-2-pentanone 734.80 717.45 17.35 17.93
3-Hexanone 764.80 758.01 6.79 6.95
2-Hexanone 767.90 758.44 9.46 9.71
2,4-Dimethyl-3-pentanone 779.00 772.03 6.97 7.51
5-Methyl-3-hexanone 816.70 808.29 8.41 8.63
2-Methyl-3-hexanone 820.00 810.64 9.36 9.56
5-Methyl-2-hexanone 836.50 808.07 28.42 29.37
4-Heptanone 853.40 851.22 218 223
3-Heptanone 865.80 851.02 14.77 15.12
2-Heptanone 868.70 851.41 17.28 17.72
2,2,4,4-Tetramethyl-3-pentanone 900.00 901.58 —1.58 -4.01
2,6-Dimethyl-4-heptanone 954.70 951.79 291 3.28
2,2-Dimethyl-3-heptanone 964.70 955.09 9.60 10.58
3-Octanone 966.00 944.00 22.00 22.98
2-Octanone 968.80 944.38 2441 25.54

®Taken from Ref. [42].

® Calculated from Eq. (6).

¢ Calculated minus observed retention index.

Y Residual in the leave-one-out cross validation.

By using the values of the contributions of the
different structural fragments present in such mole-
cules given in Table 3, we can analyze the influence
of branching on the retention indices for this kind of
compounds. For instance, in Fig. 4 we illustrate the
contribution of the C—O bond in pentanol isomers to
the retention indices. These contributions are calcu-
lated by summing the contributions of the different
structural fragments that include the C-O bond in
their structures. Here, a principle of equal partition of
the contributions between the bonds is applied. This
procedure is carried out as follows: if we consider
the contribution of the fragment A,, which is equal
to —12.22 (see Table 3 and Fig. 3), in the molecule
of n-pentanol, we assign values of —6.11 to the

C-0O and C-C bhonds forming the fragment A, in
such molecule. As can be seen in this figure the
contribution of the C—O bond decreases when the
branching increases: 1-pentanol (750.4)>2-methyl-
1-butanol (682.7)>2-methyl-2-butanol (626.2). The
same order is maintained by the total retention
indices of these compounds, see Table 2, indicating
the dominant role of the branching in the chromato-
graphic retention process for these compounds in the
OV-1 stationary phase. On the other hand, we also
compare the contributions to the retention indices of
some structural fragments representing three differ-
ent functional groups having the same topological
structure. These groups are those representing the
secondary hydroxyl group in 2-pentanol, the car-
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Table 3

Contributions of the different structural fragments in oxygen-containing compounds to the chromatographic retention indices

Fragment®  Contribution Fragment® Contribution Fragment®  Contribution Fragment® Contribution
F1 118.44 A9 7.24 015 841 E6 —-13.24
F2 —13.04 A10 7.24 016 8.36 E7 —12.92
F3 —41.47 All 4.82 o17 121 E8 —13.37
F4 60.58 o1 114.48 018 121 E9 —13.75
F5 —12.48 o2 5499 019 121 E10 8.31
F6 9.28 (0] —12.87 020 121 E1l 7.74
F7 121 o4 —12.70 021 7.24 E12 7.97
F8 7.24 05 —1151 022 7.24 E13 7.32
F9 4.82 06 —41.29 023 7.24 El4 121
Al 96.67 o7 —-37.17 024 7.24 E15 121
A2 —12.22 o8 59.59 025 4.82 E16 121
A3 —40.38 09 —12.52 026 4.82 E1l7 121
A4 55.22 010 —-1261 El 82.79 E18 121
A5 —-1271 Ol11 —13.14 E2 —11.32 E19 7.24
A6 9.01 012 9.23 E3 —-11.75 E20 7.24
A7 9.01 013 9.23 E4 —-11.20 E21 4.82
A8 121 014 9.23 E5 —34.94 Intercept 273.44

®Fragments are illustrated in Figs. 1 and 3.

bonyl group of the 2-pentanone, and the carboxyl
group of the ethyl acetate. The contributions of these
groups are given in Fig. 4. They are ordered as
follows: hydroxyl >carbonyl > carboxyl, which cor-
respond with the order of the chromatographic
retention of the corresponding compounds. 2-penta-
nol (682.7)>2-pentanone (666.3)>ethyl acetate
(600.0).

Finally, we will show how the chromatographic
retention indices can be computed by summing the
bond contributions computed by the present graph
theoretical approach. By considering the three al-
cohols illustrated in Fig. 4 we will compute the bond
contributions to the retention indices according to the
labeling given in this figure. For instance, the
contributions of the different bonds in 1-pentanol are
as follows: (1) 103.41, (2) 98.84, (3) 103.08 and (4)
108.06; for 2-pentanol: (1) 90.74, (2) 76.12, (3)
95.69 and (4) 108.36; for 2-methyl-2-butanol: (1)
74.21, (2) 61.54 and (3) 107.63. We recall that in
2-methyl-2-butanol there are two equivalent bonds
corresponding to the bond labeled as 1. By summing
these bond contributions plus the intercept of Model
(6) we obtain the calculated values of the retention
indices of these acohols. The same can be done for
the calculation of bond contribution to the retention
indices of any other compound. However, these bond

contributions to the chromatographic retention in-
dices are more suitable for inter-molecular than for
intraamolecular comparisons. A more detailed analy-
sis of thistopic, which is very related to the principle
of equal partition of the contributions applied here,
will be considered in a forthcoming paper [43].

5. Conclusions

One of the main criticisms to the use of graph-
theoretical descriptors in QSPR, QSAR and QSRR
studies is concerned to interpretation of the resulting
models. The topological indices are obtained by
algebraic manipulation of graphs representing the
structural skeleton of molecules. Of course, (molecu-
lar) graphs are mathematical objects that contain
important structural information on molecules. How-
ever, in many cases the manipulation of graphs in
order to develop the molecular descriptors is based
on very convoluted algebraic operations producing
descriptors that, in many cases, are very difficult to
interpret in terms of the molecular structure. We
claim that this is an unnecessary and non-elegant use
of graph-theory in chemistry. On the other hand,
there are quantitative models obtained by using
series of topological indices that are so complicated
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Fig. 3. Structura fragments contributing to the chromatographic retention of oxygen-containing molecules on OV-1 phase according to the
model found here.
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Fig. 3 (continued).
that we do not understand how the molecular struc- Appendix
ture determines the property. The present approach
based on the calculation of the spectral moments of The coefficients given in Eg. (3) which contain the
the bond matrix represents a step forward in the information on the contribution of the different

search of structurally interpretable graph-theoretical fragments to the chromatographic retention indices
approaches in chemistry. are given below:
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Fig. 4. Comparative visualization of the influence of branching and of the nature of functional groups on the chromatographic retention of

oxygen-containing compounds on OV-1 stationary phase.

Drp = 8y + a;0sg 1+ 85(dsg)? + A3(dag)® + ay(dag)*
+a5(dyg)® + 8g(dsp)° (7)

Pagey = 28, + 385(dyg + dac)
+ a4{2 + 4[(dAB)2 +(dAC)2] + 4(dABdAC)}
+ ag[5(dRsdiac) + S(dastic + usdic)
+ 5(dhstac) | + a6 B(d3ed )
+ 6(dysdiac + daabac) + 6(dsdnc)
+ 9(dsdic) + 12(dhgdic) + 2] ®

bA(BCD) =6a; +a,[12+ 8(dyg + dyc + dap) ]
+ag[30+ 10(d3, + d2. + d5p)
+ 20(d,g + dsc + d,p) + 10(d,gdac
+ dABdAD + dACdAD)]
+ag[12(d3g + dic + d3p) + 12(d3,
+ dAC + dABdiC + dABdiD + dinAD
+ dacap + dactho) +30(d3g + diac
+ d2o) + 36(dagbac + thgbap + dacap)
+60(dyg + ac + ap) + 12(dagactap)
+60] 9)

bA(BCDE) = 65[120 + 30(dAB + dAC + dADdAE)]
+85[36(d7g + dic +dip + d2e)
+ 24(dABdAC + dABdAD + dABdAE + dACdAD
+ dyeOag + dypdag) + 180(0,g + dye
+d,, + d,e) + 480] (10)

= a5[5(dag + dcp) + 10d,c ]
+ag[6(d3, + dZ,) + 18d2. + 12(d,g0sc
+ dgcdep) + 6(dagdcp) + 12] (11)

bA—B-C-D

bA(BCD—E) =102y
+ ag[12(dyg + duac + dpe) + 24(dyp)
+ 24] (12)

In these expressions d,; is the distance for the
bond A-B and the a, values are the coefficients in
Model (1). These expressions permit us to calculate
the contribution of any fragment in the molecules to
the chromatographic property studied P. Of course,
atoms symbolized by letters A, B,..., E can be any of
the atoms that normally appear in organic molecules,
permitting the calculation of the contributions of any
kind of structural fragment by a simple substitution
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of the corresponding bond distances into Egs. (7)—
(12).
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