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SUMMARY

The retention indices (RI) of monoalkyl- and o-dialkylbenzenes are calculated
using a two-parameter equation of the type RI = a W(G)". The variable W(G) ap-
pearing in this equation is a topological index called the Wiener number, which is
dependent on the size and the shape of a given structure. Thus, rather than adopting
empirical parameters related to some structural detail of a molecule, the assumption
is made that the retention indices depend substantially on the molecular size and
shape.

The significance of the proposed equation for the calculation of retention
indices lies in the considerable reduction of the structural parameters usually required,
in addition to its simplicity in use.

INTRODUCTION

The problem of predicting retention indices in gas chromatography is of special
interest owing to the wide application of this technique! and the difficulties that occur
in many instances of the determination of compounds with complicated molecular
structures?-3. Additive schemes, using different structural parameters for their deriva-
tion, have been developed for predicting the retention values of several homologous
series of organic compounds (e.g., refs. 4-14). In these schemes, certain fragments,
or distinct bond types, in a specific part of a molecule are identified and to them are
assigned numerical values. Thus, the equations proposed for the calculation of reten-
tion indices contain numerous parameters. Therefore, for large hydrocarbon systems,
because of the enormous number of branched isomers'®:1® with the variety of bond
forms'?’—'5, the generalizations that are used in this type of method are difficult if not
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impossible to handle®®. Hence, there is a need to use more general methods for the
study of correlations between the structural and chromatographic properties of mole-
cules. A concept based on molecular topology, known as the molecular connectivity
method?!.??> appears to be promising for elucidating the structural origin of chromato-
graphic retention data??-?'.>3=25_Tt also opens new perspectives by offering a means for
the potential use of alternative topological indices in this and related problems.
Kovats®® was the first to discover the close connection that exists between the structural
characteristics (e.g., branching) and gas chromatographic data of organic compounds.

Recently, we proposed a topological approach for the study of additive molec-
ular proporties which showed great efficiency in discriminating between seemingly
similarly oranched systems®’—2°. The approach is based on the use of the Wiener
number of a given set of structures, W(G). It appears that the Wiener number depends
on the size and the shape of a skeletal network of a given molecule**—3!, and the smaller
this number is the more compact is the corresponding structure?’. It can be shown that
the Wiener number of a given structure is equal to half the sum of the ofi-diagonal
elements of the distance matrix of the corresponding graph G, D(G),

W(G) = + Z D;(G) 0

The summation in eqn. 1 is over all the unique distances between the vertices 7 and j
in the graph G. The distance matrix of G is a real N X N matrix [N = number of
atoms (vertices) in a given structure (graph)] which contains elements D;,(G) repre-
senting the length (1,2,3,...) of the shortest path between the ith and jth vertex of G*2.
All elements of the type D;;(G) are, by definition, zero.

The Wiener number is identical with the path number defined as the sim of the
distances between any two carbon atoms in the hydrocarbon molecule in terms of
carbon—carbon bonds, which was introduced by Wiener33*—3¢ over 30 years ago in his
studies on the additive physical properties of alkanes. This topological index was
successfully applied to the characterization of acyclic, cyclic and more complicated
structures and for the modelling of their thermodynamic functions?’—2%:37-3% and it
appears te be a useful device for ordering the sequence of isomers?’—2°, In this work,
this approach is used for predicting the retention indices of a set of test molecules, viz.,
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Fig. 1. Structures of molecules studied.
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monoalkyl- and o-dialkylbenzenes. The hydrogen-suppressed graphs®-! of these
molecules are shown in Fig. 1.

These compounds, although limited in number, have been selected for a de-
tailed description of the present approach because of the abundant experimental data
available*®-*!1_ In this choice we also followed the ideas of our approach®’—** acccrding
to which the best quantitative correlations can be obtained within a series of isomeric
compounds that undergo only a certain identified structural change and, accordingly,
are described by one of the rules of molecular branching and cyclicity®® (see later for a
discussion on the nature of these structural changes). It therefore appears that mono-
alkyl- and o-dialkylbenzenes represent a convenient set of isomeric molecules for
structural and chromatographic studies*+1!%.

RESULTS AND DISCUSSION

The Wiener numbers of isomeric monoalkyl- and o-dialkylbenzenes, which
were simply obtained from their distance matrices (see eqn. 1), are reported in Table 1.

In all instances the isomeric structures were correctly differentiated. For ex-
ample:

o~ or o~ ot

w, =133 W,=126 W, =121 W, =14
WS> Wo> WS> W,

Ws=335 W = 339 W,= 351 We=399
W <Wg <W;<W

In the above samples two types of structural changes occur, both of which are
well followed by changes in the Wiener numbers. The first is concerned with the in-
creasing number of branches, which shortens the length of the alkyl side-chain, and
with the displacement of a certain branch to a more internal position on the chain. In
this instance the topological index W(G) decreases on going from the least to the most
branched structure (see C,H,;, monoalkylbenzenes). The second type of structural
change occurs with the isomeric C H,, o-dialkylbenzenes, namely, an increase in the
length of one of alkyl chains at the cost of a decrease in the length of the other alkyl
chain produces regular increase in the W(G) index. On this basis, one can predict the
relative order of values of some molecular properties of alkylbenzenes, including the
retention indices. Quantitative correlations could be also deduced, as these indices
are very sensitive to structural changes in the molecules.

* The o-methylalkylbenzenes are not considered as they deviate in their topological behaviour
from the other isomers of the o-dialkylbenzene series because they do not obey the same rule of
molecular branching?’.
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TABLE I
WIENER NUMBERS OF MONOALKYLBENZENES AND ¢-DIALKYLBENZENES
Graph® N(G}™ Ww(a) Graph™ N(G)"" w(G)
1 9 88 16 i3 274
2 9 94 17 13 314
3 i0 114 18 14 335
4 10 121 19 14 339
5 10 126 20 14 351
6 10 133 21 14 359
7 11 - 150 22 15 418
8 11 158 23 15 426
9 i1 160 24 15 450
10 11 174 25 15 498
11 11 182 26 16 512
12 12 206 27 16 516
13 12 210 28 16 528
14 i2 242 29 16 548
15 13 266 30 16 612

* Numbers correspond to graphs listed in Fis. 1.
** N = number of carbon atoms in the molecule.

wic)

600

400

200

14 1 s 1 A L 1 1 L
500 1100 1300 1500 1700
EXPERIMENTAL RETENTION INDEX

Fig. 2. Plot of the Wiener numbers of 28 monoaikylbenzenes and o-dialkylbenzenes (see Fxg, 1)
versus their experimental retention indices.
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There are several possibilities open for establishing corielation between reten-
tion indices (R]), Wiener numbers and other topological quantities. We assumed the
simplest, namely retention indices versus Wiener numbers of the molecules studied.
This plot is shown in Fig. 2 for 28 compounds for which reliable retention indicés on
squalane at 368.4 and 413 °K were available.

The least-squares fit of this curve produced the following two-parameter
equation:

RI = (244 j: 4) W(G)(0.297 + 0.003) ) (2)

This equation was used for the calculation of the retention indices of monoalkyl- and.
o-dialkylbenzenes and the values obtained are given in Table II.

TABLE il

THEORETICAL AND EXPERIMENTAL RETENTION INDICES »

Molecule* Retention indices Molecule®  Retention indices

Experiznental’®*'  Theoretical** Experimenial*®**  Thegreticai**

1 918.6 919.5 16 1302.1 1288.0
2 947.4 937.7 17 1327.7 1341.2
3 9849 992.9 18 1370.0 1367.2
4 1002.1 1010.7 19 13719 13720
5 1001.8 10229 20 1397.7 1386.2
6 10472 1039.4 21 14273 14400
1 1085.1 1077.2 22 1460.6 1460.0
8 1089.5 1093.9 23 1466.8 1468.2
9 — 1098.0 24 1496.4 14923
10 — 1124.6 25 1527.2 1537.8
11 11456 1140.8 26 1551.8 1550.5
12 1187.5 1183.5 27 1555.1 "1554.1
13 12079 1190.3 28 1564.3 © 1564.8
14 12280 1241 4 29 15950 1582.1
15 1279.3 1276.7 30 1626.8 1634.8

“ Numbers correspond to structures in Fig. 1.
** Calculated using eqn. 2.

-

Fig. 3 shows the correlation between the theoretical and éxperimental retention
indices. The two sets of values are remarkably close (correlation coefficient = 0.9991)
considering the simple equation used for the calculation. This good agreement sug-
gests that the gas chromatographic behaviour of alkylbenzenes may depend critically
on the size and the shape of the molecular network.

In our earlier studies on the topological parameters of molecules*?, it was
found that the number of atoms (i.e., the size) and the number of bonds (i.e., the
shape represented by the connectivity) are the most important topological charac-

.teristics of a molecule. The connectivity in a molecule is represented by the (vertex)
adjacency matrix of a structure?®—32.42, 4(G). The adjacency matrix is a real symmetrical
matrix which has non-zero elements (equal to unity) only between bonded atoms
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Fig. 3. Plot of experimental versus theoretical retention indices.

(adjacent vertices). The distance matrix is related to adjacency matrix by the rela-
tion” )

D(G) = A(G) + ZB(G) A3)

where B(G) are topological matrices containing only those non-zero entries which
represent unique paths between the second, third, etc., neighbours. Thus, the distance
matrix also represents the connectivity in a given structure, but in addition it has a
greater information content than the corresponding adjacency matrix. The molecular
connectivity method?'-** is related to the adjacency matrix in an indirect way.

This method is based on the calculation of the Randié’s?! connectivity index
Zr(G): ’

Lr(G) = X (dd)* 4

edges

where d; and d; are the valencies (degrees)*?-3%3! of the adjacent vertices (atoms) in a
graph (structure). The sum of the non-zero entries in the row (column) of the adjacen-
cy matrix specifies the degree of a particular vertex in the graph &G. However, Randié’s
index was obtained after a search for a specific index to characterize the branching of
acyclic saturated hydrocarbons instead of analysing the information concealed in the
structure of the adjacency matrix?%.2%:%3.%*_ Thus, the ¥zx(G) index cannot be considered

* We are grateful to Damir Kasum (Zagreb) for inspiring discussions about the relationship.
between the distance and adjacency matrices.
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as a truly graph-theoretical invariant as is the case with the Wiener number. It is a
conveniently, but arbitrarily, adjusted graph-theoretical index which appears to be
a very powerful tool for studying molecular additive properties**~2>. Randié, in his
study of the origin of the chromatographic retention data of alkanes, used, in addition
to the molecular connectivity index, the number of terminal paths of length three, 73,
i.e., the number of paths between two methyl groups three bonds apart. The Randié
expression for the calculation of the retention indices of alkanes is

Rl ranaiey = 20004 — 1.4142) + (T3)* + 300 )

where the factor 200 converts the Kovats retention scale to that of the connectivity
values, and 1.4142 and 300 are the connectivity index and the Kovaits retention value
for propane, respectively. Theoretical results obtained by means of eqn. 5 are in good
agreement with the experimental values for alkanes®®.

As the molecular connectivity indices and Wiener numbers for a given set of
isomers are roughly linearly correlated?’, both indices can be used for tracing the
structural origin of chromatographic retention data. However, the applicability of
both methods should be thoroughly investigated (such a study is in progress) before
giving preference to ecither of them. However, from the pure graph-theoretical
point of view, the advantage is in favour of the Wiener number because it is 2 well
defined graphical invariant. From the practical point of view the accuracy of the
simple equation proposed here is certainly attractive and competitive with the molec-
ular connectivity method and with the empirical correlations. Hence the significance
of the present study is three-fold. Firstly, it is very simple to use. Secondly, it demon-
strates that even with the considerable reduction in the structural parameters ordinari-
ly required®**, gas chromatographic indices can be accurately reproduced. Thirdly,
it clearly exhibits the virtues of the alternative topological index in studying the chro-
matographic properties of molecules.
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