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The hydrogen-depleted graphs of polycyclic aromatic hydrocarbons contain two types of
vertices (with regard to their degree) and correspondingly three types of edges. The respective
sums of these edges reflect the molecular topology of the hydrocarbons and were used for con-
structing a new topological index for kata-annellated aromatic hydrocarbons that correlates well
with their topological resonance energies per electron. Dependent on the degrees of their first
neighbours, the vertices of degree 2 of polycyclic hydrocarbons can be distinguished as to high,
medium and low chemical reactivity of the corresponding carbon atoms, in agreement with the

results from MO theory and experiments.

The electronic and other types of molecular prop-
erties of polycyclic aromatic hydrocarbons (PAH)
depend strongly on the molecular topology of the
systems [1]. The topology of PAH can be con-
veniently formulated in mathematical terms by
means of so-called “topological indices” [2]. If such
indices fulfill certain presuppositions [3] they corre-
late well with theoretically derived and experi-
mental data and thus enable the chemist to obtain
information relevant for his practical work, e.g.
information on stability, reactivity etc. of as yet
unknown hydrocarbons. In this note a new topolog-
ical approach to kata-annellated PAH is presented.

The hydrogen-depleted graphs (“Hiickel graphs”
[4]) of PAH contain two types of vertices, i.e.
vertices of degree 2 and 3 (denoted here by v(; and
r'(3)). Accordingly they contain three types of edges:
e(tp.r@). e(re,rE) and e(rm),ra) [5]. The
corresponding sums of these edges

Y e, t@) = Eaa,
n

Y. e(vy,ra) = Exs,

n

> et @) = Es;
reflect the topology of the individual PAH. By way
of example, with increasing “branching” [6, 7] (e.g.
tetracene, triphenylene) E,; decreases while E;;
and Ej; increases. The ratio E,3/E5 3 proves to be
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particularly suitable for designing new topological
indices.

For the purpose of correlation analyses “topolog-
ical resonance energies per electron” (TREPE) [§]
were used because TREPE depend strongly on the
topology of PAH and, furthermore, are linearly
connected with other important (theoretical and
experimental) parameters, e.g. first ionisation
potentials of PAH [9]. For isomeric kata-annellated
PAH linear correlations were found to exist between

TREPE and the ratio Ezvg/El»}Z

2,3

TREPE(/?)=A,(§ ¥ dy. (1)
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C-numbers (C), Ay and A; values, sample sizes (n)
and correlation coefficients () are given in Table I.

Although the ratio E,3/E5; is not solely a func-
tion of branching but reflects to some extent also the
size (number of carbon atoms) of the systems, an
additional term is necessary to cope with PAH of
different size in a single regression equation. The
sum E, of all edges present in the graphs was taken
as a measure for size, and multiple regression
analysis did yield

| E,
TREPE (f) = — 0.00379 (E““‘

+0.05 E[m) +0.04878.
)

The correlation coefficient is 0.971 for a sample size
n = 34. The sample included systems with 14, 18, 22,
26 and 30 carbon atoms (i.e. PAH with 3 to 7 rings)
and did not include linear annellated PAH (acenes:
anthracene, tetracene etc.).
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Table 1. Parameters related to (1).

C Ag(x10%) A, (x 10?) n r

18 4.436 -0.365 4 0.986
22 4.288 —0.341 9 0.977
26 4.265 -0.377 10 0.980
30 4.349 —0.437 10 0.980
Table 2. Topological resonance energies per electron
(f units).

PAH TREPE (Eq. 2) | TREPE (Ret.[8])
(gé) 0.0384 0.0378
(I:CO:S) 0.0315 0.0308
(II&O 0.0343 0.0349
O:g) 0.0379 0.0374

(SIII‘,(S) 0.0325 0.0325
CC(SISS) 0.0344 0.0341
@(IS)O 0.0359 0.0361
C(g 0.0371 0.0374
O:ngm 0.0309 0.0303
gp:j(g 00363 0.0382

To test further the quality of the relationship,
TREPE were calculated according to (2) for 10 ran-
domly chosen kata-annellated PAH that were not
contained in the original sample and compared with
analytically derived TREPE ([8] (Table?2). The
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deviation between approximate and exact TREPE
values is in the range from 0 to 5% and the averaged
deviation amounts to 1.6%. Thus the proposed new
topological index

E'v}
V=—=2240.05E, 3
Es s tot (3)

seems to work quite satisfactorily. The design of
related topological indices applicable to both kata-
annellated and peri-condensed PAH should be
possible.

soelieess

I II

Another feature of this topological approach
related to chemical reactivity shall be mentioned
briefly. The hydrogen-depleted graphs of PAH con-
tain three types of vertices of degree 2 (i.e. positions
that can react in substitution reactions), viz. t(y
adjacent to 2 vertices r(y (e.g. the 2-position in
anthracene (I)), v adjacent to 1 vertex vy and to
another vertex v(3, (e.g. the 1-position in I) and vy
adjacent to 2 vertices v (e.g. the 9-position in I).
Generally the reactivity of PAH increases in this
order, as the comparison with reactivity indices
derived from MO theory [10] and experimental data
shows. Even in highly unsymmetrical PAH with
many different reactive positions the most reactive
position can in many cases thus be clearly identified
by inspection of the graphs. By way of example, the
hydrogen-depleted graph of benzo[a]pyrene (II) con-
tains only 1 vertex r(y adjacent to 2 vertices r3,
and it is well established that this 5-position (see
formula II) is the most reactive one.
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