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By adopting the convention that shared double bonds in polycyclic conjugated
hydrocarbons contribute with one π -electron and unshared ones with two π -electrons, a
partition of π -electrons in each ring (π -electron content, EC) can be obtained by aver-
aging over all Kekulé structures, which are assumed to have equal weights. This affords
a simple measure of local aromaticity that is comparable with other such local aroma-
ticity indices in polycyclic benzenoids.
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carbons

1. Introduction, conventions, and definitions

Double bonds in the usual (geometric) Kekulé structures (KSs) of polycy-
clic benzenoid hydrocarbons (benzenoids, for short) may be either shared by two
condensed rings, or unshared. A simple method for partitioning the π -electrons
to each ring of a benzenoid consists in assigning one π -electron for each shared
double bond and two π -electrons for an unshared double bond. By assuming
equal weight for all KSs and by averaging the number of π -electrons for each
ring, one obtains the π -electron partitioning (π -electron content, EC, of each
ring, or the algebraic KS) [1–3]. Alternatively, the partitioning may be obtained
by using Pauling bond orders, as indicated in preceding parts of this series,
where we have examined cata-condensed benzenoids (catafusenes) [4], coronoids
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[5], peri-condensed benzenoids (perifusenes) [6], and nonalternant conjugated
hydrocarbons [7]. Sometimes several different geometric KSs correspond to the
same algebraic Kekulé structure [8].

Throughout this article, we adopt the convention to write benzenoid rings
so as to have a vertical pair of bonds. The number of KSs is denoted by K, the
number of carbon atoms and π -electrons by n, and the number of benzenoid
rings by R.

As an example for finding π -electron partitions in rings of benzenoids, let
us examine the two isomeric catafusenes anthracene (1) and phenanthrene (6)
whose KSs have seven double bonds, i.e. 14 π -electrons.

Anthracene has four KSs; in two of them, one terminal (outermost) verti-
cal double bond is double, and no double bonds are shared; π -electron counts
for the three rings (starting from one terminal ring) are 6, 4, 4 and 4, 4, 6; in
the remaining pair of KSs with one shared double bond the π -electron counts
are 5, 5, 4 and 4, 5, 5. Therefore the averaged partition for the three benzenoid
rings in anthracene is 19/4, 18/4, 19/4.

Phenanthrene is the first catafusene in the class of fibonacenes, i.e. non-
branched catafusenes that have no anthracenic subgraph (in other words, their
dualist graphs have notations that differ only in interchanging digits 1 and 2,
which indicate “left-kink” and “right-kink”). Examples of isomeric fibonacenes
are chrysene (7) and [4] helicene (11); picene (8) and [5] helicene (12); or the di-
benzanthracenes (16 and 17). Irrespective of their geometry, fibonacenes with the
same number of rings and with dualist graphs differing only by above-mentioned
interchange of digits 1 and 2 in their notation, possess the same K values and
lead to the same partitions. Phenanthrene has five KSs; the unique Fries struc-
ture with two shared double bonds corresponds to a π -electron count 5, 4, 5; the
two KSs with one shared double bond have π -electron counts 5, 3, 6 and 6, 3,
5; in the two KSs with no shared double bond the π -electron counts are 4, 6,
4 and 6, 2, 6. Therefore the averaged partition for the three benzenoid rings in
phenanthrene is 26/5, 18/5, 26/5.

By comparing the results for these two isomeric catafusenes, one sees that
the terminal rings of phenanthrene have a larger share of the 14 π -electrons than
the terminal rings of anthracene, having in both its terminal rings a circle sym-
bolizing a sextet of π -electrons. By contrast, anthracene has only one circle in
one of its rings in the clar structure.

In the first part of this series [4], which discussed the partition of π -elec-
trons in rings of catafusenes, it was shown that the terminal rings of an acene
have a share (part) of π -electrons equal to (n + 5)/K = (4R + 7)/(R + 1). All
other rings have a share of (n + 4)/K, as can be easily verified for anthracene
with R = 3, K = 4, and n = 14. By contrast, in fibonacenes, K is a Fibonacci
number (hence the name), and the partition in various rings is much more varied
than in acenes.



A.T. Balaban and M. Randić / Local aromaticity of rings in polycyclic benzenoids 445

A

A A A A

A A A

A A

B BB B

B B B B

B B

C C

C C

C C

D

D

1 2 3 4

5 6 7 8

9 10

A A

A

A

A

A

A

B B

B

B B B
B

C

C C

C C
CDD

A B C

11 12

13 14 15 16 17

18

A B C
D

A

A

B B

B

A A A
A

B B
B

C

C D

E F

19 20 21

22 23 24 25

A B

2726

A

B

C D

E

Figure 1. Structures of benzenoids.

2. Local aromaticity in benzenoids

Starting with Polansky and Derflinger’s seminal paper [9], theoretical chem-
ists have assigned to rings in benzenoids a more or less pronounced “benzenoid
character” or “aromaticity degree” using various criteria such as results of quan-
tum-chemical calculations (VB, HMO, PPP, etc.), or experimentally determined
interatomic bond distances. Prominent among the latter local aromaticity cri-
teria are harmonic oscillator model of aromaticity (HOMA) values introduced
by Kruszewski and Krygowski [10–18]. More recently, as shown by Schleyer
[19], calculations allow the determination of nucleus-independent chemical shifts
(NICS) at various distances from the molecular plane (in Ångstroms), most
often NICS(0) and NICS(1). Some benzenoids, which are non-planar due to
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overcrowding, have geometries that disagree with the symmetry of their consti-
tutional formulas; in such cases the literature data have been recalculated taking
average values for the symmetrical rings, and the corresponding values are itali-
cized in the tables. Symmetry non-equivalent rings (r) are denoted by capital let-
ters A, B, etc. as indicated in figure 1.

In the present paper we shall compare literature data for local aromatici-
ties in rings of polycyclic benzenoids with our simple partitioning of π -electrons
(EC) taking into account that the latter data need only quick, simple calcula-
tions, and can often be performed without computers.

The comparison will be made with the following quantitative measures of
local aromaticity in six-membered rings of benzenoids that in most cases are rel-
ative to the aromaticity of benzene (ordered approximately alphabetically; only a
selective bibliography is provided, but a more detailed comparison will be pub-
lished separately, with extensive bibliography):

• Aida and Hosoya’s “benzene characteristics” [20];

• Aihara’s ring currents (in units relative to benzene) [21];

• Gutman and Bosanac’s ring energies (in β units) [22];

• Herndon and Ellzey’s “ring aromaticity indices” [23];

• Jiang’s (with coworkers) six-electron spin-alternation probability, PSESA
[24, 25];

• Kruszewski–Krygowski–Cyranski’s harmonic oscillator model of aroma-
ticity (HOMA) values, HOMA = 1 – EN – GEO (EN values also listed)
[10–18];

• Li and Jiang’s relative (to benzene) local hexagon aromaticity, RLHE
[26];

• Monev–Fratev–Polansky–Mehlhorn’s ground-state benzene character [27];

• Moyano and Paniagua’s ring resonance energies, RRE (in β units) [28];

• Poater et al.’s mean Bader’s electron delocalization index DI of para-
related carbon atoms [29];

• Polansky and Derflinger’s “characterograms” [9];

• Randić’s graph-theoretical local aromaticity index [30,31];

• Sakurai’s “benzene character” [32];

• Schleyer’s nucleus-independent chemical shift computed at a distance d =
0 or 1 Å from the center of the corresponding benzenoid ring, NICS(d)
[19];
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• Suresh–Gadre’s molecular electrostatic potential (MESP) topography at
critical points for each ring [33];

• Tarko–Filip’s topographical paths aromaticity, TPA [34].

We start with local aromaticities of rings in acenes, then we continue with
other catafusenes (non-branched and branched), and we finish with data for
perifusenes.

3. Acenes

In table 1 we present values for local aromaticities of acenes with 3–7 ben-
zenoid rings. Numbers in the heading indicate references. Our EC partitioning is
more discriminating than simple VB local aromaticities (which have one and the
same value for all rings of a given acene, e.g. 0.333 for the five rings of penta-
cene). However, most other literature data discriminate better local aromaticities
than our EC partitioning, e.g., again for pentacene the values for rings A, B, and
C are 0.657, 0.462, and 0.434 (HMO), and 0.581, 0.508, and 0.686 (PPP calcu-
lations) [20]. For rings A and B in anthracene, local aromaticities were reported
to be 0.893 and 0.840 in ref. 9, 0.643 and 0.537, [34] or 0.0952 and 0.0652 [22].

Among the literature data from table 1, our EC partitioning leads to corre-
lation factors r2 = 0.86 with EN data [10–18], and 0.76 with data from ref. 33.
Other local aromaticities correlate even less satisfactorily with our EC partition-
ing data.

4. Other non-branched and branched catafusenes

Table 2 contains local aromaticities for three other classes of catafuse-
nes, different from acenes: fibonacenes, other non-branched catafusenes, and
branched catafusenes. These classes are separated by dividing lines in table 3. For
all such catafusenes, our EC partitioning discriminates well the symmetry-non-
equivalent rings, and higher correlation coefficients are obtained in comparing
them with other measures of local aromaticity. Among the best correlations with
our EC partitions one may mention those with NICS(0) (r2 = 0.97), NICS(1)
(r2 = 0.95), HOMA (r2 = 0.91), and EN (r2 = 0.84). Other data are two few for
correlations; thus, ring energies for rings A and B in phenanthrene are 0.159β

and 0.053β, and in triphenylene 0.191β and 0.024β, respectively, according to
ref. 22; ring currents for rings A and B in chrysene have relative values of 1.152
and 1.068, and in triphenylene 1.109 and 0.748, respectively, according to ref. 21.
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5. Perifusenes

Data for local aromaticity in rings of peri-condensed benzenoids are dis-
played in table 3. Because HOMA and EN indices are determined from
molecular geometries determined experimentally either by X-ray or by neutron
diffraction, data for pyrene are given for both techniques. A special mention
should be made for the last benzenoid (27) in table 3: it has a center-symmet-
ric structure, but because of steric repulsions the molecule is not perfectly planar
[35]. Local aromaticities for its rings were estimated by Randić’s graph-theoreti-
cal procedure (GT) [30], and by the relative ring energy content [14]. Again, our
EC partitioning correlates fairly well with other, more complicated, measures of
local aromaticity such as HOMA (r2 = 0.94) and EN (r2 = 0.90).

Other data are two few correlations; thus for rings A and B in pyrene have
ring resonance values of 0.362 and 0.118, respectively, according to ref. 28; rings
A and B in perylene have local hexagon aromaticity (RLHE) of 0.929 and 0.814
according to ref. 26; rings A, B, and C in anthanthrene (dibenzo[def,mno]chry-
sene) have aromaticity indices according to Aida and Hosoya of 0.414, 0.404,
and 0.609 (HMO) and 0.284, 0.454, and 0.686, respectively (PPP calculations)
[20].

On attempting correlations between partitions and other local aromaticity
indices for all benzenoids 1–27, despite the similar trends that are evident from
the tables, lower correlation coefficients are obtained, e.g., with HOMA values
one finds r2 = 0.59.

6. Conclusions

By comparing our recently proposed EC partitions of π -electrons in rings
of polycyclic benzenoids with various other local aromaticity indices proposed
earlier in the literature it was found that there exists a pronounced parallelism
with the HOMA and EN indices, and with NICS values. The highest corre-
lations were found for non-linear catafusenes, and the lowest ones with linear
catafusenes (acenes); perifusenes fall in-between.
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296.
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[17] T.M. Krygowski and M.K. Cyrański, Theoretical Organic Chemistry, Vol. 5, ed. C. Párkányi,

in: Theoretical and Computational Chemistry (Elsevier, Amsterdam, 1998) p. 153.
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