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Abstract

The total number of polyhexes is deduced on the
hasis of reports by Harary and Read (1970), Lunnon

(1972), and from our own enumerations.
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In this note we wish to report on the total num-
ner of nolyhexes (benzencid hydrocarbons, benzenoids,
arenes, hexagonal polyominoes) fTor a given number of
nexagons. Mathematicians and chemists have sought these

i " 2-12
numnbers for some considerable fime.

In 1970 Harary and Read13 reported the enumera-
tion of tree-like polyhexes. In their work they con-
sidered only cata-condensed polyhexes (cata-polyhexes,
cata-condensed benzencid hydrocarbons, cata-benzenoids,
cata-fusenes) including hexagonal helicenes. Hexagonal
helicenes represent a class of multilayered (non-planar)
benzenoid hydrocarbons.14'15 Theoretically, there are
three possible classes of hexagonal helicenes: (a)
cata-condensed (regular) helicenes (cata-helicenes),
(b) helicenes containing peri-condensed fragments
{peri-helicenes), and (¢) helicenes containing holes.

So far, only representatives of regular helicenes have

been made.

In their study Harary and Read did not include:
(i) peri-systems (peri-polyhexes, peri-condensed ben-
zenoid hydrocarbons, peri-benzenoids, peri-fusenes)
and (ii) circulenes (corannulenes, corona-condensed
benzenoid hydrocarbons, coronaphenes). The Harary-Read
numbers for cata-fusenes up to 10 hexagons are given

in Table 1.
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Table 1

The Harary-Read numbers for cata-polyhexes

Number of Number of
hexagons cata-polyhexes

12
i
123
446
1689
6693

(e N B s BRI AT iy U A ey

In 1972 Lunnon16 reported the enumeraticn of
all geometrically planar polyhexes including circulenes.
Hexagonal circulenes represent rings of hexagons, i.e.
benzenoid structures with annulene-type holes.17_20
There is theoretical possibility of helicenes fused to
circulenes. Such combinaticns represent a very special
class of benzenoid hydrocarbons that can be termed heli-

circulenes. In this work Lunnon did not consider heli-

circulenes, since they are non-planar structures.

The Lunncn numbers are given in Table 2.
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Table 2

The Lunnon numbers for all geometrically planar poly-

hexes
Number of Number of all geo-
hexagons metrically planar polyhexes
ak 1
2 1
3 3
4
5 22
6 82
7 333
8 1448
9 6572
10 30480

. 21,22
In 1983 the Diisseldorf - Zagreb Group (DZG)" "’

reported the enumeration and generation of all geo-

metrically planar and simply connected polyhexes. They
did not consider any kind of helicenes, since they are
non-planar structures, and circulenes, since they are
not simply connected polyhexes, respectively. The DZG

numbers are given in Table 3.
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Table 3

The Diisseldorf - Zagreb Group numbers for all geo-

metrically planar and simply connected polyhexes

Number of
Number of SR eometricall lanar
geometrically planar g 5 B

hexagons cata-polyhexes simply connected
polyhexes
1 1 1
2 1 1
3 2 3
4 5 i
5 12 22
6 36 81
7 118 331
8 411 1435
9 1489 6505
10 5572 30086

It can seen that the DZG numbers differ from
those reported by Harary and Read for cata-polyhexes
with h » 6, where h is the number of hexagons in a
pelyhex. For h = 1 tc h = 5 helicenes cannot exist and
therefore, both sets of numbers are identical. Dif-
ferences appear for h » 6 and can therefore be equated
to the number of cata-condensed helicenes. These are

given in Table 4.
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Table 4

The number of hexagonal cata-condensed helicenes, i.e.

geometrically non-planar cata-fused benzenoid hydro-

carbons
Number of Number of cata-
hexagons -condensed helicenes
1
2
3
4
5
6 1

~
(8]

8 35
9 200
10 1121

The DZG numbers alsoc differ from the correspon-
ding Lunnon values. This is because Lunnon included
circulenes in his work. Again, for h = 1 to h = 5 the
DZG and Lunnon numbers are identical, because the first
member of the hexagonal circulene series must have six
hexagons,1u’23 though some pecple argue that the first
member of the series is not coronene, but [B] helicene,
a structure with 8 hexagons, a [lO] annulene-like in-
ternal ring, and a [22] annulene-like ext:er'naxl-ringil.o’18
For h26 the DZG and Lunnon numbers differ, and this

difference is attributed to the number of planar mono-

-
circulenes. These are given in Table 5 .
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Table 5

The number of hexagonal planar circulenes, i.e. planar
rings of hexagons

Number of Number of planar
hexagons mono-circulenes

1

2

3

i

5

6 1

i 2

8 13

9 67
10 Loy

Di-circulenes do not appear in benzenoid hydrocarbons
with less than 15 hexagons

The counts of "true" {n] circulenes: [8], [9],
and [10] circulene are 1,5, and 48, respectively. These
numbers are obtained by using a modified algorithm24
detailed in ref. 21, Using this algorithm we have enu-
merated the numbers of (cata- and peri-) helicenes
without holes. These numbers are given in Table 6. In
a separate column we give the numbers for peri-heli-

cenes.
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Table 6

The numbers for helicenes without holes

Number of Number of helice-
Number of . ; 7
helicenes nes with peri-
hexagons without holes fragments
1
2
3
4
5
6 1

~
@
w

8 71 36
9 542 342
10 3857 2736

Heli-circulenes, are only possible for systems with 10
or more hexagons. They are possible for systems with
10 hexagons only, if coronene is considered as 6
circulene. In this case there are 3 heli-circulenes

with 10 hexagons.

In order to obtain the grand total, one has to
add the numbers for helicenes and circulenes to the DZG

numbers. This is done in Table 7.
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Table 7

The total number cof polyhexes

Grand total
Number of

(= DZG numbers +
hexagens

helicenes + circulenes)

[
=

(252
83
341
1519
7114

O © @ N o »obs W

-

34350

There are, indeed, indications in the literature

25,26
that these numbers are correct. For example, Klarner '’
reported the total number of polyhexes up to h = 6, The

Klarner numbers are given in Table 8.
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Table 8

The Klarner numbers for polyhexes

Number of Total number
hexagons of polyhexes

1 1

2 1

3 3

4 ol

3 22

6 83

We have also checked some of the results given
10
by Dias. His values for cata-condensed benzenoids,
CN H(N/E) . 3 including cata-condensed helicenes are
identical to the Harary and Read values. The Dias numbers

for cata-benzenoids are given in Table 9.
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Table 9

The Dias numbers for cata-condensed benzenoids

Number of

C H
hexagons N

N/2)+3

=
iy

123

® N O s WM
-
o

446

His results for peri-condensed benzenoids were

27
also checked against our Tables of Polyxes. This was

done because at first sight it might appear that the
two sets of numbers are in complete contradiction. For

example, he found 13 024H14 isomers (polyhexes with 6

) : 1 - "
hexagons and 2 internal vertices, i.e. vertices with

valency 3), whereas we counted 14 C24H14 structures.

We differ in the following structure.
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This structure does not qualify as one of the Dias
C24H14 structures because it does not possess at least
one Kekulé valence form (it is not a 1-factorable poly-
hex)es: it is an open-shell biradical structure.lo The
numbers for closed-shell peri-condensed benzenoid hydro-
carbons of general formula CNH§+2 are: 1(4), 3(5), 13
{(6), and 59(7), where the numbers in brackets denote

the number of rings. The difference between the DZG

and Dias numbers for C?B”la isomers is attributed to
biradicals which Dias does not consider. There are nine

028”16 biradicals.
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