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A group-theoretical treatment of the Kekulé structures of polyphenes is
performed. General expressions in terms of the number of benzene rings are
given for the symmetrical structure (I'g,z) and the characters (xg.;) of the
representation on the basis of the Kekulé structures.
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Kekulé Strulkturen von Polyphenen

Es wurde eine gruppentheoretische Behandlung der Kekulé-Strukturen von
Polyphenen durchgefithrt. Ks werden — in Abhéngigkeit von der Anzahl der
Benzoleinheiten — fiir die symmetrischen Strukturen (I'g,;) und die Charak-
tere (1) der Darstellung auf Basis der Kekulé-Strukturen allgemeine Aus-
driicke angegeben.

Introduction

The Kekulé structures!-2 of aromatic molecules are symmetrical;
they have either the full symmetry of the molecule in question or lower.
On the basis of their symmetry properties a group-theoretical treat-
ment? of Kekulé structures has been initiated?. In this connection the
terms ¥ k.. and I' g, have been introduced. With @', the (reducible)
representation and with x g, the respective characters of the set of
Kekulé structures in the point group of the molecule are denoted. They
pertain to the representation of the appropriate symmetry group on the
basis of the Kekulé structures for a given molecule.

The general problem of determining g, or D'g, for a given
aromatic has not been solved. Special solutions have been reported# for
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the “straight-chain” aromatics (polyacenes) and ‘“‘zig-zag chain’ aro-
matics (phenanthrene, chrysene, picene, etc.). In the present work the
problem was solved for a class of “bent-chain” aromatics, viz. poly-
phenes.

As a part of this group-theoretical problem one obtains the number
of the Kekulé structures as yg.(Z), the character of the identity
operation.

Results and Discussion

Class of Molecules

The considered class of molecules consists primarily of fused
benzene rings in a bent chain, viz. phenanthrene, tetraphene, pentaphe-
ne, etc.; see Fig. 1. The number of benzene rings is identified by the
symbol §. The chain should be bent as closely as possible to the centre
of the molecule. Consequently the molecules with €@ =3,5,7, ... possess
a vertical plane of symmetry and a two-fold symmetry axis; they
belong to the symmetry group Cyy. The molecules with € =4,6,8,...do
not possess any symmetry element apart from the molecular plane;
they belong to Cs. The molecules naphthalene (€ =2; Dyy), benzene
(@ =1; Dg) and even ethylene (¢ =0; Dyy) may also be considered as
belonging to this class.

All the molecules considered here have the chemical formula
Cyg+2Hogss

Number of Kekulé Structures
The number of Kekulé structures, K, for a molecule of the class
considered here was derived in terms of @ with the result

1

1+1Q(Q+2); ©=0,2,4,6,...

K =

1

1+;(Q+1)2; ©=1,3,517,...

The seven Kekulé structures of tetraphene (¢ =4) are shown in
Fig. 2.

Number of Totally Symmetrical Kekulé Structures

For @ =4,6,8, ... the symmetry of the considered molecules is Cs.
All the K Kekulé structures for these molecules are totally symmetrical
in the group-theoretical sense.
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Q=0 = ETHYLENE k=1 -
1 <C::> BENZENE 2 -
2 <:§> NAPHTHALENE 3 -
3 <C:j;::z::> PHENANTHRENE 5 Teae = ¥ T3, (Cy)
4 d:g:b TETRAPHENE 7 74" (,)
5 dﬁz_} PENTAPHENE 10 74, 438, (c,)
6 , HEXAPHENE 13 134" ()
7 HEPTAPHENE 16

114, + 68, (C,)

Fig. 1. A class of aromatics including the polyphenes: Number of benzene rings
(@), number of Kekulé structures (K), and the symmetrical structure (I" g,,) for
¢} = 3. Symmetry group in parentheses
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Fig. 2. The Kekulé structures of tetraphene
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For @ =3,5,7,... the appropriate sj*mmetry is Cyy. For the number
of totally symmetrical Kekulé structures (S) it has been found
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The four totally symmetrical structures of pentaphene (¢ =5) are
shown in Fig. 3.

The symmetry properties of the cases for ¢ = 0,1,2 are not treated
here since the corresponding molecules do not follow the general scheme
as far as their symmetries are concerned.
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Fig. 3. The totally symmetrical Kekulé structures of pentaphene

Group-Theoretical Treatment of the Kekule Structures

The symmetrical structure, ['g,;, or the characters, y g, are easily
found when the Kekulé structures first are derived for a given molecule.
For ¢ =4,6,8, ... (symmetry Cs) one has simply

FKek = K A’
and
XKelc(E) = ZKe/c(c) =K
For @ =3,5,7,... (symmetry Cy,) it has been found
1 1
FKelc: f(K“{"kSY)A] +7(K_‘*S)Bg
2 2
The numbers K and S are given above in terms of ¢. Here the x-axis
was chosen as perpendicular to the molecular plane, while the z-axis ag

usual is the two-fold symmetry axis. The characters of the correspond-
ing representation of the Oy, group are:

Yoker (B) = L ger(0yz) = K, Yxer(O2) = A ger (6z) = 8
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Fig. 4 shows the non-totally symmetrical Kekulé structures of
pentaphene (¢ =5). They may be grouped into pairs, K; and Kj, where
each member is the mirror image of the other: the linear combinations

Fig. 4. The non-totally symmetrical Kekulé structures of pentaphene

(K; + K}) belongs to 4, while (K;— Kj) belongs to B,. Figs. 3 and 4
together show all the ten Kekulé structures of pentaphene.
Their symmetries are consistent with the symmetrical structure
Prr=T74,+35B,.
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