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POLYCYCLIC AROMATIC HYDROCARBONS
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Abstract—In order to analyse the mode of distribution of m-electrons in a given hexagon in a polycyclic aromatic
hydrocarbon, normalised VB- and MO- (HMO and PPP) benzene characters are defined and calculated for a
number of molecules. Their relation to the topological structure of the molecule was studied in detail. By
combining these quantities it was shown that the w-electrons in the three different classes (primary, secondary and
tertiary) of hexagons have different distribution over the benzene ring. It was found that the value of the benzene
character is determined by the local topological structure up to the third next hexagons. These findings qualitatively
support and quantitatively figure out the concept of the Clar’s aromatic sextet, which can be interpreted as the “higher
order w-electronic correlation” that the w-electronic system of polycyclic aromatic hydrocarbons can be described by
the cooperative interaction of the units of closely correlated six #-clectrons.

The relative stabilities of isomeric polycyclic aromatic
hydrocarbons are attributed to the difference in the total
m-clectronic energy, E,, which is a function of the
topological structure of the component hexagons.
Several empirical formulas hitherto proposed’ suggest
that E, can be expressed as the sum of the contributions
of some unknown “benzene character” over the com-
ponent hexagons. However, little is known about the
details of this functional form, albeit a number of
sophisticated calculations can afford fairly accurate pre-
diction on the electronic structures of individual polycy-
clic aromatic hydrocarbons.*

On the other hand, it has been known empirically that
the “angular annellation”, “phene structure”, or “kink”

as in phenanthrene

yields extra stabilisation energy relative to the linear

“acene structure”,”

According to the Clar’s postulate of the *‘aromatic
sextet”,'® the above argument is translated into the
comparison of the maximum number of the resonant
sextets as in

>

In this paper let us call these structures with the largest
number of aromatic sextets as the “Clar patterns™.

Polansky and Derflinger gave the MO interpretation of
the aromatic sextet by defining a measure of the benzene
character in terms of the Hiickel molecular orbitals
(HMO)."' It is still an open question if these relations
may or may not be changed as the improvement of the
molecular orbitals.

Herndon and Ellzey,'* Randié,'® and Aihara'’ in-
dependently showed that the relative weight of each
benzene ring in the enumeration of the Kekulé structures
represents the Clar pattern and the relative aromatic
character of the component rings fairly well. One of the
present authors showed that by defining the sextet poly-
nomial these resonance-theoretical or VB-theoretical
quantities are interrelated to each other and also related
to the number of the sextets in the Clar pattern.'

However, most of the discussions in these studies
have been limited to the comparison or correlation of
these quantities among certain series of compounds. The
analysis of the relation between the topological structure
and these quantities is also not yet fully given. The
purposes of the present paper are to analyse the relation
between these MO- and VB-benzene characters with
particular reference to their topology dependency and
also to see the effect of the degree of approximation in
the: MO calculation on the benzene character.

Definitions of benzene characters

MO-benzene characters." Suppose a local structure L
in a w-electronic conjugated molecule M, and calculate
the MO's of molecule L and M. For example, L may be a
particular bond (ethylene), three consecutive bonds
(butadiene), or a hexagon (benzene) in naphthalene (M).
By definition the Coulson bond orders for bond jk in
molecules L and M are respectively obtained as:

Pl =23 ChCk )

P =23 CaCa. @

Polansky and Derflinger have shown that the pro-
jection of the occupied MO’s in the local structure L of
M onto the occupied MO's of molecule L is reduced to

the quantity
1
n= KXEP’L"F"‘ 3
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where n, is the number of the C atoms in L. By using the
charge density

a=25¢3 @

r. can be expressed as:

1%, 1%F .

rL—anXm q’*nth"p"‘ ®)
where the double summation in the second term runs
over all the atom pairs in L, irrespective of the adjacency

relation between j and k. For an alternant hydrocarbon
the pairing theorem ensures that:

1,1
n= §+;;§: PiPik- ©

The Hiickel MO’s (HMO) of benzene give the following
values

Phno =23, Phen=0, Prann=-1/3,
and for a particular benzene ring L in molecule M we

have
TL=%+%(22|’MM-SPM)- Yy

Polansky and Derflinger'' have calculated the values
of r. for a number of polycyclic aromatic hydrocarbons
and have shown that r, varies in the range 0.8-1.0, with

*In their papers the values p = 2(r, — (1/2)) are given, which is
supposed to take the value between ~1 and 1 for the range
between 0 and 1 of r.. The relation between I and py is
?L=3PL_2-
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the maximum value of 1.0 for benzene.” However, it
turns out that ry is as high as 5/6 for a set of three
isolated double bonds. Then let r, be transformed into .
as

L= 6l'|_— 5 (8)

=%(229m‘2|)m)‘2

so as to vary from O for three isolated double bonds to
1.0 for benzene, and call it as (normalised) MO-benzene
character.

In this paper two different sets of MO-benzene
characters 7" and 7. for a number of polycyclic
aromatic hydrocarbons were calculated by using the
HMO and variable-8 version of the PPP MO's."”

VB-benzene character. Let K(G) be the number of the
Kekulé structures of graph G, and GOR. be the sub-
graph of G obtained by deleting ring Ry together with all
the bonds adjacent to R..2® Then the quantity

b = 2K(GORL) ®

is nothing else but the number of the Kekulé structures
in which a set of circularly resonating three double bonds
can be drawn in a particular hexagon R.. Note the
schematic relation below

QLI = XX

The quantity b, has the values 2 and 0, respectively,
for benzene and the central hexagon in perylene where
no sextet can be drawn. Thus the following quantity is
defined as the normalised VB-benzene character

(10)
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which takes the values of 1 and 0, respectively, for
benzene and a set of three isolated double bonds. The
number of the Kekulé structures for a conjugated
hydrocarbon can be obtained by the successive ap-
plication of the recurrence formulas.” '

RESULTS

General remarks. In this paper the three different ben-
zene characters, T ¥, 7. and by, have been calculated for
all the members of the polycyclic aromatic hydrocarbons
with up to six hexagons and several series of hydro-
carbons as shown in Charts 1-3, where one of the typical
Clar patterns and tentative symbols representing the
shape and size of the molecule are given.

For pentacene (Ls) three benzene characters are given
in Fig. 1. It has been known that for polyacene and other
hydrocarbon molecules with a long polyacene moiety the
set of the Kekulé structures alone is not good enough for
explaining the w-electronic properties of the ground state
of these molecules. Namely, a single Clar’s aromatic
sextet is delocalised equally with the weight of b, =
2/(n+ 1) all over the long chain of benzene rings

:

but excludes the coexistence of other sextets to gain
additional stability no matter what the size of the mole-
cule increases. Then the value b, converges to zero for
an infinitely long polyacene. This means that the stabil-
isation energy of these types of molecules is under-

» EEEI0
v R0
v SR

Fig. 1. Three benzene characters, by(VB), #*(HMO) and
1.7(PPP), of pentacene (Ls).
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Fig. 2. Dependency of the 7" and 7. values for polyacenes on

the site of the hexagon (—) and on the size of the molecule (—).

The benzene characters are the largest for the terminal hexagons

and monotonously decrease toward the center of the molecule.

The value of the benzene character for the terminal hexagon of

polyacene (L,) with n hexagons is plotted above the abscissa n.
See also Table 1 and Fig. 1.

estimated as long as only the Kekulé structures are taken
into account.

On the other hand, the distribution of the values of "
and . ® are very similar as is also shown in Fig. 2, where
these values for the polyacene series (Lr-Lo) are plotted.
The benzene characters 7, and 7" are the largest at the
terminal ring p., sharply drop at the next ring and slowly
decrease toward the center s. These limiting values
gradually decrease with the size of the molecule but,
contrary to the VB-benzene character, converge to cer-
tain values. The rate of the convergence is faster for the
" value than for the £ ". (Table 1).

Now to turn to other examples, Fig. 3 gives the ben-
zene characters of anthanthrene (D). It is remarkable in
this case that the distribution of the by values agrees well
with that of 7", but deviates slightly from that of F.".
The results of the zig-zag series (W.) are given in Fig. 4,
where again b, gives similar distribution with that of 7, ®
but #.* shows smooth distribution. From the examina-
tion of a number of plots® it is concluded that except for
polyacene-like molecules the by values, which can be
obtained by a hand calculation, can be used as a rough
estimation of the 7" values.
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Table 1. Benzene characters of typical series of catafusenes having extremum values for primary catahexes

a)
Series I‘n 1..vn
P, . P, t P,
n
& P i =P -8 P -8 =P -8 -
L L L L Ty L L L L L
1 1,000  1.000 1.000  1.000 0.821  o.g6s 0.141  0.089 0.821  0.869
2 0.735  0.750 0.735  0.750 T o0.88S 0.025 ~0,118 0.712  0.726
3 0.678  0.647 0.518  0.600 0.829  0.887  -0.006 -0.192 0.676  0.643
4 0.663  0.602 0.475  0.541 0.828  0.888  -0.015 ~-0.221 0.663  0.601
5  0.657  0.581 0.434  0.492 0.827 0.888  -0.018  -0.234 0.658  0.581
6 0.656  0.571 0.422  0.466 0.827 0.888  -0.018 =-0.240 0.6%  0.571
7 0.655  0.566 0.411  0.443 0.827 0.888  -0.018 -0.243 0.655  0.566
8  0.655  0.564 0.408  0.432 0.827  0.888  -0.018 -0.244 0.655  0.564
3  0.655  0.563 0.405  0.421 0.826  0.888  -0.016 ~0.244 0.655  0.563
10 0.655  0.562 0.404  0.415
20 0.655  0.562 0.401  0.400
& o.655” o.562 0.401  0.398 0.826 U.BEE  -0.016 -0.244 0.655  0.562
2
2 2 2(n+l 2 4(ntl 2
5, s da Fr il At .,y ——y— 0 * T

2{n+1} "+l

2{n+1)7+1 2{n+1) "+l

-0

a} See Chart 1.
¢} Estimated values.

In general the PPP method, thanks to its explicit
inclusion of the electronic repulsion, would give fairly
reliable information on the distribution of electrons.
However, the complicated SCF procedure prevents us
from deriving analytic expressions for several important

PPP

HMO
Fig. 3. Three benzene characters of anthanthrene (Ds).

vB

b} Underlines and overlines, respectively,

indicate the lowest and

highest limits for the primary catahexes.
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Fig. 4. Three benzene characters of “zig-zag” polycyclic aroma-
tic hydrocarbons (Wr and W),

quantities, and gives us only vague information regarding
the infinitely large w-electronic systems in the case
where the quantity concerned changes slowly with the
size of the molecule. The advantage of the HMO cal-
culation over more accurate methods at the sacrifice of
the precision lies in its mathematical neatness and
smaller amount of computation to be needed. Thus from
now on we will use " and #,.7 complementarily for the
detailed analysis of the benzene characters in relation to
the topological structure of the molecule. The com-
plementary character of these two quantities will be clear
from Fig. 5, where the 7. values are plotted against the
.M values for all the catacondensed aromatic hydro-
carbons studied.

Classification of benzene rings. Polycyclic aromatic
hydrocarbons are largely classified into catacondensed
and pericondensed aromatic hydrocarbons. In this paper
we will call them, respectively, as catafusenes and peri-
fusenes after Balaban and Harary. > If we are concerned
with the benzenoid aromatics which are composed only
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Fig. 5. The plot of (¥, 1) for catafusenes (catacondensed
aromatic hydrocarbons). Except for benzene (l 1) and a set of
three isolated double bonds (0, 0), the benzene rings are grouped
into three classes of plots, i.c. primary between [0 and [,
secondary between I and [ and tertiary between I and BL () po
of 1 - Ve, 01 po Of L, BI: 5 of Ve— 1~ Ve, @: s of Va, B t of
K, and B t of Y.. See Chart 2 and Tables 1, 3 and 4 for
notations.

of hexagons, they can be represented simply by their
skeletal graph whose points are the centers of the com-
ponent hexagons and whose lines represent their con-
nectivity. With this skeletal graph expression catafusenes
and perifusenes are, respectively, tree and non-tree
graphs.

Let the component hexagons of catafusenes be called
as catahexes and those of perifusenes as perihexes. Both
of them are further classified as in Table 2 depending on
the number (degree) of the adjacent hexagons. If the
directions of branching are also taken into account we

have four different types of catahexes as

ol oAk ol o

primary linear kink tertiary
sacondary

For perifusenes there are eight types of perihexes for
which hieroglyphic symbols are given in Table 2.

Although it has been known empirically that the elec-
tronic properties, such as bond order and carcinogenic
activity,® of the component benzene rings in polycyclic
systems seem to depend on the environmental arrange-
ment of other hexagons, systematic analysis has not yet
been performed.'? It was found in this study that by
combining the benzene characters of £.* and #,.* one can
clearly distinguish each type of hexagons, especially for
catahexes. The factors governing the electronic proper-
ties of the component hexagons in polycyclic systems
were also clarified.

As evident from Fig. 5 the plots of 7" against F.®
except for the points (1,1) (benzene) and (0,0) (three
independent double bonds) are sharply grouped into
three sets of points lying on straight fines parallel to each
other. The first group of points lying in between points [
and @ are nothing else but the primary catahexes. The
groups in between [I] and [ and 3] and [ are, respec-
tively, secondary and tertiary catahexes. Note that the
value 7.” alone cannot differentiate them effectively,
while the 7" value can work fairly well but not per-
fectly.

(i) Primary catahex. Careful inspection of the plots in
Fig. 5 reveals that the primary catahex plots are sub-
divided into five segments as of

This feature can also be seen in Fig. 6, where the
histogram of the " values for the catahexes of the 77
catafusenes with up to six hexagons are given. Several
peaks in the histogram of primary catahexes are found to
correspond to finer subclasses. This means that the value
of the benzene character 7, ® of a primary catahex can be
predicted within an error of 0.03 if one knows the local

Table 2. Classification of catahexes and perihexes

Degree

e | b L L A
'S l<

Parihex

<
[~

241

FlK KKK

w T X Q ]
4 3+1 2+2
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Fig. 6. Histogram of the 1, M values for the catahexes of the 77

polycyclic aromatic hydrocarbons. C3: primary catahex, @:

linear secondary catahex, &: kink secondary catahex, m: ter-
tiary catahex. See text for A-E.

structure up to the third next hexagons around the hex-
agon concerned.

The above discussion has been obtained from the
limiting number of relatively small polycyclic aromatic
hydrocarbons. Question arises to what extent does this
classification hold if one goes on to infinitely large sys-
tems. For this purpose the combination of Ff." and by is
found to be effective since the former gives analytical
expression for the asymptotic behavior of the system

L3y

concerned and the latter presents its pictorial inter-
pretation by the aid of the Clar patterns.

The analytical formula of p.'s have already been
obtained by Sofar et al. for polyacenes (L.) by using
HMO wavefunctions.'? As seen in Table 1 the " value
for the terminal (primary) catahexes p, almost converges
at heptacene (L,) to the value of 0.655 and the value for
the central hexagons s of L, and Lo is very close to the
limiting value of 0.401. On the other hand, the value of
f.¥ shows slower convergence.

As has been pointed out earlier, for polyacene series
the Clar pattern is not a good description for the ground

M. ADA and H. Hosova

state; every member of the hexagons of L. having a
uniform value of b, =2f(n+1). Anyway the limiting
value 0.655 for the terminal hexagon p. of L, is the
smallest value of 7" for the primary catahex. The
carresponding 7. value is 0.562. This is plotted as point
@ in Fig. 5.

A symmetrically V shaped catafusene in which two L,
moieties are angularly joined to a hexagon may be called
as V.. Let us then call such a catafusene as 1 -V, that is
composed of a hexagon and V. as in Chart 2.

The protrudent hexagon po of this molecule has a
peculiar feature of its large benzene character. Accord-
ing to Clar, the ground state of 1 -V, can be expressed
as the diagram in Chart 2 having three resonant sextets,
two of which move across the long linear branches of
hexagons leaving a large benzene character on the hex-
agon po. In other words, in each of the 2(n + 1)* Kekulé
structures out of 2(n + 1)} + 1 an aromatic sextet can be
drawn in the protrudent hexagon po.

The calculated values of f.* and #.” for po are given
in Table 1, from which the largest 7" value 0.829 for the
primary catahex is found in 1~V, Al of the largest
members of this series have similar values of po. In Fig. §
the po value for 1 - V. is plotted as point 1. On the other
hand, the central hexagon t is expected to have very low
¥ value, which, however, is not the smallest among the
tertiary catahexes.

(ii) Secondary catahex. A number of subclasses mingle
each other in the plot of the secondary catahexes in Fig.
5. One cannot tell the local structure around the secon-
dary catahex concerned just by knowing the value of "
above 0.4, but the T " value between 0.3 and 0.4 is
assigned to the “kink™ hexagon at which two straight
polyacene moieties (including the terminal hexagon)
meet. However, if one plots the F.* values of “linear”
and “kink” secondary catahexes separately as in Fig. 6,
interesting features come out.

The main body of the peak A of the histogram of the
kink group at 0.53-0.54 is the following class of isomers,

SIoslat

where an open circle represents the kink hexagon con-
cerned. Note that these eight entries out of ten are the
members of all the possible combinations obtained by
joining two phenanthrene molecules so that the junction
takes the kink form. The other two entries are as fol-

S

Quite similar classes of isomers are found in the peaks
B(r," = 0.48-0.49)

5333 23 S,
A e,
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and C(F." = 0.39-0.40)
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Most of the linear secondary catahexes in peaks D(f ™ =
0.57-0.58) and E(f ™ =0.54-0.55) have common local
structures, respectively, as

i Saa S

Linear secondary catahexes with the local structure as
——0—0—

have the values of 7" = 0.42-0.52.

As deduced from the asymptotic behavior of the series
L. and 1 -V, the central catahex s in V, is expected to
have the smallest benzene character for the secondary
catahexes. This is actually the case. The values ar¢
7. =0.266 and 7" = 0.043 (Table 3 and point @ in Fig.
5).

By joining two V,'s linearly to a hexagon one gets a
series of molecules V,—1—V,, whose Clar pattern has
five resonant sextets as in Chart 2. The benzene charac-
ter of all the hexagons in the four branches is diluted,
whereas the central hexagon s is expected to have large
f.™ and 7 " values. Actually the values, #." = 0.633 for
V:-1-V; and 7,." = 0.776 for V.- 1- V. are found to
be the maxima for the secondary catahexes (Table 3 and
point (3] in Fig. 5).

(iii) Tertiary catahex. Starphene Y. is composed of
three arrays of L, moieties and the central hexagon t,
whose benzene character is found to be the smallest of
the tertiary catahexes. Therefore the ground state of
starphene may be represented as in Chart 2 where three
sextets of triphenylene move across the L, moieties. It is
to be noted that the limiting value of —0.380 for T.* is
rather small compared to that of 7,? of —0.087 (Table 4
and point (@ in Fig. 5). Generally the PPP method gives
the values of higher contrast than the HMO method for
the benzene character. This reminds us of the similar
features of the bond order for the large acyclic =-
electronic networks.

The propeller-shaped polyhex K, has the same com-
ponents as Y.,-the only difference being in the direction
of branching. However, this difference is crucial for
determining the number of the kink hexagons. A sextet
moves across each of the three L, branches, leaving the
fourth sextet fixed on the central hexagon t and thus
placin% there a large benzene character. The largest 7"
and f,.” values for the tertiary catahexes are found to be,
respectively, 0.360 and 0.530 for the t hexagon of the
infinitely large molecule K, (Table 4 and point ] in Fig.
5).

(iv) Perihex. In Fig. 7 are plotted the f.™ values of
perihexes from the nineteen perifusenes having four to
six hexagons and a singlet ground state. They are
separately plotted according to the classification of Table
2. The value of f.™ smoothly changes with the number of
the neighbouring hexagons, but their distinction is not so
clear as in the case of catahexes. The F." values of the
first class V with two neighbours range from 0.6 to 0.72.

Table 3. Benzene characters of typical series of catafusenes having extremum values for secondary catahexes

sariel‘) Va Vo iV,
8 Pn s t P,
n
= =P -H -] = =P - =P I | =P
rL rL tL rL rL rL rL rL rL rL
1 0.439 0.422 0.783 0.825 0.652 0.749 0.115 0.053 0.822 0.872
2 0.316 0.194 0.701 0.705 7.663 0.771 0.006 -0.136 0.712 0.726
3 0.281 0.108 0.673 0.634 0.660 0.775 -0.023 -0.20S 0.676 0.643
4 0.271 0.073 0.662 0.597 0.658 0.775 ~0.031 -0.233 0.663 0.601
5 0.267 0.057 0.658 0.579
6 0.266 0.050 0.656 0.570
7 0.266 0.047 0.656 0.566
8 0.266 0.045 0.655 0.564
=S 0.266") 0.043 0.655 0.562 0.655 .77¢ ~0.035 -0.244 0.655 0.562
2 2
2 2(n+l 2 n+l 1 2(n+1) “+1
+ 0 - -1 + 0
B i (TEIT’%E T (n+1) %41 (n+1) 241 (n+1) {(n+1) 241}
-+ 0 -+ nf + 0

a) See Chart 1.

b) Underlines and overlines, respectively, indicate the lowest and

highest limits for the secondary catahexes.

c) Estimated values.
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Table 4. Benzene characters of typical series of catafusenes having extremum values for tertiary catahexes

LY

Serien Yn xn
. t pn t ] Pn
=8 =P =H =P =H =P =H =P <H =P
tL rL rI’ !L l'L rn L’L tL rL !‘L
1 0.141 0.089 6.821 0.869 0.141 0.089 0.821 0.869
2  -0.030 -~0.212 0.714 0.732 0.316 0.391 0.513 0.538 0.762 0.794
3 -0.072 -0.311 0.677 0.646 0.351 0.478 0.441 0.402 0.691 0.678
4 -0.0B4 -0.350 0.663 0.603 0.359 0.509 0.419 0.345 0.668 0.618
5 -0.086 ~0.366 0.658 0.582 0.360 0.521 0.412 0.320 0.660 0.589
6 ~-0.087 -0.373 0.656 0.572 0.360 0.526 0.409 0.308 0.657 0.575
«®) -0.087"' -0.380 0,655 0.562 360 §.530 0.407 0.298 0.655 0.562
2 3 2 2,2
5 2 .0 2(ne3® | 2 2n s 1 2(n+1) 2{ {n+1)“+n*}
L (n+1) 341 (n+1) 041 BT (n#1) 340> (n+1) “+n (n+1) 4n

a) See Chart 1.

b) Underlines and overlines, respectively, indicate the lowest and

highest limits for the tertiary catahexes.

¢) Rstimated values,

Those perihexes with relatively large " values (0.4-0.6)
mostly belong to class U, in which three neighbours are
joined to each other, while those with smaller . * (0.26-
0.44) to class Y, in which the three neighbours are
grouped into two and one. The hexagons of class T with
3+1 neighbours have small f.® values around 0.1-0.2.
As the number of the examples of other classes W (with
four neighbours), X (with 2+2 neighbours) and those
with more than five neighbours are limited, no general
tendency could be obtained. However, as in the plot of

Fig. 5 for catahexes the 7.® values of %erihexes are also
found to be correlated well with the F.™ values.
Bradburn et al. estimated the limiting value of the
bond order in the graphite network to be 0.525.%
However, it is difficult to obtain the value for the 1-4
atom pair. Therefore we have performed the HMO and
PPP calculations for the large “2-dimensional” networks
as shown in Chart 3. As seen in Table 5, the benzene
character is fairly large for the outermost shell, sharply
drops in the second shell, ripples and converges to a

Table S. The MO-benzene characters . and 7,." (in parentheses) for round-shaped perifusenes

a)
Baxaqon" Molecule
Iz 11X v v v

0.329 (0.436) 0.301 (0.378) 0.288 (0.265)

Third
0.300 (0.317) 0.312 (0.404)

shell
Mean®’ 0.329 (0.436) 0.300 (0.337) 0.300 (0.335)
0.260 (0.119) 0.314 (0.339) 0.285 (0.225) 0.286 (0.221) 0.314 (0.382)
Second 0.270 (0.152) 0.304 (0.346) 0.281 (0.208)
Shell 0.279 (0.178) 0.289 (0.242)
Mean 0.260 (0.119) 0.292 (0,.245) 0.285 (0.225) 0,292 (0.262) 0.291 (0.257)
v 0.510 (0.554) 0.403 (0.291) 0.418 {0.534) 0,353 (0.444) 0.386 (0.237)
“ 0.410 (0.504) 0,425 (0.372) 0.364 (0,403) 0.368 (0.409)

Outer-
X 0.477 (0.510) 0.399(0.268) 0.385 (0.490)
most Y 0.404 (0.494) 0.416 (0.350)
Shell 4 0.442 (0,460) 0.411 (0.528)
Mean 0.510 (0.554}) 0.435 {0.464) 0.421 {0.453) 0.391 {(0.404) 0.392 (0.408)

a) 8ee Chart 3 b) Weighted mean.
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Fig. 7. Histogram of the #." values for the perihexes of the
nineteen perifusenes. Refer to Table 2 for the notations.

certain limit as we go into the center of the network. It
seems from Table S that the limiting value is as large as
f.¥ =0.300 and r,." =0.33 for the benzene character of
the graphite network.

Structural factors determining the benzene character.
As has been shown in a number of examples above the
benzene character of a given hexagon in a given polycy-
clic system is determined by the local structure around it.
More dramatic examples are shown in Fig. 8, where the

f.® values of the component hexagons of such six
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Fig. 8. The f.” values for several catafusenes with pentacene
moiety. 1: L, 2: Js, 3: 2-J5, 4: Ss, S: 3-Js, 6: 2-Ss. See Chart 1 for
the notations.
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Fig. 9. Example showing that the benzene character 7.F is

determined by the local topological structure. Molecules X, and

0, are symmetric and U, is a hybrid of X, and O,. O: molecules

with n=9, @: molecules with n=35 (shaded), —: peripheral
hexagons, —: inner hexagons.

catafusenes are plotted and compared with each other
that have a pentacene moiety in common. If one deletes
pentacene from this group, for the rest of the compounds
the structure up to the seventh hexagon (ring number 1)
counting from one (6) of the terminals is in common and
the values of the benzene characters are found to be
almost identical up to the fifth hexagon (2). Further, the
f.” values of the kink (1) hexagons of Ss and 2-Ss are
very similar. Similar features are also found in the F "
plot. Thus it can be concluded that the local structure of
a given hexagon up to the second next hexagons roughly
determines its benzene character. Further, if the local
structure up to the third next hexagons are the same for
two hexagons, either in the same or different molecules,
their benzene characters almost coincide within a
difference of 0.01. This is also the case with the other
benzene characters 7" and b, and also with more com-
plicated perifusenes.

In Fig. 9 are plotted the .” values of the two different
sets of compounds, respectively, marked with open and
filled circles. In each of the sets the unsymmetrical
molecule U is a hybrid of the symmetrical molecules X
and O. It is noteworthy that the 7.* values for the larger
molecule Us (open circles) can accurately be reproduced
by the combination of the left half of X, and the right
half of O,. For the smaller molecule Us (filled circles)
agreement is a little less satisfactory for the 7.® values of
the central hexagons. Here again the local structure up to
the second or third next hexagons seems to determine
the benzene character. Quite the same conclusion could
be obtained from the values of ¥.* and by just as above.

CONCLUSION

It was found in this study that the three different
classes (primary, secondary and tertiary) of hexagons in
the catacondensed aromatic hydrocarbons can clearly be
distinguished from each other by the combination of the
HMO and PPP benzene characters, while for pericon-
densed aromatic hydrocarbons distinction is less clear
but fairly appreciable. One can conclude that the aroma-
tic sextet character of a given benzene ring in a polycy-
clic aromatic hydrocarbon is determined by the local
topological structure around it. Such w-electronic dis-
tribution over a given polycyclic system can roughly but
casily be estimated from the VB benzene character and
the Clar pattern. The concept of the Clar’s aromatic
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sextet has been interpreted and justified both by the MO
and VB theories. _

The three benzene characters, F.”, 7™ and by, are
thus shown to have their own characteristics in describ-
ing the aromatic character of the component hexagons of
the polycyclic system and their complementary usage is
recommended for analyzing the “higher order m-elec-
tronic correlation™. It has been established that the -
electronic structure of a long polyene network may well
be described by the cooperative interaction of an
ensemble of a number of closely correlated pairs of
electrons (double bonds) giving rise to the boad alter-
nation. The w-electronic system of a polycyclic aromatic
hydrocarbon network may then be described by the
cooperative interaction of the units of closely correlated
six w-electrons (sextets). Thus the alternancy of the
benzene character has been frequently observed in a
sumber of systems studied. This may be the secret of the
success of the Clar's postulate. Further analysis of the
benzene character in terms of the component molecular
orbitals is being under way.
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