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The concept of elec tron conten t (£C) of hexagons in henzeno id hydrocarbons has been recent ly introduced in a se ries 
of scient ific papers. In full ana logy to it one may conceive a lso the energy conten t (ec ) of hexagons. These contents are 
mutually related. but not in a manner that could be an ticipated. On the basis of the £C- and e('-values calculated for a large 
number of catacondensed benzenoid hydrocarbons we establish the actual relation between these quantities. Within 
hexagons of the same type (term inal , linearly anne lated, angularly annelated, and bra nched) the re lation between ec and £ C 
is nearly linear and the respec ti ve regress ion lines a re nearl y parallel and equidi stant. 

The Pauling bond order l was introduced in the 1930s 
and was used for the prediction the lengths of 
chemical bonds in organic molecules2
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. We denote it 

by P::, where rand s indicate adjacent atoms in the 

respec tive molecule . It is eq ual to the ratio of the 
number of Kekule structures in which the bond rs is 
double, and the number of all Kekule structures. 

The sum of Pauling bond orders over all bonds, 
times two, is equal to the total number of n-electrons 
in the conjugated system consideredx8

.
9

. Based on thi s 
observation, one may use the Pauling bond orders to 
(formall y) distribute the n-electrons of a polycy lic 
conjugated hydrocarbon into its rings. 

The concept of electron content (EC) was 
recently introduced by Balaban and Randic lO

.
11 and 

further examined and elaborated by several 
h l) 1'_14 I ' I h f' P I ' b d aut ors . - , t IS equa to t e sum 0 au II1g on 

orders of bonds belonging to the considered ring (R). 
A bond rs that solely belongs to the ring R contributes 

to its electron contents by 2 P ~. If the bond rs is 

shared by two rings (say, Rand R,), then it 
contributes to the electron contents of both Rand R, 

P l) 
by Pr.,. More formally, 

EC(R) - 2 ~ p + ~ p - L..J P,." L..J PI" .. . ( I) 

with Land L indicating summations over bonds 
* ** 

be longing solely to R, and over bonds shared by R 

and another ring, respectively. The sum of EC-values 
over all rings is equal to the total number of 
n-electrons, In particular, in the case of catacondensed 
benzenoid systems, the sum of electron contents of all 
hexagons obeys the relation : 

II 

L EC; (G) = 4h + 2 .. .(2) 
;=1 

where h stands for the number of hexagons. 

In Table I are g iven the electron contents of the 
rings (hexagons) of naphtho[ I ,2-b ]triphenylene , the 
structure of which is depicted in Fig, I. 

The most frequently employed bond order for 
prediction of bond lengths is the molecular-orbital
based Coulson bond order I5

-
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, which we denote 

5 

2 3 4 

6 

Fig. 1- Naphtho[J .2-b] triphenylene. a catacondensed benzenoid 
system with six hexagons. It has 26 It-e lectrons and its total 
It-e lectron energy is £. = 36.7149~. In Table I are g iven the 
e lectron and energy contents of a ll its hexagons 
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Tah le 1- Elcc tron and ene rgy contents or rings o f 
naphtho[/ ,2 -b]tri phcny lcne. cf. Fig. I 

hexagon EC ec 

5.2273 6.9389 

2 3.5000 5.5385 

3 4.7273 6.0 188 

4 1.8 182 4. 1952 

5 5.3636 70 107 

() 5.3636 7.0 128 

sum 26.0000 36.7 149 

e 
by P,.I ' It is known that the sum of Coulson bond 

orders over all bonds o f a conjugated 7I-e lectron 
system, times two, is equal to the total 7I-electron 
energy of that system (expressed in units of the 
carbon-ca rbon resonance integral P). T his property of 
the Coulson bond order makes it poss ible to employ a 
procedure analogous to the one described above, and 
parti t ion the total 7I-elec tron energy into rings. The 
energy content of a ring R, denoted by ('e(R), is thus 
defined by means of the ex press ion 

" e " e ec( R) = 2 ~ P,S + ~ P,S .. . (3) 

in which the notati on is analogous to th at in Eq. ( I ). 

The sum of energy contents o f all rings is equal to 
the total 7I-e lec tron energy Elf, In the case of 
benzenoid sys tems, in full analogy to Eq. (2) we ha ve 

II 

L, ec,( R) = E" .. . (4) 
;= 1 

More detail s on th e properti es and chemica l 
appli cations of ElI can be found in the recent 

IX-"O I I f' I I . papers - ane t l e re erences Ctt ee t lere lll . 

In Table I arc also given the energy contents of 
the rings or naphthol I ,2-bJtri pheny lene. 

A t thi s point what first needs to be clarified is 
whether there ex ists any correlati on between ee(l?) and 
EC(I?), and if yes, what its main characteri stics are. 

Tcchnica l deta ils 

In order to investigate the poss ible relati on 
between ec(l?) and EC(R) it was necessary to compute 

the elec tron and energy contents of hexagons for a 
reasonably large set o f polycyc lic bcnzeno id 
molecules. Th is task required the usage of a speciall y 
des igned computer program, which we named 
CEL EI? ( = Content of ELectrons and E nergy in 
Ring); detai ls on CELEI? are avai lable rrom the 
authors, upon reques t. 

By means o f CELEI? we ca lculated the elec tron 
and energy contents of the hexagons of all 
catacondensed benzenoid sys tems w ith up to f ive 
rings, and of all catacondensed systems w ith six r ings, 
containing a branched hexagon. One example is give n 
in Tab le I . 

Rcsults and Discussion 

Energy contents versus elec tron c ntents are 
plotted in Fig. 2. From Fig. 2 i t is obvious that the 
data points are separated into three groups. By direc t 
checking we es tabli shed that the data po ints are 
clustered with regard to the number or neighbouring 

, " 
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Fig. 2 - T he energy conten ts (I'e) or the hcxdgons or al l 
catacondcnscd bcnze noid sys tcms wi th 5 and fcwcr he xagon s and 
all branchcd catacondenscd systcms wi th 6 hcxagons, versus thc 
rcspcc ti ve elcc tron contents (EC) . The data points 0n thc upper 
ri ght-hand side pcrtain to tcrmina l hcxagons ( i. e., I -hexagon 
neighbours, e. goo hexagons 1,5 & 6 in Fig. I ). The da ta points on 
the lowcr Icrt-hand sidc pertain 10 hranched hexagnns ( i . Coo 3-
hexagon neighbours, e. g., hexagon 4 in Fig. I ). Tll(: data po int s in 
thc midd le corrcspond to 2- neighbou l' hexagons. T']crc arc two 
k inds or 2-nc ighbour hexagons - lincar (e. goo hcxag on :1 in Fig. I ) 
and bent (c . goo hexagon 2 in Fig. I ). The greatcr ci is:ol'l ion in the 
ciata po ints ror thc 2-hcxagon nei ghhours is the resu lt or these two 
dirferen t arrangements: /3ent hexagons have smal ler EC-valucs 
than the li near oncs , and thercrore the data poi nt ~ perta ini ng to 
bent (resp. l inear) hexagons arc clustered on the left ( ;·csp. I'ight) 
side o f the cent ra l group or data poi nts. For 1110re deu: i ls sec tex t 



FURTULA ('I ({f. : RELATION I3 ETWEEN ELECTRON AND ENERGY CONTENTS OF HEXAGONS II 

8.0 
ec 

7.8 

7.6 

74 

7.2 

7.0 

6.8 

6.6 '. 

54 

. . 

3 

.. . ' 

/ . 
. ,;/ .. / 

,I ; 

.1 " 
" 

5 LC 6 

Fig. 3 - The same data as in Figure 2, exccpt that 0.7897 v was 
added to each (,c-val uc; v is thc number of ncighbouring rings 

hex agons. The points w ith ec<5 (c lustered on the 
lower left-hand side o f Fi g. 2) correspond to branched 
hexagons (hexagons having three neighbours). The 
points with ec>6.5 (c lustered on the upper ri ght-hand 
side of Fig. 2) pertain to terminal hexagons (hexagons 
having a single neighbour) . In the middle are ly ing 
the points that correspond to hexagons possess ing two 
neighbours. Thi s central cluster is further separated 
into two groups. T he left-hand side points of the 
central cluster pertain to bent ( i.e., angularl y 
an nelated), and the ri ght-hand side points to linear 
(i .e., linearl y annelated) hexagons. 

These obse rvations infer that the structural featu re 
having the strongest influence on the relati on between 
ec(R) and EC(R) is the number of neighbours. The 
simples t way to take into account such a neighbour
effect is to add to ec an increment, proportional to the 
number v of neighbouring rings (v = I for terminal , 
v = 2 for linearl y or angularl y annelatecl rings, v = 3 
for branched rings) . Thi s leads to the regress ton 
model: 

ec + V Y = (f EC + b .. . (5) 

By least-squares fitting it was found that the 
optimal va lue of the parameter y is 0.7897 . For this 
va lue of y, we obtain that (/ = 0.339 ± 0.003, /J = 5.95 
± 0.01, with correlation coefficient equal to 0.9945 . 
Thi s reasonably good correlation between the electron 
and energy contents is shown in Fig. 3. 

Conclusions 

In thi s work we limited ourselves to 
cataeondensed bezenoid hydrocarbons. Studies of 
pericondensed systems, which for sure will resu lt in a 
much more complex correlation pattern , are in 
progress2t . (Recall that whereas only four modes of 
hexagons ex ist in the case of cataconsensed 
benzenoid systems, there are twelve such modes in 
pericondensed ben zenoids, for detail s see the book 7, 

p. 2 1.) Our main conclusion is that the correlation 
between EC and ec is linear, but different regression 
lines apply to hexagons with different numbers of 
neighbours. Each new neighbouring hexagon 
diminishes the ec-value by about 0.79 0-units. 

Any dependence between EC and ec must be the 
consequence of some relation between the Pauling 
and Coul son bond orders. A lthough some research 
along these lines has been done long time ag02

.22.2" 

the details of the relati on between the two bond orders 
were better understood only recentl y"4. In a 

b 
" 1 . 

su sequent paper- , we show that by means o t these 
relati ons, the (empiri ca ll y established) regularit ies for 
the electron and energy contents of ri ngs of 
catacondensed benzenoids, reported in thi s paper, as 
well as for those of peri condensed ben zenoids, can be 
rationalized. 
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