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Abstract - In this paper* ue propose a method of the computer 
generation of all planar polyhexea and display the results of 
the numbers of polyhaxes with up to 9 hexsgona. 

Introduction 

This paper is the continuation of our work' on non-numeriosl computations. 

The hydrogen-deleted graphs of condensed benaenoid hydrocarbons(polycyclic aro- 

matio hydrocarbons or PAH's) are portions of the grapNte(honeycomb) lattice, I.e. 

polyhexes. 

Cur discussions are limited to the planar polyhex graphs. In other wordsr we don't 

consider eny kind of helicenes (since they have non-planar structures).Note that 

the term "planar" is used here without regani to the possible molecular twist caused 

by the internal Interaction. 

The problem of generation and enumeration of polyhexes is a well-known cell-growth 

problem vith hexagonal animals. 2-4 Although this problem hss been investigated by 

many authors, 2-x, the method of generation and enumeration of all planar polyhexea 

is still an unsolved problem. In the references 8,13 , the number of polyhexea lnc- 

luded the number of helicenes which ax% non-planar ( and in another reference "Ale 

coronene with 7 benzene rings was considered as ths clrculene with 6 benzene rings. 

Therefore the enuc.eration of PAH's was confuused. 

In this paper* we propose a method which can be used for generating all planar 

polyhexes including all kinds of corona-fuaed polyhexea or circulenea, and present 

the results of classification and enumeration of planar polyhexea with up to 9 

hexagons. 

chartlc gatic Dh. a& f 

The so celled PAH characteristic (or dualist) graph 0(V~E)*'-~~ls a graph in which 

the vertex set V consists of all central points of benzene rings of the PAH mole- 

cule and the edge set E consists of all lines connecting the central points of the 

adjacent condensed benzene rings (see 14r21-23). P or exampleS a PA?i molecule (or a 

polyhex) having hexagons written with some edges in vertical position, together 
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with its OorreSp~nding characteristic graph iS shown In Fig-l, in which the ordinal 

number8 of vertices are given by Sweeping from the left to the right and from top 

to bottom. 

An He-matrix' of Q(VeE) ia an NxN 

matrixta 
ij 

), where N Is the total 

number of vertices in the charac- 

terlstio graph Q(V,E)r and Vi 

QJJ&'YLZ\7 

(101 2 , ,. ..,N) represents the i-th 

vertex of G(V,E). Fig.1 Characteristic graph 

I O(if l=j, or Vi Isn't adjacent to V,) J 

I l(if Vi is adjacent to V j , and the horizontal direction is kn) 

alj’ 2(if Vi is adjaoent to V , and the 
j 

I 3(if Vi is adjacent to V , and the j 

angle stated above is kn+%/3) j 

L i 

angle stated above is kx+2%/3) 

1 
\ 

( Note: the positive horizontal direction is from the left to the right.) 

angle between ij and the positive 

i-j 

i 

Thus, the He-matrix of the characteristio graph in Fig.1 is as follows. 

'0130000' 
1023000 
3201000 

(aijb ; 07 :, y :, T ; (1) 

0000103 
~0000030, 

According to Fig.l(or its He-matrix), we can write down one nomenclature series 

(or name)' of ths polyhex, i.e. 

2:4/6,7:5:2,4:1 r3 

The nomenclature series is divided into two sections by symbol "/". The numbers in 

section 1 represent the number of vertices in every layerltransverse row) from top 

to bottom except the lowest layer 9 whereas the arrangement of vertices in section 2 

repreeents the order of the initial ordinal numbers of usrtloes in every transverse 

row (i.e. between two adjacent semicolons) after we turn the polyhex graph through 

an angle 60' counterclookwlse. 

By rotation and reflection' , we can obtain 12 He-matrix and 12 nomenclature series 

corresponding to the 12 different orientations of the polyhex, respectively. 

Choose the minimum In lexicographic order from thoee having the minimum layers in 

the first section of nomenclature series as the standard name. To go Into detail, 

see Ref.1. 

ComDuter of DO- 
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For generating charscterlstlc graphs with N+l vertloes (simply, (N+l)-graphs) from 

N-graphs, the steps are es followa. 

Step 1. From a vertex Vi(l-lr2,..., M) of an oriented charaoteriatio graph, gene- 

rate a new vertex which is sdjaoent to Vi , and is to the right of Vi.(If the new 

generated vertex is ooincident with any vertex of the N-graph, i.e. for the 

N-graphr ai,i+l -1, then mch a generation should be exoluded.) 

Denote the nev generated vertex by Vi+, l Then ohange the ordinal numbers of ver- 

tices l+l,i+2r...,N Into 1+2,1+3r...rN+lr respeotlvely. 

Step 2. Find the nomenclature of the new generated (N+l)-graph: 

If in the N-graph, Vi belongs to the m-th layer of mctlon 1, and the p-th layer 

of section 2~ then in the new generated (N+l)-graph, Vi+, will belong to the m-th 

layer of seotion l(snd 80 the total number of vertioea in the layer will be 

changed into Am+1 frcm A,.), and to the (p-1)-th layer of section 2. Beoause of the 

Increasing arrangement of numbers in every layer of seotlon 2r we oan easily insert 

the xnamber i+l into the (p-1)-th lsyer(p=2t3,...) at a suitable plaoe. If p-1, then 

Vi+, will precede the initial first layer of section 2 snd beoome the nev first 

layer of seotion 20 

Step 3. Find the He-matrix oorrespondlng to the new generated (N+l)-graph. !l!he 

He-matrix (-ii,) ia a (N+l)X(N+l) matrix. Its element8 are es follows. 

1) ~j(k+i) 

akj = %_’ , j-1 (1+2Qw ) 

%j--l(k+2Li+tij) 

where akj and Gj are the element8 of the He-matrix of the N-graph end the ele- 

ments of the new generated He-matrix, respectively. 

2) ii i,i+1+ i-i+1 

3) a i+l m=2 (If i&-3 end mr1+1), 1 
t 

Y 

i+1 
2 

4) ii m,,i+1=3 (if Em, i=2 and m'+), 
, 

t 
& 

3 
i +1 

5) %+1,1+2= 1+1-1+2 

(If Vi+2 belongs to the ssme leyer as Vi+, in aectlon 1 of the nev generated 

nomenclature, and to one layer upper than Vi+, insection 2). 

6) Qi+1'2 

1+1 

(if V , where jLi+lr belongs to one layer upper than Vi+, In either section 
j 1, 

71 ‘, i+19 r3 

(if V 
j 

9 where jAi+lr belongs to one leyer lower than Vi+, in seotion I, and to the 
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Elamelayer~V i+, in motion 21, 

8) %*i+l=%+l,j 10 (tii+iLj) for the other caeea, 

9) qe+ (rse). 

step 4. Aacordl.ng to the method In 

(N+l)-graph. 

Step 5. For every vertex, fror i=l 

I verticee, proaeed with step 1 to 

Ref.1, find the standard name of the generated 

to N, of the oriented characteristic graph with 

step 4. If a new generated (N+l)-graph is coti- 

cident with one of the preceding generated (N+l)-graphs, then this new graph 

should be deleted. 

Step 6. According to the method in Ref.19 proaeed with cla8sificatlon and enu- 

meration of the generated graphs. 

Step 7. For the other five rotation orientationa of the N-graph, proaeed with 

step 1 to step 6. 

Step 8. For every other N-graph, proceed with step 1 to step 7. 

Thus, we aan obtain all charaateriatia graphs with N+1 vertices and their standard 

nomenclature series. 

It must be prevented that for only one generation step, more than one vertex be 

generated, For example, In Flg.2ar while Vi+, i8 generated, the central point is 

also generated; and in Flg.2fr for only one generation step, four new vertices are 

siaultaneouely generated. 

Fig.2 Qeneration of more than one vertex 

In order to prevent the enumeration errora aaufied by such cases, we use the fol- 

lowing method. 

At firatr we reatrict the generation only in the case ';i+,,f=O(f~L+l). In other 

words9 the generation for ii i+l,f#O(fLi+l) is excluded. This restriction is reaaon- 

able, beaauae it can't decrease the enumeration of polyhexes, but can considerably 

eimplify the non-numerical computation. 

In addition to this restriation, we only need to exclude the 0888 in Fig-Pa (the 

other oases in Fig.2 have been excluded by the restriation stated above). In other 

WOF~EI, for the generating graph(a fragment of characterlatia graph) shown In Flg*Yr 
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the generation of the new vertex Vi+, from Vi must be excluded. Using the elements 

of He-matrix (a 
U 

1, we can easily know whether such a fragment of Fig.3 exists. 

Thus, we prevent the generation of more than one vertex for only one generation 

step. 

The process of generation, nomenclature', 

classification and emuneration of c\ 
V 
I 

polyhexes can be easily performed. Since 

the algorithm belongs to the polynomial 
Fi3.? Exclusion of generation 

algoritbms(p-algorithms), it is still efficient for rather large N(t.he number of 

hexagons of a polyhex), provided the storage capacity of the computer Is large 

enough. The programme in detail Is available from the authors upon request. The 

flow chart of the generation procedure from N-graphs to (N+l)-graphs is given as 

follows. 

Oenerate a new vertex 
vi+10 According to 
step 2,find the nomen- 
clature series of the 
(N+l)-graph. 

; 

iYes 

Find the stkdard name 
(see Ref.1). 

t Yes 

Fig.4 Flow chart of the generation procedure 
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Only using a personal computerr ve obtain the nomenclature, the classification end 

the enumeration of planar PAH systems with up to 9 benzene rings. The results 

except the nomenclature series 9 vhlch are too numerousI are shorn In Table 1. With 

regard to the computer classification method of PAH's, including the method parti- 

tioning PAH's into those having or not having Kekul.& structures, see Ref.1. 

In Table 1, k is the 

number of Kskuld pattern3 

of a PAH molecule. 

B represents a 

cats-condensed molecule 

without branches. 

C represents a 

cata-condensed molecule 

with branches. 

Table 1. Classification and enumeration of PAH's 

N B C D F E Total D F Tctal Total 

1 1 0 0 0 0 1 0 0 0 1 

9 520 969 58 1678 1 3226 119 3165 3284 6510 

D represents a peri-condensed or cyclic peri-condensed molecule, E represents a 

corona-condensed molecule ana F represents a derived condensed molecule 

from D ana E. 

Our results are different from the data In the literature3 
5,6,8-11,13,17,20 . 

1) Since our results include the case of corona-condensed polyhexea or circulenes, 

vhereas the results of DZG(the Diisselaorf-Zagreb Gro~p)~ don't, for N=l to 7, both 

are identical, but for N% difference appeara.(See Table 2) The missing graphs 

(characteristic graphs) by DZG boundary code method are shorn in Fig.5. 

Table 2. Difference betveen 
DZG numbers and ours 

N DZG numbers CUr numbers 

0 1435 1436 
9 6505 6510 

2) Ealaban-Harary number3 8113 

Fig.5 Illustration of Table 2 

didn't inoluae peri-condensed systems and corona- 

-condensed systems~ but included helicenea. So far as the number of cata-condensed 

systems is concerned, for I& Balalxin-Harary numbers are different from ours.(See 

Table 3) The exoess of Balaban-Harary znlmbers over our3 are the number3 Of heli- 

cenes(see Flg.6). The graphs of helloenes with 9 benzene rings are too numernouS 

to be shown. 

3) Lunnon number311 included planar mono-circulenes. In his vork, the aoronene 

fragment vith 7 benzene rings vas treated as the circulene fragment with 6 benzene 

rings* The differenae between hi3 zwsults and ours is shown in Table 4 and Fig.7. 



Planar polycyclic aromatic hydrocarbons 5297 

Table 3. Numbers of cata- 
-condensed system8 

Table 4. Difference between 
Xunnon numbers and art3 

N Iunnon mmberfi of 
mono-circulenea c3eeoYg.5) 

1 1 1 

i 1 ; : 5 

2 :$ :: 
7 123 118 
i 1689 446 1489 411 

1 0 0 
2 0 0 

z : 0 0 

2 0 1 0 0 
7 2 0 

8 i? 
1 

9 5 

Fig.6 Hellcenea 
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N=7 

Fig.7 Illustrstion of Table 4 
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