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An algorithm for computing Hosoya polynomial of

TUC,Cs(R) nanotubes
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The Hosoya polynomial of a molecular graph G is defined as y g =3

<dwv where the sum is over all unordered

{u,vicV(G)

pairs {u,v} of distinct vertices in G. Xu and Zhang in some research papers computed this polynomial for polyhex and
TUC4Cg(S) nanotubes. In this paper, we continue this program and present an algorithm for computing the Hosoya

polynomial of TUC4Cg(R) nanotubes.
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1. Introduction

A topological index is a real number that is derived
from molecular graphs of chemical compounds. Such
numbers based on the distances in a graph are widely used
for establishing relationships between the structure of
molecules and their physico-chemical properties. It is easy
to see that the number of atoms and the number of bonds
in a molecular graph are topological index. The first non
trivial topological index was introduced early by Wiener
[1]. He defined his index as the sum of distances between
any two carbon atoms in the molecules, in terms of
carbon-carbon bonds. We encourage the reader to consult
papers [2,3]and references therein, for further study on the
topic.

Let G be a simple molecular graph without directed
and multiple edges and without loops, the vertex and edge
sets of which are represented by V(G) and E(G),
respectively. If e is an edge of G, connecting the vertices u
and v then we write e = uv. The distance between a pair
of vertices u and w of G is denoted by d(u,w). Thus, we
can redefine the Wiener index of a graph G as
W(G) = X yieviad(xy).

The Hosoya polynomial of a molecular graph G is

defined as y(G,x)= Y eV X xd@v where the sum is over

all unordered pairs {u,v} of distinct vertices in G [4,5].
Suppose D = [d;] denotes the distance matrix of G, where
d; is the length of a minimal path connecting the ith and
jth vertices of G. Then one can see that W(G) = 1/2%;;d;

d..

and H(G,x) = 1/2%;X .
In recent years, some authors computed the Hosoya
polynomial of some chemical graphs applicable in nano-

science [6-10]. One of us (ARA) also computed the
Wiener index of a polyhex and TUC,Cg(R/S) nanotori [11-
15]. In this paper we continue this program to present a
new algorithm for computing the Hosoya polynomial of
TUC,4Cg(R) nanotube. Our notation is standard and mainly
taken from the book of Trinajestic [16].

2. Algorithm

In this section an exact formula for the Hosoya
polynomial of TUC,Cg(R) nanotube is derived, Fig. 1.
Since q/dx(H(G,x))|_=W(G), the Wiener index of this

nanotube is also computed.

Fig. 1. 3D-Representation of a TUC,Cg(R) Nanotube.

Suppose T, is 2-dimensional lattice of
TUC,4Cg(R)[m,n], where m is the number of rows and n is
the number of columns, Fig. 2. Choose four base vertices
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a(1,1), b(1,1), c(1,1) and d(1,1) from the molecular graph
of Ty, Figs. 3 and 4.
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Fig. 2. The 2—dimensional fragments of a TUC,Cg(R)
nanotube.
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Fig. 3. A labeling of TUC,Cg(R).
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Fig. 4. The base vertices of TUC,Cg(R).

For computing D(T)), we first define the following 16
matrices:

Da(i,j) Db(i,j) DC(LJ) Dd(i,j)

a(Ll)? Pa)? Pal) s Pa(ll)

a(i,j) Mb@.H el ydd.i
Db(l,l)’Db(l,l)’Db(],l)’Db(],l)

DA pbGi) el 1ydih ’

c(Ll)> (L) e(ll)> (L))

Da(i,j) Db(i,j) Dc(i,j) Dd(i,j)

d P Hda s Hd)

To define these matrices, we first partition the vertex
set of T, into four sets A, B, C and D. A is the set of all
vertices with the same position in the thombs. For example
from Fig. 4, one can see that a, x € A. The sets B, C and D

are defined similarly. Define DZEH; as the distance
matrix for the base vertex a(1,1) from other vertices of the
set A. The entries of this matrix are distances between

a(1,1) and a(i,j) € A of the graph T,. We notice that by
symmetry of T, it is enough to compute eight of these
matrices. Remark that four matrices DZEH; , DEEH)) ,
DEEH)) and DgEH)) are equal. Consider the permutation

B =142 3 .. n-1n). It is easy to see that the
I n n-1. 3 2

matrices D:gg and Dt((lllj; are obtained from D:EH% and

DS((H; . By symmetry of Fig. 3, it is possible to compute
the distance matrix evaluated at the base vertex d from the
same matrix for the vertex b. On the other hand, the

matrices Dﬁgi{; , DZ((H)) and Dz((ii; is computed from
b(i,j) c(i,j) a(i,j)
Dd(l,l)’ Db(l’l) and Db(l,l) by trace of p.
In Table 1, some blocks of eight matrices are defined.

To complete our definition, we assume that on for other
entries of this matrix, we have.

e  For other entries of the matrix Dz((lljl)) ,Bii =B i

jt+2)s

e For other entries of the matrix D'{:EH)) , Tij = T in
T+,

e For other entries of the matrix Df,(('ljl)), Pii = P i
2y 1,

e  For other entries of the matrix D{‘;EH)) , N = N
T+,

e For other entries of the matrix DS((H; Vi = Y i
2y 1,

e  For other entries of the matrix Dig{; , O = O
jt2)»
e  For other entries of the matrix Dif{f; , 8,1=2 and

81j=0,—1 for 1<j< n. One the other hand, 8;; = dj(.
j+1), where n/2+1<j < n for (n|2) or (n+1)/2<j <n

(n}2).
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Table 1. Some distance matrices.

The Distance Matrix D2+

a(l,])

between the Base Vertex a(1,1) and Vertices of the Set A.

i=1 2<j<n/2+1 (n]2) 1<j<n/2+1 (n|2)

Fori=1 2<j<(n+1)/2 (n32) and for i>1 }f;ggwnm(ni?
= = 1%] ij = Oy

o1 =0 01 = g 3 i>] ai=0gp+3

The Distance Matrix DZE‘I{; between the Base Vertex a(1,1) and

Vertices of the Set C.

i=1 | j=2 3<j=n2+1 (n]2) 1<j<n2+1 (n]2)

Fori=1 35j=(@+)/2 (nd2) and for i>1 il<?J - (n[;rl)—/zﬁ " 3)1
=2 =3 =B +3 - i = P G-

Bui B2 Bu Bl(}l) i>] Bii:B(i-l)i+3

The Distance Matrix D4+

a(l,1)

between the Base Vertex a(1,1) and

Vertices of the Set D.

2<j<n/2 (n]2)

1<j<n2 (n|2)

i=1 : :

Foriz1 2<j<(@m+])2 (n32) and for i1 1I§JJ 5(;1+£):12 (nEI+21)
_ o = i = M Gnj

M =1 M =Mign +3 i>j  mi=ngnt3

The Distance Matrix D;EH)) between the Base Vertex b(1,1) and

Vertices of the Set A.

Fori=1

j=1

2<j<n2 (n]2)
2<j<(n+1)2 (n32)

TIl]:l

T =mign+3

and for i>1

1<j<n2 (n|2)
1<j<(@m+1)2 (n32)

i+l S_] nij=1t(i_1)j+ 1
else i = Ti1) +3

The Distance Matrix D;((‘l{)) between the Base Vertex b(1,1) and

Vertices of the Set C.

2<j<n2 (n]2)

1<j<n2 (n|2)

j=1 B ]
Fori=1 2<j<(nt1)/2 (n32) and for i>1 i1<?3 < (n;—l)_/2p (n3 f)l
=1 =p1in T+ 3 .o i PG
P11 P 1= P1G-n i>] Ppi=panit3

The Distance Matrix Dgg’,{; between the Base Vertex b(1,1) and Vertices of the Set D.

. . 2<j<n/2 (n|2) n2<j<n-1 (n]|2)
j=1 j=n ) .
Fori=1 2 <j<(n+1)/2 (n32) (n+1)2<j<n-1(n32)
‘C11:2 T]n:l T]j:T|(j.1)+3 le:‘cl(jﬂ)-"_3
1<j<n/2 (n|2) n2<j<n (n]2)
Fori>1 . 1.§j<(n+1)/2 (n32) .(n+1.)/2 <j<n (nd2)
i<j+l Ti=Tant1 1>n T =Tan+1
i>] Ti=Tan+3 otherwise T; =T ;3

The Distance Matrix D2(-))

(Ll

between the Base Vertex c(1,1) and Vertices of the Set A.

2<j<n2+l (n]2)

1<j<n2+1 (n]2)

=1 ; .
Forioa J 2<ji<(nt+1)/2 (n3 2) and for i>2 ':ﬂfogng(ﬁfi
= =5, 1=] ij = OG-y
621 1 62'] 5 2G-D +3 else ) ij = S(i-l)i +3

e(Ll)

The Distance Matrix DY) between the Base Vertex c(1,1) and

Vertices of the Set D.

Fori=1

j=1

2<j<n2 (n|2)
2<i<(n+1)2 (n3 2)

and for i>1

=1

Yii=%Yignt3

1<j<n2 (n|2)
1<j<@m+1)2 (n32)

l <:j+1 ’YU = y(i—l)j + l
i>j+1 Yi =Yg+t 3
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In what follows, the row representations of these
matrices are considered. Define:

Ay Ay Aj B/
I N B e Il B T I

| An | An A, B,

B; B! ¢ c
S I R

B B! ¢ ¢t

To compute the distance matrix of the molecular
graph of this nanotube, we define also distance matrices
for to the ij™ rhomb of Ty, Fig. 4. For the rhombs of the
first column, we define:

a a d C
A| C( CL BL
a a d c
DD = AZ DeGd — CZ DY — CZ D2 = BZ
a(tl) = a > act) T c > Han T d >t T a 4
A] Al A] B]
a c d a
_Am—wl_ _Amfwl Am7|+1 Bm—wl
[ Rra 7] [ Rd c d
B( BL A( A(
a d c d
Dc(i.j) _ BZ Dd(i,j) _ B2 a(i,j) _ A?. Dd(i,j) — AZ
b(t.) — > bt T > et T et T
B Bl |° a e ¢
C d a d
_Bm—ul_ _Bm—wl Cm—ul Cm—|+1

We claim that the distance matrices of other entries
are computable from the matrices of the first column. For

example, we assume that D:E'tll)) =['A® "A'T,
where 'A® is the i" column of DZEH; . Then
DIL) =["TAT L "AT AT 1 AT]. We now

count the repeated entries of these matrices to find the
following equation:

Wi (T.x) = %n [(mi K )+ ( ¥ 2(m—i+ 1)(i x® jﬂ )
’ = i=2 i

where D:EH; = [djj]. Other polynomials are similar and so

the Hosoya polynomial of this nanotube is computed as
follows:
W(TUC,C4(R),x) =4W,}) (TUC,C4(R), x)+2WS{) (TUC,C4(R), x)

+ WD (TUC,C(R),x)+ Wi (TUC,C4(R), x)

a(ll)

+2WH (TUC,C4(R), x )+ 2Wii) (TUC,C4(R), x)

(L)

+2WeD) (TUC,C4(R), x)+2W, ) (TUC,Cy(R), x).

b(1,1)

3. Conclusions

We have given an efficient algorithm for computing
Hosoya polynomial of nanotubes. It is possible to compute
the Hosoya polynomial of other nanotubes by using the
similar methods. Our calculations in this paper can be
performed by applying the Software package MATLAB
and our programs are accessible from the authors upon
request.
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