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1. Introduction 
 
A topological index is a single unique number 

characteristic of the molecular graph and is 
mathematically known as the graph invariant. The 
topological index of a molecule is a non-empirical 
numerical quantity that quantifies the structure and the 
branching pattern of the molecule. Therefore, the 
topological analysis of a molecule involves translating its 
molecular structure into a characteristic unique number (or 
index) that may be considered a descriptor of the molecule 
under examination. Usage of topological indices in 
biology and chemistry began in 1947 when chemist Harold 
Wiener [1] introduced Wiener index to demonstrate 
correlations between physicochemical properties of 
organic compounds and the index of their molecular 
graphs. The Balaban index of a molecular graph G is 
defined by Balaban [2]. The Balaban index appears to be a 
very useful molecular descriptor with attractive 
properties[3,4]. 

Let G be a connected graph. The vertex-set and edge-
set of G denoted by V(G) and E(G) respectively. The 
distance between the vertices u and v, d(u,v), in a graph is 
the number of edges in a shortest path connecting them. 
Two graph vertices are adjacent if they are joined by a 
graph edge. The degree of a vertex ( )i V G∈ is the 

number of vertices joining to i and denoted by iδ . 
The Balaban index of a graph G is denoted by J(G) 

and defined as 
( )

1( )
1 ( ) ( )ij E G

mJ G
d i d jμ ∈

=
+ ∑  , where m is the 

number of edges of G and ( )Gμ  is the cyclomatic number 
of G. Note that the cyclomatic number is the minimum 
number of edges that must be removed from G in order to 
transform it to an acyclic graph; it can be calculated using 

( ) 1G m nμ = − + where n is the number of vertices and d(i) 
is the sum of distances between vertex i and all other 
vertices of G, and the summation goes over all edges from 
the edge set E(G). In a series of papers some topological 
indices are computed for some other nanotubes[5-18]. 

In this paper, we give an algorithm for computing the 
Balaban index of any graph. Also we compute the Balaban 
index of HAC5C7[p,q] and VC5C7[p,q]  nanotubes by GAP 
program [19]. 

 
 
2. An algorithm for computing the Balaban  
    index of any graph  
 
In this section we present an algorithm for obtaining 

the Balaban index of any graph. For this purpose the 
following algorithm is presented: 

1- We assign to any vertex  of the graph one 
number. 

2- We determine all of adjacent vertices set of the 
vertex , ( )u u V G∈  and this set denoted by N(u).  

The set of vertices that their distance to vertex u  is 
equal to ( )0≥tt  is denoted by  tD ( )u and consider 

0 ( ) { }.D u u= We have the following relations: 
 
• 

0

( ) ( ) , ( )t
t

V G D u u V G
≥

= ∀ ∈U   

• 
( ) 1

( ) ( , ) ( ) , ( )t
v V G t

d u d u v t D u u V G
∈ ≥

= = × ∀ ∈∑ ∑  

• ( )u N uδ =  
 
According to the above relations, we can obtain the 

Balaban index by determining  tD ( )u for every vertex u. 
3- The distance between vertex i  and its adjacent 

vertices is equal to 1, therefore ).iN(D 1i, =  For 

each 1,, ≥∈ tDj ti , the distance between each vertex of 

set )(\)( 1,, −titi DDjN U  and the vertex i  is equal to 1+t , thus 
we have : 

.1,)(\)(( 1,,1, ,
≥= −∈+ tDDjND titiDjti ti

UU  

According to the above equation we can obtain 
2, ≥tD ti  ,  for each Vi∈ (G). 
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3. Results and discussion 
 
A 75CC  net is a trivalent decoration made by 

alternating 5C  and 7C . 

It can cover either a cylinder or a torus. In this section 
we compute the Balaban index of HAC5C7[p,q]  nanotubes 
by GAP program.  

 
 

 

 
 

Fig. 1. HAC5C7[4, 2] nanotube. 
 
We denote the number of heptagons in one row by p. 

In this nanotube, the three first rows of vertices and edges 
are repeated alternatively, and we denote the number of 
this repetition by q. In each period there are p8 vertices 
and p  vertices which are joined to the end of the graph 
and hence the number of vertices in this nanotube is equal 
to ppq +8 .We partition the vertices of this graph to 
following sets: 

1K : The vertices of first row whose number is p2 . 

2K : The vertices of the first row in each period 
except the first one whose number is )1(2 −qp . 

3K : The vertices of the second rows in each period 

whose number is pq3 . 

4K : The vertices of the third row in each period 
whose number is pq3 . 

5K : The last vertices of the graph whose number 
is p . 

 
 

Fig. 2. Rows of m-th period. 
 

We write a program to obtain the adjacent vertices set 
to each vertex in the sets ,iK  i=1…5. We can obtain the 
adjacent vertices set to each vertex by the joint of these 
programs. In this program, the value of x is the assign 
number of vertex i  in that period. 

The following program computes the Balaban index 
of HAC5C7[p,q]  nanotubes for arbitrary p and q . 

 
p:=7; q:=7;#(for example) 
n:=8*p*q +p; 
N:=[]; 
K1:=[1..2*p]; 
V1:=[2..2*p-1]; 
N[1]:=[2,2*p]; N[2*p]:=[2*p-1,5*p,1]; 
for i in V1 do 
 if i mod 2=0 then N[i]:=[i-1,i+1,3/2 *i+2*p]; 
  else N[i]:=[i-1,i+1];fi; 
od; 
k:=[2*p+1..8*p*q]; 
k2:=Filtered(k,i->i mod (8*p)in [1..2*p]);; 
for i in k2 do 
 x:= i mod (8*p); 
 if x mod 2 =1 then N[i]:=[i-1,i+1,(x-1)*(3/2) +1+i-x-
3*p]; 
  else N[i]:=[i-1,i+1,x*(3/2) +2*p+i-x];fi; 
 if x=1 then N[i]:=[i+1,i-1+2*p,i-3*p];fi; 
 if x=2*p then N[i]:=[i-1,i+3*p,i-2*p+1];fi; 
od; 
k3:=Filtered(k,i->i mod (8*p) in[2*p+1..5*p]);; 
for i in k3 do 
 x:=i mod (8*p); 
 if (x-(2*p)) mod 3 =1 then N[i]:=[i-1,i+1,i+3*p-1]; 
  elif (x-(2*p)) mod 3 =2 then N[i]:=[i-1,i+1,i+3*p]; 
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   elif (x-(2*p)) mod 3 =0 then N[i]:=[i-1,i+1,(2/3) *(x-
2*p)+i-x];fi; 
 if x=2*p+1 then N[i]:=[i-1+3*p,i-1+6*p,i+1];fi; 
 if x=5*p   then N[i]:=[i-3*p,i-3*p+1,i-1];fi; 
od; 
k4:=Filtered(k,i->i mod (8*p) in Union([5*p+1..8*p-
1],[0]) );; 
for i in k4 do 
 x:=i mod (8*p); 
 if (x-(5*p)) mod 3 =1 then N[i]:=[i-1,i+1,(x-(5*p)-
1)*(2/3) +1+(i-x)+8*p]; 
  elif (x-(5*p)) mod 3 =2 then N[i]:=[i-1,i+1,i-3*p]; 
   elif (x-(5*p)) mod 3 =0 then N[i]:=[i-1,i+1,i-3*p+1];fi; 
 if x=5*p+1 then N[i]:=[i+3*p-1,i+1,i+3*p];fi; 
 if x=0 then N[i]:=[i-1,i-3*p+1,i-6*p+1];fi; 
od; 
K5:=[8*p*q+1 ..8*p*q+p]; 
for i in K5 do 
 x:=i-8*p*q; 
 y:=8*p*(q-1)+5*p+3*x-2; 
 N[i]:=[y]; 
 N[y][3]:=i; 
od; v:=[]; D:=[]; 
for i in [1..n] do 
 D[i]:=[]; u:=[i]; D[i][1]:=N[i]; v[i]:=Size(N[i]); 
 u:=Union(u,D[i][1]); 
r:=1; t:=1; 
while r<>0 do 
D[i][t+1]:=[]; 
for j in D[i][t] do 
 for m in Difference (N[j],u) do 
  AddSet(D[i][t+1],m); 
od; od; 
u:=Union(u,D[i][t+1]); 
if D[i][t+1]=[] then r:=0;fi; 

t:=t+1; 
od;od; 
m:=(1/2)*Sum(v)-n+1; 
d:=[]; 
for i in [1..n] do 
d[i]:=0; 
for t in [1..Size(D[i])] do 
d[i]:=d[i]+t*Size(D[i][t]); 
od; od; 
b:=0; 
for i in [1..n] do 
 for j in N[i] do 
 b:=b+ER(1/((d[i]*d[j]))); 
od; od; 
b:=m*b/2;#(this value is equal to Balaban index of the 
graph) 
 

Table 1. The Balaban index of HAC5C7[p,q]  nanotubes. 
 

p q Balaban 
index 

2 2 8.757 
3 2 8.13913 
4 3 5.62539 
5 4 4.27636 
3 5 3.66101 
5 5 3.53814 
6 6 2.94685 
5 7 2.60890 
7 7 2.52439 

 
 
 
 

 

 
 

Fig. 3. VC5C7[p,q] nanotube. 
 
In continue,  we compute the Balaban index of 

VC5C7[p,q] Nanotubes by GAP program.  
We denote the number of pentagons in the first row by 

p, in this nanotube the four first rows of vertices and edges 
are repeated alternatively, we denote the number of this 
repetition by q. In each period there are 16p vertices and 
3p vertices which are joined to the end of the graph and 
hence the number of vertices in this nanotube is equal to 
16pq+3p.  

The following program computes the Balaban index 
of VC5C7[p,q] nanotubes for arbitrary p and q. 
 
p:=10; q:=3; # (for example) 
n:=16*p*q+3*p; 
N:=[]; K1:=[1..6*p]; V1:=[2..6*p -1]; 
for i in V1 do  if i mod 6=1 then N[i]:=[i-1,i+1,i+8*p]; 
  elif i mod 6 in [0,2,4] then N[i]:=[i-1,i+1]; 
   elif i mod 6=3 then N[i]:=[i-1,i+1,(1/3)*(i-3)+6*p+1]; 
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    elif i mod 6=5 then N[i]:=[i-1,i+1,(1/3)*(i-5)+6*p 
+2];fi;  
od;   
N[1]:=[2,6*p,8*p+1];  N[6*p]:=[6*p-1,1]; 
K:=[6*p+1..16*p*q]; 
K2:=Filtered(K,i->i mod (16*p) in [1..6*p]); 
for i in K2 do  x:= i mod (16*p); 
 if x mod 6=1 then N[i]:=[i-1,i+1,i+8*p];  
  elif x mod 6=2 then N[i]:=[i-1,i+1,(1/3)*(x-2)+2+i-x-
2*p];  
   elif x mod 6=3 then N[i]:=[i-1,i+1,(1/3)*(x-3)+1+i-
x+6*p]; 
    elif x mod 6=4 then N[i]:=[i-1,i+1,i-8*p]; 
     elif x mod 6=5 then N[i]:=[i-1,i+1,(1/3)*(x-5) +2+i-
x+6*p]; 
      elif x mod 6=0 then N[i]:=[i-1,i+1,(1/3)*x +1+i-x-
2*p];fi; 
 if x=1 then N[i]:=[i+1,i-1+6*p,i+8*p];fi;  if x=6*p then 
N[i]:=[i-1,i- 6*p+1,i- 8*p+1];fi; 
od;  
K3:=Filtered(K,i->i mod (16*p) in [6*p+1..8*p]); 
for i in K3 do  x:=(i-6*p) mod (16*p); 
 if x mod 2=0 then N[i]:=[i-1,3*(x-2)+5+i-x- 6*p,3*(x-
2)+5+i-x+2*p];  
   else N[i]:=[i+1,2*x+i- 6*p,2*x+i+2*p];fi; 
od; 
K4:=Filtered(K,i->i mod (16*p) in [8*p+1..14*p]); 
for i in K4 do  x:=(i- 8*p) mod (16*p); 
 if x mod 6=1 then N[i]:=[i-1,i+1,i- 8*p];  
  elif x mod 6=2 then N[i]:=[i-1,i+1,(1/3)*(x-2)+2+i-
x+6*p];  
   elif x mod 6=3 then N[i]:=[i-1,i+1,(1/3)*(x-3)+1+i-x-
2*p];  
    elif x mod 6=4 then N[i]:=[i-1,i+1,i+8*p];  
     elif x mod 6=5 then N[i]:=[i-1,i+1,(1/3)*(x-5)+2+i-x- 
2*p];  
      elif x mod 6=0 then N[i]:=[i-1,i+1,(1/3)*x+1+i-
x+6*p];fi; 
 if x=1 then N[i]:=[i-8*p,i+1,i+6*p-1];fi; if x=6*p then 
N[i]:=[i-1,i-6*p+1,i+1];fi; 
od; 
K5:=Filtered(K,i->i mod (16*p) in Union([14*p+1..16*p-
1],[0])); 
for i in K5 do  x:=(i-14*p) mod (16*p); 
 if x mod 2=1 then N[i]:=[i+1,3*(x-1)+i-x-6*p,3*(x-1)+i-
x+2*p];  
  else N[i]:=[i-1,3*(x-2)+2+i-x-6*p,3*(x-2)+2+i-
x+2*p];fi; 
 if x=1 then N[i]:=[i+1,i-1,i-1+8*p];fi; 
 if x=2*p then N[i]:=[i-1,3*(x-2)+2+i-x-6*p,3*(x-
2)+2+i-x+2*p];fi;  
od; 
K6:=[16*p*q+1..n]; 
for i in K6 do x:=i mod (16*p); 
 if x mod 3=1 then y:= (2/3)*(x-1)+2+i-x- 2*p; 
  elif x mod 3=2 then y:=i+x- 8*p; 
   elif x mod 3=0 then y:=(2/3)*(x- 3)+3+i-x-2*p;fi;  
if x=3*p  then y:=i- 5*p+1;fi; 
 N[i]:=[y];  N[y][3]:=i; 
od; 

v:=[]; D:=[]; 
for i in [1..n] do 
 D[i]:=[]; u:=[i]; D[i][1]:=N[i]; v[i]:=Size(N[i]); 
 u:=Union(u,D[i][1]); 
r:=1; t:=1; 
while r<>0 do 
D[i][t+1]:=[]; 
for j in D[i][t] do 
 for m in Difference (N[j],u) do 
  AddSet(D[i][t+1],m); 
od; od; 
u:=Union(u,D[i][t+1]); 
if D[i][t+1]=[] then r:=0;fi; 
t:=t+1; 
od;od; 
m:=(1/2)*Sum(v)-n+1; 
d:=[]; 
for i in [1..n] do 
d[i]:=0; 
for t in [1..Size(D[i])] do 
d[i]:=d[i]+t*Size(D[i][t]); 
od;od; 
b:=0; 
for i in [1..n] do 
 for j in N[i] do 
 b:=b+ER(1/((d[i]*d[j]))); 
od;od; 
b:=m*b/2;#(this value is equal to Balaban index of the 
graph) 

 
Table 2. The Balaban index of VC5C7[p,q]  nanotubes. 

 
p q Balaban index 
2 2 0.91465 
3 2 0.74748 
4 3 0.52975 
5 4 0.40985 
3 4 0.51844 
5 5 0.36691 

 
 

4. Conclusions 
 
An algorithm has been presented for computing the 

Balaban index of any connected simple graph. According 
to this algorithm and using the GAP program, we can 
write a program to compute this index quickly. This 
method has been used here for the first time. We tested the 
algorithm to calculate the Balaban  index of HAC5C7[p,q] 
and VC5C7[p,q]  nanotubes. 
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