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Abstract. We introduce the first and second Gourava indices of a molecular graph. Also 
we introduce the first and second Gourava coindices of a molecular graph. In this paper, 
we compute the first and second Gourava indices of some standard classes of graphs. We 
also compute the first and second Gourava indices of armchair polyhex and zigzag-edge 
polyhex nanotubes. 
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1. Introduction 
Let G = (V, E) be a finite, simple, connected graph. The degree dG(v) of a vertex v is the 
number of vertices adjacent to v. Any undefined term in this paper may be found in Kulli 
[1]. 

A molecular graph is a graph such that vertices correspond to the atoms and the 
edges to the bonds. Chemical graph theory is a branch of mathematical chemistry which 
has an important effect on the development of the chemical sciences. In chemical science, 
the physico-chemical properties of chemical compounds are often modeled by means of 
molecular graph based structure descriptors, which are also referred to as topological 
indices, see [2]. 

The first and second Zagreb indices, first appeared in a topological formula for 
the total π-energy of conjugated molecules, were introduced by Gutman et al. in [2]. 
These indices have been used as branching indices. The Zagreb indices have found 
applications in QSPR and QSAR studies. 

The first and second Zagreb indices of a molecular graph G are defined as 

( ) ( ) ( )
( )

1 ,G G
uv E G

M G d u d v
∈

=  +  ∑  ( ) ( ) ( )
( )

2 .G G
uv E G

M G d u d v
∈

= ∑  

Motivated by the definitions of the Zagreb indices and their wide applications, 
we introduce the first Gourava index of a molecular graph as follows: 

The first Gourava index of a graph G is defined as 

( ) ( ) ( )( ) ( ) ( )
( )

1 .G G G G
uv E G

GO G d u d v d u d v
∈

 = + + ∑      (1) 
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The generalized Zagreb index was introduced by Azari and Iranmanesh in [3] 
and is defined as 

( ) ( ) ( ) ( ) ( )( )
( )

,

r s r s

r s G G G G
uv E G

M G d u d v d v d u
∈

= +∑ ,  for all r, s ∈ N. 

Motivated by the definitions of the first Gourava index and the generalized 
Zagreb index, we define the second Gourava index of a molecular graph G as follows: 

The second Gourava index of a molecular graph G is defined as 

 ( ) ( ) ( )( ) ( ) ( )( )
( )

2 .G G G G
uv E G

GO G d u d v d u d v
∈

= +∑            (2) 

We rewrite the second Gourava index as follows: 

( ) ( ) ( ) ( ) ( )( )
( )

2 2

2 .G G G G
uv E G

GO G d u d v d v d u
∈

= +∑  

 Recently many topological indices were studied, for example, in [4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15, 16].  
 In this paper, we consider the armchair polyhex nanotubes TUAC6[m,n] and 
zigzag-edge polyhex nanotubes TUZC6[m,n], and compute their Gourava indices. Also 
the first and second Gourava indices of some standard classes of graphs are determined. 
 
2. Results for some standard classes of graphs 
Proposition 1. Let Cn be a cycle with n≥3 vertices. Then GO1(Cn) = 8n. 
Proof: Let Cn be a cycle with n≥3 vertices. Then GO1(Cn) = n[(2+2)+(2×2)]=8n. 
 
Proposition 2. Let Kn be a complete graph with n≥2 vertices. Then 

( ) ( )( )2

1

1
1 1 .

2nGO K n n n= + −  

Proof: Let Kn be a complete graph with n vertices. Then Kn has 
( )1

2

n n −
 edges. 

 ( ) ( ) ( ) ( ) ( )( ) ( ) ( )2

1

1 1 1
1 1 1 1 .

2 2n

n n n n n
GO K n n n n

− − +
=  − + − + − −  =   

Proposition 3. Let Km, n be a complete bipartite graph with 1≤m≤n. Then 
GO1(Km, n) = mn(m+n+mn). 

Proof: Let Km,n be a complete bipartite graph with 1≤m≤n. Then Km,n has m+n vertices 
and mn edges such that |V1| = m, |V2| = n, V(Km,n) = V1∪V2. Clearly every vertex of V1 is 
adjacent with n vertices and every vertex of V2 is adjacent with m vertices. 

GO1(Km,n) = mn[(m+n)+ mn]. 
 
Corollary 3.1. Let Kn,n be a complete bipartite graph. Then GO1(Kn,n) = n3(2+ n). 
 
Corollary 3.2. Let K1,n be a star. Then GO1(K1,n) = n(1+2n). 
 
Proposition 4.  If G is an r-regular graph with n vertices, then 
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( ) ( )2
1

1
2 .

2
GO G nr r= +  

Proof. If G is an r-regular graph with n vertices, then G has 2
nr  edges. The degree of 

each vertex of G is r. 

  ( ) ( ) ( )2 2
1

1
2 .

2 2

nr
GO G r r r nr r = + + = +    

Proposition 5.  Let Pn be a path with  n≥3 vertices. Then  GO1(Pn) = 8n – 14. 
Proof: Let G=Pn be a path with n≥3 vertices. We obtain two partitions of the edge set of 
Pn as follows: 
 E3 = {uv∈E(G) | dG(u) = 1, dG(v) = 2}, |E3| = 2. 
 E4 = {uv∈E(G) | dG(u) = dG(v) = 2}, |E4| = n – 3. 
To compute GO1(Pn), we see that 

 ( ) ( ) ( )( ) ( ) ( )( )
( )

1 G G G G
uv E G

GO G d u d v d u d v
∈

 = + + ∑  

  = [(1+2) + (1×2)]2 + [2+2) + (2×2)](n – 3). 
  = 10 + 8n – 24 = 8n – 14. 
 Similarly, the second Gourava index of some standard classes of graphs are 
determined. 
 
Proposition 6. (1) Let Cn be a cycle with n≥3 vertices. Then GO2(Cn) = 16n. 

(2) Let Kn be a complete graph with n≥2 vertices. Then ( ) ( )4

2 1 .nGO K n n= −  

(3) Km, n be a complete bipartite graph with 1≤m≤n. Then 
GO2(Km, n) = (m+n) m2n2. 

(4) If G is an r-regular graph with n vertices, then ( ) 4
2 .GO G nr=  

(5) Let Pn be a path with  n≥3 vertices. Then  GO2(Pn) = 16n – 36. 
 
3. Results for armchair polyhex nanotubes 
The armchair polyhex nanotubes usually symbolized as TUAC6[m, n] in which m is the 
number of hexagons in first row and n is the number of rows. The graph of TUAC6[m, n] 
is shown in Figure 1. 
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Figure 1: The graph of armchair polyhex nanotube TUAC6[m,n] 



V.R.Kulli 

36 

 

 By algebraic method, we obtain |V(TUAC6[m, n])| = 2m(n+1) and |E(TUAC6[m, 
n])| = 3mn+2m. Let G = TUAC6[m, n]. 
 Also by algebraic method, we obtain three edge partitions of (TUAC6[m, n]) 
based on the sum of degrees of the end vertices as follows: 
 E4 = {uv∈E(G) | dG(u) = 2, dG(v) = 2}, |E4| = m. 
 E5 = {uv∈E(G) | dG(u) = 2, dG(v) = 3}, |E5| = 2m. 

E6 = {uv∈E(G) | dG(u) = dG(v) = 3}, |E4| = 3mn – m. 
 
In the following theorem, we determine the first and second Gourava indices of 

the TUAC6[m, n] nanotube.  
 

Theorem 1. The first and second Gourava indices of  TUAC6[m, n] nanotube are 
respectively given by 
i) GO1(TUAC6[m, n]) = 45mn + 15m. 
ii) GO2(TUAC6[m, n]) = 162mn + 22m. 
Proof: Let G = TUAC6[m, n]. The graph G has 2m(n+1) vertices and 3mn+2m edges. 

i) From equation (1), we have 

( ) ( ) ( )( ) ( ) ( )( )
( )

1 G G G G
uv E G

GO G d u d v d u d v
∈

 = + + ∑  

Using the cardinalities of the edge partitions of G, we have 
GO1(G) = m[(2+2) + (2×2)] + 2m[(2+3) + (2×3)] + (3mn – m) [(3+3)+(3×3)] 
 = 8m + 22m + (3mn – m) 15 
 = 45mn + 15m. 
ii) From equations (2), we have 

 ( ) ( ) ( )( ) ( ) ( )( )
( )

2 .G G G G
uv E G

GO G d u d v d u d v
∈

= ∑  

Using the cardinalities of the edge partitions of G, we have 
GO2(G) = m[(2+2) × (2×2)] + 2m[(2+3) × (2×3)] + (3mn – m) [(3+3) × (3×3)] 
 = 16m + 60m + (3mn – m) 54 
 = 162mn + 22m. 
 
4. Results for Zigzag-edge polyhex nanotubes 
The zigzag-edge polyhex nanotubes usually symbolized as TUZC6[m, n] in which m is 
the number of hexagons in the first row and n is the number of rows. The graph of 
TUZC6[m, 3] is shown in Figure 2. 
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Figure 2: The graph of zigzag-edge polyhex nanotube TUZC6[m,3] 
 By algebraic method, we obtain |V(TUZC6[m, n])| = 2m(n+1) and |E(TUZC6[m, 
n])| = 3mn+2m. Let H = TUZC6[m, n]. 
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 Also by algebraic method, we obtain two edge partitions of TUZC6[m, n] based 
on the sum of degrees of the end vertices as follows: 
 E5 = {uv∈E(H) | dH(u) = 2, dH(v) = 3}, |E5| = 4m. 

E6 = {uv∈E(H) | dH(u) = dH(v) = 3}, |E6| = 3mn – 2m. 
In the following theorem, we determine the first and second Gourava indices of 

the TUZC6[m, n] nanotube. 
 
Theorem 2. The first and second Gourava indices of  TUZC6[m, n] nanotube are 
respectively given by 
i) GO1(TUZC6[m, n]) = 45mn + 14m. 
ii) GO2(TUZC6[m, n]) = 162mn + 12m. 
Proof: Let H = TUZC6[m, n]. The graph H has 2m(n+1) vertices and 3mn+2m edges. 

i) From equation (1), we have 

( ) ( ) ( )( ) ( ) ( )( )
( )

1 H H H H
uv E H

GO H d u d v d u d v
∈

 = + + ∑  

Using the cardinalities of the edge partitions of H, we have 
GO1(H) = 4m[(2+3) + (2×3)] + (3mn – 2m) [(3+3)+(3×3)] 
 = 44m + 45mn – 30m = 45mn + 14m. 
ii) From equation (2), we have 

 ( ) ( ) ( )( ) ( ) ( )( )
( )

2 .G G G G
uv E H

GO H d u d v d u d v
∈

= +∑  

Using the cardinalities of the edge partitions of H, we have 
GO2(H) = 4m[(2+3) × (2×3)] + (3mn – 2m) [(3+3) × (3×3)] 
 = 120m + (3mn – 2m) 54 = 162mn + 12m. 
 
5. The first and second gourava coindices 
We introduce the first and second Gourava coindices of a molecular graph. 
 The first and second Gourava coindices of a molecular graph G are respectively 
defined as 

 ( ) ( ) ( )( ) ( ) ( )
( )

1 ,G G G G
uv E G

GO G d u d v d u d v
∉

 = + + ∑  

 ( ) ( ) ( )( ) ( ) ( )
( )

2 .G G G G
uv E G

GO G d u d v d u d v
∉

= +∑  
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