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Graphene is one of themost promising nanomaterials because of its unique combination of superb properties, which opens away for
its exploitation in a wide spectrum of applications ranging from electronics to optics, sensors, and biodevices. Inspired by recent
work on Graphene of computing topological indices, here we propose new topological indices, namely, Arithmetic-Geometric
index (AG1 index), SK index, SK1 index, and SK2 index of a molecular graph � and obtain the explicit formulae of these indices
for Graphene.

1. Introduction

A topological index of a chemical compound is an integer,
derived following a certain rule, which can be used to char-
acterize the chemical compound and predict certain phys-
iochemical properties like boiling point, molecular weight,
density, refractive index, and so forth [1, 2].

A molecular graph � = (�, �) is a simple graph having
� = |�| vertices and � = |�| edges. �e vertices V� ∈ �
represent nonhydrogen atoms and the edges (V�, V�) ∈ �
represent covalent bonds between the corresponding atoms.
In particular, hydrocarbons are formed only by carbon and
hydrogen atom and their molecular graphs represent the
carbon skeleton of the molecule [1, 2].

Molecular graphs are a special type of chemical graphs,
which represent the constitution of molecules. �ey are also
called constitutional graphs. When the constitutional graph
of a molecule is represented in a two-dimensional basis, it is
called structural graph [1, 2].

All molecular graphs considered in this paper are 	nite,
connected, loopless, and without multiple edges. Let � =
(�, �) be a graph with � vertices and � edges. �e degree
of a vertex � ∈ �(�) is denoted by 	� and is the number
of vertices that are adjacent to �. �e edge connecting the
vertices � and V is denoted by �V [3].

2. Computing the Topological
Indices of Graphene

Graphene is an atomic scale honeycomb lattice made of
carbon atoms. Graphene is 200 times stronger than steel,
one million times thinner than a human hair, and world’s
most conductive material. So it has captured the attention
of scientists, researchers, and industrialists worldwide. It is
one of the most promising nanomaterials because of its
unique combination of superb properties, which opens a
way for its exploitation in a wide spectrum of applications
ranging from electronics to optics, sensors, and biodevices.
Also it is the most e�ective material for electromagnetic
interference (EMI) shielding. Now we focus on computation
of topological indices of Graphene [4–6].

Motivated by previous research on Graphene, here we
introduce four new topological indices and computed their
corresponding topological index value of Graphene [7–13].

In Figure 1, the molecular graph of Graphene is shown.

2.1. Motivation. By looking at the earlier results for comput-
ing the topological indices for Graphene, here we introduce
new degree-based topological indices to compute their values
for Graphene.
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Figure 1

In the upcoming sections, topological indices and their
computation of topological indices for Graphene are dis-
cussed.

De�nition 1 (Arithmetic-Geometric (AG1) index). Let � =
(�, �) be amolecular graph and 	� be the degree of the vertex
�; then AG1 index of � is de	ned as

AG1 (�) = ∑
�,V∈�(�)

	� (�) + 	� (V)
2√	� (�) ⋅ 	� (V) , (1)

where AG1 index is considered for distinct vertices.
�e above equation is the sum of the ratio of the

Arithmetic mean and Geometric mean of � and V, where
	�(�) (or 	�(V)) denote the degree of the vertex � (or V).
De�nition 2 (SK index). �e SK index of a graph � = (�, �)
is de	ned as SK(�) = ∑�,V∈�(�)((	�(�) + 	�(V))/2), where	�(�) and 	�(V) are the degrees of the vertices � and V in �,
respectively.

De�nition 3 (SK1 index). �e SK1 index of a graph� = (�, �)
is de	ned as SK1(�) = ∑�,V∈�(�)((	�(�) ⋅ 	�(V))/2), where	�(�) and 	�(V) are the product of the degrees of the vertices� and V in �, respectively.
De�nition 4 (SK2 index). �e SK2 index of a graph� = (�, �)
is de	ned as SK2(�) = ∑�,V∈�(�)((	�(�) + 	�(V))/2)2, where	�(�) and 	�(V) are the degrees of the vertices � and V in �,
respectively.

Table 1

Row �2,2 �2,3 �3,3
1 3 2� 3� − 2
2 1 2 3� − 1
3 1 2 3� − 1
4 1 2 3� − 1... ... ... ...
� 3 3� � − 1
Total � + 4 4� + 2� − 4 3�� − 2� − � − 1

3. Main Results

�eorem 5. 
e ��1 index of Graphene having “�” rows of
Benzene rings with “�” Benzene rings in each row is given by

��1 (�)

=
{{{{
{{{{{

6√6�� + (20 − 4√6) � + 10� − (20 − 6√6)
2√6 , �� � ̸= 1

(2√6 + 20) � + 6√6 − 10
2√6 , �� � = 1.

(2)

Proof. Consider aGraphene having “�” rowswith “�” Benzene
rings in each row. Let ��,� denote the number of edges con-
necting the vertices of degrees 	� and 	�. Two-dimensional
structure of Graphene (Figure 1) contains only�2,2,�2,3, and�3,3 edges. �e number of �2,2, �2,3, and �3,3 edge in each
row is mentioned in Table 1.
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�erefore Graphene contains�2,2 = (� + 4) edges,�2,3 =(4� + 2� − 4) edges, and�3,3 = (3�� − 2� − � − 1) edges.

AG1 (�) = ∑
�,V∈�(�)

	� (�) + 	� (V)
2√	� (�) ⋅ 	� (V) ,

AG1 (�) = �2,2 ( 2 + 22√2.2) + �2,3 (
2 + 3
2√2.3)

+ �3,3 ( 3 + 32√3.3)

= (� + 4) (44) + (4� + 2� − 4) (
5
2√6)

+ (3�� − 2� − � − 1) (66)

= (� + 4) + (4� + 2� − 4) ( 5
2√6) + 3�� − 2�

− � − 1
= (3�� − 2� + 3) + (4� + 2� − 4) ( 5

2√6)

= 2√6 (3�� − 2� + 3) + 5 (4� + 2� − 4)2√6
= 6√6�� − 4√6� + 6√6 + 20� + 10� − 202√6

= 6√6 + (20 − 4√6) � + 10� − (20 − 6√6)2√6 .

(3)

Now consider the following cases.

Case 1. �e Arithmetic-Geometric index of Graphene for � ̸=
1 is

AG1 (�) = 6
√6 + (20 − 4√6) � + 10� − (20 − 6√6)

2√6 . (4)

Case 2. � = 1, �2,2 = � + 4, �2,3 = 4� − 2, and �3,3 = � − 2,
edges as shown in Figure 2:

AG1 (�) = ∑
�,V∈�(�)

	� (�) + 	� (V)
2√	� (�) ⋅ 	� (V) ,

AG1 (�) = �2,2 ( 2 + 22√2.2) + �2,3 (
2 + 3
2√2.3)

+ �3,3 ( 3 + 32√3.3)

= (� + 4) (44) + (4� + 2� − 4) (
5
2√6)

+ (3�� − 2� − � − 1) (66)

= 5 (1) + (4� − 2) ( 5
2√6) + (� − 2) (1)

= � + 3 + (4� − 2) ( 5
2√6)

= 2√6 (�) + 6√6 + 20� − 102√6

= (2√6 + 20) � + 6√6 − 102√6 .
(5)

�eorem 6. 
e SK index of Graphene having “�” rows of
Benzene rings with “�” Benzene rings in each row is given by

SK (�) =
{{
{{{

18�� + 8� + 8� − 10
2 , �� � ̸= 1

26� − 2
2 , �� � = 1.

(6)

Proof. Consider Graphene having “�” rows with “�” Benzene
rings in each row. Let ��,� denote the number of edges con-
necting the vertices of degrees 	� and 	�. Two-dimensional
structure of Graphene (Figure 1) contains only�2,2,�2,3, and�3,3 edges. �e number of �2,2, �2,3, and �3,3 edge in each
row is mentioned in Table 1.

�erefore, Graphene contains�2,2 = (� + 4) edges,�2,3 =(4� + 2� − 4) edges, and�3,3 = (3�� − 2� − � − 1) edges.

SK (�) = ∑
�,V∈�(�)

	� (�) + 	� (V)
2 ,

SK (�)
= �2,2 (2 + 22 ) + �2,3 (2 + 32 ) + �3,3 (3 + 32 )

= (� + 4) (42) + (4� + 2� − 4) (
5
2)

+ (3�� − 2� − 1) (62)

= 2 (� + 4) + (4� + 2� − 4) (52)
+ 3 (3�� − 2� − � − 1)

= 2� + 8 + (4� + 2� − 4) (52) + 9�� − 6� − 3� − 3

= 4� + 16 + 20� + 10� − 20 + 18�� − 12� − 6� − 62
= 18�� + 8� + 8� − 102 .

(7)

Now consider the following cases.
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Case 1. �e SK index of Graphene for � ̸= 1 is
SK (�) = 18�� + 8� + 8� − 102 . (8)

Case 2. � = 1, �2,2 = � + 4, �2,3 = 4� − 2, and �3,3 = � − 2,
edges as shown in Figure 2:

SK (�) = ∑
�,V∈�(�)

	� (�) + 	� (V)
2 ,

SK (�) = �2,2 (2 + 22 ) + �2,3 (2 + 32 )
+ �3,3 (3 + 32 )

= (� + 4) (42) + (4� + 2� − 4) (
5
2)

+ (3�� − 2� − � − 1) (62) .

(9)

For � = 1,
= 5 (2) + (4� − 2) (52) + (� − 2) (3)
= 10 + (4� − 2) (52) + 3� − 6
= 20 + 20� − 10 + 6� − 122 = 26� − 22 .

(10)

�eorem 7. 
e � 1 index of Graphene having “�” rows of
Benzene rings with “�” Benzene rings in each row is given by

� 1 (�) =
{{
{{{

27�� + 7� + 6� − 17
2 , �� � ̸= 1

33� − 10
2 , �� � = 1. (11)

Proof. Consider Graphene having “�” rows with “�” Benzene
rings in each row. Let ��,� denote the number of edges con-
necting the vertices of degrees 	� and 	�. Two-dimensional
structure of Graphene (Figure 1) contains only�2,2,�2,3, and�3,3 edges. �e number of �2,2, �2,3, and �3,3 edge in each
row is mentioned in Table 1.

�erefore, Graphene contains�2,2 = (� + 4) edges,�2,3 =(4� + 2� − 4) edges, and�3,3 = (3�� − 2� − � − 1) edges.
SK1 (�) = ∑

�,V∈�(�)

	� (�) ⋅ 	� (V)
2 ,

SK1 (�)
= �2,2 (2 × 22 ) + �2,3 (2 × 32 ) + �3,3 (3 × 32 )
= (� + 4) (42) + (4� + 2� − 4) (

6
2)

+ (3�� − 2� − 1) (92)
= 2 (� + 4) + (4� + 2� − 4) (3)
+ (3�� − 2� − � − 1) (92)

= 2� + 8 + 12� + 6� − 12 + (3�� − 2� − � − 1) (92)

= 4� + 16 + 24� + 12� − 24 + 27�� − 18� − 9� − 92
= 27�� + 7� + 6� − 172 .

(12)

Now consider the following cases.

Case 1. �e SK1 index of Graphene for � ̸= 1 is
SK1 (�) = 27�� + 7� + 6� − 172 . (13)

Case 2. � = 1, �2,2 = � + 4, �2,3 = 4� − 2, and �3,3 = � − 2,
edges as shown in Figure 2:

SK1 (�) = ∑
�,V∈�(�)

	� (�) ⋅ 	� (V)
2 ,

SK1 (�) = �2,2 (2 × 22 ) + �2,3 (2 × 32 )

+ �3,3 (3 × 32 )

= (� + 4) (42) + (4� + 2� − 4) (
6
2)

+ (3�� − 2� − 1) (92)
= 2 (� + 4) + (4� + 2� − 4) (3)
+ (3�� − 2� − � − 1) (92) .

(14)

For � = 1,
= 2 (1 + 4) + (4� − 2) 3 + (� − 2) (92)

= 10 + 12� − 6 + (� − 2) (92)

= 20 + 24� − 12 + 9� − 182 = 33� − 102 .

(15)

�eorem 8. 
e � 2 index of Graphene having “�” rows of
Benzene rings with “�” Benzene rings in each row is given by

� 2 (�) =
{{
{{{

108�� + 30� + 28� − 72
4 , �� � ̸= 1

136� − 42
4 , �� � = 1.

(16)
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Proof. Consider Graphene having “�” rows with “�” Benzene
rings in each row. Let ��,� denote the number of edges con-
necting the vertices of degrees 	� and 	�. Two-dimensional
structure of Graphene (Figure 1) contains only�2,2,�2,3, and�3,3 edges. �e number of �2,2, �2,3, and �3,3 edge in each
row is mentioned in Table 1.

�erefore, Graphene contains�2,2 = (� + 4) edges,�2,3 =(4� + 2� − 4) edges, and�3,3 = (3�� − 2� − � − 1) edges.

SK2 (�) = ∑
�,V∈�(�)

(	� (�) + 	� (V)2 )
2
,

SK2 (�)
= �2,2 (2 + 22 )2 + �2,3 (2 + 32 )2 + �3,3 (3 + 32 )2

= (� + 4) (42)
2 + (4� + 2� − 4) (52)

2

+ (3�� − 2� − 1) (62)
2

= 4 (� + 4) + (4� + 2� − 4) (254 ) + 9 (3�� − 2� − � − 1)

= 4� + 16 + (4� + 2� − 4) (254 ) + 27�� − 18� − 9� − 9

= 16� + 64 + 100� + 50� − 100 + 108�� − 72� − 36� − 364
= 108�� + 30� + 28� − 724 .

(17)

Now consider the following cases.

Case 1. �e SK2 index of Graphene for � ̸= 1 is

SK2 (�) = 108�� + 30� + 28� − 724 . (18)

Case 2. � = 1, �2,2 = � + 4, �2,3 = 4� − 2, and �3,3 = � − 2,
edges as shown in Figure 2:

SK2 (�) = ∑
�,V∈�(�)

(	� (�) + 	� (V)2 )
2
,

SK2 (�) = �2,2 (2 + 22 )2 + �2,3 (2 + 32 )2

+ �3,3 (3 + 32 )2

= (� + 4) (42)
2 + (4� + 2� − 4) (52)

2

+ (3�� − 2� − 1) (62)
2

= 4 (� + 4) + (4� + 2� − 4) (254 )
+ 9 (3�� − 2� − � − 1) .

(19)

For � = 1,
= 4 (1 + 4) + (4� − 2) (254 ) + 9 (� − 2)

= 20 + (4� − 2) (254 ) + 9� − 18

= 80 + 100� − 50 + 36� − 724 = 136� − 424 .

(20)

3.1. Conclusion. A generalized formula for Arithmetic-
Geometric index (AG1 index), SK index, SK1 index, and
SK2 index of Graphene has been obtained without using
computer.
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[2] N. Trinajstić, Chemical Graph
eory, Mathematical Chemistry
Series, CRC Press, Boca Raton, Fla, USA, 2nd edition, 1992.

[3] F. Harary,Graph
eory, Addison-Wesley, Reading, Mass, USA,
1969.

[4] A. Madanshekaf and M. Moradi, “�e 	rst geometric-
arithmetic index of some nanostar dendrimers,” Iranian
Journal of Mathematical Chemistry, vol. 5, no. 1, supplement 1,
pp. 1–6, 2014.

[5] G. Sridhara, M. R. R. Kanna, and R. S. Indumathi, “Computa-
tion of topological indices of graphene,” Journal of Nanomateri-
als, vol. 2015, Article ID 969348, 8 pages, 2015.

[6] S. M. Hosamani, “Computing Sanskruti index of certain nanos-
tructures,” Journal of AppliedMathematics andComputing, 2016.

[7] I. Gutman, “Degree-based topological indices,” Croatica Chem-
ica Acta, vol. 86, no. 4, pp. 351–361, 2013.

[8] K. Lavanya Lakshmi, “A highly correlated topological index for
polyacenes,” Journal of Experimental Sciences, vol. 3, no. 4, pp.
18–21, 2012.

[9] S. M. Hosamani and B. Basavanagoud, “New upper bounds for
the 	rst Zagreb index,”MATCH:Communications inMathemat-
ical and in Computer Chemistry, vol. 74, no. 1, pp. 97–101, 2015.

[10] S. M. Hosamani and I. Gutman, “Zagreb indices of trans-
formation graphs and total transformation graphs,” Applied
Mathematics and Computation, vol. 247, pp. 1156–1160, 2014.

[11] S. M. Hosamani, S. H. Malaghan, and I. N. Cangul, “�e 	rst
geometric-arithmetic index of graph operations,” Advances and
Applications inMathematical Sciences, vol. 14, no. 6, pp. 155–163,
2015.



6 Journal of Mathematics

[12] V. S. Shegehalli and R. Kanabur, “Arithmetic-Geometric indices
of some class of Graph,” Journal of Computer and Mathematical
Sciences, vol. 6, no. 4, pp. 194–199, 2015.

[13] V. S. Shegehalli and R. Kanabur, “Arithmetic-Geometric indices
of Path Graph,” Journal of Computer andMathematical Sciences,
vol. 6, no. 1, pp. 19–24, 2015.



Submit your manuscripts at

http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Problems 
in Engineering

Hindawi Publishing Corporation
http://www.hindawi.com

Differential Equations
International Journal of

Volume 2014

Applied Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Probability and Statistics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Optimization
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Combinatorics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Operations Research
Advances in

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Function Spaces

Abstract and 
Applied Analysis
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Algebra

Discrete Dynamics in 
Nature and Society

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Decision Sciences
Advances in

Discrete Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014 Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Stochastic Analysis
International Journal of


