
 

International Journal of Chemical and Biomolecular Science 

Vol. 1, No. 2, 2015, pp. 34-42 

http://www.aiscience.org/journal/ijcbs  

 

 

* Corresponding author 

E-mail address: gaoyun@ynnu.edu.cn (Yun Gao) 

Singly and Doubly Vertex-Weighted Wiener 
Polynomial of Certain Special Molecular Graphs 

Yun Gao1, *, Li Liang2, Wei Gao2 

1
Department of Editorial, Yunnan Normal University, Kunming, China 

2
School of Information Science and Technology, Yunnan Normal University, Kunming, China 

Abstract 

Chemical compounds and drugs are often modeled as graphs where each vertex represents an atom of molecule, and covalent 

bounds between atoms are represented by edges between the corresponding vertices. This graph derived from a chemical 

compounds is often called its molecular graph, and can be different structures. In this paper, we determine the singly 

vertex-weighted Wiener polynomial and doubly vertex-weighted Wiener polynomial of fan molecular graph, wheel molecular 

graph, gear fan molecular graph, gear wheel molecular graph, and their r-corona molecular graphs. 

Keywords 

Chemical Graph Theory, Singly Vertex-Weighted Wiener Polynomial, Doubly Vertex-Weighted Wiener Polynomial,  

R-Corona Molecular Graph 

Received: May 30, 2015 / Accepted: June 13, 2015 / Published online: July 15, 2015 

@ 2015 The Authors. Published by American Institute of Science. This Open Access article is under the CC BY-NC license. 

http://creativecommons.org/licenses/by-nc/4.0/ 

 

1. Introduction 

Wiener index, Gutman index, Shultz index, 

Geometric-arithmetic index and Zagreb indices are introduced 

to reflect certain structural features of organic molecules. 

Several papers contributed to determine the distance-based 

index or degree-based index of special molecular graphs (See 

Yan et al., [1-2], Gao et al., [3-4], Gao and Shi [5], Gao and 

Wang [6], Xi and Gao [7-8], Xi et al., [9], Gao et al., [10] for 

more detail). The notation and terminology used but 

undefined in this paper can be found in [11]. 

The (singly) vertex-weighted Wiener polynomial is denoted as 

( , )
v

P G x = ( , ) 1

{ , } ( )

1
( ( ) ( ))

2

d u v

u v V G

d u d v x +

⊆

+∑  

And, the doubly vertex-weighted Wiener polynomial is 

defined as 

( , )
vv

P G x = ( , ) 2

{ , } ( )

( ( ) ( )) d u v

u v V G

d u d v x +

⊆
∑  

Let Pn and Cn be path and cycle with n vertices. The molecular 

graph Fn={v} ∨ Pn is called a fan molecular graph and the 

molecular graph Wn={v} ∨ Cn is called a wheel molecular 

graph. Molecular graph Ir(G) is called r- crown molecular 

graph of G which splicing r hang edges for every vertex in G. 

By adding one vertex in every two adjacent vertices of the fan 

path Pn of fan molecular graph Fn, the resulting molecular 

graph is a subdivision molecular graph called gear fan 

molecular graph, denote as nFɶ . By adding one vertex in every 

two adjacent vertices of the wheel cycle Cn of wheel molecular 

graph Wn, The resulting molecular graph is a subdivision 

molecular graph, called gear wheel molecular graph, denoted 

as nWɶ . 

In this paper, we present the singly vertex-weighted Wiener 

polynomial and doubly vertex-weighted Wiener polynomial 

of ( )
r n

I F , ( )
r n

I W , ( )r nI Fɶ  and ( )r nI Wɶ . 
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2. Singly Vertex-Weighted Wiener Polynomial 

Theorem 1.  
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Proof. Let Pn=v1v2…vn and the r hanging vertices of vi be 
1

iv , 
2

iv ,…, 
r

iv  (1 ≤ i ≤ n). Let v be a vertex in Fn beside Pn, and the r 

hanging vertices of v be 1
v , 2

v , …, r
v . By the definition of singly vertex-weighted Wiener polynomial, we have  
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Theorem 2.  
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Proof. Let Cn=v1v2…vn and 1
v
i
, 2

v
i

,…, r
v
i

 be the r hanging vertices of vi (1 ≤ i ≤ n). Let v be a vertex in Wn beside Cn, and 
1

v , 

2
v , …, 

r
v be the r hanging vertices of v. By the definition of singly vertex-weighted Wiener polynomial, we deduce 
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3. Doubly Vertex-Weighted Wiener Polynomial 

The notations for special molecular graphs can refer to Theorem 1- Theorem 4. 
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n n
d v v

i i j j

i j i
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−

+
+ +
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+
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, 1

( , ) 2

, 1

1 1

( ) ( )
j

i i i i

i i
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d v vj

i i

i j

d v d v x
+ +

+

+

+
= =
∑∑ +

, 1 , 1

, 1

( , ) 2

, 1

1 {1,2, , } 1

( ) ( )
k

i i j j

j j

n r
d v vk

i i

i j n i k

d v d v x
+ +

+

+
+

= ∈ − =
∑ ∑ ∑

⋯

+

, 1, 1

, 1 , 1

1
( , ) 2

1 1 1

( ) ( )
j k

i ii i

i i i i

n r r
d v vj k

i j k j

d v d v x ++

+ +

− +

= = = +
∑∑ ∑ + , 1 , 1

, 1 , 1

1
( , ) 2

1 1 1 1

( ) ( )
k t

i i j j

i i j j

n n r r
d v vk t

i j i k t

d v d v x + +

+ +

− +

= = + = =
∑ ∑ ∑∑  

=

2
4

2

r r
x

−
+

2 3
( )r nr x+ + 

2 2 2 3
( ( 3 ) 3 )r n r n n n x+ + + +

2 2 4
( )r n rn x+ +

2 4
( 3 )r n rn x+ + 2 5

nr x + 
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2 2
2 2 49 9

( (3 3 ) )
2 2

n n n n
r r n n x

− −+ − + + 
2 3

( 3 )r n rn x+ +
2 2 2 5

( ( ) (3 3 ))r n n r n n x− + −  +
 

2
4( )

2

r r n
x

−
 
+

2 6( 1)

2

n n
r x

−
 +

2 2 2 4
( ( 2 ) 2 )r n r n n n x+ + + +

2 2 5
( )r n rn x+ +

2 5
( 2 )r n rn x+ + 2 6

r nx + 

2 2 3 2 3 2 5
( ( ) ( 3 ) (2 3 ))r n n r n n n n n x− + + − + − +

2 2 2 6
( ( ) (3 3 ))r n n r n n x− + − +

2 2 2 6
( ( ) (2 2 ))r n n r n n x− + −

 
+

2 2 7
( )r n n x− +

2 2 2 2 8
( ( ) (2 4 ) (2 4 ))r n n r n n n n x− + − + −  + 

2 3
( 2 )r n rn x+ + 

2 2 2 7
( ( 2 ) (2 4 ))r n n r n n x− + −

 

+

2
4( )

2

r r n
x

−
+ 

2
2 8( 2)

2

n
r x

−
 

=
2 2 2 3 2 2 2 49 1 1 13 9

( (3 1) ( 9 ) 3 ) ( ( ) (5 ) )
2 2 2 2 2 2

n
r n r n n n x r n r n n n n x+ + + + + − + + + − + −  

2 2 2 2 62 2 3 2 3 2 5( (2 ) ( 5 4 ) 2 3 )
11 13

( ( ) (5 5 ) 2 4 )
2 2

r n n r n n n n n r n n r n n n xx n+ + + + − + − + − + − + −  

2 2 2
2

2 87( (2 3 ) (2 4 )
( 2)

2
)r n n r n n

n
r xx+ − + − −+ . 

Corollary 8. ( , )vv nP W xɶ = 2 3
3n x

2 4 3 2 513 9
( ) (2 3 )

2 2
n n x n n x+ − + − 2 6

(2 4 )n n x+ − . 

4. Conclusion 

In this paper, we present the singly vertex-weighted Wiener 

polynomial and doubly vertex-weighted Wiener polynomial 

of fan molecular graph, wheel molecular graph, gear fan 

molecular graph, gear wheel molecular graph, and their 

r-corona molecular graphs. The results obtained in our paper 

illustrate the promising application prospects for chemistry 

and pharmacy science. 
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