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Abstract 

Wiener Index is the most popular one among all the topological indices. The Wiener index 

of a graph is defined as the sum of distance between all pairs of verticesin a connected graph. It is 

known that the Wiener index of a molecular graph correlates with certain physical and chemical 

properties of a molecule. It plays an important role in chemical graph theory. In this paper, we 

prove some general results on Wiener index for some special graphs. 

1. Introduction 

The Wiener index is named after Harold Wiener, who introduced it in 1947, at the time, Wiener 

called it the “path number”. It is the oldest topological index related to molecular branching. Based 

on its success, many other topological indexes of chemical graphs, based on information in the 

distance matrix of the graph, have been developed subsequently to Wiener’s work. Molecular 

graphs are usually used to describe molecules and molecular compounds. Topological indices of 

molecular graphs are one of the oldest and most widely used descriptors in quantitative structure 

activity relationships of molecules and molecular compounds. Many chemical applications of the 

Wiener index deals with acyclic organic molecules. The Wiener index has been used to explain 

the variation in the physical and chemical properties of alkanes. 

2.Basic Definitions 

Definition 2.1 

Let G = (V,E) be a simple connected graph with vertex set V(G) = (��, … , ��) and edge set E(G). 

Harold Wiener defined the Wiener index W (G) as the sum of distances between all pairs of 

vertices of the graph G. 

W(G) =∑ �(��,��� ��) 

The distance between vertices �� and ��  is the minimum number of edges between �� and ��  and 

is denoted by d(��, ��). 
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Definition 2.2 

The Wiener index W (G) of a graph G is defined as the sum of the half of the distance between 

every pair of vertices of G. 

W (G) = 
�

�
∑ ∑ �(��,

�
���

�
��� ��) 

Here the distance between a pair of vertices i and j, which is denoted by �(��,��), is the number of 

edges of the shortest path joining i and j. 

3. Properties of Wiener Index 

Theorem-3.1[3] LetT be a tree of order n. ThenW (L(T)) = W (T) – ��
�

� . 

Theorem-3.2[4] If G is a connected unicyclic graph of order n, then  W (L(G)) ≤ W (G),with 

equality if and only if G≅ ��. 

Theorem-3.3[1] Let G be a connected graph of order n with � (�) ≥ 2. �ℎ�� 

W (L(G)) ≥ W(G), with equality if and only if G ≅ ��. 

Theorem-3.4[2] If G(p,q) is a graph, with ∆(�) = p – 1 then W(G) =�� − � − �. 

Theorem-3.5[2]If G(p,q) is a connected graph then the wiener index of G+ x is �� − �. 

Theorem-3.6[2] If G(p,q) be a graph and x is any vertex in G of degree p – 1 such that the graph   

G – x is connected then Wiener index of G – x is (� − 1)� – q. 

4.Wiener Index of some families of graphs 

(i) Path graph 

The Wiener Index of a Path graph��  is W(��)= 
�

�
 �(�� − 1) 

 
n = 2           n = 3            n = 4         n = 5 

Fig (i) Path graph 

W(��) =
�

�
[2(2� − 1)] = 

�

�
[2(3)] =

�

�
[6] = 1 
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W(��) =  
�

�
[3(3� − 1)] = 

�

�
[3(8)] = 

�

�
[24] = 4 

∴W(��) = 
�

�
�(�� − 1). 

 

(ii) Cycle graph 

The Wiener Index of a Cycle graph is�� ≥ 3W(��) =�

�

�
��  ��� � ����

�

�
(� − 1)�(� + 1)  ��� � ���

 

 

Fig (ii) Cycle graph 

W(��) = 
�

�
 (3–1) 3 (3+1) = 

�

�
 (2) 3 (4) = 

�

�
 (24) = 3 

W(��) = 
�

�
(4)� = 

�

�
 (64) = 8 

∴W(��) = �

�

�
�� ��� � ���� 

�

�
(� − 1)�(� + 1 ) ��� � ���

 

(iii)Star graph 

The Wiener Index of a Star graph �� is W(��) = (� − 1)� 

 

Fig (iii) Star graph 
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W(��)=(1 − 1)�=0 

W(��)=(2 − 1)�=(1)�=1 

W(��)=(3 − 1)�=(2)�=4 

∴W(��) = (� − 1)� 

5. Wiener Index for some special graphs 

(i) Wiener Index of  Caveman graph   

 

n = 15                  n = 20            n = 25              n = 30 

Fig (iv) Caveman graph 

 

Wiener index of Caveman graph, W= �

243 ��� � = 15
536 ��� � = 20

1006 ��� � = 25
1688 ��� � = 30

 

(ii) Wiener Index of a Barbell graph 

 

Fig (v) Barbell graph 

 

Let G be a Barbell graph 

W(G)=4(3)� −3(3)=4(9)–9=36–9= 27,for n=3 
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W(G)=4(4)�– 3(4) = 4(16)– 12 = 64– 12 = 52, for n = 4 

∴W(G) = 4 �� − 3� 

 

(iii) Wiener index of a � + � graph of a Barbell graph 

Let G be a Barbell graph, The graph � + � is obtained from G by joining p new edges to all the vertices of 

G to the vertex x.W (� + �) = �� − � − �. 

(iv) Wiener Index of G−� graph of a Barbell graph 

Let G be a Barbell graph. The graph �– � is obtained from G by deleting any one of the maximum 

degree vertex. After deleting a vertex the graph split into two components namely �� ��� ��. 

W (G−�) = W(��) + �(��) = �� + �� 

Where �� ��� ��be the number of edges in �� ��� ��respectively. 

6. Wiener Index of a Complement graph of a Barbell graph 

Definition 6.1 

The Complement �� of a graph G is a graph with the same vertex set as G and with the property 

that two vertices are adjacent in �� if and  only if they are not adjacent in G.The complement of a 

graph G, sometimes called the edge-complement is the graph � ′, sometimes denoted by �̅ or ��. 

Let G be a Barbell graph and let �� be a complement of Barbell graph. 

W(��) = 23 For n = 3 

W(��) =42 For n = 4 

W(��) = 67 For n = 5 

7. Wiener Index of a Line graph of a Barbell graph 

Definition 7.1 

A Line graph L(G) (Also called an ad joint, conjugate, covering derivative, derived, edge-to-vertex 

dual , interchange, representative) of a simple graph G is obtained by associating a vertex with 

each edge of the graph and connecting two vertices with an edge if the corresponding edge of G 

have a vertex in common 

Let G be a Barbell graph and let L(G) be a Line graph of a barbell graph. 
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W(L(G)) = 38, for n = 3 

W(L(G)) =163,for n = 4 

Conclusion 

Wiener index of some family of graphs are found .G–x graph of a Barbell graph, Complement 

graph of a Barbell graph, Line graph of a Barbell graph are found. Further Wiener index can be 

computed by using algorithms. 
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