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Abstract: 

The organic compounds exclusively composed of carbon and hydrogen atoms. The carbon tree can be represented 

as a graph by replacing the carbon atoms with vertices, chemical bonds are then represented as an edge in the graph. The 

Wiener Index W(G), Hyper-Wiener Index WW(G) and Hosoya Polynomial H(G; x), Hyper-Hosoya Polynomial H H(G; 

x) of a tree Graph is used to mathematical model of molecules in order to gain insight into physical properties of the 

chemical compounds. Some physical properties such as the boiling point, density are related to geometric structure of the 

compound. We examine the physical properties of pentane (C5H12). The (C5H12) has three different structural 

isomers with a linear structure of 5 carbon atoms, pentane, isopentane and neopentane with branched structure. 

————————————————————————————————————–  
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1 Introduction:  
 

The Wiener index Wof graph G is W(G) = 1 

 

distance matrix of a graph. Many authores write W(G) = ∑di,j , i > j. 

 

Randic introduced [1]an extension of Wiener index for trees known as Hyper-Wiener 

 

Index WW(G). Klein et al.[2] generalized this extension to cyclic structures. 

 

WW(G) = 1 

 

∑di,j or lower traingular part of the 

 

2 ∑d 2 i,j + 2 1 ∑di,j , i > j (1.1) 2 

 

In 1988, Hosoya [4] introduced the term Wiener polynomial of a graph or Hosoya polynomial [3]. 



IJMCR  www.ijmcr.in| 4:1|Jan|2016|1235-1235| |  1231 

 

 
 m  
H(G; x) = d(G; k)x

k (1.2) 
∑ 

 
k=1 

 

where d(G; x) is the number of pair of vertices in the graph G of distance k and m is maximum value of k. 
 

 m  
The H′ (G; x) = kd(G; k)x

k
  

1 (1.3) 
∑ 

 
k=1 

 
is called first derivative of Hosoya polynomial [5]. The first derivative evaluated at x = 1 is equals to Wiener Index[3] i.e., W (G) = H

′
 (G; 

1) . 

The Hyper-Wiener Index  WW (G) = H′ (G; 1) + 
1 
H′′ (G; 1) (1.4)  

2  

    
  

where H′′ (G; 1) is the second derivative at x = 1 , of the Hosoya polynomial. The derivation is shown by Cash [5]. 
 

The Hyper-Hosoya polynomial HH(G; x) which has the property that its first deriva-tive evaluated at x = 1, equals 

to Hyper Wiener Index [5]. i.e. WW (G) = HH′ (G; 1). Also 

HH(G; x) = 

1 
[
H(G; x) + xH′ (G; x)

]
 + c (1.5) 

 

2 
 

where c is constant of integration. But by both Hosoya[4]and Sagan[8], the constant term was zero(summation over 0 k m). 

The HH(G; x) may be expressed by [5] as 
∑ 

HH(G; x) = 

m
  k + 1 

d(G; k)x
k
 (1.6)  

 2  

   
 

k=0 

where k; m and d(G; x) are as in equation (1.2). 

In Work of [6]has been demonstrated that if T is any n vertex tree different from Pn (path) and Sn(star) then W (Sn) < W (T ) < W (Pn). 
 

 

The boiling point decreases in a general way as the compactness of the molecule increases if the relative 

molecular mass is same. The boiling point decreases with increasing branching. The quantitative structure-activity 

relationship showed that it is correlated with critical point, density, surface tension, and viscosity of its liquid phase 

and van der Waals surface area of the molecule. Ahire et. al [10] observed that the relation of the Wiener index of 

isomers of C5H12 are closely correlated with the boiling points and densities of alkane molecules. . The Wiener 

index, Hosoya index and Wiener polynomial of these isomers are in the order: pentane > isopentane > neopentane. 

Similarly the values of density and boiling point are follows same trend. The present paper is aimed to contribute the 

equations (1.2) to (1.6) for tree graphs of isomers of C5H12 and observing relation between them.
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Figure-1. The chemical graph (carbon tree) for pentane is five vertex path graph. 
 
 
 
 
 
 

 

Figure-2. The chemical graph (carbon tree) for isopentane is five vertex path graph. 
 
 
 
 
 
 
 
 
 
 

 

Figure-3. The chemical graph (carbon tree) for neopentane is five vertex path graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The W (G1) of pentane(figure-1) is 1+2+3+4+1+2+3+2+1+1 = 20 

The W (G2) of isopentane(figure-2) is 1+2+3+3+1+2+2+1+1+2 = 18 
The W (G3) of neopentane(figure-3) is  1+2+2+2+1+1+1+2+2+2 = 16 

The H(G1 ; x) for pentane (figure-1) is  x
4
 + 2x

3
 + 3x

2
 + 4x 

The H(G2 ; x) for isopentane (figure-2) is 2x
3
 + 4x

2
 + 4x 

The H(G3 ; x) for neopentane (figure-3) is 6x
2
 + 4x: 

) H′ (G1; x) = 4x
3
 + 6x

2
 + 6x + 4;  H′ (G2; x) = 6x

2
 + 8x + 4,   H′ (G3; x) = 12x + 4 

 

Hyper-Wiener Index 

 

The Hyper-Wiener Index WW (G1) from equation (1.2) is 
 

WW (G1) = 
1 ∑

 di;j
2
 + 

1 ∑
 di;j ;  i > j 

 

    

2 2 
 

= 
1

2
[
(1

2
 + 2

2
 + 3

2
 + 4

2
 + 1

2
 + 2

2
 + 3

2
 + 2

2
 + 1

2
 + 1

2
) + 

1
2(20)

]
  

 
= 35   
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4 

 

The Hyper-Wiener Index WW (G1) from equation (1.4) is 
 

′ 1  ′′  

WW (G1) = H (G1; 1) + 2H (G1; 1)  

= 20 + 1 

[ 

2(3) + 3(2)(2) + 4(3)(1)  
  

= 35 2 ] 
 

Similarly WW (G2) = 28 

WW (G3) = 22 

 

Hyper-Hosoya Polynomial             
 

The Hyper-Hosoya polynomial HH(G1; x) from equation (1.5)   
 

HH(G1; x) = 1  H(G1; x) + xH′ (G1; x)         
 

2 
         

 

 

[ 
          

] 
        

 

 1  4  3     2  d 4  3  2  
 

= 
  

(x 
 

+ 2x 
 

+ 3x 
 

+ 4x) + x[( 
 

)x 
 

+ 2x 
 

+ 3x 
 

+ 4x] 
 

2     dx    
 

 5 [    9            ] 
 

=  x
4
 + 4x

3
 +  x

2
 + 4x          

 

2 
           

      2             
 

The Hyper-Hosoya polynomial HH(G1; x) from equation (1.6)     
 

 
HH(G1; x) = 

m
  k + 1 

d(G1; k)x
k
 
      

 

   2       
 

∑ 
k=0  

= 0 + 4x + 
3

23x
2
 + 

4
22x

3
 + 

5
2x

4
  

 

= 
5

2x
4
 + 4x

3
 + 

9
2x

2
 + 4x  

) HH(G1; 1) = 15 
 

Similarly HH(G2; x) = 4x
3
 + 6x

2
 + 4x: Hence HH(G2; 1) = 14 

HH(G3; x) = 9x
2
 + 4x: Hence HH(G3; 1) = 13 

 

Conclusion 

Hyper-Wiener index of C5H12 are in the order: pentane > isopentane > 

neopentane. The relation W (Sn) < W (T ) < W (Pn) is satisfied as Figure-1 is Path, 
Figure-2 is tree and Figure-3 is star. We observe that Hyper-Wiener index for all 

these graphs satisfies same relation.i.e. WW (Sn) < WW (T ) < WW (Pn). 

At x = 1, HH(Sn) < HH(T ) < HH(Pn). 
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