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The resistance distance r(u,v) between vertices u and v of a connected (molecular) graph G is computed as the effective 

resistance between nodes u and v in the corresponding network constructed from G by replacing each edge of G with a unit 

resistor. The Kirchhoff index Kf(G) is the sum of resistance distances between all pairs of vertices. In this work, an explicit 

closed-form formula for Kirchhoff index of the nanostar dendrimer NS[n] is derived according to a recursive relation of 

resistance distances, and the Kirchhoff index of NS[n] is approximately to 7/9 of its Wiener index and 7/15 of its detour index, 

respectively. 
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1. Introduction 

 
A topological index is a numerical quantity derived in 

a unambiguous manner from the structure graph of a 
molecule. As a graph structural invariant, i.e., it does not 
depend on the labeling or the pictorial representation of a 
graph. Despite the considerable loss of information by 
compressing in a single number of a whole structure, such 
descriptors found broad applications in prediction of 
several molecular properties and biological activities. 
These studies called QSPR/QSAR have both diagnostic 
and prognostic abilities and aimed to elucidate the relation 
between the structure of a molecule and its properties or 
biological activities. 

On the basis of electrical network theory, Klein and 

Randic [1] introduced the concept of resistance distance. 

Let G be a connected (molecular) graph with vertex set 

V={v1, v2, ..., vn}.  They view G as an electrical network 

N by considering each edge of G as a unit resistor, then the 

resistance distance between vertices vi and vj, denoted by 

r(vi, vj), is defined to be the effective resistance between 

nodes vi and vj as computed with Ohm's law in N. The 

Kirchhoff index [1] of G, denoted by Kf(G), is the sum of 

resistance distances between all pairs of vertices in G, i.e., 
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The Wiener index W(G) [2] is the sum of distances 

between pairs of vertices in G, i.e., 
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, where d(vi, vj) is the distance 

between vertices vi and vj and 
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and Randic [1] showed that )()( GWGKf   with equality 

if and only if G is a tree. Like Wiener index, Kirchhoff 

index is a structure descriptor. But it is difficult to 

implement some algorithms [1, 3-6] to compute resistance 

distance and Kirchhoff index in a graph from their 

computational complexity. Hence, it makes sense to find 

closed-from formulae for the Kirchhoff index. To this end, 

closed-form formulae or numerical values for Kirchhoff 

index have been given for some classes of graphs [7-14]. 

Dendrimers [15] are highly branched macromolecules. 
They can be precisely designed and manufactured for a 
wide variety of applications, such as nanotechnology, drug 
delivery, gene delivery, diagnostics and other fields. The 
first dendrimers were made by divergent synthesis 
approaches by Vogtle [16] in 1978. Dendrimers thereafter 
experienced an explosion of scientific interest because of 
their unique molecular architecture. The aim of this article 
is computing the resistance distances and Kirchhoff index 
of an infinite class of dendrimers. We encourage the reader 
to consult papers [17-26] for computing other topological 
indices of some dendrimers. 

 

 

Fig. 1. The nanostar dendrimer NS[n=3]. 
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2. Results and discussion 

 

In this section, we will first give a recursive relation 

of resistance distances, and then obtain an explicit 

closed-form formula for Kirchhoff index of the nanostar 

dendrimer NS[n], depicted in Fig. 1, where n denotes the 

step of growth in this type of dendrimer. It is easy to see 

that the number of vertices and the number of edges in 

NS[n] are 12218||  nV  and 15221||  nE .  

 

Let H0 be the central hexagon of NS[n]. Hk is a 

hexagon in the k-th generation, x2k-2x2k-1 is the edge 

connecting Hk-1 and Hk, V(Hk)={x2k-1, x2k, x'2k, ak, bk, ck}, 

nk 1 , depicted in Figs. 2. Gk is the component 

containing v2k-1 of NS[n]-x2k-2x2k-1, Vk=V(Gk) and 

626|| 1  kn

kV . 

For any Vx , 
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then 

 

||2|||)||(|||

)),(),(()),(),(()()( 221222122212

kkk

Vy

kk

Vy

kkkk

VVVVV

yxryxryxryxrxrxr
kk



 






  

i.e.,             ||2||)()( 2212 kkk VVxrxr  
      

                         (1) 

In particular, 
1

0101 23)(||2||)()(  nxrVVxrxr . 

|)||||(|
3

4

0|)||(|
3

4
0||

3

4

)),(),(()),(),((

)),(),(()),(),(()()(

1

1

)(

32223222

322232223222

11

'



































kk

kk

HVy

kk

Vy

kk

Vy

kk

Vy

kkkk

VVV

VVV

yxryxryxryxr

yxryxryxryxrxrxr

kk

kk  

i.e.,         
|)||||(|

3

4
)()( 13222   kkkk VVVxrxr

     (2) 

From (1) and (2), we have 

31

0

31

1

2231

1

3141

52

31

3213212

292)3621()(

292)3921()(

)2221(292)1(21)(

)29221()29221()(

29221)(||
3

4
||

3

10
||

3

7
)()(

























knn

knn

kknn

knnknn

k

knn

kkkkk

kxr

kxr

kxr

xr

xrVVVxrxr




 

 

i.e., 31

012 292)3621()()( 

  knn

k kxrxr     (3) 

 

 

and   

 
51

01222 232)4521()(||2||)()( 

  knn

kkk kxrVVxrxr

        (4) 

||
3

1
|)||(|

6

5
||

6

1
||

2

1
|)||(|

6

5

0)),(),((

)),(),((),(

)),(),(()),(),((

)),(),(()),(),((

)()()()(

1

'

11

'

212

'

2

212212

)(

1212

1212

1212

'
1

1

'
1

1





























































kkkkk

Vy

kkkk

Vy

kkkk

Vy

kk

HVy

kk

Vy

kk

Vy

kk

Vy

kk

kkkk

VVVVVVV

xxrxar

xxrxarxar

yxryaryxryar

yxryaryxryar

xrbrxrar

k

kk

kk

kk

 

i.e.,  ||
3

1
|)||(|

6

5
)()()( 112   kkkkk VVVxrbrar . 

And by (3),  

 

32152)5742()()()( 2

0  knn

kk kxrbrar                  

(5) 

Similarly,  

|||)||(|
2

3
||

2

1
||

2

1
|)||(|

2

3

0)),(),((

)),(),((),(

)),(),(()),(),((

)),(),(()),(),((

)()(

1

'

11

'

212

'

2

212212

)(

1212

1212

12

'
1

1

'
1

1





























































kkkkk

Vy

kkkk

Vy

kkkk

Vy

kk

HVy

kk

Vy

kk

Vy

kk

Vy

kk

kk

VVVVVVV

xxrxcr

xxrxcrxcr

yxrycryxrycr

yxrycryxrycr

xrcr

k

kk

kk

kk

 

i.e.,  |||)||(|
2

3
)()( 112   kkkk VVVxrcr . 

 

And by (3),  

 

3232)4542()()( 4

0  knn

k kxrcr      (6) 

 

From (3)-(6), we have 

92212)327252()(6

]3232)4542()([]32152)5742()([2

]232)2421()([2]292)3621()([

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

4

0

4

0

2

0

41

0

31

0

'

2212

)(





















knn

knnknn

knnknn

kkkkkk

HVy

k

kxr

kxrkxr

kxrkxr

crbrarxrxrxryrHr
k

 

Now, we compute r(x0). 
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By the symmetry of NS[n], we have  
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Theorem. The Kirchhoff index of NS[n] is 
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In [21], Karbasioun, Ashrafi and Diudea gave the 

Wiener index and detour index of NS[n]: 
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It can obtained that the Kirchhoff index of NS[n] is 

approximately to 7/9 of its Wiener index and 7/15 of its 

detour index: 
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and the convergence rate is fast. 
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