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Let G  be a molecular graph. The distance between two vertices of G  is the length of a shortest path connecting these 

two vertices. The eccentricity of a vertex u  in G  is the largest distance between u  and any other vertex of G . In this 

paper, we consider some infinite families of nanostar dendrimers and compute their eccentric-connectivity index and total-
eccentricity index. Furthermore, we also compute some eccentricity based Zagreb indices of these nanostar dendrimers.  
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1. Introduction 
 

Chemical graph theory is a branch of mathematical 

chemistry which has an important effect on the 

development of the chemical sciences. A topological index 

is a numerical value associated with the chemical 

constitution of a certain chemical compound aiming to 

correlate various physical and chemical properties, or 

some biological activity in it. In an exact phrase, if G  

denotes the class of all finite graphs then a topological 

index is a function :Top  R such that for any 

HG, , )(=)( HTopGTop  if G  and H  are 

isomorphic. 

Carbon nanostructures have found many potential 

industrial applications such as energy storage, gas sensors, 

biosensors, nanoelectronic devices and chemical probes 

[10], just to name a few. Carbon allotropes such as carbon 

nanocones and carbon nanotubes have been proposed as 

possible molecular gas storage devices [4, 14]. The 

nanostar dendrimers are macromolecules that appear to be 

photon funnels. These macromolecules are used in the 

formation of nanotubes, micro and macrocapsules, 

nanolatex, coloured glasses, chemical sensors, modified 

electrodes, etc. [2, 6]. Recently, many researchers focused 

to conjecture various topological indices of nanostructures 

by using computational tools. The reader is referred to [3, 

11, 12] for further details. 

Let G  be an n -vertex molecular graph with vertex 

set },,,{=)( 21 nvvvGV   and edge set )(GE . The 

vertices of G  correspond to atoms and an edge between 

two vertices corresponds to the chemical bond between 

these vertices. A ),( 1 nvv -path on n  vertices is defined as 

a graph with vertex set }1 : { nivi   and edge set 

1}1:{ 1  nivv ii . The length of a path is the 

number of edges in it. The distance ),( vud  between two 

vertices )(, GVvu   is defined as the length of the 

shortest ),( vu -path in G . For a given vertex )(GVu

, the eccentricity )(u  is defined as the largest distance 

between u  and any other vertex v  in G . 

The Wiener index [13] is the first reported distance 

based topological index defined as half sum of the 

distances between all the pairs of vertices in a graph. 

Another distance based topological index of a graph G  is 

the eccentric-connectivity index )(G  defined as  

 

).()(=)(
)(

uudG
GVu

 


                    (1) 

 

 When the vertex degrees are not taken into account, we 

obtain the total-eccentricity index of the graph G  defined 

by  

).(=)(
)(

uG
GVu

 


                          (2) 

 

For a k -regular graph G , these two quantities are related 

as )(=)( GkG  . For further detail on these and some 

other important indices, see [1, 8, 15]. 

Zagreb indices have been introduced more than thirty 

years ago by Gutman and Trinajstic [9]. They are defined 

as  

 

,))((=)( 2

)(

1 vdGM
GVv




 

).()(=)(
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2 vdudGM
GEuv




 

 

Some new versions of Zagreb indices of a molecular 

graph G  defined by Ghorbani and Hosseinzadeh [7] are 
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expressed in terms of eccentricity as follows:  
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                            (4) 

).()(=)(
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                      (5) 

 

For each )(GVu , we observe that )(u  appears 

exactly )(ud  times in the sum (3). Therefore 

  

))()((=)(
)(

*

1 vuGM
GEuv

 


 

)()(=
)(

uud
GVu




 

).(= G  

Thus it is insignificant to compte 
*

1M . 

In this paper, we consider some families of nanostar 

dendrimers and compute their eccentric-connectivity 

index, total-eccentricity index and some eccentricity based 

Zagreb indices. Ashrafi and Saheli [5] obtained the 

eccentric-connectivity index of the nanostar dendrimers 

][1 nD  (see Fig. 1) as follows.  

 

1047.36025042504=])[( 1  nnnD nn   (6) 

 

However, equation (6) does not provide correct results 

for the aforesaid index. We correct this result and show in 

Theorem 3.1 that the eccentric-connectivity index of the 

nanostar dendrimers ][1 nD  is the following:  

 

75.902332252=])[( 1  nnnD nn    (7) 

 

Furthermore, we discuss the eccentricity based Zagreb 

indices 
**

1M  and 
*

2M  of these nanostar dendrimers. 

 

 

2. Some families of nanostar dendrimers 
 

 The first type of nanostar dendrimers is ][1 nD  

shown in Fig. 1. The order and size of ][1 nD  nanostar 

dendrimers are 1)36(24  n  and 1)42(27  n , 

respectively. The second type of nanostar dendrimers is 

denoted by ][2 nD  and is shown in Fig. 2. The order and 

size of ][2 nD  are 1082120  n
 and 1272140  n

, 

respectively.  

 

Fig. 1. ][1 nD  with 1=n  and 2 . 

 

 

 
Fig. 2. ][2 nD  with 1=n  and 2=n . 

 
3. The eccentric-connectivity index of  
   nanostar dendrimers 
 

In this section, we compute the eccentric-connectivity 

index of the nanostar dendrimers ][1 nD  and ][2 nD  

shown in Fig. 1 and Fig. 2, respectively. 

 

Theorem 3.1  The eccentric-connectivity index of 

][1 nD  is given by  

 

75.902332252=])[( 1  nnnD nn  

 

Proof. Using symmetry of the nanostar dendrimer 

][1 nD  we use only one branch of ][1 nD  as labeled in 

Fig. 1. We take one representative from a set of vertices 

which have same degree and eccentricity. These 

representatives are labelled by iiii dcbavu ,,,,,  for 

ni 1 , and shown in Table 1 along with their degrees, 

eccentricities and frequencies. 
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Table 1. The representatives of vertices of ][1 nD  with their degrees, eccentricities and frequencies of occurrence, 

 for ni 1 . 

 

Representatives Degree Eccentricity Frequency 
u  2  43 n  3  

v  3  33 n  3  

ia  3  133  in  123  i  

ib  2  233  in  126  i  

ic )( ni   3  333  in  126  i  

nc  2  36 n  126  n  

id  2  433  in  123  i  
 

Using Table 1, we can write the eccentric-connectivity 

index of [1]1D  as follows.  

 

)()(=[1])(
])[

1
(

1 uudD
nDVu

 


 

3)(3334)(332=         

1)3(333  2)3(362   

4)3(3323)(662   

     75.902332252=   
 

The eccentric-connectivity index of ][1 nD  for 2n , 

can be written as follows. 

 
1

1 2)36(62)33(33)43(32=])[(  innnnD  




 
n

i

ii inin
1

11 ]2)233(622)133(33[






 
1

1

11 )2)333(63(]2)433(32
n

i

ii inin  

 

After simplification, the eccentric-connectivity index 

])[( 1 nD  can be written as:  

75.902332252=])[( 1  nnnD nn  

This completes the proof.  

 

Next theorem gives eccentric-connectivity index of 

][2 nD  nanostar dendrimers.  

Theorem 3.2 The eccentric-connectivity index of 

][2 nD  is given by  

 

1762.10002167021600=])[( 2  nnnD nn

 
Proof. Using symmetry of the nanostar dendrimer 

][2 nD  we use only one branch of ][2 nD  as labeled in 

Fig. 2. We take one representative from a set of vertices 

which have same degree and eccentricity. These 

representatives are labelled by 

iiiiiii gfedcbawvu ,,,,,,,,,  for ni 1  and 

iiiiii fedcba  ,,,,,  for 1'1  ni , and are shown in 

Table 1, Table 2 and Table 3 along with their degrees, 

eccentricities and frequencies. 

Table 2. The representatives of vertices of ][2 nD  with their degrees, eccentricities and frequencies of occurrence, 

for ni 1 . 

 

Representatives Degree Eccentricity Frequency 

u  2  310 n  2  

v  2  310 n  2  

w  3  210 n  2  

ia  1  101010  in  
i2  

ib  3  111010  in  
i2  

ic  3  101010  in  
i2  

id  2  91010  in  
12 i

 

ie )( ni   3  81010  in  
12 i

 

ne  4  820 n  
12 n

 

if )( ni   2  71010  in  
12 i

 

nf  1 720 n  
22 n
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Table 3. The representatives of vertices of ][2 nD  with their degrees, eccentricities and frequencies of occurrence, for 

 11  ni  and 2n . 

 
Representatives Degree Eccentricity Frequency 

'ia  1 51010  in  12 i  

'ib  3  61010  in  12 i  

'ic  3  51010  in  12 i  

'id  2  41010  in  22 i  

'ie  2  31010  in  22 i  

'if  3  21010  in  12 i  
 

 

Using the data given in Table 2, the eccentric-

connectivity index of [1]2D  can be written as  

 

)()(=[1])(
])[

2
(

2 uudD
nDVu

 


 

3)(10223)(1022=   

 10)10(10212)(1023       

             8)10(102311)10(1023 2   

             7)10(10228)(2024 22   

 7)(2021 3   

1762.10002167021600=   
 

Using the data given in Table 2 and Table 3, the 

eccentric-connectivity index of ][2 nD for 2n , can be 

written as  

 

3)(10223)(1022=])[( 2  nnnD  

 

10)10(102[1
1=

 ini
n

i

11)10(1023  ini  

10)10(1023  ini
  

9)10(1022 1   ini

8)10(1023 1   ini  

8)10(1024 1   nnn  

7)10(1022 1   ini

7)]10(1021 2   nnn  

5)10(102[1 1
1

1=

 


 ini
n

i

6)10(1023 1   ini

5)10(1023 1   ini  

4)10(1022 2   ini

3)10(1022 2   ini

2)].10(1023 1   ini  

 
This expression can be simplified to the following 

form:  

 

1762,10002167021600=])[( 2  nnnD nn  

 

which completes the proof.  

 
The next two results can easily be seen from Table 1 

and Table 2-3, respectively. 

 

Corollary 3.3 The total-eccentricity index of nanostar 

dendrimers ][1 nD  is given by  

 

30.3629)(108=])[( 1  nnnD n  

 

Corollary 3.4 The total-eccentricity index of ][2 nD  

nanostar dendrimers is given by  

 

770.4402736)(720=])[( 2  nnnD n  

 

 
4. The Zagreb-eccentricity indices of nanostar  
   dendrimers 
 

In this section, we compute eccentricity based Zagreb 

indices 
**

1M  and 
*

2M  defined respectively by (4) and (5) 

of the nanostar dendrimers ][1 nD  and ][2 nD . 

 

 

 

2)(1023  n
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Table 4. The edge partition of ][1 nD  with respect to the representatives of pairs of end-vertices and their frequency of  

occurrence. The eccentricities are taken from Table 1. 

 

 

End-vertices of edges Eccentricities Frequency of edges 

],[ vu  3]4,3[3  nn  6  
],[ 1 va  3]4,3[3  nn  3  

],[ ii ba  2]31,33[3  inin  i23  
],[ ii cb  3]32,33[3  inin  i23  

],[ ii dc  4]33,33[3  inin  i23  
],[ 1ii ac  1]1)3(3,33[3  inin  i23  

 

 

 

In the next theorem we compute
**

1M  defined by 

equation (4) of the nanostar dendrimer ][1 nD .  

 

Theorem 4.1 The second Zagreb-eccentricity index of 

][1 nD  is given by  

 
nn nnnDM 21082648=])[( 2

1

**

1   

270.1801082345 2  nnn  
 

Proof. From Table 1, we compute the second Zagreb-

eccentricity index of the nanostar dendrimers ][1 nD  as 

follows:  

 
2

1

**

1 )]([=])[( vnDM
Vv




 

22 3)(334)(33=  nn  

21

1=

1)3(32[3  

 ini
n

i

 

21 2)3(326   ini  
21 3)3(326   ini  

]4)3(323 21   ini  

75.902332252=  nn nn  
 

The proof is complete.  

 

Theorem 4.2 The third Zagreb-eccentricity index of 

][1 nD  is given by  

 
nnnnDM 2408)198(756=])[( 2

1

*

2   

336.225135 2  nn  
 

Proof. From Table 4, we compute the third Zagreb-

eccentricity index of the nanostar dendrimers ][1 nD  as 

follows:  

 

)()(=[1])( 1

*

2 vuDM
Euv




 

3)4)(3(333)4)(3(36= 

2)31)(332(33   

 3)32)(332(33  

4)33)(332(33   

336.2251352408)198(756= 

 
For 2n , we have  

 

3)4)(3(333)4)(3(36=])[( 1

*

2  nnnnnDM

2)31)(33(32(3
1=

 inini
n

i

 

3)32)(33(323  inini  

4))33)(33(323  inini  

1)1)3(3)(33(323
1

1=




inini
n

i

nnn 2408)198(756= 2   

336.225135 2  nn  
 

This gives the required result. 
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Table 5. The edge partition of ][2 nD  with respect to the representatives of pairs of end-vertices and their frequency of 

occurrence. The eccentricities are taken from Table 1, Table 2 and Table 3, where ni 1 . 

 

End-vertices of edges Eccentricities Frequency of edges 

],[ vu  3]3,10[10  nn  2  
],[ wv  2]3,10[10  nn  4  
],[ 1bw  1]2,10[10  nn  2  
],[ ii ba  11]1010,1010[10  inin  i2  

],[ ii cb  10]1011,1010[10  inin  i2  

],[ ii dc  9]1010,1010[10  inin  12 i  
],[ ii ed  8]109,1010[10  inin  12 i  

],[ ii fe )( ni   7]108,1010[10  inin  12 i  
],[ nn fe  7]108,1010[10  nnnn  22 n  
],[ ii ge  8]108,1010[10  nnnn  i2  

 

 

Table 6. The edge partition of ][2 nD  with respect to the representatives of pairs of end-vertices and their frequency of  

occurrence. The eccentricities are taken from Table 1, Table 2 and Table 3, where 11  ni  and 2n . 

 
End-vertices of edges Eccentricities Frequency of edges 

],[ ii ba   6]105,1010[10  inin  12 i  

],[ ii cb   5]106,1010[10  inin  12 i  

],[ ii dc   4]105,1010[10  inin  22 i  

],[ ii ed   3]104,1010[10  inin  22 i  

],[ ii fe   2]103,1010[10  inin  22 i  

],[ ii bf   6]107,1010[10  inin  12 i  

],[ 1 ii bf  11]1)10(2,1010[10  inin  12 i  
 

 

Theorem 4.3 The second Zagreb-eccentricity index of 

][2 nD  is given by  

 

 nn nnnDM 229440214400=])[( 2

2

**

1
 

22654.154004400222516 2  nnn  
 

Proof. From Table 2 and Table 3 we derive the second 

Zagreb-eccentricity index of the nanostar dendrimers 

][2 nD  as follows:  

 
2

2

**

1 )]([=[1])( vDM
Vv




 

22 3)(1023)(102   
22 10)10(1022)(102   

22 10)10(10211)10(102 
22 9)10(102   

2222 7)10(1028)10(102   
22 7)10(102  23 7)10(102   

 
22654.154004400222516229440214400= 

 

For 2n , we have  

 
22

2

**

1 3)(1023)(102=])[(  nnnDM  

 22)(102 n  

2

1=

10)10(10[2  ini
n

i

 

211)10(102  ini  
210)10(102  ini  

21 9)10(102   ini  

  21 8)10(102 ini  
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]7)10(102 21  ini  
21 7)10(102   nnn

 

  22 7)10(102 nnn  

21
1

1=

5)10(10[2 


 ini
n

i

 

21 6)10(102   ini  

]2)10(102 21   ini
 

nnn nn 222516229440214400= 2 

22654,154004400 2  nn  

 
which is the required result.  

 
Theorem 4.4 The third Zagreb-eccentricity index of 

][2 nD  is given by  

 
nnn nnnDM 225712233400216000=])[( 2

2

*

2   

25914.176205000 2  nn  
 

Proof. From Table 5 and Table 6 we derive the third 

Zagreb-eccentricity index of the nanostar dendrimers 

][2 nD  as follows:  

 

)()(=[1])( 2

*

2 vuDM
Euv




 

 3)3)(10(102=  

 2)3)(10(104  

1)2)(10(102   

11)1010)(10102(10   

10)1011)(10102(10   

9)1010)(1010(1022   

8)109)(1010(1022   

7)108)(1010(1022   

8)108)(10102(10   

7)108)(1010(1022   

7)108)(1010(1023   

225712233400216000=   
25914.176205000   

 

For 2n , we have  

 

 3)3)(10(102=])[( 2

*

2 nnnDM  

 2)3)(10(104 nn  

1)2)(10(102  nn  

 

11)1010)(1010(10[2
1=

 inini
n

i

 

10)1011)(1010(102  inini  

9)1010)(1010(102 1   inini  

8)109)(1010(102 1   inini  

7)108)(1010(102 1   inini  

8)108)(1010(102  inini  

 
7)]108)(1010(102 2   nnnnn  

6)105)(1010(10[2 1
1

1=

 


 inini
n

i

 

5)106)(1010(102 1   inini  

4)105)(1010(102 2   inini  

3)104)(1010(102 2   inini  

2)103)(1010(102 2   inini  

6)107)(1010(102 1   inini  

11)]1)10(2)(1010(102 1   inini  

 
Which can be simplified to  

 
nnn nnnDM 225712233400216000=])[( 2

2

*

2 

25914.176205000 2  nn  
 
This gives the required result.  

 

 

5. Conclusion 
 

In this paper, we consider some families of nanostar 

dendrimers and compute their eccentric-connectivity 

index, total-eccentricity index and some eccentricity based 

Zagreb indices defined by Ghorbani and Hosseinzadeh [7]. 

We show that the first eccentricity based Zagreb index 

)(*

1 GM  defined in [7] for a molecular graph G  is the 

same as the eccentric-connectivity index )(G  of G . 

We correct the eccentric-connectivity index )(G  of the 

nanostar dendrimers ][1 nD  calculated by Ashrafi and 

Saheli [5]. Furthermore, we compute the eccentricity 

based Zagreb indices 
**

1M  and 
*

2M  of these nanostar 

dendrimers. 
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