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Abstract:  In this paper, five degree based topological indices, the first Zagreb 
 second multiple Zagreb ,(ଵܯܲ) first multiple Zagreb ,(ଶܯ) second Zagreb ,(ଵܯ)
 .indices of two types of dendrimers are studied (ܯܪ) and the hyper Zagreb ,(ଶܯܲ)
In addition, two distance based topological indices, the total eccentricity (ߠ) and 
eccentric connectivity (ߦ௖) indices of these dendrimers are computed. 
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 Introduction 

In 1978 Dendrimer chemistry was first introduced by Vögtle et al.1 

Dendrimers find applications in many diverse fields including drug delivery, 

biology, gene therapy, nanotechnology, photonics, etc.2-4. Dendrimers are 

large and complex molecules with very well-defined chemical structures. At 

the centre of every dendrimer is its core, radiating outwards are the 

backbone units and finally the surface groups at the periphery. Topological 

indices (TIs) are numerical graph invariants that quantitatively characterize 
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molecular structure. Topological indices were successfully employed in 

developing a suitable correlation between chemical structure and biological 

activity. We encourage reader to references5-14 to study some of topological 

indices of various graph families, dendrimers and nanostructures. 

The present paper is organized as follows. In the second part of this 

work, we give the necessary definitions while the third section gives the 

main results; namely we determine Zagreb polynomials, first Zagreb index, 

second Zagreb index, first multiple Zagreb index, second multiple Zagreb 

index, hyper-Zagreb index, total eccentricity polynomial, eccentric 

connectivity polynomial, total eccentricity index and the eccentric 

connectivity index for two types of dendrimers. Conclusions and references 

will close the article. All over this paper, our notation is standard and taken 

mainly from the standard books as like as15,16. 

At the beginning, we first introduce some notations in graph theory, 

which will be used in the following discussion. A molecular graph is a 

collection of points representing the atoms in the molecule and set of lines 

representing the covalent bonds. These points are named vertices and the 

lines are named edges in graph theory language. Let ܩ be a simple 

connected graph with vertex set ܸሺܩሻ and edge set ܧሺܩሻ. The number of 

vertices and edges in a graph will be defined by |ܸ	ሺܩሻ| and |ܧ	ሺܩሻ| 

respectively. For a graph ܩ, we let ݀௨ be the degree of a vertex ݑ in ܩ and 

݀ሺݑ,  of ݑ For a vertex .ܩ in ݒ and ݑ ሻ be the distance between two verticesݒ

ܸሺܩሻ its eccentricity ீߝሺݑሻ is the largest distance between ݑ and any other 

vertex ݒ of ீߝ ,ܩሺݑሻ ൌ ,ݑሼ݀ሺݔܽܯ ݒ	|ሻݒ ∈ ܸሺܩሻሽ. 

Numerous graph polynomials were introduced in the literature, 

several of them turned out to be applicable in mathematical chemistry. For 
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instance, Zagreb polynomials, total eccentricity polynomial, eccentric 

connectivity polynomial, and many others17-19. 

For a (molecular) graph	ܩ, the first Zagreb polynomial ܯଵሺܩ,  ሻ andݔ

second Zagreb polynomial ܯଶሺܩ,  :are defined as follows ܩ of a graph	ሻݔ

,ܩଵሺܯ ሻݔ ൌ ෍ 	ݔ
௨௩∈ாሺீሻ

ሺௗೠାௗೡሻ

,																																				ሺ૚ሻ 

,ܩଶሺܯ		 ሻݔ ൌ ෍ 	ݔ
௨௩∈ாሺீሻ

ሺௗೠൈௗೡሻ

,																																				ሺ૛ሻ 

where x is a dummy variable.  

The first and second Zagreb (ܯଵ	and	ܯଶ) indices have been 

introduced by Gutman and Trinajstić 20 as follows: 

ሻܩଵሺܯ ൌ ෍ ሺ݀௨ ൅ ݀௩ሻ
௨௩∈ாሺீሻ

,																																					ሺ૜ሻ	

 

ሻܩଶሺܯ ൌ ෍ ሺ݀௨ ൈ ݀௩ሻ
௨௩∈ாሺீሻ

.																																					ሺ૝ሻ	

  The multiplicative version of these Zagreb indices the first multiple 

Zagreb index ܲܯଵሺܩሻ and the second multiple Zagreb index ܲܯଶሺܩሻ of a 

(molecular) graph ܩ were introduced by Gutman21 and Ghorbani and 

Azimi22 as follows: 

ሻܩଵሺܯܲ ൌ ෑ ሺ݀௨ ൅ ݀௩ሻ
௨௩∈ாሺீሻ

,																																				ሺ૞ሻ 

ሻܩଶሺܯܲ ൌ ෑ ሺ݀௨ ൈ ݀௩ሻ
௨௩∈ாሺீሻ

,																																				ሺ૟ሻ 

 

Recently, Shirdel et al.23 introduced hyper-Zagreb index (HM). It is 

defined as follows: 
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ሻܩሺܯܪ ൌ ෍ ሺ݀௨ ൅ ݀௩ሻଶ

௨௩∈ாሺீሻ

.																																		ሺૠሻ	

  The total eccentricity polynomial ߠሺܩ,  ሻ and eccentric connectivityݔ

polynomial	ߦ௖ሺܩ,  :are defined as follows ,ܩ ሻ ofݔ

,ܩሺߠ							 ሻݔ ൌ ෍ ఌಸሺ௨ሻݔ

௨∈௏ሺீሻ

,																																													ሺૡሻ			 

,ܩ௖ሺߦ			 ሻݔ ൌ ෍ ݀௨ ఌಸݔ
ሺ௨ሻ

௨∈௏ሺீሻ

.																																							ሺૢሻ 

It is easy to see that the total eccentricity index and the eccentric 

connectivity index of a graph can be obtained from the corresponding 

polynomials by evaluating their first derivatives at	ݔ ൌ 1. The total 

eccentricity and eccentric connectivity indices of	ܩ are defined as follows: 

ሻܩሺߠ												 ൌ ෍ ,ሻݑሺீߝ
௨∈௏ሺீሻ

																																			ሺ૚૙ሻ 

ሻܩ௖ሺߦ										 ൌ ෍ ݀௨ ሻݑሺீߝ
௨∈௏ሺீሻ

,																														ሺ૚૚ሻ 

respectively24-28. Eccentric connectivity index has been found to have a low 

degeneracy and hence a significant potential of predicting biological activity 

of certain classes of chemical compounds.  

Results and Discussion        

In this section, we discuss the light-harvesting dendrimer and 

Fréchet-type dendrimer and give close formulae of certain topological 

indices for these dendrimers. For background materials, see references29,30.  

Structure of light-harvesting dendrimer, ܦଵሾ݊ሿ, that we used in our 

study is depicted in Figure 1. Here ݊ is the step of growth in the type of 

dendrimer. 
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Figure 1. a) The core of light-harvesting dendrimer ܦଵሾ݊ሿ; b) A branch of ܦଵሾ1ሿ;   

 c) A branch of ܦଵሾ2ሿ. 

Theorem 1. The Zagreb polynomials of 	ܦଵሾ݊ሿ are computed as follows: 

 

Proof. It is clear that |ܸሺܦଵሾ݊ሿሻ| ൌ 39 ൈ 2௡ାଵ ൅ 15		and |ܧሺܦଵሾ݊ሿሻ| ൌ

46 ൈ 2௡ାଵ ൅ 18. For computing the first and second Zagreb polynomials of 

 ଵ withܧ ଵሾ݊ሿ, we partition the set of edges into three subsets, (a) edgeܦ

ended vertices of degree 2 and 2, (b) edge ܧଶ with ended vertices of degree 

2 and 3, (c) edge ܧଷ with ended vertices of degree 3 and 3. It is easy to see 

that 

|ଵሾ݊ሿሻܦଵሺܧ| ൌ 13 ൈ 2௡ାଵ ൅ 7, 

|ଵሾ݊ሿሻܦଶሺܧ| ൌ 24 ൈ 2௡ାଵ ൅ 4, 

|ଵሾ݊ሿሻܦଷሺܧ| ൌ 9 ൈ 2௡ାଵ ൅ 7. 

 

Now using equations (1) and (2), we have  

,ଵሾ݊ሿܦଵሺܯ ሻݔ ൌ ෍ ݔ
௨௩∈ாሺ஽భሾ௡ሿሻ

ሺௗೠାௗೡሻ

 

,ଵሾ݊ሿܦଵሺܯ ሻݔ ൌ ሺ9 ൈ 2௡ାଵ ൅ 7ሻݔ଺ ൅ ሺ24 ൈ 2௡ାଵ ൅ 4ሻ ହݔ ൅ ሺ13 ൈ 2௡ାଵ ൅ 7ሻݔସ, 

,ଵሾ݊ሿܦଶሺܯ ሻݔ ൌ ሺ9 ൈ 2௡ାଵ ൅ 7ሻݔଽ ൅ ሺ24 ൈ 2௡ାଵ ൅ 4ሻݔ଺ ൅ ሺ13 ൈ 2௡ାଵ ൅ 7ሻݔସ. 
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																									ൌ ෍ ݔ
௨௩∈ாభ

ସ
൅ ෍ ݔ

௨௩∈ாమ

ହ
൅ ෍ ݔ

௨௩∈ாయ

଺
 

																									ൌ ሺ13 ൈ 2௡ାଵ ൅ 7ሻݔସ ൅ ሺ24 ൈ 2௡ାଵ ൅ 4ሻݔହ

൅ ሺ9 ൈ 2௡ାଵ ൅ 7ሻݔ଺. 

Also, 

,ଵሾ݊ሿܦଶሺܯ ሻݔ ൌ ෍ ݔ
௨௩∈ாሺ஽భሾ௡ሿሻ

ሺௗೠൈௗೡሻ

 

																									ൌ ෍ ݔ
௨௩∈ாభ

ସ
൅ ෍ ݔ

௨௩∈ாమ

଺
൅ ෍ ݔ

௨௩∈ாయ

ଽ
 

																									ൌ ሺ13 ൈ 2௡ାଵ ൅ 7ሻݔସ ൅	ሺ24 ൈ 2௡ାଵ ൅ 4ሻݔ଺

൅ ሺ9 ൈ 2௡ାଵ ൅ 7ሻݔଽ. 

That proves our theorem. 

The following corollary is immediate consequence of Theorem 1. 

Corollary 1. Let ܦଵሾ݊ሿ be a dendrimer. Then  

ଵሾ݊ሿሻܦଵሺܯ ൌ 	226 ൈ 2௡ାଵ ൅ 90, 

ଵሾ݊ሿሻܦଶሺܯ ൌ 277 ൈ 2௡ାଵ ൅ 115. 

 

Proof. We know the first and second Zagreb indices will be the first 

derivative of ܯଵሺܦଵሾ݊ሿ, ,ଵሾ݊ሿܦଶሺܯ and	ሻݔ ݔ ሻ evaluated atݔ ൌ 1, 

respectively. Thus, 

ଵሾ݊ሿሻܦଵሺܯ		 ൌ
,ଵሾ݊ሿܦଵሺܯ߲ ሻݔ

ݔ߲
|௫ୀଵ 

																							ൌ 6 ൈ ሺ9 ൈ 2௡ାଵ ൅ 7ሻ ൅ 5 ൈ ሺ24 ൈ 2௡ାଵ ൅ 4ሻ 

																									 ൅4 ൈ ሺ13 ൈ 2௡ାଵ ൅ 7ሻ 

																							ൌ 226 ൈ 2௡ାଵ ൅ 90. 

Also, 
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ଵሾ݊ሿሻܦଶሺܯ	 ൌ
,ଵሾ݊ሿܦଶሺܯ߲ ሻݔ

ݔ߲
|௫ୀଵ 

     																	ൌ 9 ൈ ሺ9 ൈ 2௡ାଵ ൅ 7ሻ ൅ 6 ൈ ሺ24 ൈ 2௡ାଵ ൅ 4ሻ 

																									 ൅4 ൈ ሺ13 ൈ 2௡ାଵ ൅ 7ሻ 

																						ൌ 277 ൈ 2௡ାଵ ൅ 115.    

Which proves the theorem. 

Theorem 2. Let ܦଵሾ݊ሿ be a dendrimer. The following topological indices 

can be calculated: 

ଵሾ݊ሿሻܦଵሺܯܲ ൌ 4ሺଵଷൈଶ
೙శభା଻ሻ ൈ 5ሺଶସൈଶ

೙శభାସሻ ൈ 6ሺଽൈଶ
೙శభା଻ሻ, 

ଵሾ݊ሿሻܦଶሺܯܲ ൌ 4ሺଵଷൈଶ
೙శభା଻ሻ ൈ 6ሺଶସൈଶ

೙శభାସሻ ൈ 9ሺଽൈଶ
೙శభା଻ሻ, 

ଵሾ݊ሿሻܦሺܯܪ ൌ 1132 ൈ 2௡ାଵ ൅ 464. 

 
Proof. By using edge partition given in Theorem 1 and equations (5)-(7), 

we have 

ଵሾ݊ሿሻܦଵሺܯܲ ൌ ෑ ሺ݀௨ ൅ ݀௩ሻ
௨௩∈ாሺ஽భሾ௡ሿሻ

 

																								ൌ ෑ ሺ݀௨ ൅ ݀௩ሻ
௨௩∈ாభ

ൈ ෑ ሺ݀௨ ൅ ݀௩ሻ
௨௩∈ாమ

ൈ ෑ ሺ݀௨ ൅ ݀௩ሻ
௨௩∈ாయ

 

																								ൌ 4|ாభሺ஽భሾ௡ሿሻ| ൈ 5|ாమሺ஽భሾ௡ሿሻ| ൈ 6|ாయሺ஽భሾ௡ሿሻ| 

																								ൌ 4ሺଵଷൈଶ
೙శభା଻ሻ ൈ 5ሺଶସൈଶ

೙శభାସሻ ൈ 6ሺଽൈଶ
೙శభା଻ሻ. 

 

ଵሾ݊ሿሻܦଶሺܯܲ ൌ ෑ ሺ݀௨ ൈ ݀௩ሻ
௨௩∈ாሺ஽భሾ௡ሿሻ

 

																								ൌ ෑ ሺ݀௨ ൈ ݀௩ሻ
௨௩∈ாభ

ൈ ෑ ሺ݀௨ ൈ ݀௩ሻ
௨௩∈ாమ

ൈ ෑ ሺ݀௨ ൈ ݀௩ሻ
௨௩∈ாయ

 

																								ൌ 4|ாభሺ஽భሾ௡ሿሻ| ൈ 6|ாమሺ஽భሾ௡ሿሻ| ൈ 9|ாయሺ஽భሾ௡ሿሻ| 

                     ൌ 4ሺଵଷൈଶ
೙శభା଻ሻ ൈ 6ሺଶସൈଶ

೙శభାସሻ ൈ 9ሺଽൈଶ
೙శభା଻ሻ. 
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ଵሾ݊ሿሻܦሺܯܪ ൌ ෍ ሺ݀௨ ൅ ݀௩ሻଶ

௨௩∈ாሺ஽భሾ௡ሿሻ

 

																							ൌ ෍ ሺ݀௨ ൅ ݀௩ሻଶ

௨௩∈ாభ

൅ ෍ ሺ݀௨ ൅ ݀௩ሻଶ

௨௩∈ாమ

൅ ෍ ሺ݀௨ ൅ ݀௩ሻଶ	
௨௩∈ாయ

 

																							ൌ ෍ 4ଶ ൅ ෍ 5ଶ ൅ ෍ 6ଶ

௨௩∈ாయ௨௩∈ாమ௨௩∈ாభ

 

																							ൌ 1132 ൈ 2௡ାଵ ൅ 464. 

Which finishes the proof of this theorem. 

Theorem 3. The total eccentricity polynomial of 	ܦଵሾ݊ሿ is computed as 

follows: 

,ଵሾ݊ሿܦሺߠ ሻݔ ൌ 2௡ሺ4ݔଵ଴௡ାଷଽ ൅ ଵ଴௡ାଷ଼ݔ8 ൅ ଵ଴௡ାଷ଻ݔ10 ൅ ଵ଴௡ାଷ଺ݔ10

൅ ଵ଴௡ାଷହݔ8 ൅ ଵ଴௡ାଷସݔ4 ൅ ଵ଴௡ାଷଷݔ4 ൅ ଵ଴௡ାଷଶݔ4

൅ ଵ଴௡ାଷଵݔ4 ൅ ଵ଴௡ାଶଽሻݔଵ଴௡ାଷ଴൅2ݔ2

൅෍2௞൫3ݔହሺ௡ା௞ሻାଶ଼
௡

௞ୀଵ

൅ ହሺ௡ା௞ሻାଶ଻ݔ2 ൅ ହሺ௡ା௞ሻାଶ଺ݔ2

൅ ହሺ௡ା௞ሻାଶସ൯ݔ൅	ହሺ௡ା௞ሻାଶହݔ ൅ ହ௡ାଶ଼ݔ4 ൅ ହ௡ାଶ଻ݔ4

൅ ହ௡ାଶ଺ݔ4 	൅ ହ௡ାଶହݔ2 ൅ ହ௡ାଶସݔ4 ൅ ହ௡ାଶଷݔ4 ൅ ହ௡ାଶଶݔ2

൅ ହ௡ାଶଵݔ5 ൅ .ହ௡ାଶ଴ݔ4  

 

Proof. We are ready to compute the total eccentricity polynomial of 

dendrimer ܦଵሾ݊ሿ. To do this, we first draw the molecule by HyperChem and 

then compute the distance matrix of the molecular graph by TopoCluj31. 

Finally, we prepare a MATLAB program for computing the total 

eccentricity polynomial of graph. In following, we consider some 

exceptional cases for this class of dendrimers: 
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For ݊ ൌ 1 (see Figure 2), the total eccentricity polynomial is equal to:  

,ଵሾ1ሿܦሺߠ ሻݔ ൌ ସଽݔ8 ൅ ସ଼ݔ16 ൅ ସ଻ݔ20 ൅ ସ଺ݔ20 ൅ ସହݔ16 ൅ ସସݔ8 ൅ ସଷݔ8

൅ ସଶݔ8 ൅ ସଵݔ8 ൅ ସ଴ݔ4 ൅ ଷଽݔ4 ൅ ଷ଼ݔ6 ൅ ଷ଻ݔ4 ൅ ଷ଺ݔ4

൅ ଷହݔ2 ൅ ଷସݔ2 ൅ ଷଷݔ4 ൅ ଷଶݔ4 ൅ ଷଵݔ4 ൅ ଷ଴ݔ2 ൅ ଶଽݔ4

൅ ଶ଼ݔ4 ൅ ଶ଻ݔ2 ൅ ଶ଺ݔ5 ൅  .ଶହݔ4

 

 
Figure 2. The eccentricity of vertices 	ܦଵሾ݊ሿ with ݊ ൌ 1. 

For ݊ ൌ 2 and 3, we have 

,ଵሾ2ሿܦሺߠ ሻݔ ൌ ହଽݔ16 ൅ ହ଼ݔ32 ൅ ହ଻ݔ40 ൅ ହ଺ݔ40 ൅ ହହݔ32 ൅ ହସݔ16

൅ ହଷݔ16 ൅ ହଶݔ16 ൅ ହଵݔ16 ൅ ହ଴ݔ8 ൅ ସଽݔ8 ൅ ସ଼ݔ12

൅ ସ଻ݔ8 ൅ ସ଺ݔ8 ൅ ସହݔ4 ൅ ସସݔ4 ൅ ସଷݔ6 ൅ ସଶݔ4 ൅ ସଵݔ4

൅ ସ଴ݔ2 ൅ ଷଽݔ2 ൅ ଷ଼ݔ4	 ൅ ଷ଻ݔ4	 ൅ ଷ଺ݔ4 ൅ ଷହݔ2 ൅ ଷସݔ4

൅ ଷଷݔ4 ൅ ଷଶݔ2 ൅ ଷଵݔ5 ൅ .ଷ଴ݔ4  
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,ଵሾ3ሿܦሺߠ ሻݔ ൌ ଺ଽݔ32 ൅ ଺଼ݔ64 ൅ ଺଻ݔ80 ൅ ଺଺ݔ80 ൅ ଺ହݔ64 ൅ ଺ସݔ32

൅ ଺ଷݔ32 ൅ ଺ଶݔ32 ൅ ଺ଵݔ32 ൅ ଺଴ݔ16 ൅ ହଽݔ16 	൅ ହ଼ݔ24	

൅ ହ଻ݔ16 ൅ ହ଺ݔ16 ൅ ହହݔ8	 ൅ ହସݔ8 ൅ ହଷݔ12 ൅ ହଶݔ8

൅ ହଵݔ8 ൅ ହ଴ݔ4 ൅ ସଽݔ4 ൅ ସ଼ݔ6 	൅ ସ଻ݔ4 ൅ ସ଺ݔ4	 ൅ ସହݔ2

൅ ସସݔ2 ൅ ସଷݔ4 ൅ ସଶݔ4 ൅ ସଵݔ4 ൅ ସ଴ݔ2 ൅ ଷଽݔ4 ൅ ଷ଼ݔ4 	

൅ ଷ଻ݔ2 ൅ ଷ଺ݔ5 ൅ .ଷହݔ4

We find the eccentric partition of ܦଵሾ݊ሿ	based on the largest distance 

between ݑ and any other vertex ݒ. Therefore, one can see that there are 

twenty five types of vertices of dendrimer graph ܦଵሾ݊ሿ. Table 1 explains 

such partition for	ܦଵሾ݊ሿ. 

It is easy to check that:  

ݑ∀ ∈ ܸሺܦଵሾ݊ሿሻ;  

ݔܽܯ ቀߝ஽భሾ௡ሿሺݑሻቁ ൌ 10݊ ൅ 39 and ݊݅ܯ ቀߝ஽భሾ௡ሿሺݑሻቁ ൌ 5݊ ൅ 20. 

 

Table 1. Eccentricity of all vertices of ܦଵሾ݊ሿ. 

Eccentricity No. 

vertices  

Eccentricity No. 

vertices  

Eccentricity No. 

vertices  

10݊ ൅ 39 2௡ାଶ 10݊ ൅ 30 2௡ାଵ 5݊ ൅ 26 4 

10݊ ൅ 38 2௡ାଷ 10݊ ൅ 29 2௡ାଵ 5݊ ൅ 25 2 

10݊ ൅ 37 10 ൈ 2௡ 5ሺ݊ ൅ ݇ሻ ൅ 28 
3෍2௞

௡

௞ୀଵ

 
5݊ ൅ 24 4 

10݊ ൅ 36 10 ൈ 2௡ 5ሺ݊ ൅ ݇ሻ ൅ 27 
෍2௞ାଵ
௡

௞ୀଵ

 
5݊ ൅ 23 4 

10݊ ൅ 35 2௡ାଷ 5ሺ݊ ൅ ݇ሻ ൅ 26 
෍2௞ାଵ
௡

௞ୀଵ

 
5݊ ൅ 22 2 

10݊ ൅ 34 2௡ାଶ 5ሺ݊ ൅ ݇ሻ ൅ 25 
෍2௞
௡

௞ୀଵ

 
5݊ ൅ 21 5 
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Table 1. Continued    

10݊ ൅ 33 2௡ାଶ 5ሺ݊ ൅ ݇ሻ ൅ 24 
෍2௞
௡

௞ୀଵ

 
5݊ ൅ 20 4 

10݊ ൅ 32 2௡ାଶ 5݊ ൅ 28 4   

10݊ ൅ 31 2௡ାଶ 5݊ ൅ 27 4   

 

By using data in Table 1 and equation (8) the proof of is straightforward. 

Theorem 4. The eccentric connectivity polynomial of 	ܦଵሾ݊ሿ is computed as 

follows: 

,ଵሾ݊ሿܦ௖ሺߦ		 ሻݔ ൌ 2௡ሺ8ݔଵ଴௡ାଷଽ ൅ ଵ଴௡ାଷ଼ݔ18 ൅ ଵ଴௡ାଷ଻ݔ24 ൅ ଵ଴௡ାଷ଺ݔ24

൅ ଵ଴௡ାଷହݔ18 ൅ ଵ଴௡ାଷସݔ12 ൅ ଵ଴௡ାଷଷݔ10 ൅ ଵ଴௡ାଷଶݔ10 	

൅ ଵ଴௡ାଷଵݔ8 ൅ ଵ଴௡ାଶଽሻݔ൅4	ଵ଴௡ାଷ଴ݔ6 		

൅෍2௞
௡

௞ୀଵ

൫6ݔହሺ௡ା௞ሻାଶ଼ ൅ ହሺ௡ା௞ሻାଶ଻ݔ6 ൅ ହሺ௡ା௞ሻାଶ଺ݔ4

൅ ହሺ௡ା௞ሻାଶସ൯ݔହሺ௡ା௞ሻାଶହ൅2ݔ3 	൅ ହ௡ାଶ଼ݔ8 ൅ ହ௡ାଶ଻ݔ10

൅ ହ௡ାଶ଺ݔ8 ൅ ହ௡ାଶହݔ6 ൅ ହ௡ାଶସݔ10 ൅ ହ௡ାଶଷݔ8 ൅ ହ௡ାଶଶݔ6

൅ ହ௡ାଶଵݔ12 ൅  .ହ௡ାଶ଴ݔ10

 
Proof. Using Theorem 3 and equation (9), we are done.        

The proof of the following corollary follows easily from Theorem 3 

and Theorem 4, hence it is left to the reader.            

Corollary 2. The total eccentricity index and eccentric connectivity index of 

 :ଵሾ݊ሿ are computed as followsܦ

ଵሾ݊ሿሻܦሺߠ ൌ 75݊ ൅ 2௡ሺ780݊ ൅ 2496ሻ ൅ 403, 

ଵሾ݊ሿሻܦ௖ሺߦ ൌ 180݊ ൅ 2௡ሺ1840݊ ൅ 5884ሻ ൅ 956. 
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We now consider the second type of dendrimer namely ܦଶሾ݊ሿ, see 

Figure 3. In fact, Fréchet-type dendrimers are based on polybenzyl ether 

hyper branched skeleton. 

 

 

 

Figure 3. Fréchet-type dendrimer ܦଶሾ݊ሿ for ݊ ൌ 3. 

 

Theorem 5. Consider the graph	ܦଶሾ݊ሿ  of a Fréchet-type dendrimer. The 

following topological indices can be calculated:  

 

ଶሾ݊ሿሻܦଵሺܯ ൌ 200 ൈ 2௡ െ 26, 

ଶሾ݊ሿሻܦଶሺܯ ൌ 115 ൈ 2௡ାଵ െ 31, 

ଶሾ݊ሿሻܦሺܯܪ ൌ 964 ൈ 2௡ 	െ 132, 

ଶሾ݊ሿሻܦଵሺܯܲ ൌ 	4ଶ
೙శమ

ൈ 4ሺଶ
೙శయାଶሻ ൈ 5ሺ଻ൈଶ

೙శమି଼ሻ ൈ 6ሺଶ
೙శభାଵሻ, 

ଶሾ݊ሿሻܦଶሺܯܲ ൌ 3ଶ
೙శమ

ൈ 4ሺଶ
೙శయାଶሻ ൈ 6ሺ଻ൈଶ

೙శమି଼ሻ ൈ 9ሺଶ
೙శభାଵሻ. 

 

Proof. Let ܦଶሾ݊ሿ be the graph of Fréchet-type dendrimer. We 

have	|ܸሺܦଶሾ݊ሿሻ| ൌ 19 ൈ 2௡ାଵ െ 4		and	|ܧሺܦଶሾ݊ሿሻ| ൌ 21 ൈ 2௡ାଵ െ 5.	For 
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computing these topological indices of 	ܦଶሾ݊ሿ, we partition the set of edges 

into four subsets, (a) edge ܧଵ with ended vertices of degree 1 and 3, (b) 

edge ܧଶ with ended vertices of degree 2 and 2, (c) edge ܧଷ with ended 

vertices of degree 2 and 3, (d) edge ܧସ with ended vertices of degree 3 and 

3. It is easy to see that 

|ଶሾ݊ሿሻܦଵሺܧ| ൌ 2௡ାଶ, 

|ଶሾ݊ሿሻܦଶሺܧ| ൌ 2௡ାଷ ൅ 2, 

|ଶሾ݊ሿሻܦଷሺܧ| ൌ 7 ൈ 2௡ାଶ െ 8, 

|ଶሾ݊ሿሻܦସሺܧ| ൌ 2௡ାଵ ൅ 1. 

 
By using edge partition given and equations (3)-(7), we are done. 

Theorem 6. The total eccentricity polynomial of the dendrimer	ܦଶሾ݊ሿ is 

computed as follows: 

,ଶሾ݊ሿܦ	ሺߠ ሻݔ ൌ 2௡ାଵሺ2ݔଵ଴௡ାଶଷ ൅ ଵ଴௡ାଶଶݔ ൅ ଵ଴௡ାଶଵݔ ൅ ଵ଴௡ାଶ଴ሻݔ2

൅෍2௞
௡

௞ୀଵ

൫4ݔହሺ௡ା௞ሻାଵଽ ൅ ହሺ௡ା௞ሻାଵ଼ݔ2 ൅ ହሺ௡ା௞ሻାଵ଻ݔ2

൅ ହሺ௡ା௞ሻାଵହ൯ݔହሺ௡ା௞ሻାଵ଺൅2ݔ3 ൅ ହ௡ାଵଽݔ4 ൅ ହ௡ାଵ଼ݔ2

൅ ହ௡ାଵ଻ݔ2 ൅ ହ௡ାଵ଺ݔ2 ൅ ହ௡ାଵହݔ2 ൅ ହ௡ାଵସݔ4 ൅ ହ௡ାଵଷݔ4

൅  .ହ௡ାଵଶݔ2

 

Proof. The proof is similar to the proof of Theorem 1. Let ܦଶሾ݊ሿ be the 

graph of Fréchet-type dendrimer. Since 

,	ଶሾ݊ሿܦሺߠ ሻݔ ൌ ෍ ሺ௨ሻ	ఌವమሾ೙ሿݔ

௨∈௏ሺ஽మሾ௡ሿ	ሻ

, 

for ݊ ൌ 1 (see Figure 4), the total eccentricity polynomial is equal to: 
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,ଶሾ1ሿܦ	ሺߠ ሻݔ ൌ ଷଷݔ8 ൅ ଷଶݔ4 ൅ ଷଵݔ4 ൅ ଷ଴ݔ8 ൅ ଶଽݔ8 ൅ ଶ଼ݔ4 ൅ ଶ଻ݔ4

൅ ଶ଺ݔ6 ൅ ଶହݔ4 ൅ ଶସݔ4 ൅ ଶଷݔ2 ൅ ଶଶݔ2 ൅ ଶଵݔ2 ൅ ଶ଴ݔ2	

൅ ଵଽݔ4 ൅ ଵ଼ݔ4 ൅ .ଵ଻ݔ2  

 

 
Figure 4. The eccentricity of vertices of 	ܦଶሾ݊ሿ for ݊ ൌ 1. 

 

For ݊ ൌ 2 and 3, we have  

,ଶሾ2ሿܦ	ሺߠ ሻݔ ൌ ସଷݔ16 ൅ ସଶݔ8 ൅ ସଵݔ8 ൅ ସ଴ݔ16 ൅ ଷଽݔ16 ൅ ଷ଼ݔ8 ൅ ଷ଻ݔ8

൅ ଷ଺ݔ12 ൅ ଷହݔ8 ൅ ଷସݔ8 ൅ ଷଷݔ4 ൅ ଷଶݔ4 ൅ ଷଵݔ6 ൅ ଷ଴ݔ4

൅ ଶଽݔ4 ൅ ଶ଼ݔ2 ൅ ଶ଻ݔ2 ൅ ଶ଺ݔ2 ൅ ଶହݔ2 ൅ ଶସݔ4 ൅ ଶଷݔ4

൅  .ଶଶݔ2

 

,ଶሾ3ሿܦ	ሺߠ ሻݔ ൌ ହଷݔ32 ൅ ହଶݔ16 ൅ ହଵݔ16 ൅ ହ଴ݔ32 ൅ ସଽݔ32 ൅ ସ଼ݔ16

൅ ସ଻ݔ16 ൅ ସ଺ݔ24 ൅ ସହݔ16 ൅ ସସݔ16 ൅ ସଷݔ8 ൅ ସଶݔ8

൅ ସଵݔ12 ൅ ସ଴ݔ8 ൅ ଷଽݔ8 ൅ ଷ଼ݔ4 ൅ ଷ଻ݔ4 ൅ ଷ଺ݔ6 ൅ ଷହݔ4

൅ ଷସݔ4 ൅ ଷଷݔ2 ൅ ଷଶݔ2 ൅ ଷଵݔ2 ൅ ଷ଴ݔ2 ൅ ଶଽݔ4	 ൅ ଶ଼ݔ4

൅  .ଶ଻ݔ2

 

We find the eccentric partition of ܦଶሾ݊ሿ	based on the largest distance 

between ݑ and any other vertex ݒ. Therefore, one can see that there are 
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seventeen types of vertices of dendrimer graph ܦଶሾ݊ሿ. Table 2 explains such 

partition for	ܦଶሾ݊ሿ. 

It is easy to check that:  

ݑ∀ ∈ ܸሺܦଶሾ݊ሿሻ;  

ݔܽܯ ቀߝ஽మሾ௡ሿሺݑሻቁ ൌ 10݊ ൅ 23 and ݊݅ܯ ቀߝ஽మሾ௡ሿሺݑሻቁ ൌ 5݊ ൅ 12. 

 

Table 2. Eccentricity of all vertices of ܦଶሾ݊ሿ. 

Eccentricity No. 

vertices 

Eccentricity No. 

vertices  

Eccentricity No. 

vertices  

10݊ ൅ 23 2௡ାଶ 5ሺ݊ ൅ ݇ሻ ൅ 17 
෍2௞ାଵ
௡

௞ୀଵ

 
5݊ ൅ 16 2 

10݊ ൅ 22 2௡ାଵ 5ሺ݊ ൅ ݇ሻ ൅ 16 
3෍2௞

௡

௞ୀଵ

 
5݊ ൅ 15 2 

10݊ ൅ 21 2௡ାଵ 5ሺ݊ ൅ ݇ሻ ൅ 15 
෍2௞ାଵ
௡

௞ୀଵ

 
5݊ ൅ 14 4 

10݊ ൅ 20 2௡ାଶ 5݊ ൅ 19 4 5݊ ൅ 13 4 

5ሺ݊ ൅ ݇ሻ ൅ 19 
෍2௞ାଶ
௡

௞ୀଵ

5݊ ൅ 18 2 5݊ ൅ 12 2 

5ሺ݊ ൅ ݇ሻ ൅ 18 
෍2௞ାଵ
௡

௞ୀଵ

5݊ ൅ 17 2   

 

Now by using the partition given in Table 2 and equation (8) the proof of is 

straightforward. 

Theorem 7. The eccentric connectivity polynomial of the dendrimer	ܦଶሾ݊ሿ 

is computed as follows: 
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,ଶሾ݊ሿܦ	௖ሺߦ ሻݔ ൌ 2௡ାଵሺ2ݔଵ଴௡ାଶଷ ൅ ଵ଴௡ାଶଶݔ3 ൅ ଵ଴௡ାଶଵݔ3 ൅ ଵ଴௡ାଶ଴ሻݔ4

൅෍2௞
௡

௞ୀଵ

൫8ݔହሺ௡ା௞ሻାଵଽ ൅ ହሺ௡ା௞ሻାଵ଼ݔ6

൅ ହሺ௡ା௞ሻାଵ଺ݔହሺ௡ା௞ሻାଵ଻൅6ݔ4 ൅ ହሺ௡ା௞ሻାଵହ൯ݔ6 ൅ ହ௡ାଵଽݔ8

൅ ହ௡ାଵ଼ݔ6 ൅ ହ௡ାଵ଻ݔ4 ൅ ହ௡ାଵ଺ݔ4 ൅ ହ௡ାଵହݔ6 ൅ ହ௡ାଵସݔ8

൅ ହ௡ାଵଷݔ8 ൅  .ହ௡ାଵଶݔ6

 

Proof. The proof can obtain by using of Table 2 and equation (9). 

The proof of the following corollary follows easily from Theorem 6 

and Theorem 7, hence it is left to the reader.   

 

Corollary 3. The total eccentricity index and eccentric connectivity index of 

 :ଶሾ݊ሿ are computed as followsܦ

ଶሾ݊ሿሻܦሺߠ ൌ 2௡ሺ380݊ ൅ 576ሻ െ 20݊ ൅ 22, 

ଶሾ݊ሿሻܦ௖ሺߦ ൌ 2௡ሺ840݊ ൅ 1238ሻ െ 50݊ ൅ 42. 

Conclusions 

In this paper by means of edge dividing approaches, we derived 

closed formulae of several important topological indices for light-harvesting 

dendrimer and Fréchet-type dendrimer, including first Zagreb index, second 

Zagreb index, first multiple Zagreb index, second multiple Zagreb index and 

hyper Zagreb index. In addition, two distance based topological indices, the 

total eccentricity index and eccentric connectivity index of these dendrimers 

were calculated. The results obtained in our paper illustrate the promising 

application prospects in chemical and pharmacy engineering.  

 

 



                                    Study of dendrimers by topological indices                                 161 

 

Acknowledgements 

The authors would like to thank the anonymous referee for his/her 
helpful comments that have improved the presentation of results in this 
article. 

References 

1. Buhleier, E.; Wehner, W.; Vögtle, F. Cascade and nonskid-chain-like synthesis 
of molecular cavity topologies. Synthesis. 1978, 2, 155-158. 

2. Tomalia, D. A.; Baker, H.; Dewald, J.; Hall, M.; Kallos, G.; Martin, S.; Roeck, 
J.; Ryder, J.; Smith, P. A new class of polymers: Starburst-dendritic 
macromolecules. Polym. J. 1985, 17, 117-132. 

3. Diudea, M. V.; Katona, G. Molecular Topology of Dendrimers, in: G. A. 
Newkome, Ed. Advan. Dendritic Macromol. 1999, 4, 135-201. 

4. Newkome, G. R.; Moorefield, C. N.; Vögtle, F. Dendrimers and Dendrons, 
Wiley-VCH Verlag GmbH & Co. KGaA. 2002.   

5. Farahani, M. R.; Gao, W.; Kanna, R. M. R. The connective eccentric index for 
an infinite family of dendrimers. Indian Journal of Fundamental and Applied 
Life Sciences. 2015, 5 (S4), 766-771. 

6. Soleimani, N.; Mohseni, E.; Helalbin, S. Theoretical study of nanostar 
dendrimers. Studia Universitatis Babes-Bolyai, Chemia. 2016, 1, 127-140. 

7. Soleimani, N.; Mohseni, E.; Maleki, N. Connectivity indices of some famous 
dendrimers. Journal of Chemical and Pharmaceutical Research. 2016, 8(8), 
229-235. 

8. Soleimani, N.; Nikmehr, M. J.; Tavallaee, H. A. Computation of the different 
topological indices of nanostructures. Journal of the national science 
foundation of Sri Lanka. 2015, 43(2), 127-133. 

9. Nejati, A.; Alaeiyan, M. The edge version of MEC index of one-pentagonal 
carbon nanocones. Bulgarian Chemical Communications, 2014, 46(3), 462-
464.  

10. Nikmehr, M. J.; Soleimani, N. Computing energy and some toplogical indices 
of ડሺԺ࢔ሻ, Mathematics and Computer Science, 2016, 1(4), 101-107. 

11. Nikmehr, M. J.; Soleimani, N.; Tavallaee, H. A. Computing some topological 
indices of carbon nanotubes. Proceedings of the Institute of Applied 
Mathematics. 2015, 4(1), 20-25. 

12. Nikmehr, M. J.; Veylaki, M.; Soleimani, N. Some topological indices of V-
Phenylenic nanotube and nanotori. Optoelectron. Adv. Mater.-Rapid Comm. 
2015, 9(9), 1147-1149. 

13.  Nikmehr, M. J.; Heidarzadeh, L.; Soleimani, N. Calculating different 
topological indices of total graph of	ܼ௡. Studia Scientiarum Mathematicarum 
Hungarica. 2014, 51(1), 133-140. 



162                                          N. Soleimani et al. 

 

14. Ghorbani, M.; Jalali, M. A simple algorithm for computing topological indices 
of dendrimers. Iranian Journal of Mathematical Sciences and Informatics. 
2007, 2(2), 17-23. 

15. Buckley, F.; Harary, F. Distance in Graphs. Addison-Wesley, Reading. 1990. 
16. Todeschini, R.; Consonni, V. Handbook of Molecular Descriptors. Weinheim, 

Wiley-VCH. 2000. 
17. Gutman, I.; Das, K. C. Some properties of the second zagreb index. MATCH 

Commun. Math. Comput. Chem. 2004, 50, 103-112. 
18. Ghorbani, M.; Hemmasi, M. Eccentric connectivity polynomial of 

 ,Fullerenes. Digest Journal of Nanomaterials and Biostructures. 2009	ଵଶ௡ାସܥ
4, 545-547. 

19. Ashrafi, A. R.; Ghorbani, M.; Hossein-Zadeh, M. A. The eccentric 
connectivity polynomial of some graph operations. Serdica J. Computing. 
2011, 5, 101-116.  

20. Gutman, I.; Trinajstić, N. Graph theory and molecular orbitals, Total ߨ-
electron energy of alternant hydrocarbons. Chem. Phys. Lett. 1972, 17, 535-
538. 

21. Gutman, I. Multiplicative Zagreb indices of trees. Bulletin of the Veterinary 
Institute in Pulawy. 2011, 1, 13-19. 

22. Ghorbani, M.; Azimi, N. Note on multiple Zagreb indices. Iranian Journal of 
Mathematical Chemistry. 2012, 3, 137-143. 

23. Shirdel, G. H.; Rezapour, H.; Sayadi, A. M. The Hyper-Zagreb index of graph 
operations. Iranian Journal of Mathematical Chemistry. 2013, 4(2), 213-220. 

24. Sharma, V.; Goswami, R.; Madan, A. K. Eccentric connectivity index: A novel 
highly discriminating topological descriptor for structure–property and 
structure–activity studies. J. Chem. Inf. Comput. Sci. 1997, 37, 273-282. 

25. Ashrafi, A. R.; Saheli, M.; Ghorbani, M. The eccentric connectivity index of 
nanotubes and nanotori. Journal of Computational and Applied Mathematics. 
2011, 235(16), 4561-4566. 

26. De, N.; Pal, A.; Nayeem, S. M. A. Total eccentricity index of some composite 
graphs. Malaya J. Mat. 2015, 3(4), 523-529.  

27. De, N.; Nayeem, S. M. A.; Pal, A. Connective eccentricity index of some 
thorny graphs. Ann. Pure Appl. Math. 2014, 7(1), 59-64. 

28. Doslić, T.; Ghorbani, M.; Hosseinzadeh, M. A. Eccentric connectivity 
polynomial of some graph operations. Utilitas Mathematica. 2011, 84, 297-
309. 

29. Nantalaksakul, A.; Reddy, D. R.; Bardeen, C. J.; Thayumanavan, S. Light 
harvesting dendrimers. Photosynthesis Research. 2006, 87,  
133-150. 

30. Fréchet, J. M. J.; Tomalia, D .A. Introduction to the Dendritic state: 
Dendrimers and other Dendritic Polymers. John Wiley and Sons Ltd. 2001, 24-
23. 

31. Diudea, M. V.; Ursu, O.;  Nagy, Cs. L. TOPOCLUJ, Babes-Bolyai University, 
Cluj. 2002. 


