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The production of electronic components on Nano scale is almost impossible 

due to various limitations and restrictions. Therefore, the scientists' attention 

to small pieces on natural scale in recent years resulted in the emergence of 

Nano-structures in electronic. Linear Acenes, with the chemical formula of 

C4n+2 H2n+4, are a family of Organic Molecules which have absorbed attention 

in electronic Molecules and Nano scale.  However, examining their 

electronic and optic features, especially when the number of rings is more 

than 6, is extremely costly and expensive. This study aims at presenting a 

model to predict electro-optic features of Linear Acenes through Topologic 

Index Method. The Topologic Index of a Molecular graph is a number which 

describes molecule characteristics. Multiplicative First Zagreb Index is one 

of the Topologic Indices which was examined and measured in Linear 

Acenes Family. Then, through measuring Ionization Energy and Electron 

Affinity Energy for some members of the family and comparing them with 

the findings of authentic researches, we were able to present an affective 

model for predicting electronic and optic features of Acenes.  
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INTRODUCTION 

 

Nowadays, the scientists attempt to design and produce Nano metric electronic components. The production of 

electronic components on Nano scale is almost impossible due to various limitations and restrictions. Therefore, the 

scientists' attention to small pieces on natural scale in recent years resulted in the emergence of Nano-structures in 

electronic [1], [2]. Acenes, with the chemical formula of C4n+2 H2n+4, are a family of Organic Molecules which have 

absorbed attention in electronic Molecules and Nano scale. Based on the findings, large Acenes, with six to ten 

rings, are found in volcano ash and interplanetary dust and are very suitable for electronic components [3]. This 

group of elements has been studied for its important electronic features; however, examining their electro-optic 

features, if they have more than six rings, is extremely costly and expensive [4]. 

Topologic Indexes are Real Numbers which were introduced during chemistry studies on molecular graphs and are 

presented according to graph parameters such as outline level and the distance between vertices. Describing and 

predicting chemical, physical, and electronical features of the molecule is possible [5], [6], [7]. One of these indices, 

is the Multiplicative First Zagreb Index, in 2011 by Professor Guttman and his colleagues, was introduced [8]. 

A. Definitions 

Graph is a set of occupied materials, called vertices, linked together with lines called Edge and shown as G=G (V, 

E). A molecular graph is a simple one whose vertices is made of single molecular atoms and graph Edges are 

actually the bonds between atoms. In chemical graphs, hydrogen is removed, the value each vertices is maximum 4 
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and all bonds between atoms are considered to be single [9], [10], [11]. Multiplicative First Zagreb Index is defined 

as the following [8], [12], [13]: 
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Where dG(u), is the degree of u vertex in graph G. 

Methods  
To get a simple model based on graph theory with the potential of predicting electronic and optic features in Linear 

Acenes, first we have to examine and measure Multiplicative First Zagreb Index in this family of elements. 

Therefore, the simple molecular graph of Linear Acenes family might be something like the Fig (1): 

 
Fig (1): Simple molecular graph of Linear Acenes family 

Theorem 1: suppose n represents the number of rings in Linear Acenes family; thus, 1( )G  index equals: 

(2 4) (2 2)

1( ) 4 9n nG                                                              (2) 

Argument: consider simple graph in Fig (1) which can be explained from two different perspectives: 

I. All vertices and Edges located on and above surface L=1 are called G1, Fig (2): 

 

Fig (2): G1 is all vertices and Edges located on and above surface L=1 

II. All vertices and Edges located on and below surface L=2 are called G2, Fig (3): 

 
Fig (3): G2 is all vertices and Edges located on and below surface L=2 

In this case, Multiplicative First Zagreb index for relation 1 for G1 is as the following: 
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If we separate first and last sentences in relation (3) which is related to X1,1 and X1,1 vertices, then we have: 
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Also, since X1,m value based on m being even and odd, are the same, relation (4) changes like this: 
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Since k = 2n + 1, by putting it in relation (6) we have: 
( 2) ( 1)

1 1) 4( 9n nG                                                         (7) 

Based on Figs (2) and (3) and the similarity of G1 and G2, we conclude that: 
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And then, relations (7) and (8) are used to prove the theorem. 

   (2 4) (

1 1 1 1

2

2

2)( ) ( ) ( )  =4 9n nG G G                                         (9) 

Results 

Based on relation 9, 1( )G  Index for the first five elements of the Linear Acenes family was measured and shown 

in table (1). 

Table(1): 1( )G  Index in Linear Acenes Family. 

1( )G  Chemical 

formula 

IUPAC name 

(4)
8
(9)

2 
C10H8 naphthalene 

(4)
10

(9)
4
 C14H10 anthracene 

(4)
12

(9)
6
 C18H12 tetracene 

(4)
14

(9)
8
 C22H14 pentacene 

(4)
16

(9)
10

 C26H16 hexacene 

To examine electronic and optical properties, Ionization Energy and Electron Affinity Energy were calculated and 

compared according to authentic sources [14], [15]. Results are shown in table (2).  

Table (2): Ionization Energy and Electron Affinity Energy for Linear Acenes. 

EIonization 

(ev) 

Eaffinity 

(ev) 

IUPAC 

name 

Chemical 

formula 

7.80 -0.26 naphthalene C10H8 

7.02 0.35 anthracene C14H10 

6.49 1.08 tetracene C18H12 

6.12 1.48 pentacene C22H14 

5.83 1.78 hexacene C26H16 

 

Fig (4) shows Ionization Energy changes in Linear Acenes according to  1( )Ln G . This Figure shows the 

success and effectiveness of Multiplicative First Zagreb Index in predicting Ionization Energy in Linear Acenes. 

This accuracy is about R
2
=0.9979 and is shown through relation (10) 

 . 11.885 ( ) 12.931IonizE Ln Ln G                                               (10) 

 

Fig (4): Ionization Energy changes in Linear Acenes according to  1( )Ln G . 

Fig (5) shows Electron Affinity Energy changes in Linear Acenes according to  1( )Ln G . 
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. 

Fig (5): Electron Affinity Energy changes in Linear Acenes according to  1( )Ln G . 

Fig (5) shows high accuracy level of Multiplicative First Zagreb Index in predicting Electron Affinity Energy of 

Linear Acenes with R
2
=0.9927. This success is made possible with relation (11). 

 int 12.0114 ( ) 5.8135Aff yE Ln Ln G                                    (11) 

Conclusion 
Using TIM predict some physical and electro-optical properties of nano structure materials possible. This is 

particularly important, when using experimental methods with a waste of time and financial cost is enormous, and 

theoretical methods have failed in fulfilling. In the Linear Acenes family with increasing of loops; the situation is 

more difficult, more complex and more expensive.  Here, with the help of TIM method and relations (10) and (11), 

we have been able to predict Ionization Energy and Electron Affinity Energy in Linear Acenes. This prediction was 

done for five heavy elements of Linear Acenes through TIM method, and the results are shown in table (3). 

Table (3): Prediction of Electron Affinity Energy, and Ionization Energy for 5- heavier member in Linear Acenes 

using TIM. 

EIonization 

(ev) 

Eaffinity 

(ev) 
1( )G  Chemical 

formula 

5.5077 2.1075 (4
18

)(9
12

) C30H18 

5.2613 2.3704 (4
20

)(9
14

) C34H20 

5.0434 2.7333 (4
22

)(9
16

) C38H22 

4.8481 2.8113 (4
24

)(9
18

) C42H24 

4.6711 3.0002 (4
26

)(9
20

) C46H26 
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