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Abstract 
Manufacturing parts in nanoscale and investigating their properties has involved some limitations, 
and in some cases it is practically impossible; therefore, scholars have recently focused on mi-
cro-parts in natural scale, which has led to the advent of the field of nanostructures. Phenacenes 
with formula C4n+2H2n+4 are a family of organic molecules which have received a lot of attention in 
nanoscale. However, investigating the thermodynamic properties is highly expensive, especially 
when there are more than 6 loops. The present study was conducted in order to predict the ther-
modynamic properties of phenacenes family by using Topological Indices Method (TIM). Topolog-
ical index is a numeral molecular graph which is referred to as molecular graph. This number in-
dicates some molecular properties. One of the topological indices is RRR which is investigated and 
measured in phenacenes family. Afterwards, by calculating Heat of Formation and Gibbs Energy 
for some members of this family and comparing them with data provided by valid articles, we 
could propose an appropriate model to predict some thermodynamic properties of this family. 
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1. Introduction 
Nowadays, scientists try to design and provide nanometer parts. Restricted parts manufacturing at the nanoscale 
made it practically impossible in many cases. Therefore, scientists’ interest to make smithereens in the natural 
scale, has led to creation of nanostructures field in recent years [1] [2].  
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Aromatic loops are known as the family of organic compounds structure with double bond in the loop. Aro-
matics constitute a wide range of compounds including benzene and its derivatives. Aromatics participate in a 
substitution reaction that is one of the indicator traits of this category. 

Aromatic hydrocarbons include an unsaturated benzene loop that is very stable, and often act like a saturated 
compound.  

Acenes are a category of aromatics family which is highly regarded in recent years due to their nanostructures 
dimension [3] [4]. However, examination of physical, chemical, optical, electrical and thermodynamic proper-
ties of heavier Acenes is difficult in many cases and requires a high expenditure as well as it is impossible in 
some cases. Therefore, existence of an appropriate model for predicting the properties finds a special importance. 
One of the cheap and effective methods is Topological Indices Method (TIM) [5]-[10].  

Topological indices are real numbers introduced during the studies on molecular graphs in chemistry, and are 
constant about isomorphism of the graphs. These indices can suggest some molecular properties. They were in-
troduced in 1947 by Professor Wiener for the first time, and were started with Wiener index introduction to pre-
dict the chemical properties of naphthalene [11]. 

Topological indices are defined based on graphs parameters such as vertices degree, the distance between the 
vertices, etc. It can be described and predicted some chemical, physical, electronic properties of molecules by 
using these indices. Topological indices are divided into different categories according to their definition. In this 
study the ISI index (Inverse Sum Index) was used, which was introduced in 2010 by Damir Vukičević and Ma-
rija Gašperov. It is defined based on the vertices degree [12].  

Definitions 
In mathematical, a non-empty set of objects identified as vertices (V) is called a graph. This vertices are con-
nected by lines called edge (E), and are showed as G = G (V, E). A molecular graph is a simple graph whose 
vertices are composed from the atoms of a molecule, and bonds between atoms of the molecule make up edges 
of the graph. In chemical graphs hydrogen atoms are removed, and they are discarded. Dehydrogenized graph is 
said to these graphs in phrase. As well as all bonds between the atoms are considered as unique, and the degree 
of each vertex will be 4 maximally [13] [14]. One of the topological indices is ISI index which is defined as Eq-
uation 1 [12]:  
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where du and dv are degrees of u and v vertices, respectively, and they have a common bond together. 

2. Theory and Methods 
In this paper by expression and proof of the theorem, we initially examined ISI (G) topological index given in 
Equation (1) in the family of linear Acenes, and we will try to prove an equation for each index based on the 
loops number (n). Then, we will obtain the amounts of this index in some family members of linear Acenes. We 
will also obtain amounts of Gibbs Energy and Heat of Formation (T = 298.15 K, p = 1 atm) for selected mem-
bers of the family by applying Chemoffice 2015 software. Finally, we try to present an appropriate model for 
determining the amounts of Gibbs Energy and Heat information on this family, especially for the members with 
a large number of loops. 

Consider simple molecular graph of linear Acenes family (C4n+2H2n+4) is shown in Figure 1. 
Theorem: 
Suppose n is the number of loops in the linear Acenes family, then the ISI (G) index is equal to: 

( )ISI 6.3 0.3G n= −                                       (2) 

Proof:  
Figure 1 shows the simple graph of Acenes family that can be divided into three areas: 
1) All vertices and edges that are located on and top of L = 1 level, which is called G1 (Figure 2). 
2) All vertices and edges that are located on and lower L = 2 level , which is called G2 (Figure 3). 
3) All vertices and edges that are located between L = 1 and L = 2 levels, which is called G3 (Figure 4).  



A. A. Khakpoor et al. 

 
3 

 
Figure 1. Figure shows the simple molecular graph of linear Acenes family.                                             

 

 
Figure 2. G1 is all vertices and edges in the graph of Figure 1 that are located on and top of L = 1.                                  

 

 
Figure 3. G2 is all vertices and edges in the graph of Figure 1 that are located on and lower the L = 2.                                  

 

 
Figure 4. G3 is all vertices and edges in the graph of Figure 1 that are located between L = 1 and L = 2.                                  

 
Regarding to Figure 1 and Equation (1), for G1 we have: 
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For the first and last two sentences in Equation (3) related to vertices X1,1 and X1,k, we have: 
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And for m ≠ 1 and m ≠ k – 1, we also have: 
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Thus, Equation (3) becomes as follows according to Equations (4) and (5): 
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Given to k = 2n + 1, since we have: 
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For the G2 area as shown in Figure 3 we also take a similar result: 
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( ) ( )2
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But for G3 area, since it only includes X1,m: with odd m, according to Figure 4 we have: 
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Here, we also separate the first and last sentence, and for these two sentences we have: 
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as well as other sentences collected in the Equation (9) are equal: 
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According to Equations (11) and (10), Equation (9) comes as follows: 

( ) ( )3
3 1 3ISI 2 1 2 1
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                         (12) 

Since 

( ) ( ) ( ) ( )1 2 3ISI ISI ISI ISIG G G G= + +                             (13) 

and by applying Equations (7), (8) and (12) we reached Equation (2), and the Theorem is proven. 

3. Results 
By applying Equation (2), ISI index for the first eight elements of the family were calculated and presented in 
Table 1.  

We calculated Gibbs Energy (T = 298.15 K, p = 1 atm) and Heat of Formation (T = 298.15 K, p = 1 atm) in 
the Acenes family (C4n+2H2n+4) using empirical data to investigate the thermodynamic properties, and we com-
pared it with authoritative sources. The results are shown in Table 2. 

In Figure 5 changes diagram of Gibbs Energy (G.E) in the linear Acenes family (C4n+2H2n+4) is drawn based 
on ISI index. This diagram shows the success of ISI index in prediction of Gibbs Energy is the linear Acenes 
family. This precision is accompanied with R2 = 1 and is shown in Equation (14). 

( )G.E 33.513 ISI 79.397= −                                  (14) 

Also, in Figure 6 Heat of Formation (H. o F.) in the Acenes family is plotted based on ISI index. Figure 6 
shows high precision of ISI index in predicting Heat of Formation (H. o F.) of Acenes linear Family with R2 = 1. 

 
Table 1. ISI index in the Acenes family.                                                                                                    

Chemical Formula IUPAC Name Simple Graph ISI 

C10H8 benzen  6 

C14H10 naphthalene  12.3 

C18H12 anthracene  18.6 

C22H14 tetracene  24.9 

C26H16 pentacene  31.2 

C30H18 hexacene  37.5 

C34H20 heptacene  43.5 

C38H22 octacene  50.1 
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Table 2. Gibbs Energy and Heat of Formation (at T = 298.15 K, p = 1 atm).                                                                   

Chemical Formula Heat of Formation (KJ/mol) Gibbs Energy (KJ/mol) 

C10H8 80.83 121.68 

C14H10 177.87 252.38 

C18H12 274.91 383.08 

C22H14 371.95 513.78 

C26H16 468.99 644.48 

C30H18 566.03 775.18 

C34H20 663.07 905.88 

C38H22 760.11 1036.58 

 

 
Figure 5. Gibbs Energy (G.E) in linear Acenes family based on ISI index.                                                     

 

 
Figure 6. Heat of Formation (H. o F.) in the linear Acenes family based on ISI index.                                            

 
This situation is possible with Equation (15). 

( )HoF 24.882 ISI 68.462= −                                   (15) 

4. Conclusion 
Prediction of some thermodynamic properties of nanostructure materials is possible by applying TIM. This issue 
is particularly important when using experimental methods leads to waste of time and financial expenditures in 
large amounts and theoretical methods have not been successful. We are facing with this situation in the linear 
Acenes family, and whatever number of loops increases, the situation will be more difficult, more complex and 
more expensive. Here, we can predict Gibbs Energy and Heat of formation in the Acenes family (at T = 298.15 
K, p = 1 atm) by applying the TIM and Equations (14) and (15). We have done this prediction for eight heavier 
members of the linear Acenes family by applying TIM. The results are shown in Table 3. 
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Table 3. Prediction Gibbs Energy and Heat of Formation in the Acenes family (at T = 298.15 K, p = 1 atm).                          

Chemical Formula ISI Index Heat of Formation (KJ/mol) Gibbs Energy (KJ/mol) 

C42H24 56.4 1334.88 1810.74 

C46H26 62.7 1491.64 2021.87 

C50H28 69 1648.40 2233 

C54H30 75.3 1805.15 2444.13 

C58H32 81.6 1961.91 2655.26 

C62H34 87.9 2118.67 2866.40 

C64H36 94.2 2275.42 3077.53 

C68H38 100.5 2432.18 3288.66 
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