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Let CNC[n] be the molecular graph of a carbon nanocone with n layers. The aim of this paper is to investigate the spectral 
properties of these nanostructures. Our calculations suggest this conjecture that )2.1(7372.28])n[CNC(E 1n−=  and 

)2.1(5639.55])n[CNC(E 1n−= , where E(CNC[n]) and EE(CNC[n]) denote the energy and Estrada index of these 
nanomaterials. 
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1. Introduction 
 
Carbon nanotubes are molecular-scale tubes of 

graphitic carbon with outstanding properties. They are 
among the stiffest and strongest fibres known, and have 
remarkable electronic properties and many other unique 
characteristics. For these reasons they have attracted huge 
academic and industrial interest, with thousands of papers 
on nanotubes being published every year. Commercial 
applications have been rather slow to develop, however, 
primarily because of the high production costs of the best 
quality nanotubes.  

Let G be an n-vertex molecular graph with V(G) = 
{v1,v2, …, vn}. The adjacency matrix A = A(G) is an n × n 
matrix whose (i, j)-entry is 1 if vi and vj are adjacent, and 0 
otherwise. The characteristic polynomial of G is the 
polynomial of degree n, defined as χ(λ) = det[λIn−A(G)], 
where In is the unit matrix of order n. The scalars λ and 
vectors x satisfying Ax = λx are called eigenvalues and 
eigenvectors of A, respectively. Geometrically, Ax = λx 
says that under transformation by A, eigenvectors 
experience only changes in magnitude or sign—the 
orientation of Ax in  is the same as that of x. The 
spectrum of A is the multi-set of all eigenvalues of A. The 
eigenvalues and spectrum of a graph is the eigenvalues 
and spectrum of its adjacency matrix. All the eigenvalues 
of a graph are real numbers, and their sum is equal to zero 
[1]. 

In the Hückel theory the total π-electron energy of a 
bipartite molecular graph G is defined as the sum 

| of the absolute values of the 
eigenvalues λ1 ≤ λ2 ≤ … ≤ λn of the adjacency matrix A(G) 
of G. This energy is in good linear correlation with the 
observed heats of formations of the corresponding 

conjugated hydrocarbons and it is related with other 
relevant chemical invariants [2-8 ]. 

The Estrada index EE(G) of the molecular graph G is 
defined as the sum of , 1 ≤ i ≤ n. This quantity, 
introduced by Ernesto Estrada has noteworthy chemical 
applications [9]. This index recently found applications in 
seemingly so diverse areas as quantifying of the degree of 
folding of proteins and other long-chain biomolecules [10, 
11], characterizing the general topological features of 
complex networks [12, 13], measuring bipartivity of 
graphs [14], modeling of extended atomic branching [15], 
and statistical thermodynamics [16]. We encourage the 
reader to consult also papers [17−23] for background 
material as well as basic computational techniques. The 
aim of this paper is to compute the energy and Estrada 
index of one-pentagonal carbon nanocone CNC[n], Fig. 1. 
Our notation is standard and taken mainly from standard 
books of graph theory and the books of Trinajestic [24]. 

 

 
 

Fig. 1. A HC5C7 nanotube. 
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2. Main results and discussion 
 
In this section, the eigenvalues of the molecular graph 

of a HC5C7[4p,8] nanotube is computed by the matrix 
package MATLAB. To do this, we first draw the molecule 
by HyperChem [25]. Then the adjacency matrix of the 
molecular graph of H[p] = HC5C7[4p,8] nanotube is 
computed by TopoCluj [26]. 

In Table 1, the energy and Estrada index of some 
types of this nanotube, 1 ≤ p ≤ 10, are computed. By curve 
fitting method, two polynomials of the best degree for 
approximating energy and Estrada index of H[p], 
respectively, are computed.  

 
Table 1. The Values of E(G) and EE(G)  of H[p], 1 ≤ p ≤ 

10. 
 

P E(G) EE(G) 
1 48.09972862 100.5912367 
2 95.46260337 202.5909269 
3 143.0818336 303.8861851 

4 191.023335 405.1815802 
5 238.7687923 506.4769752 
6 286.3886887 607.7723702 
7 334.2478136 709.0677653 
8 381.9931283 810.3631603 
9 429.6566714 911.6585554 
10 477.4797063 1012.95395 

 
Data Mining is a part of computer science investigates 

method for finding a good curve which has the best fit to a 
series of data points. DataFit is a software for simplifies 
the tasks of data plotting, regression analysis (curve 
fitting) and statistical analysis. This package is applied for 
solving our problem. In most of problems related to 
eigenvalues the curve fitting by exponential functions is 
more important, because polynomials are not good for 
approximating eigenvalues. It seems that the data of Table 
1 can be fitted by polynomials of degree one. Hence we 
conjecture that the curve of data given in Table 1 has an 
asymptotic line. Our calculations suggest that the energy 
and Estrada index of this nanotube can be evaluated by 

)1(7.471.48])8,4[75( −+= npCHCE and ).1(3.1016.100])8,4[75( −+= npCHCEE  In 
Fig. 1, a diagram is depicted to show difference between 
energy and Estrada index of the nanotube.  

 

 
 

Fig. 2. The diagram of energy and Estrada index of 
HC5C7[4p,8]. 

References 
 

  [1] D. Cvetkovic, M. Doob, H. Sachs, Spectra of Graphs- 
        Theory and Application, third ed., Johann Ambrosius  
         Barth Verlag, Heidelberg, Leipzig, 1995. 
  [2] R. Balakrishnan, Linear Algebra Appl. 387, 287  
        (2004).  
  [3] I. Gutman, Ber Math. Statist, Sek. Forsch- 
        ungszentram  Graz. 103, 1 (1978).  
  [4] I. Gutman, N. Trinajstic, Chem. Phys. Lett. 17, 535  
        (1972). 
  [5] I. Gutman, Topics Curr. Chem. 162, 29 (1992). 
  [6] I. Gutman. The energy of a graph: Old and new  
        results. In: A. Betten, A. Kohnert, R. Loue, A.  
        Wassermann (Eds.), Algebraic Combinatorics and  
        Applications. Springer-Verlag, Berlin, 196 (2001). 
  [7] A. R. Ashrafi, P. Nikzad, Digest Journal of  
        Nanomaterials and Biostructures 4, 383 (2009). 
  [8] A. R. Ashrafi, M. Faghani, S. M. Seyedaliakbar,  
        Digest Journal of Nanomaterials and Biostructures 4,  
        59 (2009). 
  [9] E. Estrada, Chem. Phys. Lett. 319, 713 (2000). 
[10] E. Estrada, Bioinformatics 18, 697 (2002). 
[11] E. Estrada, Proteins 54, 727 (2004). 
[12] E. Estrada, J. A. Rodrıguez-Velazquez, Phys. Rev. E  
        71, 056103 (2005). 
[13] E. Estrada, Phys. Rev. E 75, 016103 (2007). 
[14] E. Estrada, J. A. Rodrıguez-Velazquez, Phys. Rev. E  
        72, 046105 (2005). 
[15] E. Estrada, J. A. Rodrıguez-Velazquez, M. Randic,  
        Int. J. Quant. Chem. 106, 823 (2006). 
[16] E. Estrada, N. Hatano, Chem. Phys. Lett. 439, 247  
        (2007). 
[17] I. Gutman, E. Estrada, J. A. Rodrıguez-Velazquez,  
        Croat. Chem. Acta 80, 151 (2007). 
[18] Y. Yiang, H. Zhu, H. Zhang, I. Gutman. Chem. Phys.  
        Lett. 159, 159 (1989). 
[19] I. Gutman, A. Graovac, Chem. Phys. Letters 436, 294  
        (2007). 
[20] I. Gutman, S. Radenkovic, A. Graovac, D. Plavsic,  
        Chem. Phys. Letters 446, 233 (2007). 
[21] G. H. Fath-Tabar, A. R. Ashrafi, I. Gutman, Bulletin  
        de l'Academie Serbe des Sciences et des Arts 33, 1  
        (2008). 
[23] A. R. Ashrafi, M. Sadati, Optoelectron. Adv. Mater.- 
        Rapid Comm. 3(8), 821 (2009).   
[24] N. Trinajstic, Chemical Graph Theory, CRC Press,  
        Boca Raton, FL, 1992. 
[25] HyperChem package Release 7.5 for Windows,  
        Hypercube Inc., 1115 NW 4th Street, Gainesville,  
         Florida 32601, USA 2002. 
[26] M. V. Diudea, O. Ursu, Cs. L. Nagy, TOPOCLUJ,  
        Babes-Bolyai University, Cluj 2002. 
_____________________ 
*Corresponding author: alir.ashrafi@gmail.com 


