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SOME UPPER BOUNDS FOR THE ENERGY OF TC4Cs(S) NANOTORI
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Let G be a molecular graph. The energy of G is defined as the sum of absolute vale of the
eigen values of G. In this paper, some upper bounds for computing energy of TC,Cg(S)
nanotorus are presented. Using a MATLAB program, the error of E(TC,Cg[m,n]) for
nanotori of diameter < 10 are computed.
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1. Introduction

A molecular graph G is a simple graph in which atoms are vertices and bonds are edges of
the graph G. In this graph every vertex has a degree < 4.

In linear algebra, every linear transformation can be given by a matrix, which is a
rectangular array of numbers arranged in rows and columns. An eigenvector of a linear
transformation is a non-zero vector that is either left unaffected or simply multiplied by a scale
factor after the transformation. The eigenvalue of a non-zero eigenvector is the scale factor by
which it has been multiplied. A real number A is an eigenvalue of a linear transformation T: V. — V
if there is a non-zero vector x such that T(x) = Ax.

Let G be a molecular graph. The adjacency matrix A(G) of G is a matrix with rows and
columns labeled by graph vertices, with a 1 or 0 in position (vj,v;) according to whether v; and v;
are adjacent or not. For a simple graph with no self-loops, the adjacency matrix must have Os on
the diagonal. The eigenvalues of A(G) are called the eigenvalues of G.' Following Ivan Gutman®,
the energy, E(G), of a molecular graph G is defined to be the sum of the absolute values of the
eigenvalues of G. We encourage the reader to consult papers™ and references therein for

background material as well as basic computational techniques.
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Carbon nanotubes are rolled-up sheets of graphite that can act as metals, semiconductors
or insulators, depending on their radius and the angle at which the sheets are rolled. If a nanotube
is bent so that its ends meet, a nanotorus is produced. The electronic properties of such structures
are less well understood and some of its mathematical properties are determined”'”. The aim of

this paper is to compute some upperbounds for the energy of TC4Cg nanotori, Figures 1, 2.

2. Results and discussion

In graph theory, a regular graph is a graph where each vertex has the same number of
neighbors, i.e. every vertex has the same degree or valency. A regular graph with vertices of degree
k is called a k-regular graph or regular graph of degree k. Suppose G is k-regular graph with
exactly n vertices and m edges. Then m = kn/2 and by a well-known theorem in algebraic graph

theory for every eigenvalue A, |A| < k. Therefore, for such graphs E(G) < nk.

(a) (b)
Fig. 2. An TUC,Cy(S) Nanotorus (a) Side view (b) Top view.
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Consider a T(m,n) = TUC4Cg(S) nanotorus, in which m and n are two times of the number
octagons in every row and column, respectively, Figure 2. It is clear that this molecular graph has

exactly 2mn vertices and 3mn edges. Since T(m,n) is cubic, E(T(m,n)) < 6mn. On the other hand,

by a well-known result on the subject of graph energy, E(G) < k + ,/k(n-1)(n-k) , for n-vertex

k-regular graph G. Since T(m,n) is cubic, E(T(m,n)) < 3 + \/3(2mn—1)(2mn—3) . Our

calculations by MATLAB PACKAGE shows that if T(m,n) has diameter < 10 then E(G) = 3 +

J3(2mn—-1)(2mn -3).
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