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Suppose G is a graph, A(G) its adjacency matrix and yV(G, 1) = I"
+ ayhhy1 + ... +a, is the characteristic polynomial of G. The
matching polynomial of G is defined as M(G,x) = m(G,0)x" —
m(G,1)x""* = m(G,2)x""* + ..., where m(G,k) is the number of
kTmatchings in G. In this paper, the relationship between 2k-th
coefficient of the characteristic polynomial, ay, and k-th
coefficient of the matching polynomial, (T1)*m(G, k), k=0,1,2,...,
in a regular graph is determined. In addition, these relations for
finding 5,6-matchings of fullerene graphs are applied.
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1. INTRODUCTION

Suppose G is a simple graph with n vertices and m edges, and A(G) is the adjacency matrix
of G. The characteristic polynomial of G, denoted by y (G, I), is defined as:

V(G I)=det(h -AG)=r+al*+..+a _[I+a,.
The roots of the characteristic polynomial are the eigenvalues of G. A k—-matching in G is a
set of k edges without common vertices. Denote the number of k-matchings in G by
m(G,k). It is clear that m(G, 1)=m and m(G, k)=0 fork > gn/2j or k <0. The matching

polynomial of the graph G is defined as:

M(G,x) = &, (-1 m(G,k)x".

Go to [9] for details. The girth of G is the length of the shortest cycle contained in G. An
edge incident to a vertex of degree one is called a pendant edge.
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Fullerenes are polyhedral cage molecules composed entirely of carbon atoms. The
molecular graph of such a molecule is 3—connected and planar with faces all pentagons and
hexagons. Suppose p and h are the number of pentagons and hexagons in an n-vertex
fullerene F, respectively. Therefore the Euler’s theorem implies that p = 12 and h = n/2 -
10. After the outstanding work of Kroto et al. [14] in discovering the buckminsterfullerene
Ceo, a lot of researchers devoted their time to find mathematical properties of these new
materials. The most important book on this topic is the well known book of Fowler and
Manolopoulos [12]. There are several different computer programs for working with
fullerenes, one of them is developed by Myrvold and her colleagues [16]. Another program
is developed by Schwerdtfeger et al. [17].

Fullerenes are also called (5, 6)—fullerenes. An IPR (5, 6)-fullerene is one for
which no two pentagons share an edge. The minimum distance of two vertices of any two
nearest pentagons is called the pentadistance of fullerene. In this paper, all (5,6)-
fullerenes considered are at distance of at least 2. For more information on the fullerenes
and additional results you can see [1, 4, 10, 11].

In this section, some operational definitions used in this paper are presented. The
symbols P, and C,, stand for the path with n vertices and the cycle of size n, respectively,
and Ug(H) or (i(H) for the number of H-subgraphs of G. Any undefined terminology and
notation can be found in [7].

Behmaram in his thesis [2] and in a recent paper [3] extended the notion of
fullerene to m—generalized fullerene. By his definition, a 3—connected cubic planar graph G
is called m—generalized fullerene if its faces are two m—gons and all other pentagons and
hexagons. The concepts of m-—generalized (3, 6)-fullerene and m-generalized (4, 6)-
fullerene can be defined in a similar way [15]. We refer to Deza and his co—authors for
some other generalization of fullerenes [8, 18, 19].

It is easy to see that a (3, 5, 6)—fullerene molecule with n atoms and exactly 2
triangles has 6 pentagons and n/2-6 hexagons. A (4, 5, 6)-fullerene molecule with n atoms
and exactly 2 squares has 8 pentagons and n/2-8 hexagons, see Figure 1. Also a (5, 6, 7)—
fullerene molecule with n atoms has exactly 14 pentagons, 2 heptagons and n/2-14
hexagons, and a (4, 6, 8)—fullerene molecule with n atoms has exactly 12 squares, 6
octagons and n/2-16 hexagons, see Figure 2. The aim of this paper is determination the
relationship between 2k-th coefficient of characteristic polynomial and k—th coefficient of
matching polynomial of a regular graph with girth 5. Also in this paper we determine some
coefficients of characteristic polynomial of some fullerene graphs. These coefficients are
studied in [6].
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Figure 1. A (4, 5, 6)— (left) and (3, 5, 6)-Fullerene (right).

Figure 2. A (5, 6, 7)— (left) and (4, 6, 8)—Fullerene (right).

2. PRELIMINARIES

In this section, we present the definitions and the theorems that are used in the study.
Suppose G is a graph with n vertices, m edges and with adjacency matrix A(G). It is easy to
see that if G is a regular graph of degree r, then m=nr/2. The characteristic polynomial of
G, y(G, I, is defined as:

yvG hH=rI+al*+.+a, [I+a,.

An elementary subgraph of G is a subgraph whose connected component is regular
and of degree 1 or 2. In other words, the connected components are single edges and/or
cycles.






