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Distance matrix and diameter of two infinite family of

fullerenes
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Let G be a molecular graph. The distance d(u,v) between two vertices u and v of G is the minimum length of the paths connecting
them. The greatest distance between any two vertices of G called the diameter of G. In this paper the diameter of two infinite

families of fullerenes are computed.
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1. Introduction

The discovery of buckminsterfullerene which has a
nanometer-scale hollow spherical structure in 1985 by
Kroto and Smalley revealed a new form of existence of
carbon element other than graphite, diamond and
amorphous carbon [1,2]. Now a day, fullerenes with a
wide range of numbers of carbon atoms have been
produced in experiment and so theoretical study of this
new materials are more and more important in chemistry.

From a theoretical point of view, fullerenes are
molecules in the form of polyhedral closed cages made up
entirely of n three coordinate carbon atoms and having 12
pentagonal and (n/2 — 10) hexagonal faces, where n is
equal or greater than 20. If F is a fullerene graph with
exactly v vertices, e edges and f faces then by Euler
formula, v — e + f = 2. Suppose F has exactly p pentagons
and h hexagons. Then v = (Sp+6h)/3, e = (Sp+6h)/2 = 3/2v
and f=p + h. Therefore, p =12, v=2h + 20 and e = 3h +
30. We encourage the reader to consult papers by Fowler
and his co-authors, references therein and his book for
background material, as well as basic computational
methods about fullerene graphs [3-5].

We now describe some notations which will be kept
throughout. If x and y are two vertices of a molecular
graph G then d(x,y) denotes the length of a minimal path
connecting X and y. The Wiener index of graph G [6] is
defined as the sum of distances between vertices of G. The
Wiener index is a useful number associated to the structure
of a molecule. Such numbers which has good applications
in chemistry, usually named a topological index. The
Diameter of G, diam(G), is defined as diam(G) =
Max{d(u,v) | u,veV(G)}. In other words, a graph's
diameter is the largest number of vertices which must be
traversed in order to travel from one vertex to another.

Computing Wiener index of nanostructures began
with the work of Diudea and his team [7-10] and then
continued by one of the present authors (ARA) [11,12].

The aim of this paper is to study the diameter of two
infinite families of fullerenes. A computer program is also

prepared for computing this number. Our notation is
standard and mainly taken from standard books of graph
theory and the books of Trinajestic [13].

2. Results and discussion

The matrix [d;] is consisting of all distances between
vertices of a graph G is known as the distance matrix. In the
paper [14—18], we compute some distance based topological
indices of fullerenes. In this section, we continue this program
and consider the problem of computing diameter of fullerenes
into account.

Example 1. Consider fullerene graph C,, Fig. 1. From
Table 1, one can see that the diameter of this fullerene is
equal to 5.

Fig. 1. The Fullerene Cy,.

Theorem 1. Let G be a connected graph and diam(G)
denoted to the diameter of G. Then we have:W(G) <
12(n—1) [2 + (n—2) x d(G)].

Proof. It is easy to see that the distance matrix of G
satisfied the following matrix in equation:
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01 d@3) .. d@m)] [0 1 dG) ... dG) and this completes the proof.
U o 1 .
0 - d@i,n|< 0 1 dG)
0o 1 0 1
0 0

Table 1. The distance matrix of Cy.

d(x,y) 1 23 45 6 7 8 910111213 14 15 16 17 18 19 20
1 012211233 222343145433
2 1 01 2221233322345 4334
3 2101232123 43223433475
4 22101332123 4322334354
5 12210233 2123432345143
6 1 2332024421135 33 41322
7 21 2332024431135 43223
8 32123 4202453113322 34
9 3 3212442023531 122343
10 23 321244201353 123432
11 23 43 2135310244223 32]1
12 22343 113532024433 212
13 3223 431135420243 2123
14 4 32 2353113442022 1233
15 3432 2353112442012 3 32
16 4 5 4333 43 222332101221
17 5433 4432 23332121¢0122
18 4 33 453223432 12321¢012
19 33 45 4223 432123322101
20 345 4323 4321233212210

In what follows, diam(G) denotes the diameter of a
graph G.

Fig. 3. The molecular graph of the Fullerene Cy,,.

Corollary. Let G be a connected graph and diam(G) >
. 3. Then we have:
Fig. 2. The molecular graph of the Fullerene Cyg,. W(G) < (3n=5) + [(n=3)(n—2) x d(G)] /2.
Proof. It is easy to see that for distance matrix we
have:
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and this completes the proof.

Theorem 2. The diameter of the fullerene graph Cy,,

n>6,is d(G) =2n—1.

Proof. From Fig. 4, one can see that the blue columns
are exceeded by one if n is exceeded by one. Also,

Table 2. The Exceptional Cases of diam(G) for n = 2, 3,
4,5,

Fullerene C24 C36 C48 C60
diam(G) 5 7 8 10

Theorem 3. The diameter of the fullerene graph Cig,,
n>5,1is d(G) =2n—1.

Proof. From Fig. 6, one can see that the pink columns
are exceeded by one if n is exceeded by one. Also,
max{d(x,y)| x,ye V(G)} is d(u,v) as shown in Fig. 7. So, in
each case d(u,v) is change to d(u,v) + 2. We now apply the
Table 3 to complete the proof.

Table 3. The Exceptional Cases of diam(G) forn =2, 3, 4.

max{d(x,y)| x,ye V(G)} is d(u,v) as shown in Fig. 5. So, in

each case d(u,v) is change to d(u,v) + 2. In Table 2, the
exceptional cases are also investigated, proving the result.

Fullerene | Cyy | C30 | Cao
diam(G) | 5 6 8

Fig. 6. The Fullerene Graph Cyg,

Fig. 7. The diameter of Fullerene graph Cgy.

Fig. 5. Diameter of the Fullerene graph Cy,,.

f:= function(A)

A Gap Program for Computing Diameter of Graph

local n, b,bb,bbb,b1,bb1,bbbl,s,x,y,k,B,i,j,t,tt; n:=Length(A);
b:=[];bb:=[];bbb:=[];b1:=[];bb1:=[];bbb1:=[];s:=0;tt:=[];

forx in[1..n] do

foryin[1..n] do

forkin [1..n] do
B:=A"k;
if B[x][y]<>0 then
AddSet(b,k);break;
fi;
od;
if y<=x then Add(bb,0);
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else
Add(bb,b[1]);
fi;
b:=[];
od;
Add(bbb,bb);bb:=[];
od;
for i in bbb do
forjinido
s:=stj;
od;
od;
t:=bbb+TransposedMat(bbb);
foriintdo
forjinido
Add(tt,j);
od;
od;

Print(“******************************************"’“\n");

Print("diameter of G=");
Print (Maximum(tt));Print("\n");

Print("******************************************","\n");

return;

end;
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