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In recent experiments graphite has been evaporated by
laser irradiation, producing a remarkably stable cluster con-
sisting of 60 carbon atoms [1] . It has been suggested that
this cluster has the structure of a truncated icosahedron
and as it resambles a football the cluster has been named
the footballene.

However, there are other Archimedean solids which may
be realized in molecular form from carbon atoms only[:Ej "
Archimedean solids are facially regular, i.e. each face is a
regular polygon, but the faces are not all of the same kind.
However, the wvertices are all congruent.

One of the simplest of these solids is a truncated octa-

hedron(l) which is depicted below. It is composed of 24 verti-
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ces arranged in 6 four-membered and 8 six-membered rings. Each
four-membered ring is surrounded by 4 six-membered rings.

In the present note we show how one could easily compute
the mathching and the characteristic polynomial of the graph
of the truncated octahedron but the similar approach could be
applied to other Archimedean solids as well.

Let us represent the truncated octahedron by a planar
graph G as it is shown below. This graph could be understood
as a rotagraph [2] composed from some number of repeating mono-
graphs [5] . If a monograph indicated in G by heavy lines is
chosen, G appears composed from 6 such monographs. This mono-
graph is denoted by A and it is together with its linking

edges shown below too.

S3=r4

(1) (G) (A)

By following the method of Refs. [4—7] the square matrix
T(A) of the order 8 has to be formed. Its matrix elements are

given by:
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T, = o (4;x%) T3y = —eb(A-s-735%)
By = wiheCleimyoc] Tog =  dhlhsn oy emysal
Ty5 = =l (A-1,3%) Ty = OC(A-SB;X)

Tyy = =L (A-r5;%) Ty, = —oC(A—s5—r1;x)
T)g = & (-1 -155%) Tyz = —oC(A—s3—r2;X)
Tyg = o (A-r)-ry;x) Tyg = K(A-sz-7)-T %)
Typ = gC(A~r2~r3;x) Tgy = & (A-5,-5,ix%)
Tig = —&(A—rl—rz—rB;x) Tgy = =00 (A= 5y-5,-T55X)
Ty = K(A-sy3%) Tey = oC(A-sl-SB;x)
T,y = = ol(A-5)=Tp;%) Tgz = = KlA-5)-55-753%)
Toy = —oC(A-—srr};X) Ty = oC(A~52—s5;X)
Toy = &(A-8)-TpmTy;%) Tng = = 00(A-8,-85-1) ;%)
Ty = oC (A-s55%) Tgy = "('(A'srse“saix)
T3p = -l (A-s,-1; 3%)

while the remaining matrix elements of T equal zero. Non-zero
matrix elements of T are easily calculated by using the basic

recursion for the matching polynomial ©C(H;x) of graph H:
& (H;x) = of (H-e;x) - ol (H-u-v;x)

where e is an arbitrary edge of H with end-points u and v.
Indeed, the method of Refs, Lu-z] is based on asystematic appli-
cation of the above recursion.

The matching polynomial of G equals the trace of T6 [ﬁ-?]

and after some algebra one obtains:
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&K(6) = tr 1 - ¥ _ 36 x%2 4 558 x20 _ sgen x18 4

26619 x° — guo08 x1* 4+ 217172 %12 -

323976 %0 + 301203 xB - 163u44 x© 4

46182 x* - 5508 x° + 169

The last coefficient equals the number of perfect matchings,
K, of G: K = 169.

By using the cyclic symmetry of G LEJ one could facto-
rize and compute the characteristic polynomial f(G;x) of G.

After some algebra one derives:

@(G;x) = (xq = 70 x2 +9) (xq - 6x2 + 1)5 (x4 - 4x2 + 5)2

= x2* _ 36 x22 4 546 x20 _ases x18 4 23103 x16 -

2

73816 x4+ 147484 x12 _ 185160 x1°0 4

141519 B - 62740 x® + 14946 x* - 1764 x° + 81

The last coefficient of ﬁ(G;x) equals the square of the Alge-
braic Structure Count, ASC, of G; therefore: ASC = 9.
Although £(G;x), §(G;x), K and ASC have found applica-
tions in chemistry we will not derive any chemical conclusi-
ons here because the carbon cluster of the truncated octahe-
dron is probably a candidate for alkane and not for alkene

a8 well as because the strain in this cluster could be relati-

vely large [?] .
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