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Abstract

CL-20 or (2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane)
belongs to the class of high energy nitramine explosives. In this paper, a
method of Fujita is applied to compute the number of isomers of this
molecule.

1. Introduction

A rigid molecule is defined as being such that the barriers between its versions are
insuperable and there are no observable tunneling splittings. For non-rigid molecules,
there are one or more contortional large amplitude vibrations such as inversion or internal
rotation that give rise to tunneling splittings. Following Y. G. Smeyers [1,2] the non-rigid
molecule group (NRG) will be strictly defined as the complete set of the molecular
conversion operations, which commute with a given nuclear Hamiltonian operator,
limited to large amplitude motions. In addition, these molecular conversation operations
will be expressed in terms of physical operations, such as rotations, internal rotations,
inversions, similarly as in the Altmann’s theory, rather than in terms of permutations and

permutations-inversions [3].
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The molecular symmetry group is first defined by Longuet-Higgins [4]. Although
there have been earlier works that suggested the need for such a framework. In some
research papers [5-8], the authors proposed efficient computational techniques for
computing molecular symmetry group of moleculaes.

In chemistry, isomers are compounds with the same molecular formula but
different structural formulas. There are two main forms of isomerism: structural
isomerism and stereoisomerism. In this paper we focus on the problem of counting
structural isomerism of CL-20 or (2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaiso-

wurtzitane) molecule, Figure 1.

Figure 1. The Molecular Structure of CL-20 Molecule.

For computing the number of isomers of a given molecule, we need to an efficient
method for computing symmetry of molecule under consideration. Fripertinger [9] computed
the symmetry of some fullerenes and then applied SYMMETRICA [10] to calculate the
number of CgHkClgox molecules and Balasubramanian [11] computed the number of CgoH3
isomers.

Throughout this paper, our notation is standard and taken mainly from [12,13]. We
encourage to the readers to consult papers [12-20] for background material as well as basic

computational techniques.
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2. Main Results and Discussion

In mathematics, “Computational Group Theory” is the study of groups by means of
computers. It is concerned with designing and analyzing algorithms and data structures. The
most famous starting point for enumeration under group action is an important paper of Polya
in which he not only describes cycle index techniques for determining the numbers of orbits
under finite group actions but he demonstrates how to apply these methods for the chemical
problem of isomer enumeration as well. The aim of this section is to enumerate the number of
isomers of CL-20. We first compute the symmetry group of this molecule. Here, symmetry
means automorphism group symmetry. To do this, the molecule is drawn by HyperChem
[21] and then we compute its adjacency matrix by TopoCluj [22].

Let G be a permutation group, a subgroup of a given symmetric group Sx on X. The
orbit of x will be denoted by Gx and defines as the set of all g(x), g € G. The set of all G-
orbits will be denoted by G\X : = { Gx | x € X}. Suppose g is a permutation of n symbols

with exactly A; orbits of size 1, A, orbits of size 2, ..., and A, orbits of size n. Then the cycle

A

type of g is defined as 1"2*..n™.
Let G be a permutation group. The cycle index of G acting on X is the polynomial
Z(G, X) over Q in terms of indeterminates xj, X, ..., X, t = |X], defined by Z(G, X) =

EI‘ZPEGH;X?'“’), in which (¢ (p), -, c(p)) is the cycle type of the permutation p € G.

The generalized character cycle index is defined as
1

PX (X[, X550 Xy) = ——
G\ A1 A2seees At
|G|

ZpeG l—ILl X(P)Xici(p)

where y(g) is the linear character of the irreducible representation of G. In this paper we use
two special cases: One is the anti-symmetric representation, that is

1 if gisa proper rotation,
2(g)=
—1 if g is animproper rotation,
and the other when y is 1 for all g. Since, all elements of a conjugacy class of a permutation
group have the same cycle type, so the cycle index and the generalized character cycle index
can be rephrased in the following way:
1 t ci(gc)
Z(G’Xl"“’xt)ZEZCECm‘j((;)‘C|Hi:1Xi >

1 t [& .
Pi(x,,....x,) :@ZCECom(G)‘ C| HEIX(gc)Xi‘(g()'
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In order to apply the Polya-Redfield theorem, we first calculate permutations
generating the symmetry group of CL-20. These are:

a= (1,4) (2,5) (3,6) (7,9) (8,10) (11,12) (13,15) (14,16)(17,18) (19,23,20,24) (21,25,22,26)
(27,29,28,30) (31,32)(33,35) (34,36);

b= (1,4) (2,5) (3,6) (7.9) (8,10) (11,12) (13,15) (14,16) (17,18) (19,23) (20,24) (21,25)
(22,26) (27,29) (28,30) (31,32) (33,35) (34,36);

c:=(1,6) (2,5) (3.4) (7,10) (8,9) (14,15) (13,16) (19,25,20,26) (21,23,22,24) (27,28) (29,30)
(31,32) (33,36) (34,35);

d= (1,3) (4,6) (7.8) (9,10) (11,12) (13,14) (15,16) (17,18) (19,21,20,22) (23,25,24,26)
(27,30,28,29) (33,34)(35,36);

e:=(21,22);
Define G = <a,b,c,d,e>. Then G is a group of order 256 with a center of order 4 and

g =7, X Z, X Z, X Z,. From these group structures and a simple GAP program [18], the

number of isomers of CL-20 are calculated in Table 1.

Table 1. The Number of Permutational Isomers of CL-20.

[k,36-k] | Number of Isomers

0,36 1
1,35 10
2,34 126
3,33 1098
4,32 7608
5,31 41506

6,30 186284
7,29 700870
8,28 2257287
9,27 6305720
10,26 15459528
11,25 33543976
12,24 64878097
13,23 112448242
14,22 175424244
15,21 247116838
16,20 315124911
17,19 364364236
18,18 382396468
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