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Abstract—In this paper via GAP program all the topological 
indices as unit subduced cycle indices for (n, n)- nanotube caps 
and the full non-rigid group 1,3,5-triamino-2,4,6-
trinitrobenzene are computed which are introduced by Fujita. 
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I.  INTRODUCTION 
In recent years, the problems over group theory have 

drawn the wide attention of researchers in mathematics, 
physics and chemistry. Many problems of the computational 
group theory have been researched, such as the classification, 
the symmetry, the topological cycle index, etc. It is not only 
on the property of finite group, but also its wide-ranging 
connection with many applied sciences, such as Nano 
science, Chemical Physics and Quantum Chemistry, for 
instant the development of applications to utilize the unique 
properties of carbon nanotubes (CNTs) is one of the key 
current issues in nanostructure research and computer 
simulations play an essential role in this area, see [1-13]. 

Let G be a finite group and h1, h2 Í G. We say h1, h2 are 
Q-conjugate if there exists t Í G such that t -1 < h1 > t = < 
h2 >. It generates equivalence classes which are called 
dominant classes, i.e. the group G is partitioned into 
dominant classes as follows: G = K1+ K2+ … + Ks in which 
Ki corresponds to the cyclic subgroup Gi (dominant) selected 
from a non-redundant set of cyclic subgroups of G denoted 
by SCSG [5-9, 12-15]. 

A molecule is said to be non-rigid if there are several 
local minima on the potential energy surface easily 
surmountable by the molecular system via a tunneling 
rearrangement. A non-rigid molecule typically possesses 
several potential valleys separated by relatively low energy 
barriers, and thus exhibits large amplitude tunneling 
dynamics among various potential minima. Because of this 
deformability, the non-rigid molecules exhibit some 
interesting properties of intra-molecular dynamics, 
spectroscopy, dynamical NMR and so all of which can be 
interpreted resorting to group theory. Group theory is one of 
the most powerful mathematical tools in quantum chemistry 
and spectroscopy. It can predict, interpret and simplify 
complex theory and data. Group theory is the best formal 
method to describe the symmetry concept of molecular 
structures. Group theory for non-rigid molecules is becoming 
increasingly relevant and its numerous applications to large 
amplitude vibrational spectroscopy of small organic 

molecules see [1-4]. The complete set of the molecular 
conversion operations that commute with the nuclear motion 
operator will contain overall rotation operations that describe 
the molecule rotating as a whole, and intra-molecular motion 
operations that describe molecular moieties moving with 
respect to the rest of the molecule. Together these operations 
form a group which is called the full non-rigid group (f-NRG) 
by Smeyers [25, 26]. The notation we use is standard and the 
reader may consult references [5-20]. 

A carbon nanotube (CNT) consists of a rolled-up 
hexagonal planar lattice of carbon atoms which structure is 
uniquely defined by a chiral vector denoted by (n, m). 
Depending on the values of n and m, a variety of CNT with 
different chemical and physical properties can be produced.  

Generation of a cap for an armchair CNT is started with a 
carbon hexagon as the core of the cap. Then, layers of 
hexagonal rings are added to this central hexagon until the 
diameter of cap approaches diameter of the desired CNT. To 
suite the cap for the armchair CNT with radius of interest, 
the alternative hexagons of the last row which are facing the 
central hexagon via their gons are converted to pentagons. 
The cap produced in this way is called a hexagon cap. It is 
also possible to start with a pentagon as the core for the 
construction of a pentagon cap suitable for an armchair CNT 
using exactly the same procedure. Therefore, Examples of 
the caps produced in this procedure starting with hexagon 
and pentagon as the central core of the cap are illustrated in 
Figure 1 (b).  

II. PRIMERIES AND COMPUTATIONAL DETAILS 
In this section we first describe some notations which 

will be kept throughout. 
We consider the set of right cosets Hgi and the 

corresponding partition of an arbitrary finite group G into 
these cosets: G=Hg1 + Hg2 + …+ Hgm. 

If we multiply the cosets from the right by a group 
element g these cosets are permuted, in fact we obtain an 
action of G on the set X of cosets and correspondingly a 
permutation representation which we denote by G (/H), 
following Fujita's notations [1-9, 12-15]. 

Let K and H be groups and suppose H acts on the set ũ. 
Then the wreath product of K by H, denoted by K wr H is 
defined to be the semi direct product Kũ : H such that Kũ = {f 
| f: ũ ½ K}, see [18] for more details. To denote the 
consecutive classes of elements of order n, for example if an 
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element g has order n, then its class is denoted by nx, where 
x runs over the letters a, b, etc.  

We now assume that D2n denotes the dihedral group of 
order 2n, n Ó 3. This group can be presented by D2n = <x, y | 
xn = y2 = 1, y-1xy = x-1>. It is easy to see that D2n is 
isomorphic to the semidirect product of a cyclic group of 
order 2 by a group of order n.  

Furthermore, let Gi and Gj be any subgroups of an 
arbitrary finite group G, a subduced representation denoted 
by G(/Gi) ® Gj as a subgroup of the coset representation 
G(/Gi) that contains only the elements associated with the 
elements of Gj. 

A unit subduced cycle index (USCI) is defined 
Z(G(/Gi)®Gj, sd) = 

ɉ Ɋij
g

dg

s
ÍW
Ô  where W is a transversal for the 

double coset decompositions concerning Gi and Gj for i, j= 1, 
2, …|W| and 

ɉ Ɋij
g

d
s  = |Gi| / | g-1Gig Æ Gj |, see [11-19]. 

III. RESULTS AND DISCUSSION 
Consider a capped (n, n)- CNT. It is proved that the point 

group of this nanotube has dihedral type (Figure 1), when n 
is odd, it symmetry is Dnd but for n is even, since there is an 
additional symmetry element, i.e. the horizontal plane so its 
symmetry is Dnh, see [24]. According to the theorem in [23], 
the symmetry of a capped (n, n)-CNT should be an 
unmatured group, see [2, 23]. Now, by considering the well-
known properties of the dihedral group D2n = <x, y | xn = y2 = 
1, y-1xy = x-1> in [16, 17], since the USCIs of the symmetry a 
capped (2, 2)-CNT and the non-redundant set of subgroups 
for each arbitrary capped (n, n)-CNT have been computed by 
Fujita and Moghani, respectively in [13, 20] so it is easy to 
compute all the UCSIs for (n, n)-CNT by our GAP program 
in parts 1, 2. Therefore, we ignore similar computations and 
focus just on the f-NRG of 1,3,5-triamino-2,4,6-
trinitronebzene. 

It is described in [2] that the f-NRG of 1,3,5-triamino-
2,4,6-trinitronebzene (TATB) is isomorphic to the wreath 
product of the symmetric groups S2 and S3, i.e. S2 wr S3 where 
Sn is the symmetric group on n letters, see Figure 2. 

Set the f-NRG of TATB via X = S2 wr S3, the 
computations of the symmetry properties of molecules were 
carried out with the aid of GAP [10], a group theory software 
package which is free and extendable. We run the program at 
the GAP prompt to compute M33×33 the mark table and the set 
SCSX of the f-NRG of TATB with symmetry X = S2 wr S3. 

To calculate all the unit subduced cycle indices i.e. Z(G 
(/Gi) ®Gj, sd) of X, by using the above calculations, we are 
able to calculate the USCI table of group the NRG TATB 
stored in Table 1 where SSGX conclude the following 
elements via their corresponding marks: G1 = id, G2 = < (1, 
2)(3, 4)(5, 6) >, G3 = < (5, 6) >, G4 = < (3, 4)(5, 6) >, G5 = < 
(3, 5)(4, 6) >, G6 = < (1, 2)(3, 5)(4, 6) >, G7 = < (1, 3, 5)(2, 4, 
6) >, G8 = < (3, 4)(5, 6), (1, 2)(5, 6) >, G9 = < (5, 6), (3, 4) >, 
G10 = < (3, 4)(5, 6), (1, 2)(3, 5)(4, 6) >, G11 = < (3, 4)(5, 6), 
(3, 5)(4, 6) >, G12 = < (3, 4)(5, 6), (3, 5, 4, 6) >, G13 = < (5, 6), 
(1, 2)(3, 4) >, G14 = < (3, 4)(5, 6), (1, 2)(3, 5, 4, 6) >, G15 = < 
(5, 6), (1, 3)(2, 4) >, G16 = < (3, 5)(4, 6), (1, 2)(3, 4)(5, 6) >, 

G17 = < (1, 2)(3, 4)(5, 6), (1, 3, 5)(2, 4, 6>, G18 = < (1, 3, 5)(2, 
4, 6), (3, 5)(4, 6) >, G19 = < (1, 3, 5)(2, 4, 6), (1, 2)(3, 6)(4, 
5) >, G20 = < (5, 6), (3, 4), (1, 2) >, G21 = < (5, 6), (3, 4), (3, 
5)(4, 6) >, G22 = < (5, 6), (3, 4), (1, 2)(3, 5)(4, 6) >, G23 = < 
(5, 6), (1, 2)(3, 4), (1, 3)(2, 4) >, G24 = < (5, 6), (1, 2)(3, 4), 
(1, 3, 2, 4) >, G25 = < (3, 4)(5, 6), (3, 5)(4, 6), (1, 2)(5, 6) >, 
G26 = < (3, 4)(5, 6), (3, 5, 4, 6), (1, 2)(5, 6) >, G27 = < (3, 4)(5, 
6), (1, 2)(5, 6), (1, 3, 5)(2, 4, 6) >, G28 = < (1, 2)(3, 4)(5, 6), 
(1, 3, 5)(2, 4, 6), (3, 5)(4, 6) >, G29 = < (5, 6), (3, 4), (3, 5)(4, 
6), (1, 2) >, G30 = < (5, 6), (3, 4), (1, 2), (1, 3, 5)(2, 4, 6) >, 
G31 = < (3, 4)(5, 6), (1, 2)(5, 6), (1, 3, 5)(2, 4, 6), (3, 5)(4, 
6) >, G32 = < (3, 4)(5, 6), (1, 2)(5, 6), (1, 3, 5)(2, 4, 6), (3, 5, 
4, 6) >, G33 = X.  

 
A GAP Program for the full non-rigid group of 1,3,5-

triamino-2,4,6-trinitronebzene 
 
Part 1: 
LogTo(“TATB.txt”); 
S2:=SymmetricGroup(IsPermGroup,(2)); 
S3:=SymmetriGroup(IsPermGroup,(3)); 
X:=WreathProduct(S2,S3); 
Order(X); 
IsPermGroup(X); 
s:=ConjugacyClassesSubgroups(X); 
M:=TableOfMarks(X); 
Sort(“s”); 
V:=List(ConjugacyClassesSubgroups(X),x-> 

Elements(x)); 
Len:=Length(V); y:=[]; 
for i in [1,2..Len]do 
if IsCyclic(V[i][1])then Add(y,i); 
fi; 
od; 
Print(“M”, “\n”); 
Print(“V”, “\n”); 
Print(“TATB.txt”, “\n”); 
 
Part 2: 
A:=[[48,0,0,0,0,],[24,0,0.0.0],[24,0,8,0,0],[24,0,0,0,0],[

24,4,0,0,0],[24,0,0,4,0],[16,0,0,0,0],[12,0,0,0,0],[12,0,8,0,0]
,[12,0,0,4,0],[12,4,0,0,0],[12,0,0,0,0]12,0,4,0,0],[12,0,0,0,0]
,[12,2,4,2,2],[12,2,0,2,0],[8,0,0,0,0],[8,4,0,0,0],[8,0,0,4,0],[
6,0,6,0,0],[6,2,4,0,0],[6,0,4,2,0],[6,0,2,2,2],[6,0,2,0,0],[6,2,
0,0,0],[6,0,0,2,0],[4,0,0,0,0],[4,2,0,2,2],[3,1,3,1,1],[2,0,2,0,
0],[2,2,0,0,0],[2,0,0,2,0],[1,1,1,1,1]]; 

G15= GroupWithGenerators ((5,6) ,(1,3) (2,4)); 
M15:=TableOfMarks(G15); 
Inv:=(M15)^-1; 
C15:=A*Inv; 
Print(“C15”, “\n”);LogTo( ); 
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Furthermore, to compute the UCSIs of X for the full non-
rigid group TATB for example column 15 in Table 1, we 
should apply the GAP program (part 2). 

Therefore, see some USCIs of TATB which are stored in 
Table 1. 
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TABLE I.  SOME Z(G (/GI) ®GJ, SD), THE UNIT SUBDUCED CYCLE 
INDICES OF THE NRG 1,3,5-TRIAMINO-2,4,6-TRINITRONEBZENE 

USCI ®G1 ®G2 ®G3 ®G4 ®G5 

G(/G1)     
G(/G2)     
G(/G3)     
G(/G4)     
G(/G5)     
G(/G6)     
G(/G7)     
G(/G8)     
G(/G9)     
G(/G10)     
G(/G11)     
G(/G12)     
G(/G13)     
G(/G14)     
G(/G15)     
G(/G16)     
G(/G17)     
G(/G18)     
G(/G19)     
G(/G20)     
G(/G21)     
G(/G22)     
G(/G23)     
G(/G24)     
G(/G25)     
G(/G26)     
G(/G27)     
G(/G28)     
G(/G29)     
G(/G30)     
G(/G31)     
G(/G32)     
G(/G33)     
USCI ®G6 ®G7 ®G8 ®G9 ®G10

G(/G1)     

G(/G2)    
G(/G3)   
G(/G4)   
G(/G5)    
G(/G6)    
G(/G7)    
G(/G8)    
G(/G9)   
G(/G10)   
G(/G11)   
G(/G12)   
G(/G13)    
G(/G14)   
G(/G15)   
G(/G16)    
G(/G17)    
G(/G18)    
G(/G19)    
G(/G20)    
G(/G21)    
G(/G22)   
G(/G23)

G(/G24)    
G(/G25)    
G(/G26)    
G(/G27)    
G(/G28)    
G(/G29)    
G(/G30)    
G(/G31)    
G(/G32)    
G(/G33)    

Table 1: (Continue) 

USCI ®G11 ®G12 ®G13 ®G14 ®G15 

G(/G1)   
G(/G2)   
G(/G3)   
G(/G4)    
G(/G5)   
G(/G6)   
G(/G7)   
G(/G8)   
G(/G9)    
G(/G10)    
G(/G11)    
G(/G12)    
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G(/G13)     
G(/G14)     
G(/G15)     
G(/G16)     
G(/G17)     
G(/G18)     
G(/G19)     
G(/G20)     
G(/G21)     
G(/G22)     
G(/G23)     
G(/G24)     
G(/G25)     
G(/G26)     
G(/G27)     
G(/G28)     
G(/G29)     
G(/G30)     
G(/G31)     
G(/G32)     
G(/G33)     
USCI ®G16 ®G17 ®G18 ®G19 ®G20 

G(/G1)     
G(/G2)     
G(/G3)     
G(/G4)     
G(/G5)     
G(/G6)     
G(/G7)     
G(/G8)     
G(/G9)     
G(/G10)     
G(/G11) 

    
G(/G12)     
G(/G13)     
G(/G14)     
G(/G15) 

G(/G16)     
G(/G17)     
G(/G18)     
G(/G19)     
G(/G20)     
G(/G21)     
G(/G22)     
G(/G23)     
G(/G24)     
G(/G25)     

G(/G26)   
G(/G27)   
G(/G28)   
G(/G29)   
G(/G30)   
G(/G31)   
G(/G32)   
G(/G33)   
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                                                           (a) 

 

 

Figure 2 : The Geometrical structure of 1,3,5-triamino-2,4,6-trinitronebzene 

                                                              (b) 

Figure 1 : (a) A (5,5)-, (b) (n, n)-CNTs for even or odd n 
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