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Abstract:

Recently it has been experimentally confirmed that the chirality of a nanotube controls the speed of its growth, and the armchair
nanotube should grow the fastest. Therefore, chirality is an important parameter in designing a carbon nanotube (CNT) and
needs to be investigated for the role it plays in the structure of a CNT. In this paper, we have analytically analyzed the unit cell
and molecular structures of various single walled carbon nanotubes (SWCNTS) at different values of chirality combinations.
The results suggest that total number of unit cells, carbon atoms and hexagons in each structure of SWCNTS are being changed
by changing its chirality. A simple and step by step approach has been followed in describing the analytical expressions of
overall unit cell structure, molecular structure, chiral angle and diameter of SWCNTS. The analytical formulations have been
verified by simulating different SWCNTs at various chirality values. The simulated results match very well with the
mathematical results thus validating, both the simulations as well as analytical expressions.

Keywords: chirality, unit cell structure, molecular structure, chiral angle, armchair SWCNT, zigzag SWCNT,
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1. Introduction

Carbon nanotubes (CNTSs) are fourth allotropes of carbon after diamond, graphite and fullerene, with a cylindrical nanostructure
consisting of graphene sheet (hexagonal arrangement of carbon atoms) rolled into a seamless cylinder with diameter in the
nanometer range i. e. 10° m. These tubes were first discovered by Sumio lijima in 1991 [1] and have been constructed with a
length-to-diameter ratio up to 132,000,000:1 [2] significantly larger than any other material. CNTs are members of the fullerene
structural family, which also includes the spherical buckyballs. Spherical fullerenes are also known as buckyballs, whereas
cylindrical ones are known as CNTs or buckytubes. The diameter of a CNT is of the order of a few nanometers (approx.
1/50,000th of the width of an human hair). The chemical bonding of CNTs is composed entirely of sp? bonds similar to those of
graphite. These bonds, which are stronger than sp® bond found in alkanes, provide nanotubes with their unique strength.
Moreover, carbon nanotubes naturally align themselves into “ropes” held together by Van Der Waals forces [3]. CNTs can be
classified as single walled carbon nanotubes (SWCNTSs) and multi walled carbon nanotubes (MWCNTSs). SWCNTSs consist of
single layer of graphite rolled into a cylinder whereas the MWCNTSs consist of multi layers of graphite rolled into a cylinder
and the distance between two layers is 0.34nm [4 - 5]. SWCNTSs with diameters of the order of a nanometer can be excellent
conductors [6 - 7]. SWCNTs are formed by rolling a graphene sheet into a cylinder. The way the graphene sheet is rolled is
represented by chiral vector or chirality (n, m). If n =m = | where | is an integer then nanotube formed is known as armchair, if
n=1& m =0, then nanotube formed is known as zigzag and if n = 21 & m = I, then nanotube formed is known as chiral. It
means chirality (n, m) of the SWCNTSs depends on the value of integer | e.g. when | = 4, we have (4, 4) armchair SWCNT, (4,
0) zigzag SWCNT and (8, 4) chiral SWCNT.

2. Mathematical Description of SWCNTSs

In this section, we have discussed various single walled carbon nanotubes (SWCNTSs) analytically so as to understand various
parameters associated with their operation. To proceed with the discussion on the geometry of SWCNT [8], let us first consider
the geometry of a two dimensional graphene sheet. Figure (1) shows such a sheet where the x- and y- axes are respectively
parallel to a so-called armchair direction and a zigzag direction of the sheet. The point O denotes the origin in the sheet. Each of
the hexagon corners represents the position of a carbon atom. The structure of SWCNT is specified by a vector called the chiral
vector Cy,. The chiral vector corresponds to a section of the CNT perpendicular to the tube axis. In figure (1), the unrolled
hexagonal lattice of the CNT is shown, in which OB is the direction of the CNT axis, and OA corresponds to the chiral vector
Ch. By rolling the graphene sheet so that points O and A coincide (and points B and B’ coincide), a paper model of CNT can be
constructed. The vector OB defines another vector named translational vector T. The rectangle generated by the chiral vector C,
and translational vector T, i.e. the rectangle OAB’B in figure (1), is called the overall unit cell for the SWCNT. When the
overall unit cell is repeated along the length, we get a SWCNT. The chiral vector of the SWCNT is defined as:

Ch=na; + ma, =(n, m) (1)
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Figure 1. Formation of various SWCNT using chirality (n, m) [8].

where n, m are integers (0< |m| <n) and a;, a, are the unit vectors of the graphene, a; specifies the zigzag direction whereas a,
specifies the armchair direction. In figure (1), a; and a, can be expressed using the cartesian coordinates (x, y) as,

a;=a (%f + %ir‘) 3]
2=a(7%-15) €
and the relations:
a,.a; = ax.a, = a° 4)
a.a, = % (5)
where a = 2.46A is the lattice constant of the graphite. This constant is related to the carbon-carbon bond length a... by
a=v3a. (6)

For graphite, a..=1.42 A
From equations (2) and (3), we observe that the lengths of ay, a,, i.e.la,|, la; | are both equal to 43 a.. = a. By using equations
(2) and (3) in equation (1), the chiral vector C;, can be expressed as

'\"i o a o~
Ch=Tu(n+m)x+;(n—m)y @)

In figure (1), it can be seen that the circumference length of the SWCNT is the length L of the chiral vector which can be
obtained from equation (7) as

L=ICyl=avn?+ m? +nm (8)
The angle between the chiral vector Cy, and the zigzag axis (or the unit vector a,) is called chiral angle 8 and is defined as by
taking the dot product of Cy, and ay, to yield an expression for cos 6:

_ a4.Lp

€os 0 = o lea] ®)

Or by using (2) and (7),
In+m

€08 0 = ez o (10

Similarly, we have
. ey xepl Tm

sin 6 = legller ]~ 2n?em? +nm (11)

From expressions (10) and (11),
zin 8 VIm
tan 6 = coz @ Inem (12)

Hence, the chiral angle is given by
— gt [2EM
o=tan™ ((0) 13
Rolling the sheet shown in figure (1), so that the end of the chiral vector C, i.e. the lattice point A, coincides with the origin O
leads to the formation of an (n, m) SWCNT whose circumference is the length of the chiral vector, and whose diameter is given
by

L Erd
O o S ST E——
d swenmy (NM) —R—anz +m? +nm
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If the chiral vector C, lies on the zigzag axis i.e. & = 0° and rolling along this axis, a zigzag SWCNT is generated. From
equation (13), we see that & = 0° corresponds to m = 0 hence a zigzag SWCNT is an (I, 0) SWCNT. If the angle between chiral
vector C, and the zigzag axis is 30° it means the chiral vector lies on armchair axis and if the rolling chiral vector along this
axis, an armchair SWCNT is generated. From equation (13), we see that & = 30° corresponds to n = m = | and hence an
armchair SWCNT is an (I, I) SWCNT. If the chiral vector lies between the zigzag and armchair axis i.e. 0= & = 30° and rolling,
a chiral SWCNT is generated. From equation (13), we see that 0= & = 30° corresponds to » # m and m # 0 and hence a chiral
SWCNT is like (21, I) SWCNT.
The translational vector T may be expressed in terms of a; and a, as

T=ta; +ha, = (1, 1) (15)
where t; and t, are integers. The vector T is normal to the chiral vector C, and thus parallel to the CNT axis. It represents the
translation required in the direction of the CNT axis to reach the nearest equivalent lattice point. We know that T is
perpendicular to Cy, i.e. T.C, = 0 or (t;a; + ta,) . (na; + nay) = 0. Using equations (4) and (5), the expressions for t; & t; in
terms of n & m are obtained as

t; =+A (2m +n) (16)

tb=—A@n+m) an
The constant A is determined by the requirement that T specifies the translation to the nearest equivalent lattice point i.e. t; and
t, do not have a common divisor except unity. Thus,

1
=i (18)
where dr = gcd (2m + n, 2n + m) and gcd stands for greatest common divisor.
Therefore,
t, = &mrm (19)
dg
t,= = (In +m) (20)
dp
Hence, from equations (15), (19) & (20), the translational vector T is given by
(2 + 1) [In +m)
T= a; — 2 (21)
dr da
Or using equations (2) & (3), we get
T=22(mn) £+ - (n+m) § (22)
“Lg Lg
The length of the overall SWCNT unit cell is equal to the magnitude of the translational vector T obtained as
L (sweNT unit celly = ITl = 1:: Jn? + m? + nm) (23)
The area of the graphene unit cell is given by
Se=la, x a; | =2 (24)

and the area of the overall SWCNT unit cell is given by
ST= ||:-_|-; . T-l — '\'EE‘l:i’!‘: T+ 1Im) (25)
"
When the area of the overall SWCNT unit cell Sy is divided by the area of the graphene unit cell Sg the total number of unit
cells in the overall SWCNT unit cell is obtained as a function of n and m as

N (SWCNT unit cell) = =X = log %7l

¢ lag=agl
=‘|_r1 +:'. + A (26)
R
As each unit cell consists of two carbon atoms, therefore, the total number of carbon atoms in the overall SWCNT unit cell can
be calculated as
Nt (SWCNT unit cell) =2 x N (SWCNT unit cell)

_ 4[r!‘+;r.‘+ mnm) @7)
f

3. Results and Discussion
In this section, we have discussed various simulation results such as overall unit cell structures and molecular structures for
various types of SWCNTSs obtained using CNTBands [9] simulation tool and verified analytically.
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3.1 Results of Armchair SWCNT
In general, an armchair SWCNT has chirality (n, m) = (I, I) where | is an integer. The values of | are chosen from 1 to 20, so,
we have (n, m) = (1, 1) to (20, 20), and all other parameters are fixed i.e. carbon-carbon spacing = 1.42A = 0.142nm, tight
binding energy = 3eV, and length in 3D view = 50A = 5nm. By using these parameters, the following results have been
obtained.

3.1.1 Overall unit cell structures of armchair SWCNT
The overall unit cell structures of armchair SWCNT for different values of chirality are shown in figure (2).

(n=m=16) (n=m=17) (n=m=18) (n==19) (n==20)

Figure 2. Overall unit cell structures of armchair SWCNT for different values of chirality upto n=m=20.

In figure (2), each green sphere denotes a carbon atom and white stick denote the bonding between two carbon atoms. A unit
cell is a smallest group of atoms and in figure (2), the smallest group consists of two carbon atoms. So, a unit cell consists of
two carbon atoms. It has been observed that the total number of unit cells in the overall unit cell structure of armchair SWCNT
is increased by 2 as the value of | is increased by 1 in its chirality (n = m = 1). As each unit cell consists of two carbon atoms,
hence, with the increase in the value of integer | by 1 of the chirality (n = m = I) of armchair SWCNT, the total number of
carbon atoms in its overall unit cell structure is increased by 4. Also, analytically from equation (26), the total number of unit

cells in the overall armchair SWCNT unit cell structure is given by:
. . nlemienm)  2(2+ 2+ 2} g
N (armchair SWCNT unit cell) = a +: ke P +-,- T =B o
= al al
Thus, analytically, we can say that with the increase in the value of | by 1 in the chirality (n = m = 1) of armchair SWCNT, the
total number of unit cells in its overall unit cell structure is increased by 2. Similarly, from equation (27), the total number of
carbon atoms in the overall armchair SWCNT unit cell structure is given by:
. . (nf+mi+nm)  4[EF+2+12) 1242
Nt (armchair SWCNT unit cell) = A +: L +u_ - iu_ =4l.
R 2L &L
Hence, we can say that with the increase in the value of | by 1 in the chirality (n = m = 1) of armchair SWCNT, the total number
of carbon atoms in its overall unit cell structure is increased by 4. Therefore, the simulated total number of unit cells and
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carbon atoms in the overall unit cell structure of armchair SWCNT are verified analytically. Also, from equation (23) and
simulated results, the length of each armchair SWCNT unit cell is 0.246nm.

3.1.2 Molecular structures of armchair SWCNT
The molecular structures of armchair SWCNT for different values of chirality (n, m) are shown in figure (3).
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(n=m=16) (n=m=17) (n=m=18) (n=m=19) (n=m=20)
Figure 3. The molecular structures of armchair SWCNT for different values of chirality upto n=m=20.

As per simulation results, the armchair SWCNT unit cell has repeated 5 times per nm length. If we choose the value of length
of the armchair SWCNT as 5nm, so, the armchair SWCNT unit cell is repeated 25 times along the length. Therefore, the total
number of unit cells in the molecular structure of armchair SWCNT is 25 times the total number of unit cells in its overall unit
cell structure i.e.

N (armchair SWCNT) =25 * N (armchair SWCNT unit cell) = 2 | x 25 = 50I.

Hence, with the increase in the value of | by 1 in the chirality (n, m) = (I, I) of armchair SWCNT, the total number of unit cells
in its molecular structure is increased by 50. As each unit cell consists of two carbon atoms, the total number of carbon atoms in
the molecular structure of armchair SWCNT is:

Nt (armchair SWCNT) =2 ¥ N (armchair SWCNT) =2 * 501 = 100 I.

Hence, with the increase in the value of | by 1 in the chirality (n, m) = (I, I) of armchair SWCNT, the total number of carbon
atoms in its molecular structure is increased by 100.

The number of hexagons in each ring of armchair molecular structure is I, where | (>1 because hexagons not found in (1, 1)
armchair SWCNT) is an integer and the total hexagonal rings in armchair molecular structure = 2 [(Total number of repeated
armchair SWCNT unit cell along the length) — 1] = 2 [25 — 1] = 2 X 24 = 48. Hence, the total number of hexagons in the

molecular structure of armchair SWCNT is:
Nthex (@rmchair SWCNT) = the number of hexagons in each ring of armchair molecular structure * the total hexagonal rings in

armchair molecular structure =1 * 48 =48 I.
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Hence, with the increase in the value of | by 1 in the chirality (n, m) = (I, I) of armchair SWCNT, the total number of hexagons
in its molecular structure is increased by 48. Also, from equation (13) and simulated results, the chiral angle for armchair
SWCNT is 30°.

3.2 Results of Zigzag SWCNT

In general, a zigzag SWCNT has chirality (n, m) = (I, 0) where | is an integer. The values of | are chosen from 1 to 20, so that
(n, m) = (1, 0) to (20, 0), and all other parameters are fixed i.e. carbon-carbon spacing = 1.42A = 0.142nm, tight binding energy
= 3eV, and length in 3D view = 50A = 5nm. By using these parameters, the following results have been obtained.

3.2.1 Overall unit cell structures of zigzag SWCNT

The overall unit cell structures of zigzag SWCNT for different values of chirality (n, m) are shown in figure (4). It has been
observed that the shape of each zigzag SWCNT unit cell is different than the shape of armchair SWCNT unit cell but the total
number of unit cells and the carbon atoms in each zigzag SWCNT unit cell is similar to the armchair SWCNT unit cell. Also,
analytically from equation (26), the total number of unit cells in the overall zigzag SWCNT unit cell structure is given by:

ini+mi+nm) g2 ) a2
N (zigzag SWCNT unit cell) = —————— = (Frovo) 22,
B L L
Hence, analytically, we can say that with the increase in the value of | by 1 in the chirality (n, m) = (I, 0) of zigzag SWCNT, the
total number of unit cells in its overall unit cell structure is increased by 2. Similarly, from equation (27), the total number of

carbon atoms in the overall zigzag SWCNT unit cell structure is given by:

Nt (zigzag SWCNT unit cell) = 2 = N (zigzag SWCNT unit cell) = Aln+ :H - 4|':;-+-|:|+ c 4— =4l
R L L

Hence, analytically, we can say that with the increase in the value of I by 1 in the chirality (n, m) = (I, 0) of zigzag SWCNT, the
total number of carbon atoms in its overall unit cell structure is increased by 4. Hence, simulated number of unit cells and
carbon atoms in the overall unit cell structure of zigzag SWCNT remains the same as verified analytically. Also, from equation
(23) and simulated results, the length of each zigzag SWCNT unit cell is 0.426nm.

(=16, m=0)  (n=17,m=0)  (n=18, m=0)  (n=19,m=0)  (n=20, m=0)

Figure 4. Overall unit cell structures of zigzag SWCNT for different values of chirality upto n=20, m=0.
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3.2.2 Molecular structures of zigzag SWCNT
The molecular structures of zigzag SWCNT for different values of chirality (n, m) are shown in figure (5). As per simulation
results, zigzag SWCNT unit cell has been repeated 3 times for 1nm length, 5 times for 2nm length, 8 times for 3nm length, 10
times for 4nm length and 13 times for 5nm length. If we choose length of zigzag SWCNT as 5nm, so, the zigzag SWCNT unit
cell is repeated 13 times along the length. Therefore, the total number of unit cells in the molecular structure of zigzag SWCNT
is 13 times the total number of unit cells in its overall unit cell structures i.e.
N (zigzag SWCNT) = 13 * N (zigzag SWCNT unit cell) = 2| * 13 = 26l.
Hence, with the increase in the value of | by 1 in the chirality (n, m) = (I, 0) of zigzag SWCNT, the total number of unit cells in
its molecular structure is increased by 26. As each unit cell consists of two carbon atoms, the total number of carbon atoms in
the molecular structure of zigzag SWCNT is:
N (zigzag SWCNT) =2 * N (zigzag SWCNT) =2 * 261 =52 I.
Hence, with the increase in the value of | by 1 in the chirality (n, m) = (I, 0) of zigzag SWCNT, the total number of unit cells in
its molecular structure is increased by 52.
The number of hexagons in each ring of zigzag molecular structure is | where | is an integer and the total hexagonal rings in
zigzag molecular structure = 2 [(Total number of repeated zigzag SWCNT unit cell along the length) — 1] =2 [13-1] =2 ¥ 12
=24,
Hence, the total number of hexagons in the molecular structure of zigzag SWCNT is:
Nt Hex (zigzag SWCNT) = | % 24 = 24 1.
Hence, with the increase in the value of | by 1 in the chirality (n, m) = (I, 0) of zigzag SWCNT, the total number of hexagons in
its molecular structure is increased by 24. Also, we can say that the total number of unit cells, carbon atoms, and hexagons in
each molecular structure of zigzag SWCNT is approximately half of the total number of unit cells, carbon atoms and hexagon
in each molecular structure of armchair SWCNT. Also, from equation (13) and simulated results, the chiral angle for zigzag
SWCNT is 0°.

(n=16, m=0) (n7, m=0) (n=18,=0) (n=19, m=0) (n=2, m=0)

Figure 5. The molecular structures of zigzag SWCNT for different values of chirality upto n=20, m=0.
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3.3 Results of Chiral SWCNT

In general, a chiral SWCNT has chirality (n, m) = (21, I) where | is an integer. The values of | are chosen from 1 to 20, so that
(n, m) = (2, 1) to (20, 10), and keeping all other parameters are fixed i.e., carbon-carbon spacing = 1.42A = 0.142nm, tight
binding energy = 3eV, and length in 3D view = 50A = 5nm. By using these parameters, the following results have been
obtained.

3.3.1 Overall unit cell structures of chiral SWCNT
The overall unit cell structures of chiral SWCNT for different values of chirality (n, m) are shown in figure (6).

e

e -
8, m=9) (n=20, m=10)

3 )‘1@‘“\5 B

/

(n=32, m=16) (n=34, m=17) (n=36, m=18) (n=3, m=19) (n=40, m=20)
Figure 6. Overall unit cell structures of chiral SWCNT for different values of chirality upto n=40, m=20.

As per simulation results, it has been observed that the total number of unit cells in the overall unit cell structure of chiral
SWCNT is increased by 14 as the value of integer | is increased by 1 in its chirality (n, m) = (21, ). As each unit cell consists of
two carbon atoms, hence, with the increase in the value of integer | by 1, the total numbers of carbon atoms in the overall unit
cell structure of chiral SWCNT is increased by 28. Also, analytically from equation (26), the total number of unit cells in the
overall chiral SWCNT unit cell structure is given by:
. . 2nismienm) 24+ 24 27
N (chiral SWCNT unit cell) = k +: v B2 -
" L L
Hence, analytically, we can say that with the increase in the value of | by 1 in the chirality (n, m) = (2I, I) of chiral SWCNT, the
total number of unit cells in its overall unit cell structure is increased by 14. Similarly, from equation (27), the total number of
carbon atoms in each zigzag SWCNT unit cell structure is given by:
zoi?
== 28l.

. . . . 12+ m+nm) 4[4+ 124 202)
Nt (chiral SWCNT unit cell) = 2 = N (chiral SWCNT unit cell) = il +: e o2l A
R ! I

Hence, analytically also, we can say that with the increase in the value of | by 1 in the chirality (n, m) = (2, I) of chiral
SWCNT, the total number of carbon atoms in its overall unit cell structure is increased by 28.
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Also, as per simulation results, the total number of hexagons in each chiral SWCNT unit cell structure is given by:

Nthex (chiral SWCNT unitcell) =4m+3n  n,m = 2,

Hence, with the increase in the value of | by 1 in the chirality (n, m) = (2I, I) of chiral SWCNT, the total number of hexagons in
its overall unit cell structure is increased by 10. The hexagons are not found in armchair and zigzag SWCNT unit cell
structures. Also, from equation (23) and simulated results, the length of each chiral SWCNT unit cell is 1.127 nm. Also, we can
say that L (armchair SWCNT unit cell) < L (zigzag SWCNT unit cell) < L (chiral SWCNT unit cell).

3.3.2 Molecular structures of chiral SWCNT
The molecular structures of chiral SWCNT for different values of chirality (n, m) are shown in figure (7).

(n=8, :4)

(n=32, m=16) (n=34, m=17) (n=36, m=18) (n=38, =19) (n=40, m=20)

Figure 7. The molecular structures of chiral SWCNT for different values of chirality upto n=40, m=20.

As per simulation results, chiral SWCNT unit cell has been repeated 1 times for 1nm and 2nm length, 2 times for 3nm, 4nm
and 5nm length. If we choose length of chiral SWCNT as 5nm, so, the chiral SWCNT unit cell is repeated 2 times along the
length. Therefore, the total number of unit cells in the molecular structure of chiral SWCNT is 2 times the total number of unit
cells in its overall unit cell structures i.e.

N (chiral SWCNT) = 2 * N (chiral SWCNT unit cell) = 2 * 141 = 28l.

Hence, we can say that with the increase in the value of | by 1 in the chirality (n, m) = (21, I) of chiral SWCNT, the total
number of unit cells in its molecular structure is increased by 28.

As each unit cell consists of two carbon atoms, the total number of carbon atoms in the molecular structure of chiral SWCNT
is: Ny (chiral SWCNT) =2 ¥ N(chiral SWCNT) =2 * 281 =56 I.

Hence, we can say that with the increase in the value of | by 1 in the chirality (n, m) = (2I, I) of chiral SWCNT, the total
numbers of carbon atoms in its molecular structure is increased by 56.

As we know that, chiral SWCNT unit cell has been repeated 2 times along the 5nm length. Hence, the total number of hexagons
in the molecular structure of chiral SWCNT can be calculated as:

Issn 2250-3005(online) September| 2012 Page 1455




% IJCER
International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 5
Journal of
g
Nthex (chiral SWCNT)=8(n+m) n,m = 2.
Hence, with the increase in the value of | by 1 in the chirality (n, m) = (2I, I) of chiral SWCNT, the total number of hexagons in
its molecular structure is increased by 24. Also, from equation (13) and simulated results, the chiral angle for chiral SWCNT
lies between 0°and 30°.

A comparison of the total number of unit cells, carbon atoms and hexagons in each overall unit cell structure and molecular
structure for all types of SWCNTs with | from 1, 2, 3, 4, 5,----, 20 has been shown in Table 1.

Table 1. Total no. of unit cells, carbon atoms and hexagons in each overall unit cell and molecular structure of three
types of SWCNTSs for | = 1 to 20 i.e by varying the chirality of SWCNTS.

I | Armchair SWCNT (n=m=1) Zigzag SWCNT (n=1,m=0) Chiral SWCNT (n=2I,m=1)
Overall  unit | Molecular structure Overall unit | Molecular structure Overall unit  cell | Molecular structure
cell structure cell structure structure
Total | Total Total | Total Total | Total | Total Total | Total Total | Total | Total Total | Total | Total Total
no. no. of no. no. of no. no. no. of no. no. of no. no. no. of no. no. of | no. of no. of
of carbon | of carbon | of of carbon | of carbon | of of carbon | of unit carbon | hexa-
unit | atoms | unit | atoms hexa | unit | atoms unit | atoms hexa | unit | atoms hexa | cells atoms | gons
cells cells -gons | cells cells -gons | cells -gons
1 2 4 50 100 n.a 2 4 26 52 n.a 14 28 n.a 28 56 n.a
2 4 8 100 200 96 4 8 52 104 48 28 56 20 56 112 48
3 6 12 150 300 144 6 12 78 156 72 42 84 30 84 168 72
4 8 16 200 400 192 8 16 104 208 96 56 112 40 112 224 96
5 10 20 250 500 240 10 20 130 260 120 70 140 50 140 280 120
6 12 24 300 600 288 12 24 156 312 144 84 168 60 168 336 144
7 14 28 350 700 336 14 28 182 364 168 98 196 70 196 392 168
8 16 32 400 800 384 16 32 208 416 192 112 224 80 224 448 192
9 18 36 450 900 432 18 36 234 468 216 126 252 90 252 504 216
10 | 20 40 500 1000 480 20 40 260 520 240 140 280 100 280 560 240
11 | 22 44 550 1100 528 22 44 286 572 264 154 308 110 308 616 264
12 | 24 48 600 1200 576 24 48 312 624 288 168 336 120 336 672 288
13 | 26 52 650 1300 624 26 52 338 676 312 182 364 130 364 728 312
14 | 28 56 700 1400 672 28 56 364 728 336 196 392 140 392 784 336
15 | 30 60 750 1500 720 30 60 390 780 360 210 420 150 420 840 360
16 | 32 64 800 1600 768 32 64 416 832 384 224 448 160 448 896 384
17 | 34 68 850 1700 816 34 68 442 884 408 238 476 170 476 952 408
18 | 36 72 900 1800 864 36 72 468 936 432 252 504 180 504 1008 432
19 | 38 76 950 1900 912 38 76 494 988 456 266 532 190 532 1064 456
20 | 40 80 1000 | 2000 960 40 80 520 1040 480 280 560 200 560 1120 480

To explain the above mentioned values, we have presented the following examples:

Example 1: How many number of unit cells and carbon atoms in the overall unit cell structure of armchair SWCNT for
chirality n = m = 7. Also, calculate the total number of unit cells, carbon atoms and hexagons in the molecular structure of 5nm
long armchair SWCNT for the same chirality.

Solution: An armchair SWCNT has chirality (n=m =1). Here | = 7.

Therefore, the total number of unit cells in the overall unit cell structure of armchair SWCNT is 21 =2 x 7 = 14.

Total number of carbon atoms in the overall unit cell structure of armchair SWCNT is 41 =4 x 7 = 28.

Total number of unit cells in the molecular structure of 5nm long armchair SWCNT is 501 = 50 x 7 = 350.

Total number of carbon atoms in the molecular structure of 5nm long armchair SWCNT is 1001 = 100 x 7 = 700.

Total number of hexagons in the molecular structure of 5nm long armchair SWCNT is 481 = 48 x 7 = 336.

Example 2: How many number of unit cells and carbon atoms in the overall unit cell structure of zigzag SWCNT for chirality
n =7, m=0. Also, calculate the total number of unit cells, carbon atoms and hexagons in the molecular structure of 5nm long
zigzag SWCNT for the same chirality.

Solution: A zigzag SWCNT has chirality (n =1, m=0). Here | = 7.

Therefore, the total number of unit cells in the overall unit cell structure of zigzag SWCNT is 21 =2 x 7 = 14.

Total number of carbon atoms in the overall unit cell structure of zigzag SWCNT is 4l =4 x 7 = 28.

Total number of unit cells in the molecular structure of 5nm long zigzag SWCNT is 261 = 26 x 7 = 182.

Total number of carbon atoms in the molecular structure of 5nm long zigzag SWCNT is 521 =52 x 7 = 364.
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Total number of hexagons in the molecular structure of 5nm long zigzag SWCNT is 241 = 24 x 7 = 168.

Example 3: How many number of unit cells, carbon atoms and hexagons in the overall unit cell structure and molecular
structure of 5nm long chiral SWCNT for chirality n =14, m=7.

Solution: A chiral SWCNT has chirality (n = 2l, m =1). Here | = 7.

Therefore, the total number of unit cells in the overall unit cell structure of chiral SWCNT is 141 =14 x 7 = 98.

Total number of carbon atoms in the overall unit cell structure of chiral SWCNT is 281 =28 x 7 = 196.

Total number of hexagons in the overall unit cell structure of 5nm long chiral SWCNT is 70.

Total number of unit cells in the molecular structure of 5nm long chiral SWCNT is 281 = 28 x 7 = 196.

Total number of carbon atoms in the molecular structure of 5nm long chiral SWCNT is 561 = 56 x 7 = 392.

Total number of hexagons in the molecular structure of 5nm long chiral SWCNT is 168.

4. Conclusions
Based on the analytical formulations and simulation results obtained (see Table 1) using different values of chirality (n, m) in
SWCNTSs, the following conclusions have been drawn:

For Armchair SWCNT:

With the increase in the value of | by 1 i.e. with the increase in the chirality (n, m) = (I, I) of armchair SWCNT by 1,
(i) Total number of unit cells in its overall unit cell structure is increased by 2.

(i) Total number of carbon atoms in its overall unit cell structure is increased by 4.

(iii) Total number of unit cells in its molecular structure is increased by 50.

(iv) Total number of carbon atoms in its molecular structure is increased by 100 and

(v) Total number of hexagons in its molecular structure is increased by 48.

For Zigzag SWCNT:

With the increase in the value of | by 1 in the chirality (n, m) = (I, 0) of zigzag SWCNT,

(i) Total number of unit cells and the carbon atoms in its overall unit cell structure is similar than overall armchair unit cell
structures.

(ii) Total number of unit cells in its molecular structure is increased by 26.

(iii) Total number of carbon atoms in its molecular structure is increased by 52 and

(iv) Total number of hexagons in its molecular structure is increased by 24 i.e. approximately half than the molecular structure
armchair SWCNT.

For Chiral SWCNT:

With the increase in the value of | by 1 in the chirality (n, m) = (21, I) of chiral SWCNT,
(i) Total number of unit cells in its overall unit cell structure is increased by 14.

(i) Total number of carbon atoms in its overall unit cell structure is increased by 28.
(iii) Total number of hexagons in the overall unit cell structure is increased by 10.

(iv) Total number of unit cells in its molecular structure is increased by 28.

(v) Total number of carbon atoms in its molecular structure is increased by 56 and

(vi) Total number of hexagons in its molecular structure is increased by 24.
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