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Abstract: This paper provides an overview of carbon nanotubes (CNTs). The fundamental relations leading
the geometry of carbon nanotubes are reviewed and explicit examples are presented. A framework is given for
the symmetry properties of carbon nanotubes. The implications of symmetry on the electronic structure of 1D
carbon nanotube systems are considered. The corresponding properties of hexagonal coordinate system and
electrical properties of carbon nanotubes are also discussed.
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INTRODUCTION predicted for carbon nanotubes because of their 1D

Carbon nanotubes (CNT) were first discovered by physics are the many possible symmetries or geometries
Sumino Iijima, a Japanese scientist, as the elongated that can be realized on a cylindrical surface in carbon
fullerenes in 1991. He used a   high-resolution nanotubes without the introduction of strain. For 1D
transmission electron microscopy to observe CNT directly systems on a cylindrical surface, translational symmetry
[1]. The carbon nanotubes are single-walled (SWCNT) or with a screw axis could affect the electronic structure and
multi-walled (MWCNT) structures resulted from rolling up related properties. The exotic electronic properties of 1D
a one-atom thick sheet of graphite (called graphene) – or carbon nanotubes are seen to arise predominately from
several sheets form cylinders with diameters of the order intralayer interactions, rather than from interlayer
of the nanometer and lengths of micrometers or more [2]. interactions between multilayers within a single carbon
This leads to their quasi-1D behavior. The CNT behave nanotube or between two different nanotubes. Since the
like metals or semiconductors, depending on their symmetry of a single nanotube is essential for
structure [3]. The CNT have  excellent  mechanical understanding the basic physics of carbon nanotubes,
properties (e.g. the axial Young’s modulus is over 1 TPa, most of this article focuses on the symmetry properties of
leading to a specific tensile strength more than 300 times single layer nanotubes [7-8].
bigger than that of high-carbon steel [4]). They are very
good axial thermal conductors (their axial thermal Geometry of a Graphite Sheet: Carbon nanotubes have
conductivity is 15 – 16 times bigger than that of copper special characteristics that have made them special, from
[5]) and good transversal insulators [6]. The special electronic properties to mechanical properties. In fact
properties of CNT enable it for nanoelectronics carbon nanotubes are tiny tubes made of carbon atoms
applications. For instance, it was found that CNT present that are nanometer diameter and their length is larger and
a strong electron – phonon resonance. Consequently, for is about micrometers. To imagine the structure of a carbon
convenient values of the applied current and of the nanotube you can imagine rolling one sheet of the
doping conditions, the electron concentration and mean graphitic structure into a tube, the result is a tube that
velocity oscillates at THz frequencies [7]. there exist carbon atoms on its surface and these carbon

In this article, we review simple aspects of the atoms are arranged in hexagonal patterns. This concept is
symmetry of carbon nanotubules and comment on the illustrated in Fig. 1(a). Each circle shows the site for a
significance of symmetry for the unique properties carbon  atom.  The  unit  cell  for  this  graphite  sheet is a

periodicity. Particular importance to carbon nanotube
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Fig. 1: Graphine Sheet (a) carbon nanotube geometry (b) zero and we can conclude equation (2).
two base vectors are shown and a unit cell of this
sheet is highlighted t  a  + t  * a  = 0 (2)

Fig. 2: The (4,1) nanotube unit cell (5)

hexagon made up of 6 carbon atoms. The whole graphite The angle between the chiral vector and the a1 base
sheet can be made up of this unit cell by duplicating the vector is called the chiral angle, the twist angle or the helix
unit cell in two directions. Thus we define two base angle and is denoted by  and can be obtained using
vectors shown in Fig. 1(b) and we call them for example a inner product of C  and a  as shown in equation (6).1

and a .2

Geometrical   Specification     of     Carbon   Nanotubes: (6)
A carbon nanotube can be characterized by its length and
a vector called the chiral vector. Chiral vector is the sum Here we should note that to consider a unique chiral
of the multipliers of the two base vectors, like equation angle for every nanotube the angle is stated by a value in
(1). the  region (0, 30°). Using these definitions the diameter of

C  = ma  + na (1)h 1 2

This  chiral   vector   can   be  mentioned  by  (m,n).
To obtain the tube from a graphite sheet we can roll the
sheet in a way that this vector be put on the
circumference of the tube and thus the perimeter of the
tube will be equal to the length of the chiral vector.

Here we define a second vector called the
Transitional vector which denote by T. This vector is
perpendicular to the chiral vector. If we define a base
point and place Ch and the T vectors on that, then T is
the shortest site vector perpendicular to Ch. A nanotube
unit cell is obtained from rolling the part of graphitic sheet
enclosed by the rectangle resulting from T, Ch as shown
in Fig. 2, (4,1) nanotube is shown in the shaded area.

To more precisely obtain the T vector we can derive
it from the m, n components of the Ch vector. If we show
the components of T with t1 and t2, as T is perpendicular
to the Ch, the inner product of these vectors is equal to

1 1 2 2

The shortest vector t  and t  that are valid according1 2

to equation 2 we can divide t  and t  by their greatest1 2

common devisor or in short form greatest common divisor
(gcd), to obtain the shortest atomic site vector in the
direction, perpendicular to the C  vector.h

d as in equation3, we can find t , t  as shown inR 1 2

equation (4) and equation (5).

d  = gcd (2m + n, 2n + m) (3)R

(4)

c
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Table 1: Paremeters of carbon nanotubes
Symbol Name Formula Value

Carbon-carbon distance 1.421 Å (graphite)cc

Length of unit vector 2.46 Å

a a Unit vectors In (x,y) coordinates1, 2

b , b Reciprocal lattice vectors In (x,y) coordinates1 2

C Chiral vector C  = na  + ma  = (n,m) n, m:integersh h 1 2

L Circumference of nanotube 0 |m| n

d Diameter of nanotubet

Chiral angle 0 | | 30°

d The highest common divisor of (n, m)

d The highest common divisor of (2n+m, 2m+n)R

T Transnational vector of 1D unit cell

T Length of T

N Numbers of hexagons per 1D unit cell 2N = n /unit cellc

R Symmetry vector R=pa +qa =(p, q) D=mp-nq, p, q: integer1 2

0 = p= n/d, 0=q=m/d
M Number of 2  revolutions M = [(2n + m)p + (2m + n)q]/d M: integerR

NR = Mc  + dTh

R Basic symmetry operation R = ( | )

Rotation operation : radians

Translation operation , x: length

the  tube   can   be    computed    using   the  equality of Symmetry of Carbon Nanotubes: In discussing the
the  length  of  the C   and   the   nanotube’s symmetry of the carbon nanotubes, it is assumed that theh

circumference and finally we can obtain the diameter tubule length is much larger than its diameter, so that the
using equation (7). tubule caps can be neglected when discussing the

groups for carbon nanotubes can be armchair (n, n) and
(7) zigzag.

If  the   C    is   defined   as  (n,  0)  it  is  given the rotational   symmetry    operations   can   each beh

name   zigzag   nanotube    and   if   the   C     is   defined executed independently, or the symmetry group can beh

as  (n,  n)   then    the   tube   is   called  armchair  and non-symmorphic (for a general nanotube), where the basic
these  refer  to  the form shaped on the circumference of symmetry operations require both a rotation ø and
the tube. translation  and is written as R = ( |r).

physical properties of the nanotubes. The symmetry

(n, 0) tubules,  where  the  translational  and
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Table 2: Values for characterization parameters for selected carbon nanotubes labeled by (n, m)
(n, m) d d d (Å) L/a N MR t

(5,5) 5 15 6.78 10 1

(9,0) 9 9 7.05 9 18 1
(6,5) 1 1 7.47 182 149

(7,4) 1 3 7.55 62 17

(8,3) 1 1 7.72 194 71

(10,0) 10 10 7.83 10 20 5
(6,6) 6 18 8.14 12 1

(10,5) 5 5 10.36 70 5

(20,5) 5 15 17.95 70 3

Fig. 3: Coordinate system to index hexagonal pixels.

Hexagonal Coordinate System: There are generally four
major considerations that must be pondered upon when
using a hexagonal coordinate system  [9]  is  shown in
Fig. 3.

Image  Conversion   –  Hardware  capable of
capturing    images    from     the     real    world
directly  onto  a  hexagonal   lattice  is highly
specialist   and    so    not   generally   available for
use. Therefore, efficient means of converting a
standard  square-latticed   image  into a hexagonal
one is required before any processing can be
performed.
Addressing and Storage – Any manipulations
performed on images must be able to index and
access individual pixels (in this case hexagons rather
than squares) and any image in hexagonal form
should be storable in hexagonal form (otherwise
image conversion would have to be performed every
time the image was accessed). Moreover, an indexing
system that is simple to follow and makes the
arithmetic of certain functions simpler would be very
valuable.

Image Processing Operations – In order to make
effective use of the hexagonal coordinate system,
operations must be designed or be converted that are
geared to exploit the strengths of the system and
particularly the strengths of the addressing system
used for indexing and storage.
Image Display – As with actually obtaining the image
in the first place, display devices in general do not
use hexagonal lattices. Therefore the converted image
must be returned to a form that can be sent on to an
output device (whether a monitor, a printer or some
other entity) with the resultant display appearing in
natural proportions and scale. The exact nature of
this conversion is dependent on the indexing method
used. This could be a simple reversion of the original
conversion process, or be a more considerable
convolution.

Image Conversion: One method of converting from
square lattice to hexagonal lattice is image resampling.
Hexagonal  points   are    generated    by   mapping
sampled  points  across an appropriate sampling lattice.
As conversions generally rely on maintaining the scale of
one of the original Cartesian axes, hexagonal lattices are
usually denser than square equivalents. This necessitates
the extrapolation of additional points. There are many
different methods, many of which address this problem,
for image resampling, but they are for the most part
beyond the scope of this specific article in ref. [10],
however a basic sampling lattice can be generated using
the basis vectors ( B = {b1, b2} ) below:

(8)

where the hexagonal lattice generated is the
interconnection of the set of points L:
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Table 3: Important electrical properties of CNT
Electrical conductivity Metalic or semiconducting
Electrical transport Ballistic (no scattering)
Energy gap E  (eV) ˜ 1/d (nm)g

Maximum current density 10  A/cm10 2

Thermal conductivity 6000 W/km
Diameter 1-100 nm
Length Up to milimeters

Fig. 4: A Layer 2 supertile, with a selection of the
hexagonal pixel indices

L  {n b  + n b : n  Z, i  1,2} (9)1 1 2 2 1

Addressing and Storage: There are numerous ways to
store and address a hexagonally-represented image. A
simple approach is to use a 3-element coordinate system,
where the 3 axes are aligned with the three axes of
symmetry present in a hexagon within the lattice. Another
method is to used a skewed (x or y) axis.

One particularly interesting system is the layered
system used in [9-11]. In all those papers, a 'tile' in layer 0
is defined by a single hexagon. A layer 1 tile is a hexagon
and all 6 of its surrounding neighbours. A  layer 2  tile is
a  layer 1  tile  and  the  size  surrounding layer 1 tiles.
This continues on for L layers (note that this is not the
same L with which a hexagonal lattice was defined). It is
clear that there are 7L hexagons in a layer L tile. It is
possible to uniquely index every hexagon in that tile,
using an L-digit base 7 number where each digit indicates
the specific tile of the layer below in the overarching
super-tile, with 0 indicating the centre tile and 1-6
indicating tiles counted anticlockwise around the centre
tile. The diagram to the right demonstrates this. Because
indices consist of a single number, an image can be stored
as a vector.

Electrical Properties of Carbon Nanotubes: Carbon
nanotubes (CNTs) which have unique electrical properties
are being considered for various next generation device
applications like field effect transistors or sensing

elements. It is well known that electrical properties vary
widely depending on structural parameters like diameter
and chirality. There are numerous studies concerning the
band structure of ideal CNTs as a function of such
parameters, yet information about I-V characteristics is
somewhat scarce [12-15]. Practical motivation for this
study is to determine the resistance (or conductance)
values of different types of ideal CNTs at room
temperature. Resistance is  a  relatively  simple
macroscopic   measurement    which    can  be performed
on  a  nano  device   involving     nanotubes,   to check
for  example,  the quality of the nanotube being probed
and the quality of the electrical contacts made to the
nanotube.

Room temperature current-voltage characteristics of
ideal single wall carbon nanotubes have been calculated
using the software package Transiesta, which
incorporates first principle calculations based on Density
Functional Theory and Non Equilibrium Green's Function
Method. Detailed information about the software is given
in references [16-20]. Temperature is taken into
consideration through the Fermi distribution of electrons
used in the calculations. Atoms in the nanotube model are
static and there are no vibrations due to thermal energy.
Hence scattering by phonons is not taken into
consideration in the calculations.

These are some of the remarkable properties of CNT
and hopefully the CNT-based devices can take advantage
from these properties. The important electrical properties
are summarized in Table III.

The electrical properties are coming from the
graphene, the material that the CNT is made of. Graphene
sometime known as zero-bandgap semiconductor since it
is metallic in one direction and semiconducting in the
other direction. Thus, the electrical properties of SWNT
can be classified into two categories; metallic and
semiconducting.

The electrical properties of SWCNT are also due to
the electron confinement in nanotube. There is only two
movement allowed within the tube; forward  and
backward, plus the momentum conservation and energy.
These factors help to reduce the scattering effect to take
place in electron transport. Less scattering effect leads to
reduce electrical resistance in nanotube and hence, CNT
can carry current density of up to 109 A/cm2, 2-3 orders
higher than metal such as Al and Cu.

The bandgap of a single wall nanotube (SWNT) is
given by,

E  = 2 a /d (10)g 0 cc t
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Table 4: Application of a unit cell, band gap, radius

Type of Zigzag CNTs Diameter (nm) Bandgap energy (eV) No. of unit cells Lattice constant No. of Atoms

(16,0) 1.25 0.67 3 4.25045 64

(19,0) 1.50 0.56 3 4.25045 76

(22,0) 1.70 0.49 3 4.25045 88

Fig. 5: Unit cell (22,0) Fig. 6: Unit cell (19,0)

Fig. 7: Unit cell (16,0)

Fig. 8: Energy gap and DOS for (22,0)

Density of States is given by, equation (11) to obtain the energy gap and density of

Fig 8, Fig. 9 and Fig,. 10.

Table IV shows the energy band gap and diameter of metallic nanotubes which satisfy n = 3I, where I is an
CNT based on several of (n,m). integer.

Fig. 5, Fig. 6 and Fig. 7 show the different unit cells of
carbon nanotubes. Using the following equation (10) and Eg = 2 a /d (12)

states (DOS) for different carbon nanotubes as shown in

Fig.  11    shows    bandgap    versus   radius  for
zigzag    nanotubes      according     to    Equation  (12).
The bandgap decreases inversely with increase in
diameter. The points with zero bandgap correspond to

0 a t
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Fig. 9: Energy gap and DOS for (19,0)

Fig. 10: Energy gap and DOS for (16,0)

Fig. 11: Band gap versus radius for zigzag nano tube future. Physica B, 323: 1-5.

CONCLUSION 2007. Large Area-Aligned Arrays from Direct

This paper provides an overview of the geometrical Am. Chem. Soc., 129(33): 10088-10093.
and electrical properties of carbon nanotubes. On the 3. Dekker, C., 1999. Carbon Nanotubes as Molecular
subject of electrical conduction, carbon nanotubes show Quantum Wires. Physics Today, 52(5): 22-28.
the unique property that the conductivity can be either 4. Dalton, A.B.,  S.  Collins,  E.  Muñoz,   J.M.  Razal,
metallic or semiconducting, depending on the tubule H.V. Ebron, J.P. Ferraris, J.N.  Coleman,  B.G.  Kim and
diameter dt and chiral angle . For carbon nanotubes, R.H. Baughman, 2003. Super-tough carbon-nanotube
metallic conduction can be achieved without the fibres. Nature, 423: 703.
introduction of doping or defects. Among the tubules that 5. Mingo, N. and D.A. Broido, 2005. Carbon Nanotube
are semiconducting, their band gaps appear to be Ballistic Thermal Conductance and Its Limits. Phys.
proportional to l/dt, independent of the  tubule  chirality. Rev. Lett., 95: 096105(1-4).

It is observed that the electronic band structure
calculations predict  that  the  (n,  m)  indices  determine
the  metallic  or  semiconducting  behaviour  of SWNTs.
A framework is given for the symmetry properties of
carbon nanotubes  which  have  screw-axis  symmetry.
The implications of symmetry on the electronic structure
of 1D carbon nanotube systems are considered.
Hexagonal coordinate system and electrical properties of
carbon nanotubes are reviewed for designing optimum
CNT device.
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