
Dielectric constant and polarizability in C64 carbon nanotube; A
first-principles study

INTRODUCTION

Ever since their discovery in 1991[1], Carbon
nanotubes have been the subject of intense research.
Single Walled Carbon Nanotubes (SWCNTs) have
gained particular attention because of the wide range
of potential applications from structural materials
with extraordinary mechanical properties[2] to the
preparation of nanoelectronic components[3].
SWCNTs can help in protecting DNA molecules from
damage by oxidation[4]. It has been found that
SWCNTs can also act as probe tips for scanning
probe microscopy[5]. Carbon nanotubes and their
polymer nanocomposites are found to be suitable
scaffold materials for bone tissue engineering and
bone formation[6].

It has been found that any little modification in
the structure and composition of a material will bring
in sufficient changes in the properties of the mate-
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rial[7, 8]. Thus it is important to study the structure of
the materials and look at the parameters which can
be altered to get a better material for technological
applications. First-principles calculation based on
Density Functional Theory[9] has been proved to be
an effective tool in the study of structural, electronic
and dielectric properties of organic materials[10, 11].
Carbon nanotubes have attracted the scientific com-
munity in various aspects. With this in view, struc-
ture of a Carbon Nanotube C64 has been simulated
using First-principles calculations based on Den-
sity Functional Theory and computation of Electronic
density of states, Dielectric constant and Polariz-
ability have been done and the results have been
reported in the present paper.

Computational details

Several codes are available for the theoretical
structure simulation[12]. The density functional theory
approach has emerged as a well established com-
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ABSTRACT

First-principles calculations have been carried out on a Carbon Nanotube
C64. The Electronic density of states reveals that the material shows
metallic nature. The value of dielectric constant in Carbon Nanotube C64
comes out to be 20.7, 16.5 and 14.6 along X, Y and Z axes respectively
and its average value comes out to be 17.3. Polarizability of Carbon
Nanotube C64 has been estimated and it comes out to be 87.3 (Å)3, 84.3
(Å)3 and 82.5 (Å)3 along X, Y and Z axes respectively.
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putational method. It has been widely employed to
arrive at the conformations of a large number of
molecular systems. The practical applicability and
sophistication of DFT is strongly sensitive to the
good choice of exchange�correlation function along

with the appropriate basis set.
Quantum espresso is an integrated suite of Open-

Source computer codes for electronic-structure cal-
culations and materials modelling. It is based on
density-functional theory, plane waves, and
pseudopotentials. Author has used plane wave self
consistent field (PWSCF)[13] implementation of den-
sity functional theory (DFT), with a Local density
approximation (LDA)[14] to exchange correlation
energy of electrons and ultrasoft pseudopotentials[15],
to represent interaction between ionic cores and va-
lence electrons. Kohn-Sham wave functions were
represented with a plane wave basis with an energy
cutoff of 30 Ry and charge density cutoff of 180 Ry.
Integration over Brillouin zone was sampled with a
Monkhorst-Pack scheme[16] with appropriate k point
mesh and occupation numbers were smeared using
Methfessel-Paxton scheme[17] with broadening of
0.03 Ry. The structure was relaxed to minimize en-
ergy.

RESULTS AND DISCUSSION

In the present study, the Tetragonal unit cell of
Carbon Nanotube C64 was first simulated (with m=8

and n=0) using �Avogadro�[18]. Later, atomic posi-
tions of the simulated structure have been used in
the plane wave self consistent field calculations.

The structure was relaxed and the optimized val-
ues of the unit cell parameters thus arrived at through
minimization of energy are; a=b=7.25Å and

c=8.02Å, �scf�� calculation was done using the fi-

nal atomic positions obtained after relaxing the struc-

Figure 1 : Structure of unit cell of carbon nanotube C64
as viewed along X-axis

Figure 2 : Structure of unit cell of carbon nanotube C64
as viewed along Y-axis

Figure 3 : Structure of unit cell of carbon nanotube C64
as viewed along Z-axis.
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ture using the program �pw.x� of Quantum espresso.

Completely relaxed structure of the unit cell was
visualized using the program �XcrysDen�[19] and the
structure of unit cell of Carbon Nanotube C50H10
as seen along X, Y and Z axes are shown in Figures

Figure 4 : Molecular surface of carbon nanotube C64

Figure 5 : Electron density of states in carbon nanotube
C64

1, 2 and 3 respectively. The molecular surface of
the Carbon Nanotube C64 is shown in Figure 4.

EDOS Calculation

Electron Density of States (EDOS) has been
computed in Carbon Nanotube C64 using Electronic
structure calculation code of Quantum espresso.
EDOS in Carbon Nanotube C64 has been shown in
Figure 5. As it can be seen from the Figure 5, the
material shows metallic nature without showing any
band gap.

Dielectric constant and polarizability

Dielectric constant has been computed in case
of Carbon Nanotube C64. The value of dielectric
constant in Carbon Nanotube C64 comes out to be
20.7, 16.5 and 14.6 along X, Y and Z axes respec-
tively and its average value comes out to be 17.3.
Polarizability of Carbon Nanotube C64 has also been
estimated and it comes out to be 87.3 (Å)3, 84.3 (Å)3

and 82.5 (Å)3 along X, Y and Z axes respectively.

CONCLUSIONS

The simulated and optimized structure of Car-
bon Nanotube C64 shows that the tube extends along
Z direction. The EDOS calculation shows that the
material shows metallic nature without showing any
band gap. The average value of dielectric constant
comes out to be 17.3. Polarizability comes out to be
87.3 (Å)3, 84.3 (Å)3 and 82.5 (Å)3 along X, Y and Z
axis respectively.



Dielectric constant and polarizability in C64 carbon nanotube; A first-principles study26

Full Paper
CMPAIJ, 1(1) 2016

ACKNOWLEDGMENTS

Author thanks the Department of Collegiate Edu-
cation, Government of Karnataka for permitting to
carry out the research work. Also, author acknowl-
edges the necessary facilities provided by the Gov-
ernment College (Autonomous), Mandya (Affiliated
to University of Mysore), India.

REFERENCES

[1] S.Iijima; Nature, 354(6348), 56-58 (1991).
[2] M.S.Dresselhaus, G.Dresselhaus; Avouris, P.Eds.,

Carbon Nanotubes: Synthesis, Structure, Properties,
and Applications, (Springer, Berlin), 80, (2001).

[3] R.Martel, V.Derycke, C.Lavoie, J.Appenzeller,
K.Chan, J.Tersoff, Ph.Avouris; �Ambipolar electri-

cal transport in semiconducting single-wall carbon
nanotubes�, Phys.Rev.Lett., 87(25), 256805 (2001).

[4] E.J.Petersen, X.Tu, M.Dizdaroglu, M.Zheng,
B.C.Nelson; �Protective roles of single-wall carbon

nanotubes in ultrasonication-induced DNA base
damage�, Small, 9(2), 205 (2013).

[5] H.Dai, J.H.Hafner, A.G.Rinzler, D.T.Colbert,
R.E.Smalley; Nature, 384, 147�150 (1996).

[6] Balaji Sitharaman, Lalwani, Gaurav, Anu Gopalan,
Michael D�Agati, Jeyantt Srinivas Sankaran, Stefan

Judex, Yi-Xian Qin; �Porous three-dimensional car-

bon nanotube scaffolds for tissue engineering�, Jour-

nal of Biomedical Materials Research Part A, 103,
3212�3225 (2015).

[7] H.R.Sreepad, K.P.S.S.Hembram, U.V.Waghmare;
AIP Conf.Proc., 1349, 871-872 (2011).

[8] H.R.Sreepad; Mol.Crys.Liq.Cryst.(In Press),
(2015).

[9] M.C.Payne, M.P.Teter, D.C.Allan, T.A.Arias,
J.D.Joannopoulas; Rev.Mod.Phys., 64(4), 1045-
1097 (1992).

[10] H.R.Sreepad, H.R.Ravi, Khaleel Ahmed,
U.V.Waghmare; AIP Conf.Proc., 1447(1), 793-794
(2013).

[11] H.R.Sreepad, M.Ramegowda, Khaleel Ahmed,
H.M.Dayananda, Manohara; AIP Conf.Proc., 1512,
802-803 (2013).

[12] Available: http://en.wikipedia.org/wiki/
Molecular_modelling.

[13] S.Baroni, S.A.Dal Corso, P.DeGironcoli, Gianozzi;
Available: http://www.pwscf.org

[14] J.P.Perdew, A.Zunger; Phys.Rev.B, 23, 5048-5079
(1981).

[15] D.Vanderbilt; Phys.Rev.B., 41, 7892�7895 (1990).
[16] H.J.Monkhorst, J.D.Pack; Phys.Rev.B, 13, 5188-

5192 (1976).
[17] M.A.Methfessel, Paxton; Phys.Rev.B., 40, 3616 �

3621 (1089).
[18] http://avogadro.openmolecules.net/wiki/
[19] A.Kokalj; Comp.Mater.Sci., Available: http://

www.xcrysden.org/, 28, 155-168 (2003).

http://en.wikipedia.org/wiki/
http://www.pwscf.org
http://
http://www.xcrysden.org/,

