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Abstract. The electronic spectra double wall carbon nanotubes using tight binding
approximation are investigated. We focus on the double wall armchair nanotubes. The influence
of nanotube curvature on the electronic spectra is also treated. The impact of the external
magnetic field on the spectral characteristic of double wall nanotubes is computed. We found
the big change of the electronic spectra for the double walled carbon nanotubes due to the
external magnetic field.

1. Introduction

Carbon based materials has attracted scientific interest in recent years from both an experimental
and a theoretical viewpoint. Among them carbon nanotubes are very interesting because of their
unique mechanical and electronic properties [1]. A single-wall carbon nanotube can be described
as a graphene sheet rolled into a cylindrical shape so that the structure is one-dimensional with
axial symmetry and in general exhibiting a spiral conformation called chirality. The electronic
states of carbon nanotubes are classified by the chiral vector that assigns the diameter and
chirality of the nanotubes [2]. The primary symmetry classification of carbon nanotubes is
either achiral or chiral. Achiral carbon nanotubes are defined by a carbon nanotube whose
mirror images have an identical structure to the original one. There are only two cases of achiral
nanotubes, armchair and zig-zag nanotubes. The names of armchair and zig-zag nanotubes arise
from the shape of the cross-section ring at the edge of the nanotubes. Chiral nanotubes exhibit
spiral symmetry whose mirror image cannot be superposed onto the original one. There is a
variety of geometries in carbon nanotubes where the diameter, chirality and cap structures are
different [3]. The electronic structure of carbon nanotubes is derived by a simple tight-binding
calculation for the m-electrons of carbon atoms.

2. (5,5) — (10,10) armchair tubules in a static magnetic field

We investigate the armchair nanotubes in a static magnetic field B parallel to the nanotube
axis. We assume Hamiltonian for an electron in a potential V(r) and in the magnetic field in
the form

H:i<*— SA'>2+V (1)
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Potential V (r) reflects the structure of the crystal lattice such as the symmetry and periodicity

properties. Here this potential describes the structure of armchair. Vector potential A in the
Landau gauge can be expressed in the form A= (%,O), where ® = Brr? is the magnetic flux
penetrating the cross section of carbon nanotube and L = 27r is a circumference of the nanotube
(r-nanotube radius). Here coordinate x is in the circumferential direction and coordinate y

denotes the direction parallel to nanotube axis.

—
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where o denotes A or B atoms. Here 7,1 are the coordinate of the o atom in the unit cell and

7, is a position of a unit cell, M is the number of the unit cell; |p(7)) is a 7 orbital which is

—

generally different for the outer and inner shell. G(R) is the phase factor associated with the
magnetic field and is expressed by

. 7 1 L. .
G(R) = [ Az).di= /0 (7 — R).A(B + (7 — R))d 3)

Employing Eq.(2), we get G(R) = Ol(F - ﬁ)(%, 0)dA = (z — X)2. We denote ¢ =
(ot (7 — Ay [ H | ™ (F — A7) = (97 (F = By)|H|p™(F = Bi)). = (o™ (F— Ai) | H|p™ (7= 4;)) =
(¢"™(7 — B;)|H|¢"™ (7 — B;)) and the intertube hopping integrals (¢ (7 — R;)|H|o™ (F — R;)) =
Wij, € and € are Fermi energies of the outer and inner nanotubes; | (7— R;)), | (7— 1%)) are
7 orbitals on site i at the outer and on site j at the inner tubes; W;; = 2 cos(;;)elé=%3)/9 where
7o is the hopping integral in the graphene,f;; is an angle between the i-th atom of the inner shell
and the j-th atom of the outer Shell, d;; is the interatom distance and £ is the intertube distance.
The characteristic length § = 0.45A. We can define the vectors connecting the nearest neighbor
carbon atoms for armchair nanotubes in the form:74 = a(%; 0), 7 = a(—#; —3),78 =
a(—2—\1/§; 3). The distance between atoms in the unit cell is also |7/| = % Now we define the

Figure 1. The outer shell part of the unit cell in the case of armchair nanotubes.

intratube hopping integrals (" (r— Ay)|H|p"* (r—By)) = Yoo, (" (r— Ay)|H|p" (r—By)) =
Y08, and (™ (r — A)|H|o™(r — B)) = v, (¢™(r — A)|H|¢™(r — B')) = 70, where a(a), (5)
are parameters which describe the dependence of hopping integrals on the surface curvature [4].
From Figures 1 and 2 we get the system of equations which describe the electronic properties of
the armchair DWCNT [5]. The spectra for some values of ka/2 near the Fermi points of double
wall armchair nanotubes without and with static magnetic field are depicted in Figure 3,4.
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Figure 2. The inner shell part of the unit cell in the case of armchair nanotubes.
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Figure 3. Spectra of armchair DWCNT with the intertube interactions without static magnetic
field.
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Figure 4. Spectra of armchair DWCNT with the intertube interactions when the static
magnetic field & = 0.5 is imposed.
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3. Conclusion
When the static magnetic field is applied the character of conductivity is changing. For instance
we get for armchair carbon nanotube that the conductivity is changed from semimetal to
semiconductor.
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