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Carbon nanotubes were discovered experimentally by S. Iijima in
1991

[S. Iijima, Nature (London) 354, 56 (1991)]

The most important and general results concerning studies
of carbon nanotubes are collected in the book

R. Saito, G. Dresselhaus, M. Dresselhaus
"Physical Properties of Carbon Nanotubes"

Imperial College Press, London
(first published 1998; reprinted 1999, 2001, 2002, 2003)
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The unrolled graphite sheet. By connecting the head and tail of the
chiral vector  21 aaC mnh += we can construct the nanotube having
any crystal structure and commonly describing by two integers
(n,m). On the picture, for example, a rolling of (4,1) carbon
nanotube is shown. The dashed lines will then form a helix line on
the nanotube wall. The θ is a chiral angle describing the value of
chirality.
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1. Electron properties of chiral nanotubes in a 
magnetic field 



The Hamiltonian in the tight-binding approximation 
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spectrumenergy electron  The

[D. A. Romanov and O. V. Kibis, Phys. Lett. A 178, 335 (1993)]

Oscillations of conductivity with an unusual period were
observed in

 oscillates for change of the magnetic field H with period 0)( NH =∆ν

2/1)( =∆ Hν
This period is differ from period of AAS conductivity oscillations
                      caused by weak localization processes
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Matrix elements of electron-
phonon interaction potential V
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[O. V. Kibis, Phys. Lett. A 237, 292 (1998)]



The emf of phonon drag appears for a homogeneous heating 
of electron system

TTe −∝

[O. V. Kibis, Phys. Lett. A 244, 432 (1998)]

The asymmetrical electron-phonon interaction  leads 
        to the electromotive force of phonon drag

L is the length of the helix, n is the electron density per unit length,
q  is the phonon wave vector, we and wa are probabilities of phonon emission 
and phonon absorption, respectively

Te is the electron temperature, T is the phonon temperature



Current-voltage characteristic is 

 and the rectification effect appears 

[O. V. Kibis, Phys. Sol. State 43, 2336 (2001)]
[E. L. Ivchenko and B. Spivak, Phys. Rev. B 66, 155404 (2002)]

The electron system is heated by electric current J :

2JTTe ∝− and
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[V. Krstic, et al. J.Chem. Phys. 117, 11315 (2002)] 



2. Electron properties of chiral nanotubes 
    in an electric field 



Helical one-dimensional conductor in a transverse electric field
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The potential electron energy along the helix
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r is a coordinate along the helix line
l is the length of a single coil of the helix line
R is the radius of the  helix
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The unrolled graphite sheet. By connecting the head and tail of the 
chiral vector we construct the nanotube having the crystal structure 
(4,1) . The dashed lines will then form a helix line on the nanotube wall.

The helical one-dimensional electron motion takes place also in (n,1) carbon nanotubes:



The electron energy in (n,1) carbon nanotubes depends only on 
the electron wave vector       along the helix line: sk

 a is inter-atomic distance in the nanotube;
    is the overlap integral for electron wave functions between nearest 
atoms;
 j=1,2  label valence and conduction bands   
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Electron energy spectrum of a (1,1) carbon nanotube in the presence
of a transverse electric field (solid lines) and without the electric field
(dashed lines). 

The Bragg gap  opened 
by the electric field E

π
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[O. V. Kibis, D. G. W. Parfitt, 
and M. E. Portnoi, in press]



3. Features of electron-photon interaction in
chiral nanotubes



The helicoidal crystal structure of chiral carbon nanotubes 
results in the symmetry of electron energy spectrum 

(n is the electron angular momentum along the nanotube axis,
     is the electron wave vector along the nanotube axis)
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Due to the asymmetrical distribution of photoexiting electrons in
k-space, their summary velocity 

Absorption of circularly polarized photons with angular momentum +1

[O. V. Kibis and D. A. Romanov, Phys. Sol. State 37, 69 (1995)] 
[E. L. Ivchenko and B. Spivak, Phys. Rev. B 66, 155404 (2002)]

and photovoltaic effect appears



Absorption of linearly polarized photons in a  magnetic field

Due to the electron energy spectrum asymmetry the electron velocity along the nanotube axis

 is also asymmetrical. Because of it the electrical current of photoexciting electrons along the nanotube axis

[O. V. Kibis, Physica E 12, 741 (2002)], [E. L. Ivchenko and B. Spivak, Phys. Rev. B 66, 155404 (2002)]



4. Features of electron-electron interaction 
    in chiral one-dimensional structures



Two interacting electrons on a helix  
1

   r/l=0.5

2

  r/l=1

3

    r/l=1.5

 r is a distance between two electrons along the helix line
  l is the length of a single coil of the helix line 

 
The electrostatic interaction (Coulomb) potential 0

2 / rqU =

 is a direct distance between two electrons0r

U

210  r/l

R is the radius of the  helix

S is the pitch of the helix



Usual Coulomb interaction in a helical one-dimensional
conductor leads to appearance of long lived electron pairs

[O. V. Kibis, Phys. Lett. A 166, 393 (1992)]

The energy of ground bi-electron state is approximatelly

 

The life time of the electron pair is

For                we have a macroscopic life time 
�

AR 100~ s1510~τ



The main consequences of chiral crystal structure for carbon nanotubes: 

1. Conductivity oscillations in a magnetic field. The effect depends on chirality.

2. The asymmetrical electron energy spectrum results in rectification of electric 
    current in a magnetic field.

3. Superlattice-like behavior of chiral nanotubes in a transverse electric field.

4. The photovoltaic effect.  

5. The possibility of electron pairing due to the Coulomb electron interaction. 

Conclusions 


