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Fig. 1. (color online) Geometry optimization structures of B and N-doped carbon nanotube super lattices:
(a)—(f) for the side view; (g)—(1) for the top view; their shear deformations are 0%, 3%, 6%, 9%, 12%, 15%.
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Table 1. Bindig energy of B and N doped nanotubes superlattice in different shear deformation.

SYIEA 3% 6%

9% 12% 15%

Epina/eV —325.6800 —318.1342

—318.1334 —303.1405 —302.4196
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Table 2. Charge population of B and N-doped nan-

otube superlattices in different shear deformation.

BYIRA 0% 3% 6% 9% 12% 15%

A 069 072 073 0.74 0.82 0.82
/ME 0.68  0.72

KRE 0.15
?‘.
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- B/ME —0.26 —0.28 —0.28 —0.28 —0.29 —0.22

KM —0.42 —0.45 —0.44 —0.43 —0.41 —0.43

F/ME —0.43 —0.45 —0.46 —0.46 —0.57 —0.51
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Fig. 2. Energy band structure of nanotube superlattice: (a) (5, 5) intrinsic nanotubes superlattice; (b)—(d)
(5, 5), (7, 7), (9, 9) nanotube superlattices doped cyclic alternately with B and N.
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Fig. 3. (a)—(f) Energy band structure of B and N doped carbon nanotube superlattice with 0%, 3%, 6%,

9%, 12%, 15% shear deformation.

B4 (TR ) BRI s i
Fig. 4. (color online) Enlarged view of the density of

states of the carbon nanotubes superlattice.

NI FE RS L, K IS AN B oK BE R AL 253 B K
NIITER 3, i BERE BT IR AR LR 5
3 AFEBIITEASIN G5 A BN K e e A ) RE R
KEERAL IS5 BEAE
Table 3. The band gaps and the density of states of

the B and N doped carbon nanotubes superlattice with

shear different deformation.

BIIRA 0% 3% 6% 9% 12% 15%

HEB eV 0.987 0.966 0.944 0919 0 0

AW /eV—L 2,083 2.083 2.083 2.083 5.566 5.072
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Fig. 5. Band gap changes with shear deformation.
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Fig. 6. (color online) Light absorption coefficient and reflectivity of B and N-doped carbon nanotube super-
lattice with 0%, 3%, 6%, 9%, 12%, 15% shear deformation, (b), (d) the enlarged view of (a), (c).
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Abstract

Carbon nanotubes, one of the most advanced nanoscale materials, have attracted much research attention since they
exhibited semiconductor, metal or insulator properties depending on their geometric structures. Carbon nanotubes have
great potential in various applications in electronic and optical device. Dopants to the carbon nanotubes intentionally
could offer a possible route to change and tune their electronic, optical properties. Another important and effective
method is to deform the carbon nanotubes structure. Superlattice structures can offer extra degrees of freedom in
designing electronic, optical devices. To understand the involved mechanism, in this paper, the geometry structures,
electronic structures and optical properties of the armchair carbon nanotube superlattices doped cyclic alternately with
B and N under different shear deformations are investigated by the first-principles method through using the CASTEP
code in MS 6.0. It is found that the structures of carbon nanotube superlattices can be dramatically changed by shear
deformation. When the shear deformation is less than 9%, the optimization geometry structures of carbon nanotube
superlattices are still similar to tubular structures, when the shear deformation is greater than 12%, the geometry
structures of these systems have large distortions. The results about the binding energy show that the shear deformation
changes the stability of the armchair doped carbon nanotube superlattice. The larger the shear deformation, the lower
the stability of the doped carbon nanotube superlattices is. The analysis of charge population show that the covalent
bond and ionic bond coexist in the armchair carbon nanotube superlattices doped cyclically alternately with B and
N. The band gap of the carbon nanotube superlattice is affected by N, B dopants, as a result, the carbon nanotube
superlattice changes from a metal to a semiconductor. Compared with the (5, 5) nanotube superlattices, the band gaps of
the (7, 7), (9, 9) doped carbon nanotube superlattices increase. With increasing the shear deformation, the band gap of
the doped carbon nanotube superlattices decreases gradually, when the shear deformation is greater than 12%, the band
gap changes into 0 eV, the carbon nanotube superlattice changes back into a metal from a semiconductor. The analysis
of density of states obtains the same conclusions as the energy band analysis. In optical properties, compared with the
armchair carbon nanotube superlattices doped cyclically alternately with B and N without shear deformation, those
systems under shear deformation have the peaks of the absorption coefficient and the reflectivity that are all reduced,

and are all red-shifted.

Keywords: B and N-doped carbon nanotubes superlattices, electronic structure, shear deformation,
optical properties
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