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Single-wall boron nitride nanotube (BN-SWNT) is a wide gap semiconductor because
bulk hexagonal boron nitride has a wide gap between 5.5 and 6 eV [1]. Therefore, BN-SWNTs
are expected to be promise materials in nanoelectronics or optoelectronics fields. Various
theoretical approaches have been employed to determine the stability, feasibility, and the
electronic properties of BN-SWNTs [1,2]. However, these quantum chemical methods are
expensive because of the large number of atoms. In this work, we report a new method with high
efficiency and accuracy--Elongation Method[3] -- to investigate the electronic structures of
different type of BN-SWNTs. This work is a first step toward the application of the elongation
method to nanotubes.
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So, we compare the elongation and conventional results to
show the accuracy of the elongation method on the (4,4) and .
(6,0) BNNTs at HF/STO-3G level. The detail information >0
about errors per atom of the elongation and cutoff method is 001 wm ‘
Y shown in Figure 1. Obviously, e e
the  elongation  method
without and with cutoff
technique are accurate for the
energy calculations of (4,4) and (6,0) BNNTs. In Figure 2, we
compare CPU time to carry out the SCF calculations for (4,4) and
.- (6,0) BNNTs at HF/STO-3G level. It is seen that, for these two
P e " systems, the time required by the elongation without cutoff
calculation is slightly less than the conventional HF calculation,
@ while the corresponding time consumed by the cutoff technique is
almost near to a constant. With the increase of BNNTSs’ length,
© the cutoff technique has a large advantage in the SCF treatment
0] oo — comparing with other methods.
woo] Sorte v oot Besides pure BNNTs, we also investigate the electronic
structure of the C-doped BNNTSs [(BN)Cy]n (x=1-4, x+y=5) by
using elongation method at HF/STO-3G level. The errors per
atom are drawn in Figure 3. When Ng=6 (N is the starting
T 5 & & & a cluster size), it is can be seen that errors per atom of four systems
umper ofunts are very small, but increase as the carbon content is increased
(o) because of more delocalized in carbon’s nature. So, for
Figure 2. Total time to solve SCF process [(BN)Cs]m and [(BN),C;]m, we recalculated their energies by
(a) (4,4) BNNT (b) (6,0) BNNT using the larger size starting cluster (Ng=10). As a result, errors
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Figure 1. The errors per atom of the
elongation and cutoff method for BNNTs
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per atom are decreased to be 10® au when Nst=10. Undoubtedly, the elongation method has a
good accuracy for the BN/C nanotubes.

To understand the details of the electronic structures,
the density of state (DOS) was examined for [(BN)Cy]m .
(x=1-4, x+y=5) at HF/6-31G level by using Elongation 8.0x1077
method, as shown in Figure 4. Due to the lack of electron
correlation, the
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s srerergege Change trend of Figure 3. The error per atom for (4,4) [(BN)xCylm
gy “‘1 [V dunen ®% energy gaps of several
° : C-doped BN nanotubes is obtained. As the carbon content is
i %, ﬂfu Sidds WS jncreased, the energy gap decreases.
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Figure 4. The structures of BN/C the NLO properties of 5500
nanotubes and their density of states. the pure (4,4) BNNT " z:zz
and C-doped BNNT 2000 P
(BN)4C, are calculated by the Elongation Finite-Field ot I
method at HF/6-31G level. The results are drawn in T
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Figure 5. Obviously, carbon doping has little effect on the "

first hyperpolarizability (B), while a large effect on the . Wﬁ%

polarizability (o) and the second hyperpolarizability (y) is o s (4.4) BANT
observed. Especially, the y value of (BN)4C; is much 120] —*— (44 BN)C,
larger than that of pure (4,4) BNNT, for example, the vy B A R A I R R I TR
value of (BN)4C; is twice as large as that of (4,4) BNNT o Number of units
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when N=20. Undoubtedly, carbon doping can affect the Loxto’ —=— (4,4) BNNT
oX —e—(4,4) (BN),C,

electronic structure and NLO properties of BNNTSs. T aeac?

Our investigation shows that the elongation 8.0x10° /
method has a high efficiency and accuracy to investigate 4010 o
BN and C-doped BN nanotubes. e S
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Figure 5. The NLO properties of
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