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An In-silico Simulation Study on Size-dependent Electroelastic
Properties of Hexagonal Boron Nitride Nanotubes

Jaewon Lee*, Seunghwa Yang*'

ABSTRACT: In this study, a molecular dynamics simulation study was performed to investigate the size-dependent
electroelastic properties of single-walled boron nitride nanotubes(BNNT). To describe the elasticity and polarization of
BNNT under mechanical loading, the Tersoff potential model and rigid ion approximation were adopted. For the
prediction of piezoelectric constants and Young’s modulus of BNNTSs, piezoelectric constitutive equations based on the
Maxwell's equation were used to calculate the strain-electric displacement and strain-stress relationships. It was found
that the piezoelectric constants of BNNTs gradually decreases as the radius of the tubes increases showing a non-
negligible size effect. On the other hand, the elastic constants of the BNNTs showed opposites trends according to the
equivalent geometrical assumption of the tubular structures. To establish the structure-property relationships, localized
configurational change of the primarily bonded B-N bonded topology was investigated in detail to elucidate the
BNNT curvature dependent elasticity.
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Table 1. Chiral vector, Radius, curve fitted Born effective charge,
reference Born effective charge for considered model

(n,0) Radius [A] BEC._fit [C] BEC_ref [C]
5 1.789660 | 2.8673401158 2.87
6 2.016032 | 2.8313109207 2.83
8 2.432188 | 2.7840856039 2.78
10 2.849568 | 2.7537740969 2.75
12 3.263281 | 2.7345247210 2.74
16 4109753 | 2.7139439237 2.72
24 5788903 | 2.7023083994
32 7467288 | 2.7003824660
40 9.149224 | 2.7000631281
48 10.83061 | 2.7000104258
56 12.50996 | 2.7000017256
64 14.19070 | 2.7000002852
72 15.86606 | 2.7000000474
80 17.54913 | 2.7000000078
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Table 2. Bond length and energy of BNNT (5,0) and BNNS

Bond I Bond IT
Length(i\) Energy(eV) Length(A) Energy(eV)
BNNT
NN 1.505 -6.45348 1.495 -6.52326
(5,0)
BNNS 1.482 -6.61182 1.482 -6.61182
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