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Abstract

Prediction of buckling behavior of boron nitride nanotubes via a molecular mechanics
model

Sina Malakpour

Boron nitride nanotubes (BNNTS) have been the subject of extensive studies for many years.
The BNNTs are known as semiconductor materials with large band gap (5.5 eV), basically
independent of the chirality (Structural specifications) and morphology of the tube (despite
CNTs). They also possess interesting properties such as strong hardness, high thermal
conductivity, excellent pizoelectrical and mechanical properties, and being more chemically and
thermally stable than carbon nanotubes (CNTs). As the BNNTSs present uniform semiconducting
properties which can be possibly tuned according to specific needs, they are expected to be good
alternatives to CNTs for possible applications in nanoelectronics and nanomechanics. The
computational modeling of nanostructured materials can be broadly classified into two main
categories: atomistic models and continuum models. Atomistic models are more accurate but
are costly and time-consuming to construct. Continuum models provide a much more
computationally efficient alternative, but they do not take the discrete nature of nanomaterials
into consideration. The present dissertation aims to develop a comprehensive molecular
mechanics model that takes the advantage of the two described models for analysis of
mechanical properties of chiral boron nitride nanotubes including buckling behavior under
different loadings and longitudinal Young’s moduli and Poisson’s ratio. To this end, Young’s
modulus, Poisson’s ratio of hexagonal boron nitride as the basic element of boron nitride
nanotubes is determined using the density functional theory first. The force constants in the
molecular mechanics model are then computed by establishing a linkage between the molecular
mechanics and the density functional theory and the buckling behavior of single- and multi-
walled chiral boron nitirde nanotubes under the action of axial and torsional loads is
investigated. The results from the present analysis are indicated to be in excellent agreement

with the existing data from the literature.

Keywords: Molecular mechanics; Quantum mechanics; Boron nitride nanotubes;Hexagonal

boron nitride; Buckling; Mechanical properties.
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