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Low-dimensional boron nitride nanomaterials
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Hefei National Laboratory of Physical Science at the Microscale, University of Science and Technology of China, Hefei 230026, China)

Abstract: Extensive studies of low-dimensional carbon nanomaterials have attracted tremendens
attention to the allotropes of other elements. Boron nitride nanomaterials are structurally analogous to
carbon nanomaterials, but possess quite different properties. Unlike metallic or semiconducting carbon
nanotubes (CNTs), the boron nitride nanotubes (BNNTs) are electrical insulators, basically independent
of their diameters and chirality. BNNTs possess high thermal conductivity, excellent mechanical

properties, and high chemical stability. The same advantages are applicable to two-dimensional monolayer
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boron nitride sheets. These unique properties make BNNTs and BN sheets promising nanomaterials in

many potential fields, such as optoelectronic nanodevices, functional composites, hydrogen storage, and

catalyze. This paper reviewed our theoretical studies on the BNNTs and BN sheets, including their

electronic properties, chemical modification, defects, hydrogen storage and boron nitride super-

architecture.

Key words: boron nitride nanotube; nanosheet; nanoribbon; hydrogen storage; porous materials
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C; is the chiral vector, and @is the chiral angle

(a) Definition of BN nanotubes

(6,6) (12,0) (10,5)

(b) Armchair BN nanotube (c) Zigzag BN nanotube (d) Chiral BN nanotube
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Fig. 1 Definition of nanotubes and several different types of BN nanotubes
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(e) The adsoprtion energy changes with the deformed BN nanotubes
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(d) The calculated band structures of BN nanotubes
with an absorbed H atom
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Fig.2 The optimized geometries, the calculated band structures, and the adsoprtion energy

of BN nanotubes with an absorbed H atom
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(b) The dissociation process of hydrogen molecule on defected BN nanotube
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Fig.3 The optimized geometry of BN nanotube with absorbed H atoms. and the dissociation process

of hydrogen molecule on defected BN nanotube
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(b) The calculated band structures of the amino modified BN nanotubes
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Fig. 4 Amino modified BN nanotubes and the calculated band structures
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(a) The optimized geometries and the calculated band
structures of zigzag-edged BN nanoribbons

(b) The optimized geometries and the calculated band
structures of armchair-edged BN nanoribbons
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Fig. 6 The optimized geometries and the calculated band structures of zigzag and armchair BN nanoribbons
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Grain Boundary

(a) Schematic structural model of a BN monolayer on the Ni(111)
surface, where two BN domains with different orientations are formed
(b) B atoms are introduced in the gap region between two separated
BN domains, (¢) B and N atoms are introduced
in the gap region following the introduction of B atoms.

(d) Snapshots of zigzga BN nanoribbons containing
a line defect in the BOMD simulation
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Fig. 7 Simulations of a BN monolayer on the Ni(111) surface

and the line defects between different domains
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(a) The optimized geometry and the calculated band
structure of BN nanoribbon with line defects
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(b) The optimized geometries, the calculated band structures, and
the top and side views of the profiles of i and i, states at the I

point for the BN monolayers with line defects
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Fig. 8 The optimized geometries of BN nanoribbons and BN monolayer with line defects
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(a) The porous BN material based on sp” linked zigzag
BN nanoribbons with a width of 2
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(c) The porous BN material based on sp’ linked zigzag

(d) The porous BN material based on sp® linked zigzag
BN nanoribbons with a width of 2

BN nanoribbons with a width of 4
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Fig. 11 The calculated band structures of three-demensional porous BN materials based

on sp” or sp’ linked zigzag BN nanoribbons with different widths
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