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Problem
statement

Boron nitride compounds can have a structure similar to that of
carbon compounds. Graphene-like boron nitride layers, in contrast
to graphene layers, show semiconducting properties, which
makes them a promising material for nanoelectronics. Graphene
layers can have different structures, theoretically predicted the
possibility of the existence of a number of polymorphic graphene
varieties: L6, L4-8, L3-12, L4-6-12, L5-7, etc.. Similar structural types can
exist for boron nitride. Various polymorphs of graphene and
boron nitride differ in structure, properties, and stability. A
comparative analysis of polymorphs performed for graphene
showed that one of the most stable structural varieties of
graphene is the L4-6-8e layer. The possibility of the existence of
boron nitride layers with a structure similar to that of this
graphene polymorph has not been previously investigated.
Therefore, in this work, we performed ab initio calculations of the
crystal structure, band structure, and densities of electronic states
of the new BN-L4-6-8e polymorph.
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Solution
methods

The structure of the new boron nitride layer was simulated by
replacing carbon atoms in the L4-6-8e graphene layer with boron
and nitrogen atoms. Atomic substitution was performed so that
each boron atom in the structure formed three covalent bonds
with neighboring nitrogen atoms (figure 1). Optimization of the
primary structure was performed by the density functional
theory method (DFT). The calculations used the generalized
gradient approximation (GGA). Simulation was performed using
the Quantum ESPRESSO software package. The k-point grid was
12 × 12 × 12. The cutoff energy (Ecutoff) for the plane wave basis
was 70 Ry. In the calculations, we considered BN layers packed in
stacks. The distance between the layers in the stack was taken to
be 1 nm, so that adjacent layers practically did not affect each
other. Therefore, the calculation results can be considered as
corresponding to isolated 4-6-8e boron nitride layers.

Results

04

Results

04

Results

04

04

Results

Conclusions
In this work, the structure, electronic and energy characteristics of a new structural
type of boron nitride - the BN-L4-6-8e layer were calculated using the first-principle
DFT-GGA method. The relatively high sublimation energy of 17.78 eV (BN)-1
compared to other boron nitride layered polymorphs indicates that the BN-L4-6-8e
layer should have a stable structure under normal conditions. The rectangular unit
cell of the layer contains 24 atoms. The values of the vectors of elementary
translations are a = 1.523 nm, b = 0.443 nm. The lengths of B-N interatomic bonds
vary in the range from 0.1416 to 0.1471 nm, and the angles between the bonds, in the
range from 83.98° to 154.21°. The band gap for the BN-L4-6-8e layer is 3.83 eV. This
layer must be a wide-gap semiconductor and can find practical application in the
design of heterostructures for nanoelectronic devices.
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