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ABSTRACT
The novel properties of pristine h-BN, oxygen (O) 
atom impurity defects in h-BN (h-B(N-O) and h-(B-O)
N), one boron (1B) atom vacancy defect in h-BN 
(h-BN_1B) and one nitrogen (1N) atom vacancy defect 
in h-BN (h-BN_1N) materials are investigated by 
spin-polarized density functional theory (DFT) using 
computational tool Quantum ESPRESSO. We found 
that they are stable materials. From the band structure 
calculations, we found that all the considered systems 
are wide bandgap materials. The bandgap energy of 
pristine h-BN, impurity defects h-B(N-O) and h-(B-O)
N, and vacancy defects h-BN_1B and h-BN_1N 
materials have values 4.98 eV, 4.19 eV& 2.47 eV, and 
4.84 eV& 3.62 eV respectively. Also, it is found that 
h-B(N-O) and h-BN_1N materials have n-type Schottky 
contact while h-(B-O)N and h-BN_1B materials have 
p-type Schottky contact.  From the analysis of density 
of states (DOS) and partial density of states (PDOS) 
calculations, we found that non-magnetic pristine 
h-BN changes to magnetic h-B(N-O) and h-(B-O)
N materials due to presence of impurity defects, and 
h-BN_1B and h-BN_1N materials due to presence 
of vacancy defects. Magnetic moments of h-B(N-O), 
h-(B-O)N, h-BN_1B and h-BN_1N materials are 1.00 
µB/cell, 0.94 µB/cell, 3.00 µB/cell and 1.00 µB/cell 
respectively. They are obtained due to unpaired up and 
down spins state of electrons in 2p orbital of B and N 
atoms in the structures.
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1.  INTRODUCTION

Two dimensional (2D) materials like 
graphene (G), hexagonal Boron-Nitride 
(h-BN), Molybdenum diSulphide (MoS2) 
are attracting candidates for electronic and 
optoelectronic devices because of their 
excellent physical properties (Geim & 
Novoselov 2007; Song et al. 2010; Wang 
et al. 2012; Wangs et al. 2014; Zhang et al.  
2016; Tran et al. 2016). Similar like 
hexagonal structure of graphene (Neupane & 
Adhikari 2020; Neupane & Adhikari 2021), 
Boron (B) atoms and Nitrogen (N) atoms of 
2D h-BN are alternately arranged to form 
smooth surface hexagonal honeycomb lattice 
structure (Neupane & Adhikari 2021). 2D 
h-BN has a large optical phonon mode, no 
dangling bonds on the surface and has wide 
bandgap energy of value 5.80 eV (Watanable 
et al. 2004), called wide bandgap class of 
materials (insulators).  The bond length of 
B-N atoms is 1.45Å (Lynch & Drickamer 
1996), which is formed through sp2-
hybridization. In layered structures, B atoms 
and N atoms are joined by covalent bonds in 
each layer, and adjacent layers of h-BN are 
combined with weak van der Waals (vdW) 
forces (Jin et al. 2009; Nag et al. 2010; Le 
2014). The h-BN has well known mechanical 
properties such as Young’s modulus ̴ 270 Nm-
2, thermal conductivity at room temperature 
300 Wm-1K-1, and tensile strength 41 MPa 
(Zhou et al. 2007; Zhi et al. 2009; Zhou et al. 
2014). 2D pristine and defected h-BN crystal 
structures are studied by both theoretical 
and experimental research groups and 
found that it has no absorption in the visible 
range, but it has absorption spectroscopy 
in the ultraviolet region and a good photo 
luminescence property (Jaffrennou et al. 
2007; Museur et al. 2008; Wirtz & Rubio 
2009). The non-magnetic nature of 2D h-BN 
limits its practical applications in widely 
expanding field of devices applications. 
Researchers (Wu et al. 2005; Si & Xue 2007) 

found that impurity (doping) and vacancy 
defects in 2D h-BN have unprompted spin 
magnetization. Therefore, defected h-BN 
presents exemplary half-metallic magnetism 
in a variety of states. The magnetic 
properties of materials have great attractive 
properties because magnetic materials are 
used in the fields of biomedicine, molecular 
biology, biochemistry, diagnosis, catalysis, 
nanoelectronic devices and various other 
industrial applications (Makarova et al. 2019;  
Peng et al. 2016). To our best knowledge, 
structural, electronic and magnetic properties 
of h-BN supercell structure due to the oxygen 
atom impurity defects, boron atom vacancy 
defects and nitrogen atom vacancy defects 
have not been reported. Therefore, in this 
paper, we investigated structural, electronic, 
and magnetic properties of impurity defects 
[nitrogen atom is replaced by oxygen atom 
in pristine (4×4) supercell h-BN structure 
i.e. h-B(N-O) and boron atom is replaced by 
oxygen atom in pristine (4×4) supercell h-BN 
structure i.e. h-(B-O)N], and 1B atom vacancy 
defects (h-BN_1B), 1N atom vacancy defects 
(h-BN_1N) materials in (4×4) supercell 
structure of h-BN through first-principles 
calculations by using spin-polarized density 
functional theory (SDFT). The computational 
tool used is Quantum ESPRESSO (QE) code.

2.  COMPUTATIONAL METHODS 
We performed first-principles calculations 
to study structural, electronic and magnetic 
properties of Oxygen atom impurity defects, 
1B atom vacancy defects and 1N atom 
vacancy defects  materials respectively in 
(4×4) supercell structure of h-BN, based 
on the spin-polarized density functional 
theory (SDFT) approach (Hohenberg & 
Kohn 1964) by using Quantum ESPRESSO 
(QE) computational package (Giannozzi 
et al. 2009). The electronic exchange and 
correlation effects in the systems were treated 
by Generalized Gradient Approximation 
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(GGA) using Perdew-Burke-Ernzerhof 
(PBE) (Perdew et al. 1996). Among 
the various types of pseudo-potentials,  
we used Rappe-Rabe-Kaxiraas-Joannopoulos 
(RRKJ) model of ultra-soft pseudo-potentials 
to explain the chemically active valence 
electrons in all calculations. The Broyden-
Fletcher-Goldfarb-Shanno (BFGS) algorithm 
(Pfrommer et al. 1997) was used to relax the 
structures until the total energy changes was 
less than 10-4 Ry between two consecutive 
self-consistent field (SCF) steps and each 
component of force acting was less than 10-3 
Ry/Bohrs to get geometrically optimized 
structures. The unit cell was optimized with 
respect to lattice parameter, kinetic energy 
cut-off for plane-wave and the number of 
k-points along ‘x’ and ‘y’ axes respectively. 
We have obtained the values of lattice 
constant (a = 2.49 Å), kinetic energy cut-off 
(Ecut = 40 Ry), charge density cut-off (ρ = 
400 Ry), and a mesh of (20×20×1) k-points 
of Boron-Nitride (B-N) unit cell from the 
convergence test. This mesh was obtained 
from the plot of total energy versus number 
of k-points, which was used for the Brillouin 
zone integration. In (4×4) supercell structure 
of h-BN, the lattice constant was four times 
that of unit cell and a mesh of k-points 
was reduced to (6×6×1). The reduction of 
mesh was due to the relation of direct and 
reciprocal lattice geometries. The Marzarri-
Vanderbilt (MV) (Marzari et al. 1999) method 
of smearing with a small width of 0.001Ry 
was used. Moreover, we have chosen ‘david’ 
diagonalization method with ‘plain’ mixing 
mode and mixing factor of 0.7 for self-
consistency. Spin-polarized DFT calculations 
were used to study the magnetic properties of 
the systems. For band structure calculations, 
100 k-points were chosen along the high 
symmetric points connecting the reciprocal 
space. For the density of states (DOS) and 
partial density of states (PDOS) calculations, 
we used denser mesh of (12×12×1) k-points. 

In present work, we have constructed 
impurity defects h-B(N-O) and h-(B-O)
N, materials,where 1N atom and 1B atom 
respectively replaced by 1O atom in h-BN 
supercell structure. The vacancy defects 
h-BN_1B and h-BN_1N materials were 
prepared by removing 1B atom and 1N atom 
separately from the (4×4) supercell structure 
of h-BN. These prepared impurity and vacancy 
defects structures were then optimized and 
relaxed by using BFGS scheme. They were 
used for further calculations as shown in  
fig. 1.

Finding were obtained from band structure, 
density of states (DOS) and partial density 
of states (PDOS) calculations of impurity 
and vacancy defects materials. Analysis 
of calculations was done based on spin-
polarized DFT method using QE code.

3. RESULTS AND DISCUSSION

3.1  Structural and Electronic Properties
The (4×4) supercell structure of h-BN was 
obtained by continuing optimized primitive 
unit cell along x and y directions. The bond 
length of B-N atoms was found 1.44 Å, 
and B-B atomis found 2.49 Å, these values 
agreed with reported values 1.45Å (Lynch & 
Drickamer 1996) and 2.50Å (Sponza et al. 
2018) respectively. The h-BN structure has 
no dangling bonds on its surface. Hence, it’s 
smoothest surface reduced chemical activity. 
The impurity defects h-B(N-O) and h-(B-O)
N materials were prepared by substituting 1O 
atom in place of 1N and1B atoms respectively 
in pristine h-BN structure as shown in fig. 
1(b-c), and vacancy defects h-BN_1B and 
h-BN_1N materials were constructed by 
removing 1B and 1N atoms separately from 
pristine h-BN structure as shown in fig. 1 
(c-d). The prepared structures were relaxed 
using BFGS method (Pfrommer et al. 1997) 
and found that they were stable for further 
calculations as shown in fig. 1(b-e).
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(a) (b) (c)

(e)(d)

Fig. 1: Optimized and relaxed stable structures of pristine, impurity defects and vacancy defects material of  
hexagonal Boron-Nitride (a) (4×4) supercell structure of monolayer h-BN (b) 1O atom impurity defects in (4×4) 
supercell structure of h-BN where 1N atom was replaced by1O atom (c) 1O atom impurity defects in (4×4) su-

percell structure of h-BN where 1B atom was replaced by1O atom (d) 1B atom vacancy defects in (4×4) supercell 
structure of h-BN (e) 1N atom vacancy defects in (4×4) supercell structure of h-BN.

The stability of the structures was determined by calculating total energy of the systems, which are given 
in table 1.

Table 1: Fermi energy (Ef), Fermi energy shift (Es), bandgap energy (Eg) and total energy (Et) of pris-
tine h-BN and defected h-BN materials

Pristine h-BN & defected h-BN materials (Ef) eV (Es)  eV   (Eg)  eV (Et)  Ry

h-BN -3.2      - 4.98 -239.97

h-B(N-O) impurity defect 0.35 3.55 4.19 -251.91

h-(B-O)N impurity defect -1.03 2.17 2.47 -265.23

h-BN_1B vacancy defect -4.12 -0.92 4.84 -232.94

h-BN_1N vacancy defect -0.95 2.25 3.62 -219.19

Total energy of the system was obtained by 
the sum of one-electron contributions, Hartree 
contribution, exchange-correlation contribution, 
Ewald contribution and smearing contribution. 
These values were obtained from SCF 
calculations. Higher the value of total energy, 
more stable was the system. Thus, order of total 
energy of structures was found to be as h-(B-O)
N ˃ h-B(N-O) ˃ h-BN ˃ h-BN_1B ˃ h-BN_1N. 

The electronic properties of materials were 
investigated from the analysis of electronic 

band structure and DOS calculations. The band 
structures and DOS plots of h-BN, h-B(N-O), 
h-(B-O)N, h-BN_1B and h-BN_1N materials were 
shown in figures 2(a-b), 3(a-b), 4(a-b), 5(a-b) and 
6(a-b) respectively. In band structure plots, 100 
k-points were taken along the specific direction of 
irreducible Brillouin zone by choosing Γ-M-K-Γ 
high symmetric points, where x-axis represents 
high symmetric points in the first Brillouin zone 
and y-axis represents the corresponding energy 
value. In DOS plots, up and down spins states 
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of electrons were plotted along y-axis and 
its corresponding energy values was given in 
x-axis, also the vertical dotted line represents 
Fermi energy level and horizontal dotted line 
separates up and down spins states of electrons in 
the orbital of all atoms present in structures.We 
know that electronic configurations of valence 
electrons of B, N and O atoms present in pristine 
h-BN and defected materials were [He] 2s2 2p1, 
[He] 2s2 2p3 and [He] 2s2 2p4 respectively. Each 
B atom has single up spin in 2px and vacant 
in 2py and 2pz sub-orbital, each N atom has 
one unpaired up spin in each px, pyandpz sub-
orbital. Similarly, O atom contains paired spins 
in 2px sub-orbital and single unpaired up spin 
in 2py and 2pz sub-orbital. Before studying 
the electronic properties of h-B(N-O), h-(B-O)
N, h-BN_1B and h-BN_1N materials, we first 
need to understand the electronic properties 

of pristine h-BN. We have done electronic 
band structures calculations of (4×4) supercell 
structure of h-BN, it is found that values of 
p-type and n-type Schottky barrier heights are 
0.98 eV and 3.99 eV respectively as shown in 
figure 2(a). We know that sum of n-type Schottky 
barrier height and p-type Schottky barrier height 
gives energy bandgap of the semiconductors/
insulators materials (Chen et al. 2013; Hu et al. 
2016). Thus, bandgap energy value of h-BN has 
4.98 eV, which was close with reported value 
(Watanable et al. 2004). Also, we have analyzed 
the DOS plot of h-BN as shown in figure 2(b) 
and found that unoccupied up and down spins 
states of electrons are present at 0.99 eV energy 
value below in valence band and 3.99 eV energy 
value above in conduction band from the Fermi 
energy level.  Hence, h-BN is a p-type wide 
bandgap material.

(a) (b)

Fig. 2: (a) Band structure of up and down spins states of monolayer h-BN material (b) DOS of up and down spins states of 
atoms in h-BN material (c) PDOS of individual up and down spins states of all atoms in h-BN. In band structure, horizontal 
dotted line represents Fermi energy level, and in DOS and PDOS plots, vertical dotted line represents Fermi energy level. 

(c)

In addition, to study electronic properties of 
h-B(N-O), h-(B-O)N, h-BN_1B and h-BN_1N 
materials, we have analyzed  band structures and 
DOS plots are illustrated in fig. 3(a-b), 4(a-b), 5(a-b) 
and 6(a-b) respectively. We found that Fermi energy 
values and Fermi shift energy values of h-B(N-O), 
h-(B-O)N, h-BN_1B, h-BN_1N materials  are +0.35 

eV, -1.03 eV, -4.12 eV, -0.95 eV and +3.55 eV, +2.17 
eV, -0.92 eV, +2.25 eV respectively. These unequal 
energies values are obtained due to unpaired up and 
down spins states of electrons in the sub-orbitals of 
atoms of impurity and vacancy defects structures. 
We observed the electronic band structure and DOS 
plot of h-B(N-O) material, and found that up spins 
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of electronic bands appear around the Fermi energy 
level, and states of down spins electronic bands open 
bandgap in conduction band. But, both up and down 
spins states of electronic bands have open bandgap 
in valence band as shown in fig. 3(a).This is because; 
numbers of electrons are increased in h-B(N-O) 
material due to the replacement of pentavalent 1N 
atom by 1O impurity atom. Also, in DOS plot, up 
spin states are appeared in the Fermi level and down 
spins states were shifted little distance towards 
the conduction band, but both spins states opened 
energy bandgap in structure as shown in fig. 3(b). 
Therefore, from band structure and DOS analysis, 
we concluded that n-type Schottky contact h-B(N-O) 
material has bandgap energy of value 4.19eV. On 
the other hand, trivalent 1B atom is replaced by 1O 
impurity atom in h-(B-O)N structure. We found that 
electronic bands of down spin states cross the Fermi 
energy level, and up spin electronic bands appear 
around the Fermi level in valence band. These both 
spins states developed energy bandgap in conduction 
band as shown in fig. 4(a). Also, we studied DOS 
plot of h-(B-O)N, and found that both up and down 
spins states create electronic bandgap as shown in 
figure 4(b). Hence, from band and DOS calculations, 
we conclude that p-type Schottky contact material 

h-(B-O)N obtained energy bandgap of value 2.47 
eV. Similarly, we have analyzed band structures and 
DOS plots of h-BN_1B and h-BN_1N materials. 
In band structure, it is seen that electronic band 
states due to down spins of electrons are appeared 
around the Fermi energy level and up spins states 
appeared little distance below the Fermi level 
in valence band of h-BN_1B material as shown 
in fig. 5(a). Electronic states of both spins made 
bandgap in conduction band. Similar results are 
obtained in DOS plot as shown in fig. 5(b). Hence, 
from band and DOS calculations, we conclude that 
p-type Schottky contact h-BN_1B material opened 
electronic bandgap of energy value 4.84 eV. On the 
other hand, we have studied band structure and DOS 
plot of up and down electronic states of h-BN_1N 
material as shown in fig. 6(a-b). It was found that 
both spins states obtained energy bandgap of 
value 3.62 eV. Hence, h-BN_1N was called n-type 
Schottky contact wide bandgap material. Therefore, 
from the band structures and DOS plots calculations 
of impurity and vacancy defects materials, we found 
that h-(B-O)N and h-BN_1B are wide bandgap 
p-type Schottky contact materials, and h-B(N-O) 
and h-BN_1N are wide bandgap n-type Schottky 
contact materials.

(a) (b)

(c)
Fig. 3: (a) Band structure of up and down spins states of 1O impurity defects h-BN material, where red colour of bands repre-
sent up spin states and black colour of bands represent down spin states (b) DOS of up anddown spins states of atoms in 1O 

impurity defects h-BN, where 1N atom was replaced by 1O atom in structure (c) PDOS of individual up and down spins states 
of all atoms in 1O impurity defects h-BN, where 1N atom is replaced by 1O atom in structure. In band structure, horizontal 
dotted line represents Fermi energy level, and in DOS and PDOS plots, vertical dotted line represents Fermi energy level. In 

DOS and PDOS plots, insets represent the zoom in the scale near the Fermi energy.
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(a) (b)

(c)
Fig. 4: (a) Band structure of up and down spins states of 1O impurity defects h-BN material, where red colour of bands repre-
sent up spin states and black colour of bands represent down spin states (b) DOS of up and down spins states of atoms in 1O 

impurity defects h-BN, where 1B atom was replaced by 1O atom in structure (c) PDOS of individual up and down spins states 
of all atoms in 1O impurity defects h-BN, where 1B atom is replaced by 1O atom in structure. In band structure, horizontal 
dotted line represents Fermi energy level, and in DOS and PDOS plots, vertical dotted line represents Fermi energy level. In 

DOS and PDOS plots, insets represent the zoom in the scale near the Fermi energy.

Fig. 5: (a) Band structure of up and down spins states of 1B atom vacancy defects in h-BN material, where red colour of bands 
represent up spin states and black colour of bands represent down spin states (b) DOS of up and down spins states of 1B atom 
vacancy defects in h-BN (c) PDOS of individual up and down spins states of all atoms in 1B atom vacancy defects h-BN. In 

band structure, horizontal dotted line represents Fermi energy level, and in DOS and PDOS plots, vertical dotted line represents 
Fermi energy level. In DOS and PDOS plots, insets represent the zoom in the scale near the Fermi energy.

(a) (b)

(c)
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(a) (b)

(c)
Fig. 6: (a) Band structure of up and down spins states of 1N atom vacancy defects in h-BN material, where red colour of bands 
represent up spin states and black colour of bands represent down spin states (b) DOS of up and down spins states of 1N atom 
vacancy defects in h-BN (c) PDOS of individual up and down spins states of all atoms in 1N atom vacancy defects h-BN. In 

band structure, horizontal dotted line represents Fermi energy level, and in DOS and PDOS plots, vertical dotted line represents 
Fermi energy level. In DOS and PDOS plots, insets represent the zoom in the scale near the Fermi energy

3.2  Magnetic Properties
Magnetic properties of materials was obtained 
by the analysis of DOS and PDOS calculations. 
The asymmetrically distributed up and down 
spins states of electrons in DOS and PDOS plots 
means, materials have magnetic properties, and 
symmetrically distributed up and down spins 
states of electrons in DOS and PDOS revels that 
materials carry non-magnetic properties. It was 

found that DOS/PDOS up and down spins states 
of electrons in the orbitals of B and N atoms of 
h-BN structure was symmetrically distributed 
as shown in figures 2(b-c). The net magnetic 
moment was given by up and down spin states of 
electrons in 2s, 2p orbitals of B and N atoms in 
structure have 0.00µB/cell, and it was given in 
table 2.  Hence, h-BN material has non-magnetic 
properties.

Table 2: Magnetic moment due to total up and down spins of electrons (µ) in 2s and 2p orbitals of B and N 
atoms in pristine h-BN, 1B atom vacancy defects h-BN (h-BN_1B), 1N atom vacancy defects h-BN (h-BN_1N) 
materials and 2s and 2p orbitals of B, N and O atoms in impurity defected h-B(N-O) and h-(B-O)N materials.

Magnetic moment calculations 

of  h-BN, h-B(N-O), h-(B-O)N, h-BN h-B(N-O) h-(B-O)N h-BN_1B h-BN_1N
h-BN_1B & h-BN_1N materials µB/cell µB/cell µB/cell µB/cell  µB/cell
µ-due to 2s of B atoms (µB/cell) 0 0.03 0 0.02 0.02
µ-due to 2p of B atoms (µB/cell) 0 0.64 0.06 0.84 0.78

µ-due to 2s of N atoms (µB/cell) 0 0.02 0.08 0.22 0.02

µ-due to 2p of N atoms (µB/cell) 0 0.31 0.74 1.92 0.18

µ-due to 2s of O atoms (µB/cell) - 0 0        -       -

µ-due to 2p of O atom (µB/cell) - 0 0.06 0             -       -

 Total value of magnetic moment M(µB/cell) 0 1 0.94 3 1
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Furthermore, we have investigated the magnetic 
properties of h-B(N-O), h-(B-O)N, h-BN_1B 
and h-BN_1N materials by using DOS and 
PDOS analysis. DOS and PDOS plots of above 
respective materials were illustrated in figures 
3(b-c), 4(b-c), 5(b-c) and 6(b-c) respectively, 
where up and down spins states of DOS and PDOS 
are plotted along y-axis and its corresponding 
energy values were given in x-axis, also the 
vertical dotted line represents Fermi energy 
level and horizontal dotted line separates up and 
down spins states of electrons in the orbital of all 
atoms present in studied materials. We observed 
that up and down spin states of electrons in 2s, 2p 
orbitals of B and N atoms were asymmetrically 
(unequal) distributed in h-BN_1B and h-BN_1N 
materials, where unequally distributed up and 
down spins states of electrons present around 
the Fermi energy level because electron’s spins 
degeneracy of the bands due to 1B atom vacancy 
defects in h-BN_1B and 1N atom vacancy 
defects in h-BN_1N, bands are broken and 
splitted. As a result, h-BN_1B and h-BN_1N 
materials bear magnetic properties. We have 
calculated the magnetic moments given by spins 
of electrons in 2s, 2p orbitals of B have values 
0.02 µB/cell, 0.84 µB/cell and N atoms have 
values 0.22 µB/cell, 1.92 µB/cell respectively 
in h-BN_1B. And 2s, 2p orbitals of B atoms 
have values 0.02 µB/cell, 0.78 µB/cell and 2s, 
2p orbitals of N atoms have values 0.02 µB/cell, 
0.18 µB/cell respectively in h-BN_1N. Hence, 
total magnetic moment values of h-BN_1B and 
h-BN_1N materials are 3.00µB/cell and 1.00µB/
cell respectively. Similarly, the spins states of 
electrons in the orbital of B, N and O atoms of 
h-B(N-O), h-(B-O)N materials near the Fermi 
energy level are asymmetrically distributed in 
DOS and PDOS plots as shown in figures 3(b-
c) and 4(b-c) respectively. Magnetic moments 
are given by spins states of electrons in 2s, 2p 
orbitals of B atoms;2s, 2p orbitals of N atoms; 2s, 
2p orbitals of O atoms in h-B(N-O) and h-(B-O)
N structures have values 0.03 µB/cell, 0.64 µB/
cell; 0.02 µB/cell, 0.31 µB/cell; 0.00 µB/cell, 
0.00 µB/cell and 0.00 µB/cell, 0.06 µB/cell; 0.08 

µB/cell, 0.74 µB/cell; 0.00 µB/cell, 0.06 µB/cell 
respectively. Therefore, total values of magnetic 
moment of h-B(N-O) and p h-(B-O)N materials 
are 1.00 µB/cell and 0.94 µB/cell respectively. 
Hence, h-B(N-O) and h-(B-O)N materials have 
magnetic properties. From above calculations, 
magnetic moments of vacancy defects materials 
are greater than impurity defects materials. This 
was because; unequal dangling bonds are formed 
due to the effects of 1B & 1N vacancy defects 
atoms in structures.

4. CONCLUSION 

The structural, electronic and magnetic 
properties of oxygen atom impurity defects in 
h-BN (h-B(N-O) and h-(B-O)N) materials, one 
boron atom vacancy defect in h-BN (h-BN_1B) 
and one nitrogen atom vacancy defect in h-BN 
(h-BN_1N) materials have been investigated 
by first-principles calculations based on spin-
polarized DFT method using computational 
tool Quantum ESPRESSO code. From the 
structural analysis, we found that pristine h-BN 
and defected h-B(N-O), h-(B-O)N, h-BN_1B, 
h-BN_1N are stable materials. We have studied 
the electronic properties of pristine and defected 
h-BN material by analyzing their band structures 
and density of states (DOS) calculations, and 
found that h-BN, h-B(N-O), h-(B-O)N, h-BN_1B 
and h-BN_1N materials have open energy 
bandgap of values 4.98 eV, 4.19 eV, 2.47 eV, 
4.84 eV and 3.62 eV respectively. Therefore, they 
was called wide bandgap materials. Also, it was 
found that h-B(N-O) and h-BN_1N materials 
have n-type Schottky contact and h-(B-O)N 
and h-BN_1B materials have p-type Schottky 
contact. In addition, we have carried out density 
of states (DOS) and partial density of states 
(PDOS) calculations and found that h-B(N-O), 
h-(B-O)N, h-BN_1B and h-BN_1N are magnetic 
materials. Thus, non-magnetic pristine h-BN 
material changes to magnetic h-B(N-O), h-(B-O)
N materials by O atom impurity defects in h-BN, 
and h-BN_1B,h-BN_1N materials due to the 
1B atom and 1N atom vacancy defects in h-BN 
respectively. We have calculated the magnetic 
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moments of h-B(N-O), h-(B-O)N, h-BN_1B and 
h-BN_1N, they are 1.00 µB/cell, 0.94 µB/cell, 
3.00 µB/cell and 1.00 µB/cell respectively. High 
value of magnetic moments was contributed by 
unpaired spin states of electrons in the sub-orbitals 
of 2p orbital of B and N atoms in structures.
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