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Abstract 

The optimized crystal structure, energy band 
structures, density of states (DOS) and optical properties 
of boron nitride (BN) was investigated using full 
potential linearized augmented plane wave method (FP-
LAPW). The exchange-correlation potential was treated 
using the generalized gradient approximation (GGA).  
The band gap is calculated to be 4.4 eV. 
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Introduction 

Boron compounds have attracted increasing 
research interest over the past few years, as wide band 
gap semiconductors. The binary compounds BX belong 
to III-V semiconductor which crystallizes in zinc-blende 
structure [1]. These materials are of great technological 
interest for high-temperature, electronic and optical 
applications. This is due to their unique physical 
properties such as densities, extremely high thermal 
conductivities, wide band-gap and large resistivity [2]. 
Extensive research devoted to the physics and chemistry 
of BN during the last quarter century has led to great 
advances in understanding the properties. 

 The main aim of this work is to give a 
comparative and complementary study of electronic and 
optical properties ofboron nitride using Full Potential 
Linearized Augmented Plane Wave (FP-LAPW) 
method.We will present here the results of calculated 
DOS and energy band of BN. This will be followed by 
results obtained for optical properties by using Kramer-
Kronig relation which is also implemented in wien2k. 

Computational method 

In this work, we have employed the FP-LAPW 
method [3] within the framework of the density 
functional theory (DFT) [4] as implemented in the 
WIEN2k code [5]. The exchange-correlation potential 
has been calculated with generalized gradient 
approximation (GGA) based on Perdewet.al. [6]. Kohn-
Sham wave functions [7] were expanded in terms of 
spherical harmonic functions inside the non-overlapping 
muffin-tin spheres surrounding the atomic sites (MT 
spheres) and in Fourier series in the interstitial region. 
Inside the muffin-tin spheres of radius RRMTR, the l-
expansion of the wave function were carried out up to 
lRmaxR=10 while the charge density was Fourier expanded 
up to GRmaxR= 14.  

In order to achieve energy eigenvalues 
convergence, the wave functions in the interstitial region 
were expanded in plane waves with a cut-off of KRmaxR= 
7/RRMTR where RRMTR were assumed to be 2.45 a.u. A mesh 
point of 11000 k-points each were used to obtain 328 
special k-points in the irreducible wedge of the Brillouin 
zone for BN. The energy convergence criterion were set 
to be 10P

-5
P Ry. Theoretical lattice constant of BN is 

obtained by volume optimization [8]. 

Density of States 

 The electronic configurations of B and N are 
B: 1sP

2
P 2s P

2
P 2pP

1 
Pand N: 1sP

2 
P2sP

2
P 2pP

3
P. We have calculated the 

total DOS of BN, the plot of which are shown in Figs. 
1(a) and (b) respectively. 

The major contribution to the total DOS is 
provided by the 2p states of N atom and 2p-states of B 
atom, with a small contribution from 2s-states of B atom 
and 2s-states of N atom in the conduction region as well 
as in the valence band region as shown in Figures 1(a), 
1(b) and 1(c). Sharp peaks are observed at around 12.03 
eV and 4.4 eV in the valence region and also at -8 eV in 
the conduction region which are mainly contributed by 
2p-states and 2s-states of Boron respectively. A band 
gap of 4.4 eV is observed by using normal GGA 
method. 

 

      Fig. 1(a) Plot of total DOS of BN atom. 

 

 

Fig. 1(b) Plot of partial DOS of BN atom 

(b) 
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            Fig. 1(c) Plot of density of state for s- and p-states of BN atom 

Band structure  

For a better understanding of the electronic 
properties, the investigation of electronic band structure 
is very useful. The band structures of BN in the 
orthorhombic phase which was calculated and plotted on 
the surface of Brillouin zone by using FP-LAPW 
method is shown in Figure 2 respectively. 

 
Fig. 2 Plot of band structure of BN 

From the band-structure plot of BN, the core 
level bands were due to N-s state electrons followed by 
N-p state electrons in the valence region as shown in 
Figs. 3. At the Fermi level (ERFR), N-2p electrons are 
found to be contributing, which is observed in terms of 
flat bands for BN. There is an indirect band gap with the 
maximum of the valence band lying at Γ and the 
minimum of the conduction band lying at X. From the 
band gap, it is found that the compound is a 
semiconductor with energy gap equal to 4.4 eV. 

Optical Properties 

For the calculation of optical properties, a 
dense mesh of uniformly distributed k-points is required. 
Dielectric function ε(𝜔) of the electron gas depending 
on the frequency is important in determining the 
physical properties of solids. The dielectric function 

 𝜀(𝜔) = 𝜀1(𝜔)+ 𝜀2(𝜔)   (1) 

is known to describe the optical response of the medium 
at all photon energies ħω. The imaginary part of the 

complex dielectric function 𝜀2(𝜔) can be calculated 
using the relation 

𝜀2(𝜔) = �4𝜋
2𝑒2

𝑚2𝜔2�∑ ∫⟨𝑖|𝑀|𝑗⟩2𝑓𝑖�1 −  𝑓𝑗�  ×  𝛿𝑖,𝑗 �𝐸𝑓 −  𝐸𝑖 −  𝜔�𝑑3𝑘 (2) 

where M is the dipole matrix, i and j are the initial and 
final states respectively, 𝑓𝑖 is the Fermi distribution 
function for the ith state, and 𝐸𝑖 is the energy function in 
the ith state. The real part of the dielectric function 
𝜀2(𝜔)  can be extracted from the imaginary part by 
using the Kramer-Kronig relation as [9, 10] 

 𝜀1(𝜔)= 1 ± 2
𝜋
𝑃 ∫ 𝜔′𝜀2�𝜔′�𝑑𝜔′

(𝜔′2− 𝜔2)
∞
0   (3) 

where P implies the principal value of the integral. 

The optical reflectivity spectra are derived from 
the Fresnel’s formula for normal incidence assuming an 
orientation of the crystal surface parallel to the optical 
axis using the relation [11, 12] 

  R(𝜔) = ��𝜀(𝜔) − 1
�𝜀(𝜔) + 1

�
2
  (4) 

While the electronic loss-function �−𝐼𝑚 �
1
𝜀
�� is given by 

[10, 12, 13] 

  −𝐼𝑚 �
1
𝜀
� = 𝜀2(𝜔)

𝜀12(𝜔) + 𝜀22(𝜔)
  (5) 

We calculate the absorption coefficient I(𝜔) and the real 
part of optical conductivity Re|𝜎(𝜔)| using the 
following expression [9, 11] 

 I(𝜔)= 2ω �
�𝜀12(𝜔) + 𝜀22(𝜔)− 𝜀1(𝜔)

2
�  (6) 

Re|𝜎(𝜔)| = 𝜔𝜀2
4𝜋

    
     (7) 

Also, the optical spectra such as the refractive 
index𝑛(𝜔), and the extinction coefficient, k(𝜔), are 
calculated in terms of the components of the complex 
dielectric function as follows [11, 12, 13]. 

 𝑛(𝜔) = �𝜀1(𝜔)
2

+
�𝜀12(𝜔) + 𝜀22(𝜔)

2
�

2

  (8) 

 k(𝜔) =  �
�𝜀12(𝜔) + 𝜀22(𝜔)

2
−  𝜀1(𝜔)

2
�

2

  (9) 

We have used equation (2) to equation (9) to 
calculate the optical properties in this study. The optical 
spectra calculated for the three compounds are discussed 
in Figures 3 to 7. The real, (𝜀1) and imaginary, (𝜀2) 

(c) 
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parts of dielectric function in the energy range 0-14 eV 
are shown in Fig. 3 for BN compound. 

                             

 

 

Fig. 3 Calculated real and imaginary parts of dielectric function for 
BN 

 It is interesting to note that the first peak in 
𝜀1(𝜔) coincides with the transition at the point L 
between the top of valence band and the bottom of 
conduction band. The major differences between the 
𝜀1(𝜔) spectra of thecompounds appear to occur in the 
region where 𝜀1(𝜔) is negative with BN exhibiting the 
least sharp structure in the region 0-14 eV.It is found 
that the peak intensity in the dielectric function occurs at 
6 eV. This corresponds to direct interband transitions 
which originates from the top of the valence band at the 
L-point to the lowest of conduction band.In the 
imaginary part of the dielectric function, the onset of the 
absorption edge in 𝜀2 occurs at ~5 eV. This corresponds 
to optical band gap (𝛤𝑣  →  𝛤𝑐).  

          
Fig.4 Calculated reflectivity of  BN 

In Figure 4, we exhibit the calculated 
reflectivity spectra for the compound using equation (4). 
We note that in the three compounds, the reflectivity 
spectra is small in the low energy region indicating that 
inter-band transitions do not occur at far infrared (IR) 
spectrum in these large band gap semiconductors but at 
the ultra-violet region. The behavior of the reflectivity 
between ~0-14 eV makes the compounds particularly 
good for applications in visible and ultra-violet region. 

 The electron energy loss-function for Boron 
Nitride is shown in Figure 5. In this compound, the 
energy loss spectra exhibit a large peak at 11.32eV. 

          
Fig 5: Calculated electron energy-loss function of BN  

The calculated linear absorption spectra of BN 
is plotted in Figure 6. The general profiles of their 
frequency dependenceare similar for all the compounds. 
For all the compounds, the onset of optical absorption 
involves a sharp increase in the spectra at energies 
corresponding to the fundamental optical gap.  

   
     Fig. 6 Calculated linear absorption coefficient of BN 

In Figure 7, the calculated refractive index and 
the extinction coefficient are plotted. The refractive 
index and extinction coefficient spectra of the 
compounds have resonance in the ultra-violet which 
corresponds to the interband transitions. 

            
               Fig. 7 Refractive index and extinction coefficient of BN  

Conclusions 

 We have used the generalized gradient 
approximations in the full potential linearized 
augmented plane wave method to study the electronic 
and optical properties of zinc-blende boron mono-
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pnictide BN. The binary mono-pnictides are indirect 
band gap (Γ→X) compounds and are optically inactive. 
The  value of energy gap for BN obtained for DOS and 
energy band calculations is 4.4 eV whereas the 
experimental values is 4.45 eV [15]. This means that 
value of energy gap obtained by GGA method is equal 
to experimental result. The behavior of various optical 
parameters like dielectric functions, refractive index, 
reflectivity, energy-loss function as well as extinction 
coefficient showed usual trends as found in other solids. 
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