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ABSTRACT
A theoretical study of electronic and optical properties of zinc blende structure of BeS is presented
by applying the full-potential linearized augmented plane wave (FP-LAPW) method within densityfunctional theory (DFT) as implemented in WIEN2k code. Our results are in agreement with previous theoretical and experimental studies on this important semiconductor compound. For the
optical calculations, the dipole approximation is used. The imaginary part of dielectric function is
calculated in momentum representation, which requires matrix elements of the momentum p between occupied and unoccupied states. The microscopic origin of the main features in the optical
spectra is identified and also the factors responsible for most of the optical absorption.
Key words: BeS; FP-LAPW; band structure; optical property; WIEN2k.
PACS Nos.: 71.15.Ap, 71.15.Mb, 71.20.Nr, 78.20.Ci

INTRODUCTION
The II–VI semiconductors compounds have
been extensively studied in recent years because
of their scientific and technology interests. They
are used in the fabrication of light-emitting devices that are employed in optical processing,
detection systems for environmental pollution
and color-displaying modules. In particular, the
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beryllium chalcogenides BeS, BeSe and BeTe
are the II–VI compounds that crystallize in the
four-fold coordinated zinc blende (B3) structure
at low pressure. In fact, probably as a result of
their very high toxic nature only few experimental studies1 have been performed on these compounds but more theoretical studies of these
compounds are available in the literature.2-13
Theoretical calculation of the optical and electronic properties of BeX (X = Te, Se and S)
compounds were performed by Stukel2 using a
first-principle self-consistent orthogonalized-
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plane wave (OPW). The calculated dielectric
functions were not compared with the experimental data because no data were available at
that time. A few non-relativistic local density
approximation (LDA) calculations of the structural, electronic and optical properties have been
performed for beryllium monochalcogenides.3,4
Fleszar and Hanke5 have calculated electronic
excitations in BeX using the many-body Green’s
functions technique (GW) and have given a detailed discussion of LDA versus GW. Hassan
and Akbarzadeh6 have present detail calculation
of the band structure using more advanced
Engel Vosko’s GGA (EV-GGA) formalism.
Imad Khan et al.7 have calculated electronic and
optical properties of mixed Be-chalcogenides
with the FP-LAPW method using a recently
developed modified Beck and Johnson potential.
The structural and electronic properties have
also been theoretically investigated using the
tight-binding linear muffin-tin orbital method
(TB-LMTO).12
The aim of this paper is to give a comparative and complementary study of electronic
properties to both experimental and other theoretical works by using FP-LAPW method as
well as optical studies for BeS.
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We calculated the optical properties of BeS
using the FPLAPW method14 as implemented in
the WIEN2K package.15 We choose the exchange-correlation potential parameterized by
Perdew et al.16 which is derived by using the generalized gradient approximation (GGA). In the
FPLAPW method, a basis set is obtained by
dividing the unit cell into non-overlapping
atomic spheres (centered on the atomic sites)
and an interstitial region. Inside the atomic
sphere, a linear combination of radial function
times spherical harmonic is used, and in the interstitial region a plane wave expansion is augmented by an atomic like function in every
atomic sphere. This method yields accurate energy eigenvalues and wavefunctions, therefore
appropriate for calculating the electronic and

(1)

describes the optical response of the system at all
photon energies E = hω. The imaginary part of
the dielectric function ε2(ω) is given by18
 2 ( )  
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optical properties of crystalline solids. We have
chosen sphere radii of 1.8 Å for Be and 2.8 Å for
S. For our calculation, we used lattice parameters a = 4.8630 Å for BeS.17 The values of Kmax
× RMT = 7.0 (where RMT is the atomic sphere
radius and Kmax is the interstitial plane wave
cut-off), In the atomic region, the basis set consists of spherical harmonics with angular quantum number l = 10 and a non spherical contribution with l = 4 are kept constant throughout the
calculations The self-consistent iterations are
considered to be converged when the total energy of the system are stable within 10-5 Ry. The
semiconducting beryllium sulphide crystallized
in the zinc blende structure. The space group is
F-43 m. The Be atom is located at the origin and
the S atom is located at (1/4, 1/4, 1/4). In a
cubic unit cell only one component of the dielectric function has to be calculated, i.e. εxx, written
as
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where M is the dipolematrix element, i and j are
the initial and final states, respectively, fi is the
Fermi distribution function for the i th state. Ei is
the energy of electron in the i th states. The real
part of the dielectric function ε1(ω) can be extracted from the imaginary part of the dielectric
function ε2(ω) by using the Kramers–Kronig
relation19
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where P implies the principal value of the integral.
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Figure 1. Total density of states for ZB BeS.

Figure 2. Partial density of states for ZB BeS.

Figure 4. Real and imaginary part of dielectric function
for BeS.

Figure 3. Band structure for BeS.
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Table 1. Our calculated energy band gap values and the experimental and theoretical band gap (all values are in
eV).
System
study
BeS
a

Expt.
Band
gap
a
>5.5

Theoretical Band gap
OPW
4.17

b

TB-LMTO
c

3.78

EV
d

f

GGA
g

4.23 , 4.26 , 4.241 ,
h
4.247

d

e

f

g

3.12 , 4.20 , 3.14 , 3.141 ,
h
i
3.148 , 2.911

Present
work
GGA
3.12

Ref. 1, bRef. 2, cRef. 12, dRef. 6, eRef. 7, fRef. 8, gRef. 9, hRef. 10, iRef. 11.

RESULTS

AND

DISCUSSIONS

Optical properties

Electronic properties
For zinc blende structured of BeS, the calculated total density of states, the partial density of
states and band structures are illustrated in Figures 1, 2 and 3. The valence band maximum
(VBM) occurs at the Γ point and con-duction
band minimum (CBM) at the X point resulting
in an indirect gap in agreement with experiment
and previous theoretical work.1-13 The lowestlying band shown in the graph arises mainly
from the chalcogen valence s states and the upper valence bands arises from the chalcogen valence p states with the top occurring at the Γ
point. The conduction band arises mainly from
the 2s-Be states with the minimum energy occurring at X-points.
The band gap of semiconductor BeS in the
tetragonal phase as calculated by using the FPLAPW method and using GGA approximation
was found to be 3.12 eV. The important features
of the band structure are given in Table 1. It is
clearly seen that the band gap obtained by GGA
are lower than the corresponding experimental
values and results obtained from OPW and EVGGA and not far from the results obtained by
the TB-LMTO methods with the same exchange
correlation approximation. This underestimation of the band gap is mainly due to the fact
that the simple forms of GGA are not sufficiently flexible to accurately reproduce both exchange correlation energy and its charge derivative.
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The determination of the optical properties of
a compound in the spectral range above its band
gap plays an important role in the understanding
of the nature of that material and also gives a
clear picture of its applications in optoelectronic
devices. The detailed variation of real, ε1 (ω) and
imaginary ε2 (ω) parts of the dielectric function
for BeS with photon energy are shown in Figure
4. The ε1 (ω) spectra appears at the same energy
as a peak in the corresponding ε2 (ω) spectra.
Metallic reflectance characteristics are exhibited
in the range of ε1 (ω) < 0. The peak of the imaginary part of the dielectric function is related to
the electron excitation. It is clear from the figure
that ε2 (ω) shows single peak at 6.95 eV for BeS.
The peaks are primarily due to transitions between valence bands and conduction bands
above the Fermi energy along the symmetry
lines Г-X direction. We compare our calculated
ε2 (ω) with the previous theoretical calculations4,9,13 and agreement is found.

CONCLUSIONS
We present the electronic and optical properties of Zinc blende structure of BeS using generalized gradient approximation (GGA) within
the FP-LAPW method. We found that the ZB
structured BeS has indirect gap which is induced
by the (Γ - X) transition with its value being 3.12
eV. We compare our calculated ε2 (ω) with the
previous theoretical calculations4,9,13 and agreement is found. The band calculations are com-
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parable very well to available measurements. In
addition, we revealed behaviours of TDOS and
PDOS of the ZB BeS. The obtained optical parameters suggest that the strong absorption spectrum appears mostly in the ultra-violet region,
and the optical absorption decreases with photon energy in the high energy range.

10. Hacini K, Meradji H, Ghemid S & El Haj Hassan F
(2012). Theoretical prediction of structural, electronic and
optical properties of quaternary alloy Zn1−xBexSySe1−y.
Chin Phys B, 21, 036102.
11. Ameri M, Rached D, Rabah M, El Haj Hassan F, Khenata
R & Doui-Aici M (2008). First principles study of structural and electronic properties of BexZn1–xS and BexZn1–
xTe alloys. Phys Stat Sol (b), 245, 106–113.
12. Kalpana G, Pari G, Mookerjee A & Bhattacharyya AK
(1998). Ab initio electronic band structure calculations for
beryllium chalcogenides. Int J Mod Phys B, 12, 1975.

REFERENCES
1. Yim WM, Dismukes JP, Stofko EJ & Paff RJ (1972).
Synthesis and some properties of BeTe, BeSe and BeS. J
Phys Chem Solids, 33, 501–505.
2. Stukel DJ (1970). Energy-band structure of BeS, BeSe,
and BeTe. Phys Rev B, 2, 1852.
3. Gonzalez-Diaz M, Rodriguez-Hernandez P & Munoz A
(1997). Elastic constants and electronic structure of beryllium chalcogenides BeS, BeSe, and BeTe from firstprinciples calculations. Phys Rev B, 55, 14043.
4. Okoye CMI (2004). Structural, electronic, and optical
properties of beryllium monochalcogenides. Eur Phys J B,
39, 5–17.
5. Fleszar A & Hanke W (2000). Electronic excitations in
beryllium chalcogenides from the ab initio GW approach.
Phys Rev B, 62, 2466.
6. El Haj Hassan F & Akbarzadeh H (2006). Ground state
properties and structural phase transition of beryllium
chalcogenides. Comput Materials Sci, 35, 423–421.
7. Khan I, Ahmad I, Zhang D, Rahnamaye Aliabad HA &
Jalali Asadabadi S (2013). Electronic and optical properties of mixed Be-chalcogenides. J Phys Chem Solids, 74, 181
–188.
8. Baaziz H, Charifi Z, El Haj Hassan F, Hashemifar SJ &
Akbarzadeh H (2006). FP-LAPW investigations of Zn1–
xBexS, Zn1–xBexSe and Zn1–xBexTe ternary alloys. Phys Stat
Sol (b), 243, 1296–1305.

13. Khenata R, Bouhemadou A, Hichour M, Baltache H,
Rached D & Rerat M (2006). Elastic and optical properties of BeS, BeSe and BeTe under pressure. Solid-State
Electron, 50, 1382–1388.
14. Singh DJ (1994). Planewaves, Pseudopotentials and the LAPW
Method. Kluwer Academic Publishers, Boston, Dordrecht,
London.
15. Blaha P, Schwarz K, Madsen GKH, Kvasnicka D & Luitz
J (2001). WIEN2k, An Augmented Plane Wave Plus Local Orbitals Program for Calculating Crystal Properties,
Vienna University of Technology, Austria. Computer code
WIEN2k which was updated Unix/Linux version of the
original copyrighted WIEN code. [Blaha KP, Schwarz K,
Sorantin P & Trickey SB (1990). Comput Phys Commun, 59,
339–415]
16. Perdew JP, Burke K & Ernzerhof M (1996). Generalized
gradient approximation made simple. Phys Rev Lett, 77,
3865–3868.
17. Martienssen W & Warlimont H (2005). Springer Handbook
of Condensed Matter and materials Data. (Spinger Berlin Heidelberg New York), pp. 652.
18. Kumar S, Maurya TK & Auluck S (2008). Electronic and
optical properties of ordered BexZn1−xSe alloys by the
FPLAPW method. J Phys Condens Matter, 20, 075205.
19. Wooten F (1972). Optical Properties of Solids. Academic
Press, New York, pp. 173–179.

9. Al-Douri Y, Baaziz H, Charifi Z & Reshak AH (2012).
Density functional study of optical properties of beryllium
chalcogenides compounds in nickel arsenide B8 structure.
Physica B, 407, 286–296.

Science Vision © 2014 MAS. All rights reserved

93

