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Abstract

The optical properties of a-BeH, in an Orthorhombic crystal structure with
the space group (Ibam) are investigated. We have calculated the optical prop-
erties including dielelectric function, refractive index and extinction coeffi-
cient, using density functional approach. A theoretical explanation of the re-
lationship between the dielectric function and other optical constants has
been provided. Furthermore, the real and imaginary components of the di-
electric function have been examined. The effects of the exchange-correlation
potentials (GGA and GGA + U) applied on this compound’s absorption peaks
and edges have also been investigated. It was found that using the GGA + U
approximation caused the conduction band to shift, which in turn caused the
initial absorption peak to shift.
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1. Introduction

a-BeH, is a promising material due to its unique properties for its light-weight
nature and high hydrogen content. The electronic band structure and structural
property (lattice constant) of a-BeH, in an orthorhombic crystal system with
space group (Ibam) have been computed, using density functional theory. To
solve the Kohn-Sham equations, the full-potential linearized augmented plane
wave (FP-LAPW) approach was applied.

At ambient temperature or high pressure, BeH, is metastable so that the hy-
drogen can easily be released without excess heat [1]. The computing mechan-
ism for the observables was thoroughly examined. The results of the work were
consistent with those earlier experiments. We have calculated the optical proper-

ties of a-BeH, using a density functional approach [2].

DOI: 10.4236/0japps.2024.146100

Jun. 24, 2024

1507 Open Journal of Applied Sciences


https://www.scirp.org/journal/ojapps
https://doi.org/10.4236/ojapps.2024.146100
https://www.scirp.org/
https://doi.org/10.4236/ojapps.2024.146100
http://creativecommons.org/licenses/by/4.0/

U. Ofe

The Generalized Gradient Approximation (GGA) and the GGA + U approx-
imation were used as exchange-correlation potentials, both with WIEN-2k code
[3], the computing mechanism for the observables was thoroughly looked into.
The results of the work were consistent with those of earlier experiments. Previous
work had been done on the optical properties of a-BeH,, using a density func-
tional approach [4], making use of the computationally costly all-electron GW
approximation.

Recently, the density functional approach has also been used to study the opt-
ical characteristics of this compound. There have been two ways used: the plane
wave pseudo potential and the Bryoden-Fletcher Goldfarb-Shanno approach.
However, the convergence of the second approach is not certain unless the func-
tion has a quadratic Taylor expansion near an optimum.

This work aims at exploring the optical properties of a-BeH, using full-potential
linearized augmented plane wave (FP-LAPW) using WIEN-2k codes and GGA
and GGA + U approximations, all within the context of density functional theory
(DFT).

2. Theoretical Consideration

2.1. Dielectric Function

The optical properties are obtained from the dielectric function & w), which is
calculated by the density functional theory (DFT) approach. A three-dimensional
tensor dependent on the symmetry of the crystal is the dielectric function.

Only the diagonal components of this tensor are non-zero for an orthorhom-
bic unit cell. Direct calculation of the dielectric function is based on the Kohn-Sham
energy eigen values, &,

In the Random Phase Approximation (RPA), [5]: the function, ¢, can be ex-

pressed as

4t oF (6‘)
Gij (W) = 5ij _VWZ Z[_ agﬁﬂ k J Pi;n,m,k Pj;n,m,k
' 1
P P (v

icv,k' jcvk
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2 2
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where He¢) is a Fermi-Dirac distribution function, V'is the unit cell volume, and
n, m, and &, are momentum matrix elements between the bands n and m for the

crystal’s point &

Fle)=—7r———— (2)

where Kjis Boltzmann constant.

2.2. Optical Properties

2.2.1. Imaginary and Real Parts of the Dielectric Function

The optical characteristics of a-BeH, are determined by computing the imagi-
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nary part of the dielectric function.

With momentum matrix elements, the imaginary component, &(w), of the di-
electric function can be computed [6].

The appropriate eigen-function of every occupied and unoccupied states con-
tribute to these matrix components [7]. The real component & (w) can be ob-
tained from the imaginary part &(w) of the dielectric function by applying the
Kronig-Kramers connection, [7].

The real part of the dielectric function accounts for refraction, but the imagi-
nary part indicates actual transfers between the occupied and unoccupied states;
thus, it controls attenuation. Put in another way, the real component in optical

processes stands for loss and scattering.

2.2.2. Refractive Index and Extinction Coefficient
Owing to their shared physical origin, the refractive index and the extinction
coefficient are closely associated.

Both the extinction coefficient and the refractive index, are tensors that are

represented as [5]:

(3)

(W)= J|g“ (w)|+Res; (w)

2

and

Ki (W) - \/|€ii (W)| e (W) (4)

2

where n,{w) is the refractive index and 4,(w) the extinction coefficient.

2.2.3. Reflectivity and Absorption Coefficient

Specifically, n(w) and k{w) cannot be measured in optical experiments. The
quantitative quantities are the reflectance, R,(w), and the absorption coefficient,
A;(w). It has been shown in the electromagnetic literature that these quantities

can be expressed as

(5)

(6)
c

And we have estimated the dielectric function of a-BeH,, which describes it-
soptical characteristics and is the fundamental quantity associated with its elec-
tric structure. The predicted absorption edge of the compound was found to be 4
eV. When the GGA + U functional is applied, the conduction band moves,
which causes the initial absorption peak to shift.

3. Computational Methods

The optical characteristics of a-BeH, were calculated within the context of

density functional theory using a self-scheme that was created by applying the
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FP-LAPW approach to solve the Kohn-Sham problem, [2]. In this method,
computations were done, and, the details of these computations are presented in
Electronic and Structural Properties of a-BeH,, using GGA and GGA + U. GGA
and GGA + U functional by WIEN-2k codes were also employed [3].

4. Results and Discussions

The calculated complex dielectric function for a-BeH, is illustrated in Figure 1.
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Figure 1. Real and imaginary parts of the dielectric function of a-BeH,.

In Figure 1, the real and the imaginary parts of the dielectric function have
been indicated.

The GGA calculation is shown by the solid lines, while the GGA + U compu-
tations are shown by the dotted lines.

The use of the GGA + U function was shown to result in a change in the con-
duction band, which shifted the initial absorption peak.

The absorption peak shifted as a result of the band gap correction, with an

approximate absorption edge of 4 eV.

5. Conclusion

We have estimated the dielectric function of a-BeH,, which describes its optical
characteristics and is the fundamental quantity associated with its electric struc-
ture. The predicted absorption edge of the compound was found to be 4 eV.
When the GGA + U functional is applied, the conduction band moves, which

causes the initial absorption peak to shift.
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