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Optoelectronic and Thermoelectric Properties of
the Tetragonal Structure of the Halide Perovskite
Material RbSeBr3 used for low-cost Photovoltaic

Rabah Mehyaoui and Karima Benyahia

Abstract— Perovskite solar cells are the future of energy production due to the high- efficiency and low production
costs. In this work, the structural, electronic and optical properties of the tetragonal inorganic
halideperovskiteRbSeBr3 are performed using the full potential linearized augmented plane waves (FP-LAPW) method
with the PerdewBurke-Ernzerh generalized gradient approximation (PBE-GGA) as well as the local density
approximation (LDA) and the modified Becke-Johnson (mBJ-LDA) as exchange correlation potentials using Wien2k
code. Furthermore, the thermoelectric propertieshave been calculated using BoltzTrap code, the obtained results show
that the studied compound (RbSeBr3) has a metallic character and can be used as an absorber in UV-interval; on the
other hand the thermoelectric power reveals a high value.

Keywords: Electronic and Optical properties, Inorganic halideperovskite, Tetragonal RbSeBr3,FP-LAPW,PBE-

GGA,LDA,mBJ-LDA,Wien2k,Thermoelectric properties, BoltzTrap.

NOMENCLATURE
FPLAPW  Full potential Linearized augmented plane wave
PBE-GGA Perdew—Burke-Ernzerh generalized gradient
approximation.
LDA Local density approximation.
mBJ-LDA  Modified Becke-Johnson LDA.

I. INTRODUCTION

Solar energy is one of the most accessible, cost-effective, and
environmentally friendly sources of energy in the world, yet in
most locations, the costs associated with harvesting solar
energy using traditional photovoltaic’s (PVs) are still
expensive compared toconventional fossil-fuel energy
sources[1,2].

Therefore, it is essential to create next-generation PVs that are
both affordable and efficient. Perovskite solar cells (PSCs), a
novel thinfilm PVs technology, have just come to attract more
attention and research [3, 4]. The power conversion efficiency
(PCE) according to Kojima et al. has quickly increased from
3.8% in a short amount of timein 2009 to a verified 22.1% in
2017[5-6].

The term perovskite originally refers to the mineral calcium
titanate with the chemical formula CaTiO3 [7], which has a
very important structure, it is the basis of the definition of a
Perovskite [8];this mineral specie was discovered in Russia by
the German G. Rose in 1839. The first studies on
perovskiteshave been concentrated on titanate compounds'
structure and biaxial optical characteristics [7]. The ideal
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perovskitestructure has a cubic unit cell and the general
formula ABX3.The A cation, B cation, and X anion are all
positioned in the body's center, the structure is symmetrical in
the Oh direction. The perovskite structure was described by
V. Goldschmidt in 1926 [9]who studied a large number of
synthetic perovskite compounds with different compositions.
These compounds were initially employed as pigments in
paints and other coatings, in addition to their importance in
fundamental  research[10].  Electronic  properties  of
perovskites aroused more interest from the mid-1940s, when
the ferroelectricity in BaTiO3 perovskite has been
demonstrated [11, 12].

The perovskite RbSeBr3 crystallizes in the tetragonal P4mm
space group. Rb is bound to twelve Br atoms to create RbBr12
cuboctahedra, which share corners with corresponding
RbBr12 cuboctahedra of twelve, faces [13].In this study, we
have simply taken into account the tetragonal structure of
RbSeBr3 utilizing PBE-GGA to study its unexplored
structural, electronic, optical, and thermoelectric properties.
The paper is organized as fellows: Part.l1 supplies an
introduction, Part 2 includes computational details, Part 3
covers the results and we finish with a conclusion

II. COMPUTATIONAL METHODOLOGIES

All calculations in this study were completed using the
WIEN2K code's and the implementation of the full-potential
linear augmented plane wave (FP-LAPW) method within the
confines of density functional theory (DFT) [14,15]. In order
to evaluate the prior properties, Perdew-Burke-Ernzerh
generalized gradient approximation (PBE-GGA) was used for
the calculations [16] as well as the local density
approximation (LDA) [17] and modified Becke-Johnson
(mBJ-LDA) [18]. A linear combination of the radial
Schrodinger equation solution times the spherical harmonic is
used in the interstitial region, along with the plane wave basis
set. For the tetragonal structure (P4mm space group) the RMT
value is 2.5 au for the atoms Rb: [Kr] 5sl, Se:[Ar]
3d104s24p4 and Br:[Ar] 3d104s24p5. To expand the wave
functions in the interstitial region, we took the value of Kmax
=10000. The Ry,¢ * Kmax 1s taken equal to 7 (where Kyay 18
the plane wavescutoff) [19]. In the muffintin spheres, the
angular momentum expansion is taken into account up to
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Imax = 10. All computations are carried out in a k-mesh with
21 x 21 x 21 k pointsin the irreducible Brillouin zone.

III.

RESULTS AND DISCUSSIONS

1. GEOMETRICAL STRUCTURE AND ITS PROPERTIES

As previously stated, the RbSeBr3's tetragonal structure,
which is seen in Fig. 1, has been taken into account and
optimized. The structure belongs to the PAmm space group

[20].

To plot the evolution of the total energy as a function of the

Fig. 1. Tetragonal Structure of RbSeBr3

volume, we used the Murnaghan Equations [21]:

E(V) =E,

Where, V) is the reference volume, V is the warped volume,
By is the bulk modulus, and B’ is its derivative. E¢ is the
reached minimum ground state energy [21].
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Fig. 3. The variation of C/A ratio of the tetragonal structure of RbSeBr3 for:
A) GGA, B) LDA Approximations with constant volume.

The compounds' ground state minimum energy and optimal
volumes are determined from the Figures (2-3). Table I
includes the equilibrium parameters, bulk modulus and its
derivative, volume, gap energy, and total energies. They agree
well with other theoretical calculations [20].

2. ELECTRONIC PROPERTIES

2.1 THE ELECTRONIC BAND STRUCTURE

The band structures for spin-up and spin-down shown in Fig.
4 are computed using the GGA-PBE exchange correlation
functionals in order to explore the electronic properties. For
this purpose, the high symmetry path of the k-points inside the
Brillouin zone taken into accountis ' = X - M - T —-Z —
R —> A —>Z—> X—> R—> M— A. From the band structures,

the absence of a forbidden band

indicates the metallic

character of the studied material. The A point containsboth the
valence band maximum (VBM) and the conduction band
minimum (CBMseBr3teta spinup
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Fig. 4. Band structure of RbSeBr3 for GGA-PBE Approximation.
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Table. I
Lattice parameters (A,), Bulk modulus By(GPa) and its derivative B', Total energy (Ry), Fermi energy (Ry) and GAP energy
(eV) of the tetragonal structure of RbSnBr3 using GGA, LDA and mBJ -LDA approximations.

Tetragonal structure a(A°) b(A°) c(A°) Vo(a-u)3 Bo(GPa) B' E(Ry) Er(Ry) Eg(eV)

Murnaghan GGA 5458 5458 5696  1150.115  26.134  4.587  26463.590  0.0545 0
LDA 5364 5359 5226 1040719  37.580 5953  26430.529  0.2245 0
mBJ -LDA / / / / / / / 0.2649 0
Other work [20] 5523 5523 5518  1135.853 / / / / 0
Table. IT
SPIN MAGNETIC MOMENTS OF MIXED CHARGE
DENSITY
INTERSTITIAL 0.00037 o —
Rb 0.00033 . B
Se 0.00367 .
Br(1a) -0.00177 2
Br(2c) -0.00024 :
CELL 0.00060 :

D08 iast)

2.2 THE DENSITY OF STATES

To gain insight into how the various atoms and their
orbitals contribute to the curves in band structures, we
estimated the total density of states (TDOS) and partial
density of states (PDOS) for the tetragonal structure of "
RbSeBr3. The TDOS plots shown in Fig. 5 reveal a strong
contribution of p-state of the atoms (Se, Br) along the
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borders of the Fermi level for both spins Up/Dn. The | o
valence band (VB) is dominated by the p-state of the "y
atoms (Se, Br), while the conduction band is characterized 04 -
by a high contribution of Rb-d states. We notice a low 0

contribution of s states in both bands and the Fermi level is
characterized by a high hybridization of Se-p states and
Br-p states leading to a metallic character of RbSeBr3 in
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3. OPTICAL PROPERTIES

In this work, we examined the real & (®)and imaginary N g _ -

£2(w) components of the dielectric constant given by Eq.4 = e '

in the energy range(0 — 14)eV. Both components are s &

om #4: Br (up spin)
th

shown in Fig. 6. the extinction coefficient k(w), the
electron energy loss spectra (EELS) L(w), the reflectivity
R(w), the optical conductivity o(w), the absorption "
coefficiento(w), and the refractive index n(w) are displayed
in Figures (7,8). These properties, which depend on
frequencies and are derived from the complex dielectric os
function, stated in Eq.4, they are in fact frequency-
dependent [23-24].
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All of the previous properties actually depend only on the
components of the dielectric function at specific
frequencies which is used to determine the optical
properties [25, 26]. The equations Eq. 5-8 are used to
obtain their expressions. [24].

Both the electronic polarizability properties of perovskite
and the scattering behavior of electromagnetic (EM)
radiation incident on perovskite are explained by the curve
of the real component of the dielectric function in Fig. 6
related to perovskite photon energy compound [27]. At
zero energy of €(0), the static permittivity is -2200 along
yy and -350 along xx and zz. It is clear that the value of
€1(w) varies from visible to UV zone (1.7 to 12 eV).
Increasing and tending to zero suggest that it behaves like
a metal in this region. Inside a metallic conductor, there is
no electric field because the free charge remains on the
surface of the metal, and a significant plasmonic excitation
exists and can survive.

The response of a connection to (EM) radiation is given by
the imaginary part of the dielectric function, as shown. 6.
This indicates the state transition that occurs from the
valence band to the conduction band [27, 28]. We find that
€(0) is equal to 16050 along yy and 7000 along xx and zz.
After that, this value starts to decrease and approaches
Zero.
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Fig.6. Real ¢; (w) and imaginarye, (w) components of dielectric constant
of RbSeBr3.

Figure 7(A) shows the absorption coefficient a(w) of
RbSeBr3 perovskite, showing how the incident light is
absorbed. It also provides information on the degradation
of the outgoing light as it passes through the material,
showing how EM radiation is attenuated [24, 27]. The
value of a(w) approaches zero in the range 0 to 1.5 eV.
The halide perovskite is nearly optically transparent in
these regions because no light absorption occurs. As a
result, this compound has negligible absorption in this
range. Absorption at (2.8, 7.8, and 11eV) demonstrates the
effectiveness of this material in the UV range. This result
demonstrates that RbSeBr3 can be incorporated into
sensitive devices as a UV absorber to effectively protect
against harmful UV radiation. In contrast, fig. 7 (B)
displays the plot of real and imaginary optical conductivity
that almost matches the absorption spectra o(w) in the UV
region.
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Fig. 7. (A) absorption spectra o. (w), (B) Real and Imaginary optical
conductivity of RbSeBr3.

The following expression in Eq. 9 sheds light on how an
EM beams or light moves through a compound.

N(®) =n(o) + 1 k(m) )

n(w) represents the absolute refractive index and k()
represents the extinction coefficient. Figure 8 (A) shows
the n(w) curves. It details how much incident light is
refracted or bent on its way through the material [28,29].
The maximum at 0 eV is 85 along yy and 58 along xx and
zz axes, and then decreases to almost 0 in both visible and
ultraviolet.

The values of the extinction coefficient k(w) in Fig.8(B)
provide information regarding the propagation depth of the
EM wave's emergent photons as they move through the
compound. The graph indicates that the k(0) value is 95
alog yy and 63 alongxx and zz axes, and then in the visible
and UV sections it is almost lining with the previous
graph. Fig. 8(C) illustrates how an incident EM beam
causes the loss of energy of electrons in a compound. We
can learn about the plasmonic excitations from the L(w)
spectra [30], from which we infer that the energy loss
truly results from electronic excitations. The EELS plot
reveals that the UV zone, where it reaches the largest peak
of the compound, contains the majority of the losses. Next,
we estimated the reflectivity R(w) spectra, which are
displayed in Fig. 8 (D), where we can see that the
reflectivity decreases in the visible region and then
increases as the energy level rises in the UV interval.
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4. THERMOELECTRIC PROPERTIES
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Fig.9. Seebeck coefficient of RbSeBr3
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Finally, the thermoelectric (TE) properties Seebeck
coefficient (S), electrical conductivity per relaxation time
(o/7), and power factor (PF) were investigated. These were
calculated based on chemical potentials () in the energy
range 0.25-0.5 eV at temperatures between 300-500 K.

The magnitude of the thermoelectric voltage caused by the
temperature difference in the connection is described by
the Seebeck coefficient (S). The nature of the dominant
carrier is indicated by the letter S [22]. The largest peak of
S occurs at 14 mV/K, 0.25 eV at a temperature of 300 K,
and the peak value of S varies with temperature. Figure 9
shows the variation of S with chemical potential and
temperature along the xx, yy and zz axes.

Figure 10 shows the conductivity per relaxation time (/1)
as a function of p. This metric provides information on the
electrical conductivity of a material produced by the flow
of electrons along a temperature gradient from hot to cold.
From the peak values of o/t plotted against p, it can be
observed that they do not change significantly with
temperature. The highest value is ~ 6.2 Q/ms at 300K.
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The material's power factor (P.F.) is a crucial indicator of
how effective its thermoelectric properties are. The feature
is directly dependent on the Seebeck coefficient and
electrical conductivity, as seen by the expression P.F =
S2c/t [22]. The plots of P.F. with respect to p are
presented in Fig. 11. From 300 K to 500 K, the power
factor increases, reaching a high value of 1.8 W/K2ms at
0.8 Ha at 480 K.

IV. CONCLUSION

The halide perovskite RbSeBr3 reported in this work was
ultimately explored to establish its structural, electronic,
optical, and thermoelectric properties using the FP-LAPW
method. The findings indicate that RbSeBr3 lacks an
energy band gap and behaves like a metal. Indeed, the
Fermi level is dominated by a high hybridization of Se-p
states and Br-p states. The high absorption peaks at (2.8,
7.8, and 11eV) demonstrate the effectiveness of this
material in the UV range. It is considered as an absorber in
the UV range and can be used in sensitive devices to
protect against harmful UV radiation. Furthermore, the
investigated thermoelectric properties suggest using
RbSeBr3 as appropriate for thermoelectric power
generators.
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