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This research aims to provide a comprehensive understanding of the structural, elastic, electronic, and optical properties of the Cs2PbBeBr6
halide double perovskite (HDP). In this study, all self-consistent field (SCF) calculations were performed using density functional theory
(DFT) within the full-potential linear augmented plane-wave (FP-LAPW) method, as implemented in the Wien2k code. The Perdew-Burke-
Ernzerhof (PBE) generalized gradient approximation (GGA) and the Tran-Blaha modified Becke−Johnson (TB-mBJ) methods were em-
ployed to accurately describe the exchange-correlation interactions. Our findings indicate that Cs2PbBeBr6 is stable in a cubic structure
(Fm-3m), supported by phase stability analysis, enthalpy of formation, tolerance factor, and elastic constants. The compound exhibits ductile
behavior, as assessed by Poisson’s and Pugh’s ratios. The electronic band structure reveals an indirect band gap of 2.243 eV and 3.248 eV,
calculated using the GGA and TB-mBJ methods, respectively. Optical spectra calculations were performed in the energy range of 0 to 13
eV for each of the dielectric functions, extinction coefficient, electron energy loss, refractive index, optical conductivity, reflectivity, and
absorption coefficient. The optical properties of Cs2PbBeBr6 in the visible range are particularly significant, offering strong potential for
applications such as solar energy harvesting. These characteristics make the compound a promising candidate for optoelectronic devices.

Keywords: GGA and TB-mBJ; halide double perovskite; solar energy; semiconductor.

DOI: https://doi.org/10.31349/RevMexFis.71.060503

1. Introduction

In recent years, the excessive consumption of fossil fuels has
led to significant environmental pollution. Therefore, renew-
able energy sources have gained considerable global atten-
tion due to their abundance and safety, such as solar energy,
which is largely attributable to their accessibility. Given its
widespread accessibility and minimal negative environmen-
tal impact, solar energy has emerged as a prominent source of
green energy. New technologies and growing concerns about
pollution emphasize the need for governments to seek alter-
native energy sources such as double perovskites to replace
the use of oil, gasoline, coal and other fossil fuels [1]. The
remarkable capabilities of double perovskites, arising from
their diverse structural composition, render them ideal [2,4].
In recent years, extensive research has been conducted on
these materials for their applications in photovoltaics, pho-
toluminescence, and thermoelectrics [5-14]. Halide dou-
ble perovskites (HDPs) typically have the general formula
A2BB0X6 , where B and B0 represent transition metals (al-
though not exclusively), A denotes any alkali or alkaline earth
metal, and X represents any halogen element [15,16]. More-
over, HDP materials have been extensively studied and have
garnered significant attention from researchers due to their
applications in fields such as thermoelectrics [17-19], pho-
tocatalysis, and optoelectronics [20,21]. HDPs exhibit ex-
ceptional stability, a wide range of potential compositions,
and attractive optoelectronic properties [22]. However, de-
spite extensive research on innovative HDPs, the power con-
version efficiency (PCE) of state-of-the-art double perovskite

solar cells (PSCs) still falls short compared to that of dom-
inant lead-based devices [23]. The lasting popularity of
halide-based double perovskites can be attributed to their ex-
ceptional physical properties, including suitable and tunable
bandgaps, high optical absorption coefficients, long diffusion
lengths, low effective charge carrier masses, compositional
flexibility, and high defect tolerance [24-27]. Several studies
have explored the potential optoelectronic applications and
thermoelectric features of Cs-based HDPs for multiple com-
positions such as Cs2XYI 6 (XY: BeSr, BeCa, GeMg, GeCd,
GeBe) [28], Cs2A0A00Br6 (A0A00 : CdBe, BeMg, CdGe,
GeZn, GeMg, MgZn) [29], Cs2AGeCl6 (A: Zn, Cd) [22],
Cs2XGeF6(X: Sn, Pb) [30], Cs2CuIrF6 [31], Cs2CdZnCl6
[32], Cs2CuBiX6(X: I, Br, Cl) [33], and Cs2InBiX6(X: F,
Cl, Br, I) [34]. The motivation for this work stems from
the potential of Cs2PbBeBr6 HDP for diverse applications
across various fields of technology. Moreover, the absence of
theoretical or experimental studies on these properties high-
lights the importance of a comprehensive investigation of the
Cs2PbBeBr6 HDP. In this work, we employed first-principles
exploration to investigate the structural, elastic, electronic,
and optical characteristics of the novel Cs2PbBeBr6 HDP.
Our calculations indicate that the Cs2PbBeBr6 HDP show
promising potential for use in photovoltaic devices due to
their stability and exceptional optical properties. These find-
ings will enhance the understanding of the physical charac-
teristics of Cs2PbBeBr6 HDP and support progress in the ex-
perimental synthesis of this compound for solar energy har-
vesting.
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2. Calculation methodology

The calculations are conducted employing the linearized
and augmented plane wave technique (FP-LAPW), executed
through the Wien2k code [35]. To handle the exchangecor-
relation potential, the generalized gradient approximation
suggested by Perdew, Burke, and Ernzerhof (GGA-PBE)
[36] and the Tran-Blaha modified Becke-Johnson (TB-mBJ)
methods [37] were employed. The basis set extension was
determined using the criteriaRMT xKmax = 7, where RMT
represents the smallest radius of the muffin-tin, andKmax

represents the maximum value of the k-vector in reciprocal
space. We set the parametersGmax and lmax (angular mo-
mentum vector) to 12 Ry1/2 and 10, respectively. The RMT
values used for Cs, Pb, Be, and Br were 2.50, 2.50, 2.32,
and 2.50 atomic units, respectively. Computations were per-
formed using a dense mesh of 1000 k-points in the Brillouin
zone (BZ). Additionally, we used 3000 k-points for calculat-
ing elastic properties ensuring that the elastic constants var-
ied by less than 0.5% as the grid density increased, 2000 k-
points for electronic properties, and 4000 k-points for optical
properties to ensure accurate computations of these specific
properties. Electronic iterations continued until the energy
variation between two consecutive iterations was less than
10−4 Ry. We performed k-point convergence tests by in-
crementally increasing the grid density until the relative er-
ror between consecutive k-point increases was below 0.2%.
For the calculation of the elastic constants, the forces in the
SCF (selfconsistent field) cycles were converged to a value of
0.0001 eV/̊A.

3. Results and discussion

The following sections discuss the structural, elastic, elec-
tronic, and optical properties of the Cs2PbBeBr6 HDP.

3.1. The structural properties

Optimizing the unit cell geometry defines the structural prop-
erties of the Cs2PbBeBr6 HDP. Figure 1 shows the optimized

FIGURE 1. Crystal structure of the Cs2PbBeBr6 HDP.

TABLE I. The lattice constant (a, in̊A), bulk modulus (B, in GPa),
first derivative of the bulk modulus ( B0) , tolerance factor (τ ), x-
coordinate (xBr) of the Br atom, and enthalpy of formation per
formula unit (∆Hf , in Ry) of the Cs2PbBeBr6 HDP.

HDP a(Å) B(GPa) B′ τ xBr ∆Hf (Ry)

Cs2PbBeBr6 11.307 22.366 4.856 0.923 0.273 -2.672

structural configurations of the Cs2PbBeBr6 compound. The
stoichiometric formula for the studied double perovskite
combinations was Cs2PbBeBr6 HDP, which crystallize in the
space groupFm− 3̄m(# 225). This formula consists of four
elements: Cs, Pb, Be, and Br, arranged at a ratio of 2:1:1:6.
In this crystal structure, the atomic positions of the Cs atoms
are at (0.25, 0.25, 0.25) and (0.75, 0.75, 0.75) at interstitial
sites, with Pb, Be, and Br positioned at the (0, 0, 0), (0.5, 0.5,
0.5), and (xBr, 0, 0) sites, respectively. The computed lattice
constant was 11.307̊A (Table I).

Furthermore, the Cs2PbBeBr6 HDP exhibit very low
ground state energy, leading to a stable structure. Optimiza-
tion curves for the ground state energy are used to determine
the optimum parameters that minimize the total energy of a
system in its lowest energy state. Figure 2 shows the corre-
sponding volume optimization graph. The optimization curve
demonstrated the structural stability of Cs2PbBeBr6. The op-
timized lattice parameter, bulk modulusB and its derivative
B′, ground state energyE0, and volume at ground stateV0

are obtained using the Murnaghanequation of state [38]:

ETotal = E0 +
BV0

B′ (B′ − 1)

×
([

1− V0

V

]
B +

[
V0

V

]B′

− 1

)
. (1)

Table I presents the obtained values of the structural pa-
rameters for the Cs2PbBeBr6HDP. Additionally, the phase

FIGURE 2. Energy as a function of volume for the Cs2PbBeBr6
HDP.

Rev. Mex. Fis.71060503



ASSESSING THE VIABILITY OF CAESIUM-BASED DOUBLE PEROVSKITE FOR TECHNOLOGICAL APPLICATIONS 3

stability of this HDP structure was assessed using the toler-
ance factor (τ ). The equation used to computeτ is [39]:

τ =
RCs + RBr√

2
(

Rpb+RBe

2 + RBr

) . (2)

Here, the symbolsRCs, RPb, RBe, andRBr represent
the ionic radii of Cs, Pb, Be, and Br, respectively. For cu-
bic structures, the acceptable values for the tolerance factor
fall within the range of0.9 < τ < 1.0 [40,41]. Addition-
ally, we used the following equation to calculate the enthalpy
of formation (∆Hf ) to verify the feasibility of synthesizing
HDP:

∆Hf = ETot(Cs2Pb Be Br6)

− [2ECs + Epb + EBe + 6EBr], (3)

whereETotal(Cs2PbBeBr6) represents the total energy per
unit cell of the bulk Cs2PbBeBr6 HDP, andE(Cs), E(Pb),
E(Be), andE(Br) represent the total energy per Cs, Pb, Be,
and Br, respectively, in their pure solid state. Table I presents
the computed∆Hf for the Cs2PbBeBr6 HDP, demonstrat-
ing their thermal stability. Additionally, the negative value
of ∆Hf indicates that Cs2PbBeBr6 HDP can be synthesized
experimentally.

3.2. Elastic properties

The elastic constants are fundamental physical parameters
that characterize the forces exerted on a solid. They play
a crucial role in analyzing the mechanical stability of crys-
tal structures. For the cubic crystals under investigation, the
three elastic constants C11, C12, and C44 are sufficient to elu-
cidate the mechanical stability and related properties of the
material [42]. The elastic constants can be easily determined
using the IRelast package, which is seamlessly integrated into
Wien2k software [43]. The IRelast package uses a stress-
strain method to calculate elastic constants. This approach
involves applying small deformations to the crystal structure
and calculating the corresponding stress tensor for each de-
formation. The elastic constants are determined by fitting the
relationship between stress and strain, based on Hooke’s law.
The package ensures that various types of deformations, such
as shear and tensile, are applied to account for all independent
elastic constants according to the symmetry of the crystal.
To ensure the stability of mechanical structures, the elastic
constants must satisfy the Born-Huang stability criteria [44],
which are given as follows:

C11 − C12 > 0, C11 + 2C12 > 0,

C11 > B > C12, C44 > 0, and C11 > 0. (4)

The elastic constant values for the Cs2PbBeBr6 HDP
are presented in Table II. The results indicate that the
Cs2PbBeBr6 HDP satisfy the stability requirements, suggest-
ing that the crystal structure of the Cs2PbBeBr6 is stable.

TABLE II. The calculated elastic constants (Cij), Cauchy pressure
(Cp), bulk modulus (B), Shear modulus (G), Young’s modulus (Y)
all in GPa, Pugh’s ratio (B/G), Poisson’s ratio (υ), anisotropy con-
stant (A) and melting temperature (Tm, in K) of Cs2PbBeBr6 HDP.

HDP Cs2PbBeBr6

C11 (GPa) 40.147

C12 (GPa) 10.550

C44 (GPa) 13.420

Cp (GPa) 2.869

B (GPa) 22.328

G (GPa) 11.598

Y (GPa) 29.658

B/G 2.925

υ 0.278

A 0.790

Tm (K) 790.266± 300

Additionally, to investigate the hardness of the
Cs2PbBeBr6 HDP, key mechanical parameters, including
the Cauchy pressureCp, Bulk modulusB, Shear modulus
G, Young’s modulusY all in GPa, Pugh’s ratioB/G, Pois-
son’s ratio (υ), anisotropy constantA are considered. These
parameters were determined by the following equations:

B =
1
6
(C11 + 2C12). (5)

The Cauchy pressure [45] is defined as

Cp = C12 − C44. (6)

The VoigtGV and ReussGR shear moduli are obtained
by [46,47]

GV =
C11 − C12 + 3C44

5
, (7)

GR =
5(C11 − C12)C44

4C44 + 3(C11 − C12)
. (8)

The G of cubic crystals can be obtained from Navier’s
equation [48]

G =
(Gv + GR)

2
. (9)

Poisson’s ratioυ [49]

v =
3B − 2G

2(3B + G)
. (10)

Young’s modulusY [50]

Y =
9BG

3B + G
(11)

The Zener anisotropy factorA [51,52]

A =
2C44

(C11 − C12)
. (12)
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Typically, the shear modulusG represents a material’s re-
sistance to plastic deformation, whileB indicates its resis-
tance to fracture. Pugh introduced an index (B/G = 1.75)
to forecast the ductile (higherB/G) and brittle (lowerB/G)
behaviors of materials [53]. It is noteworthy that in Table II,
the Pugh’sB/G ratio value of the Cs2PbBeBr6 HDP sug-
gested that the material was ductile. This finding is supported
by the Poisson’s ratiov of 0.247 for the Cs2PbBeBr6, sug-
gesting that the equilibrium state of this material was ductile.
Furthermore, Cauchy’s pressure Cp = C12 − C44 serves to
discern the atomic bonding characteristics of materials and
provide insights into the bonding type within a compound.
A negative Cp value suggests a prevalence of brittle nature,
whereas a positive Cp value indicates a ductile nature. In the
case of the Cs2PbBeBr6 HDP, the calculated Cauchy pres-
sure positive, indicating that the Cs2PbBeBr6 is ductile. This
suggests that Cs2PbBeBr6 demonstrates greater resistance to
shearing or deformation caused by shear stress. The stiffness
of materials is indeed measured using Young’s modulusY .
Materials with a higher Young’s modulus value are consid-
ered to be stiffer, meaning that they require more force to
deform under a given amount of stress. Therefore, Young’s
modulus serves as a key indicator of a material’s stiffness or
rigidity. An essential factor to consider in material design is
the anisotropy parameter (A), which evaluates whether the
physical properties of solids remain consistent in all direc-
tions under uniform stress conditions. The value ofA = 1
indicates isotropic elasticity in the solid, while a material
exhibiting elastic anisotropy will have a differentA value
(A 6= 1), indicating a deviation from isotropic elasticity and
reflecting the degree of crystallinity distortion. As shown in
Table II, the anisotropy factor A is differ than 1, indicating
that the Cs2PbBeBr6 HDP is elastically anisotropic. We de-
termined the melting temperature, denoted as Tm, which is
related to the elastic constant through the following equa-
tion [54]:

Tm =
(

553K +
[
5.91 K

Gpa

]
C11

)
± 300 K. (13)

The calculated melting temperature of the Cs2PbBeBr6
HDP is provided in Table II.

3.3. Electronic properties

To evaluate the potential application of Cs2PbBeBr6 HDP
and elucidate its primary optoelectronic properties, we cal-
culated its band structure (BS) and density of states (DOS).
Using the optimized structural configuration, we applied
the GGA and TB-mBJ potential to compute the BS of
Cs2PbBeBr6 HDP, as shown in Fig. 3. The reason for us-
ing the TB-mBJ potential instead of the GGA potential is its
enhanced accuracy in predicting electronic band gaps. While
the GGA potential tends to underestimate band gaps, espe-
cially in semiconductors and insulators, the TB-mBJ poten-
tial has been shown to yield more accurate results, often
closer to experimental values. This makes it particularly use-

FIGURE 3. Electronic band structure along specific high-symmetry
lines in the Brillouin zone, as calculated using the GGA (panel a))
and TB-mBJ (panel b)) for Cs2PbBeBr6 HDP.

TABLE III. The calculated band gap (Eg, in eV) of the
Cs2PbBeBr6 HDP.

HDP Method Eg (eV)

Cs2PbBeBr6 GGA 2.243 (Γ, X-L)

TB-mBJ 3.248 (W,Γ, X, K-L)

ful for studies focused on electronic properties, where pre-
cise band gap predictions are crucial. The band gap value
of Cs2PbBeBr6 HDP is determined using both the GGA
and TB-mBJ potentials, as listed in Table III. The calcu-
lated indirect band gap values using TB-mBJ and GGA for
Cs2PbBeBr6 HDP are 3.248 eV and 2.243 eV, respectively.
TB-mBJ offers a more precise representation of the elec-
tronic structure, particularly the band gap, and is recognized
for substantially enhancing the band gap values compared to
GGA. The Cs2PbBeBr6 HDP exhibit highly favorable band
gaps, making them promising candidates for solar energy har-
vesting.

A deeper understanding of the role played by various en-
ergy states in band formation can be achieved by calculating
the total density of states (TDOS) and partial density of states
(PDOS). Figure 4 displays the TDOS for the valence band
and conduction band contributions from Cs, Pb, Be, and Br,
as determined by TB-mBJ. The Fermi level is set to 0 eV,
as indicated by the vertical dashed lines. The HDP has the
highest TDOS peak, as shown in Fig. 4, which roughly falls
within the valence band energy range of−6.3 eV to−6.7 eV.
The PDOS is also presented in Fig. 4, revealing that the p-Cs
and s-Pb states with small peaks of s, p-Be and p-Br states
significantly influence valence band generation. On the other
hand, the p-Pb states are essential for the development of con-
duction band, along with minor contributions from the s, p-
Be states. This is evident as the p-Br state and unoccupied
p-Pb and s, p-Be states shift closer to the Fermi level, playing
a crucial role in the optical phenomena. Cs2PbBeBr6 HDP
can be used in various applications due to its specific elec-
tronic properties, such as in photovoltaic cells.

Rev. Mex. Fis.71060503
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FIGURE 4. Total and partials density of states (TDOS, and PDOS)
as calculated using the TB-mBJ for Cs2PbBeBr6 HDP.

3.4. Optical properties

Understanding optical properties is of great importance
across different disciplines in optoelectronic and photovoltaic
devices. Therefore, it’s essential to accurately measure var-
ious optical characteristics, including the reflectanceR(ω),
energy loss functionL(ε), absorptionα(ω), refractive index
n(ω), and dielectric functionε(ω) as calculated using the TB-
mBJ method. The response of materials to light, known as
optical sensitivity, is characterized by the complex dielectric
functionε(ω), expressed asε(ω) = ε1(ω) + iε2(ω). Here,
the real part describes photon dispersion, while the imaginary
part signifies photon absorption due to electronic transitions
between occupied and unoccupied states [55]. Ambrosch-
Draxl and Sofo [56] provide a comprehensive explanation
of the methodology employed in the computation of optical
properties.

The real component of the dielectric constant,ε1(ω), as
depicted in Fig. 5, provides insights into the polarization or
dispersion of incident light within the material at plasmonic
resonance frequency. The static dielectric functionε1(0) val-
ues are 3.139 for Cs2PbBeBr6 HDP, as listed in Table IV.
Furthermore,ε1(ω) exhibits a significant increase from the
static limit,ε1(0), reaching a peak value at the resonance fre-
quency, where ions align to maximize polarization. Then,
as the frequency deviates slightly from resonance, the curves
decrease to zero values around 10.956 eV. Negative values
of ε1(ω) indicate that the material is in a metallic state and
reflects all incoming electromagnetic radiation [57-59]. Ad-
ditionally, the static dielectric constants,ε1(0), and the band
gap are linked through Penn’s model, expressed mathemati-
cally asε1(0) ≈ 1 + (~ωp/Eg)2, whereEg represents the
optical band gap andωp signifies the plasma frequency [60].
The observed peaks in the imaginary componentε2(ω) plots
are a result of the various potential inter-band transitions

FIGURE 5. Calculated optical parameters a)ε1(ω), b) ε2(ω), c)
n(ω) and d)R(ω) with photon energy for Cs2PbBeBr6 HDP.

within the electronic band structures of Cs2PbBeBr6 HDP.
According to the data in Fig. 5b), the optical band gap of
HDP stands around 3.24 eV, identified at the boundary point
of ε2(ω), consistent with the electronic band gap. Asε2(ω)
values rise from the initial threshold to a peak at 5.075 eV,
it predominantly function within the favorable Ultra-Violet
(UV) range. This suggests that the investigated Cs2PbBeBr6
HDP hold significant promise as key candidates for optoelec-
tronic applications.

The refractive index, denoted asn(ω), holds significance
as an optical parameter as it governs the interactions occur-
ring when photon energy interacts with a lattice, revealing the
bonding characteristics of materials. This parameter explains
the transparency of materials and can be compared with the
refractive index of semiconductors [61]. From the data in
Fig. 5c), the static refractive index,n(0), are determined to
be 1.772 for Cs2PbBeBr6 HDP. Our findings are supported
by the relationship between the static refractive index and di-
electric constant, expressed asn(0)2 = ε1(0) [62,63]. Fig-
ure 5d) illustrate that the Cs2PbBeBr6 HDP exhibit it highest
reflectivity value of 36.38% (13.0 eV), suggesting its capacity
to reflect photons with energies starting from the UV spec-
tra. Additionally, the double perovskite Cs2PbBeBr6 HDP
demonstrates modest reflectivity but notable refractive index
values. This make it ideal for incorporation into photovoltaic
cells.

The extinction coefficientk(ω) serves as a metric for
measuring the absorption properties of a material in the opti-
cal or UV regions of the electromagnetic spectrum. It refers
to the rate at which incident light is absorbed over a given

TABLE IV. The calculated static dielectric constantε1(0), static
refractive indexn(0) and static reflectivityR(0) of Cs2PbBeBr6
HDP.

HDP ε1(0) n(0) R(0)

Cs2PbBeBr6 3.139 1.172 0.078

Rev. Mex. Fis.71060503
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FIGURE 6. Calculated optical parameters a)K(ω), b) L(ω), c)
σ(ω) and d)α(ω) with photon energy of Cs2PbBeBr6 HDP.

distance and is related to the imaginary component of the
complex refractive index of the material. The extinction co-
efficient of Cs2PbBeBr6 HDP as depicted in Fig. 6a). Specif-
ically, at 0 eV, the peaks ofk(ω) within Cs2PbBeBr6 HDP
correspond to the points where the static extinction coeffi-
cient reaches zero. A static extinction coefficient of zero sig-
nifies that the material doesn’t absorb electromagnetic radia-
tion at a specific wavelength or energy level, indicating high
transparency or minimal absorption properties at that partic-
ular energy level. The value of the extinction coefficient may
vary with the wavelength or frequency of the incident light,
thereby illustrating the material’s absorption behavior across
different segments of the electromagnetic spectrum. From
Fig. 6a), it is clear that Cs2PbBeBr6 HDP has the great in-
tense of the extinction coefficient peak in the UV region.
Electron energy loss (EEL) refers to the energy loss of an
electron when it interacts with a substance. From Fig. 6b),
it’s evident that energy loss is minimal within the visible re-
gion of the spectrum. It’s evident that Cs2PbBeBr6 HDP ex-
hibits a significant intensity of theL(ω) peak in the UV re-
gion for HDP. Highest electron energy loss refers to the max-
imum amount of energy that electrons lose when interacting
with a material.

The optical conductivityσ(ω) describes the capacity
of a material to transmit light, which includes the transi-
tions of electrons between occupied and unoccupied states.
Figure 6c) illustrates that Cs2PbBeBr6 HDP exhibits its
highest optical conductivity values at 5208.65Ω−1cm−1

(10.898 eV). Highest optical conductivity refers to the max-
imum level of electrical conductivity exhibited by a mate-
rial when exposed to electromagnetic radiation. The peak
conductivity values of Cs2PbBeBr6 HDP is predominantly
concentrated in the UV region. Figure 6d) reveal that the
Cs2PbBeBr6 HDP exhibits significant absorptionα(ω) peaks
in the UV region of the spectrum, indicating a superior energy
level. The absorption coefficient values point to an optical
band gap of 3.24 eV for Cs2PbBeBr6 HDP. Additionally, the
peaks in the visible region are less intense compared to the ul-
traviolet region, making them suitable for practical use in ul-

traviolet optoelectronic devices and photovoltaic cells. Other
high-intensity peaks correspond to various electronic transi-
tions. A notable finding is its strong absorption of ultraviolet
light, expanding its potential applications, particularly in the
advancement of solar cells and other optical devices tailored
for the ultraviolet spectrum. A comprehensive study of the
optical properties reveals that Cs2PbBeBr6 HDP is an ideal
candidate for optoelectronic applications due to its maximum
absorption, minimal reflection, and low optical loss factor in
the visible and ultraviolet regions. A comprehensive investi-
gation into the optical properties of Cs2PbBeBr6 HDP reveals
its semiconductors properties.

4. Conclusions

In summary, the structural, elastic, and optoelectronic prop-
erties of Cs2PbBeBr6 HDP were calculated using density
functional theory (DFT) with the full-potential linear aug-
mented plane-wave (FP-LAPW) method, as implemented in
the Wien2k code. The tolerance factor, the enthalpy of for-
mation, and elastic properties confirm its crystallization in
a cubic structure (space group No. 225) and its mechanical
stability. The elastic properties also indicate its ductile be-
havior and anisotropy. Electronic characteristics, computed
using the GGA and TB-mBJ methods, revealed indirect band
gaps of 2.243 eV and 3.248 eV, respectively. Optical analy-
sis shows that Cs2PbBeBr6 absorbs energy in the visible and
ultraviolet spectra, suggesting its potential for applications in
renewable and green energy technologies.
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