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BP37G, 03000 Laghouat, Algeria

9College of Health and Medical Techniques, Al-Bayan University, Baghdad, Iraq

Nanotechnology and Catalysis Research Center (NANOCAT), University of Malaya, 50603 Kuala Lumpur, Malaysia

Department of Mechanical Engineering, Faculty of Engineering, Piri Reis University, Eflatun Sk. No: 8, 34940 Tuzla, Istanbul, Turkey

Received: 17 June 2024 / Accepted: 12 December 2024

Abstract: Using the full-potential linearised augmented plane wave approach, we examined the structural, electronic, and

optical features of AgXBr3 perovskite materials (X = Ca, Sr, or Ba). The GGA-PBEsol exchange-correlation functional

yields equilibrium structure parameters that match the literature. Electronic structure analysis demonstrates that the Tran–

Blaha modified Becke–Johnson and screened hybrid HSE06 functionals widen the bandgap compared to GGA-PBEsol. As

X’s atomic size rises, its indirect fundamental bandgap lowers. The density of states diagrams, complex dielectric function,

electronic energy loss function, absorption coefficient, reflectivity, extinction coefficient, and refractive index were

thoroughly explored. Results show that reducing the bandgap increases the dielectric function’s zero frequency limits.

Origins of optical spectra peaks and characteristics have been identified.

Keywords: Halide perovskites; FP-LAPW method; Structural parameters; Optoelectronic characteristics; Electronic

transition energy

1. Introduction

Inorganic halide perovskites have garnered significant

attention due to their unique properties and their

implication in diverse applications. The recent integration

of ABX3 halide perovskite materials as photoabsorbers has

revolutionized photovoltaic solar cells, leading to a

remarkable increase in power conversion efficiency from

approximately 3.8% in 2009 to nearly 25% in 2019 [1–5].

Moreover, the applications of these materials extend

beyond photovoltaics; they are also exploited in photode-

tectors, batteries and LEDs [6, 7]. The flexibility of per-

ovskites in terms of composition allows for the creation of
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a wide range of new structures. This versatility gives rise to

a broad spectrum of novel chemical and physical properties

[8], rendering them a highly significant category of func-

tional materials. These materials have been extensively

studied and applied in numerous fields, including ferro-

electricity [9–12], piezoelectricity [9, 13], ceramic science

[14, 15], photovoltaics [3, 16–19]

One of the most ranges of these materials is the halide

perovskites ABX3, where X represents halides like F, Cl,

Br, or I. These compounds have attracted significant

attention in the fields of technology and science because of

their exceptional optical, electrical, and magnetic proper-

ties, as well as their cost-effective manufacturing process

[8, 16, 20–25]. They are increasingly being utilized in solar

cells, optical fibers, solid-state lubricants, thin-film elec-

trolytes, lasers, thermoelectrics, and other applications that

exploit their piezoelectric, optoelectronic, photochemical,

and photoluminescent properties [24, 26–33].

In recent work, Gómez-Peralta and Bokhimi [34]

employed Artificial Neural Networks (ANN) [35] to pre-

dict the properties of a series of halide perovskites. The

AgXBr3compounds, where X are Ca, Sr, or Ba, are among

the aforementioned predicted halide perovskites. These

three compounds have been predicted to crystalize in their

idealized cubic form, with space group Pm3m (no. 221).

The unit cell of this structure contains one unit formula

(Z = 1), with the atomic positions defined by their Wyckoff

sites: Ag: 1a (0, 0, 0), X (X = Ca, Sr, Ba): 1b (1/2, 1/2,

1/2), and Br: 3c (1/2, 1/2, 0). The predicted unit cell

parameters for AgCaBr3, AgSrBr3, and AgBaBr3 are

5.4815 Å, 5.7490 Å, and 6.1310 Å, respectively. Their

expected bandgap energies are 0.73 eV for AgCaBr3 and

AgSrBr3, and 0.64 eV for AgBaBr3 [34]. As of now, the

AgXBr3 compounds, with X representing Ca, Sr, or Ba,

have neither been synthesized nor subjected to experi-

mental study. Building on previous research, our study

aims to explore the structural, electronic and optical

properties of these three lead-free halide perovskites

(AgXBr3, X = Ca, Sr, Ba) as promising eco-friendly

materials. To achieve a comprehensive understanding of

their properties, we utilized the full-potential linearized

augmented plane wave (FP-LAPW) method, implemented

in the WIEN2K code [36], along with the recently devel-

oped Tran–Blaha modified Becke–Johnson (TB-mBJ)

exchange–correlation potential[37] for better describing

the electronic structure. This advanced computational

technique enables us to provide a detailed analysis of these

materials’ properties, paving the way for future experi-

mental studies and eventual interesting applications.

2. Computational methodology

The full potential linearized augmented plane wave plus

local orbitals (FP-LAPW ? lo) approach [38], as imple-

mented in the WIEN2k package [36], was utilized to per-

form all first-principles computations. In the FP-LAPW

approach, the electronic wave functions are described

through a linear combination of radial atomic functions and

their energy derivatives, multiplied by spherical harmonics

inside the non-overlapping muffin-tin spheres (MTS) of

radii RMT, which are centered at atomic sites, while the

electronic wave functions in the interstitial region (IR) are

developed on a plane wave basis set. The spherical func-

tions are constrained by a cutoff value lmax, whereas the

plane wave basis set is constrained by a cutoff parameter:

RMT
minKmax, where Kmax represents the maximum plane wave

vector in the k-space and RMT
min represents the minimum

muffin-tin radius. In this study, the value of lmax was

chosen to be 10, whereas the value of RMT
minKmax was chosen

to be 7. In this study, a 10 � 10 � 10 Monkhorst–Pack grid

[39] was employed to sample the first Brillouin zone. The

self-consistent field iteration technique was then executed

until the crystal’s total energy reached a convergence value

of 10–5 Ry. The electronic exchange–correlation effects

were simulated using the well-known PBEsol variant of the

generalized gradient approximation, called [40] in order to

examine the structural properties. Conventional GGA is

known for its propensity to underestimate the band gap

value. Thus, to better determine the bandgap values of the

examined materials, the Tran–Blaha modified Becke–

Johnson (TB-mBJ) potential [37] and the screened hybrid

functional HSE06 [41–43] were employed to model the

exchange–correlation interactions for the electronic struc-

ture evaluation.

The optical properties calculation package of the

WIEN2k code [36] was used to calculate the optical

properties of the considered compounds. The calculation of

the imaginary part ðe2ðxÞÞ of the dielectric function

ðeðxÞ ¼ e1ðxÞ þ ie2ðxÞÞ involves summing the direct

electronic transitions between occupied states in the

valence band and unoccupied states in the conduction band.

The exclusion of indirect and intraband transitions from the

summing was based on their minimal impact on semicon-

ductors and insulators. The Kramers–Kronig transforma-

tion [44] was used to calculate the real component ðe1ðxÞÞ.
The density of states and optical coefficients, including

absorption coefficient, refractive index, extinction coeffi-

cient, reflectivity coefficient, and electronic loss-energy

function, were calculated using 21 � 21 � 21 Monkhorst–

Pack k-points.
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3. Results and discussion

3.1. Structural properties

The perovskite materials AgXBr3 (X = Ca, Sr, and Ba)

have a simple cubic crystal structure, characterized by the

space group Pm3m (#221) [34]. The unit cell comprises

one chemical formula unit (Z = 1). The atomic positions

within the unit cell are as follows: Ag occupies the

Wyckoff site 1a (0, 0, 0), X (X = Ca, Sr, and Ba) resides in

the Wyckoff site 1b (1/2, 1/2, 1/2), and Br is located in the

Wyckoff site 3c (1/2, 1/2, 0). Figure 1 depicts the prototype

unit cell of AgCaBr3. The Ca cation is coupled with six Br

anions, resulting in the formation of regular octahedra

CaBr6, and Ag cation exhibit coordination with twelve

bromine anions, resulting in the formation of cuboctahedral

coordination environments. To ascertain the lattice

parameter (a), bulk modulus (B), and its pressure derivative

(B’) for the considered compounds, we employed the Birch

and Birch-Murnaghan equations of state (EOS) [45] to fit

the calculated total energy (E) against the unit cell volume

(V). The calculated values of the equilibrium lattice

parameter (a), bulk modulus (B) and its pressure derivative

(B’) for AgCaBr3, AgSrBr3, and AgBaBr3 are listed in

Table 1. It is observed that the lattice parameter values,

exhibit a satisfactory level of concurrence with the existing

data documented in the literature [34]. It is worth men-

tioning that the lattice parameter of AgXBr3 increases as

the atomic size of X element increases. A comparison of

the bulk modulus values listed in Table 1 for the three

compounds studied shows that they decrease when moving

from AgCaBr3 to AgSrBr3 and then to AgBaBr3. This trend

suggests that the hardness of these compounds decreases

slightly when moving from AgCaBr3 to AgSrBr3 and then

to AgBaBr3. We note that the values of B acquired by the

two equations of state, namely Birch and Birch-Murnaghan

EOS, are in excellent agreement, indicating the reliability

of the results obtained.

To evaluate the stability of the materials under consid-

eration with the cubic structure, we computed the Gold-

smith tolerance factor (t) [46]. The stability of a cubic

perovskite ABX3 structure is conditioned by values of ‘‘t’’

between 0.8 and 1.0. The Goldschmidt tolerance factor

values for AgCaBr3, AgSrBr3, and AgBaBr3, as shown in

Table 1, fall within the required values range. This sug-

gests that these materials exhibit stability within the cubic

structure.

Furthermore, we calculated the formation enthalpy (DH)

and cohesive energy (Ecoh) for AgCaBr3, AgSrBr3, and

AgBaBr3 in order to assess their structural and thermody-

namic stabilities [47–51]. The formation enthalpies and

cohesive energies of the compounds AgXBr3 (X = Ca, Sr

and Ba) were calculated using the subsequent relationships:

DH ¼ 1

nAg þ nX þ nBr

EAgXBr3

tot � nAgE
Ag solidð Þ
tot þ nXE

X solidð Þ
tot þ nBrE

Br solidð Þ
tot

� �h i

Ecoh ¼ 1

nAg þ nX þ nBr

EAgXBr3

tot � nAgE
Ag atomð Þ
tot þ nXE

X atomð Þ
tot þ nBrE

Br atomð Þ
tot

� �h i

Here, EAgXBr3
tot is the total energy of the primitive cell of

AgXBr3; E
AgðsolidÞ
tot ,E

XðsolidÞ
tot and E

BrðsolidÞ
tot are the total

energies per atom of the pure Ag, X (X = Ca, Sr, Ba)

and Br elements in their solid state; E
AgðatomÞ
tot , E

XðatomÞ
tot and

E
BrðatomÞ
tot are the total energies of the isolated Ag, X, and Br

atoms; nAg, nX and nBr represent respectively the number of

Ag, X, and Br atoms in the primitive cell. The calculated

formation enthalpies and cohesive energies for AgXBr3

(X = Ca, Sr, Ba) are given in Table 1. The studied

perovskites in their cubic structure are structurally and

energetically stable, as evidenced by the negative values of

both the formation enthalpies (DH) and cohesive energies

(Ecoh). Figure 2 depicts the fluctuation of DH in relation to

pressure. It is evident that the value of DH remains

negative within the specified pressure range, but it rises as

the pressure increases. Consequently, the stability of these

materials decreases as pressure increases. It is also

observed that the stability of AgXBr3 decreases as the

cation X moves down the column of the periodic table, in

the order: Ca ? Sr ? Ba.

To assess the dynamical stability of the compounds

under scrutiny, we examined their phonon dispersion

spectra. This examination was carried out employing the

linear response method implemented in the CASTEP code

[52]. The resulting phonon dispersion diagrams areFig. 1 Schematic representation of the unit cell of AgCaBr3 showing

the CaBr6 octahedron
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visualized in Fig. 3. In materials research, the absence of

soft modes (also referred to as imaginary modes or nega-

tive frequencies) in the phonon dispersion curve of a

material is an indicator of its dynamic stability [53–59].

Theoretically, soft modes represented by negative fre-

quencies in the phonon dispersions of materials indicate

their dynamic instability. Such soft modes are known to

initiate lattice instability, potentially leading to structural

phase transitions. Additionally, their presence suggests that

synthesizing the compound under normal conditions may

be challenging. It is, however, imperative to emphasize the

nuanced nature of the implications associated with the

presence of negative frequencies in the phonon dispersion

curves of materials. In some cases, this phenomenon does

not categorically mean that the crystal structures of these

materials are inherently unstable. Indeed, a multitude of

previously synthesized materials exhibited soft vibrational

modes [60–62], thus demonstrating that a material can

maintain its stability even in the presence of these soft

modes. Therefore, the mere existence of soft modes within

the materials in question should not be automatically

interpreted as proof of the impossibility of their synthesis.

Further investigations are needed to determine the condi-

tions under which the considered materials can be syn-

thesized and stabilized.

To examine the impact of external pressure on the unit

cell volume ‘‘V’’ and lattice parameter ‘‘a’’ of the AgXBr3

(X = Ca, Sr, and Ba) materials, we examined a/a0 and V/

V0 as functions of pressure as depicted in Fig. 4, where V

and a represent the unit cell volume and lattice parameter,

respectively, at a pressure P, while V0 and a0 denote their

respective values at zero pressure. The calculated a/a0 and

V/V0 ratios as functions of pressure were well fitted, as

illustrated in Fig. 4, by the following third-order

polynomials:

a
a0

� �AgCaBr3

¼ 1 � 0:014P þ 7:41 � 10�4P2 � 1:91 � 10�5P3

V
V0

� �AgCaBr3

¼ 1 � 0:040P þ 2:39 � 10�3P2 � 6:33 � 10�5P3

8><
>:

;

a

a0

� �AgSrBr3

¼ 1 � 0:016P þ 9:27 � 10�4P2 � 2:48 � 10�5P3

V

V0

� �AgSrBr3

¼ 1 � 0:046P þ 2:96 � 10�3P2 � 8:11 � 10�5P3

8>>><
>>>:

,

a

a0

� �AgBaBr3

¼ 1 � 0:018P þ 1:16 � 10�3P2 � 3:22 � 10�5P3

V

V0

� �AgBaBr3

¼ 1 � 0:053P þ 3:65 � 10�3P2 � 1:03 � 10�4P3

8>>><
>>>:

It is clear from Fig. 4 that both a/a0 and V/V0 decrease

with increasing pressure for AgXBr3 (X = Ca, Sr, Ba). In

addition, it is found that the resistance to both

unidirectional and volumetric compression decreases in

the order of AgCaBr3, AgSrBr3, and AgBaBr3, with

AgBaBr3 being the most compressible.

3.2. Electronic properties

The electronic structure of a substance is intricately linked

to several of its physical characteristics, including optical,

transport, and thermoelectric characteristics. The electronic

band structure and density of states of AgXBr3 (X = Ca,

Sr, and Ba) compounds were extensively investigated in

this study. The energy band dispersions along the X–R–M–

C–R path in the first Brillouin zone for the materials under

consideration were determined using the GGA-PBEsol,

TB-mBJ and HSE06 exchange–correlation functionals.

Figure 5 displays the computed energy band dispersions

using the GGA-PBEsol and TB-mBJ functionals. The

calculated bandgap values for herein studied compounds

within the GGA-PBE, TB-mBJ and HSE06 exchange–

Table 1 Calculated lattice parameter (a0, in Å), Goldschmidt tolerance factor (t), cohesive energy (Ecoh, in eV/atom), formation enthalpy (DH,

in eV/atom), bulk modulus (B, in GPa), bulk modulus first pressure derivative (B’) for the ternary halide perovskites: AgCaBr3, AgSrBr3 and

AgBaBr3

Property AgCaBr3 AgSrBr3 AgBaBr3

GGA Other [34] GGA Other [34] GGA Other [34]

a0

t

Ecoh

DH

B

B’

5.6201

0.86

- 1.2288

- 1.3925

21.171

21.172

4.521

4.532

5.4815 5.9082

0.80

- 1.1965

- 1.3803

17.661

17.662

4.581

4.582

5.7490 6.2453

0.79

- 1.2014

- 1.3409

14.621

14.622

4.631

4.642

6.1310

1from Birch E—V EOS, 2from Birch-Murnaghan E—V EOS
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correlation functionals are listed in Table 2. It is clear from

Table 2 that the band gap values obtained using the GGA-

PBE exchange–correlation functional are remarkably

smaller compared to the corresponding values obtained

using the TB-mBJ and HSE06 functionals. It is widely

recognized that the GGA functional tends to underestimate

the value of the band gap. It is worth mentioning that the

band gap values produced using GGA-PBEsol show a

higher degree of agreement with those documented in

previous studies that used DFT with the GGA functional.

[34]. The TB-mBJ and HSE06 exchange–correlation

functionals produce significantly improved bandgap values

compared to those obtained using GGA-PBEsol. Exami-

nation of the calculated band structures determined using

the TB-mBJ potential indicates that all three compounds

studied have fundamental indirect energy band gaps (C–R)

of approximately 4 eV, with a slight increase as the atomic

size of element X increases from AgCaBr3 to AgSrBr3 to

AgBaBr3. Based on the calculated values of the energy

bandgaps, these compounds can be classified as wide

Fig. 2 Pressure dependence of

the enthalpy of formation (DH)

for AgCaBr3, AgSrBr3 and

AgBaBr3 materials

Fig. 3 Phonon dispersion curves for AgCaBr3, AgSrBr3 and AgBaBr3 compounds
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bandgap semiconductors, and this makes them potential

candidates for ultraviolet and visible light emitters, trans-

parent conducting electrode and other optoelectronic

applications [62–64]. It is worth noting that Table 2 and

Fig. 6 show that the values of the R–R and X–R energy

band gaps, especially that of the X–R band gap, are quite

close to that of the fundamental band gap.

To analyze the nature and distribution of the electronic

states forming the energy bands of the AgXBr3 compounds,

we calculated the total density of states (TDOS) and the

partial density of states (PDOS) on specific atomic sites

and orbitals within an energy range of -15 to 10 eV.

Figure 7 displays the calculated TDOD and PDOS curves.

The obtained DOS diagrams reveal that the characteristics

of the DOS spectra of the compounds considered are

similar. This similarity can be attributed to the fact that the

differing atoms, X (X = Ca, Sr, or Ba), are isoelectronic.

Figure 7 shows that the valence bands of AgCaBr3 are

subdivided into two distinct subbands, V1 and V2, while

for AgSrBr3 and AgBaBr3, the valence bands are subdi-

vided into three band groups: V1, V2, and V3. The lowest

energy valence band groups of AgSrBr3 and AgBaBr3,

labeled V3, exhibit relatively narrow shapes with peaks

centered at -15 eV and -12.61 eV, respectively. Simi-

larly, the V2 valence subband, which also has narrow

shapes, shows a peak centered at -12.61 eV for AgCaBr3,

-12.17 eV for AgSrBr3, and -9.67 eV for AgBaBr3. All

of these valence band groups, namely V2 and V3, are

composed of hybridized Br-s and X-p (X = Ca, Sr, or Ba)

states. The upper valence band groups extend from

-2.80 eV, -2.21 eV, and -2.07 eV to the Fermi level

(0 eV) for AgCaBr3, AgSrBr3, and AgBaBr3, respectively.

Fig. 4 Pressure dependence of

a/a0 and V/V0 for AgCaBr3,

AgSrBr3 and AgBaBr3

materials. a and V are the lattice

parameter and unit cell volume,

respectively, at a pressure P and

a0 and V0 are their

corresponding values,

respectively, at zero pressure

Table 2 The predicted values (in eV) of the energy direct bandgap R–R and indirect bandgaps C–R and X–R using the GGA-PBEsol, TB-mBJ

and HSE06 functionals for AgCaBr3, AgSrBr3 and AgBaBr3 compounds and the relevant theoretical information found in existing literature

Compound XC functional R–R C–R X–R

AgCaBr3

AgSrBr3

AgBaBr3

GGA-PBEsol

TB-mBJ

HSE06

Other [34]

GGA-PBEsol

TB-mBJ

HSE06

Other [34]

GGA-PBEsol

TB-mBJ

HSE06

Other [34]

1.189

4.308

1.061

4.386

0.817

4.410

0.809

3.986

2.321

0.730

0.790

4.143

2.285

0.730

0.689

4.292

2.174

0.640

0.823

4.002

0.797

4.144

0.694

4.295
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This valence subband is mainly formed by the hybridiza-

tion between the d orbitals of Ag atoms and the p orbitals

of Br atoms. The p orbitals of Ca, Sr, and Ba atoms are

primarily responsible for the bottom of the conduction

band.

3.3. Optical properties

An investigation was conducted to examine the optical

characteristics of AgCaBr3, AgSrBr3, and AgBaBr3

compounds within the energy range of 0–30 eV. This

theoretical investigation was undertaken to analyses the

optical properties by examining the frequency-dependent

dielectric function, represented as eðxÞ ¼ e1ðxÞ þ ie2ðxÞ.
The absorption events occurring within the crystal are

characterized by the imaginary component ðe2ðxÞÞ of the

dielectric function, which may be determined using the

electronic band structure data. The Kramer-Kronig trans-

formation can be used to get the real component ðe1ðxÞÞ of

the dielectric function, which characterizes the scattering

Fig. 5 Band energy dispersions along the high-symmetry directions as calculated using the FP-LAPW ? lo method with the TB-mBJ (a) and

GGA-PBEsol (b) functionals for AgCaBr3, AgSrBr3 and AgBaBr3 materials. The Fermi level is shifted to zero

Investigation of the structural, electronic and optical properties of halide perovskites...



of electromagnetic radiation upon its entry into a medium

[65]. The frequency-dependent imaginary and real com-

ponents of the dielectric function for the materials under

investigation are depicted in Fig. 8. The determination of

the static dielectric constant occurs at the lower energy

limit, which is represented as eð0Þ ¼ e1ðx ! 0Þ [44, 66].

The static dielectric constants of AgCaBr3, AgSrBr3, and

AgBaBr3 are measured to be 2.88, 2.61, and 2.48, respec-

tively. The findings align with the Penn model [67]:

eð0Þ � �hxp=E2
g, where �hxp represents the plasma energy.

In other words, a reduction in Eg corresponds to an increase

in eð0Þ.
The primary purpose is to determine the origins of

electronic transitions that contribute to the structures visi-

ble in the e2ðxÞ spectrum. This involves the identification

of the particular energy bands implicated, namely the

valence band Vi and the conduction band Cj, together with

the electronic states that are engaged in these transitions.

The methodology entails the isolation of electronic tran-

sitions that take place between each pair of energy bands

Fig. 6 Enlarged view of the band structure around the fundamental band gap with indication of the values of energy bandgaps U–R, R–R and X–

R for AgCaBr3, AgSrBr3, and AgBaBr3 materials

D. Allali et al.



Fig. 7 Total density of state (TDOS) and l-decomposed site projected density of states (PDOS) for AgCaBr3, AgSrBr3, and AgBaBr3 materials

as calculated using the TB-mBJ potential. The energy zero (0 eV) is chosen to be at the Fermi energy

Fig. 8 The spectra of the real

(e1ðxÞ) and imaginary (e2ðxÞ)
parts of the dielectric function

for AgCaBr3, AgSrBr3, and

AgBaBr3 compounds. The

calculations were performed

using the TB-mBJ potential

Investigation of the structural, electronic and optical properties of halide perovskites...



Vi ? Cj, together with their corresponding contributions.

The identification of electronic states that primarily con-

tribute to this process is facilitated by the electronic tran-

sition energy bands: ðEðCjÞ � EðViÞÞðkÞ. Consequently,

there exists a correlation between peak energies and elec-

tronic energy transitions. In the upper panel of Fig. 9, the

notable contributions of interband electronic transitions are

illustrated for AgCaBr3, which serves as prototype. Fur-

thermore, the lower panel of Fig. 9 shows the locations of

the electronic states (that contribute to the electronic

transitions) in the Brillouin zone (BZ) that for the three

materials under investigation. The initial pivotal point E0

of the curve represents the optical absorption threshold.

The energy band pairings (Vi, Cj) and the positions in the

Brillouin zone (BZ) of electronic states that are principally

responsible for the formation of the spectra are presented in

Tables S1, S2 and S3.

Figure 10 displays the spectra of the absorption coeffi-

cients a(x), refractive index n(x), extinction coefficient

k(x), electron energy loss L(x), and reflectivity R(x) for

the materials AgCaBr3, AgSrBr3, and AgBaBr3, as func-

tions of incident photon energy. A significant absorption is

seen throughout a broad energy range spanning from

approximately 3.9 to 42 eV for AgCaBr3, 4.16 to 41 eV for

AgSrBr3, and 4.11 to 40.7 eV for AgBaBr3. The com-

pounds AgCaBr3, AgSrBr3 and AgBaBr3 exhibit maxi-

mum absorption intensities at approximately 27.1 eV,

22.8 eV and 17.7 eV, respectively. These compounds

possess the ability to absorb light within the ultraviolet

range and demonstrate transparency within the visible

spectrum. As a result, they may serve as efficient filters for

a wide array of radiation intensities, encompassing the

ultraviolet (UV) spectrum. At energy levels above 42 eV,

the transparency of these compounds is observed as a result

of a gradual decline in electron reactivity.

The refractive index n(x) is an essential optical

parameter that quantifies the degree of bending of elec-

tromagnetic radiation in a given medium [68]. The n(x)

curve exhibits a consistent trend at lower energy levels,

progressively rising as energy near the absorption edge,

reaching its highest point before decreasing at higher

energy levels. The greatest refractive index values

observed for AgCaBr3, AgSrBr3, and AgBaBr3 are 2.14,

2.09, and 2.11, respectively, when exposed to photons of

energy levels of 6.11 eV, 7.39 eV, and 7.45 eV, respec-

tively. The static refractive index n(0) of AgCaBr3,

AgSrBr3, and AgBaBr3 demonstrates an upward tendency,

in contrast to the decreasing behavior of the bandgap. In

addition, it is worth noting that each compound exhibits

distinct energy levels at which the extinction coefficient

k(x) reaches its highest value. Specifically, AgCaBr3

exhibits a peak value of 1.11 at 13.87 eV, AgSrBr3 reaches

a peak value of 0.95 at 9.58 eV, and AgBaBr3 reaches a

peak value of 0.96 at 7.88 eV.

The materials under consideration have a markedly low

static optical reflectivity, with values of 6.7% for AgCaBr3,

5.3% for AgSrBr3, and 4.6% for AgBaBr3. The electron

energy loss function (L(x)) is essential for comprehending

the dissipation of energy when high-velocity electrons

move through a substance [69]. The L(x) spectra of

AgCaBr3, AgSrBr3 and AgBaBr3 compounds exhibit

plasmon peaks at approximately 27.79 eV, 24.09 eV and

19.45 eV, respectively.

Fig. 9 Decomposition of the spectrum of the imaginary part e2ðxÞ of

the dielectric function into band-to-band contributions (top panel) and

the transition energy band structure (bottom panel) for AgCaBr3

D. Allali et al.



4. Conclusion

The present study employed the full potential augmented

plane wave plus local orbitals approach to examine the

structural, electronic and optical characteristics of the cubic

perovskite AgXBr3, where X is Ca, Sr, or Ba. The

exchange–correlation interactions were described using

three different functionals, specifically GGA-PBEsol, TB-

mBJ and HSE06. The results of our study indicate that all

three materials demonstrate semiconducting properties.

AgCaBr3, AgSrBr3, and AgBaBr3 have an indirect bandgap

located between the C and R points in BZ. The bandgap

values of AgCaBr3, AgSrBr3, and AgBaBr3 using the TB-

mBJ (HSE06, GGA-PBEsol) functional are 3.986 (2.321,

0.809), 4.143 (2.321, 0.790), and 4.292 (2.174, 0.689) eV,

respectively. Calculations of dielectric functions and their

associated optical characteristics, such as extinction coef-

ficient, refractive index, absorption coefficient, electronic

energy loss function, and reflectivity, have been performed

over a broad energy spectrum from 0 to 35 eV. Significant

absorption is observed across a broad energy range span-

ning from approximately 3.9 to 42 eV for AgCaBr3, 4.16 to

41 eV AgSrBr3, and 4.11 to 40.7 eV AgBaBr3. Accord-

ingly, these compounds are capable of absorbing light in

the ultraviolet range while maintaining transparency in the

visible spectrum. Consequently, they function as effective

filter for a wide array of radiation intensities, encompassing

the far ultraviolet (UV) spectrum. Additionally, valuable

insights into the microscopic origins of the properties of

optical spectra were achieved by decomposing the imagi-

nary part of the dielectric function into contributions of

different band-to-band transitions and developing transition

band structures. Moreover, this methodology facilitated the

distinction of contributions originating from various places

inside the Brillouin zone. Notably, a rise in the value of the

static dielectric constant eð0Þ was seen when the bandgap

(Eg) decreased, aligning with the predictions made by the

Penn model.

Fig. 10 The calculated spectra of the absorption coefficient a(x), refractive index n(x), extinction coefficient k(x), optical reflectivity R(x) and

electron energy loss function L(x) for AgCaBr3, AgSrBr3 and AgBaBr3 compounds as calculated using the TB-mBJ potential

Investigation of the structural, electronic and optical properties of halide perovskites...
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