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Abstract: Materials with versatile physical properties are essential for contemporary physical society, especially in

electronics, renewable energy, transportation, medicine, and more. This intact capability holds the potential for a revo-

lutionary shift towards environmentally friendly renewable energy sources. Consequently, the exploration of materials that

encompass multiple functions becomes highly imperative. This study is concentrated on comprehending the physical

characteristics of elastic and optoelectronic materials to propose novel, highly efficient materials suitable for photovoltaic

device applications. Within this paper, the fundamental study of fluoroperovskite properties in the context of density

functional theory is undertaken, employing the full potential linearized augmented plane wave approach. Specifically,

fluoroperovskite ZnXF3 (X = Sr, Ba) is scrutinized concerning its structural, electronic, optical, and elastic attributes. The

optimized crystal structural parameters for both compounds are determined as 4.41 Å for ZnSrF3 and 4.52 Å for ZnBaF3,

employing the Birch-Murnaghan fitting approach for the unit cell energy versus unit cell volume. All fundamental physical

properties are subsequently calculated using these optimized lattice constants. To address strongly correlated electron

systems, the recently developed Modified Beck-Johnson potential is employed in this research. The tolerance factor ‘‘s’’ is
computed for both materials, yielding values of 0.98 for ZnSrF3 and 0.86 for ZnBaF3, affirming the structural stability of

these perovskite crystal structures. The analysis of electronic properties reveals that both compounds exhibit a metallic

behavior, for ZnXF3 (X = Sr, Ba) fluoroperovskites. Furthermore, the research explores the potential of these selected

compounds by computing their optical properties within the energy range of 0–14 eV for incident photons, with a focus on

potential optoelectronic applications. Additionally, mechanical properties for both materials are assessed using the IRelast

package, with results indicating that ZnXF3 (X = Sr, Ba) fluoroPerovskites are mechanically stable, resistant to abrasion,

ductile, and anisotropic. The precision and accuracy of the reported findings provide strong support for the potential

applications of zinc-based ZnXF3 (X = Sr, Ba) fluoroperovskites in photovoltaic and modern semiconductor industries.
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1. Introduction

Computational science and its resources have evolved

steadily over the last few decades. As a result, simulation

tools can now perform thorough and precise computations

on a growing and complex array of materials. For instance,

understanding the effect of interacting atoms that may be

triggered by an external field. Computations can be per-

formed through different methods, from classical approa-

ches to quantum physics [1–3]. For example, the classical

mechanical technique is based on a semi-empirical

framework and requires extensive input parameters to

produce nearer experimental results. On the other hand, the

first principle method is based on quantum mechanical

theories, which can treat smaller unit cells, and no exper-

imental data is required to carry out the computations.

Therefore, the DFT, which is based on the quantum

mechanical simulation of periodic systems, has been lar-

gely employed for the investigation of various character-

istics of different materials over the past few decades

[4–6].

Perovskites are among the compounds that have been

widely investigated through the DFT [7–9]. Calcium

Titanate (CaTiO3) was the first Perovskite compound that

was found in 1839 by Gustav Rose in the Ural Mountains

of Russia and then named after Russian mineralogist Lev

Perovski. Perovskites (ABX3) are a broad class of sub-

stances, where A is called an organic cation, B is consid-

ered a divalent metallic cation, and X is a halide anion.

They exhibit electrical properties ranging from insulators

to superconductor, which depends on the elements A, B,

and X. Perovskites are commonly used in 3D printers, solar

cells, light-emitting nanoantennas, and X-ray detectors.

Also, they have wider optoelectronic applications due to

their high radiative performance, lengthy carrier diffusion

lengths, higher optical absorption, tolerance for defects,

and ability to tune the band gap. Moreover, they are used in

LEDs, lasers, photodetectors, and other active devices

[10–12]. A wide variety of substances are found in the

Perovskites family, ranging from nitride to halides. Many

studies have been conducted on cubic Perovskites with

different compositions and structures [13–15]. One of the

most substantial Perovskites is known as the fluoroper-

ovskites (ABF3), where elements A represents alkali met-

als, and B represent alkaline earth metals.

Fluoroperovskites compounds have attracted a lot of

attention due to their use in a variety of technological

fields, including lithography, optoelectronic, semiconduct-

ing devices, piezoelectricity, and thermoelectricity [16].

The fluoroperovskites have a large band gap, making them

particularly desirable materials with great transparency in

the deep and vacuum ultraviolet spectrum and infrared

regions [17–20]. Rigorous investigations have been con-

ducted to anticipate the physical, optoelectronic, and

mechanical properties of fluoroperovskites for applications

in high-energy scenarios [21–28]. Rahman et al. [29]

employed the FP-LAPW method to calculate the Mg-based

fluoroperovskite XMgF3 (X = Ga, Al, and In) compounds.

The WIEN2k method was used to investigate the various

physical properties of these substances. The investigation

discovered that, within reasonable limits, the structural

features of these compounds matched prior literature

results. GaMgF3 and InMgF3 compounds were revealed to

be anisotropic, ductile, and mechanically stable, with

GaMgF3 being stiffer and more compressible than InMgF3.

The mechanical instability of the third chemical under

investigation, AlMgF3, was also established. AlMgF3 and

InMgF3 showed semiconductor electronic band structures

with an indirect (M—X) band gap of 2.49 eV and 2.98 eV,

respectively, however, GaMgF3 was discovered to be an

insulator. The findings also indicated that the atoms’

bonding force was largely ionic, with barely a hint of

covalent nature. Finally, the research found that these

chemicals can be employed to build electrical devices.

Therefore, this study aims to research the structural,

electronics, optical, and elastic properties of Zn-based

fluoroperovskite using DFT and the full potential linear

augmented plane wave (FP-LAPW) approach.

1.1. Computational approach and modeling

The cubic fluoroperovskite structural compounds, known

as ABF3, are characterized by the Pm-3 m (#221) space

group. Our focus lies in the examination of Zn-based flu-

oroperovskites, specifically ZnXF3 (X = Sr, Ba), within the

larger group of fluoroperovskite compounds. These mate-

rials adopt a cubic structure, with atoms located at specific

coordinates: (0, 0, 0) for X, (1/2, 1/2, 1/2) for Zn, and (0,

1/2, 1/2) for F. For our investigations, we employ an

ab initio FP-LAPW method, a density functional theory-

based approach, implemented through the WIEN2K [30]

software. Our primary objectives include studying opti-

mized lattice constants, ground state volume, and energy.

To achieve this, we fit the energy-volume relationship

using the Murnaghan equation of state. The improved lat-

tice constants resulting from this process are used to create

a new structure, with self-consistent iterations taking into

account the exchange–correlation effects [31] via a
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generalized gradient approximation. The TB-mBJ (Tran–

Blaha modified Becke–Johnson) exchange potential is

utilized to explore the electronic and optical properties of

Zinc-based ZnXF3 (A = Sr, Ba) fluoroperovskite com-

pounds. This lays the groundwork for further computations,

such as elastic constants, band gap energy, density of

states, and optical properties. To ensure our findings align

with reported experimental results, we carefully select

parameters, including the muffin-tin sphere radius (RMT)

and the plane wave cutoff (Kmax). In the context of

structural optimization, integrals across the Brillouin zone

are computed, with up to 2000 k-points calculated

throughout the entire Brillouin zone.

2. Results and discussion

2.1. Structural attributes

The cubic crystal structure of Zn-based compounds,

specifically ZnXF3 (where X = Sr, Ba), is depicted in

Fig. 1. This structure belongs to the space group Pm-3 m

(#221). In this arrangement, X is positioned at the Wyckoff

coordinates (0, 0, 0), and Zn is located at (0.5, 0.5, 0.5).

Additionally, the F atoms occupy positions at (0.5, 0, 0.5),

(0.5, 0.5, 0), and (0, 0.5, 0.5). The lattice constants for these

materials, namely ZnSrF3 and ZnBaF3, have been deter-

mined using the TB-mBJ method and are found to be

approximately 4.41 A0 and 4.52 A0 for both compounds.

The phase of a perovskite material can be characterized

using a parameter known as the tolerance factor. When the

tolerance factor falls within the range of 0.9–1.0, the per-

ovskite material is classified as cubic [32]. In the current

scenario, the calculated tolerance factor is determined to be

0.98 for ZnSrF3 and 0.862 for ZnBaF3. Consequently, the

crystal structure of all these perovskite materials is indeed

cubic. The cubic crystal structure of ZnXF3 (X = Sr, Ba) is

illustrated in Fig. 1.

Examining crystal structural properties involves mini-

mizing the total energy of cubic ZznXF3 compounds

(X = Sr, Ba) as volume changes. The Murnaghan equation

of state (EOS) [33, 34] is employed to fit the energy-vol-

ume data, resulting in equilibrium lattice parameters, bulk

modulus, pressure derivative, ground state energy (E0), and

the corresponding ground state volume. The analysis of the

optimization curve reveals a consistent pattern across all

investigated substances. Figure 2 illustrates an initial

energy decrease with increasing volume, culminating in the

achievement of ground-state energy, representing the

lowest attainable energy level. Examination of the struc-

tural characteristics of the chosen materials affirms that

both possess a stable cubic crystalline structure, with

detailed structural attributes outlined in Table 1.

2.2. Electronic properties

2.2.1. Band structure

In Fig. 3, we observe the computed band structures (BS) of

ZnXF3 (X = Sr, Ba) within the Brillouin zone, covering

higher symmetry directions. In these plots, there is an

overlap between the valence band (VB) and conduction

band (CB) states. However, the shapes of the energy bands

differ due to the presence of Sr and Ba cations, among

others, within the lattice. These cations possess distinctive

attributes that play a role in distinguishing and character-

izing the electronic structure of the substances under

research. Every cation has a distinct electronic configura-

tion because of variations in valence electrons, leading to

differing behaviors of the materials’ cations. Through these

theoretical investigations of ZnXF3 (X = Sr, Ba), it

becomes apparent that these compounds exhibit metallic

characteristics. This is attributed to the overlap of the

valence and conduction bands at the Fermi level, and

notably, there is no discernible forbidden energy gap.

2.2.2. Density of states (DOS)

In this section, the primary focus is on the exploration of

potential electron states within the system. The Density of

States (DOS) serves as a comprehensive tool for delineat-

ing the material’s intricate structure, shedding light on the

roles played by states within both the valence and con-

duction bands. The Fermi level, represented by EF and

indicated by a dashed line in Fig. 4, acts as the demarcation

point. The region to the left of the Fermi level constitutesFig. 1 Optimized unit cells (Pm-3 m (#221)) of ZnXF3 (X = Sr, Ba)
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the valence band, while the area to the right signifies the

conduction band. In Fig. 4(a), we are presented with a

graphical representation of the partial density of states

(PDOS) and total density of states (TDOS) for ZnSrF3.

This depiction offers a holistic view of the overall density

of states for the entire compound and dissects the contri-

butions of individual atoms such as Zn, Sr, and F to the

overall DOS. The energy range is effectively divided into

two classes: from - 4 to 0 eV (constituting the valence

band) and from 0 to 7 eV (representing the conduction

band), based on the PDOS distribution. It becomes evident

that the major contribution to the DOS in the conduction

band (within the 0–7 eV range) is attributed to Zn–s, Zn-d,

and Zn-f states. Turning our attention to Fig. 4(b), we

observe the TDOS and PDOS for ZnBaF3. Remarkably, on

the right side of the Fermi level, the most prominent peaks

in the TDOS emerge at 4 eV, with Zinc (Zn) being the

primary contributing element. This signifies that the TDOS

of ZnBaF3 is primarily influenced by states originating

from the Zn atom. It is evident from Fig. 4 that no sig-

nificant peaks are observed on the left side of the Fermi

level, and (Zn) alone is responsible for the entirety of the

contribution. The most significant DOS peaks in the con-

duction band (above the Fermi level) are notably located at

4 eV, further emphasizing that the TDOS of ZnBaF3 is

predominantly shaped by the states associated with the Zn

atom.

DOS represents the number of electronic states per unit

of energy at each energy level. TDOS is the sum of the

DOS contributions from all atoms in the material. Both the

compounds are metallic systems with CB-VB overlap, a

continuous distribution of states is observed across a broad

energy range. The DOS and TDOS plots show a non-zero

density of states in the region where CB and VB overlap,

indicating the availability of states for electrons to move

freely. This demonstrates that electrons have a wide range

of energy levels available for movement, contributing to

the metallic conductivity of the material. Since Zn, Sr, Ba,

and F are the constituent elements, their atomic orbitals

contribute to understanding the electronic structure near the

VB and CB. The dominance in the valence band arises

from the 2p and 2 s states of fluorine (F) atoms, whereas

zinc (Zn) atoms contribute significantly through their 3d

states. The uppermost valence band primarily consists of

Fig. 2 Optimization curve of fluoroperovskites compounds of ZnXF3 (X = Sr, Ba)

Table 1 Calculated values of structural parameters of ZnXF3
(X = Sr, Ba)

Parameters ZnSrF3 ZnBaF3

Lattice constant (a0) 4.41 4.52

Bulk modulus (B) 140.89 56.40

Derivative of bulk modulus (B/) 6.83 9.35

Ground state energy (E0) - 10,534.98 -20,448.90

Ground state volume (V0) 562.33 601.76

Tolerance factor (s) 0.98 0.86
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fluorine (F) 2p states, mainly concentrated in the energy

range of - 2–0 eV. Additionally, Zn 3d states form bands

extending from - 2–- 0.5 eV, as illustrated in the inset of

Fig. 5. Conversely, the conduction band is characterized by

the predominant influence of the 5 s and 4d states of

strontium (Sr) and barium (Ba) atoms, consistent with

previous studies [35].

2.3. Optical properties

Analyzing the optical properties of composites, including

their dielectric function, refractive index, extinction coef-

ficient, conductivity, absorption, reflectivity, and energy

loss function is a method for achieving a more profound

understanding of the interaction between light and matter at

the interface. Employing the following equations, one can

determine various optical characteristics such as

Fig. 3 Calculated band

structure of ZnXF3 (X = Sr and

Ba) compounds

Fig. 4 Total density of states of ZnSrF3 and ZnBaF3 using TB-mBj approximation
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reflectivity, refractive index, extinction coefficient, and

absorption coefficient [36, 37].

e xð Þ ¼ e1 xð Þ þ ie2 xð Þ ð1Þ

n xð Þ ¼ e1 xð Þ
2

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

e21 xð Þ þ e22 xð Þ
p

2

" #1
2

ð2Þ

k xð Þ ¼ �e1 xð Þ
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þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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" #1
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I xð Þ ¼ 2x
c
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rðxÞ ¼ 2Wev�hðxÞ
Eo

ð6Þ

2.3.1. Dielectric function

The complex dielectric function, denoted as e(x) =
e1(x) ? ie2(x), is a crucial tool used to explain the optical

behavior of substances that absorb light [38]. In this con-

text, the spectra of e1(x) and e2(x) for ZnSrF3 and ZnBaF3
are visually represented in Fig. 4(a) and (b). For the static

dielectric constant e1(x), the values are 4.2 and 3.1 for

ZnBaF3 and ZnSrF3, respectively. These e1 (x) values

initially increase with higher photon energy, reaching

peaks at 1.87 eV for ZnSrF3 and 1.73 eV for ZnBaF3,

before gradually declining. The peak values of the real

components are 3.57 and 3.45, while the peak values of the

imaginary components occur at 3.7 (at 2.14 eV) and 3.2 (at

2.22 eV) for ZnSrF3 and ZnBaF3, respectively.

2.3.2. The refractive index and extinction coefficient

The refractive index, denoted as g(x), is a crucial param-

eter for quantifying light refraction and plays a significant

role in various photoelectric applications. It is character-

ized by both real and imaginary elements. The real com-

ponent, representing the refractive index, is denoted as

g(x), while the imaginary part is designated as K(x) and
signifies the extinction coefficient, as shown in Fig. 6(a).

ZnBaF3 exhibits a constant refractive index g(0) of 1.7,

while ZnSrF3 registers around 2. The refractive index is

larger than one because photons experience delays as they

traverse a material as a result of electron interactions. In

essence, the higher the refractive index of a material, the

greater the delay experienced by photons during their

passage through it. In general, any technique that raises the

electron density of a material also elevates the g(x) (re-
fractive index), which is closely associated with bonding.

Ionic compounds tend to have a lower refractive index

compared to covalent compounds. In covalent bonding,

electrons are predominantly shared among ions, leading to

greater electron dispersion throughout the structure, and

these electrons have interactions with the incident photons,

causing delays. As for the imaginary part, K(x), which
represents the extinction coefficient, as depicted in

Fig. 6(b), the figures reveal that the highest absorption in

Fig. 5 Real and imaginary components of the complex dielectric function of ZnXF3 (X = Sr and Ba)
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the investigated substances occurs at 2.1 eV for ZnBaF3
and 2.2 eV for ZnSrF3.These absorption peaks are associ-

ated with specific electronic transitions or energy levels

within the materials. The energy values (2.1 eV and

2.2 eV) represent the photon energies at which the mate-

rials exhibit the highest absorption, indicating the onset of

significant electronic transitions or absorption bands in

these energy ranges.

The extinction coefficient has a non-zero value in the

energy range from 0 to 0.5 eV, which indicates that the

material has absorption or scattering properties within that

energy range. This means that the material is capable of

absorbing or interacting with photons of energy within this

range. A non-zero extinction coefficient suggests that the

material is not transparent to light in the given energy

range, and some fraction of incident light is absorbed or

scattered.

2.3.3. Optical conductivity and absorption coefficient

The optical conductivity, denoted as r(x), characterizes
the flow of electrons induced by using an electromagnetic

field. In Fig. 7, we can observe the analysis of r(x) for our
ZnBaF3 (X = Sr, Ba) compounds. Within the optical con-

ductivity range spanning from 0 to 14 eV, there is a

notable surge in electron conduction at the critical thresh-

old of 10 eV for both substances, reaching a peak of 2400

for ZnBaF3 and 2200 for ZnSrF3. The absorption coeffi-

cient, denoted as I(x), is influenced by both components of

the dielectric function. It quantifies the amount of light

absorbed by a material per unit length and is indicative of

interactions between electrons and photons, including

inter-band and intra-band transitions. Figure 7 makes it

evident that these research substances exhibit substantial

absorption characteristics. The threshold point signifies the

onset of immediate electromagnetic radiation absorption by

a compound. For ZnBaF3, the active absorption is notably

recorded at 80 at 10.25 eV, while for ZnSrF3, it registers at

70 at 10.6 eV.

2.3.4. Reflectivity R(x)

Reflectivity is a crucial property of substances, allowing us

to evaluate how effectively a material reflects incident

energy. It helps us understand the material’s ability to

bounce back incoming radiation. We can determine the

reflectivity constant by examining the graph presented in

Fig. 8. This graph, derived from the dielectric function and

depicting R(x), covers the entire energy spectrum from 0

to 14 eV, as visually represented in Fig. 8. The zero-fre-

quency reflectivity, represented as R(0), is measured at

0.12 for ZnBaF3 and 0.08 for ZnSrF3. As we increase the

photon energy, the reflectivity also increases, reaching its

peak at approximately 0.26 at 2.2 eV for PdBeF3 and

around 0.25 at 2.2 eV for ZnSrF3.

2.3.5. Energy loss function

The interaction between electrons and material, resulting in

inelastic processes, is intricately linked to several key

factors. Among these factors, the energy-loss function

plays a pivotal role in defining the potential for such

Fig. 6 The refractive index g(x) and extinction coefficient k(x) for Pd-based ZnXF3 (X = Sr, Ba) compounds
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inelastic scattering events. When we consider this in con-

junction with energy-loss distribution and scattering

angular distribution, these elements collectively provide

valuable insights into the inelastic interactions of electrons

within a material. Essentially, the energy-loss function

furnishes information about how a solid reacts to an

external electromagnetic disturbance. Remarkably, in both

of these materials, the primary response to such an external

disturbance occurs when the incident photon energy falls

within the lower energy range. This trend is depicted in

Fig. 9, which outlines the energy loss function spanning

from 0 to 14 eV. In summary, Zn-based ZnXF3 (X = Sr,

Ba) materials exhibit significantly elevated levels of optical

conductivity, refractive index values, and energy loss

functions, particularly at lower incident photon energies.

These distinctive characteristics render these materials

Fig. 7 Optical conductivity and Absorption Coefficient of ZnXF3 (X = Sr, Ba)

Fig. 8 Computed optical reflectivity R(x) of ZnXF3 (X = Sr, Ba)

compounds
Fig. 9 Energy loss Function of Pd-based fluoroperovskite compound

ZnXF3 (X = Sr, Ba)
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exceptionally well-suited for a wide array of contemporary

optoelectronic industries, catering to a diverse range of

device applications.

2.4. Elastic properties

The mechanical properties of Zinc-based fluoroperovskites,

specifically ZnXF3 (X = Sr, Ba), are investigated by cal-

culating elastic parameters. These elastic parameters play a

crucial role in recognizing the types of bonding forces and

the mechanical stability of the materials. To determine the

elastic parameters C11, C12, and C44 by analyzing the

relationship between strain and volume, as described in

reference [39–41]. For cubic compounds, the Born stability

principles are defined as C11 - C12[ 0, C11[ 0, C44[ 0,

and C11 ? 2C12[ 0 [42, 43].

The calculated elastic parameters, as displayed in

Table 1, satisfy the criteria for Max Born stability. C11

characterizes resistance in the x-direction under linear

compression, as detailed in references [44, 45]. Similarly,

C44 provides information about the material’s ability to

resist shear distortion when subjected to shear stress. On

the whole, C44 is associated with the material’s hardness, as

mentioned in reference [46]. With the knowledge of elastic

constants, various elasticity-related parameters, including

elastic anisotropy (A) and elasticity moduli such as bulk

modulus (B), Young’s modulus (E), and shear modulus

(G), can be readily derived using the following equations as

outlined in reference [47]. The shear modulus G refers to a

material property that describes its response to shear stress.

It quantifies a material’s resistance to deformation under

shear forces. The shear modulus is denoted by the symbol

G and is an important parameter in understanding a

material’s mechanical behavior. The symbol t represents

Poisson’s ratio, a dimensionless quantity that characterizes

the deformation behavior of a material. It is defined as the

ratio of lateral contraction to longitudinal extension when a

material is stretched or compressed. Poisson’s ratio deno-

ted by m is a fundamental parameter in elasticity.

A ¼ 2C44

ðC11 � C12Þ
ð7Þ

G ¼ 1

2
GV þ GRð Þ ð8Þ

GV ¼ 1

5
C11 � C12 þ C44ð Þ ð9Þ

GR ¼ 5C44ðC11 � C12Þ
4C44 þ 3ðC11 � C12Þ

ð10Þ

E ¼ 9GB

3B þ G
ð11Þ

v ¼ 3B � 2G

2 3B þ Gð Þ ð12Þ

Bulk modulus (B) [47] plays a role in assessing a

material’s resistance to volume changes under pressure.

This calculation can be easily conducted using the elastic

constants found in Equations, Young’s modulus

(E) predicts a material’s stiffness, while shear modulus

(G) evaluates its ability to withstand permanent

deformation under shear tension. G is a more subtle

measure of hardness than B. All the computed elastic

moduli are documented in Table 2. Notably, ZnSrF3
displays higher values for both shear modulus and

Young’s modulus compared to ZnBaF3, in line with its

elevated C44 value, making ZnBaF3 the harder material.

The evaluation of Pugh’s ratio (B/G) [48, 49] is employed

to determine the ductility or brittleness of a material, with

values above 1.75 indicating ductility and values below

1.75 indicating brittleness. In the context of our study, both

compounds are identified as ductile materials. Another

critical parameter is the anisotropic ratio (A), which

quantifies the level of a material’s elastic anisotropy. In

isotropic materials, A equals 1, while A not equal to 1

signifies anisotropy. The findings indicate A = 1,

confirming that the studied materials are indeed

anisotropic. To assess the dynamic stability of the

examined materials, we also calculated the shear modulus

(G). The data presented in Table 2 reveal that the shear

modulus for both compounds is greater than zero,

indicating the dynamic stability of these materials.

Additionally, we derived the Cauchy pressure to probe

the bonding structure of the compounds. Positive and

negative values of Cauchy pressure correspond to ionic and

covalent bonding, respectively. The positive Cauchy

pressure values for ZnSrF3 and ZnBaF3 confirm the

presence of ionic bonding in these materials. To sum it

up, the evaluation shows that the investigated compounds

display mechanical ductility, anisotropy, toughness, and a

significant resistance to fractures. These conclusions,

drawn from their elastic properties, readily suggest their

potential utility in diverse modern electronic technologies.

Similar to Pugh’s ratio, Poisson’s ratio (m) categorizes
crystalline materials as either brittle or ductile. A material

is designated as brittle or ductile based on whether its

Poisson’s ratio falls below or exceeds the threshold of

m = 0.26 (m\ 0.26 = Brittle; m[ 0.26 = Ductile). For

both ZnSrF3 and ZnBaF3, their Poisson’s ratio values sur-

pass the specified threshold, with ZnSrF3 having a value of

0.40 and ZnBaF3 having a value of 0.39. This confirms the

ductile nature of both compounds. Furthermore, Poisson’s

ratio provides insight into a crystal’s resistance to shearing

forces. A lower Poisson ratio suggests increased stability

against shearing. Additionally, by examining Poisson’s

Revealing the remarkable structural, electronic, elastic, and optical properties 3567



ratio, one can anticipate whether the stability of a material

is influenced by non-central or central forces. Typically, a

material with a Poisson’s ratio falling within the range of

0.25–0.50 is classified as a central force crystal, indicating

its stabilization by central forces. On the contrary, a

material with a Poisson’s ratio exceeding the specified

range is labeled as stabilized by non-central forces, termed

a non-central force crystal [50–52]. The observed results

indicate that both ZnSrF3 and ZnBaF3 fall into the category

of central crystals, with Poisson’s ratios of 0.40 and 0.39,

respectively.

We employed the Nose–Hoover heat bath

scheme [53–55] in the ab initio molecular dynamics (MD)

simulation, with a time step of 1 fs. To ascertain the

thermodynamic stability of the discussed ZnXF3 (X = Sr,

Ba), ab-initio finite temperature molecular dynamics (MD)

simulations were conducted at 500 K for 8000 steps, using

a time step of 1 fs and the Nose–Hoover heat bath

scheme [56–58]. A supercell of 5 9 5 9 2 was employed

to minimize periodic constraints. The total energy fluctu-

ations of the compounds over simulation steps were mon-

itored, revealing nearly constant average values. The

atomic structures remained well-sustained throughout the

simulation, as illustrated in Fig. 10.

Figure 10 demonstrates minimal energy fluctuations

throughout the simulation, with both perovskite structures

maintaining their original geometries without any dis-

cernible structural distortions.

The calculation of formation energy is a crucial step in

understanding the stability and properties of chemical

compounds [59–62]. The provided expression is employed

to calculate the formation energies of the cubic-phase

ternary compounds ZnSrF3 and ZnBaF3 halide perovskites.

This calculation serves to confirm the structural stability of

these complex compounds.

DHf ¼ Etotal ZnXF3ð Þ � EZn � EX � 3F3 ð13Þ

In the mentioned Equation-13, Hf represents the energy

of formation, Etotal (ZnXF3) corresponds to the optimal

total energy of ZnXF3 (X = Sr and Ba), EX denotes the

energy of the ground state of the ‘‘Sr and Ba’’ atoms, EZn

signifies the lowest energy state of the ‘‘Zn’’ atoms, and EF

represents the lowest energy state of the fluorine atom. The

formation energy for ZnSrF3 is -6.21 eV, while for

ZnBaF3, it is -5.59 eV. This confirms the structural

stability of both materials.

3. Conclusions

DFT calculations were carried out using the TB-mBJ

approximations in the WIEN2K software to investigate the

structural, optical, elastic, and electronic characteristics of

fluoroperovskite compounds ZnXF3 (X = Sr, Ba). The

outcomes regarding cohesive energy, tolerance factor, and

structural optimization suggest these materials possess

robust structural stability, indicating their potential for

synthesis under laboratory equilibrium conditions. Our

optimization process led to well-defined results, with the

optimal volume corresponding to the energy minimum

point. Key parameters at the ground state, including opti-

mized lattice constants, bulk moduli, optimal volume, and

energy, were determined. The optimized lattice parameters

were found to be 4.41 Å for ZnSrF3 and 4.52 Å for

ZnBaF3. The metallic nature of these substances was

determined by the near convergence of the valence and

conduction bands around the Fermi level. These perovskite

materials were expected to exhibit uniform behavior at low

Table 2 The calculated elastic constants as well as other comparing

factors

Parameters ZnSrF3 ZnBaF3

C11 110.38 90.91

C12 57.92 48.89

C44 8.43 10.72

E 43.69 0.82

G 13.56 14.08

A 0.32 0.51

m 0.40 0.39

B 76.54 68.73

B/G 5.64 4.88

CP 101.95 80.19 s

GR 11.57 13.33

GV 15.55 14.83

Fig. 10 The changes in the total energy as a function of simulation

steps at 500 K for ZnXF3 (X = Sr, Ba). The structures are shown in

the inset 8000 steps
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energies, and their maximal conductivity was confirmed to

occur in proximity to the Fermi level based on TDOS and

PDOS graphs. Elastic property calculations using the

IRelast package revealed that ZnSrF3 and ZnBaF3 are

characterized as brittle, incompressible, anisotropic, and

mechanically stable. Optical calculations demonstrated that

the highest conductivity/absorptivity occurred in the low-

energy range. Based on these findings, the potential

applications of these materials in fields such as scintillation

and various modern electronic devices are evident.
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