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Abstract

   In this study, the pressure-dependent properties of cubic ferromagnetic metal halide single 

perovskites ACrBr3(A = K,Rb,Cs,Fr) were systematically investigated using density functional 

theory (DFT). The tolerance factor and octahedral factor indicate that the investigated compounds 

are stable in a cubic structure having Pm3m(221) space group. Structural analysis shows that both 

unit cell volume and lattice constants decrease with increasing external hydrostatic pressure range 

0-30GPa. Mechanical stability is confirmed through Born stability criteria, and pressure enhances 

the elastic constants, further supporting their robustness for device integration. Spin-polarized 

band structure and density of states (DOS) analysis confirm the half-metallicity, where the spin-

up state is metallic, and the spin-down state is either an indirect band gap. Our studied materials 

have 100% spin polarization at the Fermi level. Pressure decreases the band gap for all of our 

investigated materials. The total magnetic moment in all compounds remains approximately an 

integer value, confirming their suitability for spintronic applications. Thermodynamic parameters, 

including Debye temperature and melting temperature, exhibit an upward trend with increasing 

pressure, indicating enhanced stability. Optical properties such as dielectric constants, 

conductivity, absorption coefficient, reflectivity, refractive index, and loss functions of our studied 

materials show the highest intensity in the UV region and increase with the applied pressures. 

These findings highlight the multifunctional potential of ACrBr3(A = K,Rb,Cs,Fr) perovskites in 

next-generation spintronic and optoelectronic devices.

Keywords: Perovskites; Density functional theory; Density of states; Spin polarization; half 

metallicity.
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1. Introduction
   Spintronics has emerged as an important research domain in modern condensed-matter and 

device physics, as it offers an alternative pathway to conventional charge-based electronics by 

utilizing electron spin [1][2]. Recently, it has been found that half metals, a novel class of materials, 

are intriguing options in the area of spintronics. A half-metallic material exhibits metallic 

characteristics for one spin state while displaying semiconductor or insulator behavior for the 

opposite spin state. Therefore, we can classify these materials as a type of hybrid material due to 

the distinct electronic properties associated with the two spin states. Spin-polarized currents 

eliminate thermal challenges that integrated circuits and other electronic equipment frequently 

face, since they do not lose energy as heat [3]. NiMnSb and PtMnSb Half-Heusler materials are 

the first half-metallic ferromagnets discovered by Groot et al [4]. Afterwards, diverse structures of 

various half-metallic ferromagnetic materials were investigated, such as spinels MgNiX4 [5] , 

single perovskites PrMnO3 [6],BaNpO3 [7], double perovskites Cs2AgMBr6[8], Ba2XNbO6 [9] , 

Cr doped TiO2 [10], half Huesler alloy CoTcSn [11], ternary half-huesler alloy GeNaZ [12], full 

Huesler alloy CoNiMnSi [13], zinc-blende CrSb [14]. Transition metal-based Cubic perovskites 

show remarkable half-metallic ferromagnetic properties.

   The typical formula for perovskite materials is ABX3, where A and B are cations, while X is an 

oxygen or a halogen. A site is occupied by an alkali or alkaline-earth metal, whereas the B site is 

typically filled by transition-metal or f-block elements [15]. With their novel chemical 

formulations, crystal structures, and excellent magnetic and optoelectronic features, metal halide 

perovskites (MHPs) have recently gained a lot of attention and have been considered for 

various uses, including photovoltaics, photonics, light-emitting diodes, and light-controlling 

magnetic devices and photonics [16]–[19]. Lead-based perovskites are disadvantageous for 

massive applications due to toxicity and instability in the presence of heat, light, and moisture, 

although they have potential uses [20]. As a result, materials based on lead-free perovskites A2BBi

Cl6 [21] , X2YBiCl6 [22] have become particularly desirable.

  Material properties can be tailored through the application of various external control parameters, 

enabling systematic modulation of their functional behavior [23]. Researchers have been taking 

particular interest in the pressure effect on halide perovskites [24], [25] as the influence of pressure 

on the structural, optical, mechanical, and electrical characteristics of materials is significant. 
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Higher applied pressure compresses the crystal lattice and shrinks the unit-cell volume, which 

causes the electronic band gap to become smaller, as observed in various papers [26]. It is possible 

to change the band gap from indirect to direct under hydrostatic pressure [27]. 

One of the most effective methods for accurately conducting theoretical research on a significant 

number of condensed matter's physical and chemical properties is via the application of first 

principles studies [28]. The present study provides a theoretical investigation of transition-metal-

based halide single perovskites ACrBr3(A = K,Rb,Cs,Fr) over the pressure range of 0-30 GPa (0, 

10, 20, and 30 GPa) for potential applications in optoelectronics and spintronics.

 Our results match those previously published by Alburaih et al. for KCrBr3 [29] and Ullah et al. 

for RbCrBr3 [30] at 0 GPa. This similarity indicates that the computational method used in this 

work is reliable, confirming the validity of our present study. What makes our research unique is 

that it looks at how pressure affects the different properties of our material for possible applications 

in multiple fields. B-site elements dominate the electronic behavior, as the compound retains its 

half-metallicity regardless of whether the A-site is occupied by K, Rb, Cs, or Fr.

 2. Computational Details
   We utilized Density Functional Theory (DFT) based first-principles methods implemented in the 

Cambridge Serial Total Energy Package (CASTEP), where the plane-wave pseudopotential 

approach was applied for all calculations [31]. OTFG ultrasoft pseudopotentials were employed 

for addressing the charged particle interactions [32]. Geometry optimization was performed with 

convergence criteria: energy tolerance of  2 × 10―5eV per atom, maximum force of 0.05 eV/Å, 

maximum stress of 0.1 GPa, maximum displacement of 0.002 Å, maximum iterations 1000 using 

the BFGS (Broyden-Fletcher-Goldfarb-Shanno) algorithm [33]. The Monkhorst-Pack scheme was 

utilized for sampling k-points in the Brillouin zone. We used a 400 eV plane-wave cutoff and a 4 

× 4 × 4 k-point mesh for all of our calculations throughout our investigations. For evaluating 

exchange-correlation energy, the spin-polarized GGA functional was implemented using the 

Perdew-Berke-Ernzerhof (PBE) approach for structural, electrical, magnetic, and optical 

properties [34][35]. To obtain more accurate electronic and magnetic results, we use the GGA + U 

approximation, which introduces a Hubbard U term to account for the localized Coulomb 
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interactions among strongly correlated electrons. Elastic and thermal properties were calculated 

with the GGA -PBEsol functional for refined reliability [36].

3. Results and Discussion

3.1 Structural Features

(a)

(b)

Figure 1: (a) Polyhedral view of the unit cell, (b) Cutoff energy, k-point convergence test of the 
ACrBr3(A = K,Rb,Cs,Fr) perovskites.

Cr

A(K, Rb, Cs, Fr)

Br
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   Our investigated ACrBr3(A = K,Rb,Cs,Fr)  materials are all transition metal-based cubic 

perovskites having a space group Pm3m ( international number 221) having 5 atoms in the formula 

unit, in which A site atoms are positioned at K/Rb/Cs/Fr at (0,0,0), Cr is at (1
2,1

2
,12 ) and Br is at (0, 

1
2
,12 ) Wyckoff atomic Positions. The polyhedral view of our studied compounds is shown in Figure 

1(a). Convergence tests were performed using 4 × 4 × 4, 6 × 6 × 6, and 8 × 8 × 8 k-point 

meshes and cutoff energies from 300 to 600 eV, as shown in Figure 1(b). Since the energy change 

was very small, and the lowest energy was obtained at  4 × 4 × 4, a cutoff energy of 400 eV with 

a 4 × 4 × 4 k-point mesh was used for all calculations. Table 1 demonstrates the lattice parameters, 

unit cell volume, and energy both in spin-polarized and non-spin-polarized conditions using the 

GGA functional at 0,10,20,30 GPa pressures.

Table 1: Optimized lattice constants a(Å), equilibrium volume V0 (Å3), Energy  EFM(eV), Energy, 
EAFM(eV), Energy ENM(eV) and normalized lattice parameters calculated using GGA Functional at 
0,10,20 and 30 GPa pressures of ACrBr3(A = K,Rb,Cs,Fr) compounds.

Compounds Parameters 0 GPa 10 GPa 20 GPa 30 GPa

Lattice constant a (Å) 5.31 4.94 4.76 4.63

Non-spin polarized (Å) 5.17,5.18[29] 4.86 4.68 4.56

Cell volume, V0 (FM) (Å3) 149.52 120.37 107.80 99.24

Cell volume, V0 (NM) (Å3) 138.45 115.13 102.41 94.74

Energy, EFM(eV) -4586.98 -4586.34 -4585.24 -4583.94

Energy, EAFM(eV) -4586.95 -4586.33 -4585.19 -4583.87

Energy, ENM(eV) -4584.60 -4584.27 -4583.15 -4581.97

Normalized lattice constants a/a0 1 0.93 0.90 0.87

𝐊𝐂𝐫𝐁𝐫𝟑

Normalized volume V/V0 1 0.81 0.72 0.66

Lattice constant a (Å) 5.34 4.96 4.78 4.65

Non-spin polarized a/b/c(Å) 5.21,5.17[30] 4.89 4.70 4.58

Cell volume, V0 (FM) (Å3) 152.52,138.55[30] 122.38 109.19 100.74

Cell volume, V0 (NM) (Å3) 141.56 116.58 103.99 96.26

Energy, EFM(eV) -4486.19 -4485.51 -4484.34 -4483.04

Energy, EAFM(eV) -4486.17 -4485.48 -4484.29 -4482.98
Energy, ENM(eV) -4483.79 -4483.38 -4482.25 -4481.06

𝐑𝐛𝐂𝐫𝐁𝐫𝟑

Normalized lattice constants a/a0 1 0.93 0.90 0.87
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Normalized volume V/V0 1 0.80 0.72 0.66

Lattice constant a (Å) 5.40 5.01 4.82 4.70

Non-spin polarized a/b/c(Å) 5.28 4.94 4.75 4.63

Cell volume, V0 (FM) (Å3) 157.57 126.02 112.45 103.80

Cell volume, V0 (NM) (Å3) 147.02 119.53 107.28 99.21

Energy, EFM(eV) -4570.77 -4570.05 -4568.85 -4567.53

Energy, EAFM(eV) -4570.75 -4570.02 -4568.80 -4567.45
Energy, ENM(eV) -4568.31 -4567.76 -4566.72 -4565.47

Normalized lattice constants a/a0 1 0.93 0.89 0.87

𝐂𝐬𝐂𝐫𝐁𝐫𝟑

Normalized volume V/V0 1 0.80 0.71 0.66

Lattice constant a (Å) 5.43 5.05 4.86 4.73

Non-spin polarized a/b/c(Å) 5.32 4.96 4.78 4.66

Cell volume, V0 (FM) (Å3) 160.53 128.43 114.52 105.68

Cell volume, V0 (NM) (Å3) 150.54 121.99 109.40 101.08

Energy, EFM(eV) -4990.58 -4989.86 -4988.62 -4987.27

Energy, EAFM(eV) -4990.55 -4989.82 -4988.58 -4987.21
Energy, ENM(eV) -4988.09 -4987.52 -4986.46 -4985.19

Normalized lattice constants a/a0 1 0.93 0.90 0.87

𝐅𝐫𝐂𝐫𝐁𝐫𝟑

Normalized volume V/V0 1 0.80 0.71 0.66

  All four examined perovskites reveal a ferromagnetic state with the lowest energy, which makes 

it energetically more favorable than both the antiferromagnetic and non-magnetic states shown in 

Table 1. The apparent rise in cell volume from the non-magnetic to magnetic condition represents 

a magnetoelastic effect that influences the material’s structural characteristics [15]. Pressure 

decreases the lattice constants and lattice volume, as seen from Table 1 and Figure 2 (a) and (b). 

Normalized lattice parameters and normalized volume are also represented in Figure 2(c) and (d) 

to better understand the pressure effect among them. Any deviance from the optimal cubic 

structure can be assessed by the tolerance factor (t)  that typically ranges from 0.81 to 1.11 for 

cubic perovskites [37]. The Goldschmidt tolerance factor, t is given as,

                                             t = 0.707 
rA + rBr

{rBr + rCr}                                                       (1)
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Where rA,rBr,rCr represents the atomic radius of the A-site atom, Br atom, and Cr atom, 

respectively, which are calculated by using Shannon’s effective ionic radii and the values t of these 

are depicted in Table 3. These values are close to unity, suggesting that the compounds are 

geometrically compatible with the cubic perovskite structure, although slight deviations may 

indicate minor structural distortions. In addition, the octahedral factor is determined using the 

following formula [2], and Table 3 shows that its values fall within the expected range.

                                               μ =
rCr

rBr
                                                                                 (2)       

The formation energies of ACrBr3 are calculated to make sure that they might be fabricated 

experimentally using the following expression [38],

         EFormation(ACrBr3) = [E(ACrBr3)―EA
Bulk―ECr

Bulk―3EBr
Bulk]  

𝑛                  (3)

           EFormation(ACrBr3;P) = [E(ACrBr3;P)―E(A;P)―E(Cr;P)―3E(Br;P)]   
𝑛            (4)

Here E(ACrBr3)denotes the total energy of our compound and EA
Bulk,ECr

Bulk,EBr
Bulk represents 

the total atomic energies of A, Cr, and Br atoms in bulk conditions, which are determined from the 

structural optimization calculations. The determined negative values of formation energies for all 

of our compounds ensure synthesizability and that our materials are energetically favorable 

relative to their isolated constituent elements [39]. The expression for cohesive energy is given as 

[12]:

E(ACrBr3)
Cohesive = (EA

iso + ECr
iso +3EBr

iso) ― EACrBr3
Total                                             (5)

Here, EA
iso, ECr

iso and  EBr
iso represent the isolated energies of atom A, Cr, and Br, respectively  and 

EACrBr3
Total  is the total energy of ACrBr3 calculated from the structural optimization. Our calculated 

cohesive energy ranges from 10.53 to 12.84 eV. Such large values ensure the chemical stability of 

our investigated compound. The calculated Mulliken charges, bond lengths, and bond populations 

of ACrBr3(A = K,Rb,Cs,Fr) from the GGA method are represented in Table 3.
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Figure 2:  Pressure-dependent variation of (a)lattice constants a(Å), (b)volume V0 (Å3), (c) Total 
energies (eV), (d)Normalized lattice constants, and (e) Normalized volume, for  ACrBr3
(A = K,Rb,Cs,Fr) calculated using the GGA-PBE functional at pressures of 0, 10, 20, and 30 GPa.
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Figure 3: Variation of cohesive energy for  ACrBr3(A = K,Rb,Cs,Fr) compounds under applied 
pressures of 0, 10, 20, and 30 GPa.

Table 2: Formation and cohesive energies calculated at applied pressures of 0, 10, 20, and 30 GPa 
for  ACrBr3(A = K,Rb,Cs,Fr) compounds.

PressureEnergy,(eV) Compounds

0 GPa 10 GPa 20 GPa 30 GPa

𝐊𝐂𝐫𝐁𝐫𝟑 -2.75,-2.65[29] -3.39 -2.42 -2.44

𝐑𝐛𝐂𝐫𝐁𝐫𝟑 -2.77,-2.21[30] -3.46 -2.49 -2.48

𝐂𝐬𝐂𝐫𝐁𝐫𝟑 -2.80 -3.52 -2.45 -2.34

𝐄𝐅𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧

𝐅𝐫𝐂𝐫𝐁𝐫𝟑 -2.76 -3.47 -2.47 -2.36

𝐊𝐂𝐫𝐁𝐫𝟑 12.96 10.53 11.96 12.02

𝐑𝐛𝐂𝐫𝐁𝐫𝟑 12.64 11.62 12.02 12.52

𝐂𝐬𝐂𝐫𝐁𝐫𝟑 12.78 11.5 11.79 11.76𝐄𝐂𝐨𝐡𝐞𝐬𝐢𝐯𝐞

𝐅𝐫𝐂𝐫𝐁𝐫𝟑 12.84 11.14 11.79 11.82

Table 3: Tolerance factor (t), Octahedral factor (μ), Bond lengths (Å), Bond populations and 
Mulliken charges (electron) of ACrBr3(A = K,Rb,Cs,Fr) from the GGA-PBE functional at 0 GPa.
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Cr-Br -0.43 2.65 K 2.29 6.66 0 8.94 0.06
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Cr 2.65 6.91 4.71 14.27 -0.27

𝐊𝐂𝐫𝐁𝐫𝟑 0.99 0.52 Br 1.53 5.40 0 6.93 0.07

Cr-Br -0.47 2.67 Rb 2.28 6.61 0 8.89 0.11

Cr 2.61 6.91 4.70 14.22 -0.22𝐑𝐛𝐂𝐫𝐁𝐫𝟑 1.01 0.52

Br 1.56 5.41 0 6.96 0.04

Cr-Br -0.26 2.70 Cs 2.28 6.49 0 8.77 0.23

Cr 2.57 6.88 4.68 14.14 -0.14𝐂𝐬𝐂𝐫𝐁𝐫𝟑 1.05 0.52

Br 1.61 5.42 0 7.03 -0.03

Cr-Br -0.21 2.72 Fr 2.26 6.43 0 8.69 0.31

Cr 2.56 6.87 4.67 14.10 -0.10𝐅𝐫𝐂𝐫𝐁𝐫𝟑 1.07 0.52

Br 1.65 5.42 0 7.07 -0.07

Figure 4: Pressure-dependent variation of bond length (Å) for  ACrBr3(A = K,Rb,Cs,Fr) 
perovskites calculated using the GGA-PBE functional.

3.2 Elastic and Mechanical characteristics

In material science, elastic constants are vital factors in determining if a crystal structure is 

mechanically stable, along with knowing other crucial mechanical properties involving brittleness, 

ductility, stiffness, and anisotropy. The elastic energy in a cubic lattice can be written by the 

following expression, as they have only distinct elastic constants(C11, C12 and C44) [40]:

UElastic = 1
2
V0 (C11 ― C12)(e1

2 + e2
2 + e3

2) + C12(e1 + e2 + e3)2 + C44(e4
2 + e5

2 + e6
2)

+O(e3).                   (6)
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Here V0 is the unstrained volume and O(e3) be the strain order e3 or higher. Only when this energy 

becomes positive, then the crystal structure have dynamical stability. For this reason, Born stability 

requirements, which are (C11 ― C12) >  0 ;C11 +2C12 > 0; C44 >  0 ;C11 > 0 .For a cubic crystal 

structure must be followed to become a mechanically stable structure [41]. All our studied 

compounds are mechanically stable, as shown in Table 3.4. We also analyzed these constants 

across various pressures, with the goal of better understanding the impact of pressure on various 

mechanical properties, and to know the dynamical stability of our compounds, which are shown 

in Table 4. The pressure-induced stability condition is [42]: C11 ― C12 ―2P > 0;C12 + 2C12 > 0;

C44 ―P > 0. The pressure-induced stability criteria are not satisfied for 

KCrBr3 at 30 GPa. However, the other compounds within the applied pressure range maintain 

dynamical stability.

Table 4: Elastic stiffness constants Cij (GPa), Born stability, and dynamical stability criteria of ACr
Br3(A = K,Rb,Cs,Fr) compounds using the GGA-PBEsol functional at applied pressures of 
0,10,20, and 30 GPa.

Elastic stiffness constants Born Stability Dynamical Stability

C
om

po
un

ds

Pr
es

su
re

, P

  𝐂𝟏𝟏    𝐂𝟏𝟐 𝐂𝟒𝟒

𝐂𝟏𝟏

― 𝐂𝟏𝟐

> 𝟎

𝐂𝟏𝟏

+ 𝟐𝐂𝟏𝟐

> 𝟎

𝐂𝟏𝟏

> 𝟎

𝐂𝟒𝟒 

> 𝟎

𝐂𝟏𝟏 ― 𝐂𝟏𝟐

― 𝟐𝐏

> 𝟎

𝐂𝟏𝟏

+ 𝟐𝐂𝟏𝟐

> 𝟎

𝐂𝟒𝟒
―𝐏 >0

0 61.98,

64.21[29]

18.12,

42.30[29]

14.20,

3.98[29]

43.86 98.22 61.98 14.20 43.86 98.22 14.2

10 145.91 38.17 19.65 107.74 222.25 145.91 19.65 87.74 222.25 9.65

20 217.82 59.62 24.5 158.2 337.06 217.82 24.5 118.2 337.06 4.5

𝐊𝐂𝐫𝐁𝐫𝟑

30 279.96 77.64 27.16 202.32 435.24 279.96 27.16 142.32 435.24 -2.84

0 59.79 16.23 13.91 43.56 92.25 59.79 13.91 43.56 92.25 13.91

10 148.84 40.14 22.49 108.7 229.12 148.84 22.49 88.7 229.12 12.49

20 220.26 61.85 30.77 158.41 343.96 220.26 30.77 118.41 343.96 10.77

𝐑𝐛𝐂𝐫𝐁𝐫𝟑

30 287.59 80.29 35.63 207.3 448.17 287.59 35.63 147.3 448.17 5.63

0 60.04 17.96 17.51 42.08 95.96 60.04 17.51 42.08 95.96 17.51

10 145.06 41.85 28.16 103.21 228.76 145.06 28.16 83.21 228.76 18.16𝐂𝐬𝐂𝐫𝐁𝐫𝟑

20 219.61 63.33 38.79 156.28 346.27 219.61 38.79 116.28 346.27 18.79
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30 287.59 84.17 47.36 203.42 455.93 287.59 47.36 143.42 455.93 17.36

0 58.65 19.13 18.5 39.52 96.91 58.65 18.5 39.52 96.91 18.5

10 140.76 44.24 31.56 96.52 229.24 140.76 31.56 76.52 229.24 21.56

20 215.11 66.48 42.31 148.63 348.07 215.11 42.31 108.63 348.07 22.31

𝐅𝐫𝐂𝐫𝐁𝐫𝟑

30 281.77 86.71 52.38 195.06 455.19 281.77 52.38 135.06 455.19 22.38

Figure 5:  Variation of Elastic stiffness constants C11 ,C12 ,C44 (GPa) with pressure using the GGA-PBEsol 

functional for ACrBr3(A = K,Rb,Cs,Fr) compounds.

Table 4 and Figure 5 show that all three elastic constants for our studied materials increase with 

increasing pressure. For technological and industrial purposes, Young's modulus is an essential 

factor when studying the rigidity of any material [43].

Y = 9BG
3B+G                                                                (7)

From Table 5 and Figure 6, it is observed that as pressure increases, the value Y also rises for all 

materials, meaning our materials become stiffer with the applied pressure. Among the materials 

we examined, Fr-based perovskites exhibit the highest stiffness as well as structural integrity in 

the pressure range of 0-30 GPa and can better resist the applied deformation.

B = 1
3
(C11 + 2C12)                                               (8)

Page 12 of 40Materials Advances

M
at

er
ia

ls
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/1

6/
20

26
 1

:5
8:

45
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

DOI: 10.1039/D6MA00182C

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00182c


From our calculated values of B (30.75-32.74 GPa) without applied pressure, our materials may 

be used in a thin film solar cell for their flexibility and softness [44] .The following equations can 

be utilized to describe GV and GR from the Voigt and Reuss assumptions using the elastic constants.

GV = C11―C12+3C44

5                                                     (9)

 GR = 5(C11―C12)C44

4C44+3(C11―C12)                                              (10)

From Hill [45] concept, we can determine the shear modulus G  of a crystal lattice form the GV 
and  GR as:

G = GR+GV

2                                                               (11)

The ability of a material to resist shear deformation is known as the shear modulus. 

FrCrBr3 shows the highest shear modulus among our other investigated compounds with and 

without applied pressure, as seen from Table 5 and Figure 6. Without applied pressure, our 

materials may be used in flexible electronics. The elastic constants show that, without applied 

pressure and under most pressures, Y>B>G except  KCrBr3 and CsCrBr3 above 10 GPa pressure. 

So our materials show a greater tendency of linear deformation over volumetric contraction. Due 

to the increase of Y, B, and G with pressure, our materials become harder with pressure. With the 

help of the ν, we can access the bonding nature of the compound. If ν = 0.25 means there exists 

an ionic bond, ν > 0.25 the bond is metallic, and ν < 0.25 anticipates a covalent bond [43]. K- 

and Rb-based materials show metallic bonds under all our investigated pressures, whereas Cs- and 

Fr-based materials show ionic bonds at 0 GPa pressure, which turn into metallic bonds under 

pressure.

ν = 3B―2G
2(3B+G)                                                            (12)

Ductile materials have potential applications in flexible electronics as well as photovoltaic cells, 

as the ability to sustain mechanical deformation without fracturing is needed [46].Also, ductility 

and brittleness can be identified by this parameter. If ν > 0.26 then the material is ductile. The 

pressure effect on this value can be visualized from Table 3.5 and Figure 5, which shows that 

pressure can enhance the ductility of our studied compounds. The value of Pugh’s ratio (B/G) tells 

us whether our studied compounds are ductile or brittle. If this value remains less than 1.75, then 
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the materials are brittle; otherwise, they show a ductile nature. CsCrBr3 and FrCrBr3 at 0 GPa 

pressure shows a value less than this value, meaning they are brittle at ambient conditions. With 

the application of external pressures, they start to show ductility means that pressure increases this 

ratio significantly.

Cp =  C12  ―   C44                                               (13)

The Cauchy pressure, Cp in Equation 13 is another factor which also used to differentiate between 

ductile and brittle materials. From Table 5, pressure increases the ductility of our studied materials. 

All three parameters ν, B/G, Cp shows a similar ductile or brittle nature. The Zener anisotropy [47] 

index, A can be used for determining the anisotropy of cubic crystals, that is:

A = 2C44

C11―C12
                                                           (14)

If A = 1, then the structure is isotropic, meaning the material is the same in all directions, and 

having any value other than 1 means the material is anisotropic [48].The value of this parameter 

gradually drops from unity under applied pressure, which suggests that all of our materials turn 

more anisotropic. Vickers’ hardness, HV is calculated using the following formula [49]:

                       HV =
[(1 ― 2ν)E]

6(1 + ν)                                                     (15)                      

HV has  an important role in making cutting instruments, coatings, building materials, wear-

resistant parts, and other industries. A high value of HV means material can withstand plastic 

deformation, and this parameter is increased with the applied pressure for all our investigated 

materials, as seen from Figure 6 and Table 5. The Kleinman parameter, ζ have the following 

expression:

ζ = C11+8C12

7C11+2C12
                                                     (16)

It falls between 0 and 1. If ζ = 0, bond is stretching and  ζ = 1  denotes the bending bond. The 

calculated values of ζ with changes in pressure are shown in Table 5. It has a vital role in 

semiconductor fields with certain optical and electrical characteristics that can be used in LEDs or 

photonic devices [50].The machinability index can be calculated from the following relation [51]:

μm = B
C44

                                                                   (17)                                           
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The value of μm is greater than 2 except for the Cs and Fr based compounds, which remain below 

2 at 0 GPa. When the pressure is applied, this value is also enhanced. Exceeding a machinability 

index of 2 demonstrates outstanding lubrication property and smaller friction and is suitable for 

industrial uses.

Table 5: Various elastic constants calculated using the GGA-PBEsol functional for ACrBr3
(A = K,Rb,Cs,Fr) compounds under applied pressures 0,10,20, and 30 GPa.
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V
ic

ke
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s 
ha

rd
ne

ss
, 𝐇

𝐕

M
ac

hi
na

bi
lit

y 
in

de
x,

𝛍 𝐦

0 43.28 32.74 17.29 16.53 16.91 3.92 0.44,
0.75[29]

0.65,
0.36[29]

0.28,0.
44[29]

1.94,8.
19[29]

2.48 2.31

10 78.93 74.08 33.34 26.34 29.84 18.52 0.411 0.36 0.32 2.48 3.53 3.77

20 107.49 112.35 46.34 33.84 40.09 35.12 0.42 0.31 0.34 2.8 4.26 4.59

𝐊
𝐂𝐫

𝐁𝐫
𝟑

30 128.67 145.08 56.76 38.39 47.58 50.48 0.43 0.27 0.35 3.05 4.69 5.34

0 42.33 30.75 17.06 16.26 16.66 2.32 0.42 0.64 0.27 1.85 2.55 2.21

10 84.94 76.37 35.23 29.38 32.31 17.65 0.42 0.41 0.31 2.36 3.99 3.40

20 120.41 114.65 50.14 40.73 45.44 31.08 0.43 0.39 0.32 2.52 5.30 3.73

𝐑
𝐛𝐂

𝐫𝐁
𝐫 𝟑

30 148.33 149.39 62.83 48.31 55.57 44.66 0.43 0.34 0.33 2.69 6.13 4.19

0 47.26 31.99 18.92 18.77 18.85 0.45 0.45 0.83 0.25 1.70 3.09 1.83

10 93.26 76.25 37.54 34.41 35.98 13.69 0.44 0.54 0.30 2.12 4.89 2.71

20 134.62 115.42 54.53 48.57 51.55 24.54 0.44 0.50 0.31 2.24 6.68 2.98

𝐂𝐬
𝐂𝐫

𝐁𝐫
𝟑

30 169.90 151.98 69.1 60.23 64.67 36.81 0.44 0.47 0.31 2.35 8.03 3.21

0 47.64 32.30 19.00 18.98 18.99 0.63 0.47 0.94 0.25 1.70 3.11 1.75

10 96.54 76.41 38.24 36.63 37.44 12.68 0.46 0.65 0.29 2.04 5.26 2.42

20 138.25 116.02 55.11 51.11 53.11 24.17 0.46 0.57 0.30 2.18 7.03 2.74

𝐅𝐫
𝐂𝐫

𝐁𝐫
𝟑

30 176.03 151.73 70.44 64.28 67.36 34.33 0.45 0.54 0.31 2.25 8.68 2.90
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Figure 6: Calculated various elastic moduli and their variation with pressure (GPa) using GGA-
PBEsol functional for ACrBr3(A = K,Rb,Cs,Fr).

 3.3 Electronic Characteristics

   Electronic properties analysis plays an important role in determining the applicability of the 

halide perovskites in various fields. Spin-polarized band structures, density of states (DOS), and 

partial density of states (PDOS) have been investigated for all of our materials over a pressure 

range of 0 to 30 eV. Figure 3.7 represents our examined band structures in both spin-up and spin-

down states along the high symmetry points G ― F ― Q ― Z ― G  in the Brillouin zone using both 

GGA and GGA+U functionals.  The band gap values of d/f electron-based systems are 
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underestimated by GGA. We have used the GGA + U, where the Hubbard potential is 2.50 eV for 

the Cr atom [52]. The band gap value is enhanced by including the U parameter, which takes it 

significantly closer to the experimental values [53]. The Fermi level EF is set at 0 eV in the 

horizontal line. The conduction band is situated above this line, whereas the valence band is 

situated below. In spin-up states (↑), all of our studied materials show metallic nature, as there 

exist some bands in the Fermi level in both the GGA and GGA+U functionals. In the spin down 

state (↓) there exists a band gap Eg , between the valence and conduction bands, and the band gap 

values are shown in Table 6 and Figure 7. Our studied materials over the pressure range can be 

classified as half metals because of their two different nature in spin up and down states. In the 

spin down state, the valence band maximum (VBM) and conduction band minimum (CBM) lie at 

points Q and G, respectively, so our studied compound possesses an indirect band gap for all 

investigated pressure ranges except  FrCrBr3 which shows a direct band gap at 30 GPa pressure 

in GGA+U functionals. Pressure has a vital effect on the band structure. From Figure 8, with the 

applied pressure, all of our materials show a decrease in band gap with the applied pressure. At 30 

GPa, all of our materials exhibit metallic behavior in the spin-up channel and a wide-band-gap 

semiconducting nature in the spin-down channel, thereby maintaining half-metallicity, which are 

useful in electronic and optoelectronic applications for their high optical phonon energies. The 

half-metallic gap is defined as the minimum energy difference between the Fermi level and the 

nearest band edge, either the valence band maximum or the conduction band minimum [54] . 

Mathematically, EHM = min[(EF ― EVBM), (ECBM ― EF)], where EF is the Fermi level, EVBM is 

the valence band maximum, and ECBM is the conduction band minimum and  EHM is the lowest 

quantity of energy needed to create holes in the minority spin channel and create spin excitation 

[15]. According to Table 6 our calculated half-metallic gap is large enough for spintronic 

applications [55] like spin field-effect transistors, magnetoresistive-based devices, and racetrack 

memory [56].

Density of states (DOS), and partial density of states (PDOS) are also investigated to further 

evaluate the half-metallicity. ACrBr3(K,Rb,Cs,Fr)  exhibits half-metallic behavior both GGA and 

GGA+U, as the spin-up channel shows metallic states at the Fermi level while the spin-down 

channel shows a gap as depicted from the DOS structure over 0-30 GPa from Figure 6 using GGA 

and GGA+U. From PDOS using the GGA+U functional at 0 GPa, the states around EF mainly 

arise from Cr-3d and Br-4p hybridization, as illustrated in Figure 7, and this hybridization makes 
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our studied materials half metal. At elevated pressure, the minority-spin gap narrows as 

hybridization becomes stronger. At 30 GPa, Fr-based material shows the shift of the symmetry 

point from indirect (G-Q) to direct (G-G).
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Figure 7: Spin-polarized band structures of ACrBr3(A = K,Rb,Cs,Fr) obtained from GGA-PBE 
and GGA+U functionals at applied pressures of 0,10,20, and 30 GPa.

Page 20 of 40Materials Advances

M
at

er
ia

ls
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/1

6/
20

26
 1

:5
8:

45
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

DOI: 10.1039/D6MA00182C

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00182c


Table 6: Calculated minority-spin band gaps (eV) and half-metallic gaps (eV) using GGA and 
GGA+U functionals at applied pressures of ACrBr3(A = K,Rb,Cs,Fr) compounds.

Band Gap, Eg(eV)

GGA GGA+U

Halide
Perovskite

s

Pressure

Spin-Down 
band gap

Half-metallic gap Spin-Down 
band gap

Half-metallic gap

0 3.46, 3.4[29] 0.82,0.3[29] 4.14 0.103

10 3.02 0.94 3.93 1.59
20 2.65 1.16 3.47 0.48

𝐊𝐂𝐫𝐁𝐫𝟑

30 - - 2.21 0.09
0 3.48 0.79 4.29 0.1
10 3.07 1 3.97 1.57
20 1.231 0.05 3.51 0.51

𝐑𝐛𝐂𝐫𝐁𝐫𝟑

30 - - 3.13 1
0 3.5 0.74 5.14 0.91
10 3.13 1.09 4.03 1.54
20 2.79 1.22 3.61 0.56

𝐂𝐬𝐂𝐫𝐁𝐫𝟑

30 - - 3.24 1.11
0 3.52 0.7 4.2 0.09
10 3.19 1.17 4.1 1.51
20 2.87 1.23 3.7 0.59𝐅𝐫𝐂𝐫𝐁𝐫𝟑

30 - - 3.23 1.23

Figure 8: Variation of band gap (eV) with applied pressures of 0,10,20, and 30 GPa for ACrBr3
(A = K,Rb,Cs,Fr) compounds using the GGA+U functional.
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Figure 9: Spin-Polarized Density of States (DOS)(electrons/eV) of  ACrBr3(A = K,Rb,Cs,Fr) 
perovskites using the GGA and GGA+U functionals under applied pressures 0,10,20, and 30GPa.
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Figure 10: Calculated Spin-polarized Partial density of states (PDOS) of  ACrBr3
(A = K,Rb,Cs,Fr) perovskites using GGA+U functional.

3.4 Spin Polarization

The spin polarization is related to the spin-polarized DOS by the following formula [11]:

Spin ―  polarization ,SP(%) =
ρ↑(EF) ― ρ↓(EF)
ρ↑(EF) + ρ↓(EF)  × 100                  (18)     

Here ρ↑(EF) and ρ↓(EF) denote the majority and minority spin density at the Fermi level. If ρ↑(EF) 

=0 or ρ↓(EF) =0, which means any one of the spin states is responsible for electron movement and 

maximum SP occurs. All of our materials have 100% SP at the Fermi level, which further 

illustrates the half-metallic characteristics.

3.5 Magnetic Properties and Curie Temperature

Magnetic properties of our compound are investigated using GGA and GGA+U functionals. Table 

7 and Figure 11 illustrate the total and atomic magnetic moments in Bohr magnetons (μB).The 

total magnetic moment is calculated by using the following formula:
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μT = A(A = K,Rb,Cs,Fr) + Cr + 3Br                                                (15)

The calculated total magnetic moments range from 3.98 to 4.02 and ― 3.99, which are either 

integer or nearly integer values. Such values verify that all our investigated materials are 

ferromagnetic [57]. Only the Cr atom significantly contributes to the magnetic moment, whereas 

other atoms make a negligible contribution. From the Slater-Pauling(SP) rule, the total magnetic 

moment (μT) per unit cell for transition-metal-based half-metallic materials is,

μT = ZT ―24                                                                           (16)

Where ZT denotes the total number of valence electrons in our material. In our compound  ACrBr3

(A = K,Rb,Cs,F) , A -site materials (K, Rb, Cs, Fr) have 1 valence electron, chromium has 6 

valence electrons (3d⁵4s¹), and the bromine ([Ar] 4s² 3d¹⁰ 4p⁵) atom has 7 valence electrons. So, ZT

=1(A) + 6(Cr) + 3×7(Br) = 28 electrons and μT= (28-24) = 4 μB consistent with our results derived 

from individual atomic contributions.

Table 7: Spin magnetic moment (Total and atomic) in  μB of ACrBr3(A = K,Rb,Cs,Fr) at various pressures 
using the GGA-PBE and GGA+U functionals.

0 GPa 10 GPa 20 GPa 30 GPaMagnetic moment Compounds

GGA GGA+U GGA GGA
+U

GGA GGA
+U

GGA GGA
+U

Moment-𝛍𝐊 -0.03 0.03,
0.0011[29]

0.04 0.04 0.05 0.04 0.06 0.05

Moment-𝛍𝐂𝐫 -3.75 3.93,
3.8341[29]

3.69 3.69 3.41 3.55 3.31 3.44

Moment-𝛍𝐁𝐫 -0.07 0.02,
-0.0383[29]

0.09 0.09 0.18 0.14 0.21 0.17

Total 𝛍

𝐊𝐂𝐫𝐁𝐫𝟑

-3.99 4.02,4[29] 4 4 4 4.01 4 4

Moment-𝛍𝐑𝐛 0.03 0.03 0.04 0.04 0.05 0.05 0.06 0.06
Moment-𝛍𝐂𝐫 3.77 3.94 3.55 3.70 3.42 3.56 3.32 3.45
Moment-𝛍𝐁𝐫 0.07 0.01 0.13 0.09 0.18 0.13 0.21 0.16

Total 𝛍
𝐑𝐛𝐂𝐫𝐁𝐫𝟑

4.01 4 3.98 4.01 4.01 4 4.01 3.99
Moment-𝛍𝐂𝐬 0.03 0.03 0.05 0.05 0.06 0.06 0.08 0.07
Moment-𝛍𝐂𝐫 3.79 3.97 3.58 3.73 3.44 3.58 3.34 3.48
Moment-𝛍𝐁𝐫 0.06 0.00 0.12 0.08 0.16 0.12 0.19 0.15

Total 𝛍

𝐂𝐬𝐂𝐫𝐁𝐫𝟑

4 4 3.99 4.02 3.98 4 3.99 4
Moment-𝛍𝐅𝐫 0.03 0.03 0.05 0.04 0.06 0.06 0.07 0.07
Moment-𝛍𝐂𝐫 3.81 3.98 3.60 3.75 3.46 3.60 3.36 3.50
Moment-𝛍𝐁𝐫 0.05 -0.00 0.12 0.07 0.16 0.11 0.19 0.14

Total 𝛍
𝐅𝐫𝐂𝐫𝐁𝐫𝟑

3.99 4.01 4.01 4 4 3.99 4 3.99
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Figure 11: Magnetic moments in  μB of (a) KCrBr3, (b) RbCrBr3,(c) CsCrBr3,and (d) FrCrBr3 single 
perovskites calculated using the GGA+U functional.

The temperature above which spontaneous magnetization of a material is lost is known as the Curie 

temperature. We can evaluate the Curie temperature by using the following formula [58] ,

 TC =
2

3KB
    ( EAFM ― EFM    )                                                  (20) 

Here, KB denotes the Boltzmann constant and EFM and EAFM represent the total energies of the 

ferromagnetic and antiferromagnetic states, respectively. The calculated Curie temperature and 

pressure effect are shown in Table 8 and Figure 12. Applied pressure leads to an increase in the 

estimated Curie temperature for all compounds at all pressures, except for the KCrBr3  compound 

at 10 GPa, where the  TC value shows a decrease.

Table 8: Calculated Curie temperature, Tc(K) at applied pressures 0,10,20, and 30 GPa of ACr
Br3(A = K,Rb,Cs,Fr) compounds.

Curie temperature, TC(K)Compounds
0 GPa 10 GPa 20 GPa 30 GPa

KCrBr3 194.78 59.93 423.57 539.55
RbCrBr3 126.43 219.59 407.62 473.98
CsCrBr3 131.28 220.80 384.42 580.33
FrCrBr3 203.63 280.07 340.21 483.38
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Figure 12: Variation of the Curie Temperature, Tc(K) with applied pressure (GPa) for ACrBr3
(A = K,Rb,Cs,Fr) compounds.

3.6 Thermal Properties

The investigation of thermal properties is essential to understand how energy and heat behave, 

interact, and transform within solid materials. By employing the calculated elastic constants, the 

Debye temperature, θD can be determined by the following expressions:

θD =
h

kB

3n
4π

NAρ
M

1/3

vm                                (21)

vm  =
1
3  

2
v3

t
+

1
v3

l
 

―1
3

                                    (22)

From Navier’s equation [59],

   vt = G
ρ

                                                              (23)

                  vl =     B+4G
3

ρ
                                                      (24)                                     

Here,θD denotes Debye temperature, h stands for Planck's constant,  kB for Boltzmann's constant, 

n is the number of atoms in the molecule, NA for Avogadro's number, M for molecular weight, ρ 

for density, and vm for average sound velocity. With the application of pressure, the value of B, G 

increases, which results in an increase in average sound velocity as seen from Table 9. As a result 
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Debye temperature also increases with the increase of applied pressure. This high value of Debye 

temperature suggests that our materials are expected to have high melting points, high hardness, 

and large thermal expansion coefficients, and might be applied to thermal resistance materials. The 

temperature at which a solid melt into a liquid under normal atmospheric pressure is known as the 

melting temperature and have the following expression:

Tmelting = 553 +
5.91 K

GPa  C11                 (25)

Applying pressure results in an increase in the melting temperature of all our investigated 

materials. The Debye frequency represented by ωD , gives information on the transmission of heat 

at the atomic scale and can be calculated by the following expression [60]:

   ωD =
KB× θD

h                                                (26)

Table 9:  Effect of pressure on density (kg/m3), Debye temperature θD (K), Melting temperature Tm(K), 
Debye frequency ωD(THz) and Minimum thermal conductivity Kmin(Wm―1K―1) on ACrBr3

(A = K,Rb,Cs,Fr) perovskites using the GGA-PBEsol functional.

Compounds Pressure Density,
(kg/m3)

Longitudi
nal sound 
velocity 
𝐯𝐥(ms-1)

Transverse 
sound 

velocity  𝐯𝐭 
(ms-1)

Average 
sound 

velocity 𝐯𝐦 
(ms-1)

Debye 
temperature 

𝛉𝐃 (K)

Melting 
temperature 

𝐓𝐦(K)

Debye 
frequenc

y 𝛚𝐃
(THz)

Minimum 
thermal 

conductivity 
𝐊𝐦𝐢𝐧(𝐖𝐦―𝟏

𝐊―𝟏)
0 3930.17 3750.64 2074.28 2311.05 226.93 919.30 4.73 0.35

10 4745.74 4898.31 2507.54 2808.96 293.71 1415.33 6.12 0.48

20 5295.15 5595.74 2751.56 3089.70 335.08 1840.32 6.98 0.56
𝐊𝐂𝐫𝐁𝐫𝟑

30 5719.69 6037.92 2884.20 3243.70 360.94 2207.56 7.52 0.62

0 4428.48
2

3458.28 1939.59 2158.59 211.12 906.36 4.40 0.32

10 5368.30
5

4717.09 2453.30 2745.41 286.31 1432.64 5.96 0.46

20 5962.11
5

5421.41 2760.70 3093.58 334.10 1854.74 6.96 0.56

𝐑𝐛𝐂𝐫𝐁𝐫𝟑

30 6433.69
4

5893.76 2938.94 3297.46 365.27 2252.66 7.61 0.63

0 4863.08 3427.29 1968.79 2186.69 212.11 907.84 4.42 0.32
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10 5878.27 4597.03 2474.04 2762.09 285.40 1410.31 5.94 0.46

20 6531.10 5310.02 2809.45 3140.34 336.07 1850.90 7.0 0.56𝐂𝐬𝐂𝐫𝐁𝐫𝟑

30 7039.01 5817.30 3031.07 3391.56 372.13 2252.66 7.75 0.63

0 5779.79
5

3157.41 1812.62 2013.34 194.01 899.62 4.04 0.29

10 7000.13
1

4248.15 2312.68 2579.77 264.99 1384.89 5.52 0.42

20 7774.39 4902.24 2613.70 2919.97 310.60 1824.3 6.47 0.51

𝐅𝐫𝐂𝐫𝐁𝐫𝟑

30 8378.75 5369.18 2835.38 3169.74 345.69 2218.26 7.20 0.59

With the increase in pressure, the value of ωD also increases the result to greater heat capacity as 

well as thermal conductivity. The highest value is shown for Cs based compounds, illustrated in 

Table 9. The minimum thermal conductivity (Kmin ) can be computed from the Clarke formula, 

which is [61]:

Kmin = KB vm 
M

nNAρ

―2
3

                          (27)

The application of pressure enhances Kmin  hence, Rb and Cs based materials exhibit the highest 
values at 30 GPa pressure, as shown in Table 9.
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Figure 13: Variation of Debye temperature θD (K), Melting temperature Tm(K), Debye frequency 
ωD(THz), Minimum thermal conductivity Kmin(Wm―1K―1) with applied pressure 0-30 GPa for 
ACrBr3(A = K,Rb,Cs,Fr) compounds.

3.7 Optical Properties

Investigating the optical properties of materials is essential, as it lets us know how they react to 

incident electromagnetic radiation. This understanding is critical for the design and selection of 

materials used in optoelectronic device applications. Figure 3.14 shows the optical properties, 

absorption, energy loss, real and imaginary dielectric constants, refractive index, real optical 

conductivity, and optical reflectivity of our compound ACrBr3(A = K,Rb,Cs,Fr) for 0-30 eV 

photon energy range under applied pressure 0,10, 20,30 GPa. Primarily, we can describe a 

material’s response to electromagnetic radiation as its dielectric function. The complex dielectric 

function, ε(ω) can be found by the following equation: 

ε(ω) = ε1(ω) +iε2(ω)              (28)

Here, ε1(ω) is the real part and ε2(ω) is the imaginary part of the complex dielectric function. 

The degree of charge recombination is demonstrated by the dielectric function's static value ε1(0), 

which is related to the manner in which optoelectronic devices perform. The real static dielectric 

constant ε1(0) is highest when the photon energy is 0 eV, and its value is 22.55 eV,22.78 eV,24.09 

eV, and 24.38 respectively, for K, Rb, Cs, and Fr based materials, and shows a decreasing trend 

with increasing applied pressure for all investigated systems as seen in Figure 14(a). As the photon 

energy increases from 0 eV, the real dielectric response decreases up to approximately 1.05-2.60 

eV, after which it rises and displays minor peaks in the ultraviolet range. Such a transition from 
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the visible to the ultraviolet spectrum demonstrates the promise of the materials we examined for 

usage in optoelectronic applications [62]. These peak intensities increase with pressure and also 

follow a progressive enhancement from K to Fr. Negative values of the real components of the 

dielectric constants are observed for a certain photon energy range for all of the materials across 

all pressure ranges. This indicates that our materials behave like a metal at this phonon energy, 

reflecting incident electromagnetic radiation rather than transmission. The imaginary part of the 

dielectric function is also represented in Figure 14 (b). The unreal component of the dielectric 

function ε2(ω) governs a substance's capacity to pass on or collect light. Energy losses in our 

substances are demonstrated by their peaks and the transition from the valence band maximum to 

the conduction band minimum, which correspond to interband electronic transitions. With 

increasing external pressure and substitution at the A-site from K to Fr, the magnitude of ε2(ω) 

also rises. Even though all our studied compounds exhibit a similar qualitative trend but the peak 

values differ. Increasing values of ε2(ω)  suggest that the material becomes less transparent, 

absorbs more light, and provides increased optical loss [63].

Optical conductivity is the flow of electrons when an electromagnetic wave strikes the material. It 

additionally provides information on the conduction process. When a material can absorb more 

photons then it can conduct more electrons, meaning conductivity increases, and both of the graphs 

show comparable trends. The real part of the optical conductivity under pressure variation is shown 

in Figure 3.13(c) and connected with ε2(ω) by the following relationship [64]:

σ(ω) =
ω
4 ε2(ω)                                                                              (3.29)

All four of our investigated compounds show 0 conductivity when the photon energy does not 

exist. Conductivity for all of our materials is expected to increase with the increase of the photon 

energy and reach a minor peak, then starts to decrease in the infrared (IR) region and becomes 

minimum at the visible region, as shown in Figure 3.14(c). After that, it starts to increase from 

visible to the ultraviolet region and shows its highest peak in the UV region. Pressure application 

increases conductivity, narrowing the band gap of all of our studied materials, which is consistent 

with our electronic analysis results. The highest conductivity is for the Fr based compound in 30 

GPa, whose value is 9.39 (1/fs) at 10 eV.

Absorption coefficient can be computed by the following equation [65],
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I(ω) = 2
1
2 ω {ε1

2  (ω) + ε2
2  (ω)}

1
2 ― ε1

  (ω)
1
2                 (30)

where ε1
  (ω) and ε2

  (ω) is the real and imaginary parts of the dielectric function, and the light 

frequency is represented by the ω.This parameter shows a similar trend to the conductivity graph. 

Under applied pressure, we observe a significant enhancement in the absorption coefficient of all 

the materials we investigated, and the highest peak is in the UV range, which is 11-18 eV photon 

energy, which is suitable for the optoelectronic applications [66].

R(ω) = | ϵ(ω) ― 1
ε(ω) + 1

 |2

                                                          (31)

Reflectivity, R(ω)  is an optical property that is the ratio of the quantity of light energy falling on 

a material's surface to the amount of light energy reflected from that surface, and can be calculated 

from the above Equation 31. The value of reflectivity without electromagnetic radiation is shown 

in Figure 14(e), which is almost ranges from 43%-44% without applied pressure and becomes 

31%-32% at 30 GPa pressure. Our materials show the highest reflectivity in the UV region, and 

reflectivity significantly increases with the increase of applied pressure. Fr based material shows 

the highest reflectivity, which is 52.6% at 18.62 eV photon energy at 30 GPa pressure.

When light passes through a medium, the amount of light that bounces off from that medium is 

known as the refractive index. Light can travel quickly within the medium when this value is 

smaller, and the amount of refraction is less. Refractive index, η(ω) [67]

       η(ω) =
ϵ2

1(ω) + ϵ2
2(ω)

2 +
ϵ1(ω)

2

1
2

                                  (32)    

All four materials have a high peak at low energy that slowly drops as the energy increases. When 

pressure is applied, the refractive index becomes a bit higher in the low-energy region. The 

investigated spectrum is shown in Figure 14(f). Overall spectral response is almost the same for 

all our investigated materials.

The loss function L(ω)  as a function of incident photon energy is shown in Figure 14(g), and this 

function is the amount of energy an electron loses while traveling through a material. We can 

compute this using the following formula [68]:

Page 32 of 40Materials Advances

M
at

er
ia

ls
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/1

6/
20

26
 1

:5
8:

45
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

DOI: 10.1039/D6MA00182C

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00182c


                     L(ω) =
ϵ2(ω)

ϵ1(ω)2 + ϵ2(ω)2                                     (33)    

The highest energy loss occurs in the ultraviolet regions for all of our studied compounds. Pressure 

has a vital effect on this function, as pressure not only changes the peak value but also shifts the 

photon energy for which the highest value of the loss function can be found. The highest energy 

loss for the Cs-based compound is 7.9 at 25 eV photon energy for 30 GPa pressure. Rb-based 

material has the highest peak at 20 GPa, and the other two materials also have the highest value at 

30 GPa. This peak is generated by bulk plasmonic excitation at a specific incident light energy and 

the bulk plasma frequency, which is the corresponding frequency at that energy [69]. According 

to these results, our materials may be promising candidates for spin-polarized optoelectronic 

devices as well as additional domains [70] [68].
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Figure 14: Photon energy-dependent optical properties (a) real part of dielectric function ε1(ω),(b) 
imaginary part of the dielectric function ε2(ω),(c) Optical conductivity σ(ω) ,(d) Absorption 
coefficient I(ω),(e) Reflectivity R(ω) ,(f) Refractive index, η(ω) ,and (g) The loss function L(ω)    
of  ACrBr3(A = K,Rb,Cs,Fr) compounds at various pressures using GGA-PBE functional.

Table 10: Static Reflectivity,R(0) at various applied pressures for  ACrBr3(A = K,Rb,Cs,Fr).

Pressure(GPa)Compounds Reflectivity
0 10 20 30

𝐊𝐂𝐫𝐁𝐫𝟑 0.43 0.38 0.35 0.33
𝐑𝐛𝐂𝐫𝐁𝐫𝟑 0.43 0.38 0.35 0.33
𝐂𝐬𝐂𝐫𝐁𝐫𝟑 0.44 0.39 0.36 0.33
𝐅𝐫𝐂𝐫𝐁𝐫𝟑

𝐑(𝟎)
0.45 0.40 0.38 0.35

4 Conclusions

In this work, we extensively investigated the structural, mechanical, magnetic, electronic, thermal, 

and optical properties of cubic ACrBr3(A = K,Rb,Cs,Fr) perovskites under applied pressures of 0, 

10, 20, and 30 GPa using GGA-PBE, GGA+U, and GGA-PBEsol functionals. The analysis reveals 

that Cs- and Fr-based compounds, initially brittle at ambient pressure, transform into ductile 

materials above 10 GPa, while K- and Rb-based perovskites remain ductile across all studied 

conditions. Band structure and density of states confirm half-metallicity, and the integer magnetic 

moment demonstrates stable ferromagnetism. Increasing pressure reduces lattice constants, cell 

volume, and band gap, while simultaneously enhancing elastic constants, thereby improving 

rigidity and resilience essential for device integration. Around 10 GPa, the half-metallic gap is 

maximized for most materials while preserving mechanical stability. Thermodynamic parameters, 

including Debye temperature and melting temperature, show an upward trend with pressure, 
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indicating enhanced thermal stability. Optical properties are also strongly pressure-dependent, 

with optical parameters increasing as pressure rises, and the optical conductivity exhibits the 

largest deviation. Collectively, these findings establish ACrBr3(A = K,Rb,Cs,Fr)   perovskites as 

robust multifunctional candidates, combining favorable magnetic, mechanical, thermodynamic, 

and optical characteristics, underscore their suitability for next-generation spintronic, 

optoelectronic devices, offering a pathway toward materials capable of reliable performance under 

diverse environmental and operational conditions.
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