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A B S T R A C T   

Ab-initio studies of crystal structure, optoelectronic and mechanical response of potassium-based perovskite 
KXCl3 (X = Be, Ca and Sr) compounds have been employed using the quantum based Density Functional Theory 
(DFT) within the framework of WIEN2K code. The Generalized Gradient Approximation within the scheme of 
Perdew-Burke- Ernzerhof (PBE-GGA) exchange-correlation approximation is used to calculate the exchange- 
correlation potential of these compounds. The band structures and Density of States (DOS) are computed by 
using these approximations. The Band structure and density of state DOS of studied compounds show the wide 
bandgap semiconductor behavior and these semiconductor materials have indirect band gap semiconductor 
materials nature. The optical response of the compounds can be checked in terms of the real and the imaginary 
parts of the dielectric function; and refractive index, extinction coefficient thermal conductivity reflectivity and 
energy loss function. This frequency dependent optical parameter of studied compounds in the ultraviolet en
ergies region makes them valuable material for optoelectronic devices. Therefore, this potassium based perov
skite KXCl3 (X = Be, Ca and Sr) compounds may be used for the fabrication of a transparent material and 
optoelectronic devices. . According to Born’s criterion, KCaCl3 is found to be brittle while KBeCl3 and KSrCl3 are 
established as ductile material for different mechanical applications. Finally, theoretically calculated results 
agree well theoretically and experimental available literature review.   

1. Introduction 

Gustav Rose discovered the perovskite structure in the Ural Moun
tains in 1839 and named it after Russian mineralogist Pervoski 
(1792–1856) [1]. Mineralogist Perovski reported calcium titanate 
(CaTiO3), which was widely understood to be the source of perovskite. 
Materials with the same crystal structure as CaTiO3 were called 
“perovskite materials” (structure). Halides having the perovskite struc
ture, both organic and inorganic, have caught the interest of the 
photovoltaic community since late 2012. The importance of evaluating 
and analyzing the potential of this fascinating technology, which has 
energized the photovoltaic research community, cannot be under
estimated. Even though this class of materials has been extensively 
investigated for decades, organic/inorganic metal halides are effective 
light absorbers [2–4]. The typical stoichiometry of the perovskite 

structure is ABX3, where A and B are the metallic cations, and X can be 
either oxygen or halide elements (F, Cl, Br, and I) [5]. The halide 
based-perovskites semiconductor materials are an important class of the 
perovskite family. The perovskite type semiconductor materials are 
considered the potential candidate for optoelectronic and solar cell ap
plications [6], because of their low cost value and better efficiency of 
optical response that are directly related to the band gap properties of 
the materials [7–9] 

These materials have attracted attention for optoelectronic and 
photovoltaic applications because of their unusual physical properties 
including their high absorption coefficient, long-range ambipolar charge 
transfer, low exciton-binding energy, high dielectric constant, and 
ferroelectric capabilities [10,11]. Multiple classes of perovskite mate
rials were examined in-depth; however, halide perovskites (ABX3) are 
the most promising materials yet to study widely. Organic–inorganic 
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lead halides were also investigated for thin-film LEDs and field effect 
transistor (FET) applications due to the strong excitonic characteristics 
of perovskite materials (layered) [12,13]. 

In 2019 Mahmood et al. [14] investigated Cesium based bromides 
mechanical, optical, thermoelectric and thermodynamic characteristics 
systematically using the most comprehensive DFT based WIEN2K code 
for elucidating the energy renewable device applications. Very recently 
in 2021 Lamichhane et al. [15] have examined halide perovskites, which 
have the potential to be used in solar cells and reported the effect of 
cation and anion substitution on their overall properties of halide pe
rovskites. They studied the structural, mechanical, and electro-optical 
characteristics of ABX3 (A = K, Rb, Cs; B = Ge, Sn, Pb; and X = Cl, Br, 
I) under isosymmetric compression in his study. All the calculations are 
performed with generalized gradient approximation schemes. All com
putations are made using extended gradient approximation methods. 
The use of isosymmetric stress resists the external circumstances, 
allowing these powerful solar materials to act reliably. LEDs, solar cells, 
and other optoelectronic devices may benefit from this knowledge. In 
2019 Pitriana et al. [16] used first-principle calculations and examine 
the band structure and crystal binding properties of the all-inorganic 
perovskite APbBr3. Their findings show that, with the exception of 
LiPbBr3 and NaPbBr3 perovskites, the A+ cations play no major role in 
the interband photoexcitation, photovoltaic, or charge transport pro
cesses. 1n 2019 Sabir et al. [17] studied properties of CsMO3 (M = Nb, 
Ta) compounds explored by using FP-LAPW method implemented in the 
DFT based WIEN2K code. This work explains the electronic, optical, 
mechanical, thermodynamic, and thermoelectric properties and exhibit 
that the increasing values of electrical conductivity and power factor 
with temperature are best suited for thermoelectric and optoelectronic 
applications [18]. investigated the structural, electronic and optical 
properties to identify the suitability of inorganic lead-free halide pe
rovskites ASnX3 (A = Rb, K; X = Cl, Br) as solar materials. 

The goal of this comparison study is to investigate structural, opto
electronic and mechanical response of potassium-based perovskites 
KXCl3 (X = Be, Ca, Sr) compounds by employing the quantum-based 
Density Functional Theory (DFT) within WIEN2K code. 

2. Computational details 

The structural, electronic, and optical properties of KXCl3 (X = Be, 
Ca, and Sr) are investigated using Local Orbital and Full Potential 
Linearized Augmented Plane-Wave (LO + FP-LAPW) method [19]. The 
exchange-correlation potential and optimal ground state parameters 
were studied using the PBE-GGA approximation [20]. We solved the 
birch Murnaghan equation of state to optimize cubic structures KXCl3 (X 
= Be, Ca, and Sr). The bandgap and electronic characteristics are tuned 
using Tran-Blaha-modified Becke-Johnson (TB-mBJ) exchange potential 
[21]. The basis set in (RMT) is the radial solution of the single-particle 
Schrödinger equation and energy derivatives multiplied by the small
est atom in the unit volume of the crystal structure. The energy 
convergence of crystal structure is defined by RMT × Kmax = 8, here the 
RMT and Kmax show the radius of the muffin tin sphere and the magni
tude of the largest plane wave vector of the atoms in crystal structure, 
respectively. The highest value of spherical harmonics at atomic sites is 
Lmax = 10, and the charge density Fourier expansion value Gmax = 12 (a. 
u)− 1. The RMT values for Be, Ca, and Sr are (1.5, 2.0, and 2.1 a.u.) while 
for both K and Cl atoms it is 1.9. The Brillouin area of the considered 
compounds is chosen to contain 100 K points, and the self-consisting 
field (SCF) cycle is performed until the unit crystal structure’s total 
energy converging value is less than 10− 5 Ry [22]. Optical properties 
were calculated by solving Kramers–Kronig the well familiar relations 
[23]. So far as mechanical stability, the elastic constants are calculated 
while using the Born stability criteria [24]. 

3. Results and discussions 

3.1. Structural properties 

The crystal structures of KXCl3 (X = Be, Ca, and Sr) compounds are 
shown in Fig. 1. The information about structure stability, lattice con
stants and the atomic arrangement of the constituent elements is very 
important for the fabrication of device applications. The unit cell 
structure of these compounds such as KXCl3 (X = Be, Ca, and Sr) are 
stable in the cubic phase with space group 221 (Pm-3m). As shown in 
Fig. 2, the graphs of energy versus volume ensure stability of these 
compounds. The ground state minimum energy of KXCl3 (X = Be, Ca, 
and Sr) is computed as a function of unit cell volume by using the 
following Birch–Murnagahan’s state equation [25]. 
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where, E(V) is the value of ground state energy with volume V of a unit 
cell. E(Vo) Indicate the ground state energy with Vo at zero pressure. Bo 

symbolizes bulk modulus. B′

o represents the derivative of bulk modulus 
at zero pressure. The computed values of equilibrium lattice parameters, 
bulk modulus, and its pressure derivative for these compounds are given 
in Table 1. Theoretical data for our materials is well supported by 
computational calculations made for XCaF3 (X = K, Rb, Cs) in cubic 
phase and KCaF3 [25,26] as well as experimentally available literature 
about KCaF3, RbCaF3, and computational and experimental work on 
KCaX3 (X = F and Cl) compounds [8,27]. The use of distinct 
exchange-correlation potential may account for the modest discrep
ancies in computations between this work and previous studies. 

3.2. Electronic properties 

3.2.1. Band structure 
The electronic band structure of any material gives information 

about energy band gap (Eg) value along with the direct and indirect band 
gap nature of compounds. Additionally, the band structure implies 
important information about the materials, whether they are semi
conductors, metals, or insulators. The electronic band structures of the 
potassium-based perovskite KXCl3 (X = Be, Ca, and Sr) are depicted in 
Fig. 3 which shows high symmetry directions in the first Brillouin zone 
(BZ). 

The electronic band structure of KXCl3 (X = Be, Ca and Sr) is 
determined along the symmetry directions (R Γ X M and Γ) in an irre
ducible BZ by using PBE-GGA. It has been observed that maxima of the 
valence band lies at M symmetry point of the first BZ where minima of 
the conduction band is found at Γ symmetry point near the Fermi level 
(EF) in first BZ. So, these compounds are indirect band gap semi
conductors. The double-headed brown line in Fig. 3, ensures the indirect 
band gap between the conduction band and valence band. For KBeCl3, 
KCaCl3, and KSrCl3, the estimated values of indirect Eg are 1.907, 3.849 
and 4.346 eV, respectively. Although the calculated value of Eg for 
KCaF3 = 5.95 eV [29] and in experimental studies [30] it was reported 
as 6.13 eV. The formerly reported values show that our results about Eg 
are in good agreement with the theoretically explored [28] and exper
imental value of Eg Ref. [27]. The values of Eg for KXCl3 (X = Be, Ca, and 
Sr) at various symmetric points in the first BZ are presented under 
Table 2. 

3.2.2. Density of states 
To visualize and explain the basis of electronic band structures and to 

understand deeply the electronic properties of studied compounds, we 
have investigated the total density of states (TDOS) and partial density 
of states (PDOS). The density of states define the number of available 
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states per unit volume in an energy level in which an electron can 
occupy. Fig. 4 displays the total and partial density of states for KXCl3 
(Be, Ca, and Sr). In maxima of the valence band of KBeCl3, p-state of Cl 
shows major contribution at − 0.03 eV and p-state of Be shows minor 
contribution at − 0.09 eV. s-states of K and Be show their contribution at 
− 0.07 eV and − 0.10 eV, respectively. On other hand, minima of con
duction band constitute p-state of Cl with its major contribution at 0.03 
eV and shows minor contribution at 0.04 eV. s-orbitals of K, Be and Cl 
didn’t show any contribution. In KCaCl3, maxima of the valence band p- 
states of Cl and Ca show the same contribution at the energy of − 0.21 
eV. s-states of K and Ca show their minor contribution at − 0.19 eV and 
− 0.24 eV, respectively. Moreover, minima of conduction band p-state of 
Cl and Ca show contribution at 0.26 eV and 0.27 eV. While s-orbitals of K 
and Ca show contribution at 0.28 eV and 0.26 eV. So far as maxima of 
the valence band of KSrCl3, s-state of K has shown weak contribution at 
− 0.19 eV energy and d-state of Sr shows major contribution at − 0.21 eV 
here Cl seems insignificant in the valence band formation. However, s- 
states of K and Cl are found to be contributing at 0.28 eV and 0.15 eV. d- 
states of Sr and p-states of Cl have shown their weak contribution at 0.26 
eV and 0.15 eV, respectively. 

3.3. Optical properties 

The frequency-dependent optical properties of potassium-based pe
rovskites KXCl3 (X = Be, Ca and Sr) can be demonstrated by the 
dielectric function ϵ(ω) = ϵ1(ω) + iϵ2(ω); where ϵ1(ω) and ϵ2(ω) repre
sent the real and imaginary parts of the dielectric function, absorption 
coefficient a(ω), extinction coefficient k(ω), reflectivity R(ω), refraction 

index n(ω) and energy loss function L(ω). These frequency dependent 
parameters play a significant role to check the efficiency of nano- 
electronics and optoelectronic devices [31]. 

The imaginary part ϵ2(ω) of dielectric function is closely connected 
to the electrical band structure; which provides information about the 
absorption of light [32]. It is frequently calculated by the accumulation 
of all potential transitions from occupied to unoccupied states while 
taking the relevant transition matrix element into account as explained 
by Ambrosch-Draxl and co-workers in their earlier reports [33,34]. The 
computed ϵ2(ω) for KXCl3 (Be, Ca, and Sr) is shown in Fig. 5. We may 
confidently argue three threshold spots in the spectrum at 2.5 eV, 3.5 eV 
and 3.0 eV for KBeCl3, KCaCl3, and KSrCl3, respectively, to the electronic 
transition between the valence and the conduction bands. These tran
sitions occur from X-p (Be, Ca and Sr) states to Cl-p with contributions 
from K-s states in the conduction band. The major peak in the spectrum 
is found to be situated at 9.07 eV, 11.44 eV and 9.72 eV for KBeCl3, 
KCaCl3 and KSrCl3, respectively. It is clear from Fig. 5 that KSrCl3 have 
higher absorption than KBeCl3 and KCaCl3. Which ensures that 
comparatively in case of KSrCl3 the dissipation of incident light is more 
in the form of excitation between valence to the conduction band. 

The real part ϵ1(ω) of the dielectric function contains information 
about a material’s polarization. Which can be calculated with the help of 
an imaginary part ε2(ω) by Kramers–Kronig model [23]. Fig. 6 shows the 
frequency-dependent dielectric function with its ϵ1(ω). Static dielectric 
constant ϵ1(0) is determined to be 2.96, 1.91, and 3.67 for KBeCl3, 
KCaCl3, and KSrCl3, respectively. At higher energies, ϵ1(ω) increases to 
3.60 at 4.12 eV for KBeCl3, 2.60 at 6.62 eV for KCaCl3 and 8.5 at 6.50 eV 
for KSrCl3. In this work, the results agree well with the available 

Fig. 1. The cubic unit cell structures of KXCl3 (X = Be, Ca and Sr) compounds.  
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experimental literature results for KCaCl3 [30]. The indirect band gaps 
of KBeCl3, KCaCl3, and KSrCl3 are 1.907 eV, 3.849 eV, and 4.346 eV, 
respectively. Other compounds with similar band gaps and low values of 
ϵ1(0), as we examined for our studied compounds, have been used in 
optoelectronic applications. Thus, our computed results are in line with 
previous findings in the literature [35,36] which support the possibility 
of using our investigated materials for optoelectronic applications. 

The refractive index n(ω) is the ratio of a given material’s speed of 
light to the speed of light in a vacuum that refers to the capacity of the 
matter to allow electromagnetic radiations to pass through it. Higher 
value of the refractive index indicates that materials are opaque and vice 
versa [36]. Fig. 7 shows n(ω) of KXCl3, where 1.72, 0.1 and 1.9 are 
discovered to be the zero-frequency refractive indices for KXCl3 (Be, Ca, 
Sr). As a result, the highest values of n(ω) were found to be 1.8, 0.33, and 
3.0 for KXCl3 (Be, Ca, Sr), respectively. The results show that KSrCl3 and 
KBeCl3 are comparatively more opaque materials. 

Behavior of the extinction coefficient k(ω) is similar to that of the 
ε2(ω), which tells us how much a material will absorb light radiations. 
So, both are co-related by this relation 2nk = ε2(ω) [36]. Our results 
pertaining to the k(ω) are presented in Fig. 8. The local maxima of k(ω) 
were found to be 1.5 at 9.9 eV and 12 eV for KBeCl3, 1.37 at 11.19 eV for 
KCaCl3 and 2.0 at 11.41 for KSrCl3. 

The reflectivity of any material can demonstrate reflection of inci
dent light from surface of the material [31]. The spectrum of reflectivity 
R(ω) is shown in Fig. 9. The static value of the reflectively R(0) for 
KBeCl3, KCaCl3, and KSrCl3 are 4%, 3%, and 9.8%, respectively. The 
relatively low reflectivity of these materials suggests that they are 
opaque in IR, visible, and low frequency end of the UV spectrum. 
Maximum reflectivity values for KBeCl3 are 27% at 9.1 eV, 15% at 6.6 eV 
for KCaCl3 and 33% at 10 eV for KSsrCl3. 

The energy loss function L(ω) is a significant feature explaining the 
energy loss of a speedy electron passing through a matter either by 
dispersion scattering or heating [28]. The varieties of energy loss deliver 
valued shreds of evidence around Plasmon excitation, intra-band and 
interband transitions. The maximum peaks indicate the plasmon exci
tations related to plasmon frequency. Rapid electrons passing through 
surface of KXCl3 (Be, Ca, and Sr) may lose energy according to the en
ergy curve depicted in Fig. 10. The response of this function is frequently 
high at the plasmon frequency. KBeCl3, KCaCl3 and KSrCl3 have shown 
energy loss peaks at 11.22 eV, 11.46 eV and 10.84 eV, respectively. 
According to our computed energy loss function, these sharp peaks 
correlate to a sudden drop in the reflectivity spectrum (Fig. 9). 

The absorption coefficient α(ω) relates the capacity of a material to 
absorb the incident photon of definite energy. The absorption constant 
can be computed by the imaginary part of the dielectric function. The 
absorption peaks occur due to the interaction between photons and 
electrons and also occur due to intraband and interband transitions. The 
absorption is co-related to the extinction coefficient by the relation 
α(ω) =

4πk(ω)
λ . The α(ω) for three studied compounds is shown in Fig. 11. 

At high energies, there is a very strong absorption peak, which is quite 
intriguing to see. Comparatively KSrCl3 has shown large scale absorp
tion than other two compounds. They have shown high absorption at 
various spells of energy in the energy range from visible to ultra-violet. 
Maximum values of absorption coefficient and refractive index, fewer 
values of reflectivity, and energy loss function make them potential 
materials for optoelectronic applications. 

3.4. Elastic properties 

Elastic constants Cij are crucial factors because they indicate how the 
material responds when pressure is applied to it [24]. Elastic properties 
of the compounds are important to study in order to make them useful 
materials for optoelectronic applications. However, for mechanical 
stability, the elastic constants must follow the Born stability criteria 
[24]. For cubic materials, three independent constants C11, C44 and C22 

Fig. 2. Optimized graph of energy as a function of volume for (a) KBeCl3 (b) 
KCaCl3 and (c) KSrCl3. 

Table 1 
Lattice constant a (Å), bulk modulus Bo (GPa) and bulk modulus derivative B0

ʹ of 
KBeCl3, KCaCl3 and KSrCl3 compounds.  

Compounds a (Å) B0 (GPa) B0
ʹ 

KBeCl3 4.6175 46.5333 4.333 
KCaCl3 5.3093 46.5333 4.3721 
KSrCl3 5.6631 20.9014 4.3697 
Other calculations 5.410c 46.98c 4.5475c 

4.4584b   

4.47a   

4.32d    

a Ref. [25]. 
b Ref. [26]. 
c Ref. [8,27]. 
d Ref. [28]. 
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are required to fulfill the following stability criteria for cubic crystal 
[37]:  

C11 ˃0, C44 ˃0, C11˃ |C12|, (C11+2C12) ˃ 0                                         (2) 

Moreover, elastic constants calculations proved that cubic com
pounds KBeCl3, KCaCl3 and KSrCl3 are mechanically stable because they 
satisfy the stability criteria. Values of elastic constants are represented in 
Table 3. Elastic constant data is also used to measure the shear and bulk 
moduli through Reuss [38] and Voigt approximation [39] method. The 

Fig. 3. The indirect band gap of potassium based perovskites i.e. KBeCl3, KCaCl3 and KSrCl3 by using TB-mBJ functional.  

Table 2 
Band-gap energies of KBeCl3, KCaCl3 and KSrCl3 compounds at high symmetry 
points.  

Compounds ER− R EΓ− Γ EX− X EM− M ER− Γ EX− Γ EM− Γ 

KBeCl3 4.665 2.160 4.541 5.416 1.902 2.882 1.907 
KCaCl3 5.719 4.099 5.155 5.372 3.845 4.099 3.849 
KSrCl3 6.015 4.591 6.259 6.648 4.199 4.615 4.346  
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Voigt and Reuss bulk modulus for cubic crystal are given as follows [39]:  

Bv = BR = (C11+ 2C12)/3                                                                 (3) 

Similarly, Voigt and Reuss shear modulus for cubic crystal is [39]:  

Gv = (C11–C12+3C44)/5                                                                   (4)  

GR = 5(C11–C12)C44/[4C44+3(C11–C12)]                                             (5) 

According to Hill approximation, the averages of Reuss and Voigt 
approximations are the efficient shear and bulk moduli which are rep
resented as follows:  

G = ½ (GV + GR), B = ½ (BV + BR)                                                      

Bulk and shear modulus is the measurement of material resistance to 
change in volume and change in shape respectively. Young’s modulus is 
the ratio of tensile stress to tensile strain and is used to measure the 
stiffness of the solid through this formula E = 9BG

3B+G [39] and are given in 
Table 4. 

Moreover, mechanical properties include Poisson’s ratio which dis
cussed the bonding characteristics of compounds. However, if the values 
are around 0.1 then covalent characters and for the values around 0.25 
ionic character is dominant in bonding. Poisson’s ratio can be measured 
through this formula ʋ = 3B − 2G/2(3B+G) [40]. Pugh’s modulus (G/B 
ratio) is also about bonding character. Although, for the ratio value 0.6 
ionic character and 1.1 covalent character is dominant. Materials 
ductility and brittleness has been judged through B/G ratio. Materials 
having B/G ratio greater than 1.75 and less than 1.75 have ductile and 
brittle nature respectively. Vicker’s hardness test is used to measure the 
hardness of the material and it can be obtained by using this formula:  

HV = 2(G3/B2)0.585–3                                                                       (6) 

Fig. 4. TDOS and PDOS of (a) KBeCl3 (b) KCaCl3 (c) KSrCl3 by using TB-mBJ 
functional. Red, green and blue lines refer to s-, p- and d-states, respectively. 
(For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 5. Imaginary part ϵ2(ω) of the dielectric function for KXCl3 (Be, Ca, 
and Sr). 

Fig. 6. Real part ϵ1(ω) of the dielectric function for KXCl3 (Be, Ca, and Sr).  
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Moreover, according to this hardness test if the theoretical values of 
materials are less than the hardness limit which is 40 GPa then these 
materials are relatively hard [40]. Table 5 represents values of different 
mechanical properties. According to the results of the Poisson ratio and 
pugh’s modulus KBeCl3 and KSrCl3 both dominate ionic character in 
their bonding. Although in KSrCl3 covalent character is dominant, both 
parameters verified each other results. However, values of B/G ratio 
show that materials KBeCl3 and KSrCl3 are ductile in nature and KCaCl3 
possess brittle nature. All three compounds are good hard materials 
proved by Vicker’s hardness test values which are less than 40 GPa. 

Fig. 7. Refractive index n(ω) for KXCl3 (Be, Ca, and Sr).  

Fig. 8. Extinction coefficient k(ω) for KXCl3 (Be, Ca, and Sr).  

Fig. 9. Reflectivity R(ω) for KXCl3 (Be, Ca, and Sr).  

Fig. 10. Energy loss function L(ω) for KXCl3 (Be, Ca, and Sr).  

Fig. 11. Absorption coefficient α(ω) for KXCl3 (Be, Ca, and Sr).  

Table 3 
It represents three elastic constants.  

Compounds C11 (GPa) C44 (GPa) C12 (GPa) 

KBeCl3 568.83 18.74 44.99 
KCaCl3 1.85 7.57 1.39 
KSrCl3 343.05 − 3987.80 312.18  
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4. Conclusions 

This theoretical investigation shows the structural, optoelectronic, 
and mechanical response of potassium-based perovskite KXCl3 (X = Be, 
Ca and Sr) by employing the (LO + FP - LAPW) scheme within PBE-GGA 
exchange-correlation approximation. The volume optimization graph 
shows that these studied compounds are stable at minimum ground state 
energy. The computed band structure of the compounds depicted the 
indirect band-gap; and the band-gap values for KBeCl3, KCaCl3 and 
KSrCl3 are 1.90, 3.85 and 4.20 eV respectively; the computed results 
presented that these semiconductors have wide band gap. Conversely; 
the optical properties are directly related to electronic band gap struc
ture. It observed that at minimum energies 0–4.5 eV the approximately 
zero frequency change of the reflectivity spectra R(0) are 4%, 3%, and 
9.8%, respectively. Relatively low reflectivity indicates extremely 
crystal clear materials through IR, visible, and the low frequency end of 
the UV range. Reflectivity and absorption related results making them 
key materials for absorption devices (opaqueness), and optoelectronic 
applications. Moreover, mechanically KCaCl3 is found to be brittle while 
KBeCl3 and KSrCl3 as ductile material in their nature. 
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