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1. Introduction

Examining computationally the structural, elastic,
optical, and electronic properties of CaQCl; (Q = Li
and K) chloroperovskites using DFT framework

Mudasser Husain,? Nasir Rahman, © *@ Hind Albalawi,® Safa Ezzine,” Mongi Amami,°
Tahir Zaman,® Altaf Ur Rehman,® Mohammad Sohail,” Rajwali Khan,? Abid Al Khan,f
Tahir? and Aurangzeb Khan"

This study presents the investigations of structural, elastic, optical, and electronic properties of CaQCls (Q =
Li and K) chloroperovskites for the first time using the DFT framework. The WIEN2K and IRelast packages are
used in which the exchange-correlation potential of the modified Becke—Johnson potential (TB-mBJ) is
used for obtaining better results. The optimized crystal structural parameters comprising the lattice
constant, optimum volume, ground state energy, bulk modulus, and the pressure derivative of bulk
modulus are computed by fitting the primitive unit cell energy versus primitive unit cell volume using the
Birch—Murnaghan equation of state. The elastic properties which consist of cubic elastic constants,
Poisson'’s ratio, elastic moduli, anisotropy factor, and the Pugh ratio are computed using the very precise
IRelast package incorporated inside WIEN2K. The electronic properties are analyzed from the
computation of electronic bands structure and density of states (DOS), and it is concluded that an
indirect band gap of 4.6 eV exists for CaLiCls and a direct band gap of 3.3 eV for CaKCls which confirms
that CaLiCls is an insulator while CaKCls is a wide band gap semiconductor. The analysis of DOS shows
that the greater contribution to the conduction band (CB) occurs because of the "Ca” element whereas
in the valence band the major contribution is from the “Cl" element. The spectral curves of various
parameters of optical properties from 0 eV up to 42 eV incident photon energies are observed and it is
found that the CaQCls (Q = Li and K) chloroperovskites are optically active having a high absorption
coefficient, optical conductivity, optical reflectivity, and energy loss function from 25 eV to 35 eV
incident photon energies. The applications of these materials can be deemed to alter or control
electromagnetic radiation in the ultraviolet (UV) spectral regions. In summary, the results for selected
CaQCls (Q = Li and K) chloroperovskites depict that these are important compounds and can be used as
scintillators, and energy storage devices, and in many modern electronic gadgets.

industries.”® Researchers in materials science have studied the
perovskite materials using DFT**™ and a wide variety of

Discovering the physical properties of materials for practical use
has consistently remained a major area of research. Even in
a scientifically equipped society, materials scientists are always
searching for the best and most effective materials. Perovskites
have drawn a lot of interest because of their important applica-
tions in optical devices,"® energy storage,* and semiconducting
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substances are found in the perovskites family, ranging from
insulators to superconductors and from diamagnetic to colossal
magnetoresistive (CMR) substances. Perovskite materials are also
preferred as lens materials since they do not exhibit the bire-
fringence that makes lens design challenging.** The common
chloroperovskite structure is ABCl;, where “A” and “B” represents
alkali metals and alkaline earth metals respectively, whereas “Cl”
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is the chlorine element. Chloroperovskites possess striking
properties, specifically lead-containing chloroperovskites, and
have possible use in the optical and electronic industries. The
chloroperovskites usually hold a very large band gap due to which
its applications can be deemed in many modern energy storage
devices. The nature of wide-band-gap energy is suitable for it to
absorb or emit ultraviolet (UV) light in applications of optoelec-
tronic devices. Energy storage is a crucial component of a large
number and variety of electronic devices, particularly for mobile
devices and electric or hybrid vehicles. According to the literature,
chloroperovskites are more stable than other halides
perovskites.”*™ Due to their special characteristics of tunable
laser,”™ electron-phonon interactions,"*° crystal fields,* ferro-
electricity,”® phase transition behaviors,® antiferromagnetism,*
semiconductivity,” and as a scintillating material,* the perov-
skite compounds have a comprehensive range of applications.
The high intensity, high directivity, and high energy*” scintillating
materials and scintillators are widely employed in a variety of
applications,”? including healthcare (medical imaging),* calo-
rimetry in high energy physics, territorial security,® industrial
screening,®* and astronomy.* Scintillators are substances that
may convert ionizing “X” or photons into light that is visible or
almost visible (near ultraviolet). The light emitted will be trans-
formed into an electrical signal that can then be examined
depending on the applications.**** As a result of high band gaps,
high absorption coefficients, and economical manufacturing,
chloroperovskite has recently been regarded as a scintillating
material.**** After extensive research on chloroperovskites, we
conclude that the existence of the “Ca” element in the ternary
CaQCl; (Q = Li and K) choloroperovskites shows a significant role
in structural, elastic, and optoelectronic properties. Nowadays the
DFT is proven to be the most precise and accurate tool for the
computation of different various physical properties of
a material.**** This research intends to provide the first insight
into some of the fundamental physical properties of ternary
CaQCl; (Q = Li and K) chloroperovskites for the first time using
the DFT framework for the possible applications in energy-storing
devices, scintillating materials, and many modern technological
devices.

2. Computational methodology

The presented research is done using the WIEN2K** simulation
code to carry out the plane-wave and self-consistent (PWSCF)
approach, which is based on DFT (density functional theory).*
For the crystal structural optimization, the generalized gradient
approximation of Perdew-Burke-Ernzerhof (GGA-PBE)* is
employed to compute the fundamental structural properties
and elastic properties. The IRelast package® is used for the
computations of different parameters of elastic properties. The
exchange-correlation potential of the modified Becke-Johnson
potential (TB-mBJ)* is used for obtaining better results for
electronic properties (i.e. band gap and DOS) and optical
properties. The number of 2000 K-points is used to sample the
first Brillouin zone in reciprocal space. To attain a reasonable
degree of convergence, this study takes into account some FP-
LAPW basis functions up to RMT X Kp.x (Where RMT is the
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minimum radius of the muffin-tin spheres equal to 8 and Kpax
specifies the magnitude of the biggest k-vector in the plane wave
expansions). The RMT values are chosen for each atom in such
a way that there is no overlap and the muffin-tin radii “RMT” for
constituent atomic spheres are 2.5, 1.78, and 1.92 atomic units
(a. u.) for “Ca”, “Q” where (Q = Li and K), and “Cl”, respectively.
The self-consistent field (SCF) computations are observed to
have met at 0.001 mRy total energy. The optical properties are
computed from the basic complex dielectric function of the
form e(w) = &;(w) + ie,(w).*” The xcrysden,* Gnuplot,* origin®
and xmgrace®* are mainly used in research for graphing
purpose. The aforementioned computational is employed for
the first insight into some of the physical properties including
structural, elastic, optical, and electronic properties of ternary
CaQCl; (Q = Li and K) choloroperovskites.

3. Results and discussion

This portion describes and presents in detail the results ob-
tained for ternary CaQCl; (Q = Li and K) choloroperovskites
using the research methodology presented above. Each physical
property is discussed here one by one.

3.1 The structural properties

To access other physical properties (such as electrical, optical,
and elastic), the investigation of structural properties for these
materials is a crucial stage in the ab initio simulation analysis.
In this section, we used the GGA-PBE approximation to examine
the structural characteristics of CaQCl; (Q = Li and K) chlor-
operovskites belonging to the space group-221 (Pm3m). The
primitive crystalline unit cell of both the CaQCl; (Q = Li and K)
chloroperovskites are depicted in Fig. 1. Both the crystalline
unit cell has five (5) atoms, where Ca at Wyckoff positions of (0,
0,0),Q =Liand Klies at (0.5 0.5 0.5), and Cl positioned at (0, 0.5
0.5). The tolerance factor “t” is computed for the selected
chloroperovskites and found to be 0.94 for CaKCl; and 0.98 for
CaLiCl;, which confirms the cubic structure of the compounds.
The fundamental structural parameters including the unit cell
optimum volume, unit cell optimum energy, optimized lattice
constant, pressure derivative of bulk modulus, and bulk
modulus, are determined by fitting the primitive unit cell
energy as a function of primitive unit cell volume using the
Birch-Murnaghan equation of state,” as described as:

»
()
where in the equation above Ey, B, B, V, and V, are respectively,
the optimum value of total energy, the bulk modulus, the
pressure derivative of bulk modulus, the total unit cell volume,
and the optimized unit cell volume.

The structural optimization curves computed using the GGA
approximation are depicted in Fig. 2, and the optimized values
that are obtained from the Birch-Murnaghan fit curves are
provided in Table 1.

The formation energies in the cubic phase of the ternary
CaQCl; (Q = Li and K) chloroperovskites are calculated using

E (V)=E+ +§(V—Vo) (1)

B
BB -1
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Fig. 1 The investigated crystal structures of CaQCls (Q = Li and K) chloroperovskites.
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Fig. 2 The computed optimization of primitive unit cell volume versus primitive unit cell energy for CaQClz (Q = Li and K) chloroperovskites in

the cubic phase.

the expression below, which proved the chemical stability of the
complex compounds.

AHp = Eiora(CaQCly) — Ecy — Eq — 3Eq (2)
where in the above eqn (2), AH; is the formation energy, Eoi(-
CaQCly) is the total optimum energy of CaQCl; (Q = Li and K), Ec,
is the ground state energy of the “Ca” atom, Eq shows the ground
energy of Q = Li and K atoms and E¢; shows the ground energy of
chlorine atom. The values of the formation energies that are
computed are listed in Table 1, and it is revealed that all the results
are negative, indicating that ternary CaQCl; (Q = Li and K)
chloroperovskites compounds may be synthesized experimentally.

3.1.1 Phonon dispersion curves. The phonon dispersion
curves along the high symmetries points are computed for
CaQCl; (Q = Li and K) chloroperovskites compounds for the
sake of stability purposes. It is seen from the dispersion curves
of the Fig. 3 that there exist negative peak dispersion curves

32340 | RSC Adv, 2022, 12, 32338-32349

below zero frequency limit, indicating that both the materials
are unstable.

3.2 The electronic properties

A first-class study of the electronic band structure and DOS is
interested in the electronic properties of a solid to ascertain the
nature of chloroperovskite materials, including whether they
are metals, semiconductors, or insulators, as well as the kinds
of bonds that are formed between the various elements of these
materials and their gap energies. After optimizing a material's
structure utilizing a 2000 number of k-points in the first Bril-
louin zone, the band structure of the material can be ascer-
tained using DFT calculations. According to the locations of
high symmetry points that is “M-I"" and “I'-I"” shown in Fig. 4,
the band structures of both the examined ternary CaQCl; (Q =
Li and K) chloroperovskites compounds are predicted through
the TB-mBJ approximation in the Brillouin zone between —6 eV
and +6 eV. The band structure for CaLiCl; shows that the

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 1 The predicted optimized structural parameters include the
lattice constant ag (A), bulk modulus B (GPa), pressure derivative of
bulk modulus B, optimum volume Vq (a.u)®, ground state energy Eq
(Ry), the formation energies AHs (eV) and the tolerance factor “z” for
ternary CaQClsz (Q = Li and K) chloroperovskites

Optimized structural parameters CaKCl, CaLiCl;

a, (lattice constant) in A 5.3795 4.6380
B (bulk modulus) in GPa 79.43 72.66
Pressure derivative of bulk modulus B’ (GPa) 5.76 7.21
Optimum volume V, (a.u)? 720.76 719.32
Ground state energy E, (Ry) —4145.53  —4145.49
AH; (eV) —8.46 -7.93

T 0.94 0.98

valence band's maximum (VBM) lies at “M” symmetry points,
whereas the conduction band's minimal (CBM) is situated at
the “I'” symmetry points. We can infer from this analysis that
the band structure has an indirect nature from “M-I"” with
a band gap “E,” of 4.6 eV for CaLiCl; and thus act as an insu-
lator. The band structure analysis for CaKCl; depicts a direct
nature from “M-M" with a band gap “E,” of 3.3 eV and displays
the nature of a wide band gap semiconductor. Based on the
predicted electronic band gap the application for these mate-
rials can be deemed in many energy storage devices and semi-
conducting industries.

The deep insight into the electronic properties of materials
requires the analysis of DOS which includes TDOS and PDOS
(total density of states and partial density of states) as displayed
in the Fig. 3 within the energy range of —6 eV to 6 eV for CaQCl;
(Q =Li and K) chloroperovskites. The horizontal red dotted line
in both graphs at 0 eV shows the Fermi energy level (Eg). The
portion of the graph that lies above the Fermi level is known as

w

o

Frequency (THz)

|
w

-6

[
R r X M T

View Article Online

RSC Advances

the conduction band (CB) whereas the portion below depicts
the valence band (VB). The DOS describes deeply the contri-
butions of different elemental electronic states to the “VB” and
“CB”. The dominant participation in the states of “VB” adjacent
to the Fermi level is due to the “Li” elemental part, as shown by
the magenta and by Li-p state for CaLiCl; and “K” and K-p state
for CaKCl; in Fig. 4. The greater contribution in the states of the
“CB” occurs from the “Ca” and Ca-d state elements for both the
CaQCl; (Q = Li and K) chloroperovskites compounds. The
larger band gap that exists in CaLiCl; material is because of the
Ca-d and Li-p states and in CaKCl; is due to the Ca-d and K-p
states. The electronic band gap depicted in DOS is fully
consistent with the gap in the band structures for CaQCl; (Q =
Li and K) chloroperovskites.

3.3 The optical properties

This section of results and discussion describe in very detail the
different parameters associated with the optical properties of
CaQCl; (Q = Li and K) chloroperovskites. As it is determined
that the compounds CaLiCl; possess an insulating nature with
an indirect band gap and CaKCl; with a direct wide band gap
based on the electronic properties and using the band structure;
as a result, these compounds are very suitable for optical
applications. The following formulas are used to compute the
reflectivity, refractive index, extinction coefficient, and absorp-
tion coefficient for several optical properties.*

e(w) = e1(w) + iex(w) (3)
1
2
n(w) = sl(zw) N elz(w)z—l— &2(w) ()

w

o

Frequency (THz)

|
w

-6

R r X

Fig. 3 Phonon dispersion curves at high symmetries points for ternary CaQCls (Q = Li and K) chloroperovskites compounds.
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Fig.4 The examined fitted electronic band structures and DOS for CaQCls (Q = Li and K) chloroperovskites at high symmetries points in the first

Brillion zone using TB-mBJ approximation.

f(w) = | =2 2(W) + *’?12(60)2+ & (w)
2w
I(w) = 7k(w)
R(w) = 1 - n)z + 2
(1+n)" +k?

(8)
(5)

All the fundamental optical properties are computed from
G the dielectric function in incident photon energies from 0 eV to
42 eV employing the TB-mB]J approach with an optimized lattice
constant.

3.3.1 The dielectric function (&;(w), &,(w)). The dielectric
function is crucial for calculating optical properties since it
defines the material's optical reaction at all photon energies.
Optical dielectric constants are critical to modeling the
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Fig. 5 The computed real and imaginary parts of dielectric function for CaQCls (Q = Li and K) chloroperovskites.
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electronic and optical properties of materials. The dielectric
constant mainly improved the charge density of the materials.
The real part represents the ability of the material to store the
electric energy and is related to the polarization while the
imaginary part is responsible for the damping of the wave and
dissipation of energy. It is very clear in Fig. 5 of the real part of
the dielectric function that the spectra for both materials are
consistent with each other in terms of the pattern. The curves of
“&9(w)” varies from 0 eV incident photon energy up to 42 eV,
which shows that at the low range of photon energy the curve
rises to a maximum positive peak of 5.3 for CaLiCl; and 3.7 for
CaKCl;. Both the CaQCl; (Q = Li and K) chloroperovskites
achieve negative maximum values which shows polarization in
these energy regions. The real static “e;(0)” dielectric function
value for CaLiCl; is 3 and that for CaKClj, is 2.5. The analysis of

500—T—T—T—T—T—T—T— T T T T

- — CaKCl;~ G(®) 1
= CaLiCl;— o(m)

: §F @

Optical Conductivity (Ohm™ cm™)
§

0 6 12 18 24 30 36 42

_lncident photon energy (eV)

Fig. 6 The computed optical conductivity for CaQCls (Q = Li and K)
chloroperovskites.
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the optical transition from the valence band to the conduction
band requires the description and understanding of the imag-
inary part “e,(w)” of the dielectric function. The spectra of
“&,(w)” for both the interesting materials are shown on the right
side of Fig. 5. The maximum peaks that occur for both materials
are 5.8 for CaLiCl; and 5.6 for CaKCl; in the photon energy
range from 0 eV up to 42 eV. The maximum peaks of “e,(w)”
spectra lie at a high energy photon range, which confirms that
both ternary CaQCl; (Q = Li and K) chloroperovskites
compounds possess a very good absorption of light in the
ultraviolet range.

3.3.2 The optical conductivity. The connection between the
strength of the generated electric field's amplitude and the
material's induced current density at a specified frequency is
determined by the optical conductivity of a material. The
computed optical conductivity spectral curves for both the
ternary CaQCl; (Q = Li and K) chloroperovskites compounds are
presented in the Fig. 6 within the incident photon energy ranges
from 0 eV up to 42 eV. It is very clear in the Fig. 6 that the optical
conductivity starts at the incident photon energy levels which is
consistent with the electronic band gap energy. The maximum
optical conductivity for CaLiCl; reaches 22 200 Ohm™* em™* at
28 eV photon energy while that for CaKCl, is 17 250 Ohm™*
cm ' at 26 eV incident photon energy. Both ternary CaQCl; (Q =
Li and K) chloroperovskites compounds possess high optical
conductivity at the high energy level, which gives a clue that
these materials can be used in the ultraviolet range in optical
devices.

3.3.3 The absorption Co-efficient. It is determined using
eqn (6) and is identified as the amount of light intensity
absorbed in a unit length of the material.** Fig. 7, which depicts
the absorption coefficient spectrum generated from the TB-mB]
approximation, describes the behavior of the I(w) (absorption

g &
|

g

Absorption Coefficient (cm™)
g &

2

— CaKCl,— [(®)

0 6 12 18

24 30 36 42

Incident photon energy (eV)

Fig. 7 The computed absorption coefficient for CaQCls (Q = Li and K) chloroperovskites.
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Fig. 8 The computed extinction co-efficient for CaQCls (Q = Li and K) chloroperovskites.

coefficient) and how it behaves similarly to the dielectric
constant &(w). We observe that there is no light absorption
below the threshold energy, which is very expected given that
below the bands, we are unable to induce electronic band
transitions from the valence to the conduction band.*® The
critical values of I(w) for both the CaQCl; (Q = Li and K)
chloroperovskites are higher than the values of the band gap
measured from the band structure. The maximum absorption
peak that occurs is 527 cm™' for CaKCl; and 521 cm™' for
CaLiCl; at incident photon energies of 28 eV and 26 eV
respectively which are more useful at ultraviolet ranges.

3.3.4 The extinction co-efficient. The spectrum of extinc-
tion coefficient K(w), investigated for the selected CaQCl; (Q =
Li and K) chloroperovskites materials are presented in Fig. 8
within the incident photon energy from 0 eV up to 42 eV. The
high values of K(w) in the shorter wavelength range indicate that
these films are opaque in this range since the extinction coef-
ficient K(w), is a measure of the amount of light lost owing to
scattering and absorption per unit volume. The curve's oscilla-
tory form results from an interference effect that manifests at
longer wavelengths. It is very clear from Fig. 8 that both the
materials are opaque in the lower range of incident photon
energies and the interference effect is observed at the longer
wavelengths regions.

3.3.5 The refractive index. The refractive index n(w), which
is determined by eqn (4) and is directly related to the real
dielectric function, describes the speed of light propagation at
the density of the material and is related directly to the real part
of the dielectric function “e;(w)”. Fig. 9 shows the computed
curves of “¢;(w)” in the incident photon energy of 0 eV to 42 eV
for ternary CaQCl; (Q = Li and K) chloroperovskites. The static
refractive index n(0) for both compounds is 1.75 for CaLiCl; and
1.58 for CaKCl;. As can be seen from the Fig. 9 that the refractive

32344 | RSC Adv, 2022, 12, 32338-32349

index goes on increasing and decreasing patterns while
increasing the incident photon energy. The maximum peak of
n(w) occurs for CaLiCl; is 2.48 and that for CaKCl; is 2.25.

3.3.6 The optical reflectivity. The power reflected at
a material's surface is defined as reflectivity. Fig. 10 shows the
R(w) given by eqn (7) and the obtained spectral curves of R(w) for
the CaQCl; (Q = Li and K) chloroperovskites. The static values
of R(0) for CaQCl; (Q = Li and K) are 0.05 for CaKCl; and 0.08 for
CaLiCl; respectively. The optical reflectivity is very small in the
photon energies ranging from 0 eV to 5 eV and further
increasing the photon energy the R(w) spectra increases for both
the compounds reaches to maximum values of 0.74 for CaLiCl;
and 0.63 for CaKCl; at the high photon ultraviolet energy
ranges.

3.3.7 The energy loss function. The spectrum of energy loss
function L(w) that characterize inelastic scattering computed
for the ternary CaQCl; (Q = Li and K) chloroperovskites mate-
rials from 0 eV to 42 eV incident photon energy is depicted in
Fig. 11. The higher peaks at the high incident photon energy in
the L(w) spectra determine the Plasmon energy of these perov-
skite compounds. The energy loss function reveals the reaction
of a solid to an external electromagnetic perturbation.

3.4 The elastic properties

Research on elastic characteristics is crucial as it provides
evidence about the mechanical stability and type of bonding
nature of solids materials. The elastic constants for a cubic
crystal can be determined using the IRelast package*® and are
merely reduced to the three constants C;4, Cy, and Cy4. These
constants can be utilized to relate the mechanical reaction to
the material's ductility or fragility during an elastic domain
deformation. In this research, we used the GGA approach to
examine the elastic constants for the ternary CaQCl; (Q = Li and

© 2022 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra05602j

Open Access Article. Published on 11 November 2022. Downloaded on 8/3/2025 7:48:20 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

View Article Online

RSC Advances

b= g
- th 2 h
1

Refractive Index

g
h

m— CaKCl;- 1)(®)
= CaLiCl3- N(®)

0 6 12 18

24 30 36 42

Incident photon energy (eV)

Fig. 9 The computed refractive index for CaQCls (Q = Li and K) chloroperovskites.

0'8 L] I L] I 1 I

e
S

. .

Optical Reflectivity
e

e
9

= CaKCl,- R(®)
= CaLiCl; R(®)

0 6 12 18

24 30 36 42

Incident photon energy (eV)

Fig. 10 The computed optical reflectivity for CaQCls (Q = Li and K) chloroperovskites.

K) chloroperovskites compounds under typical conditions of
the simple cubic structure. Using the IRelast package the
investigated elastic constants, and other mechanical parame-
ters are summarised in Table 2. The findings unmistakably
demonstrate that both of the chloroperovskite materials under
investigation exhibit higher compression resistance due to their
substantial values of C;, (64.84 GPa) in comparison to C, (45.76
GPa) and C,, (32.56 GPa) for CaLiCl; and for CaKCl; the values
are Cy4 (87.74 GPa) compared to C;, (56.26 GPa) and C,, (38.86

© 2022 The Author(s). Published by the Royal Society of Chemistry

GPa). The investigated elastic constants are positive and the
Born-Huang mechanical stability criteria®® Cy; > 0, C15 > 0, Cyy >
0, C11 +2C15 > 0, C1; — Cy, > 0, and B > 0 predict that both the
selected compounds are stable mechanically. We determined
two crucial parameters, such as the bulk modulus “B” and the
shear modulus “G”, to examine the behavior of a material that
either is ductile/brittle. Both “B” and “G” in general are calcu-
lated using Voigt and Reuss's estimations.”” The following
formulas provide the compressibility modulus and shear

RSC Adv, 2022, 12, 32338-32349 | 32345
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modulus Voigt and Reuss approximations, Young's modulus,
Passion's ratio, and anisotropy factor:

1
G = 5(Gy+Gr) ©)
1
Gy = g(cll — Cin+3Cu) (10)
_ 5Cu(Ch — C)
GR o 4C44 + 3(C|] - Clz) (11)
9GB
T 3B+G (12)
_ 3B-2G "
T 23B+0) (13)
A =2Cy/(Cy; — C12) (14)

where, G, Gy, G, E, v, and A are the shear modulus, Voigt shear
modulus, Reuss shear modulus, Young's modulus, Passion's
ratio, and the anisotropy factor respectively.

The rigidity of a material can be determined from the inves-
tigated values of “B” (bulk modulus), “G” (shear modulus), and
“E” (Young's modulus). The computed values of B, E, and G are
tabulated in Table 2 and the values predict that both the ternary
chloroperovskites CaQCl; (Q = Li and K) compounds are rigid
and possess hardness to scratch. To evaluate the fragility and
ductility of a material, the Passion's ratio“r”, is an important
parameter. The values of “»” investigated for both materials are
1.23 for CaLiCl; and 1.78 for CaKCl;, which suggests that the
selected materials are ductile. Another crucial parameter is the
Pugh ratio, which determines the brittle or ductile nature of

32346 | RSC Adv, 2022, 12, 32338-32349

Table 2 The investigated elastic parameters, including the elastic
constant(Cyy, Cip, Ca4q in GPa), the bulk modulus “B”, shear modulus
"G", Young's modulus “E” and the Cauchy pressure in GPa, the
Passion's ratio"»", the anisotropy factor "A”, the Pugh ratio “B/G" for
ternary CaQCls (Q = Li and K) chloroperovskites compounds

Elastic parameters CaLiCl; CaKCly
Cy 64.84 87.74
Cip 45.76 56.26
Cia 32.56 38.86
B 78.34 81.96
G 27.52 32.45
E 53.33 48.71
v 1.23 1.78
A 2.33 1.94
Cauchy pressure (Cy, — Cy4) 13.20 17.40
B/G 2.84 2.52

a material. The threshold value for “B/G” (Pugh ratio) is 1.75.* A
material will display a brittle nature if the value of the Pugh ratio
is less than 1.75, whereas the greater value shows a ductile
nature. As in this work, for both materials, the values of “B/G” is
2.84 for CaLiCl; and 2.52 for CaKCl;. These computed values for
selected chloroperovskites predict that the compounds are
ductile. The predicted value of anisotropy factor “A” determine
whether the material is isotropic or anisotropic, and its critical
value is “1" for isotropic whereas a value below or above “1”
indicate anisotropy. The values computed for these chloroper-
ovskites are 2.33 for CaLiCl; and 1.94 for CaKCl; and show that
both compounds are anisotropic. The Cauchy pressure is also
another parameter that determines the ductility of a material.
The greater positive value of Cauchy pressure indicates ductility.

© 2022 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra05602j

Open Access Article. Published on 11 November 2022. Downloaded on 8/3/2025 7:48:20 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

The computed values of Cauchy pressure are 13.20 GPa for
CaLiCl; and 17.40 GPa for CaKCl;, as can be seen in Table 2.

4. Conclusion

In the current research, the structural, electronic, elastic, and
optical properties of ternary chloroperovskites CaQCl; (Q = Li
and K) compounds in the cubic phase are investigated using
DFT utilizing the GGA and TB-mBJ approximation within the
WIEN2K simulation package. To our best knowledge, there is
no available research for these selected perovskites and the key
results found through the computational approach are:

e The ternary chloroperovskites CaQCl; (Q = Li and K)
compounds are in the cubic phase and the obtained negative
values of formation energy for both compounds indicate that
the material is structurally stable and can be experimentally
synthesized.

e The analysis of electronic properties (band structure and
DOS) shows an indirect nature from “M-I" with a band gap “E,”
of 4.6 eV for CaLiCl; and thus acts as an insulator, whereas, the
band structure analysis for CaKCl; depicts a direct nature from
“M-M” with a band gap “E,” of 3.3 eV and display the nature of
wide band gap semiconductor.

e Elastic properties computed through the IRelast package
depict that the compounds of interest are classified as
mechanically stable, ductile, anisotropic, and hard to scratch.

e The various parameters in optical properties within inci-
dent photon energy range from 0 eV to 42 eV are investigated
and the results show that the CaQCl; (Q = Li and K) compounds
are optically active in UV-region and can be a good candidate for
scintillating materials.

Based on the very precise investigations for the CaQCl; (Q =
Li and K), it can be deemed that both materials are applicable in
much modern electronic equipment, energy storage devices,
semiconducting industries, and as a scintillating material.
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