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Perovskites, specifically CsPbX; (X= F, Cl, Br, I), are gaining attention for their
remarkable optoelectronic features, suitable for applications like solar cells, LEDs, and
photodetectors. Utilizing Density Functional Theory (DFT), this study explores CsPbX3's
electronic, mechanical, and optical properties. CsPbl; and CsPbBr; exhibit ideal electronic
traits with a large band gap and excellent optical features, making them optimal for solar
cells and LEDs. CsPbF; stands out for superior mechanical properties, ideal for
applications like scintillators. Overall, CsPbl; and CsPbBr3; excel in electronic and optical
aspects, while CsPbF; is mechanically robust.
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1. Introduction

Perovskites are a category of materials that share a particular crystal structure with the
mineral perovskite, it has the general formula ABX3; and contains the cations A and B together
with the anion X [1]- [5]. Due to their potential use in a variety of technologies, such as solar cells
[6]— [9], light emitting diodes LEDs [10], lasers [11], photodetectors [12], energy storage devices
[13] and sensing devices [14] perovskites have gained a lot of attention recently. Particularly
perovskite solar cells have seen amazing efficiency advancements and have the potential to replace
conventional silicon-based solar cells as a low-cost and effective option [15]. Materials made of
perovskite have certain characteristics that render them perfect for these uses [16]. They can
absorb a lot of light with a relatively little layer of material due to their high absorption coefficient
[17]. Moreover, they are adaptable for a variety of applications due to their high charge carrier
mobility [18], which facilitates rapid charge transfer[19], and the ability to control their band gap
by altering the material's composition [20]. The high-power conversion efficiencies and
inexpensive manufacturing methods of perovskite solar cells have helped them quickly establish
themselves as one of the most promising next-generation solar technologies [21].

Depending on the exact application and device architecture, the optimal bandgap for
perovskite solar cell production typically falls between 1.5 and 1.7 eV. A perovskite absorber layer
is often placed between two charge-selective layers in perovskite solar cells. The range of light
wavelengths that can be effectively absorbed and converted into power is determined by the
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bandgap of the perovskite absorber layer. A band gap that is too big could lead to decreased
photocurrent, while a bandgap that is too narrow could cause thermalization losses and decreased
efficiency [8], [22]-[24]. The highest power conversion efficiencies may be attained by perovskite
solar cells with some record-breaking devices exceeding 25% efficiency, according to research.
However, additional elements like charge transfer, recombination, and stability all have a
significant impact on the overall effectiveness and dependability of perovskite solar cells [25],
[26]. For a good solar cell the required optical parameters are high optical absorption in the solar
spectrum (400-1100 nm) [27], high dielectric constant and low dielectric loss [28], energy loss
function less than 0.1 eV [29], reflectivity less than 10% across the solar spectrum [30] and the
refractive index greater than 2 [23].

Scintillators have demonstrated potential scope in X-ray detection. High optical absorption
in perovskite scintillators is necessary for the effective conversion of incoming radiation into
scintillation light. High reflectivity can cause scintillation light to be lost, which lowers the overall
efficiency and energy resolution of scintillation. A high dielectric constant can have an impact on
the scintillator's ability to gather light, collect light, and resolve energy. Low dielectric loss
improves scintillation efficiency and reduces energy losses from dielectric heating. To achieve
high energy resolution and scintillation efficiency, lower energy loss is preferred. For the best
efficiency in light collecting and detection, the refractive index of the perovskite scintillator should
match that of the other components of the scintillation detector, such as photodetectors and optical
interfaces [31]-[36].

Perovskite LEDs (light-emitting diodes) can have different optical absorption, reflectivity,
dielectric constant, energy loss, and refractive index needs depending on the precise composition
and design of the perovskite material as well as the intended application of the LED. High optical
absorption in the visible or near-infrared is often needed for perovskite LEDs. This guarantees
effective electrical energy input absorption and effective light emission creation. By decreasing the
amount of light lost through reflection at the surfaces, high reflectivity can aid in boosting the
efficiency of the LED. Perovskite materials' dielectric properties, such as their dielectric constant
and dielectric loss, can have an impact on how well they operate as LEDs. Low dielectric loss
reduces energy losses from dielectric heating, however high dielectric constant might aid in
limiting the electric field within the device, boosting charge injection and transport. Depending on
the perovskite composition, layer thickness, and device architecture, the precise dielectric
requirements could change. Dielectric heating reduces energy losses when there is low dielectric
loss. To achieve high quantum efficiency, as well as efficient light emission, in the LED, lower
energy loss is preferred [37]-[40].

There are several general requirements for a perovskite photodetector, such as having
strong optical absorption in the desired wavelength range for the application. This guarantees
effective absorption of the incident light, resulting in a high photodiode response and sensitivity.
To maximize light absorption and raise photodiode efficiency, low reflectivity is typically
preferred. For the photodiode to have high quantum efficiency and sensitivity, lower energy loss is
preferred. Improved absorption and collection efficiency can be attained by using materials with
higher refractive indices to confine and direct incident light inside the device [41]-[48]. The
electronic, optical, mechanical, and elastic properties of the inorganic halide perovskites CsPbX3
(X = F, Cl, Br, I) were investigated in this work using density functional theory in order to
determine optimal mechanical, electronic, optical, and other parameters for use in optoelectronic
devices such as light emitting diodes, solar cells, scintillators, photodiodes.

2. Methodology

CsPbX; (X =F, Cl, Br, I) have a cubic crystalline structure of space group pm-3m (221).
The results of the structural, mechanical, electrical, optical, and photocatalytic features were
compared and analyzed using DFT calculations using the CASTEP code in the Materials Studio
simulation program [49]-[51]. Electrostatic interactions between component atoms' valance shells
and ion cores were studied using the Generalized Gradient Approximation (GGA) of Perdew-
Burke-Ernzerhof (PBE) and a norm-conserving pseudopotentials approach [52]-[55]. In contrast,
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ultrasonic pseudopotentials were applied to estimate the mechanical characteristics to better match
the experimental results. The Kohn-Sham equations were utilized for the computer simulations
[56]-[58].

Fig. 1. Supercell cubic structures (a) CsPbF’; (b) CsPbCl; (c) CsPbBrs (d) CsPbl;.

As depicted in Fig. 1(b), the primitive cell of CsPbCl; consists of five atoms, with one
"Cs" atom having site (0, 0, 0), three atoms of "Pb" at (0.5, 0.5, 0.5), and atom of CI atom at (0.5,
0.5, 0.5) site. With a band energy tolerance of 1x10° eV in all cases, the cut-off energy of 400 eV
for the plane-wave basis was set on plane-wave basic set points of 6 X 6 X 6 k-points. The valence
shell electronic configurations of Cesium (Cs), Lead (Pb), Fluorine (F), Chlorine (Cl), Bromine
(Br), and Iodine (I) atoms are Cs: (6s'), Pb: (652, 4f', 5d'°, 6p?), F: (2s% 2p°), Cl: (3s%, 3p°), Br:
(45, 3d"°, 4p°), I: (4d'°, 5%, 5p°).

3. Results and discussion

3.1. Lattice parameters calculations

According to simulation findings, the lattice parameters of cubic CsPbF;, CsPbCls;, CsPbBr3;, and
CsPbl; are 4.973, 5.866, 6.138, and 6.515 A respectively. The estimated volumes are similarly
discovered to be 123.031, 201.914, 231.21 and 276.605 A3. CsPbF; has the lowest lattice
parameter and unit cell volume values, whereas CsPbl; has the greatest values. From the lowest to
the highest value, a relation may be stated as CsPbF; < CsPbCl; < CsPbBr; < CsPbl; for lattice
parameters and volume outcomes of the CsPbXs3. The percentage increase in lattice parameters
from CsPbF; was found at 17.9 %, 23.4 %, and 31.0 % for CsPbCls;, CsPbBr;, and CsPbls
respectively. Similarly, the increase in volume was found to be 64.1%, 87.9%, and 124%
respectively.



1230

7.0 300
< 6.5
- o
% 200 =
g 6.07 s
© c
© 3
B 5.5+ o
3 100 >
= —
5 5.04 @ Lattice Parameter
4 Cell Volume
CsPbF; CsPbCl; CsPbBr;  CsPbls
Materials

Fig. 2. The lattice parameters of the unit cell of CsPbFs, CsPbCl;, CsPbBrs and CsPbls, and their volume.

Table 1. Matching of lattice parameters and band gap of CsPbX; with other reported literature.

. Lattice Parameter Band gap Crystal
Material Method 4 (A) E, (eV) Structure
CsPb CEIC' 4771 gjg? [60] 2.987 Cub

sPbF; Theo. .77 [59], 4.79 [60 ; ubic
Exp. 479 [61] 3.92 [59], 2.642 [8]
Calc. 5.86 2.218
CsPbCls Theo. 5.78 [62] 2.168 [23] Cubic
Exp. 5.62 [23] 2.93 [63],2.27 [64]
Calc. 6.138 1.900
CsPbBrs Theo. 6.005 [523]9, [622]1, [65], 1.61 [23], E272? [65], 1.66 Cubic
Exp. 5.87[66] 2.3[67]
Calc. 6.515 1.516
CsPbls Theo. 6.26 [68], 6.401 [69] 1.34 [68],1.56 [69] Cubic
Exp. 6.28 [70], 6.017 [71] 1.73 [70], 1.73 [71]

3.2. Mechanical properties

To determine the mechanical properties of the cube crystals of CsPbXs, three different
elastic constants Ci1, Ci2, and Cas were chosen [72], [73]. For these crystals, the Born criteria were
used to justify mechanical stability, and it is evident that all of them are mechanically stable
because they all meet the specifications [74], and the following relations are fulfilled for a material
to be cubically stable,

Ci1—C2>0; Ci1>0; Cyy>0; C1 +2C2>0; Cpp<B<Ci
Fig. 3(a) shows the relationship between the compound CsPbX; and the elastic

constants. Cji, Ci2, and Cas reach their maximum values for CsPbF;. The mechanical parameters
can be measured using the following formulas [75]-[77]:

-1 _ __5(C11—C12)Cqq _ _ C11+2Cqp
Gy = s (3C4s + Ci1 — C2), Gr = 3o Con) £ 4" By = By = e (1)

To calculate the bulk and shear and Young’s moduli, the Reuss and Voigt approximations
must be used. Gy, Gg, By and By are used to find the shear, Bulk, and Young’s moduli as

Gy+ GRr _ By+Br _ 9GB
> B -

G= 2 2 >~ 7 3B+G 2)
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For Poisson's ratio and Cauchy's pressure, the expressions used are

_ 3B-2G

= 26Bi0) Pc=Ci2—Cu. 3)

We obtained data for many ratios, which are depicted in Fig. 3(b—d), to determine the
mechanical features of the chosen materials. In Fig. 3(b), the decreasing trend in values for
Young's modulus (E) [78], bulk modulus (B) [79], and shear modulus (G) [80] is evident for all
materials CsPbF3; > CsPbl; > CsPbClz > CsPbBr;. This result shows that CsPbF; is the stiffest
among all other perovskites when the tensile, volumetric, and shear stresses are applied and exhibit
high resistance within elastic deformation. The bulk modulus to the shear modulus ratio is known
as Pugh's ratio (B/G). Pugh proposes the use of an elastic modulus B/G to characterize a material's
plastic qualities (ductility and brittleness). If the Pugh's ratio is higher than 1.75, the material is
brittle [81]. Our selected materials, CsPbX3; (X=CI, Br, F, I) demonstrated ductile behaviour at 0
GPa shown in Fig. 3(c). The maximum Pugh’s ratio was found for CsPbBr; while the lowest was
found in CsPbFs. It means among the selected materials CsPbBr; is the most ductile. The
decreasing trend in materials can be seen as CsPbBr3; > CsPbCl; > CsPbl; > CsPbFs.
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Fig. 3. Variation in (a) Elastic Constants, (b) Elastic moduli, (c) Pugh ratio and Cauchy Pressure, (d)
Frantsevich ratio, Poisson ratio, and Anisotropic factor for CsPbF;, CsPbCls, CsPbBr; and CsPbl;.

An additional parameter for ductile and brittle behaviour is Cauchy pressure (Pc), which is
seen in Fig. 3(c). If the Cauchy pressure (Pc) is positive, the material will be ductile; if the Pc is
negative, the material will be brittle [82]. According to the projected DFT results, all of the chosen
materials that are ductile at 0 GPa have a positive Cauchy pressure (Pc). The decreasing trend in
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Cauchy’s pressure in our estimated simulation results is CsPbF3; > CsPbBr; > CsPbCl; > CsPbls.
The Frantsevich ratio represents the ratio between the bulk and shear moduli [83]. If the
Frantsevich ratio is less than 0.57, the material will be ductile; if it is more than 0.57, it will be
brittle. In our approximated simulation findings, all selected materials showed a ductile nature, and
the maximum value of the Frantsevich ratio was found in CsPbF; and minimum in CsPbBr3; shown
in Fig. 3(d). Poisson's ratio (v) is another important mechanical component that determines a
material's brittleness or ductility; a value of v less than 0.26 suggests brittle behavior or ionic
bonding, whereas a value more than 0.26 shows ductile behavior or covalent bonding [84], [85].
Fig. 3(d) shows the values of Poisson's ratio for all selected materials. The highest value of
ductility was found for CsPbBr;. If the material properties vary with the variation in

crystallographic orientation, then the material is anisotropic. The anisotropic factor can be

calculated as A = CZ& [86], [87]. For all selected materials CsPbXs the result is found
12

anisotropic shown in Fig. 3(d). For all the materials chosen, the anisotropy is determined to be
CsPbF3; > CsPbl; > CsPbBr3; > CsPbCls, in decreasing order.

11_C

Table 2. Values of Elastic constants (Cy, Ci2, Cy4), Elastic Moduli (Bulk B, Shear G, Young Y),
Pugh’s ratio B/G, Poisson Ratio (v).

CSPbX3 C11 C12 C44 B G Y B/G L))
Present 75.12  16.72 9.68 36.19 1535 4036 2.35

CsPbF;  work 9791 20.36 6.33 26.50 13.53 3483 2.00 0.31
Ref. [59] [59] [59] [59] [59] [59] [59]
Present 41.76  6.88 3.50 18.51 7.11 1891  2.60 0.32

CsPbCl;  work 48.35 7.881 4.92 21.37 9.05 23.79 2361 031
Ref. [62]  [62] [62] [62] [62]  [62] [62]  [62]
Present 37.77 742 3.56 17.54 6.67 17.76  2.63 0.33

CsPbBr;  work 4493  6.93 4.47 28.30 7.82 21.47 3.619 037
Ref. [88]  [88] [88] [62] [62] [62] [62] [62]
Present 4790 794 4.84 21.26 8.92 2349 238 0.31

CsPbls work 3440 4.71 3.84 14.61 6.85 17.79  2.06 0.29
Ref. [69]  [69] [69] [69] [69] [69] [62]  [69]

3.3. Electronic properties

The energy band diagram featuring the Brillouin zone k-points in the sample depicts band
gap energy. Electronic band structures of CsPbX; are displayed in Fig. 4(a—d).
The power differences between the top (VB) and bottom (CB) of the valence band and the
conduction band produce the band gap. In our calculated result the highest value of the band gap is
2.987 eV for CsPbF;. In all other materials, the band decreased up to 26% in CsPbCls, 36% in
CsPbBr3;, and 49% in CsPbl; from the calculated value of CsPbF;. The ideal range for the
perovskites-based solar cells is from 1.2 eV to 1.8 eV and the best energy band gap range is found
for CsPbls. One can readily see from Fig. 4(a—d) that there is a direct band gap for CsPbF; and
CsPbCl; at Z-zone while for CsPbBr; and CsPbl; at G-zone. As the phonon contributions to pair
production are limited, electron transfer in the direct band gap material gives minimal momentum
loss for carrier propagation. The top of the VB is clearly shown to be more well dispersed than the
bottom of the CB in Fig. 4(b—d), indicating that the photo-generated holes have a lesser mass.
Higher carrier mobility is correlated with a lower carrier effective mass. Another factor which can
be seen in Fig. 4(a—d) is that the number of energy states and expansion of energy states is formed
in the increasing order for CsPbF; < CsPbCl; < CsPbBr; < CsPbl;. The best option for perovskite
solar cells is CsPbls, according to our DFT results for band gap.
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Fig. 4. Band structure of (a) CsPbF3, (b) CsPbCls, (c) CsPbBrs3, and (d) CsPblsat 0 GPa (e) Band gaps.

Details regarding compounds CsPbX3's partial density of states (PDOS) are provided in
Fig. 5. Fig. 5(a) makes this very evident: for CsPbX3 (Br, 1), s-states contribute significantly to the
lower valence band and an intermediate amount to the upper valence band. In a similar vein, they
play a considerable role in the development of the lower conduction band. A small amount of s-
states contributes to the production of the top and bottom valence bands and a little amount to the
development of the top and lower conduction bands in CsPbCl;. The contribution of s-states in the
CsPbF3; instance is primarily observed in the lower valence band, with a smaller contribution in the
bottom conduction band. Fig. 5(b) shows all of the combinations CsPbX;3 (X =F, CI, Br, I), where
the top valence band represents the contribution of the p-states and the lower conduction band
represents the intermediate contribution. As seen in Fig. 5(c), d-states play no discernible function
in the top valence band or any kind of conduction band. The graph of the total density of states
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TDOS shown in Fig. 6

represents expansion in valence and conduction bands. The maximum
expansion in the valence band is found in CsPbF3 and the conduction band for CsPbBrs.

200

g

30

200
@ — ppos | __ (e) — poOS | (i) — pooOS | (m) — PDOS
2 150+ @ 150 3 150 3 150
s g CeReols g CsPbBrs 3 CsPbl,
8 1001 CsPbF; G 100 g 100 & 100
3z = 2 E1)
@ 0 v %
=7 h l M =7 M ° 7 h W il I
i o 5 " | G 1
100 100 100 100
- (b) i [0} —s| —s| (n) — s
= = =
E_?s- w— %75- —p| & 75 —p| T 754 —p
I £ Cs B Cs
8 so cs 2 so = g so g s
g 3 S, 2
w v w)
§ 25 2 254 Q 254 Q254
SN - =L A |G §
0 o i 0 "
200 20 200 200
) —s| < (@ = s &) —s| < =g
i'é 1504 —p #'I:i 1504 P %150— 2] %150- =D
3 g d| g d| 8 Pb d
2 100+ Po g 100 Pb 3 1004 Pb B 1004
= 2 A s
W wv v v
=] - [=] -
g so l g so & g so- g 5o
0 A oA 0 Ao s od o
120 120 120 120
= (d) — 3| = (h) | 10} —s|
= = = =
£ —p| = —p| = —_—p| 2
g 80+ é 80 é 80+ 5 804
s F 3 a i% Br %
w404 w404 u 404 w40
= L : I ,A . la |®
o o a a
0 T T T T T T T T T 0 T ALy 0
-0 -20 -10 0 10 20 30 % -20 -0 0 10 20 30 -20 <10 0 10 20 30 30 -20 <10 0 10 20
Energy (eV) Energy (eV) Energy (eV) Energy (eV)

Fig. 5. Partial density of states (PDOS) for CsPbF;, CsPbCl;, CsPbBrs and CsPbl;.
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3.4. Optical properties

The photonic exchanges of the material can reveal evidence of the characteristics and
forecast the behavior of the material when external electromagnetic waves are induced [89].
According to the materials' optical spectra, these characteristics are examined for electron
conduction empty and filled states, the structure of the band, types of bonds, and material internal
structures. The estimated computational calculations are performed for analyzing the optical
properties of CsPbX; including the absorption I(w), real and imaginary conductivities 0 (w) &
0,(w), real and imaginary dielectric functions & (w) and &,(w), energy loss function L(w),
reflectivity R(w) and refractive indices real n;(w) and imaginary n,(w). The key
fundamental equations presented in Table III were utilized to calculate each of the attributes listed
earlier [90], [91].
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Table 3. Set of equations used to calculate optical parameters.

Optical Parameter Equation
Absorption coefficient 1
1) = V2o (Ve (@) + 5,0)? - & (o))
Extinction coefficient I(w)
K =—
(W) =——
Energy loss function L(w) = €

(&1(w)* + & (w)?)

(o) = () (V@ ey - sl(w))%

Refractive index

Reflectivity coefficient (@) = n+ikK-1
n+iK+1
Dielectric function [e(w) = N(w) = n(w) + iK(w)
£1(w): Real part g(w)=n?—-K?% &(w)=2nK
&2(w): Imaginary part e(w) = & (w) + ig,(w) [49], [50]
Conductivity o=0,+i0, = —i42 (e-1)
yia

Fig. 7(a) illustrates how the optical absorbance of CsPbXj; perovskites varies with the
increase in incident electromagnetic wave frequency. As compared to Br, F,and l-based
perovskites, the value of absorption for the Cl-based perovskite shows that it is most intense in the
ultraviolet range. The optical band gaps are as E, (CsPbF;) > E, (CsPbCl;3) > E, (CsPbBr3) > E,
(CsPbls) from the absorption peaks of matching materials, which is consistent with the estimated
values of E; of CsPbX3 perovskites. The maximum intensity of the highest absorption peaks can
be seen between 14 — 17 eV approximately. According to the DFT absorption rate the highest
absorption or penetration of radiation is seen in CsPbCls and CsPbFs; which could be the best
option for scintillators. The lowest absorption wave capability is found in CsPbl; as can be seen in
Fig. 7(a) the edge length of the absorption graph. It could be the best choice for solar cell and
photodiode applications.

Fig. 7(b) represents the real and imaginary photo conductivities of estimated
computational results for CsPbX; as a function of wave frequency. These materials'
photoconductivity comparisons reveal some peaks across a variety of energy spectrums. The first
peaks of conductivity in CsPbX3 are orderly in terms of the energy as o(CsPbl;) > o(CsPbBr3) >
6(CsPbCls) > o(CsPbF3). The imaginary component of the conductivity may be used to describe
the level of charge slowness needed to respond to changes in the electric field. The real dielectric
constant is a measure of how much electrical energy a material can hold in an electric field. It is a
dimensionless quantity that can be computed as the distinction between the density of the electric
flux in a material under constant electric field application and the electric flux density in a vacuum.
The real and imaginary dielectric constant values with the variation in the frequency of
electromagnetic waves are revealed in Fig. 7(c). One can readily see here the highest to lowest
pattern in dielectric for our results is & (w) (CsPbls) > &;(w) (CsPbBr3) > & (w) (CsPbCls) >
£, (w) (CsPbF;). The highest ability to store electric energy is found in CsPbl;.
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Fig. 7. (a) Absorption, (b) conductivity, (c) dielectric function, (d) energy loss function,
(e) reflectivity, and (f) refractive index for CsPb.X.

When electromagnetic radiations are impacted upon a medium, the energy loss function
(ELF) describes how much energy is lost within the material. In this scenario, we assume that the
electrons oscillate in plasma rather than being fixed to their lattice positions. These oscillations
correlate to the ELF's maximum value. From Fig. 7(d) one can readily see where the maximum
value of the loss function is found for CsPbCls. For optoelectronic applications, reflectivity is a
vital optical property that defines the surface nature of the materials. The reflectivity spectra of
CsPbX; perovskites are shown in Fig. 7(e). It is noticeable from these results that all the examined
cubic perovskite compounds have very low reflectivity; nevertheless, at the optical range, the
reflectivity is highest for CsPbls and lowest for CsPbCl; perovskites at the lowest frequency of
electromagnetic waves. From 14 — 19 eV the maximum reflectivity was found for CsPbCl;.
Excitonic resonances in the electronic structure of CsPbCls are responsible for the reflectivity peak
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at 14-19 eV. When a photon is absorbed by a substance and an electron-hole pair is produced, the
result is an exciton, a bound state comprising an electron and a hole. The link between the
valence and the conduction band in CsPbCls results in excitonic resonances. These resonances can
enhance the absorption of light in the UV range as shown in Fig. 7(a), leading to a corresponding
increase in reflectivity in Fig. 7(e).

The refractive index is a property that describes how much light is bent when it passes
through a material in the perspective of DFT. The dielectric function, which explains how a
material reacts to an outside electric field, is connected to the refractive index. The refractive index
affects the real portion of the dielectric function and controls how fast light travels through a
substance. By computing the real component of the dielectric function and utilizing it to derive the
index of refraction, the real part of the dielectric function can be used to calculate the refractive
index of a material. The refractive index is a significant factor in the construction of optical
devices including lenses, prisms, and waveguides, and is an important statistic for interpreting the
optical properties of materials. DFT estimated calculations to predict the refractive index of
CsPbX; can be seen in Fig. 7(f).

4. Conclusions

The suitability of perovskite materials CsPbX3 for photodetector and solar cell systems
was evaluated by investigating their simulated electronic, structural, and optical properties. The
highest lattice constant and volume were found in CsPbl; among the CsPbX3 perovskites. The
simulated results showed a decreasing trend in the values of Young's (E), bulk (B), and shear (G)
moduli in the order of CsPbF3 > CsPbl; > CsPbCl; > CsPbBr3;. CsPbF; was found to be the stiffest
material. According to our calculations, CsPbF; had the largest band gap of 2.987 eV, while the
band gaps of all other materials were reduced from the estimated value of CsPbF3 by up to 26% in
CsPbCls, 36% in CsPbBr3, and 49% in CsPbls.

The absorption value of the Cl-based perovskite was found to be the most intense in the
ultraviolet (UV) region when matched with Br, F, and I-based perovskites. In our results, CsPbls
seemed to have the largest dielectric constant or capacity to store electric energy. The maximum
value of the loss function was found for CsPbCls. The reflectivity was found to be highest for
CsPbl; and lowest for CsPbCls perovskites. From the calculated band gap, optical, and mechanical
characteristics of CsPbXj, it can be concluded that CsPbl; and CsPbBr; are the best choices for the
manufacturing of solar cells, LEDs, and photodiodes, while CsPbCl; and CsPbF3 are good choices
for perovskite scintillators.
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