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ABSTRACT: Lead-free halide perovskites are considered promising candidates as KSni|
visible light absorbers with outstanding optoelectronic properties. In this work, novel |
kinds of lead-free halide perovskites were studied for their electronic, optical, and % E;’:;’(" 3o
thermoelectric properties by employing the most precise and enhanced modified & = L
Trans-Blaha Beck-Johnson potential. The estimated band spectra of the studied & « l N Boa |
materials were comparable. The materials are confirmed to have an indirect band gap oLl A ol
semiconducting nature due to the existence of energy band gaps. Among the studied By (@) , Enerey )
materials, CsSnl; has a smaller band gap, confirming the excitation to be more energy ¢ :;:J o6

: S . : . . 3 3s
efficient. Examining the predicted density of states and true electronic orbital £ " .
contributions, we observed a progressive fluctuation along the energy axis was 2~ 2

g 9 o 5 g Q o =3
observed. Furthermore, the linear optical properties are calculated and studied in & f L ]
g , P 5 " 00 2o oUl o [ bosmee

terms of possible optoelectronic applications. The absorption in KSnl; was greater EOR I N N A

compared to the other two materials. The studied materials could be used for frerm 0 prere ey

antireflecting coatings against UV radiation, owing to the prominent peaks in their

reflectivity spectra. The Seebeck coefficient and electrical properties, as well as the positive value of Ry all pointed to a p-type nature
in these materials. From the anticipated thermoelectric properties, the materials also appear to be suitable for application in
thermoelectric devices.

1. INTRODUCTION as a luminescent material.®’ First, the pure inorganic
perovskites CsPbX;, which has a structure comparable to
CaTiO; (testified as the first phase of a perovskites
compound), was examined by M@LLER et al.”* However,
the alteration efficiency is shown to be very low.'" The
exchange of cesium (Cs) to methylammonium (MA) and
formamidine (FA), but these compounds have additional
concerns with durability, brings out the band gap in a blue shift
via 1.48 eV in CsPbX; in advance."' ™"

A practical theoretical impression that precisely determined
the optical and electronic behavior of these perovskite
components should be established to obtain the desired
outcome. When compared with similar inorganic perovskite
halide materials, the CsPbl; demonstrates higher photovoltaic
performance.’””' Even yet, the CsPbl; undergoes a non-
perovskite transformation at ambient temperature that results
in a structure that has a band gap of 2.83 eV and a negligible

The search for novel material systems with specialized
enhanced functioning is extremely essential for the advance-
ment of science. The materials’ extremely strong bonding
exhibits ironic physics that offers some astonishing possibilities
for their electronic, optical, and thermoelectric behavior.
Advanced optoelectronic equipment has a growing demand
for innovative semiconducting materials with suitable proper-
ties, which is being met.! Research into new perovskites is
presently concentrated in a variety of sectors for their potential
use in solar cells and other devices, which have caught the
interest of scientists. Due to their ability to absorb light, these
materials are also used in light sensors.” **® They have also
attracted a lot of attention due to their efficient light
accumulation qualities and contributions as postproduction
photovoltaics. In addition to having high peak absorption
capacities, the various halide perovskite models have direct-
type band structures in the visible and ultraviolet range,

revealing the potential of these combinations for use in solar Received: May 30, 2023 O

cell implementations. Additionally, similar to these perovskite Accepted:  August 11, 2023 . d
mixes, their use in memory devices, superconductors, Published: August 25, 2023 s
dielectrics, laser diodes, and light-emitting diodes (LEDs) bj
were also found.” These halide-type Perovskites are employed .

in the production of LEDs and light-pumped luminous bodies
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photovoltaic effect. As compared to earlier organic and
inorganic hybrid perovskites, switching Rb to Cs is predicted
to boost the device’s reliability.”>~>* This material is preferable
to other solid-state systems in electrolytes having TiO, for dye-
sensitized Gratzel solar cell materials' because it has high
mobility power in addition to CsSnl,.'* The well-organized
solar radiation absorption constituents in this kind of
perovskite comprise mixed halide perovskites made of cesium
(Cs) and tin (Sn).'®'" Contrary to most semiconducting
materials, the intriguing features of CsSnl; are linear with a
considerable rise in bandgap energy (E,) along with an
increasing temperature.”> CsSnl; has been used in innovative
devices for lead-free light absorbers and substantial optical
qualities despite its usage as hole-transporting material in
photovoltaics.*™** This is due to the consequent surge in
action carried by the perovskites solar cell.’” Like many
perovskites,™ CsSnl; displays a complex phase diagram that is
determined by small energy rotation and tilting of Snlg
octahedral.*’ According to a study by Saliba et al, adding
Cs'* further stabilized these perovskite structures and
improved the PCE and reproducibility of solar cell
manufacturing.'® The same team would be compelled by
further optimization to incorporate RbI into the perovskite
pioneer solution.”” Since the presence of lead (Pb) in lead-
based perovskites is one of their main limitations, our
investigated halide perovskites are lead-free.

The EU’s Constraints of Hazardous Contents regulation
prohibits the utilization of lead (Pb) in all electronic and
electrical devices because of its toxic effects. As a result,
substitutes to lead as metallic cations in the perovskite
photoabsorber are increasing and gaining importance.”” In
the field of solar cell technology, RbSnl;, KSnl;, and CsSnl;
could be emerging substitutes for conventional lead-based
perovskites. Due to their comparable photovoltaic performance
and potential to address the stability and toxicity issues with
lead-based perovskites, these materials have drawn a lot of
interest. Similar in crystal structure and displaying excellent
optical and electronic characteristics, RbSnl;, KSnl; and
CsSnl; have bandgaps that are good for effective solar
absorption and charge transfer. They also have substantial
carrier lifetimes and strong carrier mobilities, which point to
their potential for effective charge separation and collection.
Before these intriguing alternatives can take the place of
conventional lead-based perovskites commercially, more
investigation and optimization are required to improve their
stability and long-term performance. We chose to investigate
these lead-free halide perovskites and inspect their composi-
tion and optical, electronic, and thermoelectric characteristics
because of their stability, minimal toxicity, and small value of
cost. We chose to investigate these lead-free halide perovskites
and inspect their composition, and optical, electronic, and
thermoelectric characteristics because of their stability,
minimal toxicity, and small value of cost. Here, in the present
work, a new type of orthorhombic ASnl; (A = K, Rb, and Cs)
perovskites are being examined. Results of the calculations we
performed are presented in the second section of our
comprehensive review, and the electronic structure, optoelec-
tronic, and transport outcomes are examined in the third
section. We emphasize the utmost important findings from the
present research in the final section.

2. COMPUTATIONAL DETAILS

The BoltzTrap tool and the Wien2k software, respectively,
were used to analyze the structural, optical, electrical, and
transport properties of these materials, both utilizing the state-
of-the-art full potential linearized augmented plane wave
technique.”’ The modified Trans-Blaha Beck-Johnson poten-
tial (TB-mBJ) and GGA provide examples of the fundamental
characteristics of a structure.”> Becke and Johnson created and
identified a distinct kind of ex-correlation. This technique is
used to obtain the exchange-correlation effects.”” The potential
is stated as follows, and the reference includes additional
details:**

p,(r) (1)

x,0

MBJ BR 1 /5
Voo (1) = cv o (r) + (3¢ = 2)_\/E
P2

The orthorhombic structure of our examined halide-type
materials is depicted in Figure 1 together with the computed

°A=(K,Rb,Cs)
o~
O 1

Figure 1. Crystal structure with Vesta for the studied materials.

unit cell structure. The BoltzTrap method was additionally
used to compute the thermoelectric characteristics.”> Onsager
equations and the Boltzmann Transport Theory are used to get
the significant thermoelectric properties:

J=0E, — oSVT (2)
) =oSTE, — kVT (3)

The variables that replicate the gradient of temperature,
electrical conductivity, Seebeck coefficient, and external
electric field are VT, o, S, and E, respectively. Thus, the
symbol for thermal conductivity was obtained by applying the
Wiedmann—Franz law to the electric conductivity.

3. RESULTS AND DISCUSSION

3.1. Electronic Properties. 3.1.1. Electronic Band
Structures. We investigated orthorhombic, “P” type, computed
unit cells for ASnl; (A = K, Rb, and Cs) with space group P222
and group number 1. For the halide perovskites KSnl;, RbSnl;,
and CsSnl;, the computed unit cell volumes are 862.74,
861.45, and 860.96 A’ respectively. The calculated funda-
mental lattice parameters for KSnl; were 4.78 10.38, and 17.34
A, for RbSnl;, were 4.62 12.18, and 18.13, 12.18, 18.13 A and
for CsSnl; the values were 4.89 11.84, and 18.56 A,
respectively (see Table 1) along with their respective lattice
angles o, f, and y all equals to 90° respectively. This
demonstrated that our projected lattice constants for CsSnl;
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Table 1. Computed Atomic Positions, Lattice Constants, Unit Cell Volume, Formation Energy (Eg,.,), and Bulk Modulus (B)

WC-GGA
atoms x y z a (A) b (A) c(A) V, (A) Epom (eV/fu.) B (GPa)
KSnl, (P222)
K 0.419 0.250 0.172 4.78 10.38 17.34 862.74 -1.13 73.16
Sn 0.158 0250 0.503 4.89% 11.36°° 18.24%°
I 0.474 0.750 0.617
RbSnl, (P222)
Rb 0.837 0.750 0.060 4.62 12.18 18.13 861.45 —147 76.01
Sn 0.300 0250 0.788 4.13%¢ 10.14%¢ 17.17°¢
I 0.837 0.750 0.495
CsSnly (P222)
Cs 0.825 0.750 0.059 4.89 11.84 18.56 860.96 —1.68 77.14
Sn 0.350 0250 0.875 517 11.23% 17.01%7
I 0.976 0.750 0.474

and those calculated by Aggarwal et al.*® matched very well.
The WC-GGA was used to determine the optimized locations
for each atom, and the results are revealed in Table 1.
Similarly, the formation energy is also calculated and is
presented in Table 1 in order to estimate the stability of their
thermodynamic nature. Each of the structural phases of the
materials under study rests significantly lesser as compared to
the corresponding elemental hull, with a limit of —1.31 to
—3.00 eV/f.u. These formation energies suggest that the Sn—I
bonds have an extremely strong connection and an ionic
nature. As seen in Figure 2a—f, the band profiles we calculated
for the three materials are comparable. Additionally, each of
these three halide perovskites has a significant gap between its
valence band (VB), which is a band of connected electrons,
and its conduction band (CB), which is a band of free
electrons, according to the determined band structure visibility
for each of these materials, demonstrating that each of these
three substances is a semiconductor.”’ Our estimated gap
values for the KSnl;, RbSnl;, and CsSnl; materials using TB-
mB]J are predicted to be 2.31, 2.42, and 0.58 eV, respectively.
These materials exhibit an indirect band gap, which is
supported by the fact that the highest point of the confined
electron band (VB) and the lowest elevation of the free
electron band (CB) are not situated at the same high
symmetric I’ point in the predicted band features. Then,
using the mBJ approach, we find that the CsSnl; has a bandgap
value of 0.58 eV, which makes it slightly different as compared
to the other materials. Similarly, to the above, a lower bandgap
value for CsSnl; compared to the other two halide perovskite
materials implies a lower energy level for electron excitation.
Similar band structures were noticed from the estimated band
profiles of these materials shown in Figure 2a—f. The topmost
region of the VB closer to the Fermi level was highly impacted
by I-p states, with a few minor contributions by the Sn-s and
Sn-p states, according to the density of state data. On the other
hand, these materials’ equivalent Sn-s orbitals are what give rise
to the lowermost bands of the VB. The Sn-p orbitals also
contributed to the development of the CBs in these materials.
The alkali ions in these three compounds seem to have created
ionic connections with other lattice atoms. Therefore, it is
most likely that the o,_, interaction is caused by the highest
occupying molecular orbitals, which are found between I-p,
and Sn-p, at energies up to 0.0 eV within the VB. The
CASTEP package,*’ which also operates within the framework
of density functional theory, is used for calculating graphs of
the phonon dispersions for the materials under study in Figure

32786

3a—c. The phonon dispersion calculations predicted and
confirmed the studied materials’ stable nature. The results of
our calculations conclusively show that the absence of negative
frequencies proved that the material systems that we examined
have stable structures.

3.1.2. Density of States. Figure 4 displays the density of
states for the examined halide perovskites. Here, we used two
distinct features: the orbital and overall contributions to
demonstrate the computed density of state plots. To further
comprehend by using the most precise approximation, we
calculated the total plus the partial density of states for these
three halide perovskites ASnl; (A = K, Rb, and Cs). The
dotted lines in these revealed plots stand for the Fermi level.
These plots also confirm the semiconducting nature of these
compounds. In the case of KSnl;, we found that the K atoms’
VB, from 10.0 eV and close to the Fermi level, contributes
significantly to the observed peaks and evaluates a relative
influence of multiple electronic (s, p, and d) states in these
materials. Additionally, it can be demonstrated that the K-s
orbital contributes more to the CB at about 5.0 eV than the K-
s orbital does to the VB at —12.0 eV by looking at the partial
density of states of specific elements, such as potassium. The
Sn-p and Sn-d contributions to the VB are both insignificant,
similar to Sn-s, whereas the contribution of Sn-s is large at
about —6.0 eV. Furthermore, at 3.0 eV, Sn-p contributes most
to the CB. We examined the partial density of KSnl; with the
conclusion that the I-s are responsible for the first peak at
around —12.0 eV in the VB. We also deduced from RbSnl;
plots that Rubidium atoms have a leading role near the Fermi
level in the VB up to 10.0 eV. While investigating the partial
densities of states of the Rubidium-based system, the p-orbital
of Rb at approximately —10.0 eV is responsible for the major
influence in the VB, while the contribution of the Rb-d orbital
is only marginally evident in the CB and the rest are
insignificant minorities. The majority of the VB contributions
in these systems are found to be influenced by the Sn-s, with
the Sn-p and Sn-d making up the least percentage of the total.
The Sn-p makes the major contributions in the CB at about 3.0
eV, proving that the Sn contribution in KSnl; is equivalent.
The initial peak at the end of the RbSnl; system is created by I-
s at around —12 eV in the VB, according to our investigation.
The I-p interaction plays an important role and is quite close to
the Fermi level at about —3.0 eV. A few small peaks at around
—3.0 eV and near the Fermi level were observed, and the
combined contribution of Cs to the total density of states in
the CsSnl; combination was first noticed at —9.0 eV. The Cs-p

https://doi.org/10.1021/acsomega.3c03756
ACS Omega 2023, 8, 32784-32793


http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c03756?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf

Energy (eV)
, - D =
Energy (eV)

—
< ————

e A
— S

Energy (eV)
Energy (eV)

Energy (eV)
Energy (eV)

Figure 2. Band structure profiles for (a, b) KSnl;, (c, d) RbSnl;, and (e, f) CsSnl; with both WC-GGA and TB-mB] potentials.

orbital of the element cesium (Cs) causes a significant peak at orbital’s contribution is larger in the VB between —9.0 and
—9.0 eV in the VB, though the other orbitals’ contributions to —6.0 eV. The Sn-p states, which were wide and elevated at 4.0
the conduction and VBs are minimal. For this case, the Sn-s and 0.5 eV, close to the Fermi level, are what contribute most
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Figure 3. Phonon dispersion plots for (a) KSnl;, (b) RbSnl;, and (c) CsSnl;.

to the CB. The contribution of I-s and I-p is maximum in the
VB of iodine at —12.0 and —2.0 eV, respectively. Additionally,
there is just a small amount of I-p at 4.0 eV in the CB and no
significant contributions.

3.2. Optical Properties. It is essential to examine a
material’s responses in the infrared, visible, and ultraviolet
spectra for a better understanding of its optoelectronic
capabilities.”> Some of the significant optical properties. The
supplied perovskites’ polarizability is made clear by the real
component of the dielectric function, & (), displayed in
Figure Sa, and computed absorptive behavior is indicated by
the &(w), which is the imaginary component. A rise in
performance was seen in these materials for narrower bandgap
values. According to the formula £,(0) =~ 1+(ha)P/Eg)2, these
static values correlate to the bandgap, meaning that a smaller
E; will result in a larger £,(0). This link was accurately
captured by Penn’s model.*” According to Figure Sa, the
detected static values &,(0) for the three materials (Table 2)
are 5.6, 5.4, and 7.9, respectively. Our estimated &,(0) for
RbSnl; was found to agree with the value reported in the
literature, which was estimated to be around 5.45 by Nyayban
et al.*? According to Figure 5b, KSnl;, RbSnl;, and CsSnl;
have high peak points in the imaginary component at about
3.0, 3.0, and 1.5 eV, respectively. Results demonstrate that,
when compared to the other two compounds, KSnl; has the
highest polarizability at around 3.0 eV, whose value is around
10.2. With a first high peak of 9.9 at 3.0 eV, it exhibits
performance that is basically identical to that of the RbSnl;.
We discovered a peak of about 9 at 1.0 eV for the CsSnl;
material, which is slightly larger than the other two materials.
We notice that the polarizability of the KSnl; and RbSnl;
moves to the region’s opposite side and then increases for
energy values around 5.0 eV. After some time, it starts to drop
at 7.5 eV once more before continuing to move in the direction
of the negative zone. In contrast, the high peak of CsSnl; is
around 0.9, and after that, the value remains to fall beneath
820 eV. In fact, the imaginary component of the observed
dielectric function shows how electromagnetic radiation
interacts with the materials and how they absorb energy.”®
The absorptive reaction of these three halide perovskites is
revealed by the imaginary portion of the function and is
directly assumed along the electronic band arrangement.*”

The initial peak for the imaginary component for KSnl;,
RbSnl;, and CsSnl; appears to be at about 4.0, 4.1, and 2.5 eV
respectively. The peaks in the fictitious portions were probably
created by the development of allowed carriers from the
restricted phase to the free phase. From 0.5 to 6.5 eV, the
maximum value of CsSnl; is seen to rise quickly. As a result,

research demonstrated that the absorption of substances starts
to occur in the visible and UV bands when the radiation
intensity reaches high levels. All of the KSnl; RbSnl;, and
CsSnl; materials had absorption coeflicients that start to rise
over 2.0 2.0, and 0.9 eV, respectively, as revealed in Figure Sc.
These materials can be employed as possible candidates for
optoelectronic device applications that operate in the UV
spectrum because of their sharp cutoff response, which occurs
mostly in the regions with the highest energy. To sum up the
issue, we can say that these sources are suitable for both LEDs
and lasers because we purchased them in the IR region and
because they will absorb lighter than any other substance. For
KSnl;, RbSnl;, and CsSnl;, respectively, the primary peaks of
the energy loss function curve are seen in Figure 5d to occur at
13.0, 13.2, and 12.0 eV. Plasma resonance that takes place at
the plasma frequency is specified by the L(w), which is a
distinctive property. Furthermore, the crucial feature of these
traits that are connected to the plasma resonance is also very
significant. Comparing CsSnl;, a mixed compound containing
cadmium, to the other two materials, we see some high-curve
peaks.

The static reflectivity R(w) for these three halide perovskites
is shown in Figure 6a, with values for KSnl;, RbSnl;, and
CsSnl; being about 0.16, 0.17, and 0.23, respectively (see
Table 2). Our predicted R(0) value for RbSnl; is reasonably
close to Nyayban et al’s estimate of 0.163.”° For KSnl,,
RbSnl;, and CsSnl;, the highest reflectivity R(w) values are
0.59, 0.59, and 0.52 correspondingly. These high reflectivity
R(w) values show a better indication for their usage as a
coating material that reduces reflection. Figure 6b shows the
plots for n(w). For KSnl;, RbSnl;, and CsSnl,, we observed
static values of 2.26, 2.27, and 2.76, respectively (Table 2). The
extension coeflicients of the two materials, KSnl; and RbSnl;,
as shown in Figure 6, are relatively small at first, but they start
to increase at 1.9 eV and peak at 4.5 eV, with values of 2.0 and
1.7, respectively. However, if we observe CsSnl;, the value
immediately increases from the initial value of 0.2 eV, which
then approaches a high value of around 1.48 at 2.8 eV.

3.3. Thermoelectric Properties. For use in computing
cooling processes, tiny detector components, thermoelectric
refrigeration, and other applications, thermoelectric materials
have been the subject of intense research during the past few
decades. A heat gradient is created by the movement of charge
to transfer energy, which in turn creates a potential difference
and the thermoelectric effect. High electrical conductivity,
lower thermal conductivity, and larger Seebeck values all
contribute to enhanced thermoelectric efficiency. The
relaxation time is important because it affects how the
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@ KSn I3I Table 2. Zero Frequency Limits for the Static Dielectric
: s L Constant €,(0), the Reflectivity R(0), and the Refractive
- 160 :::':{s - —':;: Index n(0)
™ |—roesa]  § KSnl, RbSnl, CsSnl,
::" 80 — § o £,(0) 5.6 5.4 7.9 present work
2 40 g o4 5.8% 5.66°° others” work
oo 4 (:\f\\m« 543
M A R R R = i~ 5 6 < h’: R(0) 0.16 0.17 0.23 present work
204 Fnerey (V) 7 Enerey (V) 0.18% 0.16* others” work
s 6 0.21°°
g 1 — Snp g 5 n(0) 2.26 227 2.76 present work
g 10 e g 4 2.14% 2.16%* others” work
2 z° 2.36%
2 os] i /A}
r 1
o e S S 5 Agf R P S S - = phonon interactions, defects, impurity scattering, etc.,
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o el oo - KSnl;, RbSnl;, and CsSnl;, which have poor thermal
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g wl — g ] is determined and plotted versus temperature. The slope of
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£ —= £, — The Seebeck coefficient of KSnl; is zero at ambient
e 2 ] temperature (300 K), while that of RbSnl, is approximately
2 os] H 2 ] 22 uV/K, and for CsSnl; is 35 uV/K. As a result, CsSnl;
o : JURIVSRNN | L material is considered to be of more interest in these materials.
263 2 2o s s ? Figure 7b, which depicts the estimated Seebeck coefficient,
fnergy (V) Fnerey (<) shows that for KSnl;, RbSnl; declines with rising temperature.
At ambient temperature, RbSnl; has a greater value for KSnl;
© CsSnl I than CsSnl;. The value begins to rise with temperature after
o q . increasing the temperature.
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10 .- about 100 K, the specific heat capacities were 1.1, 1.0, and 0.75
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% 0s g — J mol K™, respectively. Therefore, materials that have lower
S o e specific heat capacities are more capable of recognizing
2 = temperature change. Their application is justified by the fact
1499 that they are unlikely to become too heated. However,
R M T 3 s A T 2 materials with a high specific heat capacity proved to be
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Figure 4. Projected density of states for (a) KSnl,, (b) RbSnl,, and
(c) CsSnl,.

semiclassical Boltzmann transport theory’s relaxation time
approximation calculates the electronic transport coefficient of
the TE material. Numerous scattering processes, such as
magnetic scattering, electron—electron interactions, electron—

suitable for making oven covers and insulating materials.
According to Figure 7d, the power factor of CsSnl; at 300 K is
zero, while it is 0.38 for RbSnl; and 0.2 for KSnl;. The power
factor (PF) peaks for KSnl;, RbSnl;, and CsSnl; appear to
exist at 200 K, but the peaks for CsSnl; degrade and become
lower at 300 K.

In Figure 8a, the ZT for these investigated materials is
depicted as rising with temperature. Similarly, due to the fact
that for KSnl; ZT was about 0.021 at normal temperature, it
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drops and reaches about 0.005 at 800 K, and similar to for
CsSnl; material ZT was zero at the same normal temperature
which then rises and reaches a high level of about 0.01 at
temperatures of around 800 K; the highest possible value for
RbSnl; is about 0.05 in comparison to both of the other two
materials. Lower Seebeck coefficients and thermal conductiv-

32790

ities better than those of RbSnl; allow KSnl; and CsSnl; to
have lower ZT profiles. The ZT of RbSnl; rises to 0.052
between (200—300) K and thereafter falls. The ZT for CsSnl,
halide perovskite, on the other hand, is about 0.015 at 100 K
and declines at 300 K. Additionally, the ZT for KSnl; is 0.022
at 300 K, which is the peak value. The Curie—Weiss constant
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(T), which is positive for the materials KSnl;, RbSnl;, and
CsSnl;, can be determined by analyzing the susceptibility, as
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shown in Figure 8b. The susceptibility values for KSnl;,
RbSnl;, and CsSnly are 4.5 X 107'% 3.5 X 107*% and 1.0 X
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107 (m® mol™) at about 100 K, respectively, and they
increase to 5.0 X 1072, 4.5 x 107", and 2.0 X 107 (m?
mol™') at 800 K, respectively. The kind, quantity, and
characteristics of the charge carriers that make up the current
value have an impact on the Hall coeflicient, as can be seen in
Figure 8c. The charge carrier concentration and mobility are
responsible for the coefficient Ry’s constant positive relation-
ship with temperature. These materials are p-type, as shown by
the Seebeck coeflicient, and their positive Ry values are
compatible with their electrical characteristics. Initially high at
100 K, the Ry for KSnl;, RbSnl;, and CsSnl; then swiftly
decreases.

4. CONCLUSIONS

The novel halide perovskite ASnl; (A = K, Rb, and Cs)
electronic, optical, and thermoelectric properties have been
determined by employing density functional theory calcu-
lations with a TB-mB] technique. The VB maximum and CB
minimum do not lie at their I" point, which is clearly visible in
the band profiles and indicates that the materials have an
indirect band gap. Our calculated band gap values 2.20 eV for
KSnl;, and 0.58 eV for CsSnl; are not located at the same I'
point, nor are the VB maximum and CB minimum. CsSnl;
would require less energy for excitation since its gap value is
lower than that of the other two halide perovskite materials.
The imaginary component &,(®) reveals absorptive behavior
in the situations of KSnl;, RbSnl; and CsSnl; at 3.0, 3.0, and
1.5 eV, respectively, and has a high peak, showing that the
polarizability of KSnl; was much greater than that of the other
compounds. The compound KSnl; has the largest absorption
capacity for electromagnetic radiation. The maximum
absorption in these materials coincides with the change from
dielectric to metallic. The materials may be employed as
antireflecting covering against ultraviolet rays because of the
high reported peaks in the reflectivity R(w) value. In contrast
to RbSnl; and CsSnl;, which have poor thermal conductivities,
KSnl; has high thermal conductivity. Compared with KSnl;
and RbSnl;, CsSnl; has a substantially steeper thermal
conductivity slope. The high electron energy in the CsSnl;
material may be responsible for this. All three materials exhibit
an increase in susceptibility from 100 to 800 K, which may be
attributed to the temperature influence on electron spin
mobility. The Seebeck coeflicient reveals a p-type nature in the
investigated material, and the positive Ry agrees with the
electronic features.
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