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ABSTRACT

Lead-free halide perovskites are of interest for optoelectronic applications, but the
electronic and optical properties of potassium tin iodide (KSnls) require further
assessment. Here, we performed density functional theory calculations using
Quantum ESPRESSO 7.2 to examine its structural, electronic, and optical
properties. The optimised structure yielded a characteristic lattice parameter of
approximately 6.30 A. The calculated band gap was approximately 0.75 eV,
indicating semiconducting behaviour; this GGA-PBE result is method-dependent,
and spin—orbit coupling was not included. The density of states indicates that
iodine 5p states dominate the valence-band region, with tin 5s hybridisation, while
tin 5p states contribute strongly to the conduction band. Optical calculations show
a weak response below approximately 2.52 eV, followed by increased absorption
and stronger dielectric and related optical features at higher photon energies.
These results provide a theoretical description of KSnls and motivate further
study. The optimised structure and bulk DFT results alone do not establish
thermodynamic stability or photovoltaic device performance; phase competition,
lattice dynamics, spin-orbit effects, and experimental or device-level validation
remain important avenues for future work.
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INTRODUCTION

Metal-halide perovskites are generally described by the
ABXs framework, in which A is a monovalent cation, B
is a divalent cation, and X is a halide anion. Their corner-
sharing BXs octahedral networks provide a chemically
versatile platform in which composition, lattice distortion,
octahedral tilting, and strain can modify orbital overlap,
band dispersion, carrier transport, and optical transitions
(Aberle, 2009). These characteristics have made halide
perovskites important candidates for photovoltaic and
optoelectronic applications. Nevertheless, the widespread
use of lead-based absorbers raises concerns about toxicity,
environmental release, and end-of-life management.
Replacing Pb** with a less toxic divalent cation is
therefore an important materials-design objective,
provided that the resulting compound retains suitable
structural integrity and optoelectronic functionality. Tin is
one of the most closely related substitutes because Sn?* is
isovalent with Pb*" and can form analogous tin-halide
frameworks. However, lead-free tin perovskites do not

provide a simple one-for-one solution. Sn?* is susceptible
to oxidation to Sn*', and this chemical instability can
generate  defects, increase background carrier
concentrations, accelerate recombination, and reduce
device stability. Tin-halide materials may also exhibit
phase competition, structural distortion, and sensitivity to
oxygen, moisture, temperature, and processing
conditions. Macdonald et al. (2023) therefore emphasised
that progress in tin-based photovoltaics depends on
integrated control of composition, additives, interfaces,
and degradation pathways rather than band-gap
optimisation alone. The motivation for studying KSnls is
consequently both environmental and fundamental: it
offers a lead-free composition whose structural and
electronic behaviour must be established before credible
device-level claims can be made (Adebayo et al., 2026).

KSnls combines an alkali-metal A site, a tin B site, and a
highly polarizable iodide sublattice. In the ideal
perovskite picture, K* occupies the larger cavity formed
by the Snls framework, while Sn*" is coordinated by
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iodide ions. The relatively small size of K* compared with
the iodide framework can promote octahedral tilting and
lower-symmetry distortions rather than guaranteeing an
undistorted cubic structure. Accordingly, a cubic KSnls
model should be treated as a high-symmetry reference
unless its energetic, dynamical, and structural stability has
been demonstrated explicitly. Phase assignment is
particularly important because crystal symmetry affects
band-edge locations, direct or indirect band-gap character,
orbital hybridisation, anisotropic optical response, and the
interpretation of calculated lattice parameters. Prior first-
principles work has examined orthorhombic KSnls and
reported structural, electronic, and optical properties for
that phase, including a band gap within the stated
computational framework (Pindolia et al., 2023). Other
work has considered several KSnls polymorphs and found
that orthorhombic and monoclinic structures can exhibit
different stability and band-gap characteristics, while
some high-symmetry tetragonal models may be
dynamically unstable (Ayvalik et al., 2026). Comparative
calculations on XSnls compositions have likewise shown
that predicted gaps and optical responses vary with the A-
site cation and the adopted theoretical treatment
(Chatzisideris et al., 2016). These findings establish that
KSnls cannot be discussed rigorously without specifying
its phase, space group, relaxed geometry, and calculation
conditions.

The oxidation state of tin adds a further layer of
complexity. The intended KSnls composition contains
Sn?*, but oxidation toward Sn** can alter stoichiometry,
defect chemistry, carrier density, and the stability of a
prospective absorber (Chopra et al., 2004). A ground-state
structural calculation alone cannot establish resistance to
oxidation or operational device stability (Das et al., 2022).
It can, however, provide a controlled basis for examining
the relationship between the selected crystal structure,
electronic states, and optical transitions. This distinction
is essential when interpreting first-principles results as
materials evidence rather than as direct proof of
photovoltaic performance.

Despite the growing number of calculations on KSnls and
related tin-halide perovskites, the available evidence is
not yet fully comparable across studies (Deepika et al.,
2025). Reported band gaps and optical onsets may differ
because authors use different phases, lattice parameters,
exchange-correlation  functionals, pseudopotentials,
plane-wave cutoffs, Brillouin-zone meshes, spin-orbit-
coupling treatments, and optical-response formalisms. In
addition, a relaxed total-energy minimum is sometimes
described as proof of thermodynamic stability even when
formation energies against competing phases, elastic
properties, phonon spectra, finite-temperature effects, or
phase-energy comparisons have not been reported
(Kheswa et al., 2025). These methodological differences
make it difficult to determine whether apparent
disagreements reflect genuine material behaviour or
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differences in computational protocol (Kundara and
Baghel, 2025a).

A further limitation is the incomplete connection between
structural, electronic, and optical results. A band plot or
density-of-states curve is not sufficient by itself to
establish whether the fundamental gap is direct or
indirect; the valence-band maximum and conduction-
band minimum must be identified in reciprocal space.
Similarly, an optical absorption onset cannot be compared
directly with an electronic band gap unless the functional,
relativistic treatment, broadening, transition matrix
elements, polarization, and plotting conventions are
consistent (Kundara and Baghel, 2025b). The literature
therefore supports the need for a phase-aware and
reproducibility-oriented investigation, but it does not
justify an absolute claim that KSnls has never been
studied. The contribution of the present work is
consequently methodological and integrative rather than
a claim of first discovery (Pindolia and Shinde, 2023a). It
establishes a documented first-principles workflow for
KSnl; that links structural and energetic optimization with
orbital-resolved electronic analysis and optical-response
calculations. Phase assignment, exchange—correlation
dependence, and spin—orbit coupling are treated as
interpretation variables to be disclosed in accordance with
the calculations performed (Pindolia and Shinde, 2023Db).
By distinguishing previously published findings from the
present calculations, and verified outputs from unresolved
stability or device-performance questions, the work seeks
to improve the reproducibility and evidential strength of
KSnl; materials assessment (Pindolia and Shinde, 2023c¢).
This framework is intended to provide a more reliable
basis for comparison with other lead-free perovskites and
to identify calculations needed before photovoltaic
feasibility can be inferred.

In the present study, structural and energetic optimisation
is combined with analysis of the band structure, total and
orbital-projected densities of states, and frequency-
dependent optical response. The optical quantities
considered include the dielectric function, absorption
coefficient, refractive index, extinction coefficient,
reflectivity, energy-loss function, and transmittance
(Sabino et al., 2024). The calculations are implemented in
Quantum ESPRESSO 7.2, and their interpretation is
conditioned on the adopted exchange-correlation
functional, pseudopotential, Brillouin-zone sampling,
convergence criteria, and relativistic treatment (Said and
Elkhattabi, 2024). The work does not claim definitive
thermodynamic stability, resistance to Sn*" oxidation, or
photovoltaic device efficiency in the absence of direct
supporting calculations or experimental evidence.
Accordingly, this study aims to use a phase-aware density
functional theory workflow implemented in Quantum
ESPRESSO 7.2 to characterise the structural, energetic,
electronic, and optical properties of the KSnls crystal
model, including its optimised geometry, band structure
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and orbital contributions near the band edges, and
frequency-dependent optical response.

The Governing Equations

The Nominal Composition of the Perovskite

KSnl®= ABX*; A=K B=5n X=1 (1)

KSnls is represented by the chemical formula ABXs,
where the A site is occupied by a monovalent potassium
cation (K*), the B site by a divalent tin cation (Sn*"), and
the X sites by three iodide anions (I"). Charge neutrality
is maintained as K* + Sn?" + 31~ = 0, which also defines

Electronic Hamiltonian

H, = —%i (F*/2m)V? — X' T (Z'e®/4meo|r; — RY]) + i < e/ (4meolr; — 1))

The many-electron Hamiltonian under the Born-
Oppenheimer approximation for fixed nuclei includes
three main terms: the kinetic energy of electrons, the
attractive Coulomb interaction between each electron and
nucleus, and the repulsion between electrons (Sumona et
al., 2023). The nuclear—nuclear repulsion, while constant
in electronic coordinates, is essential for comparing total
energies across different geometries. In practical
applications like plane-wave DFT, the nuclear potential
transitions to a pseudopotential approach, simplifying the
treatment of the many-body wavefunction to focus on
electron density (Sundaram et al., 2018).

Hohenberg-Kohn Energy Functional
E[n] = T.n] + E.«[n] + E¥[n] + E..[n] + E" (3)
The Hohenberg—Kohn energy functional provides a
framework for expressing total energy as a function of
ground-state electron density n(r). It includes Ty[n]
(kinetic energy of a non-interacting system), Eex[n]
(interaction with external nuclei), E"[n] (Hartree
electrostatic energy), and Ex.J[n] (exchange—correlation
functional addressing kinetic energy differences and non-
classical effects). E' represents ion—ion repulsion. Due to
the unknown exact total-energy functional, practical
calculations rely on approximations like local-density
approximation or hybrid functionals, impacting the
reliability of various material properties (Tarekuzzaman
et al., 2025).

Electron Density from Kohn-Sham Orbitals

n(r) = Zo Tk wy Im fouu0 [Yaeo (1)]? 4)

Where, n(r) is the electron density, o is the spin index, k
labels the Brillouin-zone point, wy is its integration
weight, m is the band index, fno is the occupation, and
ymiO 18 the corresponding Kohn—Sham orbital (Verma et
al., 2023).The electron density in Density Functional
Theory (DFT) is derived from occupied Kohn—Sham
orbitals y(r), where n represents the band index and k is
the crystal wavevector. The occupation factor fy indicates
the occupancy of a state, typically being 0 or 1 at zero
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the stoichiometry, atomic count in the primitive cell,
electron count, and nominal coordination topology. In the
cubic perovskite structure, Sn is coordinated to six I atoms
forming a Snls octahedron, with K situated in the larger
cavity formed by corner-sharing octahedra. It is crucial to
note that the ABXs notation does not confirm the cubic
phase as the ground state. Factors such as octahedral
tilting, lower-symmetry  distortions, temperature
variations, strain, and competing phases can influence the
stability of the crystal structure (Sharma et al., 2024).

2

temperature, with fractional occupations for states near
the Fermi level using smearing methods (Vishnupriya and
Sathya, 2025). In a periodic solid, the expression
incorporates a Brillouin-zone sum and, if necessary,
factors for spin degeneracy. The density n(r) is crucial for
forming the effective potential, which allows for iterative
solutions of the Kohn-Sham equations until self-
consistency is achieved. The integral of n(r) over the unit
cell gives the number of valence electrons in the system
(Wang et al., 2020).

Kohn-Sham Equation
[~ (R*/2m)V? + Vew(r) + VA1) + Vee()] Wii(r) = 2o Wi (1)
)
The Kohn-Sham equation is an eigenvalue problem that
aims to replicate the ground-state density of an interacting
system through a self-consistent approach, using an
exchange-correlation approximation. It comprises a
kinetic operator and considers external, Hartree, and
exchange-correlation potentials, collectively forming the
effective Kohn-Sham potential (Wang et al., 2020). The
eigenvalues obtained are vital for understanding band
structures and density-of-states plots but may not
accurately reflect electron addition or removal energies.
This is particularly relevant for materials like KSnls,
where factors like semilocal functionals and spin—orbit
coupling significantly influence the estimated band gap
(Wang et al., 2021). The equation is solved iteratively
until convergence criteria for density or total energy are
achieved.

Hartree Potential

V() = [e/(4neo)] [ n@)/le—r A )

The Hartree potential is the electrostatic potential
stemming from electron density, with the integration
variable 1’ representing the source position relative to the
observation position r. It emphasises nearby charge
through the Coulomb kernel 1/jr—'| (Wang et al., 2022).
In infinite periodic crystals, a periodic electrostatic
method is necessary to evaluate the integral, avoiding
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divergence from naive isolated-space integrals. The
Hartree term primarily accounts for electron—electron
repulsion, excluding exchange, correlation, and self-
interaction corrections, which are addressed through V..
In plane-wave codes, this potential is often computed
efficiently in reciprocal space using the density's Fourier
components.

Exchange-Correlation Potential

Vic(r) = S8E,.[n]/én(r) %)

The exchange—correlation potential is derived from the
exchange-correlation energy relative to electron density,
crucial for resolving the Kohn-Sham problem after
choosing an approximation for E.[n] (Wang et al., 2024).

In local or semilocal functionals, V. is density-dependent
and may involve gradient terms. Hybrid functionals
include a partly nonlocal exchange aspect. Its derivative
nature indicates V. is not a freely adjustable potential but
must align with the related energy functional to ensure
consistency, critical for accurate structural relaxation and
energy analyses. For KSnls, the chosen functional impacts
lattice constants, phase ordering, orbital hybridisation,
and the band gap size.

Structure, Phase Selection, and Stability

The structure, phase selection, and stability of cubic
KSnls, with a nominal space group of Pm3m, feature
potassium (K) at the A site, tin (Sn) at the body-centred B
site, and iodine (I) at the face-centered anion positions.
This configuration serves as a valuable reference due to
its clarity in showcasing the connectivity of the Snls
framework and providing a compact primitive cell.
However, it is not necessarily the ground state; a thorough
investigation should include a variety of lower-symmetry
tilt patterns, assessing their relaxed energies, force
residuals, stress tensors, and where applicable, phonon
spectra (Wang et al, 2024). While tolerance-factor
estimates may assist in preliminary screening, they cannot
replace comprehensive total-energy and dynamical-
stability analyses.

Ayvalik et al. (2026) conducted a relevant study on KSnls
polymorphs, comparing stability and band-gap
characteristics across orthorhombic, monoclinic, and
tetragonal phases. Their findings indicate that the
assertion “KSnls has a band gap of 0.65e¢V” is insufficient
without specifying the respective phase, relaxed
geometry, functional, spin-orbit coupling treatment, and
temperature consideration

MATERIALS AND METHODS

In this study, we conducted a first-principles investigation
to analyze the structural, electronic, and optical properties
of lead-free potassium tin iodide (KSnls) perovskite. The
research aimed to provide a comprehensive understanding
of the crystal structure, energetics, electronic states, and

Adebayo et al.,

NJAP2026 2(3): 130-139

frequency-dependent optical response of KSnls. All
calculations were performed at zero temperature. The
structural, electronic, and lattice dynamics of KSnl;
perovskite compositions were thoroughly studied using
Density Functional Theory (DFT) and pseudopotential
plane wave methods implemented in the Quantum
Espresso 7.2 code. The investigation employed projected
augmented-wave (PAW) pseudopotentials from pslibrary
with the Perdew-Burke-Ernzerhof (PBE) functional to
define the exchange-correlation interactions (Yadav and
Sharma, 2024). Additionally, specific computational
parameters were established, with a cutoff energy set at
80 Ry and a k-points mesh configured to 8 x 8 x 8§ for both
wave function calculations and Brillouin zone
integrations. The chosen computational protocol was
designed to achieve a balance between the precision
necessary for analyzing a heavy-element halide
perovskite and the numerical convergence required for
consistent comparisons across various structural,
electronic, and optical properties.

Computational Model and Phase Protocol

KSnls is modeled as an ABXs halide perovskite, with
potassium (K) at the A site, tin (Sn) at the B site, and
iodine (I) at the anion site. The calculations reported in
this work are restricted to the ideal cubic perovskite
structure (space group Pm3m, No. 221), characterised by
a corner-sharing Snls framework (Yadav and Sharma,
2024). No tetragonal or orthorhombic trial structures or
phase comparisons are included in the present study. A
variable-cell relaxation was performed for the cubic
model, optimising the lattice parameter and internal
coordinates subject to cubic symmetry.

Periodic density functional theory calculations were
performed using Quantum ESPRESSO 7.2 and the
generalised-gradient approximation of Perdew, Burke,
and Ernzerhof (PBE) for structural optimisation. The
computational ~ protocol  used  scalar-relativistic
pseudopotentials for geometry optimisation and fully
relativistic datasets for electronic calculations. The
kinetic-energy cutoff was 80 Ry, and the charge-density
cutoff was 640 Ry. Brillouin-zone integrations used an 8
x 8 x 8 Monkhorst-Pack mesh. Marzari—Vanderbilt
smearing of 0.01 Ry was applied during relaxation to aid
Brillouin-zone integration; final properties were
evaluated using an 8§ x 8 x 8 mesh. Structural optimisation
convergence criteria were a total-energy change below
10-® Ry per atom, residual forces below 10 Ry Bohr™,
and residual stress below 0.5 kbar.

The optimised cubic geometry and its total energy were
used as the structural input for the electronic and optical
calculations, without further geometric modification. This
separation was adopted to avoid unintended structural
changes between calculation stages (Yan et al., 2024). No
van der Waals correction was applied because the
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modeled structure is a three-dimensional ionic/covalent
Sn-I network.

RESULTS AND DISCUSSION

Evidence Status and Structural Model

The section presents the results of an optimized cubic
representation of KSnls, as illustrated in Figure 1a. In this
structure, potassium (K) atoms are situated at the large

< <
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peripheral sites, while tin (Sn) resides within an iodide
octahedron. The iodide ions create an octahedral
coordination environment, confirming the visualization of
a cubic structural model (Yousfi et al., 2025). However,
the analysis does not confirm that this structure represents
the lowest-energy phase, nor does it assert that the unit
cell is fully relaxed or that all residual forces and stresses
meet the desired thresholds.

E-E (eV)

(b)

~#~ DIT Calculation

~23022.35

~23022.40

~23022.45

Total Emergy (eV)

-23022.50
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Figure 1: Electronic Structure and Optoelectronic Properties of KSnls (a) optimised cubic
crystal structure. (b) The electronic band structure. (¢) Density of states (DOS). (d) Total
energy as a function of the lattice constant (Yousfi et al., 2025)

Crystal Structure and Energetic Optimisation

The structural analysis of KSnls in figure la, reveals an
iodide perovskite framework where potassium (K) resides
in the larger A-site cavity and tin (Sn) is octahedrally
coordinated with iodide. The total-energy curve
demonstrates a minimum near a lattice constant of
approximately 6.3 A, indicating an optimized equilibrium
lattice scale for the structure. However, this observation
alone cannot confirm global thermodynamic stability, as
further assessments concerning formation energy against
competing phases, elastic stability, phonon dispersion,
and finite-temperature effects are essential (Verma et al.,
2023). The orthorhombic arrangement is scientifically
justifiable and aligns with prior density functional theory
(DFT) findings on KSnls. The equilibrium lattice
parameter of cubic KSnl; (a=b=c) was determined by
fitting the calculated total-energy-lattice-parameter data

using Quantum ESPRESSO’s ev.x equation-of-state tool.
The optimized lattice parameter was found to be
approximately, a0 = 6.30A. (Siddique et al., 2026).

Electronic Structure

The band plot in figure 2b, shows the electronic band
structure of KSnls was calculated using density functional
theory (DFT) implemented in Quantum ESPRESSO 7.2.
The calculated band gap equals 0.75 eV, indicating
narrow-band-gap semiconducting behaviour and potential
relevance to photovoltaic and optoelectronic applications.
The density of states (DOS) plot shows strong features for
occupied states below the Fermi level and unoccupied
states above it. Notably, the dispersion of bands indicates
varying degrees of dispersiveness, which impacts
effective mass and transport properties (Mushtaq et al.,
2025). However, the precise determination of the gap's
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direct or indirect nature requires analysis of the band
extrema and k-point coordinates, not just visual
assessment. This electronic structure aligns with the
significance of Sn-I orbital hybridization in tin iodide
perovskites (Kavitha and Sudheer, 2026). It is important
to note that the reported gap is method-dependent and
doesn't confirm whether spin-orbit coupling (SOC) was
included or the precise theoretical approach used, such as
PBE or hybrid functionals. The 0.75 eV value should be
considered as indicative rather than universally
experimental, necessitating further investigations into
scalar relativistic versus SOC calculations, functional
dependence, and detailing effective mass tensors and
orbital projections at both band edges.

Density of States (DOS)

The analysis of the Density of States (DOS) for KSnls, as
shown in Figure 1lc, highlights notable -electronic
contributions from atomic orbitals, with a clear
dominance of I-5p states in the valence band (VB). A
significant peak around -2 eV reflects a high density of
iodine states vital for valence band formation (Sanni et al.,
2026). Additionally, strong hybridization between Sn-5s
and [-5p states near the valence band maximum (VBM)
enhances both charge transfer and the covalent nature of
the Sn-I bond (Saiful et al., 2023). In contrast, the
conduction band (CB) is predominantly made up of Sn-5p
states, which are crucial for electron transport; K states
demonstrate minimal involvement, primarily serving
structural roles. This suggests that K+ does not
substantially affect the electronic properties near the band
gap, reinforcing the conclusion that KSnl:z is
semiconducting in nature.

Lattice Optimisation

The total energy of cubic KSnls was calculated as a
function of the cubic lattice parameter, as shown in Fig.
1d. The resulting energy-lattice-parameter curve exhibits
a minimum at approximately 6.30A; this value is taken as
the equilibrium lattice parameter of the cubic model
within the present computational setup. The curve
therefore provides the basis for identifying the optimised
lattice parameter. It does not, by itself, establish
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thermodynamic stability, mechanical stability, or
suitability for device operation. No direct comparison is
made between this cubic lattice parameter and a lattice
parameter reported for orthorhombic KSnls, because the
structures have different symmetries. Establishing
relative phase stability would require explicitly
comparable calculations of the candidate structures under
consistent computational settings and appropriate
energetic criteria.

Optical Properties

The optical response of KSnls demonstrates a structured
energy-dependent behaviour from low energies up to
about 20 eV, indicating its potential as an optically active
semiconductor. The absorption coefficient remains low
(nearly zero) up to approximately 2.3-2.5 eV, sharply
increasing thereafter, with significant absorption peaks
occurring between 2.7-4.2 eV, and strong absorption
noted from 6 eV up to around 12.5 eV, peaking near 8.5-
9.2 eV. A secondary absorption response between 18.5 to
20 eV is also observed. The dielectric function includes a
real part that varies significantly near electronic
transitions, and the imaginary component rises sharply
correlating with absorption onset (Hasan et al., 2025).
Additionally, the energy-loss function shows weak values
below 3 eV, rising notably around 12.5 eV, indicative of
collective electronic excitations.

Further, the extinction coefficient remains negligible at
low energies, sharply increasing to a peak at around 3.1
eV and showing a broad response between 6 and 11 eV.
Reflectivity increases until the absorption onset, with
maximum values peaking between 11.5-12.7 eV, while
the refractive index varies significantly, indicating strong
polarizability and phase changes. Transmittance trends
reveal oscillatory behaviour, with minimum values
occurring at specific energy intervals, contributing to the
assessment of solar energy applications (Rahman et al.,
2026). Overall, KSnls's complex optical characteristics
underline its utility for thin-film applications, with a
significant emphasis on factors beyond the optical
response, such as carrier mobility and defect
recombination, for effective photovoltaic performance.
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Figure 2: Optical Properties of KSnl; (a) Absorption Coefficient (cm™). (f) Dielectric
Function Components (g) Energy-Loss Function (ELF). (h) Extinction Coefficient (k). (i):
KSnl; Reflectivity (r). (j) Refractive Index (n). (k) Transmittance (T) (Hasan et al., 2025)

Conclusion

In this study, density functional theory (DFT) was
employed to analyze the structural, energetic, electronic,
and optical characteristics of KSnls, utilizing an
orthorhombic perovskite model. The computational
settings specified in the methods section led to an energy-
lattice parameter curve with an optimization minimum
around 6.3 A, representing the optimized lattice scale.
However, this value does not confirm the global stability
of the KSnls phase or match the experimentally
established equilibrium structure. The electronic structure
calculations revealed a finite band gap of about 0.75 eV,
with iodine-derived states significantly contributing to the

valence band and tin-derived states predominantly near
the conduction band. These findings suggest that the
model behaves like a semiconductor under the theoretical
framework used, although the band-gap's nature and its
dependence on various factors necessitate validation
through further detailed calculations. The study also
derived various optical properties, including the dielectric
function, absorption coefficient, and transmittance,
indicating the need for additional investigations into the
optical response of KSnls. However, these properties
should not be taken as indicators of photovoltaic
performance. Importantly, the computations do not assess
stability against Sn?* oxidation, thermodynamic stability
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vis-a-vis competing phases, or aspects such as defect
tolerance and power-conversion efficiency. The
implications of this research highlight the need for
continued exploration of KSnls as a potential photovoltaic
absorber. Future investigations should include
comparisons among different structural candidates-cubic,
orthorhombic, tetragonal, and monoclinic-using
consistent computational protocols, as well as
assessments of formation energies, phonon dispersions,
and elastic properties. Additionally, electronic and optical
calculations should be repeated with careful
documentation of spin-orbit coupling, oxidation
chemistry, and related defect studies, supplemented by
device-level simulations and experiments. These steps are
crucial for differentiating theoretical predictions from
practical material stability and photovoltaic capabilities.
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