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Abstract: Sr(Alo.sNbo.s)Os perovskite was synthesized via the solid-
state reaction method and characterized to evaluate its suitability for
solar cell applications. X-ray diffraction (XRD) analysis confirmed
a well-crystallized cubic perovskite phase with an average lattice
constant of 4.3810 A. Scanning Electron Microscopy (SEM) and
Energy Dispersive X-ray Spectroscopy (EDS) revealed a
nanostructured morphology with an average particle size of 33.54
nm, confirming the material’s high purity. Fourier Transform
Infrared Spectroscopy (FTIR) identified characteristic metal-
oxygen vibrational modes, ensuring proper perovskite phase
formation. UV-Vis spectroscopy and Tauc plot analysis determined
a direct bandgap of 1.54 eV and an indirect bandgap of 1.44 eV,
making it a promising candidate for single-junction and tandem
solar cells. The lead-free composition, strong UV absorption, and
thermal stability of Sr(Alo.sNbo.s)Os make it a potential material for
next-generation photovoltaic applications.
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1. Introduction

Perovskite materials have gained significant attention in solar energy research due to their
exceptional optoelectronic properties, tunable bandgap, and high-power conversion
efficiencies. Among them, hybrid organic-inorganic perovskites such as CHsNHsPblz have
demonstrated record-breaking efficiencies exceeding 25% [1]. However, their widespread
application is hindered by poor stability under ambient conditions, lead toxicity, and
environmental concerns, which limit their long-term viability for commercial solar cell
applications [2]. In contrast, oxide perovskites (ABQs), particularly Sr-based perovskites, offer
superior thermal and chemical stability, making them strong candidates for next-generation
solar cells . Oxide perovskites exhibit excellent structural robustness, allowing for high thermal
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resistance, moisture stability, and mechanical durability, overcoming the limitations of hybrid
perovskites.

Sr(Alo.sNbo.s)Os is a promising alternative due to its lead-free composition, making it an
environmentally friendly perovskite material with enhanced structural stability. Its moderate
bandgap is expected to be within the optimal range (1.3-1.6 eV) for single-junction solar cells,
allowing efficient light absorption and charge carrier transport, which are crucial for achieving
high photovoltaic efficiency [3]. Additionally, Sr(Ale.sNbo.s)Os exhibits strong UV absorption,
making it highly effective for tandem solar cells and UV-blocking layers to improve the lifetime
of underlying perovskite layers [4]. Due to these properties, it is a potential candidate for use
as an absorber or charge transport layer in perovskite solar cells.

The objective of this study is to synthesize Sr(Alo.sNbo.s)Os perovskite via the solid-state
reaction method and characterize its structural, morphological, optical, and surface properties
using X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), Scanning
Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), and UV-Vis
spectroscopy. Furthermore, the optical bandgap will be determined using Tauc plot analysis to
evaluate its suitability for photovoltaic applications. The findings from this research will
contribute to the growing interest in lead-free perovskite materials, offering insights into their
potential integration into high-performance solar energy conversion devices.

2. Synthesis of Sr(Alo.sNbe.s)Os Perovskite

The Sr(Alo.sNbo.s)Os perovskite was synthesized using the solid-state reaction method, utilizing
high-purity precursors of strontium oxide (SrO), aluminum oxide (AlOs), and niobium
pentoxide (Nb20s) in their stoichiometric proportions. The precursor powders were thoroughly
mixed and ground using an agate mortar and pestle for an extended period to ensure
homogeneous distribution of the elements. Acetone was used as a wetting agent during grinding
to enhance the uniformity of the mixture and facilitate effective diffusion of the reactants. The
mixed powder was pre-calcined at 800°C for 6 hours in an air atmosphere to remove volatile
impurities and initiate phase formation. The pre-calcined material was then subjected to final
sintering at 1200°C for 16 hours, promoting the formation of a well-crystallized perovskite
structure. After sintering, the sample was gradually furnace-cooled to room temperature to
prevent structural distortions and improve phase stability [5]. The final product was collected
as a fine powder and stored for further characterization and analysis, ensuring its structural
integrity for subsequent experimental studies.

2.1 X-ray Diffraction (XRD) Analysis
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Figure 1: XRD pattern of Sr(Alo.sNbo.s)Os perovskite

The structural properties of Sr(Alo.sNbo.s)Os perovskite were examined using X-ray diffraction
(XRD), and the recorded XRD pattern is presented in Figure 1. The well-defined diffraction
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peaks confirm the formation of a cubic perovskite structure, as indicated by the sharp and
intense reflections. The diffraction peaks were indexed using Bragg's equation (nA = 2d sin 0),
and the corresponding Miller indices (hkl) were assigned. The crystallite size (D) was calculated
using Scherrer’s equation [6]:

D= kA/Bcosb

where D is the average crystallite size, k is the shape factor (0.9), A is the X-ray wavelength
(1.5406 A for Cu Ko radiation), B is the full width at half maximum (FWHM) of the diffraction
peak, and 0 is the diffraction angle. The calculated average crystallite size from Scherrer’s
formula was found to be 28.63 nm, indicating the nanocrystalline nature of the material. The
interplanar spacing (d-spacing) was determined using the Bragg equation, and the lattice
constant (a) was calculated based on the cubic perovskite structure [5]. The calculated lattice
constant values from different diffraction peaks are listed in Table 1, with values ranging from
4.3054 A to 4.4065 A. The average lattice constant (a_avg) was found to be 4.3810 A, indicating
a well-maintained cubic perovskite structure.

The obtained lattice constant is in good agreement with previously reported ABOs perovskites,
such as Sr-based niobate perovskites, confirming the successful incorporation of AI** and Nb>*
ions into the perovskite framework. The slight variations in lattice constant values are attributed
to minor lattice distortions due to cationic substitution at the B-site. The well-matched lattice
parameters suggest high phase purity and structural stability, making Sr(Alo.sNbo.s)Os a
promising material for photovoltaic applications.

Furthermore, the Williamson-Hall (W-H) method was employed to evaluate the contribution of
microstrain and crystallite size to peak broadening. The PcosO vs. 4sinf plot (Figure 2) was
used to extract strain (slope) and crystallite size (y-intercept). The strain value was calculated
as 0.003184, and the corresponding crystallite size from the W-H method was 45.48 nm, which
is slightly higher than the Scherrer’s estimation, suggesting that lattice strain also contributes
to peak broadening[7].

The obtained XRD results for Sr(Alo.sNbo.s)Os were compared with previously reported
literature on similar ABOs perovskites. A study by Mattur et al. [1] on ABOs perovskites for
photovoltaic applications reported an average crystallite size of 25-30 nm, which is in close
agreement with our results using Scherrer’s equation (28.63 nm). The Williamson-Hall method
has also been employed in previous studies to estimate strain and crystallite size, where strain
values between 0.0028 and 0.0035 were observed in perovskite oxides, consistent with the
obtained strain value of 0.003184 in this work.
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Figure 2: Williamson-Hall (W-H) plot for strain and crystallite size estimation of

Sr(Alo.sNb0.5)03.
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Table 1: Diffraction angle (20), full width at half maximum (FWHM), crystallite size (D), d-
spacing, Miller indices (hkl), and lattice constant (a) of Sr(Alo.sNbo.5)Os Perovskite

20 (°) | d-spacing (A) | Miller Indices (hkl) | Lattice Constant a (A)
29.61 | 3.0131 (211 4.3556
31.53 | 2.8334 (202) 4.4061
40.00 | 2.2510 (222 4.3798
43.85 | 2.0620 (321 4.3412
46.54 | 1.9487 (400) 4.3889
51.31 | 1.7783 (313) 4.3547
55.03 | 1.6666 (323) 4.3924
57.89 | 1.5909 422 4.3782

Additionally, perovskite materials such as Ba(Alo.sNbo.s)Os have been synthesized and
characterized for solar cell applications, where a similar cubic phase with an average crystallite
size of 40 nm was observed, supporting the reliability of the present findings [3]. Compared to
hybrid organic-inorganic perovskites, oxide perovskites like Sr(Alo.sNbo.s)Os exhibit greater
structural stability, thermal robustness, and phase integrity, making them promising for long-
term solar energy applications[8].

The indexed diffraction peaks and the corresponding parameters, including FWHM, d-spacing,
lattice constant, strain, 4sinf, and Bcos6, are summarized in Table 1. The results confirm the
successful synthesis of Sr(Alo.sNbo.s)Os with a stable perovskite crystal structure, making it a
promising candidate for optoelectronic and solar energy applications.

2.2 Fourier Transform Infrared Spectroscopy (FTIR) Analysis

Fourier Transform Infrared Spectroscopy (FTIR) was conducted to examine the chemical
bonding and functional groups in the Sr(Alo.sNbo.s)Os perovskite, and the resulting spectrum is
presented in Figure 3. The FTIR spectrum reveals multiple characteristic absorption bands that
confirm the structural integrity and elemental composition of the synthesized perovskite
material. The broad absorption peak at 3865 cm™ corresponds to the O-H stretching vibration,
indicating the presence of surface-adsorbed moisture or hydroxyl groups. The presence of a
peak at 3348 cm™! suggests hydrogen bonding interactions, which are common in perovskite
oxides due to environmental moisture absorption [9]. The band at 2391 cm™ can be attributed
to CO.-related modes, often observed in oxide materials stored in ambient conditions.
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Figure 3: FTIR spectrum of Sr(Alo.sNbo.s)Os, highlighting the characteristic vibrational
modes.
The strong peak at 1481 cm™ is associated with the bending vibrations of metal-oxygen bonds,
while the peak at 1095 cm™ corresponds to M-O stretching (where M represents Sr, Al, and Nb
in the perovskite lattice). The bands at 848 cm™ and 586 cm™ are characteristic of Sr—O and
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Nb-O stretching vibrations, confirming the presence of perovskite-specific metal-oxygen
bonding. The peak at 586 cm™ is of particular importance, as it corresponds to the BOs
octahedral stretching, a defining feature of the perovskite structure. The well-defined absorption
peaks confirm the successful formation of the Sr(Alo.sNbo.s)Os perovskite and its stable lattice
structure.

Mattur et al. [10] reported a similar FTIR peak at 586 cm™ in ABOs perovskites, confirming
the presence of Nb-O bond stretching, essential for electronic stability. Bibi et al. [11]
demonstrated that Cu-based ABO:; perovskites exhibit similar M-O stretching vibrations, which
are crucial for optoelectronic applications. Yin et al. [12] discussed that strong Al-O and Nb-O
vibrations in oxide perovskites correlate with stable crystal structures and improved charge
transport properties. Ahmad et al. [13] used machine learning predictions to confirm that
perovskites with similar FTIR spectra exhibit suitable bandgaps for solar energy conversion.
2.3 Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS)
Analysis

Figure 5 presents the SEM micrographs, particle size distribution, and EDS spectrum of
Sr(Alo.sNbo.s)Os perovskite synthesized via the solid-state reaction method. The SEM images
at different magnifications (Figure 5a and 5b) reveal a highly agglomerated nanostructure,
which is typical of perovskite materials synthesized at high temperatures. The rough surface
morphology with interconnected grains suggests a well-developed crystalline phase with
defined grain boundaries, confirming the formation of the perovskite phase. The particle size
distribution, shown in Figure 5c, indicates that the average particle size is 33.54 nm, which falls
within the optimal range for solar energy applications. The low porosity and high packing
density observed in the microstructure enhance carrier mobility and charge transport efficiency,
making it a potential material for photovoltaic applications.
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Figure 5: (a) & (b) SEM micrographs at different magnifications (c) Particle size distribution
histogram (d) EDS spectrum of Sr(Alo.sNbo.s)Os

The EDS spectrum in Figure 5d confirms the elemental composition of the synthesized
Sr(Alo.sNbo.5)Os perovskite. The strong peaks corresponding to Sr, Al, Nb, and O validate the
stoichiometric ratio of the elements, ensuring that the material retains its intended perovskite
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structure. No significant impurity peaks were detected, indicating the high purity of the
synthesized compound. The presence of Sr, Al, and Nb confirms the successful incorporation
of B-site cations into the perovskite lattice, which plays a critical role in defining the electronic
and optical properties of the material [14].

The observed morphology and elemental composition align well with previously reported
studies on ABOs perovskites. Mattur et al. [ 10] found that nanostructured perovskites with well-
defined grain boundaries exhibit improved optical absorption and charge transport properties,
which is in agreement with the SEM findings in this study. Bibi et al. [11] demonstrated that
perovskites with 30—40 nm particle sizes enhance photoelectric conversion efficiency, reducing
recombination losses and improving solar cell performance. Yin et al. [12] stated that dense
microstructures with well-packed grains contribute to better dielectric and electronic properties,
supporting the potential of Sr(Alo.sNbo.s)Os for energy applications. Ahmad et al. [13]
confirmed through machine learning predictions that perovskites with controlled nanostructures
exhibit optimized bandgap and electronic properties, further validating the solar energy
potential of Sr(Alo.sNbo.s)Os.

The SEM and EDS analysis confirm that Sr(Ale.sNbo.s)Os is a well-structured nanocrystalline
perovskite, with an optimal particle size distribution and high purity, making it a promising
candidate for solar energy applications. The low grain boundary defects, strong element
incorporation, and dense nanostructure suggest that this material has excellent potential as an
absorber layer or charge transport material in next-generation perovskite solar cells.

2.4 UV-Vis Analysis

Figure 6 presents the UV-Vis absorbance spectrum and Tauc plots for Sr(Ale.sNbo.s)Os
perovskite. The absorption spectrum (Figure 6a) shows a strong absorption edge in the UV and
visible region, indicating that the material can efficiently absorb light within the solar spectrum.
The presence of a gradual decay in absorbance beyond 600 nm suggests its suitability for
optoelectronic and photovoltaic applications [15]. The absorption features in the UV region
confirm the strong light-harvesting capability of this perovskite, making it a potential material
for solar cell absorber layers or UV-shielding coatings.
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Figure 6: UV-Vis absorption spectrum of Sr(Alo.sNbo.s)Os, showing strong absorption in the
UV-visible range.

The Tauc plots (Figure 6b) were used to determine the optical bandgap of Sr(Ale.sNbo.s)Os. The
direct bandgap was calculated as 1.54 eV, while the indirect bandgap was determined to be 1.44
eV. These values are within the ideal range for single-junction and tandem solar cells, where
an optimal bandgap between 1.3 — 1.6 eV is desired for efficient photon absorption and charge
carrier generation. The presence of an indirect bandgap suggests possible phonon-assisted
electronic transitions, which can influence the charge transport properties of the material. The
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calculated bandgap values make Sr(Alo.sNbo.s)Os a promising candidate for solar energy
harvesting, especially when integrated into perovskite-silicon tandem cells [16].
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Figure 7: Tauc plot analysis for (a) Indirect bandgap (b) Direct bandgap determination

The bandgap values obtained in this study align well with previous reports on oxide perovskites
for photovoltaic applications. Mattur et al. [10] predicted using machine learning that ABO:s
perovskites with bandgaps around 1.5 eV are highly suitable for solar cells due to their balanced
light absorption and carrier mobility. Bibi et al. [11] reported that perovskites with bandgaps
between 1.4 — 1.6 eV exhibited higher photovoltaic efficiency, supporting the potential of
Sr(Alo.sNbo.s)Os in this field. Yin et al. [12] demonstrated that perovskite structures with narrow
bandgaps enhance carrier generation and transport, leading to improved solar cell performance.
Ahmad et al. [13] confirmed via computational modeling that perovskites with controlled
bandgap engineering optimize solar cell efficiency by minimizing thermalization losses.
Bhojanaa et al. [17] found that ABOs perovskites with similar bandgap values can be tuned for
use in dye-sensitized and perovskite-silicon tandem cells, highlighting the versatility of these
materials.

Overall, the UV-Vis absorption and bandgap analysis confirm that Sr(Alo.sNbo.s)Os possesses
desirable optical properties for solar energy applications. The strong UV absorption, optimal
direct bandgap (1.54 eV), and tunable indirect bandgap (1.44 eV) suggest that this material
could be integrated into thin-film solar cells or perovskite-based tandem solar architectures
[18]. Future studies focusing on thin-film deposition, carrier mobility enhancement, and
interface engineering can further improve its photovoltaic efficiency.

3. Suitability of Sr(Ale.sNbo.s)Os for Solar Applications

The perovskite Sr(Alo.sNbo.s)Os exhibits several characteristics that make it a strong candidate
for solar energy applications. One of the most crucial factors is its bandgap, which has been
determined to be 1.54 eV (direct) and 1.44 eV (indirect). These values fall within the ideal range
(2.3 — 1.6 eV) for single-junction solar cells, allowing for efficient light absorption across the
visible spectrum [19]. A bandgap of this range is particularly advantageous for solar
photovoltaics, as it enables a high photocurrent generation while maintaining a reasonable
open-circuit voltage (V.c).

Another significant advantage of Sr(Alo.sNbo.s)Os is its lead-free composition, making it an
environmentally friendly alternative to widely used hybrid perovskites like CH:NHsPbls. Lead-
based perovskites raise concerns regarding toxicity and long-term stability, whereas Sr-based
perovskites offer excellent thermal and chemical stability. This makes them highly suitable for
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long-term operational stability in solar panels, reducing degradation issues that are common in
traditional halide perovskites.

The UV-Vis analysis confirms that Sr(Ale.sNbo.s)Os exhibits strong UV absorption, which can
be beneficial for tandem solar cells or UV-blocking layers [20]. In perovskite/silicon tandem
solar cells, such materials can serve as an efficient wide-bandgap absorber layer or a protective
UV-filtering layer, improving the efficiency and lifespan of the device [21]. This feature also
makes the material relevant for photodetectors and optoelectronic applications beyond solar
energy.

Moreover, the morphological and structural properties, as analyzed through SEM, EDS, and
BET studies, indicate nanocrystalline characteristics with low porosity, which are crucial for
improving charge carrier transport and reducing recombination losses in photovoltaic
applications[22]. The stable cubic perovskite structure, confirmed through XRD analysis,
ensures good structural integrity, further enhancing its reliability as a solar cell material.
Overall, Sr(Alo.sNbo.s)Os presents a viable alternative to lead-based perovskites, with a suitable
bandgap, strong stability, and excellent UV absorption. These properties indicate its potential
for integration into thin-film solar cells, tandem photovoltaic architectures, and optoelectronic
devices, making it a promising candidate for next-generation renewable energy applications
[23].

4. Conclusion

The solid-state synthesis and characterization of Sr(Alo.sNbo.s)Os perovskite were successfully
carried out to evaluate its potential for solar cell applications. X-ray diffraction (XRD) analysis
confirmed the formation of a cubic perovskite structure, with an average lattice constant of
4.3810 A, indicating a well-defined crystallographic phase. Scanning Electron Microscopy
(SEM) and Energy Dispersive X-ray Spectroscopy (EDS) revealed a nanostructured
morphology with an average particle size of 33.54 nm, along with a stoichiometrically accurate
elemental composition, ensuring high material purity. Fourier Transform Infrared Spectroscopy
(FTIR) verified the presence of strong metal-oxygen bonding (Al-O and Nb-O stretching),
which is essential for maintaining the perovskite lattice. The optical analysis performed using
UV-Vis spectroscopy and Tauc plot calculations determined a direct bandgap of 1.54 eV and
an indirect bandgap of 1.44 eV, which fall within the optimal range for single-junction and
tandem solar cells. The strong UV absorption observed in the spectra suggests that
Sr(Ale.sNbo.s)Os can also function as a UV-blocking layer or charge transport material in
perovskite-silicon tandem solar cells. Compared to conventional lead-based perovskites such
as CHsNHsPbls, Sr(Ale.sNbo.s)Os offers greater environmental stability, chemical durability,
and non-toxic composition, making it a promising alternative for sustainable energy
applications. Further research is required to optimize thin-film deposition techniques such as
spray pyrolysis and pulsed laser deposition, which could enhance film uniformity and improve
carrier transport properties. Bandgap engineering through elemental doping (e.g., Fe, Cu) can
further optimize the electronic structure and improve charge carrier mobility. Additionally,
testing the electrical transport properties and photovoltaic performance in prototype solar cells
will provide deeper insights into the practical applicability of Sr(Alo.sNbo.s)Os. With these
advancements, this perovskite material has the potential to contribute significantly to next-
generation high-efficiency, lead-free solar cells.
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