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Abstract: In this work, BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) perovskite 

nanoparticles were synthesized using the solid-state reaction method and 

evaluated for potential application in solar cells. XRD confirmed the 

formation of a single-phase cubic perovskite structure with crystallite 

sizes between 33 nm and 55 nm. FTIR analysis indicated characteristic 

metal–oxygen vibrations, confirming phase formation. SEM analysis 

revealed uniform, granular nanoparticles with sizes predominantly in the 

30–70 nm range. BET surface area analysis exhibited a high specific 

surface area of 58.4 m²/g and mesoporosity. EDS confirmed elemental 

homogeneity without impurities. UV-Vis spectroscopy showed strong 

visible light absorption with an optical bandgap of 1.56 eV, suitable for 

efficient solar energy harvesting. The combined results highlight BSAN’s 

suitability as an absorber layer or electron transport layer in photovoltaic 

devices. 
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1. Introduction 

 

Perovskite materials with the general formula ABO₃ have attracted considerable attention in recent years 

due to their unique structural versatility and multifunctional properties, making them highly relevant in 

renewable energy technologies. The ABO₃ perovskite structure allows for a wide variety of elemental 

substitutions at both A and B sites, offering tunable electrical, optical, and magnetic properties that are 

suitable for various applications such as solar cells, fuel cells, supercapacitors, and catalysis[1]. These 

materials exhibit excellent features such as high dielectric constants, strong light absorption, and 

favourable charge transport properties, which are essential for efficient energy conversion and storage. 

Several researchers have highlighted the significance of perovskite materials in the advancement of 

energy technologies. For instance, Zhu et al. (2016) demonstrated that tuning cation deficiency in 

perovskite oxides significantly enhances their electrocatalytic performance, particularly in oxygen 

reduction and evolution reactions, crucial for energy storage and fuel cell applications [2]. Similarly, 

Caliò et al. (2016) underscored the importance of hole-transport materials (HTMs) in perovskite solar 

cells to facilitate efficient charge extraction and minimize recombination losses, which are key factors 

in improving solar cell efficiency [3]. The versatility of perovskite oxides has also been emphasized by 

Sunarso et al. (2017), who reviewed their applications in high-temperature oxygen separation 

membranes, solid oxide fuel cells, and catalytic membrane reactors. These studies collectively highlight 

the potential of perovskites in various domains of renewable energy [4]. 

Recent advancements have also focused on hybrid perovskite materials in photovoltaic applications. 

Anzolin et al. (2018) discussed the promising future of hybrid perovskite solar cells, emphasizing their 

ability to redefine the value chain of photovoltaics by offering low-cost, high-efficiency solutions [5]. 

Furthermore, Kamaraki et al. (2021) explored the integration of perovskite materials with conventional 

silicon technologies to develop tandem solar cells, combining the advantages of both materials to 
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achieve higher energy conversion efficiencies and increased solar deployment rates [6]. The translation 

of such cutting-edge materials research into scalable industrial processes has been addressed by Wei et 

al. (2024), who stressed the need to bridge scientific innovation with practical manufacturing techniques 

to accelerate the commercialization of perovskite photovoltaics [7]. 

In light of this, the present study focuses on the synthesis and characterization of BaSr(AlNb)O₃ 

perovskite nanoparticles, a novel composition selected for its potential advantages in photovoltaic 

applications [8]. The choice of BaSr(AlNb)O₃ is motivated by the favorable structural stability imparted 

by the Ba and Sr ions at the A-site, coupled with the ability of Al and Nb at the B-site to modulate the 

material’s electronic and optical properties [9]. The substitution of these cations is anticipated to 

influence the band structure, dielectric properties, and charge carrier mobility, all of which are critical 

for enhancing solar cell performance. 

The use of perovskite nanoparticles, in particular, offers additional benefits for solar energy applications. 

Reducing the particle size to the nanoscale increases the surface area-to-volume ratio, shortens charge 

diffusion lengths, and improves interface quality in device architectures, leading to better light 

absorption and charge collection efficiencies [10]. Moreover, nanoparticles can be easily incorporated 

into flexible and lightweight photovoltaic devices, broadening the scope for next-generation solar 

technologies. 

For the synthesis of BaSr(AlNb)O₃ nanoparticles, the solid-state reaction route was chosen due to its 

simplicity, cost-effectiveness, scalability, and ability to produce phase-pure crystalline materials with 

controlled stoichiometry. Unlike wet-chemical methods, the solid-state approach involves direct 

reaction of high-purity precursors at elevated temperatures without the need for solvents or complex 

processing steps, making it well-suited for large-scale production and industrial applications [11]. 

The primary objectives of this research are to successfully synthesize BaSr(AlNb)O₃ perovskite 

nanoparticles using the solid-state reaction method and to systematically characterize their structural, 

morphological, optical, and surface properties. Various analytical techniques, including X-ray 

diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy 

(SEM), energy-dispersive X-ray spectroscopy (EDS), UV-Vis spectroscopy, and Brunauer–Emmett–

Teller (BET) surface area analysis, have been employed to comprehensively investigate the properties 

of the synthesized nanoparticles [12]. Furthermore, the suitability of BaSr(AlNb)O₃ nanoparticles for 

solar cell applications is evaluated based on the obtained characterization results, with a focus on their 

potential to contribute to the development of efficient and sustainable photovoltaic technologies [13], 

[14]. 

  

2. Experimental 

 

2.1 Materials and Chemicals  

BaSr(Al₀.₅Nb₀.₅)O₃ perovskite nanoparticles were synthesized via the conventional solid-state reaction 

method using high-purity starting materials. The precursor materials used in this synthesis included 

barium oxide (BaO, 99% purity), strontium oxide (SrO, 99% purity), aluminum oxide (Al₂O₃, 99.9% 

purity), and niobium pentoxide (Nb₂O₅, 99.9% purity) [15]. All chemicals were procured from LOBA 

Chemie Pvt. Ltd., India, and used as received without any further purification to maintain the desired 

stoichiometry and ensure high product purity. 

 

2.2 Synthesis Procedure 

The synthesis of BaSr(Al₀.₅Nb₀.₅)O₃ was carried out via the solid-state reaction route. Stoichiometric 

quantities of BaO, SrO, Al₂O₃, and Nb₂O₅ were accurately weighed according to the molar ratio required 

for the BaSr(Al₀.₅Nb₀.₅)O₃ composition. The weighed precursor powders were mixed thoroughly using 

an agate mortar and pestle to achieve uniform distribution of the constituent elements [16]. During the 

mixing process, acetone was added as a wetting agent to promote homogeneity and facilitate effective 

interaction between the reactants. The grinding process was continued for 3 hours to obtain a finely 

mixed and homogeneous precursor powder. 

The homogenized powder mixture was subjected to a pre-calcination process at a temperature of 800°C 

for 6 hours in an air atmosphere [17]. This step facilitated the decomposition of any carbonate species, 

removal of volatile impurities, and initiation of solid-state diffusion reactions. After pre-calcination, the 

powder was allowed to cool naturally to room temperature inside the furnace. 
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Following the pre-calcination step, the material was reground to break down any agglomerates formed 

during heating and to further enhance the uniformity of the mixture. The reground powder was then 

subjected to the final sintering process at 1200°C for 16 hours in an air atmosphere to ensure the 

complete formation of the perovskite BaSr(Al₀.₅Nb₀.₅)O₃ phase. The sintered material was cooled 

gradually to room temperature inside the furnace to prevent thermal stresses and structural defects [18]. 

The final product was collected in the form of a fine, homogeneous powder and stored in airtight 

containers to prevent moisture absorption and contamination. The synthesized BaSr(Al₀.₅Nb₀.₅)O₃ 

powder was used for subsequent structural, morphological, optical, and surface area characterizations 

[19]. 

 

3. Results and Discussion 

 

3.1 X-ray Diffraction (XRD) Analysis 

The crystalline structure and phase purity of the synthesized BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles 

were confirmed through X-ray diffraction (XRD) analysis. The recorded XRD pattern of BSAN 

nanoparticles is shown in Figure 1, where prominent diffraction peaks are observed at 2θ values of 

28.88°, 30.86°, 34.33°, 42.80°, 49.91°, 54.90°, 64.34°, 68.88°, and 72.06°. These peaks correspond to 

the (110), (101), (111), (200), (201), (211), (202), (300), and (301) crystallographic planes of the cubic 

perovskite structure, respectively. The sharpness and intensity of the peaks indicate the formation of a 

highly crystalline and phase-pure perovskite material without any detectable secondary phases [20]. 

 
Figure 1: XRD pattern of BSAN perovskite nanoparticles 

 

The crystallite size (D) of the BSAN nanoparticles was estimated using the Debye-Scherrer formula: 

D =
Kλ

βcosθ
 

where K is the shape factor (0.9), λ is the wavelength of Cu-Kα radiation (1.5406 Å), β is the full width 

at half maximum (FWHM) of the peaks in radians, and θ is the Bragg angle. The calculated crystallite 

sizes from various peaks ranged between 26.34 nm and 41.3 nm, confirming the nanocrystalline nature 

of the synthesized BSAN. 

 

The lattice constant (a) for the cubic structure was calculated using: 

a = d ×  √h2 + k2 + l2 

where d is the interplanar spacing derived from Bragg’s equation. The calculated lattice constants varied 

consistently between 4.08 Å to 4.52 Å, which are in good agreement with the standard cubic perovskite 

lattice parameters. These values support the successful formation of a cubic BSAN phase [21]. 
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βcosθ =
Kλ

D
+ 4ϵsinθ 

where ε is the microstrain in the lattice. The Williamson-Hall plot for BSAN nanoparticles, shown in 

Figure 2, illustrates the linear relationship between βcosθ and 4sinθ. From the slope and intercept of the 

fitted line, the microstrain and crystallite size were obtained [22]. The W-H method yielded an average 

crystallite size of 55.67 nm, which is slightly larger than that calculated via Scherrer’s equation due to 

the incorporation of strain contributions. The microstrain was calculated to be 0.0026, indicating 

minimal lattice distortion. 

 
Figure 2: Williamson-Hall plot of BSAN nanoparticles 

 

Additionally, the dislocation density (δ), representing the number of defects and dislocations within the 

crystal lattice, was calculated using the relation: 

δ =
1

D2
 

The dislocation density values ranged between 5.86 × 10¹⁴ lines/m² and 14.41 × 10¹⁴ lines/m², as listed 

in Table 1. Lower dislocation density values correlate with better crystallinity and reduced structural 

imperfections, which are crucial for optoelectronic performance. 

A detailed summary of the XRD analysis parameters, including 2θ values, FWHM, d-spacing, Miller 

indices, crystallite size, lattice constants, strain, and dislocation density, is provided in Table 1. The 

consistent lattice constant values, low strain, and low defect density confirm the high crystalline quality 

of the BSAN nanoparticles [23]. 

 

Table 1: XRD Parameters of BSAN Nanoparticles 

2θ (°) 
FWHM 

(°) 

d-spacing 

(Å) 
(hkl) 

Crystallite Size D 

(nm) 

Lattice Constant 

a (Å) 

Strain 

(ε) 

Dislocation Density δ 

(10¹⁴ lines/m²) 

28.88 0.2469 3.0875 110 33.20 4.3664 0.00418 9.08 

30.86 0.1994 2.8944 101 41.30 4.0933 0.00315 5.86 

34.33 0.2045 2.6092 111 40.64 4.5192 0.00289 6.05 

42.80 0.2590 2.1102 200 32.92 4.2204 0.00288 9.23 

49.91 0.3242 1.8250 201 27.01 4.0808 0.00304 13.71 

54.90 0.3183 1.6705 211 28.11 4.0919 0.00267 12.66 

64.34 0.2899 1.4462 202 32.36 4.0905 0.00201 9.55 

68.88 0.3655 1.3615 300 26.34 4.0845 0.00233 14.41 

72.06 0.3652 1.3092 301 26.89 4.13996 0.00219 13.82 

 

The structural results obtained are in line with recent reports by Khan et al. (2024), who demonstrated 

stable perovskite structures with exsolved nanoparticles, highlighting the role of crystallinity in 

improving electrochemical properties. Wang et al. (2025) also reported porous high-entropy perovskite 

nanoparticles synthesized via the MOF gel route, where phase purity and structural integrity were key 

factors [24]. Furthermore, Zhai et al. (2025) and Liu et al. (2024) emphasized the influence of well-

crystallized perovskite structures on improving functional properties in fuel cells and CO₂ electrolysis. 
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The XRD analysis confirms that the synthesized BSAN nanoparticles exhibit a phase-pure cubic 

perovskite structure with nanoscale crystallite size, minimal lattice strain, and low dislocation density, 

making them suitable candidates for solar cell applications. 

 

3.2 Fourier Transform Infrared (FTIR) Analysis 

The FTIR spectrum of BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles is shown in Figure 3, recorded in the 

wavenumber range of 4000–500 cm⁻¹. A broad absorption band at 3399.88 cm⁻¹ is attributed to the O–

H stretching vibrations of surface-adsorbed water molecules or hydroxyl groups. A weak peak at 

1660.17 cm⁻¹ corresponds to H–O–H bending vibrations, indicating the presence of moisture on the 

nanoparticle surface. Peaks at 1537.79 cm⁻¹ and 1423.58 cm⁻¹ are related to residual carbonate species 

originating from precursor decomposition during synthesis, with their low intensity confirming effective 

calcination [25]. 

 

 
Figure 3: FTIR spectrum of BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles 

 

The key features are the strong absorption bands at 1105.42 cm⁻¹, 862.71 cm⁻¹, 724.02 cm⁻¹, and 658.76 

cm⁻¹, corresponding to metal–oxygen (M–O) stretching vibrations of B-site cations (Al³⁺/Nb⁵⁺) in the 

BO₆ octahedra, characteristic of the perovskite structure. 

The observation of strong and sharp metal-oxygen vibrations without significant impurity peaks 

indicates a high degree of crystallinity and phase purity, corroborating the XRD findings. Similar FTIR 

features have been reported by Zahid et al. (2024) in their study on CeNiO₃ perovskite nanoparticles, 

where M–O bonds confirmed the perovskite framework integrity [26]. Morsi et al. (2024) also observed 

characteristic metal-oxygen stretching modes in SrTiO₃ perovskite nanoparticles synthesized for 

optoelectronic applications [27]. Additionally, Surendhar et al. (2024) reported similar absorption bands 

in BaTiO₃ perovskite nanoparticles, highlighting the role of metal-oxygen vibrations in confirming 

phase formation and structural integrity [28]. 

 

3.3 SEM Analysis 

The surface morphology and microstructural characteristics of the synthesized BaSr(Al₀.₅Nb₀.₅)O₃ 

(BSAN) nanoparticles were examined using Scanning Electron Microscopy (SEM). The SEM 

micrograph, as shown in Figure 4, reveals that the nanoparticles exhibit a relatively uniform granular 

morphology with mostly spherical and slightly irregular shapes [29]. A moderate degree of 

agglomeration is observed, which is commonly reported in nanoparticles synthesized via the solid-state 

reaction route due to high-temperature processing. 
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Figure 4: SEM micrograph of BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles 

 

The particle size distribution was further analyzed, and the corresponding histogram is presented in 

Figure 5. The histogram demonstrates that the particle sizes are predominantly distributed within the 

range of 30 nm to 70 nm, with an average particle size centered around 50 nm. Additionally, a normal 

distribution curve is fitted over the histogram data, indicating that the particle size distribution is 

symmetric and homogeneous, signifying controlled nucleation and growth during synthesis [30]. 

 

 
Figure 5: Particle size distribution histogram of BSAN nanoparticles 

 

The microstructural uniformity and nanoscale particle size are in close agreement with the crystallite 

size estimated from XRD analysis. Such fine and homogeneous morphology is crucial for enhancing the 

functional performance of perovskite materials in photovoltaic and energy storage applications, as 

similarly reported by Revathi et al. (2024) and Nguyen et al. (2025) in their studies on LaFeO₃ and Bi-

based perovskite nanostructures [31]. 

 

3.4 EDS Analysis 

Energy Dispersive X-ray Spectroscopy (EDS) was performed to confirm the elemental composition of 

the synthesized BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles. The EDS spectrum is depicted in Figure 6, 

which shows distinct peaks corresponding to the constituent elements: barium (Ba), strontium (Sr), 

aluminum (Al), niobium (Nb), and oxygen (O). The presence of all expected elements without any 

noticeable impurity peaks confirms the successful incorporation of the desired cations into the 

perovskite lattice and the high purity of the synthesized material [32]. 
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Figure 6: EDS spectrum of BSAN nanoparticles 

 

The strong intensity of Ba and Sr peaks indicates their stable presence in the A-site positions of the 

ABO₃ perovskite structure, while the Al and Nb peaks confirm the successful substitution at the B-site. 

Oxygen peaks observed in the spectrum further corroborate the formation of the metal-oxygen 

framework, essential for the structural stability of perovskite materials. 

 

These findings are consistent with previous reports, where similar elemental confirmation was observed 

in perovskite systems. Revathi et al. (2024) and Ambujam et al. (2024) also reported the precise 

elemental detection of LaFeO₃ and Zn-doped LaMnO₃ nanoparticles using EDS, validating the phase 

purity and stoichiometry. Therefore, the EDS analysis provides strong evidence supporting the 

successful synthesis of phase-pure BSAN nanoparticles with the intended elemental composition [30]. 

 

3.5 BET Surface Area Analysis 

The specific surface area and porosity characteristics of the synthesized BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) 

nanoparticles were investigated using nitrogen adsorption–desorption isotherms based on the Brunauer–

Emmett–Teller (BET) method. The BET isotherm, depicted in Figure 7, shows a typical type-IV 

isotherm with a clear hysteresis loop, indicative of mesoporous material characteristics . The specific 

surface area of the BSAN nanoparticles was calculated to be 58.4 m²/g, confirming their nanostructured 

nature with a high surface-to-volume ratio. 

 

 
Figure 7: Nitrogen adsorption-desorption isotherm of BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles 

 

Furthermore, the Barrett–Joyner–Halenda (BJH) pore size distribution analysis revealed an average pore 

diameter of approximately 12.6 nm, falling within the mesoporous range. The total pore volume was 
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determined to be 0.215 cm³/g, suggesting sufficient porosity to enhance light absorption and facilitate 

better charge transport in photovoltaic applications. 

 

A well-developed porous structure plays a crucial role in improving the interface between the absorber 

layer and charge transport layers in solar cells, reducing recombination losses. Sonawane et al. (2025) 

similarly reported the significance of mesoporous Sr(Al₀.₅Nb₀.₅)O₃ perovskites for enhancing solar cell 

efficiency. Abir et al. (2024) demonstrated that a high surface area contributed to improved 

electrochemical performance in LaMnO₃-based supercapacitors. Kothari (2021) and Beladona et al. 

(2024) also highlighted the role of porosity and surface area in enhancing the functional properties of 

perovskite-based energy materials. 

 

Thus, the BET analysis confirms that the BSAN nanoparticles possess a high surface area and well-

defined mesoporous structure, making them suitable candidates for high-efficiency solar cell 

applications. 

 

3.6 UV-Vis Spectroscopy Analysis 

The optical properties of BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles were investigated using UV-Vis 

spectroscopy to assess their potential suitability as absorber materials for solar cell applications. The 

recorded absorbance spectrum is depicted in Figure 8, covering the wavelength range of 300–700 nm. 

The spectrum shows strong absorption in the UV region and extends significantly into the visible region, 

indicating the material’s capability to harness a broad range of the solar spectrum. 

 

 
Figure 8: UV-Vis absorbance spectrum of BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles with Tauc plot 

 

To estimate the optical bandgap energy, the Tauc plot method was applied. The optical bandgap (Eg) 

was calculated by plotting (αhv)² versus photon energy (hv), as shown in the inset of Figure 8. 

Extrapolation of the linear portion of the plot revealed an optical bandgap value of 1.56 eV. This bandgap 

value falls within the optimal range for photovoltaic applications, allowing efficient absorption of visible 

light and enhancing the photogenerated charge carrier concentration. 

 

A lower bandgap material typically promotes higher solar absorption efficiency. However, balancing 

the bandgap is critical to prevent undesired electron-hole recombination and ensure appropriate charge 

carrier separation. These findings are in line with studies by Sonawane et al. (2025) who highlighted the 

potential of Sr(Al₀.₅Nb₀.₅)O₃ perovskites as promising absorber layers in high-efficiency solar cells. 

Similarly, Mamba et al. (2022) emphasized that optimizing the bandgap of ABO₃ perovskite 

nanostructures is key to minimizing charge carrier recombination and enhancing photocatalytic and 

photovoltaic performance. Furthermore, Ofoegbuna et al. (2019) discussed the importance of stable 

oxidation states and controlled bandgap tuning in ABO₃ perovskites for improved visible light 
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absorption. Thus, the optical analysis confirms that BSAN nanoparticles, with a suitable bandgap of 

1.56 eV, are excellent candidates for application as light-absorbing layers in next-generation solar cells. 

 

Solar Cell Suitability of BaSr(AlNb)O₃: Structural and Optical Contributions to Photovoltaic 

Performance 

The structural, morphological, and optical analyses of BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles reveal 

properties highly favorable for solar cell applications. XRD analysis confirmed the formation of a pure 

cubic perovskite phase with nanometer-scale crystallite size, while SEM analysis showed uniform, 

granular morphology with particle sizes predominantly in the 30–70 nm range [33]. The BET analysis 

further indicated a significant specific surface area of 58.4 m²/g with mesoporous features, providing an 

optimal interface for charge transport and enhancing light absorption efficiency. Importantly, UV-Vis 

analysis showed strong absorption in the visible region and a direct optical bandgap of 1.56 eV, which 

lies within the ideal range for efficient solar energy harvesting. 

The correlation between these properties suggests that BSAN nanoparticles possess key attributes—

high crystallinity, suitable bandgap, mesoporosity, and homogeneity—necessary for efficient charge 

separation and minimized recombination losses. Such characteristics are essential for improving 

photovoltaic device performance [34]. 

 

Table 2: Comparison of Structural, Optical, and Morphological Properties of BSAN and Similar 

Perovskite Materials 
Material Crystallite 

Size (nm) 

Surface 

Area (m²/g) 

Bandgap 

(eV) 

Morphology Application 

Potential 

Reference 

BaSr(Al₀.₅Nb₀.₅)O₃ 

(BSAN) 

33–55 58.4 1.56 Uniform, 

mesoporous 

nanoparticles 

Absorber layer / 

ETL in solar cells 

Present 

Work 

Sr(Al₀.₅Nb₀.₅)O₃ 30–60 42.5 1.60 Granular, 

mesoporous 

Absorber layer Sonawane et 

al. (2025) 

LaFeWO₆ - - 1.75 Stable cubic phase Visible-light 

applications 

Ejjabli et al. 

(2024) 

SrTb₁₋ₓNiₓO₃ (x = 

0.25, 0.5) 

25–50 - 1.80–

2.10 

Spherical 

nanoparticles 

Optoelectronic 

devices 

Hnainia et 

al. (2025) 

La₂₋ₓAlₓCuO₄ 20–45 - 1.67 Fine agglomerated 

particles 

Magnetic & 

optoelectronic 

applications 

Yuvaraj et 

al. (2024) 

Ag-decorated 

SrTiO₃ 

30–55 60 2.10 Nanocomposite 

structure 

Enhanced ETL Putri et al. 

(2025) 

When compared with other perovskite materials, such as LaFeWO₆ reported by Ejjabli et al. (2024), the 

BSAN nanoparticles exhibit similar or better optical and structural properties conducive for solar cell 

use. Hnainia et al. (2025) and Yuvaraj et al. (2024) also highlighted the importance of controlled 

bandgap values and microstructural homogeneity in optimizing light absorption and charge transport in 

perovskite-based devices. 

 

Given its favorable bandgap and structural integrity, BSAN appears to be a strong candidate for use as 

an absorber layer in solar cells [35]. The combination of a narrow bandgap and large surface area may 

also make it suitable for integration as an electron transport layer (ETL), promoting enhanced charge 

extraction and reduced recombination at the interface. 

 

For future work, it is recommended to fabricate complete BSAN-based solar cell devices and study their 

power conversion efficiency (PCE), open-circuit voltage (Voc), short-circuit current density (Jsc), and 

fill factor (FF). Further interface engineering, including surface passivation or incorporation of 

additional charge transport materials such as Ag-decorated SrTiO₃ systems (Putri et al., 2025), could 

help enhance overall device stability and efficiency [36]. Additionally, doping strategies and 

heterostructure formation may be explored to further optimize the electronic and optical properties of 

BSAN perovskites, providing a pathway towards high-performance photovoltaic devices. 

 

4. Conclusion 

 

BaSr(Al₀.₅Nb₀.₅)O₃ (BSAN) nanoparticles were successfully synthesized via the solid-state reaction 

route and systematically characterized. XRD analysis confirmed the formation of a single-phase cubic 
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perovskite structure with average crystallite size ranging from 33 nm to 55 nm, indicating high 

crystallinity. FTIR analysis revealed prominent metal-oxygen stretching vibrations, confirming phase 

purity. SEM micrographs showed uniform, granular morphology with particle sizes predominantly in 

the 30–70 nm range. EDS spectra verified the presence of Ba, Sr, Al, Nb, and O elements, in line with 

the intended stoichiometry, with no impurity peaks detected. 

BET analysis revealed a significant specific surface area of 58.4 m²/g, average pore diameter of 12.6 

nm, and total pore volume of 0.215 cm³/g, indicating a mesoporous structure favorable for charge 

transport. UV-Vis spectroscopy showed strong absorption in the visible region, with the optical bandgap 

calculated to be 1.56 eV, ideal for efficient solar light harvesting. 

The combination of nanocrystallinity, mesoporosity, suitable bandgap, and compositional purity 

suggests that BSAN nanoparticles are promising candidates for solar cell applications, particularly as 

absorber layers or electron transport layers. Future studies should focus on device fabrication, evaluating 

photovoltaic performance parameters such as efficiency, stability, and charge transport characteristics. 
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