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Abstract: 
This study presents the synthesis and comparative analysis of Ba(Ni₀.₅Co₀.₅)O₃, Ba(Ni₀.₅Cu₀.₅)O₃, and 

Ba(Ni₀.₅Cr₀.₅)O₃ perovskite compounds, focusing on their structural, vibrational, and optical properties. The sol-

gel method was employed to synthesize the materials, and X-ray diffraction (XRD) confirmed the formation of a 

cubic perovskite structure in all three compounds with high crystallinity. The calculated crystallite sizes were 

found to be in the nanometer range (24.77–29.53 nm), with slight lattice expansion observed for Cu and Cr 

substitutions. Fourier-transform infrared (FTIR) spectroscopy confirmed the presence of metal-oxygen bonds, 

characteristic of the perovskite structure, and indicated successful phase formation without impurities. UV-Vis 

spectroscopy revealed band gap energies of 2.68 eV for Ba(Ni₀.₅Co₀.₅)O₃, 2.92 eV for Ba(Ni₀.₅Cu₀.₅)O₃, and 3.18 

eV for Ba(Ni₀.₅Cr₀.₅)O₃, suggesting their potential for optoelectronic and photocatalytic applications. These 

results demonstrate the efficacy of the sol-gel synthesis method in producing high-purity perovskite materials 

with desirable structural, vibrational, and optical properties, making them suitable for advanced technological 

applications such as photocatalysis, solar cells, and other optoelectronic devices. 
 

Introduction: 

Perovskite materials, particularly those with 

the general formula ABO₃, have garnered 

considerable attention due to their versatile 

structural and functional properties, making them 

valuable for a wide range of applications such as 

catalysis, solid oxide fuel cells, and electronic 

devices. These materials exhibit a unique cubic 

structure that allows for various elemental 

substitutions at both the A and B sites, providing a 

platform for fine-tuning their properties for specific 

uses (Sebastian, 2008). Recent studies have 

explored the effect of elemental doping on the 

performance of perovskites in catalytic applications. 

Zhang, Wang, and Chen (2021) investigated the role 

of elemental doping in ABO₃ perovskites during 

low-pressure gas nitriding, demonstrating that 

doping can significantly enhance catalytic activity 

by altering the surface properties and redox behavior 

of the material. Similarly, the catalytic oxidation 

properties of ABO₃-type perovskites were studied 

by Poplawski et al. (2000), further highlighting the 

importance of the B-site elements in determining the 

material's reactivity and stability. 

The synthesis and development of 

perovskites for applications such as solid oxide fuel 

cells (SOFCs) also remain an active area of 

research. Domínguez-Crespo et al. (2024) 

synthesized ABO₃ perovskites using the Pechini 

method and analyzed their structural and electrical 

properties, confirming that elemental substitutions at 

the B-site can enhance conductivity and stability, 

making them promising cathode materials in 

SOFCs. The Pechini method, known for producing 

high-purity perovskites, is particularly advantageous 

for fabricating materials with controlled 

microstructures (Domínguez-Crespo et al., 2024). 

Furthermore, advanced oxidation processes 

(AOPs) have been a major focus in the 

environmental application of perovskites. Mamba, 

Mafa, and Rtimi (2022) reviewed heterogeneous 

AOPs over ABO₃ perovskites and concluded that 

structural modifications due to doping can enhance 

the photocatalytic efficiency, making these materials 

highly effective in pollutant degradation. This 

reinforces the importance of tailoring perovskite 

structures for environmental applications. 

The study of structural, electronic, and 

optical properties of perovskites has also been 

advanced through computational methods. Parvaiz, 

Khalil, and Tahir (2024) conducted density 

functional theory (DFT) investigations on inorganic 

perovskites, revealing that substitutions at the B-site 

lead to significant changes in electronic and optical 

properties, which are critical for applications in 

photosensitive devices. 
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Given the broad scope of perovskite 

research, this paper aims to conduct a comparative 

analysis of Ba(Ni₀.₅Cu₀.₅)O₃, Ba(Ni₀.₅Co₀.₅)O₃, and 

Ba(Ni₀.₅Cr₀.₅)O₃ perovskites. The study will focus 

on the structural, vibrational, and optical properties 

of these materials using X-ray diffraction (XRD), 

Fourier-transform infrared spectroscopy (FTIR), and 

UV-Vis spectroscopy. By comparing the effects of 

different B-site substitutions (Cu, Co, Cr), this 

research seeks to provide insights into how these 

substitutions influence the material’s properties and 

potential applications. 

Experimental 

The Ba(Ni₀.₅Co₀.₅)O₃, Ba(Ni₀.₅Cu₀.₅)O₃, and 

Ba(Ni₀.₅Cr₀.₅)O₃ perovskites were synthesized using 

the sol-gel method, a versatile technique that 

provides excellent control over the composition and 

homogeneity of the final product. Barium nitrate 

[Ba(NO₃)₂], nickel nitrate [Ni(NO₃)₂·6H₂O], cobalt 

nitrate [Co(NO₃)₂·6H₂O], copper nitrate 

[Cu(NO₃)₂·3H₂O], and chromium nitrate 

[Cr(NO₃)₃·9H₂O] were used as precursors in the 

respective stoichiometric ratios (1 mol Ba, 0.5 mol 

Ni, and 0.5 mol of Co, Cu, or Cr). Each nitrate was 

dissolved in distilled water, and the solutions were 

mixed under constant stirring to ensure 

homogeneity. Citric acid (1:1 molar ratio with the 

total metal ions) and ethylene glycol were added to 

chelate the metal ions and promote gelation. The 

mixture was heated at 80°C with continuous stirring 

until a viscous gel formed, which was then dried at 

120°C for 12 hours to remove any residual water 

and solvents. The dried gel was ground into fine 

powder and calcined in a muffle furnace. For 

Ba(Ni₀.₅Co₀.₅)O₃, the powder was calcined at 900°C 

for 4 hours, while for Ba(Ni₀.₅Cu₀.₅)O₃ and 

Ba(Ni₀.₅Cr₀.₅)O₃, calcination was performed at 

850°C for 5 hours and 950°C for 6 hours, 

respectively. The heating rate was controlled, with a 

soak period at the final temperature to ensure 

complete phase formation. Finally, the powders 

were cooled naturally inside the furnace to prevent 

thermal shock and ensure stable crystalline 

structures. This process ensured high-purity 

perovskite materials, ready for further 

characterization. 

Results and Discussion 

Structural Analysis (XRD) 
X-ray diffraction (XRD) analysis was 

conducted to determine the crystalline structure and 

phase purity of the synthesized Ba(Ni₀.₅Co₀.₅)O₃, 

Ba(Ni₀.₅Cu₀.₅)O₃, and Ba(Ni₀.₅Cr₀.₅)O₃ perovskites. 

The XRD patterns of all three compounds were 

compared with the standard Joint Committee on 

Powder Diffraction Standards (JCPDS) data, 

confirming the successful formation of cubic 

perovskite structures. The diffraction peaks in all 

cases showed sharp intensity, indicating high 

crystallinity and well-ordered structures. The peak 

positions and lattice parameters varied slightly due 

to the substitution of different B-site cations (Co, 

Cu, and Cr). 

For Ba(Ni₀.₅Co₀.₅)O₃, the average crystallite 

size was calculated to be 29.53 nm using the Debye-

Scherrer equation. The Ba(Ni₀.₅Cu₀.₅)O₃ and 

Ba(Ni₀.₅Cr₀.₅)O₃ compounds showed slightly smaller 

crystallite sizes of 26.86 nm and 24.77 nm, 

respectively, suggesting that the substitution of Cu 

and Cr results in finer particle sizes. These small 

crystallite sizes are beneficial for applications where 

higher surface area and reactivity are essential, such 

as in catalysis or electronic devices. The lattice 

constants also varied, with Cu and Cr ions causing 

slight expansion of the lattice due to their larger 

ionic radii compared to Co, consistent with the 

observed diffraction data. Overall, the XRD results 

confirmed that all three perovskites were 

successfully synthesized with high phase purity and 

nanocrystalline structures. 

Vibrational Analysis (FTIR) 
Fourier-transform infrared (FTIR) 

spectroscopy was performed to confirm the presence 

of key functional groups and the metal-oxygen 

bonding characteristic of perovskite structures in 

Ba(Ni₀.₅Co₀.₅)O₃, Ba(Ni₀.₅Cu₀.₅)O₃, and 

Ba(Ni₀.₅Cr₀.₅)O₃. The FTIR spectra for all samples 

exhibited strong absorption bands in the range of 

600–400 cm⁻¹, which are attributed to the stretching 

vibrations of Ni-O, Co-O, Cu-O, and Cr-O bonds 

within the perovskite lattice. These metal-oxygen 

stretching bands are crucial for verifying the 

successful incorporation of the B-site metal ions into 

the perovskite framework. In the case of 

Ba(Ni₀.₅Co₀.₅)O₃, the Ni-O and Co-O stretching 

bands were observed at around 550 cm⁻¹ and 490 

cm⁻¹, respectively. For Ba(Ni₀.₅Cu₀.₅)O₃, the Cu-O 

bond vibrations appeared at slightly higher 

wavenumbers, around 600 cm⁻¹, reflecting the 

differences in bond strength and mass between the 

metal cations. Ba(Ni₀.₅Cr₀.₅)O₃ showed Cr-O 

stretching bands in the range of 580 cm⁻¹ to 460 

cm⁻¹. The absence of broad peaks around 3600 cm⁻¹, 

which would indicate the presence of surface-

adsorbed water or hydroxyl groups, suggested 

effective drying of all samples. Additionally, no 

significant peaks corresponding to organic residues 

or unreacted precursors were observed, confirming 

the successful formation of the perovskite phase 

without contamination. The FTIR results provide 

further evidence of the high chemical purity and 

structural integrity of the synthesized perovskites. 

Optical Properties (UV-Vis Spectroscopy) 
The optical properties of the 

Ba(Ni₀.₅Co₀.₅)O₃, Ba(Ni₀.₅Cu₀.₅)O₃, and 

Ba(Ni₀.₅Cr₀.₅)O₃ compounds were studied using UV-

Vis spectroscopy to evaluate their potential for 

optoelectronic and photocatalytic applications. The 

UV-Vis absorption spectra for all three samples 
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showed distinct absorption edges, which correspond 

to electronic transitions from the valence band to the 

conduction band. These absorption edges were 

analyzed using the Tauc plot method to estimate the 

optical band gap (Eg) of each compound. 

Ba(Ni₀.₅Co₀.₅)O₃ exhibited an absorption 

edge at around 460 nm, corresponding to a direct 

band gap energy of 2.68 eV. This value indicates 

that the material is a wide-band-gap semiconductor, 

suitable for applications such as photocatalysts and 

solar cells. Ba(Ni₀.₅Cu₀.₅)O₃, with a slightly higher 

absorption edge at around 425 nm, was found to 

have a band gap of 2.92 eV. This higher band gap 

suggests improved thermal and chemical stability, 

making it a promising candidate for applications in 

harsh environments. Ba(Ni₀.₅Cr₀.₅)O₃ showed the 

highest band gap energy of 3.18 eV, with an 

absorption edge around 390 nm. This wide band gap 

indicates strong potential for use in ultraviolet light 

absorption and high-energy optoelectronic devices. 

The differences in band gap energies among the 

three perovskite compounds can be attributed to the 

electronic configuration and bonding environment 

of the B-site cations. The higher band gaps of 

Ba(Ni₀.₅Cu₀.₅)O₃ and Ba(Ni₀.₅Cr₀.₅)O₃ suggest that 

these materials have higher potential for 

applications that require stability and efficiency 

under UV and visible light. Overall, the UV-Vis 

spectroscopy results demonstrate the excellent 

optical properties of these perovskite compounds 

and their suitability for advanced technological 

applications. 

Conclusion: 
In this study, Ba(Ni₀.₅Co₀.₅)O₃, 

Ba(Ni₀.₅Cu₀.₅)O₃, and Ba(Ni₀.₅Cr₀.₅)O₃ perovskite 

compounds were successfully synthesized using the 

sol-gel method, demonstrating the versatility and 

effectiveness of this technique in producing high-

quality nanocrystalline materials. X-ray diffraction 

(XRD) confirmed the formation of a cubic 

perovskite structure with high phase purity and 

crystallinity for all samples. The slight variations in 

lattice parameters and crystallite sizes due to 

different B-site substitutions were consistent with 

expectations, highlighting the influence of cation 

size on the structural properties of perovskites. 

Fourier-transform infrared (FTIR) spectroscopy 

further validated the formation of the metal-oxygen 

bonds, confirming the successful incorporation of 

Co, Cu, and Cr into the perovskite structure. The 

absence of impurities and residual precursors in the 

FTIR spectra supported the high chemical purity of 

the synthesized compounds. UV-Vis spectroscopy 

revealed distinct optical band gaps for each 

compound, with values of 2.68 eV, 2.92 eV, and 

3.18 eV for Ba(Ni₀.₅Co₀.₅)O₃, Ba(Ni₀.₅Cu₀.₅)O₃, and 

Ba(Ni₀.₅Cr₀.₅)O₃, respectively. These band gaps 

suggest that the materials are suitable for 

applications in optoelectronics, photocatalysis, and 

other technologies requiring precise band gap 

control. Overall, this study highlights the potential 

of these perovskite materials for advanced 

technological applications and underscores the 

effectiveness of the sol-gel method in synthesizing 

high-purity perovskite compounds. 
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