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Abstract: 
ABO₃ perovskite nanoparticles have gained significant attention as efficient photocatalysts due to their 

versatile electronic properties, tunable band gaps, and high catalytic activity, making them ideal for 

environmental remediation and clean energy applications. This review provides a comprehensive overview of the 

recent progress in the photocatalytic applications of ABO₃ perovskites. Key advancements include doping 

strategies, defect engineering, and the development of heterostructures to enhance visible light absorption, charge 

carrier separation, and photocatalytic efficiency. Despite these improvements, challenges such as material 

stability, rapid charge carrier recombination, and scalability issues remain. Sustainable synthesis methods and 

environmentally friendly material choices are critical to overcoming these obstacles. Looking ahead, continued 

research into advanced material design and green production techniques is necessary to fully unlock the potential 

of ABO₃ perovskite nanoparticles for large-scale photocatalytic applications in areas such as water purification, 

pollutant degradation, and hydrogen production. 
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Introduction: 
Environmental pollution and the global 

demand for clean energy are two pressing 

challenges that have intensified the need for 

efficient photocatalytic materials. Photocatalysis, 

which utilizes light to drive chemical reactions, 

offers a promising solution for environmental 

remediation—such as pollutant degradation—and 

renewable energy generation, including hydrogen 

production from water splitting (Bajaj, S B et.al). 

Despite its potential, traditional photocatalysts such 

as titanium dioxide (TiO₂) suffer from drawbacks, 

such as limited absorption of visible light and rapid 

electron-hole recombination, which reduce their 

efficiency and limit practical applications. Thus, 

there is a growing need for new materials that can 

overcome these limitations. 

ABO₃ perovskite nanoparticles have 

recently emerged as a leading candidate in the field 

of photocatalysis due to their unique structural, 

electronic, and optical properties. ABO₃ perovskites, 

where 'A' is typically a large cation (such as alkali, 

alkaline earth, or rare earth elements) and 'B' is a 

smaller transition metal cation, possess a highly 

versatile crystal structure. This flexibility allows for 

extensive doping and compositional adjustments, 

which can be employed to tune the band gap, charge 

separation efficiency, and overall photocatalytic 

activity. As a result, ABO₃ perovskites have 

demonstrated enhanced performance under visible 

light, making them suitable for a wide range of 

photocatalytic applications, including pollutant 

degradation and hydrogen generation. 

Recent studies have provided insights into 

how ABO₃ perovskite nanoparticles can be 

synthesized and optimized for improved 

photocatalytic performance. Li et al. (2023) 

explored strategies to improve the stability of ABO₃ 

perovskites, a critical factor for their long-term 

performance in photocatalytic applications. Zhan et 

al. (2023) focused on the effects of Fe doping in 

LaMnO₃ nanofibers, demonstrating how oxygen 

vacancies and altered electronic structures can 

enhance hydrogen production. Revathi et al. (2024) 

examined the influence of In³⁺ doping on LaFeO₃, 

showing improvements in structural and optical 

properties, which further boost photocatalytic 

efficiency. These advancements highlight the 

potential of ABO₃ perovskite nanoparticles in 

addressing both environmental and energy-related 

challenges. 

The unique crystal structure of ABO₃ 

perovskites allows for the design of materials that 

can absorb a broader spectrum of light and promote 

efficient charge separation, both of which are crucial 

for photocatalytic processes. A-site substitution and 

B-site doping can be employed to modify the 

electronic band structure, leading to enhanced light 
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absorption, reduced recombination rates, and 

improved catalytic activity. Irshad et al. (2022) 

demonstrated that by doping LaNiO₃ with rare earth 

elements, it is possible to significantly enhance the 

photocatalytic degradation of organic pollutants 

under visible light. Thinley et al. (2023) reported the 

improved photocatalytic performance of LaNiO₃-

rGO perovskites for the degradation of emerging 

contaminants in water, further demonstrating the 

versatility of ABO₃ perovskites in environmental 

applications. 

The potential of ABO₃ perovskites extends 

beyond pollutant degradation. Zhao et al. (2023) 

investigated the use of ABO₃ perovskites for 

hydrogen production via water splitting, 

emphasizing the role of band gap engineering in 

maximizing solar energy absorption. Bayode et al. 

(2024) explored the application of ABO₃ perovskites 

in CO₂ reduction, providing a pathway for the 

conversion of greenhouse gases into useful 

chemicals such as methane and methanol. These 

studies underline the diverse applications of ABO₃ 

perovskites, from environmental remediation to 

renewable energy technologies. 

This review aims to consolidate the 

progress made in ABO₃ perovskite photocatalysis 

from 2020 to 2024, with a focus on their synthesis 

methods, structural and electronic properties, and 

applications in photocatalytic processes. Key studies 

have advanced the understanding of ABO₃ 

perovskites, such as Zhang et al. (2023), who 

synthesized Bi₁₋ₓLaₓFeO₃ perovskites and 

demonstrated their superior photocatalytic 

performance. Mamba et al. (2022) reviewed the role 

of ABO₃ nanostructures in advanced oxidation 

processes, offering a detailed account of how 

perovskite-based materials can be employed in 

water treatment. Shahinuzzaman et al. (2024) 

demonstrated how the addition of graphene and 

other carbon materials to perovskite structures can 

further enhance photocatalytic efficiency for organic 

pollutant degradation. 

Through a comprehensive analysis of these and 

other studies, this review will provide a deeper 

understanding of how ABO₃ perovskites can be 

tailored to meet the growing demands for efficient 

photocatalysts in environmental and energy 

applications. 

Photocatalytic Mechanism of ABO₃ Perovskites 
The photocatalytic activity of ABO₃ 

perovskite nanoparticles stems from their ability to 

harness light energy and convert it into chemical 

energy through various surface reactions. Due to 

their unique structural and electronic properties, 

ABO₃ perovskites can efficiently absorb light, 

generate electron-hole pairs, and catalyze redox 

reactions, making them highly effective for a wide 

range of applications such as water splitting and 

pollutant degradation. 

Photocatalytic Reaction Mechanisms 

Light Absorption and Electron-Hole Generation: 
The photocatalytic process begins with the 

absorption of photons by the ABO₃ perovskite 

nanoparticles. When the energy of the incident light 

exceeds the band gap of the material, electrons are 

excited from the valence band to the conduction 

band, leaving behind holes in the valence band. This 

excitation results in the formation of electron-hole 

pairs (Zhao et al., 2023). The efficiency of this 

process is highly dependent on the band gap of the 

ABO₃ perovskite. By tuning the band gap through 

doping or substitution of A and B site cations, the 

material can be optimized to absorb light in the 

visible range, which is more abundant in the solar 

spectrum (Revathi et al., 2024). 

Charge Separation and Transport: Once electron-

hole pairs are generated, their separation and 

transportation to the surface of the photocatalyst are 

crucial for efficient photocatalysis. ABO₃ 

perovskites, especially when doped with transition 

metals like Fe, Mn, or Co, can enhance the charge 

separation process by introducing defect states or 

oxygen vacancies (Zhan et al., 2023). These defects 

act as charge traps, preventing the rapid 

recombination of electron-hole pairs and prolonging 

their lifetime, which is necessary for redox reactions 

to occur on the surface of the material 

(Muthulakshmi et al., 2023). 

Surface Reactions and Redox Mechanisms: Once 

the electrons and holes reach the surface, they 

participate in various redox reactions. For example, 

in water splitting, the photogenerated electrons 

reduce water molecules to produce hydrogen, while 

the holes oxidize water to generate oxygen. 

Similarly, in pollutant degradation, the electrons 

react with oxygen molecules to form superoxide 

radicals (O₂⁻), while the holes oxidize organic 

pollutants or react with water to generate hydroxyl 

radicals (OH•), which are highly reactive and 

capable of breaking down complex pollutants into 

less harmful substances (Li et al., 2023). The 

efficiency of these surface reactions is influenced by 

the surface area and the presence of active sites, 

which can be enhanced by controlling the 

morphology of the ABO₃ nanoparticles (Aamir et 

al., 2023). 

Photocatalytic Pathways in ABO₃ Nanoparticles: 

The versatility of ABO₃ perovskites allows them to 

participate in various photocatalytic pathways. In 

water splitting, ABO₃ perovskites can act as 

photocatalysts for both the hydrogen evolution 

reaction (HER) and the oxygen evolution reaction 

(OER). For example, LaNiO₃-rGO composites have 

been shown to enhance the efficiency of water 

splitting under visible light (Thinley et al., 2023). 

For pollutant degradation, ABO₃ perovskites such as 

LaFeO₃ have been studied for their ability to 

degrade organic dyes and other harmful 
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contaminants in wastewater. By introducing dopants 

like In³⁺, researchers have demonstrated improved 

pollutant degradation due to better charge separation 

and enhanced redox activity (Revathi et al., 2024). 

The photocatalytic activity of ABO₃ 

perovskites is further influenced by the type of 

redox reactions that occur. In hydrogen production, 

for instance, Fe-doped LaMnO₃ nanofibers have 

shown superior performance due to the introduction 

of oxygen vacancies, which promote the reduction 

of water molecules to hydrogen (Zhan et al., 2023). 

Similarly, BaTiO₃-based perovskites have been 

employed in the degradation of pharmaceuticals and 

other emerging contaminants, using both direct 

oxidation by photogenerated holes and indirect 

oxidation through reactive oxygen species (Mamba 

et al., 2022). 

Role of Band Structure in Photocatalysis 
The band structure of ABO₃ perovskites 

plays a critical role in determining their 

photocatalytic efficiency, particularly in the context 

of light absorption and charge carrier dynamics 

(Bajaj, S B et.al).. By engineering the band gap of 

these materials, researchers can optimize their 

performance under visible light, which constitutes a 

significant portion of the solar spectrum. 

Understanding and manipulating the band structure 

is essential for designing perovskite-based 

photocatalysts that can efficiently harness solar 

energy for environmental and energy applications. 

Band Gap Engineering for Efficient Light 

Absorption 
The band gap of a photocatalyst is the 

energy difference between the valence band (VB) 

and the conduction band (CB), and it dictates the 

wavelength of light that the material can absorb. For 

photocatalytic applications, particularly in solar-

driven processes, an ideal photocatalyst should have 

a band gap that allows for absorption of visible 

light, as this spectrum accounts for approximately 

45% of the solar radiation. Many ABO₃ perovskites, 

such as LaFeO₃ and LaMnO₃, have wide band gaps, 

typically in the range of 2.0 to 3.5 eV, which 

restricts their ability to absorb visible light 

effectively (Li et al., 2023). 

To address this limitation, band gap 

engineering through doping or compositional 

modifications has been extensively explored. For 

example, Zhan et al. (2023) demonstrated that Fe 

doping in LaMnO₃ nanofibers introduced oxygen 

vacancies, which not only reduced the band gap but 

also enhanced visible light absorption. This 

modification led to improved photocatalytic 

hydrogen production by enabling the material to 

better utilize the solar spectrum. Similarly, Revathi 

et al. (2024) showed that In³⁺ doping in LaFeO₃ 

perovskites resulted in a narrower band gap, 

allowing for more efficient light absorption and 

enhanced photocatalytic activity in pollutant 

degradation. 

Band gap engineering also involves the 

creation of heterostructures or composites that 

combine ABO₃ perovskites with other materials, 

such as graphene or metal oxides. These composites 

can facilitate charge transfer between materials with 

different band structures, thereby extending light 

absorption into the visible range. Thinley et al. 

(2023) investigated LaNiO₃-rGO perovskite 

composites, which exhibited enhanced 

photocatalytic activity due to the synergistic effect 

of reduced graphene oxide and the LaNiO₃ 

perovskite. The reduced band gap in this system 

allowed for better light harvesting, ultimately 

improving the photocatalytic degradation of 

emerging contaminants in water. 

Optimal Band Gaps for Visible Light-Driven 

Photocatalysis 
The optimal band gap for visible light-

driven photocatalysis generally falls in the range of 

1.5 to 2.5 eV. This allows the material to absorb 

photons from both the UV and visible regions of the 

solar spectrum while maintaining sufficient energy 

to drive redox reactions at the photocatalyst’s 

surface. ABO₃ perovskites, when doped with 

appropriate elements or combined with other 

nanomaterials, can achieve band gaps within this 

range, thus enhancing their photocatalytic 

performance. 

In the case of hydrogen production via 

water splitting, Zhao et al. (2023) highlighted that 

perovskites with band gaps close to 2.0 eV showed 

higher efficiency in photocatalytic hydrogen 

generation under visible light. The ability to absorb 

and utilize visible light, combined with efficient 

charge separation and transport, made these 

materials particularly suitable for energy conversion 

applications. Similarly, Irshad et al. (2022) noted 

that tuning the band gap of ABO₃ perovskites 

through metal doping and surface modification led 

to improved performance in the degradation of 

organic pollutants, where visible light-driven 

processes are essential for practical environmental 

applications. 

To optimize the band gap for visible light 

photocatalysis, researchers are also exploring 

strategies such as introducing plasmonic 

nanostructures or using piezo-photocatalytic 

coupling. For example, Sajjadian et al. (2024) 

reported that plasmonic Au/Cu-modified SrTiO₃ 

perovskites demonstrated broadband visible light 

absorption, significantly enhancing photocatalytic 

activity. These materials effectively broadened the 

light absorption spectrum while maintaining an 

optimal band gap, making them highly efficient for 

various photocatalytic processes. 
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In conclusion, band gap engineering is a 

crucial strategy in enhancing the photocatalytic 

performance of ABO₃ perovskites. By optimizing 

the band gap to absorb visible light and promoting 

charge separation, ABO₃ perovskites can be tailored 

for various applications, including hydrogen 

production and pollutant degradation, offering a 

path toward more efficient and sustainable 

photocatalysis. 

Factors Affecting Photocatalytic Efficiency 
The photocatalytic efficiency of ABO₃ 

perovskite nanoparticles is influenced by several 

factors, including particle size, surface area, defect 

states, doping, and charge carrier dynamics. These 

parameters directly affect the light absorption, 

electron-hole generation, and redox reactions at the 

surface of the photocatalyst, which are critical for 

achieving high photocatalytic performance. 

Influence of Particle Size, Surface Area, and 

Defect States 
Particle size and surface area play a 

significant role in determining the photocatalytic 

activity of ABO₃ perovskites. Smaller nanoparticles 

offer a higher surface area-to-volume ratio, which 

increases the number of active sites available for 

photocatalytic reactions. The reduction in particle 

size also enhances light absorption due to quantum 

confinement effects. Pandiyan et al. (2023) 

demonstrated that the nanoscale size of lanthanum 

nickelate perovskite particles improved their surface 

reactivity, leading to more efficient electron transfer 

and catalytic activity in the electrochemical 

detection of trifluoperazine. 

In addition to particle size, the presence of 

defect states, such as oxygen vacancies, can also 

enhance photocatalytic performance by introducing 

mid-gap states that facilitate charge carrier transport. 

Defect engineering, which involves the intentional 

creation of vacancies or defects, has been shown to 

increase the efficiency of photocatalytic reactions by 

improving charge separation and prolonging the 

lifetime of electron-hole pairs. Bhuyan et al. (2021) 

showed that sol-gel synthesized double perovskite 

Gd₂FeCrO₆ nanoparticles exhibited enhanced 

photocatalytic activity due to the presence of oxygen 

vacancies, which acted as active sites for 

photocatalysis. 

Effect of Doping/Substitution on Electronic 

Structure and Catalytic Activity 
Doping and substitution in ABO₃ 

perovskites are crucial strategies for modulating 

their electronic structure and improving catalytic 

activity. By introducing different dopants into the A 

or B site of the perovskite structure, the band gap 

can be tailored to enhance light absorption, 

particularly in the visible spectrum. Doping also 

alters the density of states near the conduction and 

valence bands, which influences the charge carrier 

dynamics. 

For instance, Giannakoudakis et al. (2023) 

reported that europium-doped barium titanate (Eu-

BaTiO₃) perovskites showed enhanced 

photocatalytic efficiency in the decomposition of 

chloro-dialkyl sulfide due to the modified electronic 

structure. The substitution of Eu into the BaTiO₃ 

lattice created additional defect states, which 

facilitated more efficient charge separation and 

improved the material’s overall catalytic activity. 

Similarly, doping with transition metals can 

significantly alter the redox potential of the 

perovskite, making it more suitable for specific 

photocatalytic reactions. Alzahrani et al. (2023) 

found that BaSnO₃ nanorods decorated with 

CuMn₂O₄ nanoparticles exhibited superior 

photocatalytic performance due to the synergistic 

effect of the CuMn₂O₄ nanoparticles, which 

enhanced the material's ability to absorb visible light 

and promoted more efficient charge separation. 

Charge Carrier Dynamics and Recombination 

Rates 
Efficient photocatalytic activity depends on 

the separation and transportation of photogenerated 

electron-hole pairs. Fast recombination of charge 

carriers can significantly reduce the photocatalytic 

efficiency, as the energy is lost before the charges 

can participate in surface redox reactions. The 

recombination rate is influenced by several factors, 

including particle size, surface defects, and the 

electronic structure of the material. 

Doping and surface modifications can help 

to mitigate the recombination of charge carriers. 

Islam et al. (2021) reported that nanoparticle 

exsolution in perovskite oxides improved the charge 

carrier dynamics, as the exsolved nanoparticles 

acted as electron sinks, reducing the recombination 

rate and enhancing overall photocatalytic 

performance. Additionally, Dhariwal et al. (2023) 

demonstrated that perovskite-based photocatalysts 

used in wastewater treatment benefitted from lower 

recombination rates due to optimized charge carrier 

mobility, which was achieved by engineering the 

material’s surface area and defect structure. 

Furthermore, charge carrier recombination 

can also be reduced by creating heterojunctions or 

Z-scheme photocatalytic systems, which allow for 

the spatial separation of electrons and holes in 

different materials. Belousov et al. (2024) discussed 

the environmental applications of Bi-based 

perovskite photocatalysts, where Z-scheme and S-

scheme heterojunctions were shown to improve 

charge carrier dynamics and reduce recombination, 

resulting in enhanced photocatalytic degradation of 

pollutants. 

In summary, the photocatalytic efficiency 

of ABO₃ perovskites is strongly influenced by 

particle size, surface area, defect states, doping, and 

charge carrier dynamics. Optimizing these factors 

through material design and engineering can lead to 
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significant improvements in photocatalytic 

performance for environmental and energy 

applications. 

Challenges and Future Perspectives 
The development of ABO₃ perovskite 

nanoparticles for photocatalysis faces several 

challenges that must be addressed to enable large-

scale application. Stability and durability issues 

arise under harsh operating conditions, leading to 

material degradation, though surface passivation and 

doping have shown promise in improving resilience 

(Li et al., 2023). Band gap optimization remains 

critical, as many perovskites exhibit wide band gaps 

that limit visible light absorption, requiring further 

improvements through doping and heterostructure 

designs (Zhan et al., 2023). Rapid recombination of 

charge carriers is another limitation, though 

techniques like Z-scheme heterojunctions have 

helped improve charge separation, yet more work is 

needed to extend carrier lifetimes (Belousov et al., 

2024). Scalability and cost are also major concerns, 

as current synthesis methods are expensive and 

difficult to scale up, prompting the need for cheaper 

materials and production techniques 

(Giannakoudakis et al., 2023). Furthermore, the 

environmental impact of certain toxic components 

in perovskites calls for sustainable, green synthesis 

approaches to mitigate potential harm (Dhariwal et 

al., 2023). Future research should focus on advanced 

doping strategies, novel heterostructures, green 

synthesis methods, and real-world testing to unlock 

the full potential of ABO₃ perovskites for 

environmental and energy applications. 

Conclusion: 
ABO₃ perovskite nanoparticles have 

emerged as promising materials for photocatalytic 

applications due to their tunable electronic 

structures, high catalytic activity, and potential for 

addressing global environmental and energy 

challenges. Advances in doping, defect engineering, 

and heterostructure formation have significantly 

improved their photocatalytic efficiency, especially 

in visible light absorption and charge separation. 

However, challenges remain, including issues 

related to stability, charge carrier recombination, 

and scalability for large-scale applications. 

Sustainable synthesis methods and environmentally 

friendly materials are also crucial to ensure their 

safe and widespread use.  

Continued research into optimizing the 

band structure, enhancing durability, and developing 

cost-effective production methods will be essential 

for unlocking the full potential of ABO₃ perovskites 

in practical photocatalytic systems. Addressing 

these challenges will pave the way for their broader 

adoption in applications such as pollutant 

degradation, water splitting, and renewable energy 

generation, contributing to a more sustainable 

future. 
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