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ABSTRACT 

 

Perovskite compounds in the ABO₃ class have become a popular area of study 

due to their remarkable properties and wide range of applications. The ABO₃ 

formula consists of elements A and B, which can appear in various valence 

states, along with oxygen atoms. Perovskite materials are crucial for the 

progress of various industries, including microelectronics, 

telecommunications, solar cells, LASER technology, LEDs, and gas sensing 

applications. In addition, these perovskites exhibit a wide range of electrical, 

dielectric, ferroelectric, piezoelectric, pyroelectric, magnetic, thermal 

properties, colossal magnetoresistance (CMR), and photovoltaic 

characteristics. This article provides a thorough analysis of the different 

methods used to synthesize oxide perovskites and highlights their wide range 

of applications in various fields. This review article aims to provide readers 

with a comprehensive understanding of the synthesis and application of ABO₃ 

perovskite compounds. 
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Dr. Kawale R.S. 
 

Introduction 

 Perovskite compounds with the formula ABO₃ are a fascinating class of 

materials that are distinguished by their molecular structure. The field of oxide 

materials is something that piques their interest to a great extent. Fuel cells, 

pressure-based electricity generation devices, materials with spontaneous 

electric polarization, water splitting into hydrogen and oxygen, and electronic 

components are just some of the many practical applications that these 

compounds have. They also have a wide range of other applications in a variety 

of fields. The remarkable stability of these compounds, even in the presence of 

cation replacements, has sparked a wave of enthusiasm, which is driving the 

exploration for novel compounds that hold a great deal of promise. In part, the 

stability of this structure can be attributed to the presence of a 12-fold 

coordinated A site. This site is capable of accommodating a wide variety of 

low-valent and large-sized oxides, which also contributes to the structure's 

stability. In addition to having the ability to modify their structure, the 

materials have their own set of distinctive characteristics. 

 It is important to point out that the search for perovskite materials is 

currently being conducted using methods that take advantage of machine 

learning. A wide variety of ABO₃ compositions can be analyzed using these 

techniques, which offer novel approaches to the question. In an intriguing 

study that was carried out by Liu and colleagues, the researchers utilized 

machine learning techniques in order to estimate the potential of perovskite 

structures to take on a variety of shapes. In order to provide evidence in 

support of their findings, they gathered information from known ABO₃ 

compounds. In a very efficient manner, their model classified 891 compounds 

that are classified as belonging to the ABO₃ category. In spite of this, the 

fascination with achieving an unprecedented level of precision in materials and 

electronics at the atomic level predates the development of machine learning. 

In 1959, the renowned physicist Richard Feynman envisioned a future in which 

the manipulation of individual atoms would become a reality. He believed that 

this would be possible. The scientific community is still captivated by this 

fascinating concept, and it continues to be a prominent area of research even in 

the twentieth century. In spite of this, the story that surrounds perovskite 
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compounds goes back even further than that. In 1839, Gustav Rose made a 

fascinating discovery: he discovered a mineral compound that was referred to 

as ABX₃. This compound is similar to the perovskite family of materials. Later 

on, the well-known Russian mineralogist L. A. Perovski was the one who came 

up with the name "perovskite" for this particular compound. This 

straightforward framework has expanded to encompass a wide variety of 

substances over the course of its evolution. These substances include oxides, 

carbides, nitrides, halides, and hydrides, among others. Through the study of 

physics, we are able to delve into the complexities of the atomic realm and 

establish meticulous benchmarks for materials and electronics. The capabilities 

of physics appear to be limitless. 

 Due to the fact that they are utilized in electro-ceramic devices, 

perovskite compounds hold a significant amount of practical importance in 

our world. PZT is a remarkable material that is utilized in a wide variety of 

devices, such as generators, motors, transducers, actuators, capacitors, and 

memories, amongst others. When it comes to the manufacturing of resistors 

that exhibit an increase in resistance as the temperature rises, as well as 

capacitors that are composed of multiple ceramic layers, BTO is an essential 

component. Perovskites, such as BTO, have been demonstrated to be of great 

significance in a wide variety of applications around the world. In light of the 

background information that has been presented, the article delves into a 

number of significant studies that investigate perovskite materials. Through 

the publication of their article, A. Ries and colleagues provide insightful 

information regarding the manufacturing of barium strontium titanate. They 

highlight the significance of avoiding the use of barium carbonate as an 

additive. By employing a modified combustion technique, C.N. George and his 

colleagues were able to successfully produce nanocrystalline barium titanate 

in a single step. In order to determine the material's conductivity and purity, 

the researchers investigated it across a range of frequencies. According to the 

findings of their research, Y.B. Khollam and colleagues utilized an innovative 

method to generate particles of barium-strontium titanate. The particles are of 

minuscule dimensions, exhibit exceptional purity, contain the exact number of 

elements, and have a cubic shape. Additionally, the particles are uniform in 

size throughout their entirety. An assortment of techniques, such as micro- and 

chemical analysis, differential thermal analysis (DTA)/thermo-gravimetric 

analysis (TGA), X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FTIR), X-ray fluorescence (XRF), and scanning electron 

microscopy (SEM), were utilized in order to investigate the characteristics of 

BST ceramics that were manufactured from these particles [4]. An investigation 

into the fascinating world of lanthanum-doped barium titanate ceramics was 

carried out by M.M. Vijatovi and colleagues in a study that was published some 
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time ago. By shedding light on the intriguing phenomenon of these ceramics 

transitioning from a classical to a diffuse BT ferro-paraphrase state as the 

concentration of lanthanum is increased, their findings shed light on the 

phenomenon. The findings of their investigation into impedance indicate that 

the resistance of grains has a significant influence on the resistance of the 

material as a whole. These grains have the potential to overlap, which would 

result in the occurrence of an intriguing phenomenon known as the PTCR 

effect. Taking into consideration this effect, it can be concluded that the 

resistance at the boundaries between the grains is quite significant. 

 This article delves into the captivating research on ABO3 perovskite 

compounds and their immense potential. As we delve into these various 

regions, individuals will encounter fresh approaches to researching and 

understanding these extraordinary materials and their boundless applications. 

2. Perovskite synthesis techniques and their impact on properties and 

structures. 

 The choice of synthesis methods has a significant influence on the 

characteristics and potential uses of perovskite materials. Various methods, 

including chemical, physical, and optical approaches, have a significant 

influence on the properties and morphology of perovskite materials. These 

methods have the ability to modify the shape and crystal structure of the 

materials. Deciding on the appropriate synthesis technique is a critical choice 

that relies on the desired material characteristics you seek to achieve. 

 The ceramic method is a popular technique that is commonly employed 

to produce perovskite, known for its exceptional solid-state properties. In this 

study, two significant techniques, namely mechanical ball milling and high-

energy ball milling, are employed. In the realm of mechanical ball milling, a 

motorized hand mixer grinder is a widely utilized tool. Nevertheless, when it 

comes to high-energy ball milling, specific equipment with a range of rotation 

speeds (100-1000 rpm) is utilized to attain remarkably tiny particle sizes [12]. 

The ceramic method, renowned for its connection to ceramics manufacturing, 

employs solid-state raw materials such as carbonates and oxides. The initial 

materials undergo mechanical mixing and repeated grinding. Typically, these 

materials do not exhibit any chemical reactivity. Significant chemical reactions 

occur at elevated temperatures, typically between 700-1500 °C [13]. Although 

the ceramic method has demonstrated its effectiveness in perovskite synthesis, 

it does present a number of challenges. The conditions observed during the 

process can sometimes yield surprising outcomes. Under certain conditions of 

temperature and time, the calcination process led to the development of 

unwanted porous materials [14]. In their study, Nagai et al. showcased the 

emergence of secondary phases in compounds like SrCo₀.₉X₀.₁O₃, with X 
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representing a range of different elements. The limited solubility of certain 

cations within the solid solution is believed to be the cause of this phenomenon 

[15]. In addition, the presence of specific components, like Ga in 

La₁₋ₓSrₓFe₁₋ᵧGaᵧO₃, resulted in the emergence of small secondary phases such 

as La₂O₃, which were not completely integrated into the A-site [17]. 

Observations were made on the sintering process of materials such as 

BaCo₀.₇Fe₀.₂Ta₀.₁O₃ at various temperatures, providing insights into the impact 

of the perovskite crystal structure. The study examined the formation of pure 

perovskite structures at high temperatures, while also noting the presence of 

unreacted precursors at lower temperatures [18]. These examples showcase the 

complex interplay between synthesis techniques and the resulting properties 

and structures of perovskite materials. Having a strong command of the 

ceramic technique is essential in order to fully unlock the capabilities of 

perovskite materials. It is crucial to meticulously select the most appropriate 

synthesis method to achieve the desired properties. The co-precipitation 

method involves adding a solution with metal cations to a precipitation agent 

when it is supersaturated. Various factors, including temperature, mixing rate, 

pH, and concentration, can have an impact on the morphology and particle 

size distribution of the final product[19]. Cushing et al. highlight the 

importance of carefully controlling reaction parameters to attain the desired 

physical characteristics[19]. Co-precipitation is well-known for producing 

perovskites of outstanding quality. The article emphasizes the significance of 

careful monitoring of chemical processes. Through careful monitoring, the 

production of compounds is carried out to prevent any depletion of metal 

cations[20, 21]. The solubility of strontium hydroxide is affected by various pH 

levels, which can potentially impede the smooth incorporation of strontium 

into the perovskite structure while washing. It is important to highlight the 

importance of effectively controlling this chemical reaction[22]. Perovskite 

synthesis offers a range of techniques to choose from, such as Pechini, 

Alkoxide, and Alkoxide-Salt methods. The Pechini technique is highly 

regarded for its versatility and widespread use in creating perovskites. This 

method utilizes the combination of EDTA-Citrate and ethylene glycol, 

resulting in a more intricate process. It is crucial to maintain the ideal pH levels 

to achieve perovskite structures of outstanding quality, consistency, and 

precise composition control[23]. The Pechini technique is known for its ability 

to create a robust connection between the metal cation and EDTA through the 

formation of six strong bonds. The formation of these bonds is made possible 

by the presence of electron-donating groups, such as carboxylic and aliphatic 

amine. The incorporation of citric acid enhances the bonding mechanism, 

leading to a robust network that effectively inhibits the metal separation [24, 

25]. The interactions of metal ions can be effectively inhibited by chelating 

agents, which helps to prevent any potential segregation [25]. The synthesis 
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process is completed by subjecting the solution to heat, which leads to the 

formation of interconnected chains of metal atoms bonded to organic radicals 

[26]. The hydrothermal method utilizes high pressure and temperatures within 

the range of the material's critical temperature to the boiling point of water. 

The method employed in this study enables accurate manipulation of particle 

size, akin to the sol-gel technique [27]. Upon careful examination of CaTiO₃ at 

different temperatures spanning from 15 °C to 150 °C, and comparing the 

uncalcined and calcined materials at 1300 °C, it was noted that both samples 

exhibited a complete absence of any impurities. The cell characteristics of the 

phases were discovered to be quite similar, thus eliminating the need for any 

post-hydrothermal calcination in this material [28, 29]. The hydrothermal 

method has shown remarkable advancements and offers immense potential for 

the precise fabrication of perovskite materials. This extensive analysis of 

perovskite synthesis techniques delves into various pathways, each presenting 

its own set of possibilities and challenges. These factors play a crucial role in 

shaping the progress of perovskite materials. 

3. Applications of ABO3 Perovskite Materials: A Multifaceted Exploration 

 Perovskite materials have gained significant recognition for their 

numerous advantages and wide range of versatile properties, making them a 

force to be reckoned with in various applications. Their ability to be modified 

through various vacancies has greatly enhanced their physical-chemical 

characteristics, leading to significant improvements in their performance 

across various fields. The future of perovskite materials looks promising, 

thanks to their exceptional properties and the ongoing innovative research 

efforts. These materials have the potential to bring about significant 

transformations across various applications. 

3.1 Photocatalytic Activity 

 The photocatalytic activity of ABO₃ perovskite materials can be 

influenced by their composition. In their study, Zhang et al. (2023a) explored 

the photocatalytic properties of different compositions of ABO₃ perovskites, 

such as LaBO₃ and ATiO₃. A study conducted by Yang et al. in 2006 found that 

the inclusion of cation A in ATiO₃ perovskites (A = Zn, Cd, Pb) results in 

notable changes to the structure, ultimately affecting the photocatalytic 

activity. Furthermore, the optical properties and photocatalytic performance of 

perovskite materials can be greatly affected by the energy levels of the B cation, 

as shown in a study by Amdouni et al. (2023). Several methods have been 

explored to enhance the photocatalytic activity of ABO₃ perovskites, such as 

doping, creating heterostructures, and modifying the surface (Grabowska, 

2016). When evaluating ABO₃ perovskite materials, the composition plays a 

crucial role in determining their photocatalytic activity. Modifications can 
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greatly improve their performance in various applications, including 

wastewater treatment and solar energy conversion (Shi et al., 2018). 

Dive into the captivating realm of ABO₃ perovskite materials, where their 

remarkable potential in photocatalytic activity is revealed. Jiang Yinwe 

presents BaZn₁/₃Nb₂/₃O₃, a remarkable perovskite photocatalyst that 

demonstrates its ability to split water into hydrogen and oxygen when exposed 

to UV light. These exciting advancements demonstrate great promise for the 

development of eco-friendly energy [30]. Zhi-Xian Wei's research highlights 

the impressive capabilities of LaFe₀.₅Mn₀.₅O₃₋δ as a photocatalyst, specifically 

in its ability to break down pollutants such as methyl orange when exposed to 

sunlight. This offers a promising and long-lasting strategy for tackling 

environmental remediation [31]. Shuhu a Dong explores the photodegradation 

of methylene blue, uncovering impressive degradation rates and providing 

valuable insights into the potential of perovskite in tackling water pollution 

problems [32]. 

 The photocatalytic properties of ABO₃ perovskites are heavily 

influenced by their composition and structure. Perovskite materials have 

shown remarkable properties, including exceptional light absorption, 

extended excited-state lifetime, and impressive photoluminescence quantum 

yield. These characteristics make them highly promising for driving 

photocatalytic organic reactions and facilitating solar energy conversion (Das 

et al., 2021). Metal oxides with d⁰-configuration metal ions, especially those 

with the perovskite structure, show great potential for photocatalytic water 

splitting due to their remarkable stability. The materials have a suitable 

conduction band minimum and show excellent carrier mobility, as emphasized 

by Mohd Kaus et al. (2022). In a recent study conducted by Zhang et al. (2023b), 

it was discovered that the band gaps of ABO₃ perovskites have a significant 

impact on their solar absorbance. It is worth noting that perovskites with 

magnetic and distorted crystal structures have a tendency to exhibit higher 

solar absorptivity. This relationship resembling a Gaussian distribution 

provides insight into the distinct characteristics exhibited by these materials. 

Research has shown that the use of perovskite materials in heterojunction 

formation can greatly enhance the separation of charge carriers, resulting in a 

significant boost in photocatalytic performance (Kanhere & Chen, 2014). 

Researchers have discovered methods to improve the photocatalytic activity of 

perovskite materials by modifying their internal, morphological, and surface 

structure (Mamba et al., 2022). 

3.2 Photovoltaic Solar Cells 

 ABO₃ perovskite-based photovoltaic solar cells have demonstrated 

significant potential for a wide range of applications. In their recent 
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publication, Hang Yang et al. introduced an innovative technique for creating 

perovskite films on a large scale. The method they proposed involves a one-

step blade coating process, resulting in high-performance films. This research 

by Yue et al. showcases the potential of this approach. In their recent 

publication, Qingyuan Li and colleagues used a molecular self-assembly 

approach to enhance the power conversion efficiency of FAPbBr₃ perovskite 

solar cells. This advancement renders these cells highly suitable for underwater 

applications, as demonstrated in their study (Li et al., 2023). In their recent 

publication, Jong-Hyun Seo and colleagues provide a comprehensive analysis 

of the advancements in perovskite-based photovoltaic power generation. The 

authors delve into various strategies aimed at enhancing efficiency, stability, 

and environmental sustainability (Seo et al., 2023). In their study, Chang-Hyun 

Lee et al. explored the properties of CsPbI₃ perovskite as a light absorber and 

put forward various approaches to minimize nonradiative recombination, 

ultimately leading to enhanced performance (Lee et al., 2023). In a recent study, 

Minhajjudin Ahmad and colleagues employed machine learning techniques to 

forecast the formability and crystal structure of ABO₃ perovskites. This 

groundbreaking research has the potential to greatly expedite the discovery 

and synthesis of desired perovskite structures (Ahmad et al., 2022). 

 ABO₃ perovskite materials have become the center of attention in the 

world of photovoltaic solar cells. The increasing popularity of Photoanode-

Based Dye-Sensitized Solar Cells (DSSC) photoanodes is driven by their 

exceptional physicochemical properties, excellent photovoltaic performance, 

and the ability to easily modify them by changing the atomic composition. 

These qualities make them extremely promising candidates for advancing 

solar energy technology. In a recent article, B. Mouhib explores the possibilities 

of using S, Se, or Te doped perovskite ATiO₃ materials in solar cells. The 

findings shed light on the promising optical conductivity and absorption 

coefficients of these materials, especially in the case of BaTiO₃Te. This research 

opens up new avenues for developing more efficient solar devices. 

 The commercialization of ABO₃ perovskite solar cells is hindered by the 

instability of the perovskite layer when exposed to moisture, light, and thermal 

variables, as highlighted by Hu et al. (2023). The black α-phase FAPbI₃ 

perovskite poses a significant hurdle due to its poor structural stability. At 

room temperature, it has the tendency to undergo a spontaneous 

transformation into the photoinactive δ-phase, which is further accelerated by 

ambient moisture (Cui et al., 2022). Researchers have made progress in 

stabilizing the α-phase FAPbI₃ by incorporating small ions into the perovskite 

lattice. However, this approach has also introduced phase segregation issues 

that pose challenges for long-term stability (Wei et al., 2018). There are several 

challenges that low-dimensional perovskites need to overcome before they can 
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be widely implemented. These challenges include environmental concerns, 

toxicity, stability, and issues with charge transport. It is crucial to address these 

challenges in order to scale up the use of low-dimensional perovskites (Diouf 

et al., 2023). There are several challenges that need to be addressed in this area, 

such as ensuring material and structural stability, maintaining device 

performance under harsh conditions, extending the lifetime of the devices, and 

reducing manufacturing costs (Wang, 2023). In order to address these 

challenges, it is crucial for future research to prioritize enhancing the inherent 

stability of perovskite, refining the design of the device, and discovering long-

lasting encapsulation materials (Carmona-Monroy et al., 2022). 

3.3 Other Applications 

 Perovskite materials have made an impact in a wide range of 

applications. The potential seems limitless. Recent studies have brought 

attention to the promising use of ABO₃ cathodes with a perovskite structure in 

solid oxide fuel cells (SOFCs). The cathodes mentioned in the study have 

shown impressive catalytic properties and have proven to be highly effective 

in the oxygen reduction reaction (ORR) (Shaheen et al., 2023). Various dopants, 

such as Ba²⁺, Bi³⁺, and Nd₁₋ₓBaₓ, have been investigated by researchers to 

enhance the electrochemical performance of these cathodes (Desta et al., 2022). 

Tong et al. (2022) reported that the inclusion of Ba²⁺ and Bi³⁺ in LaFeO₃ resulted 

in an increase in surface oxygen vacancies and a significant improvement in 

catalytic activity. In a recent study conducted by Sikstrom et al. (2023), the 

researchers made an interesting discovery regarding the Nd₁₋ₓBaₓCo₀.₈Fe₀.₂O₃₋δ 

(NBCF) cathodes. They found that these cathodes exhibited exceptional 

conductivity and remarkably low polarization resistance when utilized for the 

oxygen reduction reaction (ORR). A study conducted by Liu et al. (2023) 

showcased how the addition of Fe through B-site doping can significantly 

enhance the electrocatalytic activity and power density of Ba₀.₉K₀.₁CoO₃₋δ 

(BKC) cathodes. A recent study conducted by Desta et al. (2022) revealed a 

noteworthy finding regarding the performance of composite cathodes made of 

La₀.₈Sr₀.₂FeO₃₋δ-Gd₀.₂Ce₀.₈O₂₋δ (LSF-GDC). The study found that the 

incorporation of BaCO₃ nanoparticles had a beneficial effect on the cathodes' 

performance. The inclusion of these nanoparticles led to a reduction in area-

specific resistance and a boost in peak power density. A study conducted by 

Tao et al. in 2009 revealed an interesting finding regarding cathodes with 

varying compositions of BaCeₓFe₁₋ₓO₃₋δ (x = 0.36, 0.43, and 0.50). These 

cathodes exhibited triple conductivity and showcased remarkable 

performance in proton-conducting solid oxide fuel cells (SOFCs). The article 

by SJ Skinner et al. explores the possibilities of utilizing perovskite-type 

materials, specifically Gd₀.₇Ca₀.₃Co₁₋ᵧMnᵧO₃, in solid oxide fuel cells. The 

authors emphasize the potential of these materials in driving advancements in 
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clean energy technology. In their study, Uchino K. et al. delve into the 

application of piezoelectric perovskite materials, particularly PbZrₓTi₁₋ₓO₃, 

within the realm of sensors and actuators. Their research has made notable 

progress in sensing technology [24]. Mir and Frontera explore the possibilities 

of perovskite materials in magnetic memory devices, offering intriguing 

prospects for progress in data storage and retrieval [25]. Xu Y and Memmert 

investigate the use of perovskite materials, specifically La₀.₆₇Sr₀.₃₃MnO₃ and 

La₀.₆₇Ba₀.₃₃MnO₃, for magnetic field sensors. Their research is centered around 

achieving precise magnetic field detection [26]. Zhao T et al. investigate the 

possibilities of using colossal magnetoresistive manganite-based ferroelectric 

field-effect transistors to improve electric field effect devices, resulting in the 

advancement of electronic devices [27]. Mitra C and Raychaudhuri's research 

highlights the immense potential of ferroelectric and piezoelectric devices like 

BaTiO₃ and PbTiO₃, opening up thrilling opportunities for innovation in 

various fields [28]. In their study, Munoz JLG et al. made a significant 

contribution to the field of electronic components by investigating the use of 

lanthanum manganites as semiconducting electronic devices [29]. The study 

conducted by Sleight et al. explores the characteristics of Bi₁₋ₓSrₓMnO₃ 

manganites with a high-dielectric constant, indicating a potential for the 

advancement of electrical devices [30]. The study conducted by Ding et al. 

explores the field of high-temperature superconductivity in the BaPb₁₋ₓBiₓO₃ 

system, offering promising prospects for the advancement of groundbreaking 

superconductive technologies [31]. In their study, Manh DH and Phong delve 

into the characteristics of La₀.₇Sr₀.₃MnO₃ and explore its potential uses in 

hyperthermia treatment. Their research primarily centers around the AC 

magnetic heating capabilities of this material [32]. The research conducted by 

Ding et al. sheds light on the promising capabilities of perovskite nanocrystals 

KNi₀.₈Co₀.₂F₃ in the realm of supercapacitors, presenting intriguing prospects 

for the advancement of energy storage technologies [33]. 

In the intricate web of applications for ABO3 perovskite materials, their 

unique properties and capabilities continue to inspire innovation and propel 

the advancement of numerous scientific fields. Researchers are compelled to 

investigate new frontiers in technology and industry by the limitless potential 

of these materials. 

Conclusion 

 This review explores the world of ABO3 perovskite compounds, their 

properties, synthesis methods, and applications. These compounds are at the 

intersection of scientific discovery and technological advancement, with their 

exceptional stability and ability to fine-tune properties making them potential 

catalysts for change in industries like energy production, sensing technology, 



The Rubrics Journal of Interdisciplinary Studies   ISSN 2454-1974 

20 

Volume 3 Issue 3           June 2021 

and catalysis. Synthesis methods, including chemical methods, co-

precipitation, sol-gel, and hydrothermal approaches, allow researchers to 

create materials tailored for their intended applications. ABO3 perovskite 

materials have applications in photocatalytic activity, photovoltaic solar cells, 

solid oxide fuel cells, sensors, memory devices, magnetic devices, high 

dielectric constant materials, and supercapacitors. These compounds represent 

the promise of innovation, the hope for a sustainable future, and the potential 

to address pressing challenges. The promises exciting breakthroughs as 

researchers harness the power of these versatile materials. 
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