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Abstract:

The perovskite material with the general formula ABXs; where A = large cation, B = smaller cation and X =
halogen or oxygen, have distinct physical properties. They are useful in ambipolar charge transfer, high value
to absorption coefficient, specific high dielectric constant, low value of exciton and binding energy, magento
resistant (MR) properties, ferroelectric features, pyroelectric, di-electric and piezoelectric character as well as
designing materials for LED, biosensors, wave guided and field effect transistors etc. The present review
includes the wide spread applications of the perovskite materials.
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1. Introduction:

Perovskite materials are versatile in physical and chemical properties .These materials have very flexible
structural probabilities and therefore show variety of electrical and magnetic behavior. Their wide spread
applications involve multidisciplinary subject fields including electronic industrial uses, energy related
applications and various fields of sensors, biosensors, catalysts as well as in opto electric and photochromic
uses.

The general formula for the perovskiteis ABXs, were A and B are cations and X is either oxygen or halogen.
On this basis they belong to either perovskite oxide or perovskite halide family.

The first perovskite CaTiO; was discovered by Gustav Rose in 1839 and the name perovskite was given on the
name of the famous scientist Count Le Alexerch von Perovski [1-3]. Perovskite materials have been reported to
show insulator, metallic, semiconductor and superconductor activity. They have applications [4] in the fields of
photochromic, electrochromic, optical, surface acoustic wave signal processing, switching and filtering devices.
The catalyst industrial uses of perovskite materials include heterogeneous catalysis of nitrogen oxide reductions
[5-8]. These compounds are used in automobile exhaust gas catalyst for selective removal of pollution from
gaseous mixtures and therefore called as cleaning catalyst. The oxygen evolution reactions and oxygen reduction
reactions are also catalyzed by perovskite materials and have used in rechargeable batteries, electrolysis of
water, synthesis of organic compounds and fuel cells[9]. These compounds are also used in hydrogen evolution
reactions. A full gamut of work has been done in the field of sensor and biological sensors [10,11]. Several
works have been reported on the application of perovskite as neurotransmitter sensor, gas sensor . The area of
fuel cell and solar cell research has also benefited by the perovskite materials. The metal halide pervokite are
well known for their opto-electronic and photo voltaic applications [12].

2. Properties and applications of Perovskite materials
2.1 Electrical Applications

The various applications of perovskite are based on their structural beauty. The capacity of substitution of
perovskite cation at A and B sites make them useful for engineering in their properties by making changes in
the structure. Fig. 1 shows various electrical applications (Fig.1 & Table 1).
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Fig. 1: Electrical Applications of Perovskite

Perovskite materials of different electrical nature have been synthesized and studies. Starting from insulating
nature, metallic to superconducting compounds have been reported (Table-1)

S. No. Property Compounds
1. Insulator SrTiOz BaTiOs, KTaO3 NaTaOs LiNbOs
WOQO;
2. Metallic SrNbO3, LaWO3; NawWO3; KMOOQs,
LaTiOs, LaCoQOg3 LaCrOs ReOs, LaNiOs

3. Super Conducting SrTiOs, YBa,CuzO7, LiWOs;, Lagg
Sro1 CUOs, Hg BaZCa3Cu, BiszzC&zCUzOlO,

4. lonic Conductivity La(Ca)AlO,, CaTiOs, La(Sr)Ga(Mg)Os,
BaZrOs, SrZrO;, LaCoO3;, BaCeO3 LaMnOs

5. Electrode Lao5Sr0.4C003, LagsCan2MnOs

Table-1 : Specific electrical properties of different Perovskites

Perovskite La-Ba-Cu-O was the first reported high temperature superconductor. The specific features of this
super conductor Perovskite materials is that it has copper ion in B site and at A site, the transition metals are
present. For YBa,CusOy the superconductivity transition temperature is 130K.

2.1. Catalytic applications

Nano perovskite materials are useful in electro catalytic oxygen reduction and hydrogen evolution process. The
low energy of activation and high electron transfer makes them promising performer as anodic catalyst for fuel
cells.The following features are important for a perovskite to act as catalyst:

(i) They have model structure and have active sites.

(if) They should be chemically stable.

(iii) They should behave as oxygen activated catalyst.

(iv) They must be able to stabilize unusual valence of different elements.

(v) High surface activity of perovskite is generally related with the enormous oxygen deficiency in the
structure.
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Fig-2: Sketch diagram for the catalytic activity of perovskite

2.1.1. Auto-mobile exhaust gas catalyst

In heterogeneous catalysis, perovskite can be used as catalyst in nitrogen, oxides storage and reduction (NSR),
selective catalytic reduction (SCR) and hybrid (NSR-SCR) technique for removal of NOx from the exhaust gas
[9]. The use of nobel metal catalyst is costly but by the application of perovskite (e.g. 0.5% Pd — 30% Lags Bos
Co0Oy/AlLO; catalyst) gives the 92% conversion result for NOX to nitrogen. Catalyst containing copper, cobalt,
manganese and iron perovskite have been reported to exhibit wonderful catalytic activity for the decomposition
of nitrogen oxide.

2NO — Nz + Oz

In perovskite the simple deficiency of oxygen and elimination of surface oxygen as reaction product facilitate
the reaction at high temperature.

2.1.2. Intelligent Catalyst

Removal of nitrogen oxides, carbon mono oxide and hydrocarbon of uncombusted state can be removed from
the polluted gas with the help of Pd-Rh-Pt based catalysts. The catalysts of high surface area with respect to
volume in fine particles of precious metals are generally used but in fine particles form, they have very low
stability and can cause deactivation of catalyst activity. In LaFeos7COq.3sPdo.0sOs which have redox property
and dispersion ability both. The fine Pd particles were produced during the reduction process. This cyclic
procedure results the partial replacement of palladium in the structural framework of perovskite during redox
reaction. This provides the dispersed state of palladium and makes the process economic. Therefore, it is called
as intelligent catalyst.

2.1.3. Cleaning Catalyst

The removal of pollutants like NO, CO and unburned hydrocarbon gases can be done with the help of Perovskite
based materials (Fig-3).

Exhaust gases from automobiles ‘ 4% Perovskite Pd based catalyst

Maintenance of dispersion of
Pd during the process

v

‘ Economic route for NO removal 4_‘ Catalysis of NO—N2+02

Fig-3 Systematic representation for action of cleaning catalyst
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2.1.4. Oxygen evolution reactions (OER) and Oxygen reduction reactions(ORR)

These reactions are useful in many industrial applications [13-15] like water electrolysis, rechargeable batteries,
fuel cells, electro winning, organic synthesis etc. The commonly used catalyst for these reactions are costly.they
are made up precious metal oxide .Therefore it became important to develop catalyst based on rare earth or
transition metal oxides of low cost. The characteristic features of perovskite catalyst are as follow:

(i) They have specific electric and magnetic properties.

(it) Structure with defects.

(iii) Presence of disorder free oxygen vacancies for improved oxygen ion mobility.
(iv) Better cation ordering in structure.

The Table-2 shows the importance of perovskite in OER and ORR reactions.

. Method of . .
S.No. Perovskite Preparation Medium Specific features
1. Bao5Sr0.3C008Fe0.203 Sol gel KOH Higher catalytic activity for
OER than normal
unmodified electrode
2. LaFeOs Microwave HCIO, 100 times better catalytic
assisted activity than normal
synthesis electrode for OER
3. LaosCao.sCo03 Sol- gel Basic High surface area and high
method medium conductivity

Table-2 : Catalytic activity in OER and ORR reactions of perovskite materials

2.1.5. Hydrogen evolution reactions (HER)

In the group of renewable and clean energy resources, the hydrogen is considered as a very good fuel. The
importance of hydrogen evolution reactions (HER) have been observed in hydrogen oxygen reaction in fuel
cells, energy storage via hydrogen generation and also in electro deposition and corrosion of metal in acids. For
the catalytic requirement of HER, it is necessary that the catalyst must have catalytic capability with proper
surface to volume ratio and good range of stability. In HER reactions first step involves the removal or proton
and in the second step desorption or recombination of proton takes place (Fig. 3).

Proton discharge (Volume Reaction)

}

Electro deposition (Heyrovsky reaction)

|

Proton recombination (Tafel reaction)

Fig-3 : Steps during the HER reactions

Various perovskites e.g. LaFeQOs, SnFeOs, NdFeOs, GdFeOs, SrPdOs, LaNiOs;, LaMnOs, SrRuO; and CaRuO;
have been reported to show good catalytic activity for HER reactions. The exchange current densities at constant
over potential and activation energies have been measured.
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2.2. Quantum paraelectrics

Some perovskite substances like SrTiOs, KTaOs, CaTiOs show quantum para electric [16,17] property i.e. the
potency of the material to show the behavior of phase transition at low temperature (the temperature should be
low for production of quantum effect). The ultra high melting point materials Ba(Mg1/3 Taz3)Os a very small
quantity of impurity incorporation makes the perovskite to exhibit ferroelectric property.

2.3. Giant magneto resistance (GMR) or colossal magneto resonance (CMR)

The change in resistance by more than ten times on applying the magnetic field was observed in perovskite
based substances e.g. R1.xAxMnQOz.7 (R= rare earth element: Sr, Ca etc. The K:NiF are potential substances for
synthesizing GMR, materials. These materials are useful in high pressure pump, damage analysis, in sensors
and under water sonar systems.

2.4. Applications as sensor
2.4.1. Neurotransmitters sensor activity

The electrochemical determination of dopamine in the biological systems can be done by the nano perovskite
carbon paste composite electrode. The carbon paste electrodes for the simultaneous analysis of uric acid,
dopamine and ascorbic acid have been reported. La FeOs; micro and nano sphere based electrode are used for
the detection of neurotransmitter dopamines [18]. The glassy carbon electrode fabricated by self assembled
perovskite microsphere made up of LaFeOsnano sphere.

2.4.2. Gas Sensor

Perovskite materials based on lanthanum, strontium and samarium e.g. LaCoOs, LaFeOs;, LaPbCuDs,
LaGeCo00s, LaPbFeOs, LaMgFeQs, SrFeOs, LaMnOs, SmFeMgOs, LaBaFeOs, LaCoFeOs, SrTiFeOs, NdFeOs,
LaFeOs, SmFeQ; are reported as gas sensor for detection of CO, NO,, methanol, ethanol and hydrocarbons
[19,20].

2.4.3. Glucose and H,O,sensors

Determination of glucose and hydrogen peroxide is important in food and biomedical[21,22] fields. SrPdO3 and
LaTiOs3 are used for glucose while LaNiTiO3s/CoFe;04 is used for detection of H2O».

2.4.4. Perovskite based solar cells

Perovskite based photovoltaic cells [23] with methyl ammonium lead halide hybrid material has been created
much attention by researchers. The important features of perovskite halides are as follow:

(i) Band gap between 1 to 2eV.

(if) Good range of absorption coefficient, when used as sensitizer.
(iii) Good mobility of charge carriers.

(iv) Practicable method of preparation.

The commonly used lead based perovskite CHsNHsPbls are toxic in nature. To improve this situation perovskite
of other group 1V metal halide nano crystals have been synthesized the toxicity, moisture sensitivity and stability
problems are under consideration of researchers.

3. Conclusion

Perovskite oxides exhibit a wide spread characteristics and multi directional applications in electric fields,
catalysis and sensors. Metal halide nanocrystals are important because of their applications in photo chromic,
electronics and photo voltaic cells. The future prospective of these perovskite materials is also very promising
in these fields. The drawback related to stability of these materials is under consideration among researchers
working in this area. There is very much hope for better performance of the metal perovskite oxides and
perovskite metal halides. The ferroelectric, piezo electric behaviours are very much interesting. Double
perovaskite solar cells are very promising field for future research. The non toxic and stable perovskite solar
cell will be coming soon with high performance efficiency.
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