CHAPTER
Preparation Methods of Perovskites 

[bookmark: _GoBack]Different preparation methods of the perovskite give rise to difference in physical and possibly some- times even to chemical properties.   To obtain perovskite materials, conventional ceramic methods based on solid phase reactions at high temperatures are commonly used. In the conventional synthesis of ceramics by solid state reactions, the metal oxides or the corresponding salts, such as for example carbonates, or carboxylates are repeatedly ground before calcinations and heated.  This method has the following drawbacks: 
1. Inhomogeneity of the products
 2. Incorporation of chemical impurities during repeated grinding and heating operations. 
3. Coarseness of particles which makes them unsuitable for coatings. 
4. Presence of defects which interferes with luminescence. 
To overcome these disadvantages, several alternate methods have been introduced. These improved synthesis methods give comparatively pure phases by mixing reactants at molecular level. Under such conditions, the reaction temperatures are significantly lower leading to homogeneous fine powders. 
 Co-precipitation Method 
The precipitation of metal salts is a classical chemical method which is often used for the synthesis of simple oxides. Adding a chemical reagent that determines the decrease of the solubility limit leads to precipitation. Co-precipitation occurs when different cations in solution precipitate simultaneously. The control of the concentration, temperature, pH and solution homogeneity is essential for the simultaneous precipitation of all cations and to obtain perfectly homogeneous products. Some of the popular reagents used for precipitation are ammonia, ammonium carbonate or ammonium oxalate and urea. The thermal decomposition of the hydroxides, carbonates or organic salts leads to the corresponding oxide compounds.  This is one of the common methods for preparation of complex or mixed oxides and thus formed solids are homogeneous in nature.   There are some advantages like reduction in the formation temperature and also sometimes avoiding the sintering of the solids. The release of gaseous products like carbon dioxide in the case of carbonate precursors yields porous products with sufficient surface area and also the products formed are in an active form.   However, the solubility product and also the PH control are essential for the simultaneous precipitation of two or more cations. 
Hydrothermal Synthesis 
The principle of hydrothermal synthesis is based on a reaction in the aqueous solution or suspension of the precursors at high temperature and autogenous pressure. Crystalline powders can be obtained in this method without calcination. The particle size and shape can be modified by the reaction temperature, pH, time and concentration of reactants. Since the whole synthesis is carried out in an autoclave, the purity of the product is high and also the shape and size controlled. The uniformity of the shape and size of the particles formed is ensured. 
Pechini Method 
‘Pechin’ method allows the synthesis of oxides, with a very good control of the stoichiometry of the reactants and reaction products. Good homogeneity and high reproducibility of the reaction mixture are some of the merits of this method. The Pechini method is also called “the polymeric precursor method” or “the method of mixed liquids”. The basic principle of the method consists in the formation of a chelate by the reaction of different cations introduced into the system as soluble salts (commonly used are nitrates) with a carboxylic acid (most commonly citric acid). The resulting aqueous solutions containing citric acid and metal salts when mixed with a desired polyol (most often ethylene glycol) and heated at 353 – 373 K, gives a clear solution. By further heating between 423-523 K, a condensation reaction occurs involving COOH and OH groups, leading to the formation of a polyester “resin”, in which metallic cations are distributed uniformly in the resin mass. 
Sol-gel Method 
Sol-gel alkoxide route is a prominent method in the field of ceramics. The starting materials, the metallic alkoxides are commercially available for a large variety of metals. By reactions in the presence of organic compounds, hybrid materials are obtained. The processing of oxide compounds by alkoxide route is based on the hydrolysis and polycondensation of metallic alkoxides. Sol-gel process in aqueous medium uses inorganic salts and chelating agents of carboxylic acids or polyol as precursors. Sol gel method has been widely used to prepare nanosized materials, but its application is limited by the stability of its precursor system and it is difficult to control the chemical composition of complex oxides. 
 Low temperature Solution Combustion Synthesis (LCS) Method 
The low temperature combustion synthesis (LCS) technique has proved to be a novel, extremely facile, time saving and energy efficient route for the synthesis of ultra-fine powders. LCS is based on gelling and subsequent combustion of an aqueous solution containing salts of the desired metals and some organic fuel, giving a voluminous and fluffy product with large surface area. Because of the several advantages of this method, low temperature combustion synthesis has been adopted in the preparation of ceramic powders.
Combustion Method
Combustion synthesis (CS) or self-propagating high-temperature synthesis (SHS) is an effective, low-cost method for production of various useful materials. Today CS has become a very popular approach for preparation of materials.  A number of breakthroughs in this field have been made, notably for development of new catalysts and materials with properties better than those prepared by other traditional methods.  The industrialization of the SHS process has also been realized. 
Carbon combustion synthesis of oxides (CCSO) is a novel technology for production of micron sized particles of complex oxides.   As the name suggests, carbon is used as the reaction fuel instead of pure metals used in conventional self-propagating high-temperature synthesis (SHS). The high rate of CO2 release facilitates synthesis of highly porous (~70%) powders having particle size in the range of 50–800 nm.  The materials that have been synthesized by this method include ferroelectrics (BaTiO3, SrTiO3, LiNbO3), multi-feroics (HoMnO3, BiFeO3), fuel cell components (LaGaO3) and diesel emission removal catalysts (LaCrO3, LiCrO3). These products are not only economical.
Solution Combustion Synthesis 
Solution combustion synthesis (SCS) is a versatile, simple and rapid process, which allows effective synthesis of a variety of materials. This process involves a self-sustained reaction in homogeneous solution of different oxidizers (e.g., metal nitrates) and fuels (e.g., urea, glycine, hydrazides). Depending on the type of the precursors, as well as on conditions used for the process, the SCS may occur as either volume or layer-by-layer propagating combustion modes. This process not only yields oxide materials but also allows uniform (homogeneous) doping of trace amounts of impurity ions in a single step. 
Solar cells based on perovskites have shown remarkable progress in recent times.  The efficiencies of these devices have improved considerably in the last nearly a decade (since 2009) as seen from the chartph shown in Fig. 1.
                         
This situation demands to learn about how well the perovskite based solar cells are designed and fabricated?  In the following, the essential steps that have taken place are briefly reviewed.  In design Perovskite based solar cells (PSC) have some common features with dye sensitized solar cells or thin film photovoltaics.   In all these three devices, spin coating is the widely employed methods but it is not suitable for large scale production of PSC. Normal doctor blading and screen-printing methods have been applied for fabrication of PSCs, though sputtering methods are not employed for the fabrication of PSC due to various reasons including the stability of the perovskite materials.
1. One-step Procedure
The solution of perovskite precursor in organic halide (Typically MAI/FAI trimethylammonium/formamidinium iodide) and inorganic halide namely PbI2 in gamma-butyrolactone or dimethylformamide, or dimethyl sulphoxide or a combination of these solvents.   Thus, prepared mixed precursors can be spin coated and then annealed to form dense perovskite layer.
2. Two-step procedure
Instead of precursor solutions, separate coating of PbX2 and MAI/FAI layers. The first lead halide layer is first fabricated by spin-coating or doctor blading on the chosen substrate. After that the MAI/FAI solution (mostly in isopropanol)	is spin coated. The fabricated device is then baked and the processing parameters in the two steps the films thickness and other parameters of the device.
3. Vapour-assisted solution method
Vapourized MAI/FAI reacts with lead halide to form perovskite phase after film annealing.
4. Thermal Vapour deposition
This method is widely used method in device-level thin film fabrication. The control of the source, deposition time and current/voltage ensures film composition and uniformity.
5. Other than these specific methods and procedures, other vacuum based methods like layer by layer evaporation and chemical vapour deposition methods are also reported. .Careful monitoring of the evaporation schedule is essential to increase the quality of the thin film deposits.  However, these vacuum based methods are more complex and hence normally not widely-used in comparison with spin coating, thermal vapour deposition methods for PSC fabrication. 

Fig,,1, The rise of efficiency parameter for Perovskite solar cells in the period 2009-2018
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