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Introduction
The preparation of catalysts has always been considered as a skill especially when one is interested in synthesizing special catalysts like zeolites and meso-porous substances.  For a catalyst the desired properties are:
(i) high and stable activity;
(ii) high and consistent selectivity
(iii) controlled surface are and porosity;
(iv) good resistance to poisons;
(v) good tolerance to high temperature and temperature fluctuations;
(vi)  high mechanical strength and 
(vii) (vii) no uncontrollable hazards.   
Once the catalyst system is chosen, the parameters in the preparation of the catalyst are: (i) whether the catalyst should be supported or not (ii) what should be shaper of the catalyst (cylinder, rings, spheres, monoliths and coatings) (iii) what should be void fraction , whether the diffusion control is desired or not and also how to achieve the appropriate mechanical strength.
2.Support
One of the essential components of a catalyst system is the support for effective dispersion of the active component.   It is therefore necessary to understand the characteristics of a support.   They are:
(1) The support if necessary, must possess reactivity towards the reaction components
(2) The support should be capable of interacting with the active component.   These interactions have been termed as weak metal support interaction (WMSI) or strong metal support interaction (SMSI).   These interactions have been associated with either charge transfer or decoration models of the reduced support on the active component. The support active component interaction could result in the formation of inactive catalyst phase line the formation of spinel CuAl2O4 in CuO/Al2O3 system.  SMSI state has been associated with noble metals supported on reducible supports like TiO2.
(3) The support imparts mechanical strength to the catalyst to withstand severe experimental conditions like fluidization.
(4) The support should be thermally stable and should also act as a heat sink for the dissipation of the heat of the reaction.
(5) The supports should possess appropriate porous texture for effective dispersion of the active component but also provide porous architecture, which will promote the reaction in an uninhibited manner.
Normally supports are prepared by any one of the following methods.
(1) Solid state reactions (precipitation drying coagulation.
(2) Reduction, carbonization, leaching supports like WC and other similar systems are prepared by the use of appropriate precursors which are subjected to temperature-controlled reaction.   Alloy leaching method is employed for the preparation of catalysts as Raney nickel
(3) Sol-gel method -This method has been employed in a variety of ways. A pictorial representation of this process is shown in Fig.
(4) Flame hydrolysis of chlorides has been employed for the preparation of supports like TiO2, SnO2, Al2O3 and Fe2O3 from TiCl4, SnCl4, AlCl3 and Fe (CO)5.
3. Loading the active component
Loading of active component on supports can also be carried out in a variety of ways.  They can be classified as follows: 
Traditional chemical methods: Grafting, precipitation, impregnation and so on
Modern Methods (based on the methods employed in electronics industry) Physical and chemical vapor deposition and atomic layer deposition.
Anchoring and Grafting are the methods based on stable covalent bond formation between ho homogeneous transition metal complex and inorganic support.
Impregnation from dilute solutions of the precursors of the active component on the support is often resorted to when low loadings of the active component is required. When high loadings are required, then precipitation is preferred. Physical and chemical vapour deposition and atomic layer deposition methods can be employed when one requires uniform and layer by layer deposition of the active component on the support.
4.Solvent
Since most of the catalyst preparations deal with aqueous solutions, it is necessary one should know the characteristics of water the common solvent employed. The necessary characteristics can be listed as follows:
1. The water molecules can behave both as a ligand as well as a solvent.
2. Water molecule is a Lewis base
3. It has high dipole moment (μ= 1.84 Debye Units)
4. Since it is a polar solvent it can dissociate almost all ionic compounds and give rise to complete ionic dissociation
5. Both the ions can also be solvated by water molecules
6. Since water is a weak Lewis base it can react with metal ions (weak Lewis acids) to give rise to species with OH2, OH-, or O2- ligands.
7. It is therefore necessary that variables like pH, temperature, concentration of the species are necessary to understand the chemical nature of the solvated aqueous species.
In using water as solvent, one has to understand the phenomenon of hydrolysis, which is a reaction of metal cations with water liberating protons and forming hydroxyl or oxy species. Coordinated water molecules behave as stronger acid that the solvent molecule themselves because of the electron withdrawal by the metal cations. The hydrolysis reaction can be written as
[M(OH2)n]z+   + n H2O    →   [M(OH)h(OH2)n-h](z-h)  + h H3O+
Where h is the hydrolysis ratio, a measure of the number of protons removed from solvation sphere of the metal cation.   This hydrolysis ratio depends on the pH of the solution and the oxidation state of the metal cation.   However, the pH variation can lead to the condensation of M-OH species.   Increasing pH condenses lower valent aquo cations, while decreasing pH condenses high valent oxy-anions.   Large condensed species is obtained at or around Point of Zero Charge (PZC) leading to precipitation or get formation.   Below or above PZC less condensed solute species (poly anions or poly cations) can be formed.   The enthalpy change of the first hydrolysis is positive (often close to the enthalpy of dissociation of water) and hence tendency of metal ions to hydrolyse increases with temperature.   This is called the hydrothermal concept which is often exploited in the synthesis of molecular sieves and mono dispersed colloids.   The condensation of the precursors containing one or more M-OH groups to form polynuclear species takes place through the elimination of water.   The water elimination reaction can either be olation or oxolation.  In the case of olation reaction, nucleophilic addition of OH- ion to a hydrated metal cation takes place.
M-OHδ-   + Mδ+  -OH2   → {M-OH-Mδ+ -OH2δ+}  →  M-OH-M  + H2O
This reaction involves “ol” bridging H3O2- ligand with a characteristic distance of about 0.5 nm between metal atoms.
Oxolation is condensation of two OH groups to form one water molecule which are removed by giving rise to an oxo bridge
                                               H
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>M-OH   +  HO_M<  → .M-O …H-O-M<  → >M-O-M<   + H2O 

Dehydration of olate species leads to oxo-species.   Olation is generally faster than oxolation.   Normally anions (counter ions) are present in aqueous solutions of metal cations.   The counterions can play an important part in hydrothermal chemical transformations.   Aquo-cations and anions interact to form a complex.   Complexation can be described as the nucleophilic substitution of water molecules by anions in the coordination sphere of the metal cation.   However, in the presence of large excess of water molecules in the vicinity of the complex, the reverse can occur.   For the stabilization of the complexes the ionic dissociation (by solvent molecules) or by hydrolytic dissociation of the M-X bonds have to be avoided.   These reactions depend on the extent of charge transfer between the metal and the anion in MX bond.   The complexing ability of an anion will therefore depend on the electronegativity of the complexed precursor and the anion (χx).   If the electronegativity of the anion is greater than that of the complexed precursor, then the M-X bond becomes more polar leading to dissociation.   In general, a stable complexation takes place depending on the value of ionic dissociation (χID) and hydrolytic dissociation (χHD).   However, the change in pH can lead to protonation or deprotonation and hence the stable complex formation can occur only in a limited pH range only.   The optimum value of the pH at which complexes can be formed can be shifted towards higher values when the charge on the cation decreases, mean electronegativity of the anion decreases or dentating ability of the ligand increases. In the case of alkoxides, the H in metal hydroxide is replaced by an R group, the chemistry appears to be different.   However, once the alkoxide is hydrolyzed, then the chemical reactions are similar to the ones taking place in aqueous solutions.   Reactivity of metal alkoxides towards hydrolysis and consequent condensation mainly depends on positive charge on the metal centre and ability of the metal atom to expand its coordination number.   Hence the stability of metal alkoxide towards hydrolysis decreases with increasing electropositive character of the metal.   The stability of metal alkoxide towards hydrolysis increases with increasing chain length or bulkiness of the alkyl group.   However, Siiv is fourfold coordinated both in precursor (hydrolyzed or alcoholized) as well as in the oxide form.   There is no expansion of coordination number and thereby silicon alkoxies are always monomeric in nature.   Complexation can be resorted to restrict uncontrolled hydrolysis and condensation.   For example, Ti isopropoxide is highly reactive towards hydrolysis.   In these cases, one can form complexes with alternate ligands like acetyl acetone expanding the coordination number of Ti from four to five and hence condensation can be prevented.   Normally precipitation is governed by the principle solubility product.   The low solubility material in the given reaction medium will be precipitated first.     And solubility like any other parameter depends on the temperature and concentration. When one requires co-precipitation, then it is a complex problem.   The precipitation of multiple species with different solubilities under the same temperature and dilution can pose problems.   Also, there can be concentration gradients of the different species and this can also cause additional problems.   Sometimes, there can be super saturation and this can also pose problems. In the conventional precipitation, the process proceeds by the formation of the nuclei and their growth.   This kinetics can follow one or two or three dimensional in nature.   Nucleation is dependent on the ratio of concentration to the concentration under equilibrium conditions.   Higher the concentration, super saturation occurs and hence nucleation can take place. In the case of precipitation the limiting will be diffusion of the species.
There are a variety of preferred of preferred preparation methods based on impregnation, precipitation, deposition, calcining MOCVD, sol gel techniques, templating. There are some scientific governing principles one should know to adopt any one of these methods. For example, in the case of impregnation method ( which is often resorted to when the loading have to be low). In this method a metal ion is contacted with an oxide with high surface area with the idea to create small metal particles with large exposed surface area.   When choosing an oxide to contact with a metal it must have a large surface area and be compatible with the corresponding metal that is loaded on the support oxide.   In this case the first step would be to determine the Point of Zero Charge (PZC) of the oxide. The PZC os a {h where the net surface charge of the oxide is zero.   In solution when the pH is greater than the PZC, the surface of the oxide is negatively charged and deprotonated.   When the pH is less than the PZC the surface of the oxide is positively charged and is protonated. So oxides are placed in solution with a pH greater than its PZC then it adsorb cations and oxides contacted with a solution with pH less that of its PZC will adsorb anions. The uptake of the metal differs depending on the different pH of the solution and the different oxides used
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