Functional catalysts: Adding more functions
	Today, catalysts are designed incorporating more functionality (bi- or multi-functional catalysts) for single pot reactions of a variety of substrates. 
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Multi-functionality is the order of the day.  This is true of any of the devices that we consider today like our remote for the TV or cell phone, which have nearly more than 100 functions, built in one single device. Now the same demand is placed on catalysts and they have to be multifunctional.

Today functional catalysis has taken a totally different direction. Originally the functional catalysts were aimed at one kind of selectivity like regio selectivity, stereo selectivity, enantio-selectivity and so on.  These were achieved by suitably functionalizing the catalyst surface with functional groups either inherently present or intentionally added, and all these are aimed at achieving some kind of atom economy. In fact this can be called selectivity ladder. However selectivity has been achieved based on electronic or  geometrical factors and also shape and size selectivity achieved by suitable pore size control like in zeolites. 

Today architecturing of solids has become possible with the variety of methods especially template assisted synthesis strategies. These mesoporous solids have pore sizes such that one can carryout one pot synthesis wherein a substrate can undergo multiple transformations in sequence so that the final desired product is obtained like let in the reactant and getting out the desired product in selectivities hitherto unknown.

Adding functions

Multifunctional is one of the major endeavours in functional catalysis.   As usual chiral catalyst is also the dream of the catalyst chemists. Inducing chirality either functionally by asymmetric center induction or incorporating chirality by position (chiral in helical structures ) are the methods that are being adopted for getting chiral  ‘ee’ enatiomeric excess which is an important factor for the drug manufacture.

A third area on functional catalysis is bio-mimicking.   This can be achieved in a  number of ways but the prominent one is encapsulating inorganic analogs of enzymes in solid oxide matrices, like zeolites, clays, hydrotalcites and mesoporous solids and then studying their behaviour, thus mimicking the enzymes in protein mantle in the natural systems.

Formulation

One remarkable change that has occurred in the formulation of functional catalysts is the possibility of architecturing solids using a variety of interactions.  These are called electrostatic interactions (this is a known methodology) but mediating is the new concept in this for example an cationic precursor and a cationic surfactant can not build up a solid but one can have an anionic mediator like halide ions and one can still produce a variety of electrostatic interactions, similar situation is possible with anionic precursor and anionic surfactant mediated by cations like sodium ions.

Secondly one can also exploit the covalent interactions using variety of polymer molecules as templates and also use the weak hydrogen bonding.   This means that one is capable of making any solid today carrying the functional groups that one can hope to achieve in single species in inorganic counterparts with many such functional groups simultaneously present on the solid surface.   This will not only ensure the turn over number greater than one (not stoichiometric that is common in simple chemical reactions) and also become reusable.
Future developments 

Functionalisation of catalysts itself will have a new dimension in the next few years it is no longer going to be bulk functionalisation. It is going to be molecular functionalisation. One of the main development that will happen is the development of catalytic systems that can mimick biological molecules. Another is of the development of catalysts for energy conversion process, these can be electrodes for fuel cell, solar cell materials for photo-voltaics or Photo-electrochemical decomposition of water. Another area will be chiral catalysis. There  can be a variety of them like anchored systems, molecular entities or spatial chirality. Functional catalysts will be useful chemicals from waste and by-products like glycerol, biochemical wastes.  Redox catalyst systems will be such that the catalysts can function at the call of the molecule with self adjustment of redox potential.  This is like an escalator step height which varies with passage of time, similarly the  redox potential values will adjust to the type of molecules and hence can transform them – essentially the partial oxidation catalysts will see new generations. However the green chemistry based catalysis will also dominate in future. 
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