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There are some aspects of the Photo-catalysis that are taken for granted.   In this short presentation, we intend to look into some simple aspects which have been always assumed to be valid for the studies in Photo-catalysis.   These stated in simple terms are:
1. TiO2 is the best Photo-catalyst so far known.

2. All the efficient photo-catalysts have to be centred on TiO2 like SrTiO3.

3. Between the two phases of TiO2, it is the Anatase that is preferred for studies on Photo-catalysis and not the Rutile.

The statements may seem simple and most often one does not even question why it is so?

However, it is necessary that one seeks some answers to these profound and applicable statements on Photo-catalysis.   It is generally believed that the percentage of photon absorption may be higher in the case of TiO2 and substances of this kind.   This can be true but this cannot be the only reason for using this material so exclusively for studies on photo-catalysis. It is known that TiO2 absorbs only Ultra-violet photons (energy around 3 eV depending on the nature of the substance). 

But in photo-catalysis it is not only the generation of the excited electron and hole (which results from absorption of photons) but also their use for subsequent chemical reactions.   This means the reduction capacity of the electron in the conduction band and the oxidizing power of the hole in the valence band decides how many or how effective the system is for carrying out the redox reaction.   It should also be remembered that the situation will be ideal if one can use both the electron in the conduction band and the hole in the valence band so that the effectiveness of the redox reaction is considerably increased.   This implies the oxidation potential and reduction potential of electrons and holes in TiO2 have appropriate values for a number of substrates and hence it is capable of promoting simultaneously both the reactions of the substrate.   In fact,  the positions of the bottom of the conduction band ( measure of reducing power)and the top of the valence band ( (measure of the oxidizing power) are usually depicted for semiconductors in relation to the reduction potential of protons and oxygen evolution reaction from the decomposition of water.   This only means both the redox reactions of the substrate has to be promoted by the same semiconductor so that the effective use of the photons can be achieved.   This situation seems to be available in the case of TiO2 or in systems where the valence band is composed of 2p wave functions of oxide ions and the conduction band wave functions have the 3d character of the Ti ions.

The other aspect is why anatase and not rutile? 

Even though one may be tempted to extend the argument given, it should also be necessary to consider a few other aspects.   The issues in this case are: (i) the relative percentage of the photons that can be absorbed or scattered (ii) the crystalline nature of rutile may give rise to a situation for less exposed area. (iii) The extent of the ionic character of the Ti-O bond and (iv) the flexibility of the system (Anatase is more amenable for doping and other kinds of sensitization compared to Rutile).  
