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It is well known that gold nanoparticles sustained on suitable support is capable of promoting a variety of catalytic reactions including the oxidation of carbon monoxide at low temperatures.  It is well known that bulk gold is resistant to oxidation due to high value of the work function of gold.   Still gold nano particles supported on appropriate supports like titanium dioxide appear to be good catalytic systems for the oxidation of carbon monoxide and other substrates at low temperatures even at room temperature.

Various postulates have been given in the literature for this specialized behaviour of gold nanoparticles.   It is not our intention to review this subject here since many such attempts have been made in the literature. 
In the literature various postulates have been made like the geometry of the nano particle, the number of atoms in the nano particle, the shape and orientation of the frontier orbitals and other factors.   It is true that all these characteristics of gold nano particles can have an effect on the reactivity exhibited by gold nano particles.    However it is also to be realized that gold nano particles supported on suitable supports alone are specifically active for oxidation reactions.   This means that not only gold nano particles but the support also has a role to play in the observed catalytic activity.

Secondly it is not known if all supports have similar effect or the observed catalytic behaviour depends on the nature of the support.    If the observed effect is independent of the support then support could be acting as a heat sink from the oxidation reaction. 

In this short note we wish to bring forth a concept without going into the details of the concept or accounting for the observations in terms of the concept.   These aspects will be taken up in subsequent presentations.

When a metal is supported on a oxide (usually a semiconductor like titania) a junction is formed.   The charge transfer across this junction is a subject of many studies.   Hence this will not also be considered in this presentation.   We shall assume that there can be a charge transfer across the junction depending on the nature of the junction, the charge transfer mechanism will differ either involving a barrier or otherwise.

Now the work function of bulk gold is high, the occupied states of gold must be having highest binding energy and hence to remove an electron from gold is difficult and hence oxidation of gold is normally does not take place.   The situation in gold nano particles will be more severe than in bulk gold since the occupied states will be more stabilized with respect to that of bulk gold.   Hence one would expect that gold nano particles cannot undergo easy oxidation.   Probably it can accept an electron since the unoccupied states are deep lying states.
The reactivity of gold nano particles supported on semi-conducting oxides may have to be seen in different context.   The physics of metal semiconductor junction has been treated in various kinds of models like Schottky barrier type or ohmic contact type. In all these models, the charge transfer is considered and the possibilities have been explored. 

Without going into the details let us postulate some basic principles for gold nano particle supported system first and in subsequent presentations probably see if this postulate is applicable to all the results available in the literature.
Since the HOMO and LUMO levels for gold have higher binding energies as compare to other metals, it can be expected that it can be still higher for gold nano particles. If this were to be so, then the support for example consider titania whose top of valence band is nearly 3 eV below the standard electrode potential of hydrogen and the HOMO and LUMO of gold metal will be far lower than the top of the valence band of Titania and hence the charge transfer can occur from the semiconductor to the metal and the extent of charge transfer will  depend on the size of the metal nano particle and also the shape and geometry of the nano particles since the energy values of the wave functions of the nano particles are functions of these parameters.
It is realized that this simple picture of charge transfer has to be clarified on many points. Instead of going to the details, one can visualize that the both the reduction and oxidation ability of gold nano particles are altered due to sustaining them on the support.   This electron siphoning from the semiconductor support to gold nano particles can not only be dependent on the  energy positions of the HOMO and LUMO levels of the nano particles but also should depend on the symmetry properties of the wave functions involved in this electron transfer.   Under these circumstances it appears the reactivity of gold is not only dependent on the size of gold nano particles but also on which support it is loaded and under what conditions it is loaded.
This could account for the variety of results reported in literature. We shall come back with a detailed analysis soon.

[This document is still in conceptual stage and hence the direct qualitative or direct accounting of the observed experimental details have not yet been taken up] 
