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In the current BES Chemical Sciences supported program “Radiation Effects in Solids” we study the effects induced by light or ionizing radiation on nanocrystalline, microporous and mesoporous metal oxide materials. As a result of excitation, extremely reactive radical species are formed at interface. The investigation of energy and electron transfer across the interface has shown that chemistry in these heterogeneous systems is dominated by surface states. However, because of the extremely strong reducing and oxidizing power of such radical species in microporous and mesoporous systems, strong endothermic reactions occur in these heterogeneous systems and result in permanent charge separation with significant energy conversion.  Surface modification of nanocrystalline metal oxide nanoparticles, currently supported by BES Chemical Science program “Photosynthetic Model Systems for Photochemcial Energy Conversion”, was found to induce restructuring of surface states resulting in extended photoinduced charge separation to the distances where non excitonic interactions are manifested in a characteristic spin-correlated radical pair electrons spin polarization. Charge separation in metal oxide nanoparticles induced by band gap excitation (light, ionizing radiation or electrochemical) will result in electron trapping giving color changes that are reversible. When covalently linked to electron-donating moieties photoinduced charge separation further extends, ultimately leading to a permanent charge separation that can be observed as an electrical response or as chemical transformation of the surrounding redox species. 

In work related to counter terrorism we propose to exploit the exceptional properties of nanoscale materials to utilize charge separation induced by light or ionizing radiation. Understanding charge separation processes of radiolytically or photolytically formed radical species in heterogeneous systems is the key for development of novel methodologies for degradation of toxins, chemical agents and hazardous materials. Additionally, by chemical modification of surface sites in heterogeneous systems significant selective adsorption of the reactants can be achieved, allowing for efficient degradation of selected compounds. With light these systems can also be used as sensors of targeted hazardous chemical.

