The use of wide bandgap oxide semiconductors for photochemical conversion of solar energy into electrical or chemical potential is often limited by the high photon energy (typically in the ultraviolet) required for bandgap excitation. Since the majority of the solar spectral intensity lies in the visible region, semiconductors that absorb only ultraviolet energy photons are impractical and inefficient. A widely investigated strategy to extend the photoresponse of wide bandgap oxide semiconductors towards the visible region has been to include transition metal impurities so as to create sub-bandgap transitions suitable for the desired photoprocess. It is still unknown, however, as to how these photoactive dopant based (d-d) transitions, which are highly localized at the transition metal impurity center, can induce electron‑hole separation. We have recently combined optical electronic absorption, photocurrent, and magnetic circular dichroism spectroscopic measurements to elucidate the mechanism of photoinduced carrier generation in nanocrystalline Co2+:ZnO electrodes. These measurements allowed direct observation and assignment of two broad Co2+ charge transfer bands having different internal quantum efficiencies. The different internal quantum efficiencies were explained by invoking a configuration interaction model to describe the energy dependent mixing of the charge transfer excited state wavefunctions with the excitonic levels of ZnO.
