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Abstract:
Dye-sensitized wide band gap semiconductor particles are important due to their promising application for environmental photocatalysis, water photolysis, and photovoltaic solar energy conversion, and as active elements of electrochromic displays.  One of the major controversies of dye-sensitized wide band gap semiconductors is the rate of back-electron transfer.  Based on different ensemble-average measurements, there are reliable reports coming from different groups of back-electron transfer rates ranging from 10's of nanoseconds to 100’s of microseconds, or even milliseconds, for the same system, and there is no consensus about the apparent discrepancy nor the physical nature of the back-electron transfer mechanism.  Herein, we are presenting findings of our study of the back-electron transfer rates of individual molecular cresyl violet acetate sensitized TiO2 nanoparticles (>9 nm in size) using single molecular spectroscopy, assisted with scanning confocal and AFM microscopy.  We report a large spatial inhomogeneity of back-electron transfer rates ranging from microseconds up to hundreds of milliseconds.  Such large inhomogeneities perhaps explain the different results observed from the ensemble-average measurements and can be described in the terms of electron random walk on the nanoscale-rough surface of the semiconductor, and electron entrapment in the vacancies of the semiconductor particles before geminate recombination with the dye cation.  

