The superexchange mechanism in trapped hole diffusion on semiconductor nanocrystals
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In Cd-chalcogenide nanoparticles, photogenerated holes readily trap to the surfaces. | will show
evidence that the holes form small polarons on the surface and hop from site to site via phonon-
assisted tunneling.! By including the superexchange mechanism in microscopic electronic
structure calculations, where the hole visits a tier of virtual hole states in the bulk before trapping
back to another surface atom, we can reproduce tunneling amplitudes measured in temperature-
dependent transient absorption spectra quantitatively.!3 These calculations present some
unique challenges—the number of atoms required to faithfully represent the particle’s surface is
large and perturbation theory for the hole tunneling matrix element breaks down. | will show
how we use many-body Green’s function theory to map the problem of computing the
superexchange amplitude onto an exactly solvable quantum impurity problem, allowing the
calculation of the superexchange matrix element to infinite order in perturbation theory.
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