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Abstract: Research in my group aims to understand photophysics in nano, molecular, and
hybrid semiconductors and interfaces. We focus on fundamental interactions beyond the
single particle approximation, and probe the dynamics of quasiparticles (excitons, polarons,
polaritons, etc.) that are important to a range of optoelectronic processes, such as solar energy
conversion, light emission, and polariton condensation. Following a brief introduction to my
research program, | will tell one particular story — the discovery of why lead halide perovskites
(LHPs) work so well in solar cells and light emitting materials. A major puzzle from recent
studies on LHPs is that optoelectronic performances suggest nearly perfect semiconductors
despite the unavoidable presence of defects from room temperature and solution processing.
Here we explain the essential physics in this class of materials based on their disordered
phonon dynamics and dielectric functions. We show that the dielectric function of a hybrid
organic-inorganic lead halide perovskite (LHP) possesses combined characteristics of a polar
liquid and a ferroelectric material. The latter response in the THz region may lead to dynamic
and local ordering of polar nano domains by an extra electron or hole, resulting a quasiparticle
which we call a ferroelectric large polaron. Compared to a conventional large polaron, the
collective nature of polarization in a ferroelectric large polaron may give rise to order(s)-of-
magnitude larger reduction in the Coulomb potential and introduce potential barriers to charge
carrier scattering. The ferroelectric large polaron may explain the defect tolerance, low
recombination rates, and slow cooling of charge carriersin lead halide perovskites, as well as
providing a design principle for high performance semiconductors from nano, molecular, and
hybrid materials.
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