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[ Abstract] Lead halide perovskites (LHPs) are attracting interest for photovoltaic
applications because of their high performance. While the high photovoltaic performance
stems from characteristic properties of charge carriers in LHPs, e.g. extremely long diffusion
length, underlying mechanism of such properties is still debated. One of the most
controversial issues is role of organic cations in LHPs; the organic cations might reorient
under the existence of charge carriers to stabilize them, like solvation process of ions in
solutions. Since spatial scale of this phenomenon is expected to be beyond reach of
conventional first-principles technique such as Kohn-Sham density-functional theory, we
employ divide-and-conquer type density-functional tight-binding (DC-DFTB) method, which
is a linear-scaling semiempirical quantum chemical calculation technique capable of fully
guantum simulations for systems consisting of thousands of atoms. Taking advantage of this
method, we evaluated effect of organic cation orientation on spatial distribution and
energetics of a negative charge carrier.
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Fig. 1. Electron spin density distribution with Fig. 2. Electron spin density distribution with
random MA* orientation. “solvation-like” MA* orientation.
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