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Hybrid organic-inorganic perovskites (HOIPs) are of great interest in recent years because
their excellent optoelectronic properties enable high power conversion efficiencies in solar
cells with the latest record of 26.7% [1]. Further improving the performance of HOIP solar
cells requires a better understanding of the energy loss mechanisms. Structural defects usually
serve as carrier recombination centers to accelerate the energy dissipation in HOIPs. In this
report, we demonstrate some stoichiometric Schottky defects [2], specifically, Pbl, and
CH3sNHsl vacancies, can actually suppress the nonradiative electron-hole recombination in
CH3NH3sPblz [3]. We employed density functional theory and nonadiabatic molecular
dynamics to simulate the material properties and carrier recombination dynamics. These
Schottky defects rarely affect the bandgap of CH3NHsPbls, and no mid-gap states are
introduced. However, the spatial distribution of holes is dramatically modified, reducing their
overlap with electrons and reducing the corresponding nonadiabatic couplings. Especially, the
holes are localized around the vacancies with enhanced structural distortions. Our simulations
indicate the carrier lifetime is efficiently extended from 1 ns to 2.1 and 2.6 ns by Pbl, and
CHsNHal vacancies, respectively, see Fig. 1 [3]. This work suggests the counterintuitive
potential of Schottky defects in enhancing the performance of HOIP solar cells.
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Fig. 1: Scheme of Schottky defects extending the carrier lifetime in CHsNHsPbls. Here MA is
CHsNH;s".
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