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Abstract
The intrinsic instability of lead halide perovskite materials in the ambient atmosphere is one of the most critical

issues that impede perovskite solar cell commercialization. In particular, photo-instability of these materials poses
challenges for further developments in long-term device reliability for solar cell applications. To overcome these
issues, multi-phase perovskites mixed with molecular spacer have recently emerged as promising candidates for
hybrid perovskite photovoltaic cells with technologically relevant stability. However, bulky 2D cation mixed into
3D perovskite can give complexity for reliable morphology control, which should be studied thoroughly. In this
work, we choose two types of 2D cations having various alkyl lengths and study how they incorporate into
perovskite phase and affect photovoltaic device characteristics. Based on microscopic and spectroscopic
characterization, we demonstrate that chain length of a 2D cation is strongly correlated with not only the
integration into 3D perovskite phase and but also perovskite morphology. We also confirm that the vertical
distribution of 2D cation in the perovskite layer impacts charge transport property and photovoltaic performance.
Finally, we show that 2D-cation-encapsulation can passivate defects of perovskite, making perovskite-based solar
cells highly stable under illumination. Our findings experimentally reveal the effect of 2D cation inclusion in
perovskite materials and propose a general approach for improving the reliability of perovskite-based
optoelectronic devices.
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