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            Abstract
A major efficiency limit for solution-processed perovskite optoelectronic devices, for example light-emitting diodes, is trap-mediated non-radiative losses. Defect passivation using organic molecules has been identified as an attractive approach to tackle this issue. However, implementation of this approach has been hindered by a lack of deep understanding of how the molecular structures influence the effectiveness of passivation. We show that the so far largely ignored hydrogen bonds play a critical role in affecting the passivation. By weakening the hydrogen bonding between the passivating functional moieties and the organic cation featuring in the perovskite, we significantly enhance the interaction with defect sites and minimize non-radiative recombination losses. Consequently, we achieve exceptionally high-performance near-infrared perovskite light-emitting diodes with a record external quantum efficiency of 21.6%. In addition, our passivated perovskite light-emitting diodes maintain a high external quantum efficiency of 20.1% and a wall-plug efficiency of 11.0% at a high current density of 200â€‰mAâ€‰cmâˆ’2, making them more attractive than the most efficient organic and quantum-dot light-emitting diodes at high excitations.
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                    Fig. 1: PeLED architecture, performance and perovskite film characteristics.[image: ]


Fig. 2: Passivation effects of EDEA treatment.[image: ]


Fig. 3: The influence of hydrogen bonds on passivation effects.[image: ]


Fig. 4: The dependence of EL performance on passivation effects determined by the hydrogen bonds.[image: ]
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