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Abstract: The crystallization quality of perovskite films is a crucial factor dictating the performance of perovskite
solar cells (PSCs). However, the crystallization process inevitably generates a multitude of intrinsic defects, which
severely restrict the optoelectronic performance and compromise the environmental stability of the devices. Herein,
we propose a defect passivation strategy based on dimeric grain-boundary bridges by innovatively introducing 8-hy-
droxyquinoline-5-carboxylic acid (HQC) as a bulk dopant in the perovskite. This approach successfully constructs
dimeric molecular bridges at the perovskite grain boundaries while simultaneously passivating defects via bidentate
chelation. Consequently, the HQC-modified PSCs yield an impressive power conversion efficiency (PCE) of

24.59%. Furthermore, the environmental stability of the devices is significantly enhanced.
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Figl a) Schematic diagram of the HQC dimer structure. b) DFT-calculated electrostatic potential map of the HQC dimer. ¢)
DFT-calculated binding energy of the HQC dimer coordinated with two lead iodide molecules. d) FTIR spectra of pure
HQC and HQC/PbI, e) High-resolution XPS spectra of the Pb 4f orbital. f) High-resolution XPS spectra of the I 3d orbital.
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Fig2 a) XRD patterns of the perovskite films. b) PL spectra of the control (without HQC) and experimental (HQC-doped)
groups. ¢) TRPL spectra of the control and experimental groups. d) Dark J-V curves of the control and experimental

groups. e) Surface SEM image of the control perovskite film. f) Surface SEM image of the experimental perovskite film.
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a) Schematic diagram of the perovskite solar cell device structure. b) J=V curves of the champion devices for the control
and experimental groups under different scan modes. c) Steady-state power output (SPO) curves of the control and experi-
mental devices at the maximum power point voltage. d) External quantum efficiency (EQE) spectra and the correspond-
ing integrated current density curves for the control and experimental devices. e) Statistical distribution of power conver-
sion efficiency (PCE) for ten devices each from the control and experimental conditions. f) Water contact angle measure-

ment of the control device. g) Water contact angle measurement of the experimental device. h) Dark storage stability

curves of the devices at 25°C and 35+5% RH.
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