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Development of Multipodal Hole-Transporting Monolayer Materials for High
Performance Perovskite Solar Cells
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Hole-collecting monolayers have significantly advanced the performance of
inverted perovskite solar cells. However, to date, all of the reported monolayer materials have only
one anchoring group, align edge-on to the adjacent substrate, and show low wettability. In this
work, we developed face-on oriented multipodal monolayer materials based on triazatruxene
derivatives bearing multiple phosphonic acid anchoring groups. The face-on oriented tripodal
material was found to facilitate hole extraction, leading to perovskite solar cells with enhanced
stability and high power conversion efficiencies up to 23.0%. In addition, to improve the surface
wettability of the monolayer, we also developed tetrapodal molecules by introducing four phosphonic
anchoring groups into a saddle-like cyclooctatetraene skeleton. We found that the tetrapodal
molecules can adsorb on the electrode surface with some phosphonic groups pointing upward, leading
to a hydrophilic surface and improved wettability.
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