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Carbon nanotubes (CNTs) exhibit excellent durability due to their chemical stability and
resistance to oxidation and corrosion. As a p-dopant material, nitric acid can p-type dope CNT
electrodes, enhancing their performance. However, it can easily damage the perovskite layer,
preventing direct solution application, and requires careful handling. In this study, we found
that using 2,2,2-trifluoroethanol (TFE) as a p-dopant allowed for easy doping of CNT
electrodes without damaging the perovskite layer, significantly improving the durability of
perovskite solar cells.

In practice, perovskite decomposed and generated almost no electricity after 30 days of
storage under ambient conditions without encapsulation when using a silver electrode. In
contrast, with TFE-doped CNT electrodes, electricity generation was still observed even after
260 days under the same conditions. Additionally, the appearance of the device indicated that
the TFE-doped CNT electrode suppressed the decomposition of the perovskite layer.
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