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Hybrid organic/inorganic halide perovskite solar cells (PSCs) have become a promising class of materials
for solar cells. Researchers have recently developed numerous methods to reduce defects, suppress non-
radiative recombination, and enhance device efficiency and stability. Among these, additive and interface
engineering methods have attracted extensive attention and are particularly popular for high-efficiency
and stable PSCs. However, fundamental knowledge of the underlying atomic-level processes leading to
improved performances and lifespan is often lacking. We employ DFT calculations, classical and ab-initio
molecular dynamics (MD) simulations, with the help of state-of-the-art, polarizable classical force-fields
and machine-learned interatomic potentials, trained on ab-initio MD trajectories, to unveil the underlying
mechanisms connected to the facilitated interfacial charge transfer and improved stability of various PSCs
devices. In particular, we apply our methodology to assess the stabilizing nature, as well as the optoelec-
tronic properties of recently proposed hydrophobic organic cations in the context of layered two-dimen-
sional perovskite materials and inverted PSCs.

References

[1] S. M. Park, M. Wei, N. Lempesis, W. Yu, T. Hossain, L. Agosta, V. Carnevali, H. R Atapattu, P. Serles,
F. T Eickemeyer, H. Shin, M. Vafaie, D. Choi, K. Darabi, E. D. Jung, Y. Yang, D. B. Kim, S. M Zakeerud-
din, B. Chen, A. Amassian, T. Filleter, M. G Kanatzidis, K. R Graham, L. Xiao, U. Réthlis-berger, M.
Gritzel, E. H Sargent, Nature, 624 289-294 (2023).

[2] D. Han, J. Wang, L. Agosta, Z. Zang, B. Zhao, L. Kong, H. Lu, I. Mosquera-Lois, V. Carnevali, J.
Dong, J. Zhou, H. Ji, L. Pfeifer, S. M Zakeeruddin, Y. Yang, B. Wu, U. Réthlisberger, X. Yang, M. Gritzel,
N. Wang, Nature, 622 493—-498 (2023).

[3] 7. Jeong, T. Chawanpunyawat, M. Kim, V, Slama, N. Lempesis, L. Agosta, V. Carnevali, Q. Zhang, F.
T. Eickemeyer, L. Pfeifer, Y. J. Kim, J. W. Song, H. Lu, M. Amalki, S. Mo, S. M. Zakeerudin, U. Réthlis-
berger, D. S. Kim, P. J. Dyson and M. Graetzel, Advanced Energy Materials, (2024), accepted.

[4] L. Li, M. Wei, V. Carnevali, H. Zeng, M. Zeng, R. Liu, N. Lempesis, F. T. Eickemeyer, L. Luo, L.
Agosta, M.Dankl, S. M Zakeeruddin, U. Réthlisberger, M. Gritzel, Y. Rong, X. Li, Advanced Materials,
36 2303869 (2024).



