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Ingression of Moisture into Hybrid Perovskite Thin
Films Probed with In-Situ GISANS
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Organometal halide perovskites mark a paradigm shift in photovoltaic research, as they combine high power
conversion efficiencies with easy processing and cheap, abundant precursor materials making them a promis-
ing contender for other photovoltaic technologies. The commercial application of perovskite solar cells, how-
ever, is so far impeded by fundamental understanding lacking behind this fast progress in device efficiency.
Though progress in device efficiencies has been remarkable, especially the sensitivity of the perovskite to-
wards ambient moisture is a big issue which basically renders them unsuitable for widespread use as toxic
lead – contained e.g. in CH3NH3PbI3, the most commonly used hybrid perovskite – could leak into the
environment. Therefore, a lot of research focusses on improving the moisture stability of the perovskite, how-
ever, the process of the water uptake itself was so far not deeply addressed. Due to the high sensitivity of
CH3NH3PbI3 to water, it tends to hydrolyze in the presence of moisture, leading to the degradation of the
perovskite at a critical humidity of 55 %RH [1].

Using grazing-incidence small angle neutron scattering (GISANS) and introducing D2O vapor, we probed the
kinetics of water uptake and followed the structural evolution of a perovskite film synthesis with a common
method [2]. We applied several humidities including humidities below and above the critical 55 %RH. As
apparent from a shift in the Yoneda peak in the in-plane cuts of the 2D GISANS data the perovskite film is
capable of up to 42 % water uptake, whereas the out-of-plane cuts indicate different degradation products
depending on the humidity level. Furthermore, we gain insight into the reaction kinetics.

Based on this knowledge routes to stabilize perovskite films against moisture can be developed leading to
higher long-term stability and less environmental hazards thus promoting fast market introduction of per-
ovskite solar cells.

References:
[1] J. H. Noh, S. H. Im, J. H. Heo, T. N. Mandal, and S. I. Seok; Chemical Management for Colorful, Effi-
cient, and Stable Inorganic–Organic Hybrid Nanostructured Solar Cells; Nano Lett., 13, 1764–1769 (2013);
DOI: 10.1021/nl400349b

[2] P. Docampo, F. C. Hanusch, S. D. Stranks, M. Döblinger, J. M. Feckl, M. Ehrensperger, N. K. Minar, M. B.
Johnston, H. J. Snaith, and T. Bein; Solution Deposition-Conversion for Planar Heterojunction Mixed Halide
Perovskite Solar Cells; Adv. Energy Mater., 1400355 (2014); DOI: 10.1002/aenm.201400355

Primary author: Mr SCHLIPF, Johannes (TUMünchen, LS FunktionelleMaterialien E13 (PeterMüller-Buschbaum))

Co-authors: DrMETWALLI, Ezzeldin (TUMünchen); Dr PORCAR, Lionel (Institute Laue-Langevin); MrBIESS-
MANN, Lorenz (TUMünchen, Physik-Department E13); MrOESINGHAUS, Lukas (TUM); Prof. MÜLLER-BUSCHBAUM,
Peter (TU München, Physik-Department, LS Funktionelle Materialien)

Presenter: Mr SCHLIPF, Johannes (TU München, LS Funktionelle Materialien E13 (Peter Müller-Buschbaum))

Session Classification: Poster


