Excitonic Emission and Electron-Phonon coupling in Organic-
Inorganic Lead Iodide Perovskite single crystals

Hiba Diab," Gaélle Trippé-Allard,' Ferdinand Lédée,' Khaoula Jemli,' Guillaume
Bouchez,” Christéle Vilard,” Vincent L.R. Jacques,” Antonio Tejeda,’ Jacky Even,’
Jean-Sébastien Lauret,' Emmanuelle Deleporte! and Damien Garrot?
! Laboratoire Aimé Cotton, ENS de Cachan, UPSud, Orsay, 91405, France.
? Groupe d’Etude de la Matiére Condensée, UVSQ, Versailles, 78035, France.
3 Laboratoire de Physique des Solides, Université Paris-Sud, Orsay, 91405, France.
*UMR Foton, CNRS, INSA-Rennes, F- 35708, Rennes, France
Hiba.diab@u-psud.fr

Improvement of the performance of perovskite solar cells and optoelectronic devices
may benefit from a better understanding of the intrinsic photophysics of materials. Thin
polycrystalline films present a variability of properties connected to their grain
structure.[1] In order to investigate the intrinsic properties of CH3;NH;3Pbls, high quality
single crystals are ideally suited. Low temperature photoluminescence spectroscopy of
CH;3NH;Pbl; single crystals reveals the existence of a sharp free excitonic peak, with a
full width at half maximum of only a few meV at 10K. This emission line is completely
absent of the thin films spectra which are dominated by trap state emission. We
highlight a strong thermal broadening of the free exciton (FE) emission connected to
exciton—LO-phonons coupling down to low temperatures. Additionally, the FE emission
presents a fast, nonexponential decay with subnanosecond characteristic time,
connected to the efficient trapping of excitons. In comparison, trap state emission
spectra and recombination dynamics are very similar in thin films and single crystals,
showing that trap states are likely formed at the surface/interface of material. The results
highlight the importance of single crystals as a reference material for the study of hybrid
organic-inorganic perovskites.
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