Optical properties of 3D hybrid organic perovskites monocrystals
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Since 2012, the 3D hybrid organic perovskite CH;NH;Pbl; causes an incredible enthusiasm due to
its application as absorbant material in solar cells, acheiving efficiency as large as 21% [1]. It is now well
established that this hybrid perovskite is a semiconductor whose band structure can be calculated using
solid state physics methods such as DFT or tight-bending calculations [2]. At this date, the origin of their
remarkable performances is still quite unknown, so fundamental studies about the photophysics of these
compounds are quite necessary.

Until now, the fundamental studies are usually performed on spin-coated hybrid organic
perovskite thin layers [3,4]. These thin layers are highly polycristalline (fig. 1a) and the quality of the
layers depend strongly on the synthesis conditions and on the substrates. As a consequence, the studies
show a great variability of the electronic properties as a function of the morphology of the polycristalline
thin layers, since the optical properties are dominated by the defects at low temperature. In particular, the
size of the crystallites, varying between several 100 nanometers to several micrometers, has a great impact
on the gap energy, the lifetimes and the excitonic properties [5,6].

In this context, the recent possibility to synthesize 3D hybrid organic perovskite monocrystals
having millimetric sizes (fig 1b) allows to study the intrinsic properties of the material. We report here the
emission and absorption properties of 3D hybrid organic perovskites at low temperature around the
orthorhombic-tetragonal phase transition. We observe a hysteresis cycle related to the phase transition in
these monocrystals and we show that the emission is dominated by the free excitons from time-resolved
photoluminescence experiments. In particular, an important narrowing of the excitonic emission line as a
function of temperature is observed in the orthorhombic phase, in contrast with previous studies [4,7].

FIG 1: Microscopic image of a
millimetric monocrystal (left) and
MEB image of a thin layers (right)
of CH,NH,Pbl,
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