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Les	 cristaux	 moléculaires	 de	 pérovskites	 hybrides	 de	 formule	 générale	 (R-

NH3)pPbXn (R groupement organique, X: halogène) représentent une nouvelle classe de 
semiconducteurs qui a effectué une percée spectaculaire dans le monde du photovoltaïque 
depuis 5 ans. En effet, le développement des cellules solaires contenant les pérovskites 
hybrides comme matériau absorbeur de lumière a connu un développement extrèmement 
rapide qui a permis d’atteindre des rendements records aussi élevés que 22,7% en 2017, 
rentrant en compétition avec les records des cellules solaires à base de silicium. En plus des 
applications photovoltaïques, ces cristaux moléculaires se révélent tout à fait pertinents dans 
le domaine de l’émission de lumière: diodes électroluminescentes et lasers.  
 

Ce succès fulgurant est dû au fait que les pérovskites hybrides possèdent des 
propriétés optiques et électroniques remarquables, combinant les avantages des 
semiconducteurs organiques et inorganiques. Ces propriétés excitoniques peuvent être 
ajustées en jouant sur la composition des molécules et la mise en forme des cristaux (couches 
minces, monocristaux). En particulier, nous étudierons par des expériences d’absorption, de 
photoluminescence et de micro-photoluminescence résolue en temps et en fonction de la 
temperature, les propriétés intrinsèques des excitons dans des monocristaux de pérovksites 
hybrides (figure 1).  
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ABSTRACT: Hybrid perovskite thin films have demonstrated impressive performance
for solar energy conversion and optoelectronic applications. However, further progress
will benefit from a better knowledge of the intrinsic photophysics of materials. Here, the
temperature-dependent emission properties of CH3NH3PbI3 single crystals are
investigated and compared to those of thin polycrystalline films by means of steady-
state and time-resolved photoluminescence spectroscopy. Single crystals photo-
luminescence present a sharp excitonic emission at high energy, with full width at half
maximum of only 5 meV, assigned to free excitonic recombination. We highlight a
strong thermal broadening of the free excitonic emission, due to exciton−LO-phonon
coupling. The emission turned to be very short-lived with a subnanosecond dynamics,
mainly induced by the fast trapping of the excitons. The free excitonic emission is
completely absent of the thin film spectra, which are dominated by trap state bands.

Recently, great attention has been devoted to three-
dimensional hybrid organic perovskites (HOPs) due to

their remarkable results as light-harvesting materials for low-
cost solar cells. In particular, a breakthrough has been achieved
with solar energy conversion reaching 22% using hybrid
perovskite as active material.1−3 Moreover, HOPs demonstrate
impressive emission properties, which make them an attractive
material for light-emitting diodes and laser applications.4−6

A better understanding of the photophysical properties
underlying these performances is important for further device
improvements. The study of the photoluminescence (PL) of
semiconductors at low temperature has proved to be an
efficient tool not only to understand the material physics but
also to assess the crystalline quality, the nature of defects, and
impurities. Studies on the emission of CH3NH3PbI3 at low
temperature are relatively scarce, and the majority concerns
polycrystalline thin films.7−10 Yet, the grain structure of the
perovskites thin films have a strong influence on their optical
and electronic properties and then on the device perform-
ances.11,12 For instance, the band gap position, the carrier
diffusion, the recombination and the excitonic effects depend
on the degree of crystallinity of the sample.11,13−17 Hence, the
study of bulk single crystals appears necessary in order to
measure the intrinsic characteristics of HOP. Although bulk
single crystals are less suitable for the realization of large area

solar cells than thin films, they should serve as a reference
material.
Among the fundamental properties of HOP, the nature of

the photoexcited states, excitons or free charges, is an important
question to understand the remarkable performance of
CH3NH3PbI3 in solar cells and optoelectronic devices.7,8,18−21

Recent studies suggest that free carriers are the dominant
species at room temperature, while excitons prevail in the low
temperature orthorhombic phase.22−24 At low temperature,
excitons could generally be observed in bulk semiconductors
through the emission of sharp lines with full width at half
maximum (fwhm) of ca. 1 meV.25

However, previous studies on both films and single crystals
report multicomponent, broad emissions, with a fwhm of
several tens of millielectron volts, presenting a weak broadening
with temperature.8−10,26−28 In comparison, a recent study of
CH3NH3PbBr3 single crystals unambiguously led to the
observation of sharp, Wannier-Mott excitonic emission.29

These obervations suggest that the previously reported PL
emission of CH3NH3PbI3 at low temperature was dominated
by trap states.30 This short review of the literature clearly
indicates that the low temperature photoluminescence of
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Fig.	1a	:	Image	par	
Microscopie	Electronique		à	
Balayage	d’un	monocristal	de	
CH3NH3PbI3	

Fig.	1b	:	Photographie	
d’un	cristal	de	
CH3NH3PbBr3	

Fig.	1c	:	Image	optique	d’une	
couche	mince	de	
(C6H5C2H4NH3)2PbI4	de	4	mm	
d’épaisseur	


