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Scientific	   description:	  	  The 3D hybrid perovskites whose archetype is CH3NH3PbI3 (MAPI) have recently 
created a spectacular breakthrough in the field of photovoltaics as an absorber material. Hybrid perovskite cells 
achieved a record yield of 25.2 % in 2019 after only a few years of development [1]. This spectacular 
breakthrough is due to electronic properties particularly well suited for photovoltaic applications: a band gap in the 
near infrared, a high absorption coefficient, and low excitonic effects at room temperature. In addition, the hybrid 
perovskites are prepared in solution at room temperature, which is interesting for the production of solar cells at 
low cost. 

Since this breakthrough, a large number of fundamental studies have been undertaken to clarify the 
optoelectronic properties of the material. There are, however, still many unsolved properties. Thus, the nature of 
the multiple emission bands observed at low temperature for MAPI and their relation to defects in this material is 
still debated. Moreover, the study of spins of carriers has been little discussed for the moment ..These 
compounds arouse great interest in spintronics, because in addition to their remarkable optical properties, they 
have a strong spin-orbit coupling, so potentially a strong Rashba effect [2], likely to be used to control the spin via 
an electric field. The counterpart of this strong spin-orbit coupling is the existence of relaxation processes that 
reduce the spin lifetime. There is a great debate in the community on the subject, both among theoreticians and 
experimentalists. So far, only two studies have been published. The first study announces a lifetime of the 
excitonic spin < 10 ps [3], while the most recent leads to a time > 1 ns [4]. 

The samples studied in this internship will be thin films and single crystals of MAPI, synthesized at the 
Laboratory Aimé Cotton [4,5]. In collaboration with the Groupe d’Etude de la Matière Condensée the absorption 
and time-resolved micro-photoluminescence spectroscopy as a function of temperature will be performed. These 
measurements will make it possible to progress in the understanding of the low temperature emission of MAPI by 
identifying the various defects playing a role in this emission.  Spin propreties will be studied by using time-
resolved experiments in the pump-probe configuration. This technic gives information on spin dynamics and 
relaxation, as well as, decoherence times. All these studies will allow to better understand the physical 
phenomena in this system and to evaluate he possibillity of performing a spin manipulation a via an electric field 
in hybrid perovskites. 
 

 [1] NREL Chart http://www.nrel.gov/ncpv/images/efficiency_chart.jpg ; [2] The Rashba effect appears when there is no 
inversion symmetry and leads to spin splitting of electronic states in absence of an applied magnetic field. M. Kepenekian et 
al,. ACS Nano (2015), 11557 ; [3] D. Giovanni et al., Nano Lett. 15, 1553 (2016) ; [4] P. Odenthal et al., Nat. Phys. 13, 894 
(2017) ; [5] H. Diab et al., J. Phys. Chem. Lett. 7, 5093 (2016) ; [6] F. Lédée et al., Cryst. Eng. Comm. 19, 2598 (2017). 
 
Techniques/methods	  in	  use:	  	  Photo-induced Faraday rotation spectroscopy in pump-probe configuration,	  
micro-photoluminescence, time-resolved luminescence, low temperatures studies using cryogenic setup, 
absorption spectroscopy.	  
Applicant	   skills:	   	   Taste for optical spectroscopies, good knowledge of condensed matter, light-matter 
interaction and quantum physics.	  
Industrial	  partnership:	  	  	  No	  
Internship	   supervisors:	   	   Maria CHAMARRO (0144274633), chamarro@insp.jussieu.fr, Frédérick 
BERNARDOT (0144274543), bernardot@insp.jussieu.fr, PHOCOS team. 
Internship	  location:	  Campus Pierre et Marie Curie, T 22-23, 2d floor. 
Possibility	  for	  a	  Doctoral	  thesis:	  	  	  Yes, Doctoral School 564 contract.	  


