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Abstract
Challenges with metal halide perovskites solar cells: 
what we have learned so far using in situ and operando 
experiments
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Although perovskite solar cells have recently surpassed power conversion ef�ciencies of 26%, 
several critical challenges remain. These include achieving a more comprehensive understanding 
of their nanoscale properties, developing reproducible large-area �lms with high optoelectronic 
quality, and ensuring long-term operational stability under harsh outdoor conditions. 
Our group has advanced this �eld through in situ and operando studies, employing synchrotron 
radiation when appropriate, to unravel the fundamental processes governing device fabrication 
and performance. These efforts involve the investigation of precursor solution chemistry, the 
formation and crystallization pathways of perovskite �lms, their degradation under ambient 
stressors, the role and impact of chemical additives, as well as the formation of multidimensional 
interfaces aimed at improving both device ef�ciency and stability.
In this presentation, we will summarize key results obtained from in situ experiments probing the 
formation of 2D perovskite materials with different organic cations and their stabilities. The 
dynamics of structure formation, their thermal stability, and their spatial distribution within the 3D 
framework were studied using advanced techniques at the Brazilian Synchrotron National 
Laboratory, Lawrence Berkeley National Laboratory, and other facilities. We will also present the 

�rst results obtained at the Carnaúba beamline—the nanoprobe station at Sirius, the Brazilian
National Synchrotron Laboratory—tracking how temperature cycling in�uences lattice strain in
perovskite grains under operando conditions.
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