
Chemistry Publications Chemistry 

8-22-2019 

Unveiling the Photo‐ and Thermal‐Stability of Cesium Lead Halide Unveiling the Photo  and Thermal Stability of Cesium Lead Halide 

Perovskite Nanocrystals Perovskite Nanocrystals 

Brett W. Boote 
Iowa State University and Ames Laboratory, bboote@iastate.edu 

Himashi P. Andaraarachchi 
Iowa State University and Ames Laboratory 

Bryan A. Rosales 
Iowa State University and Ames Laboratory 

Rafael Blome-Fernández 
Iowa State University, rblome@iastate.edu 

Feng Zhu 
Iowa State University and Ames Laboratory 

See next page for additional authors 

Follow this and additional works at: https://lib.dr.iastate.edu/chem_pubs 

 Part of the Materials Chemistry Commons, Nanoscience and Nanotechnology Commons, and the 

Physical Chemistry Commons 

The complete bibliographic information for this item can be found at https://lib.dr.iastate.edu/

chem_pubs/1141. For information on how to cite this item, please visit http://lib.dr.iastate.edu/

howtocite.html. 

This Article is brought to you for free and open access by the Chemistry at Iowa State University Digital Repository. 
It has been accepted for inclusion in Chemistry Publications by an authorized administrator of Iowa State 
University Digital Repository. For more information, please contact digirep@iastate.edu. 

http://lib.dr.iastate.edu/
http://lib.dr.iastate.edu/
https://lib.dr.iastate.edu/chem_pubs
https://lib.dr.iastate.edu/chem
https://lib.dr.iastate.edu/chem_pubs?utm_source=lib.dr.iastate.edu%2Fchem_pubs%2F1141&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/135?utm_source=lib.dr.iastate.edu%2Fchem_pubs%2F1141&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/313?utm_source=lib.dr.iastate.edu%2Fchem_pubs%2F1141&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/139?utm_source=lib.dr.iastate.edu%2Fchem_pubs%2F1141&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/chem_pubs/1141
https://lib.dr.iastate.edu/chem_pubs/1141
http://lib.dr.iastate.edu/howtocite.html
http://lib.dr.iastate.edu/howtocite.html
mailto:digirep@iastate.edu


Unveiling the Photo‐ and Thermal‐Stability of Cesium Lead Halide Perovskite Unveiling the Photo  and Thermal Stability of Cesium Lead Halide Perovskite 
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Abstract Abstract 
Lead halide perovskites possess unique characteristics well‐suited for optoelectronic and energy capture 
devices, however, concerns about their long‐term stability remain. All‐inorganic CsPbX3 (X = Cl, Br, I) 
perovskite nanocrystals have been reported with improved stability. We investigate the photo‐ and 
thermal‐stability properties of CsPbX3 (X = Cl, Br, I) nanocrystals by electron microscopy, x‐ray diffraction, 
thermogravimetric analysis, ensemble and single particle spectral characterization. CsPbBr¬3 is stable 
under 1‐sun illumination for 16 h in ambient conditions, although single crystal analysis indicates the 
luminescence states change over time. CsPbBr¬3 is also stable to heating to 250 °C. Large CsPbI3 
crystals (34 ± 5 nm) are the least stable under the same conditions; and with heating, the γ (black) phase 
reverts to the non‐luminescent δ phase. Smaller CsPbI3 nanocrystals (14 ± 2 nm) purified by a different 
washing strategy exhibit improved photostability with no evidence of crystal growth but are still thermally 
unstable. Both CsPbCl3 and CsPbBr3 show crystal growth under irradiation or heat, likely with a 
preferential orientation. TGA‐FTIR reveals nanocrystal mass loss was only from liberation and 
subsequent degradation of surface ligands. Encapsulation or other protective strategies should be 
employed for long‐term stability under conditions of high irradiance or temperature. 
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Abstract 

Lead halide perovskites possess unique characteristics that are well-suited for 

optoelectronic and energy capture devices, however, concerns about their long-term stability 

remain. Limited stability is often linked to the methylammonium cation, and all-inorganic 

CsPbX3 (X = Cl, Br, I) perovskite nanocrystals have been reported with improved stability. In 

this work, the photostability and thermal stability properties of CsPbX3 (X = Cl, Br, I) 

nanocrystals were investigated via electron microscopy, x-ray diffraction, thermogravimetric 

analysis coupled with FTIR (TGA-FTIR), ensemble and single particle spectral characterization.  

CsPbBr3 was found to be stable under 1-sun illumination for 16 h in ambient conditions, 

although single crystal luminescence analysis after illumination via a solar simulator indicates 

that the luminescence states are changing over time. CsPbBr3 was also stable to heating to 250 

°C. Large CsPbI3 crystals (34 ± 5 nm) were shown to be the least stable composition under the 
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same conditions as both XRD reflections and Raman bands diminish under irradiation; and with 

heating the g (black) phase reverts to the non-luminescent δ phase. Smaller CsPbI3 nanocrystals 

(14 ± 2 nm) purified by a different washing strategy exhibited improved photostability with no 

evidence of crystal growth but were still thermally unstable. Both CsPbCl3 and CsPbBr3 show 

crystal growth under irradiation or heat, likely with a preferential orientation based on XRD 

patterns. TGA-FTIR revealed nanocrystal mass loss was only from liberation and subsequent 

degradation of surface ligands. Encapsulation or other protective strategies should be employed 

for long-term stability of these materials under conditions of high irradiance or temperature. 
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ARTICLE 

 

The photophysical properties of cesium lead halide nanocrystals show great 
promise in derived devices due to high quantum yields and tunable visible 
photoluminescence, but stability concerns remain. In this work, the photostability 
and thermal stability of cesium lead halide nanocrystals were investigated using a 
combination of X-ray diffraction, Raman spectroscopy, single crystal luminescence 
imaging, and thermal gravimetric analysis. The observed changes in the 
nanocrystals as a result of illumination and heating were found to be highly 
dependent on halide composition. 
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Introduction  

The unique photophysical properties and straightforward synthesis of perovskite-based 

materials make them promising materials for solar energy applications.[1-4] The first-generation 

methylammonium lead halide (MAPbX3) perovskites have been shown to degrade rapidly when 

exposed to ambient conditions with moderate humidity,[5] which led to the increased study of 

new compositions such as the all-inorganic cesium lead halide (CsPbX3) perovskites. CsPbX3 

nanocrystals have been incorporated into solar cells achieving a record 13.4% power conversion 

efficiency (PCE).[6-10] In addition to light absorption or conversion for energy capture, these 

materials have been reported for possible use in laser media,[11-14] LEDs,[15-18] and 

photodetectors.[12, 19-20] 

Most reported syntheses of CsPbX3 follow the work of Protesescu et al. who 

demonstrated a simple, solution-based synthesis for nanocrystals with high luminescence.[15] 

Other syntheses have expanded this general idea by generating multiple nanocrystal 

morphologies through ligand mediation[21-22] and reaction tuning,[23] by using different 

surface ligands for improved quantum yields,[24-25] by increasing surface passivation/repair via 

salt solutions,[26-29] as well as by generating other cation/anion compositions through 

doping[17, 30-35] or post-synthetic ion exchange.[19, 22, 36-39] In addition, triple-cation 

(Cs,formamidinium,methylammonium)PbX3 materials have been developed with the goal of 

increasing stability while maintaining bright luminescence.[26, 40]  

The photophysics of MAPbX3 nanocrystals have been extensively studied,[41-50] and 

there are several reports on various luminescence properties of CsPbX3.[51-54] Park et al. 

observed strong photon antibunching as well as blinking behavior ascribed to charge/discharge 

events triggered by photoionization in CsPbBr3 and CsPbI3.[52] Recently, Becker et al. showed 
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Supporting Information 

Additional experimental details, Time-correlated photoluminescence, representative 

photoluminescence movies, plots of luminescence types, counting statistics for 

photoluminescence types, fit parameters for ON-OFF histogram analysis, Raman spectra of 

nanocrystals following solar simulator exposure, and representative FTIR spectra from TGA-

FTIR are available free of charge from the ChemPhysChem home page 

(https://onlinelibrary.wiley.com/journal/14397641). 
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