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How is operational stability dependent on the 
halide content in MAPbX3?  
*  Kojima et al., J. Am. Chem. Soc., 2009, 131 (17), pp 6050–6051 

** R. K. Misra, I. Visoly-Fisher, E. A. Katz, et al., J. Phys. Chem. Lett., 2015, 6 (3), pp 326–330 

Motivation: 

Research question:  
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* 100 suns + T ≈ 50°C 

* R. K. Misra, I. Visoly-Fisher, E. A. Katz, et al., J. Phys. Chem. Lett., 2015, 6 (3), pp 326–330 

Pure Halide Perovskite PV Materials 



Seok et al., Nano Lett., 2013, 13 (4), pp 1764 
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Mixed halide MAPb(I1-xBrx)3 Perovskite PV Materials 



Encapsulated Films 
MAPb(I1-xBrx)3 – 

various compositions 
Seq. dep. method 

Comparison to 
degradation under 

outdoor 1sun exposure 
(validate acc. testing)  
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Experiment layout 

Accelerated testing 
100 sun+T≈50°C 

   
MAPbI3 -

MAPbBr3 more 
stable than 

mixed halides 
MAPb(I1-xBrx)3  



Assessment – Validation – Usage of Accelerated 
Stability Tests for PV Materials/Cells 
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Encapsulated Films MAPb(I1-xBrx)3 – various compositions 

Characterization: UV/Vis – XRD 
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[a]: Ratio in the organic precursor solution 
[b]: peaks’ full width at half maximum (FWHM) 
[c]: Br content according to the precursor materials 
[d]: Br content calculated from the XRD (Vegard’s law) 
[e]: optical bandgap determined from UV/Vis spectrum 
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Results - MAPb(I1-xBrx)3 - XRD 
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Results - MAPb(I1-xBrx)3 - XRD + UV/Vis 
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1 sun exposure 
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100 sun exposure 
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Results - MAPb(I1-xBrx)3 - UV/Vis 
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100 sun - pvsk abs. range only 
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http://rredc.nrel.gov/solar/spectra/am1.5/ast
mg173/astmg173.html 
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Results - MAPb(I1-xBrx)3 – XRD + UV/Vis 
 

Correlation between increased FWHM (mixed halide) and 
enhanced absoption degradation 



Suggested degradation mechanisms: 
 

  Perovskite decomposition proceeding via PbI2 formation 
and perovskite Br-enrichment  

 

  Connection between enhanced decomposition rate and  
smaller crystal coherence length (FWHM). Possible 
explanation includes: 

o distortion of the skeletal octahedral structure of 
[PbI6]4- 

o corresponding perovskite strain amplification 
 

  Excess Br - grain size - binding energy -traps formation*             
* (‘stolen’ from prof. Lanzani yesterday’s talk)  
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Conclusions:  

• Perovskite stability: MAPbBr3 > MAPbI3 > MAPb(I1-xBrx)3 

 

• Photolysis induced/accelerated by a combined effect of 
light and heat, resulting in perovskite decomposition 
(PbI2 and organics). 

• Perovskites with a smaller structural defect 
concentration more stable to photolysis. 

• Crystal coherence length as an indicator for relative 
photolysis degradation rate. 
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