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Report: 

 

The experiments contributed to the publication of two scientific papers: 

 

1- Javier Bartolomé, Esteban Climent-Pascual, Carlos Redondo-Obispo, Carlos Zaldo, Ángel L. Álvarez, Alicia 

de Andrés and Carmen Coya. “Huge Photo-Stability Enhancement in Bismuth Doped Methylammonium 

Lead Iodide Hybrid Perovskites by Light Induced Transformation”. Chem.Mater. (2019), 31,10,3662-

3671. DOI: 10.1021/acs.chemmater.9b00270. 

 

Abstract. The doping strategy of hybrid perovskites is being extensively explored not only for higher efficiency 

but also to overcome issues in photovoltaic materials such as self-degradation pathways in an ambient 

atmosphere or under visible irradiation. Here, BiI3 is introduced in the synthesis of MAPbI3 films (MA: 

CH3−NH3
+) to stabilize the material. Around 25% of nominal Bi3+ is accommodated in the perovskite structure, 

producing a shrinking of the unit cell and a small increase of the band gap. The presence of empty Bi gap states 

quenches the 770 nm red interband emission and results in a near-infrared emission at 1100 nm. However, high 

enough visible irradiation density induces a progressive segregation of Bi3+ out of the perovskite lattice and 

promotes the re-emergence of the red emission. This emission is blueshifted, 

and its intensity increases strongly with time until it reaches a saturation value which remains stable in the 

transformed films for extremely high power densities, around 1000 times higher than for undoped samples. We 

propose that the underlying processes include the formation of BiI3 and BiOI, probably at the surface of the 

crystals, hampering the usual decomposition pathways into PbI2 and PbOx for undoped MAPbI3. These results 

provide a new path for obtaining highly stable materials which would allow an additional boost of hybrid 

perovskite-based optoelectronics. 

 



 

2- C. Redondo-Obispo, I. Suárez, S.J. Quesada, T.S. Ripolles, J. P. Martínez-Pastor, A. L. Álvarez, A. de Andrés 

and Carmen Coya. “Enhanced Nonlinear Optical Coefficients of MAPbI3 Thin Films by Bismuth Doping”. 

(2020), Journal of Physical Chemistry Letters (2020). DOI: 10.1021/acs.jpclett.0c00319. 

 

Abstract. The poor photo stability under ambient conditions of hybrid halide perovskites has hindered their 

recently explored promising nonlinear optical properties. Here, we show how Bi3+ can partially substitute Pb2+ 

homogenously in the commonly studied MAPbI3 improving both environmental stability and photo-stability 

under high laser irradiation. Bi content around 2 at. % produces thin films where the nonlinear refractive (n2) 

and absorptive coefficients (β), that modify the refractive index (Δn) of the material with light fluency (I), 

increase up to factors 4 and 3.5 respectively compared to undoped MAPbI3. Higher doping inhibits the nonlinear 

parameters, however, the samples show higher fluency damage thresholds. Thus, these results show a roadmap 

on how MAPbI3 can be engineered for practical cost-effective nonlinear applications, by means of Bi doping 

including optical limiting devices and multiple-harmonic generation into optoelectronics devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


