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Perdew-Burke-Ernzerhof (PBE ) 22 #e S BEyZ A2, 1t
BSRRE R TBTAR ] 2 Kx2 Kx2 K a5 R 4% K
BT L AT RE N 500 eV, ZEMIAL 1 E A
RN USSR HE 43 A B 1x10° eV 5 0.05 eV/A,
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X-ray diffraction patterns of formamidinium-based perovskites (FA, Cs,) PbL, (x =0, 0.05, 0.1, 0.15)

with different Cs” incorporation concentrations
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(FA,Cs,)Pbl, formed by Cs incorporation in
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Effect of Cesium Solid Solution on the Stability of Formamidinium
Lead Iodide Perovskites

DU Danyang'**, WANG Pengjiu"*, HUO Chen'**, XU Fafeng'?,
ZHUANG Ziyu'?, GAO dandan'?, FENG Haitao'*'

(1. Key Laboratory of Green and High-end Utilization of Salt Lake Resources, Qinghai Institute of Salt Lakes ,
Chinese Academy of Sciences, Xining, 810008, China; 2. Qinghai Engineering and Technology Research
Center of Comprehensive Utilization of Salt Lake Resources, Xining, 810008, China;

3. University of Chinese Academy of Sciences , Beijing, 100049, China)

Abstract: Formamidinium lead iodide (FAPbI,) exhibits excellent optoelectronic properties but suffers
from the intrinsic thermodynamic instability of its cubic black phase (a-phase). To elucidate the intrinsic effects
of Cs solid solution on the stability and optoelectronic performance of FAPbI,, a series of (FA, Cs,)Pbl,
single crystals with different Cs* doping levels (x = 0, 0.05, 0.1, 0.15) were synthesized. The correspond-
ing solubility phase diagram was established, and systematic characterizations were carried out using X-ray
diffraction (XRD), photoluminescence (PL) spectroscopy, time-resolved PL measurements, and density
functional theory (DFT) calculations. The results show that when the synthesis temperature is below 190 °C, a
Cs" concentration of 8%-15% requires rapid heating to bypass the §-CsPbls precipitation region (region II ) in
order to suppress impurity phases and enable the growth of large a-phase single crystals. With increasing Cs
content, the bandgap widens, with the PL peak blue-shifting from 836 nm to 797 nm. Single-crystal model-
ing revealed the intrinsic mechanism by which Cs incorporation enhances the stability of FAPbI,. In particu-
lar, 10% Cs' doping significantly improves the intrinsic stability: While pristine FAPbI, undergoes phase
degradation after 1 000 h, the doped sample retains a-phase stability for over 2 000 h.

Key words: Perovskite single crystals; Formamidinium lead iodide (FAPbI,) ; Cesium doping; Phase sta-
bility ; Density functional theory (DFT)





