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Abstract  
Industrial adoption of perovskite photovoltaics needs processes that are robust, antisolvent free, and 
compatible with large areas. We present a lead acetate based ink that replaces methylammonium 
with ammonium to stabilize volatile intermediates and promote uniform crystallization without using 
an antisolvent. The films show enlarged grains and longer photoluminescence lifetimes, and devices 
scale from cells to mini-modules by blade coating with durable performance during thermal holding 
at 65 °C. [1] Building on this ink, wide bandgap absorbers near 1.66 eV are obtained by introducing 
a small chloride fraction into the solution, which improves crystallinity and suppresses nonradiative 
recombination. These devices deliver open circuit voltages around 1.22 V and power conversion 
efficiencies near 19 percent while preserving the simplified process and good storage stability. [2] 
To further reduce interfacial losses, thiocyanate assisted recrystallization in isopropanol increases 
precursor solubility and drives passivator uptake, while the cation identity steers whether passivation 
concentrates at the top surface or the buried interface. A pairing of ammonium thiocyanate with 
MEO-PEAI improves carrier lifetime, lowers interface recombination, and enhances thermal and light 
stability, giving champion efficiencies above 24 percent. Together these results outline design rules 
that link ink formulation to interface control and provide a practical route to scalable, efficient, and 
stable perovskite solar cells. [3] 
 

 
Figure 1. Effect of different volatile cations in PbAc2-based precursors on the 

formation of FACs perovskite. (A) Different synthetic avenues for the synthesis of MA- and 
FACs-perovskites using the PbAc2 route and proposed side reactions. (B) Schematic 
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diagram of the fabrication process of the FACs perovskite from a PbAc2-based precursor 
solution with NH4+ as the volatile cation (abbreviated to A-Ac-FACs). 

 
Figure 2. J-V characteristics of champion blade coated FA0.83Cs0.17Pb(I0.9Br0.1)3 device 

(Mask area: 0.16 cm2) and mini-module (Mask area: 10 cm2) 

 
 

Figure 3. Top-view scanning electron microscope (SEM) images of the 
FA0.83Cs0.17Pb(I0.8Br0.2)3 films prepared from precursor solutions with varying molar ratios of 
PbAc2 and PbCl2. (A-E) Reference (Pure PbAc2), 2.5% PbCl2 (97.5% PbAc2: 2.5% PbCl2), 5% 
PbCl2 (95% PbAc2: 5% PbCl2), 7.5% PbCl2 (92.5% PbAc2: 7.5% PbCl2) and 10% PbCl2 (90% 
PbAc2: 10% PbCl2), respectively. Scale bar, 1µm. 

 
Figure 4. FA0.83Cs0.17Pb(I0.8Br0.2)3 perovskite solar cell characterization. (A) J-V 

characteristics of champion reference (0% PbCl2; black) and target (5% PbCl2; red) 
FA0.83Cs0.17Pb(I0.8Br0.2)3 devices (mask area: 0.16cm2). (B) Stabilized power output (SPO) of 
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champion FA0.83Cs0.17Pb(I0.9Br0.1)3 devices. (C) Light intensity dependence of Voc with 
corresponding slopes by linear fitting. (D) Dark J-V characteristics. (E) Dark J-V scan 
analysis: dV/dJ vs. J-1 plot with corresponding slopes by linear fitting to indicate the ideality 
factor. (F) Open-circuit voltage (Voc) as a function of bandgap for best mixed-halide 
perovskite solar cells reported in the literature (black circles) in comparison to the best Voc 
obtained in this work (red star). All references are provided in Table S3 in the supporting 
information. 

 
Figure 5. a, b, Time-resolved photoluminescence (TRPL) spectra of reference, MEO-

PEAI, MEO-PEAI + NH4SCN, MEO-PEAI + MASCN treated perovskite films excited from a) 
the perovskite side and b) the glass side. c, Schematic representation of energy band 
diagram of PSCs. d, Statistic photovoltaic parameters (reverse scan) of a batch of PSCs: 
Open-circuit voltage (VOC), Short-circuit current density (JSC), Fill factor (FF), and PCE. 
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Figure 6. (FAPbI3)0.99(MAPbBr3)0.01 perovskite solar cell characterization. a, J-V characteristics 
of the champion devices (mask area: 0.09 cm2). b, Stabilized power output of the champion 
devices. c, External quantum efficiency (EQE) and integrated JSC of the champion devices. d, 
Thermal stability of unencapsulated PSCs tested at 65 °C in a dark N2 environment. e, Light 
stability of unencapsulated PSCs test under a continuous white LED light (46 mW/cm2 
average irradiance) at VOC in a N2 environment at room temperature. 

 
 
References 
1. Zhao, J., et al., Efficient and stable formamidinium–caesium perovskite solar cells and 

modules from lead acetate-based precursors. Energy & Environmental Science, 2023. 16(1): 
p. 138-147. 

2. Zhao, J., et al., Precursor Engineering of Lead Acetate-Based Precursors for High-Open-
Circuit Voltage Wide-Bandgap Perovskite Solar Cells. ACS Applied Materials & Interfaces, 
2023. 15(15): p. 18800-18807. 

3. Zhao, J., et al., Cation optimization for bifacial surface passivation in efficient and stable 
perovskite solar cells. EES Solar, 2025. 

 
 
 


	References

