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• Interface modulation of MA/Br-free HP with fluoroarene functional derivatives
• Attenuate defect densities and suppress ion migration
• Form interfacial embedded 2D-layers 
• PCE increase from 18%  to > 22 % - with superior stability
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Summary

Experimental: Material Growth and Device Analysis

0.025 M

Schematic of device fabrication approach

• Halide perovskite solar cells (PSCs) with state-of-the-art 

efficiencies consist of thermally unstable methylammonium.

• A molecular surface passivation strategy has been used for the 

mitigation of surface/bulk defects.

• Large area device and improved operational stability is 

important for commercialization 
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Device stability

Time-resolved PL characteristics

• δ-phase- perovskite

• #- 2D-perovskite

• No information in the 

perovskite lattice
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PCE~ 18.10 %

PCE~ 22.29 %

HR-TEM- Results

Device cross-sectional image 

Interface Analysis

5F-PHZ treated device: 

superior operational stability 

Certified device efficiency:  

> 1cm2

Device statistics

XRD patterns:

Surface images of MA/Br-free-perovskite film:

Transient photovoltage

Absorption/PL spectra

✓5F-PHZ additive: well coverage on the surface

DFT calculations

Capacitance analysis:

➢Defect profile

➢Defect densities- attenuated

➢ Introduce penta-fluoro-phenylhydrazine (5F-PHZ) as a molecular passivator on 

HP film to improve the optoelectronic properties. 

➢ 5F-PHZ surface treatment quenched the PbI2 and δ-perovskite phase formed in the 

pristine film. 

➢ Suppress of defects at surface or grain boundaries in perovskite film as a 

consequence of stronger halogen bonding with fluoroarene moieties or NH-NH2 

terminal. 

➢ 5F-PHZ  passivation is propitious for modification of surface chemistry, interface 

quality, and moisture tolerability

• 5F-PHZ additive: 

Blueshift

Control HaP:

➢ Eg~ 819.48 nm 

➢ ~1.513 +/- 0.02 eV

Adsorption of 5F-PHZ 

on perovskite surface

DOS of  control and 

5F-PHZ passivation
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