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Interesting Material properties:
• High Crystallinity at low 

temperatures
• High optical absorption coefficient
• Excellent charge carrier transport 

(crystallinity, diffusion length, carrier 
mobility)

• Promising device parameters: (High 
Voc of >1.1V )

Humidity Effect on 3D - PerovskitesPolymer Perovskite Composite Films



Average annual relative humidity in Mumbai is 76% 

In Hot and humid Mumbai conditions within a few days

CH3NH3PbI3 CH3NH3PbBr3

Humidity Effect on 3D - PerovskitesPolymer Perovskite Composite Films

PMMA Polymer encapsulation is not very efficient 

•  Can we use alternative polymers which can be 
used as encapsulant?



Polymer PVDF show much higher PL intensity than bare MAPbBr3 films

Polymer Perovskite Composite Films



Small, 2025,  doi:10.1002/smll.202509508

Excess MAX increased the PL intensity and PL QY

4 times excess MAX resulted in highest among all. Probable influence of MA4PbBr6

Polymer Perovskite Composite Films



Polymer Perovskite Composite Films



DAY 1

DAY 30

Small, 2025,  doi:10.1002/smll.202509508

Polymer Perovskite Composite Films



Compared to PMMA, PVDF showed less thermal quenching of Photoluminescence 

Small, 2025,  doi:10.1002/smll.202509508

Polymer Perovskite Composite Films



Dielectric confinement of 
the perovskite with PVDF 
enhanced the stability of 
the perovskite

Small, 2025,  doi:10.1002/smll.202509508

Polymer Perovskite Composite Films

PMMA PVDF



Polymer Perovskite Composite Films



Small, 2025,  doi:10.1002/smll.202509508

Polymer Perovskite Composite Films

Flexible thin films can be prepared

No change in the PL with bending or 
dipping in water



Polymer Perovskite Composites For Energy Harvesting

FAPbI3 unstable in the black perovskite phase (-phase)

 - phase  - phase



PVDF is found to stabilize the black phase of FAPbI3 perovskite

Polymer Perovskite Composites For Energy Harvesting



Polymer Perovskite Composites For Energy Harvesting

Different body motion results in different output voltages



Polymer - Perovskite Composites For Energy Harvesting

What happens when we have low - dimensional perovskites?



Polymer Perovskite Composites For Energy Harvesting

ACS Appl. Mater. Interfaces 2025, 17, 26, 38481–38492
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ACS Energy Letters 2023, 8, 2259-2266
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Figure 1 (a) Crystal structures of the 0-D and 3-D perovskites (c,d) Photographs of the films 

under different RH conditions for the 3-D MAPbBr3 and 0-D MA4PbBr6 respectively (e) UV-Vis 

absorption spectra of 0-D MA4PbBr6 (f) UV-Vis absorption spectra of 0-D MA4PbI6 in different 

RH conditions. 
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Voltage is stable for days whereas current drops after a few hours
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ACS Energy Letters 2023, 8, 2259-2266

Transformation from 0D to 3D perovskite at humidity 
>60% RH

Voltage and current is high after the transformation 
from 0D to 3D perovskite
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ACS Energy Letters 2023, 8, 2259-2266

Capacitance increases 
with the humidity

Ionic conductivity increases 
with humidity



Polymer Perovskite Composites For Energy Harvesting

RH > 60%

Figure S8. Schematic depicting the mechanism of the power generation

Figure S9. (a) PiFM topography im age obtained at 70% RH highlighting two grains. (b) 

PiFM spectra obtained at the different points highlighted with the colored triangles in (a)

ACS Energy Letters 2023, 8, 2259-2266

Voltage attributed to the 
double layer formation

Current attributed to the 
moment of the ions 
within the grains



Do we need the phase transformation from 0D-3D?

ACS Appl. Mater. Interfaces 2024, 16, 28, 36272–36280



Tin based Perovskite Materials for Humidity Sensing

ACS Appl. Mater. Interfaces 2024, 16, 28, 36272–36280
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Tin based Perovskite Materials for Humidity Sensing



J. Mater. Chem. A, 2024, 12, 29502-29512

Tin based Perovskite Materials for Humidity Sensing



J. Mater. Chem. A, 2024, 12, 29502-29512
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WVTR of PVDF is 95 g/m2/day at 40°C and 90% RH



J. Mater. Chem. A, 2024, 12, 29502-29512

Polymer Perovskite Composites For Energy Harvesting

WVTR of PVDF is 95 g/m2/day at 40°C and 90% RH

Self powered humidity sensing with peak to peak voltage difference of 
~60 mV between 10% RH and 90 %RH



• Dielectric confinement results in stable perovskite composite films

• Humidity resistant devices can be made using this approach 

• Ambient energy harvesting for self powered sensors

Conclusions
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