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Figure S1 Synthesis steps of Ab-WPU
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Figure S2 Ab-WPU infrared absorption (FTIR) spectroscopy
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Figure S3 Thermogravimetric analysis (TGA) diagram of Ab-WPU
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Figure S4 Ab-WPU self-healing diagram under heating and Pbl, conditions

Figure S5 Crack morphology of perovskite film
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Figure S7 Charge distribution calculated by DFT for the three structural units split
into Ab-WPU
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Figure S8 XPS comparison of perovskite layer without Ab-WPU modification and
with Ab-WPU modification

I
640 635

Delay time (ps)

Delay time (ps)

600 650 700 750 800 600 650 700 750 800
Wavelength (nm) Wavelength (nm)

Figure S9 TA testing of perovskite films without and after Ab-WPU modification
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Figure S10 Tauc diagram of the perovskite film modified with Ab-WPU compared to
the device
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Figure S11 Performance statistics of 10 different batches of solar cells
prepared before and after treating PSCs with different concentrations of Ab-
WPU.
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Figure S12 Comparison device, water contact angle of Ab WPU modified device and
Ab-WPU
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Figure S13 J-V curve of reference device and Ab-WPU modified device used for
testing thermal stability
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Figure S14 Normalized PCE plots of the stability of PSCs devices without additives and modified
with Ab-WPU in an N filled environment
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Figure S15 PCE statistics of 15 different devices of FA ¢ ¢Cso 04Pbl, §Brg 12 solar cells with Ab-
WPU
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Figure S16 The XRD images of the perovskite layer without Ab-WPU modification and with Ab
WPU modification
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Figure S17 Forward and Reverse sweeps for Control devices
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Figure S18 Forward and Reverse sweeps for Ab-WPU devices
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Figure S19 XPS comparison of perovskite layer without Ab-WPU modification and
with Ab-WPU modification



Table S1 Photovoltaic performance parameters of the best devices of

FA, $7Cs.13Pbl, 7Bry 3 perovskite solar cells without additives and modified by Ab-

WPU
Samples Voc (V)  Jsc (mA/cm?)  FF (%)  PCE (%)
Control 1.13 23.22 78.06 20.49
5 mg/ml Ab-WPU 1.152 23.88 81.5 2243

Table S2 Literature related to polyurethane modified perovskite layer

Structure Journal Date PCE (%) Voc(V)  Jsc(mA/cm?)
FTO/SnO,/PU-FAPbI;/Spiro- ) |
OMeTAD/Ag Carbon April 2022 21.36 1.15 22.44
) Angew. Chem. December 5
FTO/c-TiO/PU-CsPblBr,/Carbon Int. Ed. 001 10.61 1.293 11.58
IT 10,/P kite/PC¢ BM/PEL
O/NIO emvige/ CaBMPEL Nano Eneray June 2022 20.303 1.14 22.88
ITO/SnO,/SMPU- 4
FAMAPbIBry/Spiro-OMeTAD/Au InfoMat August 2022 21.33 1.18 24.21
Advanced
(HPMC)/he-PEDOT:PSS/SnO0:PU- i onal March 2023 20.04° 1.15 23.16
perovskite/Spiro-OMeTAD/Ag Materials

Table S3 Photovoltaic parameters of flexible comparison devices and Ab-WPU

modified devices

Samples Voc (V) Jsc (mA/cm?)  FF (%)  PCE (%)
Control 1.13 23.22 78.06 20.49
5 mg/ml Ab-WPU 1.152 23.88 81.5 22.43




Table S4 Photovoltaic parameters of the reference device and Ab-WPU modified
device used for testing thermal stability

Samples Voc (V) Jsc(mA/cm?)  FF (%) PCE (%)
Control 1.099 22.80 81.61 20.45
5 mg/ml Ab-WPU 1.124 24.26 80.24 21.88

Table S5 Rigid and flexible device efficiency comparisons

Journal Date Rigid PCE (%)  Flexible PCE (%)

Advanced Functional

Materials © April 2022 24.40 22.04
Joule’ March 2023 24.9 22.3
Nano Energy? June 2022 20.30 17.19
InfoMat* August 2022 21.33
Advanced Functional 0003 22.43 19.03
Materials®
February
9
Joule 2023 234
Nano Energy!? February 22.62 19.34
&y 2023 ' '

InfoMat!! August 2023 24.56 22.65
Nature March 2023 23.26 22.10

Communications!?
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