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Fig. S1 XPS spectra of Pb 4f for pristine, imprint, and IWM films
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Fig. S2 Dynamic light scattering shows the particle size distribution of precursor
solutions with and without MAAC
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Fig. S3 The attenuated total reflection Fourier-transform infrared spectra of the MAAc
and the solution prepared by dissolving Pblz2 in MAAc. The arrows indicate shifts of

the asymmetric and symmetric stretching vibrations of CH;COO™ upon interaction with
Pb?*
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Fig. S4 XRD patterns of pristine, imprint and IWM perovskite films
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Fig. S5 XRD patterns of different imprinting temperatures

= w— Pristine s —Imyj L — WM

= 17.32 eV E 17.56 eV 2 17.51 eV
/ T {

120 15.5' '1s'.o 175 170 165 19.0 185 18.0 175 190 185 18.0 175 17.0
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

—— Pristine —— Imprint —TWM

3 3|\ 3

! 1.85 eV = X 1.84 eV = 1.74 eV

AN
i 3 7 1T % 1 T 1 1 o a i 4 3 2 1 0 1
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
-5.73 -5.48 -5.43

Fig. S6 The ultraviolet photoelectron spectroscopy (UPS) of pristine, imprint and IWM
perovskite film
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Fig. S7 Steady-state power output (SPO) and current density, measured for 400 s under
the maximum power point (AM 1.5G, 100 mW cm ) at bias voltage recorded in the J—

V curves
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Fig. S8 J-V curves of pristine, imprint, and IWM (n=50) perovskite devices under
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Fig. S9 Vo, Jic and FF distributions of pristine, imprint, and IWM perovskite devices
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Fig. S10 The water contact angle of pristine, imprint, and IWM perovskite film
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Fig. S11 SEM-EDS mappings of Si, F, Pb, and | elements for IWM perovskite film
on ITO substrate
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Fig. S12 Pictures of fresh and aged pristine, imprinted and IWM quasi-2D perovskite
film by being stored in air with a relative humidity of 55-65% at 25 °C
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Fig. S13 UV absorption variation curves of unsealed pristine, imprint and IWM
perovskite devices under continuous UV light
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Fig. S14 PCE variation curves for unsealed devices with different n values in air at
25<C and 55% RH
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Fig. S15 a Continuous MPP tracking for the unencapsulated pristine, imprint and IWM
devices under AM 1 sun illumination in N2. b Variation of the PCEs at damp-heat test
of pristine, imprint and IWM devices
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Table S1 Comparison of efficiency of different phenylethylammonium-based 2D PVK

" PVK Device structure POC E Method Refs.
value (%)
(ITO)/ gomlioge;lt
5 (4FPEA)y(FA):Pbsl;s  PTAA/2D RP perovskitesPCBM/  20.0 eg‘;nil sy
BCP/Ag .
additives
(ITO)/PEDOT:PSS Additive
3 (PEA)(MA)4Pbslis /perovskites/PCBM/BCP/Ag 14.1 strategy [S2]
(FTO)ITiO2/perovskites/2,2",7,7'-
Tetrakis[N,N-di(4- o
- - Additive
5 4-BrPEA:MA4Pbsl ;6 methoxyphenyl)amino]-9,9’-spiro- 15.2 [S3]
. . strategy
bifluorene (Spiro-
OMeTAD)/Mo0Os/Ag
ITO/PTAA/2D RP perovskites Vacuum
5 (PEA)2(MA)4Pbslis IPCo1BMIPEI/Ag 18.04 Poling [S4]
(ITO)/SNO2/2D RP Component
60 (PEA)(Cs)soPbeols1 perovskites/spiro-MeOTAD/Au 124 regulation [S3]
(FTO)/B.L/TiO2/2D RP perovskites/ Component
S0 (PEA)(MA)wPbsoBris: spiro-MeOTAD/Au 85 egulation [
Imprint .
(ITO)/SnO./2D RP This
50 (PEA):(MA)wPbsolist perovskites/spiro-MeOTAD/Ag 18.9 and work
additives
Table S2 Stability performance of high n-value 2D perovskites in the literature
stability (retained
n . . PCE .
general formula device architecture PCE, time, Refs.
values (%) ..
condition)
. 92.2% of PCE after
Au/Spiro- )
(PEA)z(MA)sng4o|121 40 . 16.47 1344 h, in the N> [S7]
OMeTAD/pvk/TiOo/FTO .
environment
Au/Spiro- 80.0% of PCE after
(CsHsCHzNHs)z(FA)nggbs 9 OMeTAD/ka/m- 17.4 500 h, in the 80% [88]
TiO,/bl- TiO/FTO relative humidity
) 93% of PCE after
Au/Spiro- . .
(PEA)>Cs39Pbaol 21 40 11.3 960 h, in the ambient [S5]
OMeTAD/pvk/SnO»/ITO
atmosphere
. 84% of PCE after
Ag/Spiro- )
ATFBZA>:MAs9Pbsol 181 60 17.07 1080 h, in the N2 [S9]
OMeTAD/pvk/SnO»/ITO .
environment
(1TO)/SnO2/2D RP ~82% of PCE being Thi
IS
(PEA)2(MA)49Pbsolis1 50 perovskites/spiro- 18.9  after 2400 h. at 25°C in K
wor

MeOTAD/Ag

N2 environment
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