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Fig. S1 Schematic of perovskite film fabrication using a bathing method involving an additive-

added antisolvent.
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Fig. S2 Digital photographs of the control and CHAI-bathed perovskite films (a) before and (b)

after annealing.
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Fig. S3 AFM images (2 um x 2 um) of perovskite films fabricated through (a) conventional

antisolvent bathing and (b) antisolvent bathing involving an additive.
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Fig. S4 PL mapping images of the (a) control and (b) CHAI-bathed films.
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Fig. S5 XRD spectra of CHAI-Pbl,~NMP, CHAI-Pbl,~DMF, CHAI-FAI-Pbl,~NMP, and CHAI-
FAI-Pbl,—DMF intermediate phases.
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Fig. S6 Steady-state PL spectra of the control and CHAI-antisolvent-bathed perovskite films

before annealing.
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Fig. S7 Raman spectrum of the CHAI-FAI-Pbl,-NMP intermediate phase.
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Fig. S8 Schematics of the nucleation kinetics for the control and CHAI-bathed LHP films on the

basis of the LaMer model.
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Fig. S9 'H-NMR spectra of the control and CHAI-bathed LHP films as well as of pristine CHAI

powder dissolved in DMSO-d; solvent.

10



Control

s CHAI Bathing
Q WW
(&)
c
©
=
E W
(7]
% 1]
- . N-H_ ¥ C:H
) C-N
3500 3000 2500 ~ 1500 1000

Wavenumber (cm-1)

Fig. S10 FTIR spectra of the annealed control and CHAI-bathed films and pristine CHAI powder.
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Fig. S11 XPS depth profiles showing the atomic percentage measured for the (a) control and

(b) CHAI-bathed LHP films fabricated on FTO/SnO, substrates.
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Fig. $12 XPS depth spectra of the control and CHAI-bathed samples for different etching

durations: (a) 200 s, (b) 400 s, (c) 600 s, (d) 800 s, (e) 1000 s, and (f) 1200 s. The | 3ds and Pb

4f peaks are shifted to a higher binding energy for a longer etching duration.
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Fig. S13 XPS depth spectra of the control and CHAI-bathed samples as a function of the

etching duration (0—1200s). Samples were etched 60 times, with a duration of 20 s for a single

etching.
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Fig. S14 Normalized UPS spectra of the control and CHAI-bathed samples.
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Fig. S15 Schematic of the PSC configuration.
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Fig. S16 (a) PCE, (b) Js¢, (c) Voc, and (d) FF of the 16 PSCs based on the 2 cm x 2 cm sized control
and CHAIl-bathed LHP films (active area of 0.06 cm?). The middle dots represent the mean
values, box edges represent the standard deviations, and whiskers show the maximum and

minimum values in the distributions. Data are shown adjacent to the boxes.
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Fig. S17 I-V curves of the (a) control and (b) CHAI-bathed LHP films for different sweeping
direction (i.e., forward and reverse) under dark conditions with aperture area of 0.1 cm?,

obtained to validate the results of SCLC analysis.
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Fig. $18 J-V curves of the 20 sub-cells (2 cm x 2 cm) of the large-area (8 cm x 10 cm) device.
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Fig. $19 Schematic of perovskite film fabrication using bar coating method.
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Fig. S20 (a) A photograph of the large-area LHP films (8 cm x 10 cm) prepared with the bar
coating and CHAI-bathing method. (b) A three-dimensional plot of the PCE values of PSCs
depending upon the position of 20 sub-cells with 2 cm x 2 cm size. (c) J-V curves of the 20

sub-cells of the large-area (8 cm x 10 cm) device.
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Fig. S21 ABPE of the perovskite-based (a) photoanode and (b) photocathode measured in 1

M KOH (pH 14) and 0.5 M H,SO, (pH 1), respectively.
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Fig. S22 Schematic of the parallelly illuminated coplanar LHP-based photoelectrodes.
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Fig. S23 Digital photographs of the perovskite-based photoanode
(FTO/Sn0O,/LHP/spiro/carbon/Ni  foil) and photocathode (FTO/SnO,/LHP/spiro/Cu
tape/epoxy) with different device size of (a) 2cm x2 cm, (b) 5cm x5 cm, and (c) 8 cm x 8 cm.

Active area size is 0.8 cm?, 12 cm?, and 30 cm?, respectively.
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Fig. S24 (a) STH efficiency of unbiased PEC tandems as a function of total illuminated area

size. (b) STH efficiency of unbiased PEC tandems as a function of illuminated area per single

cell.s1-547
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Fig. S25 H, production rate and illumination area size benchmarks for unbiased solar water

splitting under 1-sun illumination conditions.>2%: 543,547,548

26



Hydrogen production (umol cm'z) b

=]
=]

-
>
=]

b c
— ~ 90 n .
device size : 2 x 2 cm? x 2 cell "-‘E device size : 5 x 5 ¢cm? x 2 cell "-‘E device size : 8 x 8 cm? x 2 cell
active area: 1.6 cm? (0.8 cm?x2) 5 active area : 24 cm? (12 cm2x2) G active area : 60 cm? (30 cm?2x2)
75 © 754 °
> _E-‘: 2 g 60
c c
504 2 504 2
© ©
3 3
B B 304
25 & 254 &
c s
—. = Theoretical O, g, —-— Theoretical O, g, —— Theoretical O,
@ Experimental O, e @ Experimental O, < 9 Experimental O,
0 T T T T T ° 0 T T T T T g 0 T T T T T
10 20 30 40 50 60 :>:" 10 20 30 40 50 60 :I>:. 10 20 30 40 50 60

Time (min)

Time (min)

Time (min)

Fig. $26 O, gas evolution rates as a function of operation time of the coplanar LHP-based

photoelectrode with active area size of 1.6 cm?, 24 cm?, and 60 cm? under unbiased condition.

The solid line indicates the calculated O, evolution rate, and the circles represent the

experimental (gas chromatography) values obtained at 10 min intervals.
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Fig. S27 Comparison of the operation stability (Tgo the time at which the photocurrent density
drops to 80% of its initial value) and illuminated area of previously reported unbiased solar

water splitting devices under 1-sun illumination conditions.51-48
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Fig. S28 (a) Digital photographs of the large-area (10x10 cm?) perovskite-based photoanode
(FTO/Sn0O,/LHP/spiro/carbon/Ni  foil) and photocathode (FTO/SnO,/LHP/spiro/Cu
tape/epoxy). (b) LSV curves of the perovskite/Ni foil/NiFe-LDH@Ni foam photoanode and
perovskite/Pt carbon photocathode under 1-sun illumination in 0.5 M KPi (pH 7). The
operational point of the parallelly illuminated coplanar LHP-based photoelectrode was
determined at 4.81 mA/cm?. (c) LSV curve and (d) operational stability of the parallelly
illuminated coplanar LHP-based photoelectrodes (a photoanode and a photocathode) in 0.5

M KPi with 1-sun illumination under a two-electrode unbiased condition (0 V).
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