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1. Experimental section

1.1 Characterization

The crystal structure of Fe,Os-based photoanode was characterized using X-ray
diffraction (XRD, TD-3500). The morphology and cross-section of the thin films
were observed using a scanning electron microscope (FE-SEM, Regulus 8100), and
the elements present in the film were further tested using energy dispersive X-ray
spectroscopy (EDS, Oxford). X-ray photoelectron spectroscopy (XPS, UIVAC-PHI)
measurements of the photoanode film's elemental composition and chemical state
were conducted using a PHI 5000 Verse probe. The UV-visible diffuse reflectance
spectroscopy (UV-vis DRS) was measured at room temperature using a UV-2600
spectrophotometer (Shimadzu, Japan).
1.2 PEC performance test

The PEC performance was measured on an electrochemical workstation
(Princeton Applied Research 2273 model) using a standard three-electrode system.
The light intensity was set to 100 mW/cm?, equivalent to 1 Sun at AM 1.5G. The
standard three-electrode system consisted of Pt as the counter electrode, Ag/AgCl as
the reference electrode, and Fe,Os-based photoelectrodes as the working electrode.
The PEC performance was measured in the 1 M NaOH (pH=13.6) electrolyte.
Electrochemical impedance spectroscopy (EIS) measurements was conducted with the
frequency ranging from 10 kHz to 0.1 Hz. Gas evolution was analyzed by gas

chromatography (GC1690, JieDao) with a three-electrode system.



2. The equations

Eq S1 was used to convert Ag/AgCl reference potential into RHE!:

Vap =V ag/ager + 0197 + 0.059 pH s1

Eq S2 was used to calculate IPCE2:

J x 1240
IPCE=~"""" x100%

light S2
Where J is the photocurrent density (mA/cm?); 4 is the incident light wavelength (nm);
Pjignt is the power density (mW/cm?).

Eq S3 was used to calculate ABPE3:

J(1.23-V,)
ABPE = ——— x 100%

S3
where J is the photocurrent density of samples, V}, is the applied external potential vs.
RHE and Py is the power density of the illumination (100 mWem?).

Eq S4 was used to calculate The Faraday efficiencies*:

Area of H,(or 0,)peak 1mol
H,(or 0,)umol.cm™* = ( ) X (Head space volume) X (———)
Slope of calibration curve for H,(or 0,) 242 L

S4
Faradic efficiency=Actual photocurrent density/Theoretical photocurrent density
Actual photocurrent density = Nx nH,/O, x F S5
Where F is the Faraday constant which is 0.096487 C/umol. nH,/O, (umol ) is amount
of H, or O, evolution determined by gas chromatography. N is number of electrons
needed to evolve one molecule of H, or O,. It is assumed that 2 electrons are needed

to produce one molecule of H, and 4 electrons are needed for one molecule of O,.



Eq S6 was used to calculate LHES:

—-A(1
LHE = 1-1074®W 6
where A, is absorbance, A is wavelength.

Eq S7 was used to calculate J,ps6:

A

q
]abs = Ef/1¢lnabsd/1
A S7

Where h was the Plank constant, ¢ was the light speed, ¢,was the photon flux of the

AM 1.5G solar spectrum, and n,,s was the light absorption efficiency.

Eq S8 was used to calculate "sep”;

]Na2503

n =
P J abs S8

J : :
Where The *"“2°%3 was the photocurrent density measured in 1 M KOH and 0.5 M

Na,SO; mixed electrolyte, which served as hole scavengers to ensure the hole
injection rate approaching 100%.

Eq S9 was used to calculate Tinj8;

]HZO

r’in'=
/ ]Na SO
273

S9

Where 2% was the photocurrent densities measured in 1 M KOH.

Eq S10 was used to calculate Np’:

1 kBT
= V)
C eggyNpA 510

Where C was the space-charge capacitance, V (V vs. RHE) was the applied voltage,

Vi, (V vs. RHE) was the flat-band potential, N, was the charge carrier density, € was



the dielectric constant of the semiconductor (80 for a-Fe,O3). &y was the vacuum
permittivity (8.854 x 1012 F/m), kg was the Boltzmann constant(1.38x10-23 J K1), q
was the electronic charge (1.60 x10-1° C), and T was the absolute temperature (298K).

Eq S11 was used to calculate “e®:

1
T, =
znfmax
S11
Where f,..x is the frequency when phase reaches peak.
Eq S12 was used to calculate Cgl!:
dQ /
dt  jiV)
ECSAxCyy=—=—-=
dv / v
dt
S12

Where Cg indicates the double-layer electrochemical capacitance, j(V) is the
capacitive current measured at potential V, and v is the scan rate.
Eq S13 was used to calculate DOS%:

c E
Ngg(E) = WL()

S13
Where Nss (E) is the DOS (cm™2-eV™!) as a function of the applied potential and q is
the electron charge (1.602 x 10—19 C).
Eq S13 was used to calculate the proportion of charge transferred at the

photoanode/electrolyte interface!3:



Kct
K,+K

R trapping

Transfer ef ficiency(%) = = TR
ct

trapping trapping

S14
Where K and Kiapping are the charge transfer and trapping rate constants, respectively,

and R and R rapping are the corresponding resistances.



3. Supplementary Figures
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Fig. S1. XRD pattern of Fe,03, Fe;03/M00;-250, Fe,03/M003-350 and Fe,03/M005-450 films
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Fig. S2. The cross section images of Fe,O3and Fe,03/M00;-350 films.
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Fig. S3. ECSA of Fe,03, Fe;05/M003-250, Fe,03/M00;-350 and Fe,03/Mo03-450 films.



——0.75V
—3—0.80V
0.85V
12 —a—0.90V
—a—0.95V
~ 107 ——1.00V
9 —a—1.05V
= 81 +—1.10V
N —a—1.15V
N 61 120V
! —2—125V
44 —a—1.30 V
s 135V
24 /
0 v v v v T v
0 1 2 3 4 5 6 7

7'(kQ)

Fig. S4. The PEIS results for (a) Fe,O3 and (b) Fe,03/M003-350 photoanodes at different applied
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Table S1. Fitting results of EIS measurement

Samples Rs (Q) l{bulk (Q) Rct (Q) Te (ms)
Fe,0; 45.2 109.1 23830 20.1
Fe203/ MOO3-
41.7 50.8 1974.5 50.4

250
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