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1. Calculation of photoconversion efficiency
The photoconversion efficiency of a photoanode was calculated according to the
following formula:[!-2]
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Where J is the current density under simulated sunlight irradiation, V is the applied

voltage versus RHE, and P is the light intensity (100 mWecm2).
2. Calculation of flatband potential and donor density

The depletion layer capacitance obtained from the electrochemical impedance spectra can

be described by the Mott—Schottky equation:[!- 3]
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where €0 is the electron charge, € the dielectric constant of a-Fe,Os, €0 the permittivity

of vacuum (8.85 x 1072 N-'! C? m? ), N4 the donor density, V the electrode applied
kT

. . €en . .
potential, Vrp the flatband potential, and ~ O is a temperature-dependent correction term.

Therefore, Vrp can be determined from the intersection point between the extrapolated

1

2
linear line and x-axis in Mott—Schottky (M-S) plots (C versus V) and Ny can be

estimated from the slope of the M-S plots according to the following equation:!!-3]
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3. Calculation of Debye length



The charge carrier diffusion lengths (Debye length, Lp) for both electrodes were also

calculated according to the following equation:!!-4

gggkT %
LD = ( > )
e Np

where K is the Boltzmann constant (1.38x10-2* J K-!) and T is the absolute temperature

().
4. Calculation of depletion layer width

The depletion layer width (W) at 0.0 V vs. SCE can be calculated via the following

equation:[!>4]

2ee4¢ %

W=

where g=V -V, ¢="~VFB is the maximum potential drop in the depletion layer.
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Figure S1. Linear sweep voltammograms collected from a-Fe,O3 synthesized at different
pH under light illumination.

Figure S2. Photograph of the a-Fe,O; nanostructured array synthesized at pH 1.7 and
annealed at 800 ° C.
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Figure S3. Linear sweep voltammograms collected from a-Fe,O3 nanostructured arrays
synthesized at pH 1.7 and annealed at 700 °C and 730 °C.
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Figure S4. Linear sweep voltammograms collected from a-Fe,O3 nanostructured arrays

synthesized at pH 1.7, annealed at 550 ° C for 1 h and at 730 ° C for different times.
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Figure S5. EDX spectrum of WN-a-Fe,O3@Co030,.

Figure S6. High-magnification FESEM image of WN-a-Fe,O3 before (A) and after (B)
in-situ growth of Co30,.

Figure S7. FESEM images of WN-a-Fe,O; after growth of Co;O, at reactant
concentrations 1.2 times of the original ones.
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Figure S8. XRD pattern of the Co;0,4 precursor grown on WN-a-Fe,0;. Except the peaks
originating from FTO (marked with ¢) and WN-a-Fe,O; (marked with ), the XRD
pattern shows characteristic ones of cobalt-basic-carbonate phase (marked with o)
located at 31°, 39°, and 59°, which correspond to (300), (231), and (412) planes of
orthorhombic Co(CO3)q.5(OH)-0.11H,0 (JCPDS card no. 048-0083).5-6]

24 WN-a-Fe,O, in dark
—— WN-a-Fe,0,@C0,0, in dark
o 0.04
£
s e 0.034
< s
<
‘E §>~, 0.02-
c 8 0014
a E
o 3 0.0
e g . . .
s:., 0.8 1.0 1.2 1.4 1.6
(&) Potential/V vs. RHE
0{ —
¥ L X, ) ¥ ) ¥ 1 ®
0.6 0.8 1.0 1.2 1.4 1.6

Potential/V vs. RHE

Figure S9. Enlarged linear sweep voltammograms collected from pristine WN-a-Fe,O;
and WN-a-Fe,O;@Co;04 in 1 M KOH aqueous solution in dark. The inset is the curves
further enlarged.



Table S1 PEC performance of representative Fe,05-based photoanodes for water splitting

Photocurrent Onset Maximum X
. . . Light source
Photoanode density (1.23 V potential (V photoconversion p Electrolyte Reference
use
vs. RHE) vs. RHE) Efficiency
AM 1.5G, 0.1 M NaPi
CoAl-LDH/a-Fe,03 2.0 0.58 7
100 mW cm-? buffer (pH 7)
rGO modified 3D AM 1.5G,
o 1.06 ~0.8 0.102% 1 M NaOH 8
urchin-like a-Fe,04 100 mW cm??
a-Fe,05 with in-
) AM 1.5 G,
situ grown Co30, 1.2 0.66 1 M NaOH 9
100 mW cm?
NPs
. AM 1.5G,
a-Fe,0;/NiOOH 0.625 0.62 1 M NaOH 10
100 MW cm-?
AM 1.5 and
a-
2.1(1.53V) 0.95 UV filter, 100 0.1 M KOH 11
Fe,03/Co(l1)/Co50,
mW cm?
KG3 filter,
a-Fe,0;@I1r0, NPs ~3.1 0.8 1 M NaOH 12
100 mW cm?
a-Fe,04
) AM1.5G,
Nanowires@Co 0.54 0.77 1 M NaOH 13
100 mW cm-?
catalyst
SiO,/a-Fe,0;@C KG3 filter,
10y/0-Fe,05@Co 2.7 ~0.8 et 1 M NaOH 14
catalyst 100 mW cm?
) AM 1.5G,
Fe,05-TiO, 2.0 0.8 0.098% 1 M NaOH 15
100 MW cm?
. AM 1.5 G,
Fe-Pi/Fe,0; ~0.8 0.8 1 M NaOH 16
100 mW cm?
) AM 1.5 G,
Sn-Fe,03/CoPi 0.60 0.65 1M KOH 17
100 mW cm?
. AM 1.5G,
a-Fe,0;/NiCeOx ~0.62 ~0.6 1 M NaOH 18
100 MW cm*?
3D NSP@a- AM 1.5G,
X 3.05 ~0.7 1 M NaOH 19
Fe,0;@CoPi 100 mW cm??
Anodized Fe
AM 1.5G,
foams@Co 3.25 ~0.63 1 M NaOH 20
100 mW cm?
catalyst
CoPi/TiO,- AM 1.5 G,
- ~1.4 ~0.68 1 M NaOH 21
modified a-Fe,0; 100 mW cm??
AM 1.5 G,
C/Co304-Fe,0; 1.48 0.79 0.2% 1 M NaOH 22
100 mW cm?
AM 1.5G,
FeOOH/Fe,0; 1.21 0.65 1 M NaOH 23
100 mW cm?
WN-a- AM 1.5G, .
3.48 ~0.62 0.55% 1 M KOH This work

Fe,0;@Co50, 100 mW cm??
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Figure S10. Linear sweep voltammograms collected from WN-a-Fe,O3 before and after

annealing in Ar and from WN-a-Fe,O;@Co03;0,4 annealed in air and in Ar in 1 M KOH
aqueous solution under light illumination.
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Figure S11. Linear sweep voltammograms collected from WN-0-Fe,O3;@Co0304 in 1 M
KOH aqueous solution under chopped light illumination.
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Figure S12. Photocurrent retention versus time curves of pristine WN-a-Fe,O; and WN-
a-Fe;03@Co3;0,4 under light illumination at 1 V vs. RHE.
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Figure S13. Linear sweep voltammograms collected from WN-a-Fe,O3;@Co;04
synthesized with different reactant concentrations in 1 M KOH aqueous solution under
light illumination.
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