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Fig. S1 Comparison of SEM images of the BiVO, thin film at different annealing temperatures of (a) 450, (b) 500, (c) 550, and
(d) 580 °C in the sol-gel process. As the temperature increases, the crystallinity and grain size of the surface increase, and the
grain boundary that act as surface defects tends to decrease. Consequently, the mobility of charge carriers increases, and

the recombination of charge decreases.
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Fig. S2 Evaluations of the BiVO, thin film at different annealing temperatures (450, 500, 550, and 580 °C). (a) Ultraviolet—
visible absorption spectra of BiVO, and FTO substrates with an integrating sphere from 300 to 800 nm. (b) Linear-sweep
voltammetry of BiVO,4 photoanodes in 1.0 M PB electrolyte with 0.1M Na,SOj3 as hole scavenger under AM 1.5 G illumination
(100 mW cm-2) with a scan rate of 10 mV s
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Fig. S3 TEM images of pristine BiVO, formed through the optimal sol-gel process with an accelerating voltage of 200 KeV. (a)
Cross-sectional image of BiVO, in the form of thin film over 100 nm on the FTO Substrate. (b) High-resolution (HR)TEM image
of the BiVO,. (c) STEM-EDS elemental mappings of Bi, V, O, and Sn in the BiVO, thin film.
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Fig. S4 Fitted XPS spectra of V2p and Bi4f of pristine BiVO, and BiVO, after J-t stress for 100 min in the PB electrolyte. (a) is
V2p of pristine BiVO,, (b) is V2p of BiVO, after J-t stress, (c) is Bi4f of pristine BiVO,, and (d) is Bi4f of BiVO, after J-t stress. In
(a), the red area means V°* and the blue area means V** fitting area. In (b), which was measured in PEC(,q), photo-corrosion
occurred because of the long measurement time, and therefore, V2p could not be confirmed in XPS spectra. In (c), the yellow
area means Bi3* and the orange area means Bi® (metallic) fitting area in XPS spectra.
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Fig. S5 Ultraviolet-visible absorption spectra of pristine BiVO, and BiVO, after J-t stress at 1.23 Vgye for 50 and 100 min. The
spectra after stress are affected by the bulk as well as the surface properties through photo-corrosion by external applied
bias and illumination, and thus, show differences in optical properties.
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Fig. S6 Optical images of BiVO, before (black) and after J-t stress (CA: chronoamperometry) at 1.23 Vgye for 50 and 100 min.
As J-t was measured, photo-corrosion occurred on the film surface exposed to light (0.8 X 0.8 cm?) (orange) and partial
peeling occurred intensively in the region where photo-corrosion has progressed (red), according to the photo-corrosion
process in Figure 1le. BiVO, partially peeled by photo-corrosion loses its photo-absorber function.
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Fig. S7 (a) Fitted XPS spectra of V2p BiVO, after J-t stress in SRE,q). The ratio of V>* and V** is shown in the inset table. (b)
ICP-OES data showing the ion concentration of Bi and V in pristine BiVO, and BiVO, after J-t stress in SRE,q).
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Fig. S8 CA of BiVO, measured for 5000 s in PEC electrolyte saturated with V°>* (green) and re-measured in normal PEC
electrolyte (red) under AM 1.5 G illumination (100 mW c¢cm-2) with a scan rate of 10 mV s,
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Fig. S9 (a) LSV of BiVO, in electrolyte saturated with V** (red line) and (b) LSV plot of BiVO, in electrolyte saturated with V>*
(green line) under AM 1.5 G illumination (100 mW c¢cm-2) with a scan rate of 10 mV s, The electrolyte saturated with V** is
prepared by adding 0.1M VOSO, directly to the PB electrolyte.
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Fig. $10 SEM images of the surface-morphology change of BiVO, depending on SPO process time: (a) before SPO, and after

(b) 500, (c) 1000, and (d) 5000 s.
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Fig. S11 Fitted XPS spectra of V2p;), of pristine BiVO, and BiVO, after J-t stress for 5000 s in different electrolytes: (a) pristine;
(b) in PEC(sq); (€) in V3*5q); (d) in SRE(5q); () in V3*SRE(4q). The red and blue areas are V>* and V#* fitting areas, respectively.
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Fig. S12 HR-TEM images of the BiVO,/VO,/CoFeO, photoanode obtained at an accelerating voltage of 200 keV. (a) Cross-sectional
image of the photoanode on the FTO Substrate. (b), (c), and (d) Enlarged HRTEM images of the photoanode.
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Fig. S13 EDX line profiling of BiVO,/VO,/CoFeO, photoanode.
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Fig. S14 SEM images of the surface morphology change of BiVO, after J-t stress in different electrolytes for 5000 s. (a) in
PEC(aq), (b) in V5+(aq), (C) in SRE(aq), and (d) isin V5+SRE(aq).
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Fig. S15 (a) Equivalent circuit for BiVO, (top) and BiVO,/VO, (bottom) photoanodes. (b) Bode phase plot of the photoanodes.
(c) Bode plots of phase and magnitude of Z against frequency in the dark and illuminated states.
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Fig. $16 (a) Cyclic voltammetry of BiVO, from 0 to 2.0 Vgye. (b) Consecutive-linear-sweep voltammetry (30 cycles) plot of

BiVO, at from 1.7 to 2.0 Vgye in the CoFeO, deposition solution under AM 1.5 G illumination (100 mW cm2) with a scan rate
of 10 mV s,
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Fig. S17 LSV of photoanodes from 0 to 2.0 Vg in the PB electrolyte in a dark state with a scan rate of 10 mV s%: (a) pristine
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Table S1 Comparison of V# and V** fitting-area ratios and binding energies at V2p;/, peak of X-ray photoelectron spectra of
pristine BiVO,4 and BiVO, after J-t stress in different electrolytes.

BiVO4: BiVO4:
Pristine BiVO, BiVO,:V>* BiVO,:SRE
PEC(oq) [V5*SRE]
V4+/V5* area ratio
0.14 Corrosion 0.12 0.77 7.63
(Center peak
(516.60) (516.35) (516.36) (516.15) (515.81)

position, eV)




Table S2 Comparison of X-ray photoelectron peak intensities of Bi4f, V2p, and O1s in pristine BiVO, and BiVO, after J-t stress
in different electrolytes. In the PEC(,q) condition, the calculated V2p value is remarkably low, because of V>* dissolution by
photo-corrosion.

BiVO,:
Pristine BiVO,  BiVO,:PEC.,) BiVO,:V5* BiVO,:SRE
[V5*SRE]
Bidf 15.51 20.41 14.42 16.48 12.92
V2p 11.57 0.59 8.25 10.73 13.24

Ois 72.92 79.00 77.33 72.79 73.84




Table S3 Comparison of EDX composition results in the bulk regions of pristine BiVO, and BiVO, after J-t stress in different
electrolytes. The decrease of Bi4f and increase of V2p through surface photoelectrochemical oxidation resulted in a 1:1 ratio

of Bi and V, indicating modification of unstable BiVO,.

BiVO,:
Pristine BiVO,  BiVO,:PEC; BiVO,:V5* BiVO,:SRE
[V5*SRE]
Bidf 5.41 5.57 5.48 5.42 5.50
V2p 4.02 3.46 4.14 4.62 5.89
01s 70.37 70.70 70.05 69.73 68.51
Sn 20.20 20.27 20.33 20.23 20.10




Table S4 Performance comparison. Comparison of photoelectrochemical performances of photoanodes composed of
protection layers and oxygen-evolution catalysts based on pristine BiVO,. Jo»! is the photocurrent density (mA cm?) of a
single layer of pristine BiVO, at 1.23 Vgue; Jon? is the photocurrent density (mA cm) of BiVO, having oxygen evolution
catalysts, Vonset (Vrue) denotes the onset potential.

Structure Method Jon? Jon? Stability Vonset  ABPE (%) Electrolyte Ref.
. 100 h This
) ’ ’ 1.23V ’ ) worl
BivVO,/VO,/CoFeO, Sol-gel/SPO/PED 13 6.2 ™M (1.23 V) 0.25 2.40 ™M PB K
Mo:BivVO,/Co-Ci Sol-gel/PED 1.2 4.7 (110hv) 0.30 - Bicarbonate [1]
. . 500 h .
N,:BivO,/FeOOH/NiOOH ED/ED 1.4 4.8 (0.6 V) 0.22 220 KPi [2]
Mo:BiVO,/Co-Pi Dip coating/PED 1.9 4.6 - 0.48 1.09 KPi [3]
[001] BiVO,/Co-Pi Laser ablation/ED 3.9 ™M 6.1 1 (066hv) 0.15 - KPi [4]
. . 8h Potassium
Mo:BiVO,/NiOOH/FeOOH MOD/PED 2.0 5.0 (1.15V) 0.20 2.08 chloride [5]
. ED/Hydrothermal 20 h
BiVO,/Co(Co;),0H, method 1.9 5.1 (0.6 V) 0.20 1.87 PB [6]
BiVO,/NiFeO, ED/PED 2.9 5.0 10h 0.23 2.25 PB 7]
(0.6 V)
BiVO,/NiFeOOH/Co-Ci Dip coating/PED 1.0 4.1 1 i:V) 0.30 0.95 Na,SO, [8]
Mo:BivVO,/RhO, Drop casting/MOD 2.1 2.7 (11223hv) 0.25 - Sea water [9]
BiIVOL/ALO, Drop casting/ALD 0.5 1.0 ; 0.30 ; Phosphate |, o\
buffer
. Hydrothermal 7.5h Sodium
BIVO/AI,05 method/ED 0.4 0.5 (1.23V) 038 ) phosphate (11]
BivO,/PdO ED/ED 1.8 49 1 (S%:) 0.20 1.72 PB [12]
. . 1h Sodium
BiVO,/NiO, Sol-gel/ED 0.3 1.6 (123V) 0.31 - borate [13]
. ] 40t cycles )
BiVO,/TiO, ED/ALD 0.6 1.1 LSV 0.41 - KPi [14]
. - 6h
BiVO,/R:TiO, ED/ALD 0.8 2.1 0.9V) 0.20 - PB [15]
. . Hydrothermal 2h .
BiVO,/BiFeO; method/Sol-gel 0.2 0.6 (0.6 V) 0.40 - KPi [16]
. ] 3h
BiVO,/A:TiO, ED/ALD 1.3 3.0 (1.23V) 0.53 - Na,SO, [17]
R ED/Hydrothermal Sh Borate
C:Biv0,/CQDs method 1.4 4.8 (0.6V) 0.25 1.61 buffer [18]
N - . 16h HsPO,
Mo:BiVO,/Nb:TiO,/FeNiO, MOD/ALD/ED 1.5 5.6 (1.23V) 0.51 + NaoH [19]
1h Potassium
. - . ) )
BiVO,/ZnFe20,/Co ED/PED/Dip coating 1.0 3.0 (1.23V) 0.40 hydroxide [20]
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