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Figure S1 UV-Vis spectra of BiVO,, BiVO4/FeOy, BiVO4/NiOyx and BiVO,/CeOy.
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(mA cm?)

1 BiVO, 1.5 0.7 48

2 BiVO,/CeO, 2.2 0.6 27

3 BiVO,/FeO, 1.9 1.3 67

4 BiVO,/NiO, 1.9 1.5 79

Table S1 Summary of photocurrent densities of BiVO4, BiVO4/CeOy, BiVO4/FeOx and BiVO4/NiOy
photoanodes at 1.23 V in 0.1 M NaOH solutions with or without H,0, under AM 1.5G simulated
sunlight at 100 mW cm. Data was taken from Fig. 1a and b in the main text.
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Figure S2 a Cyclic voltammograms of BiVO4/CoOx photoanodes in dark under front and back
illuminations (AM 1.5G simulated sunlight at 100 mW cm2); b Potential-time profile of depositing
CoOy on BiVO,4 with PED under AM 1.5G simulated sunlight at 100 mW c¢cm2; ¢ UV-Vis spectra of
BiVO4 and BiVO4/CoOx.
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Figure S3 Schematic illustration of individual role of the metal oxide overlayers.
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Figure S4 Current-potential curves of BiVO4/NigsFeo 20y, BiVO4/NiOx and BiVO4/FeOy photoanodes
under AM 1.5G simulated sunlight at 100 mW cm2in 0.1 M NaOH aqueous solution (pH = 13).
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Figure S5 a Current-potential curves of BiVO4/FeOy, BiVO4/CeOx and BiVOs/FeosCesOx
photoanodes in dark (dashed lines) and under AM 1.5G simulated sunlight at 100 mW cm2in 0.1
M NaOH + H»0; aqueous solution (pH = 13); b Potential-time profiles of depositing FeOx and
FeosCepsOx on BiVO4 with PED under AM 1.5G simulated sunlight at 100 mW cm; ¢ Overlay
images of the sample topography and the corresponding adhesion maps for BiVO4/Feg sCeo sOx.
FeosCeos0x was deposited with mixing 0.05 M iron nitrate (Ill) nonahydrate and 0.05 M cerium
nitrate (Ill) hexahydrate into in total 0.1 M metal nitrate solution as plating solution.
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Figure S6 XPS spectra of a Co2p, b Fe 2p, ¢ Ce 3d and d O 1s for BiVO,4/Coo 4Feo.1Ceo 50x.



Figure S7 a STEM image of BiVO4/Coo 4Feo1Ceo sOx; b Overlap of multiple EDS elemental mapping
of Co, Fe, Ce, V, Bi for BiVO4/Coo 4Feo 1Ceo sOy; individual mapping of ¢ Bi, d V, e Co, f Fe, g Ce for
BiVOa4/Coo.4Feo.1Ceo 50x.
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Figure S8 OCP profile BiVO4/FeosCeosOx and BiVO, photoanodes under chopped AM 1.5G
simulated sunlight at 100 mW cm2in 0.1 M NaOH aqueous solution (pH = 13).
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Figure S9 OCP profile BiVO4/Coo4Feo1CeosOx photoanodes under chopped AM 1.5G simulated
sunlight at 100 mW cm in 0.1 M NaOH aqueous solution (pH = 13).
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Figure S10 Transient photocurrent responses measured from a BiVO,, BiVO4/FeOy, BiVO4/CeOy and
BiVO4/Coo.4Fep.1Cens0x in 0.1 M NaOH aqueous solution (pH = 13) at 0.56-1.36 V RHE.
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Figure S11 a Transient photocurrent responses measured from a BiVO4/Feg5CeosOx in 0.1 M NaOH
aqueous solution (pH = 13) at 0.56-1.36 V RHE; b Accumulated charge versus potential curves

obtained from transient photocurrent data of BiVOa4/Feg sCeo 50y, BiVO4/FeOxis used as comparison.
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Figure S12 Cyclic voltammograms of BiVOs, BiV0O4/Co0s5CeosOx, BiVOs/FepsCeosOx and
BiVO4/Coo.4Feo.1Ceos0x electrodes in dark in 0.1 M NaOH aqueous solution (pH = 13) with three
cycles, scan rate: 500 mV/s. Coo.sCeosOx was deposited with mixing 0.05 M cobalt (Il) nitrate

hexahydrate and 0.05 M cerium nitrate (Ill) hexahydrate into in total 0.1 M metal nitrate solution
as plating solution.
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Figure S13 Schematic illustration of integrated BiVO./Coo.4Feo.1Ceo50x/NiosFeo20x photoanode.
NipsFeo20x catalyst was deposited atop to utilize surface-reaching holes that were collected by



Coo.4Feo.1Ceos0x overlayer from BiVO, light absorber for water oxidation. Ec and E, represent
conduction band and valence band position of BiVO,, respectively. Er represents Fermi level of
BiVO4 in dark, while ,Er and nEr are referred to quasi-Fermi levels for holes and electrons
respectively under illumination.
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Figure S14 Current-potential curves of BiVOy,, BiVO4/Cop.4Feq.1Ceq 50y, and
BiVO4/Coo.4Fep.1Cen50x/Nip sFeo 2,0« photoanodes in dark (dotted lines) under AM 1.5G simulated
sunlight at 100 mW cm photoanodes in a 0.1 M KPi aqueous solution (pH = 7) and b 0.1 M NaBi
aqueous  solution (pH = 9), comparing to current-potential curves of
BiVO4/Coo.4Fep.1Cen50x/NipsFeo20x and BiVO4/Cop4Feo1CepsOx photoanodes (dashed lines) in a
0.1 M KPi + H,0; aqueous solution (pH = 7) and b 0.1 M NaBi + H,0, aqueous solution (pH =9).
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Figure S15 Topographic and current maps collected for BiVO4/NigsFeo,0x (a, b, c),
BiVO4/Coo.4Fep.1Cens0x (d, €, f) and BiVO4/Coo.4Feq.1Ceo s0x/NiosFeo 20« (g, h, i).

Figure S16 The overlay of topography & adhesion images of a BiVO4/NipgFep,0x and b
BiVOa4/Cog.4Feo.1Ceo.50x/Nig sFeo 2Ox.



