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Figure S2. XRD patterns for FeV@films deposited on quartz substrates. Both the unannealed

and annealed films show pure phase of triclinic FeVibe broad hump at 2 theta value of

around 20is the signature of the undigng quartz substrate.

Figure S3.SEM image of the adeposited FeV&film.



"Ny
) !."A\

—————— .ozoﬂm

Figure $4. CrosssectionSEM images of annealed samples sprayed wig) 50 mL and(b)

100 mL precursor.
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Figure S5. Absorption spectra ainnealed FeV©with various thicknesses
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Figure S6.UV-Vis absorption spectra of Fe\M@ms deposited on quartz and FTO substrates.
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Figure S7. Photograph of annealéaVQ, films with various thicknesses
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Figure SB8. Enlarged partial-¥ curve ofthe 400 nmthick annealed FeV{showing the onset

potentialat ~0.68 V vsRHE.
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Figure S9. Mott-Schottky plot ofundopedand 2% Mo dopedreVQ, films (200 nmthick)

measured at 1200 Hz in 0.1 M KPi.
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Figure S10. Ultraviolet photoelectron spectroscopyRY spectreof undoped-eVQ, using He
| source. The work function J of FeVQ, is calculated by = h § W, whereWis the width of

emitted electrons subtracted from the spectrum (16.1aa¥h ds the energy of He | source

(21.2 eV)
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Figure S11. X-ray diffractogram®f undopedand Modoped FeV@films.
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Figure S12. XRD peak positions as a function of Mo dopant indicating the peak shift after Mo
doping. The selected three peals1 2), (2 0 1), and@ 1 1),are characteristic peakstime

FeVQy XRD pattern.

Figure S13. SEM image of 2% Mo doped Fe\®@Im.
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Figure S14. Absorption spectra aindopedand Mo doped-eVQ: films. All samples are 200

nm thick.
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Figure S15. XPS survey spectra ohdopedand 2% Mo doped filmshe adventitious carbon

on the surface is estimated to be ~18% from the C1s peak.
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Figure S16. Charge injection and separation efficiencyuoflopedand2% Mo doped 200 nm

sample.
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Figure S17. TRMC signals recorded for 2% and 4% Mo doped samples under different photon
intensities. The curves are overlappethétter show that there is no dependence on the decay

profile.



Table SL. Comparison of photocurrent on FeMased photoanodes.

Fabrication Photocurrent at
No. Systan 1.23V vs. RHE Electrolyte Reference
method A
(mA cm)
Dro 0.5 M NaOH, pH
1 FevQ, .p <0.08 P [1]
casting unknown
Fevay Layerby- 0.05
2 layer 0.1 M KPi, pH=7 [2]
coating
W:FeVQy 0.1
Dro 0.1 M SQ7,
3 Feva, P ~0.025 Q 3]
casting pH=7
FevQ, Drop <=0.1 0.2 M N&SQ +
4 . 0.1 M Pi buffer, [4]
casting N
Fe*FeVQ 0.25 pH=7
FevQO, Spra 0.04
5 P y 0.1 M KPi, pH=7| Thiswork
Mo:FevQ, | Pyrolysis 0.05
Table 2. Comparison of carrier properties of other metal oxides.
M obility Carrier Diffusion length
Material Reference
(cm?v-is?) lifetime (nm)
Fe:0Os ~0.01 3 ps 2-4 [5]
BiVO4 ~0.04 40 ns 70-100 [6, 7]
FeVO, ~4.6x10° ~29 ns ~2 This work
2%Mo:FeVO, | ~1.5x10* ~136ns ~7 This work




Supplementary note 1:Calculation of charge separatiorinjection efficiency
The charge separation efficiencygs¢) and charge injection efficiencyd{) can be
calculated withlthefollowing equationsasreported beforgs, 9]
ds ¢ INas@Mabs (SD
4 59, /Nnese (S?
Ja b §s the photocurrent converted from photon absorption fEéle S3), J , is the
photocurrent for water oxidation andy 5s g is the photocurrent measured in electrolyte with

hole scavenger &SQ;. Upon the addition of N&G;, d, r]ijs assumed to be unity (without

surface efficiency loss).

Table S3. Calculatechbsorbed photocurrent density,§for samples with different thickness
The calculation was done by integrating the product of the absorption dfigese S5,

AML1.5 spectrum and elementary charge.

Film thickness (nm) 25 50 100 200 400 | 600 | 800

Jabs
2.29 | 3.87 | 5.17 5.78 7.72 | 871 |9.27

(mA cm)




Supplementary note 2:Mott-schottky measurements

Donor density can be determined by Msthottky measurementsor MottSchottky
analysis to be validhe assumption is thahanges in applied potential only result in changes
of the capacitance ofhe space charge layer. Therefore, the following two criteria should be
satisfied at the measurement frequency; in the Bode plot the real part of impedance is
independent of frequepcand the imaginary part has a slopelofor close to-1) in a loglog
scaleas a function ofrequency. Thaindopedand doped sampless shown inFigure S18
generally fulfill the two requirement$he donor density can be calculated from the linedr par

of theMott-Schottkyplot (Figure S9 using the following equation,

1

C2

kT

Vap¥res (S3)

-_ 2
eNp (3UAZ

whereeis the charge of electroN is the donor density) is thepermittivity in vacuumUis

therelative permittivity ofFeVQ, (takel) = 10 at 300 K10]), Asis the measured surface area,

Vappis the applied potentiaV/rs is the flatband potentialk is the Boltzmann constant afds

the temperature.

ey e — T 10* T e
1 .:-.'. (a) 200 nm FeVO, -_'.... 2%Mo 200 nm FeVO, | 10°
10"+ '.. 'l._ 1V vs. Ag/AgCl E10° .- .'-. 1V vs. AgiAgCl 3
] L] 'I- L] L
—_ I. l-. —_— ™ '.- F )
L L] L] F C = L] " F10° —~
S ", "-._ 500 - 1500 Hz | 10° =~ C.10°+ " e E
£, . ", siope=-081f Ry - . s, 400-1600Hz f =
N 10° 4 . b E N " ", slope =-0.89] 442 &y
] ..l ',.".'. I "a ' E E
...I E | 3 10? '.l. T--'-’l :
IIITIIII'FI:::=I..§ , .'lll..n;lnnq:l:=|ll|: A o'
T T 10° “——rr——rrr—r—
10° 10’ 10° 10° 10* 0° 10’ 10° 10° 10°

Frequency (Hz)

Frequency (Hz)

Figure S18. Bode plots of(a) undopedand(b) 2% Mo doped samples measured at 1 V vs.
Ag/AgCI (1.6 V vs. RHE). The frequency range marked with red dash lines satisfies the criteria

for a reliable MottSchottky measurement.



Supplementary note 3: Fabrication ofFe«BixVO4 films

All samples are fabricateginga modified recipe of FeV&by spray pyrolysis under same
conditions, except the Bi/Fe composition in the precursor. The precursor solution was prepared
by dissolvingc mM Fe(GH-05)s (99.9%,Sigma Aldric) and 4c mM Bi(NOs)s 5H.O (98%,
Alfa Aesa) in acetic acid 8%, Sigma Aldrich) and absolute ethanoBigma Aldrich
(volumetric ratiol:9. The value ot in this study ranges from O to Bhe hot plate temperature
wassetat450 °C andbther spray conditionserekept same as that of Fe\V@inally, dl the

samplesvereannealed irmmuffle furnace at 450 °@ air for 2 h.
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Figure S19. X-ray diffractogram®f films with different ratio of Fe/Bi



Figure S2Q UV-vis spectra of FeBixVOsfims ()0 . 8 OMmX .3 10, (§)0 OO0 x 8 O

0.5.



