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Figure S1. Low magnification FESEM images of (a) BiVO,, (b) TiWP-BiVO,, and (c)
MoCoO,/TiWP-BiVO, samples. (d) Cross-sectional FESEM of the optimal MoCoO,/TiWP-
BiVO, photoanode.
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Figure S2. Magnified XRD patterns of the samples showing (121) crystallographic plane.

Figure S3. Low magnification TEM image of (a) MoCoO,/TiWP-BiVO, sample. HRTEM
images of (b) BiVO, and (¢) TIWP-BiVO, photoanodes.
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Figure S4. XPS spectrum of (a) Mo 3d and (b) Co 2p for MoCoO,/TiWP-BiVO, sample.
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Figure S5. (a) UV-vis absorption spectra, (b) Kubelka-Munk plots, and (c) ALHE% plots for

the samples.

Table S1: Information regarding synthesis of the best PEC performing (optimal) Ti, W, and
P-doped BiVO, photoanodes:

Sample Name | Basic solution | Amount of | Amount of | Amount of | Photocurrent
used TiCl; solution | Sodium triethyl density @1.23
added tungstate phosphate VRHE
dehydrate added
added (mA/cm?)
Pure BiVO, 0.2 M - - - 1.05
VO(acac),
solution in 20
mL of DMSO
Ti (5pL) -10.2 M 5uL - - 3
BiVO, VO(acac),
solution in 20
mL of DMSO
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Ti (10pL) -10.2 M 10 pL. - - 3.3
BivVO, VO(acac),

solution in 20
(Ti-BivVO,) mL of DMSO
Ti (15uL)- | 0.2 M 15 ul - - 2.8
BiVO, VO(acac),

solution in 20

mL of DMSO
W (5.2 mM)- | 0.2 M - 5.2 mM - 1.7
BiVO, VO(acac),

solution in 20

mL of DMSO
W (7.2mM)- | 0.2 M - 7.2 mM - 1.8
BivO, VO(acac),

solution in 20
(W-BivVO,) mL of DMSO
W(9.2mM)- 0.2 M - 9.2 mM - 1.6
BiVO, VO(acac),

solution in 20

mL of DMSO
P(5uL)-BiVO, | 0.2 M - -- SuL 2.8

VO(acac),

solution in 20

mL of DMSO
P (10uL)- | 0.2 M - - 10 uL 3
BivVO, VO(acac),

solution in 20
(P-BivVO,) mL of DMSO
P (15uL)- | 0.2 M - -- 15 uL 2.9
BiVO, VO(acac),

solution in 20

mL of DMSO
TiP (5 puL) -]0.2 M 10 uL -- S5ulL 3.6
BivVO, VO(acac),

solution in 20

mL of DMSO
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TiP (10 pL) - | 0.2 M 10 uL - 10 uL 3.7
BivVO, VO(acac),

solution in 20
(TiP-BivVO,) mL of DMSO
TiP (15 puL) -] 0.2 M 10 uL -- 15 puL. 3.5
BiVO, VO(acac),

solution in 20

mL of DMSO
TiW(5.2 mM)- | 0.2 M 10 uL. 5.2 mM - 3.7
BiVO, VO(acac),

solution in 20

mL of DMSO
TiW (7.5 0.2 M 10 uL 7.5 mM - 3.9
mM)-BivVO, VO(acac),

solution in 20
(TiW- BiVO,) | mL of DMSO
TiW (9.2 102 M 10 uL 9.2 mM - 3.6
mM)-BiVO, VO(acac),

solution in 20

mL of DMSO
TiWP (5 pL)- | 0.2 M 10 uL 7.5 mM 5uL 421
BiVO, VO(acac),

solution in 20

mL of DMSO
TiWP (10 | 0.2 M 10 uL 7.5 mM 10 uL 4.37
uL)- BiVO, VO(acac),

solution in 20
(TiWP- mL of DMSO
BivVO,)
TiWP (1502 M 10 pL 7.5 mM 15 uL 4.02
uL)- BiVO, VO(acac),

solution in 20

mL of DMSO
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Figure S6. LSV profiles of the different elements (W, Ti, and P) doped optimized BiVO,
samples, which exhibited the best PEC performance.
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Figure S7. Charge-separation efficiency vs. voltage plots for the as-prepared photoanodes.
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Figure S8. Mott—Schottky plots of the photoanodes at a low potential window.
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Figure S9. Frequency—dependent Mott—Schottky plots of the photoanodes.

The MS plots recorded over a range of frequencies (1, 3, and 5 kHz) reveal pronounced
frequency dispersion in pristine BiVOy relative to MoCoO,/TiWP-BiVO,. For the pristine
BiVO, photoanode, pronounced frequency dispersion in both the slope and the flat-band
potential is observed, indicating substantial surface-state capacitance and Fermi-level
pinning. In contrast, the MoCoOs-modified TiWP-BiVO, electrode exhibits significantly
reduced frequency dependence, demonstrating effective suppression of surface states. It is
evident that MoCoO, modification de-pins the Fermi level and improves the band bending.
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Figure S10. EIS spectra obtained at 1.23 Vyyg in the dark and under illumination.
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Figure S11. Time-resolved photoluminescence decay curves of the photoanodes.
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Table S2. Fitted parameters of PEIS Nyquist plots (recorded at V= 1.23 Vgyg) for the

photoanodes.
Photoanode R, (QY) R (Q))
BiVO, 12.27 1027.4
TiWP-BiVO, 10.87 96.51
MoCoO,/TiWP-BiVO, 9.64 64.42

Table S3. R (Q2) values of the TiWP-BiVO,; and MoCoO,/TiWP-BiVO, photoanode

recorded at different applied potentials.

VRHE (V) Rct (Q)
TiWP-BiVO, MoCoOx/TiWP-BiVO,
1.23 96.51 64.42
0.9 112.10 79.21
0.6 129.62 91.34
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Figure S12. The PV-PEC tandem cell setup with MoCoO,/TiWP-BiVO, photoanode and Si
solar cell: (a) schematic diagram, photograph of the cell setup under dark (b) and light

illumination (c) conditions.
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Figure S13. J-V curve of the commercial Si solar cell under AM 1.5 G radiation.

Figure S14. Photographs of the as-prepared BiVO,, TiWP-BiVO,4, and MoCoO,/TiWP-
BiVO, photoanodes (left to right) after PEC studies.

Table S4. Comparison of the performance of different doped BiVO, photoanodes coupled
with Co-based OECs.

Photoanode Photocurrent Onset Light source ABPE(%) | STH(%)
density (mA potential
cm™) at 1.23 (Vrug)
Vrue (pH value)
MoCoO,/TiWP- 4.75 (pH 7) 04 AM 1.5 G, 100 mW. 1.2 6.4%
BiVQ,[This workl cm 2 visible light
(400-950 nm)
Co-Pi/N-BiVO,! 3.7(pH 7) 0.4 AM 1.5G, 100 mW cm™ 1.16 0.14%
FeCo0,/BiVO,4? 4.85 (pH 9.5) 0.4 AM 1.5G, 100 mW cm— 1.16 --
CoBi/Electrochemic 3.2 (pH9.5) 0.35 AM 1.5G, 100 mW cm2 1.1 -
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al- BiVO,?

CoPi/Gradient 3.6 (pH 7.3) - AM 1.5G, 100 mW cm™ - 4.9%
W:BiVO4*

Co0;04/BiVO,> 2.71 (pH 7) 0.5 AM 1.5G, 100 mW cm? - --
Co-Pi/[001] BiVO,* 6.1 (pH7) 0.3 AM 1.5G, 100 mW cm? - --
CoPi/NiMoO4/BiV 5.3 (pH 6.4) 0.33 AM 1.5G, 100 mW cm™ 1.18 --

o,’
FeNi(OH)x/CoPy/Bi 4.75 (--) - AM 1.5G, 100 mW cm™ 1 --
VO
CoPi/V 304/ S(pH7) 0.37 AM 1.5G, 100 mW cm™ 1.55 --
BiVO,’”
NiCo-LDH/BiVO,!° 3.4 (pH 7.3) 0.24 AM 1.5G, 100 mW cm— 0.66 --

CoF,/BivVO, ! 5.1 (pH7) 0.3 AM 1.5G, 100 mW cm2 0.66 --

CoOOH/BiVQ,'? 4 (pH 7) 0.25 AM 1.5G, 100 mW cm™ - -
CoLa-LDH/ BiVO," 2.7 (pH 7) 0.19 AM 1.5G, 100 mW cm™ 0.4 --

CoFe-H/BiVO,' 2.48 (pH 7) 0.23 AM 1.5G, 100 mW cm - -

NiO/CoOx/BiVO4 13 35(pH7) 0.3 AM 1.5G, 100 mW cm2 -- -

CoAl-LDH/Mo: 5.8 (pH 9.5) 0.26 AM 1.5G, 100 mW cm™ 1.87 --
BiVO, '

CoSn-LDH/GQDs/ 4,15 (pH 11) 0.42 AM 1.5G, 100 mW cm™ 1.26 --
BiVO,"”

CoMoO,/BiVO,'® 3 (pH 6.8) 0.4 AM 1.5G, 100 mW cm™ -- -
N-CoFeOx/BiVO," 4.83 (pH 9.7) 0.36 AM 1.5G, 100 mW cm™ -- --
CoPi/WTi-BiVO,4?° 24 (pH7) 0.32 AM 1.5G, 100 mW cm™? -- --

Supporting information S10




(b) (c)
4f 4.fWZ
£ £ v 7
> : Bi 4f
£ =
s 8
z 5
E ‘LJ |
2 £
E £
10 15 20 25 30 35 40 45 50 55 170 165 160 155 150
20 (degree) Binding energy (eV)
(d)
O1s e Tizp ()
( ) zpvz 4{m
= O1sandV2p _ < 4,
g £ E
5 = 2 W 4f
s g s
= 8 =
b= § 2Py, =
E
: : : : . : : . 40 38 36 34 32
535 530 525 520 515 510 475 470 465 460 455 450 Blksding srisrgy (V)
Binding energy (e\/) Binding energy (eV)
P2 (h) N (i)
(g) P i o —
= s2 =
g 5 €
=v o 3d3ﬂ .D
§ 5 5
5 5 -
g £ £ }
= - satellite satellite
T T T 240 235 230 225 810 800 790 780 770
140 135 130 125 s Binding ong oV
Binding energy (eV) Binding energy (eV) g energy (eV)
(i) (k)
g =
£ -
= g
o g
& =
£
5 §
w
o)
<
- 7238V
15 2.0

300 400 500 600 700 800 o 2.5

25
Energy (eV
Wavelength (nm) o (V)

Figure S15. Characterization of the MoCoO,/TiWP-BiVO, photoanode after 6 h of operation
in the PV-PEC tandem device configuration: (a) FESEM image, (b) XRD pattern, XPS
spectra of (c) Bi 4f, (d) V 2p and O 1s, (e) Ti 2p, (f) W 4f, (g) P 2p, (h) Mo 3d, and (i) Co 2p.
The (j) UV-vis absorption spectrum and the (k) Kubelka-Munk plot.
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