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Figure S1. Schematic illustration of the synthesis procedure for the BiVO4/4PADCB/NiFeCoOx photoanode.
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Figure S2. SEM image of BiVO4.
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Figure S3. SEM image of BiVO4/4PADCB.
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Figure S4. XPS spectra of BiVO4, BiVO4/4PADCB, BiVO4/4PADCB/NiFeCoOx. (a) Bi 4f, (b) V 2p, and (c) O 1s spectra of BiVO4, BiVO4/4PADCB, BiVO4/4PADCB/NiFeCoOx. (d) P 2p, (e) N 1s, and (f) C 1s spectra of BiVO4/4PADCB, BiVO4/4PADCB/NiFeCoOx. (g) Fe 2p, (h) Co 2p, and (i) Ni 2p spectra of BiVO4/4PADCB/NiFeCoOx.
The composition and elemental states of various photoanodes were characterized through X-ray photoelectron spectroscopy (XPS). Compared with pristine BiVO4, the Bi 4f and V 2p spectra of BiVO4/4PADCB and BiVO4/4PADCB/NiFeCoOx photoanodes exhibit slight positive binding energy shifts (Figures S4a, b). On the BiVO4/4PADCB/NiFeCoOx and BiVO4/4PADCB photoanodes, there is a noticeable shift in the P 2p orbital originating from 4PADCB, while no significant changes could be observed for the N1s and C1s (Figures S4d-f). These shifts in binding energies indicate strong interactions between 4PADCB and BiVO4, enabling excellent charge transport behavior at the contact interface. As shown in Figure S4c, the oxygen vacancy (Ov) content is significantly enhanced after 4PADCB and NiFeCoOx incorporation, indicating that the introduction of 4PADCB and NiFeCoOx cocatalysts effectively enhanced OER activity. Meanwhile, the constituent elements of the cocatalysts were revealed in the Ni 2p, Fe 2p, and Co 2p spectra, existing in multiple valence states (Figures S4g-i), confirming the presence of the NiFeCoOx cocatalyst. The results of SEM, TEM, XRD, Raman, and XPS demonstrate the successful modification of 4PADCB and NiFeCoOx onto BiVO4.
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Figure S5. Optimized structure of BiVO4/4PADCB in side for DFT calculations.
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Figure S6. Catalytic OER pathway of 4PADCB/NiFeCoOx.
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Figure S7. LSV curves of BiVO4/4PADCB photoanodes with the tunable amount of
4PADCB in 0.5M KBi electrolyte (pH = 9.3) under AM 1.5 G illumination (100 mW
cm-2).
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Figure S8. LSV curves of BiVO4/4PADCB and BiVO4/4PACZ photoanodes measured in 0.5 M potassium borate electrolyte (pH = 9.3) under AM 1.5G illumination (100 mW cm-2).
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Figure S9. Comparison of NiFeCoOx immersion for different times of LSV measured by 0.5 M KBi under AM 1.5 G simulated solar radiation.
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Figure S10. EIS Nyquist plots at 1.23 VRHE and of the BiVO4, BiVO4/4PADCB, BiVO4/NiFeCoOx and BiVO4/4PADCB/NiFeCoOx photoanode.
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Figure S11. (a) LSV curves of BiVO4, BiVO4/4PADCB and BiVO4/4PADCB/NiFeCoOx. photoanodes in 0.5 M KBi under dark and (b) Tafel slope curves.
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Figure S12. XRD patterns of BiVO4/4PADCB/NiFeCoOx before and after 15 h of stability test at 1.23 VRHE.
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Figure S13. SEM image of BiVO4/4PADCB/NiFeCoOx after 15 h of stability test at 1.23 VRHE.
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Figure S14. XPS spectra of BiVO4/4PADCB/NiFeCoOx. and BiVO4/4PADCB/NiFeCoOx-15h (a) Bi 4f, (b) V 2p, and (c) O1s, (d) P 2p, (e) N 1s, (f) C 1s. (g) Fe 2p, (h) Co 2p, and (i) Ni 2p spectra of BiVO4/4PADCB/NiFeCoOx. and BiVO4/4PADCB/NiFeCoOx-15h.
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Figure S15. LSV curves of BiVO4, BiVO4/4PADCB, BiVO4/NiFeCoOx, and BiVO4/4PADCB/NiFeCoOx photoanodes in 0.5 M KBi electrolyte (pH = 9.3) with 0.1 M Na2SO3 solution under AM 1.5G simulated sunlight (100 mW cm−2)
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Figure S16. (a) OCP decay profiles and (b) OCP values.
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Figure S17. Transient photocurrent density curves of BiVO4, BiVO4/4PADCB, BiVO4/NiFeCoOx, and BiVO4/4PADCB/NiFeCoOx at 1.23 V vs. RHE in 0.5 M KBi aqueous solution under sequential illumination condition with an interval of 30 s on/off switch.
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Figure S18. (a) Mott–Schottky plots at a frequency of 1 kHz, b) Nd of BiVO4, BiVO4/NiFeCoOx, and BiVO4/4PADCB/NiFeCoOx.
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Figure S19. Steady state photoluminescence (PL) spectra of BiVO4, BiVO4/4PADCB, and BiVO4/4PADCB/NiFeCoOx photoanodes.
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Figure S20. The UV-visible absorption spectra of BiVO4, BiVO4/4PADCB, and BiVO4/4PADCB/NiFeCoOx photoanodes.
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Figure S21. Water contact angle on (a) BiVO4, (b) BiVO4/4PADCB, and (c) BiVO4/4PADCB/NiFeCoOx.
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Figure S22. IMPS analysis of BiVO4, BiVO4/4PADCB, and BiVO4/4PADCB/NiFeCoOx under neutral water oxidation. IMPS responses of (a) BiVO4, (b) BiVO4/4PADCB, and (c) BiVO4/4PADCB/NiFeCoOx at various applied potentials. (d) Charge transfer rate constants (Ktrans), (e) charge recombination rate constants (Krec), (f) charge transfer efficiencies of corresponding photoanodes derived from IMPS data.

[image: ]
Figure S23. Tauc plot of BiVO4 photoanode.
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Figure S24. (a) UV-vis spectrum and (b) Tauc plot of 4PADCB.
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Figure S25. Mott-Schottky plots of 4PADCB.

[image: ]
Figure S26. Energy band diagram of BiVO4/4PADCB.
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Figure S27. Digital images of a 1.5 cm ×1 cm artificial leaf.
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Figure S28. Images of (a) the back and (b) front sides of the operational artificial leaf.


Table S1 Compare the PEC performance of the BiVO4/4PADCB/NiFeCoOx photoanode developed in this study with other promising organic and inorganic modified BiVO4 photoanodes.
	Photoanodes
	J (mA cm-2 at 1.23 VRHE)
	ηsep (%)
	ηtrans (%)
	Ref.

	BiVO4/4PADCB/NiFeCoOx
	6.34
	98
	95.5
	This work

	BiVO4/P3HT-CuPc/LDH
	4.25
	73.8
	76.7
	1

	NiFeCoOx/CPF-TCB/Mo:BiVO4
	6.66
	88
	85
	2

	R-BV/CoPy/FN-H
	4.75
	86.6
	80
	3

	PEG-4000/BiVO4
	3.64
	84.2
	81
	4

	NiFeOx/CTF-BTh/Mo:BiVO4
	5.7
	94
	61.3
	5

	BiVO4/CTP2/FN
	4.05
	73.3
	70
	6

	BiVO4/g-C3N4-NS
	3.12
	53
	67
	7

	NiFeOOH/MoOx/MQD/BiVO4
	5.85
	
	91
	8

	FeOOH@1T-MoS2@BiVO4
	4.02
	84.2
	81.9
	9

	BVO-Ov/FeOOH
	7.0
	
	94.9
	10

	Ov-BiVO4@NiFe-MOFs
	5.3
	
	
	11

	BiVO4/CuSCN/NiFeOx
	5.6
	96.2
	79.2
	12

	BiVO4/CuS/NiFeCoOx
	6.56
	97
	93.5
	13

	CQDs/FeOOH/BiVO4
	2.53
	
	81.1
	14

	C-BiVO4/CQDs
	4.83
	81.2
	77.9
	15

	BiVO4/Co3O4/FeOOH/NiOOH
	6.34
	
	
	16

	N-BiVO4/NiOOH/FeOOH
	5.0
	90
	
	17

	BiVO4@aNiFe-MOFs
	4.34
	96
	82
	18





Table S2 Performance comparison state-of-the-art BiVO4-based photoanode in tandem with the solar cell for zero-bias photoelectrochemical water splitting.
	Photoanodes
	Solar cell
	STH
 (%)
	Area 
(cm2)
	Ref.

	BiVO4/4PADCB/NiFeCoOx
	Si
	8.75
	1.5
	This work

	BVO-Ov/FeOOH
	Si
	8.4
	0.126
	10

	Co-Pi/BiVO4/WO3
	GaAs/InGaAsP
	8.1
	1.0
	19

	NiOOH/FeOOH/BaSnO3-x
	Perovskite
	7.9
	1.0
	20

	NiOOH/FeOOH/BiVO4//Ni2FeOx/Fe2O3 
	2jn c-Si
	7.7
	1.0
	21

	BiVO4/CuS/NiFeCoOx
	Si
	7.7
	1.0
	13

	NiOOH/FeOOH/W,Mo:BiVO4/WO3
	Dye-sensitized
	7.1
	1.0
	22

	BiVO4/SnO2
	Perovskite
	7.0
	3.11
	23

	NiFeCoOx/CPF-TCB/Mo:BiVO4/SnO2
	Perovskite
	6.75
	1.0
	2

	2 × NiOOH/FeOOH/BiVO4 (dual PA)
	Perovskite
	6.5
	0.25
	24

	NiOOH/FeOOH/Mo:BiVO4/SnO2
	Perovskite
	6.3
	0.25
	25

	NiFeOx/BiVO4/In2O3
	Perovskite/Si
	6.1
	1.0
	26

	NiOOH/FeOOH/W,Mo:BiVO4/WO3
	Dye-sensitized
	5.7
	2.25
	27

	Co-Pi/W:BiVO4
	2jn a-Si
	4.9
	1.0
	28

	CoOx/BiVO4/WO3/SnO2
	Perovskite
	3.5
	0.14
	29

	Co-Pi/BiVO4
	Perovskite
	2.5
	0.54
	30

	NiOOH/FeOOH/BiVO4
	OPV
	2.2
	0.036
	31
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