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[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Figure S1. (a) AFM image of SrTiO3 (001) substrate with TiO2 termination. (b) and (c) Low-magnification HAADF-STEM image of a NiCo2O4/SrTiO3 heterojunction. (d) θ-2θ XRD out-of-plane scans of the 15 nm NiCo2O4 film grown on SrTiO3 substrate.
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Figure S2. (a) Side-view and (b) top-view schematic model of NiCo2O4 on SrTiO3. From the top-view (Fig. S2b) atomic arrangement model, four unit cells of perovskite fit well with one unit cell in NiCo2O4, where two-third of the Oh site cations is registered with the oxygen anions in TiO2 termination with orientation relationships of [220]NCO||[110]STO and []NCO||[]STO. 
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Figure S3. Optical absorption coefficients of (a) the NiCo2O4 and (b) the SrTiO3 as a function of photon energy.
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Figure S4. Schematic diagram for the calculation of band bending potential and the built-in potential. 
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Figure S5. (a) Energy diagram of the NiCo2O4 and SrTiO3 before contact, which is obtained based on the band gaps of NiCo2O4 and SrTiO3, and the work function of SrTiO3 (3.6 eV)1, 2 and NiCo2O4 (5.53 eV)3. (b) Energy diagram of 15 nm thick NCO/STO heterojunction.  and  are the valence band offset and conduction band offset, respectively. and  are the bandgaps of NiCo2O4 (0.8 eV) and SrTiO3 (3.16 eV), respectively.
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Figure S6. (a) Open-circuit potential measurement in 0.1 M KOH measured in the dark and under illumination. The change in OCP between the dark and illuminated conditions indicates the photovoltage of the photoanode. (b) The photovoltage values of NiCo2O4 thin films with different thickness on SrTiO3 and bare SrTiO3.
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Figure S7. Transient light illumination curves at a constant applied potential of 0.2 V vs. RHE (a) when light on and (b) when light off. 
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Figure S8. Energy and charge transfer diagrams at the interface of (a) 1 nm, (b) 4 nm and (c) 15 nm NiCo2O4/SrTiO3 heterojunctions.
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Figure S9. Nyquist plots acquired under three-electrode configuration on the fabricated photoanodes at (a) 0.11, and (b) 0.21 V vs RHE.  







[image: ]
Figure S10. Employed equivalent circuits to fit the EIS data acquired in the bare SrTiO3. The proposed Randles’ circuit takes into account contacts and wiring through the series resistance (Rs), and the STO/Electrolyte through the charge transfer resistance (Rct, PE/Electrolyte) and capacitance (CPE/Electrolyte) associated with this interface.
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Figure S11. Extracted charge transfer resistances (a) and capacitances (b) associated with the STO/NCO under different potentials. Extracted charge transfer resistances (c) and capacitances (d) associated with the STO/NCO and bare SrTiO3 under different potentials.
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Figure S12. Chronoamperometry curves of NCO/STO with different thickness and bare SrTiO3 measured at a constant potential of 0.3 V vs RHE in 0.1 M KOH.
















Table S1. Flat potential and band bending width of all samples.
	Sample
	Efb (V vs. RHE)
	WSC (nm)

	Bare
	-0.08
	8.81

	0.5 nm
	-0.14
	8.93

	1 nm
	-0.10
	9.37

	2 nm
	-0.12
	9.40

	4 nm
	-0.29
	9.92

	15 nm
	-0.92
	10.78






















Table S2. Extracted parameters from EIS measurements at 0.11 V vs. RHE.
	Parameters
Thickness

	Rs
	Rct, STO/NCO
	CSTO/NCO
	Rct, electrolyte
	Celectrolyte

	Bare
	43.26
	-
	-
	73268
	7.9378E-6

	1 nm
	233
	13309
	5.9989E-6
	8.1277E11
	1.0418E-4

	2 nm
	162.9
	12350
	6.6373E-6
	1.0218E19
	7.8001E-5

	4 nm
	75.53
	6458
	5.0176E-6
	804000
	5.1091E-5



Table S2 continued. Extracted parameters from EIS measurements at 0.21 V vs. RHE.
	Parameters
Thickness

	Rs
	Rct,STO/NCO
	CSTO/NCO
	Rct, electrolyte
	Celectrolyte

	Bare
	48.22
	-
	-
	31014
	4.1675E-6

	1 nm
	246.6
	11252
	3.3392E-6
	23142
	3.6578E-4

	2 nm
	178.4
	8329
	3.3492E-6
	9.1537E11
	5.1774E-4

	4 nm
	78.21
	6314
	3.66E-6
	8.4165E18
	9.9128E-5



Table S2 continued. Extracted parameters from EIS measurements at 0.31 V vs. RHE.
	Parameters

	Rs
	Rct(STO/NCO)
	CSTO/NCO
	Rct, electrolyte
	Celectrolyte

	BareThickness

	48.95
	-
	-
	72307
	3.0417E-6

	1 nm
	243.7
	46946
	3.1651E-6
	10009
	5.3124E-5

	2 nm
	165.6
	23620
	3.26E-6
	33455
	8.79E-5

	4 nm
	83.57
	6509
	2.8964E-6
	387670
	3.1231E-4










Methods for calculating the band-bending potential.
Kraut et al. proposed a method to measure semiconductor interface potentials combining X-ray photoelectron spectroscopy.4, 5 According to this method, the band-bending potential (qVBB) of STO and NCO can be derived by the equation below:


Where  is the position of the Fermi level (EF) in the bulk relative to the valence-band edge,  and  are the energy difference between core level and valence-band maximum form STO and NCO semiconductors, as shown in Fig. S3. The value of  equals to the position of the core level in bare STO measured by XPS.  is the position of the core level at the interface. Therefore, the band-bending potential of STO can also be described as:
), (x=1, 2, 4, 15 nm)
Where ETi 2p, bare and ETi 2p, x represent the binding energy of Ti 2p in the bulk and at the interface measured by XPS, respectively.
However, an approximate treatment is needed to calculate . We need to epitaxially grow a NCO layer that thin enough to obtain (thin) under the maximum bending potential but still thick enough to allow XPS examination.6, 7 Here, we grow a thin NCO layer with the thickness of 0.5 nm as a reference. Thus, the band-bending potential of NCO can be calculated by the equation below:
, (x=1, 2, 4, 15 nm)
Where ENi 3p, x represents the binding energy of Ni 3p at the interface measured by XPS.
The valencen band offset  can be calculated by the equation below:

The conductiob band offset can be calculated by the equation below:

and  are the bandgaps of NCO and STO, respectively.
According to the band gap and work function values of SrTiO3 (3.6 eV)1, 2 and NiCo2O4 (5.53 eV)3, we can obtain the relative position of the conduction band and valence band of NiCo2O4 and SrTiO3 before contact, as is shown in Figure S5a. After NiCo2O4 contacting with SrTiO3, according to the binding energy shift values calculated in Table 1, we can obtain the precise band energy alignment. We take the band energy alignment of 15 nm thick NCO/STO as example. When NiCo2O4 contacts with SrTiO3, the Fermi level of NiCo2O4 will be aligned with the Fermi level of SrTiO3, and accompanied with the bending of vacuum level, as is shown in Figure S5b. We can obtain the interfacial band structure and the built-in potential (Vb) value of the NCO/STO heterojunction from high-resolution XPS measurements. Our calculated work function value of NiCo2O4 (5.64 eV) is close to the value (5.53 eV) in the literature. Based on the calculation mentioned above, we can obtain the relative position of Ef vs Evac. 
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