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Figure S1. XPS spectra of Cr 2p and O 1s from Cr2O3 thin film. 

 

 

Figure S2. XRD pattern of Cr2O3/SrTiO3 thin film system. 

 

 

Figure S3. Tauc plots for SrTiO3 substrate and Cr2O3 coated quartz glass. 
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Figure S4. Surface potential mapping on Cr2O3/Nb-doped SrTiO3 under light off and on. The light 

source used in this case was a 470 nm laser. 

 

 

Figure S5. Surface potential mapping on SrTiO3, Cr2O3/Al2O3/SrTiO3, Cr2O3/SiO2 as control 

experiments under light off and on. The light source used in this case was a 405 nm laser. 
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Figure S6. Surface potential mapping on Cr2O3/SiO2 under light off and on. The light source used 

in this case was a UV LED (365 nm). 

 

 

Figure S7. Surface potential mapping on SrTiO3 (100) substrate under light off and on. The light 

source used in this case was a UV LED (365 nm). 

 

In this case, the Cr2O3 thin film and SrTiO3 substrate exhibited positive shifts of SPD. Holes 
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might accumulate on the surface due to the upward band bending. In addition, electrons 

accumulation on the surface is another possibility as various trap states might exist, including 

surface oxygen vacancy.1–3 

 

 

Figure S8. Surface potential mapping on 3 nm CuOx/SrTiO3 (a) and 3 nm CuOx/SiO2 (b) and 20 

nm CuOx/SiO2 (c) under light off and on. The light source used in this case was a 470 nm laser. 

 

The band gap of CuOx thin film is around 1.4 eV, which can be excited by a 470 nm laser. In 

this study, we prepared an amorphous CuOx thin film on a SrTiO3 substrate by the same method 

and condition in our previous work.4 The KPFM observation on 3 nm CuOx/SrTiO3 (Figure S8a) 

showed an upshift of SPD upon 470 nm irradiation, whereas 3 nm CuOx/SiO2 (Figure S8b) did 

not show any shift. However, we found that 20 nm CuOx/SiO2 showed an SPD upshift during 470 

nm (Figure S8c). These results revealed that the bandgap excitation in CuOx under its ultrathin 

form (3 nm) did not contribute to the SPD shift. 

In the present study, the excitation state of the thicker CuOx thin film, as shown by the SPD 

upshift, agrees with our photodeposited Ag in the previous report.5 That is, photodeposited Ag 

particles on the 100 nm CuO thin film surface were clearly observed compared to that 6 nm CuO 

thin film. 

 

 



6 

 

 

Figure S9. XPS spectrum of Mn 2p from the photodeposited MnOx on Cr2O3/SrTiO3. 

 

 

 

Figure S10. The growth of the photodeposited MnOx (a) and Au (b) on Cr2O3/SrTiO3 after 4 and 

20 hours. 
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Figure S11. Photodeposition of MnOx on Cr2O3/SiO2. Laser microscope image (scale bar: 20 μm) 

at 100x magnification (a) and XPS spectrum of Mn 2p (b) after 20 hours photodeposition.  

 

 

Figure S12. XPS spectrum of Au 4f from the photodeposited Au. 
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Figure S13. Photodeposition of Au on Cr2O3/SiO2. Laser microscope image (scale bar: 20 μm) at 

100 x magnification (a) after 20 hours photodeposition. Comparison of the Au 4f XPS spectrum 

(b) from the photodeposited Cr2O3/SiO2 and Cr2O3/SrTiO3. Photocatalytic oxygen evolution 

(18O2) during Au photodeposition (c) on Cr2O3/SiO2 and Cr2O3/SrTiO3. Water isotope (H2
18O) was 

used for the analysis. 
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Figure S14. (a) Surface potential mapping on 3 nm Cr2O3/SrTiO3 under light off and on with the 

absolute value of SPDon−off of 0.035 V. The light source used in this case was a UV LED (365 nm). 

(b) Possible mechanism for the generation of the low SPDon−off under the UV irradiation. 

 

Figure S14a shows that the absolute value of SPDon−off resulting from 365 nm (0.035 V) was 

lower than that of 405 nm and 470 nm irradiation (0.180 V and 0.078 V, respectively, as shown 

in Figure 3c, main manuscript), which indicated the suppression of holes generation on the surface 

of the Cr2O3 thin film. Under the UV irradiation, both SrTiO3 and Cr2O3 were excited via inter-

band transition in addition to the IFCT excitation. The inter-band transition of Cr2O3 causes 

electrons in the conduction band of Cr2O3, which would be recombined with holes in the valence 

band of Cr2O3 and/or trapped at surface sites of Cr2O3 (Figure S14b). Consequently, the generation 

of electrons in Cr2O3 under UV irradiation decreased the hole signal of the film. At present, the 

effect from the excited SrTiO3 under UV irradiation is not clear, thus we only explained the sum 

of charge generation on the surface of the thin film. 
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Figure S15. Photocatalytic water splitting activity on Cr2O3/SrTiO3 after the photodeposition of 

Au and MnOx. The produced hydrogen (a) was detected by GC-BID, while the evolved 18O2 after 

16 h (b) was monitored by GC-MS.      

 

 

Figure S16. Photocatalytic water splitting activity on Cr2O3/SrTiO3 after the photodeposition of 

Au. The evolved hydrogen (a) and oxygen-18 (18O2) (b) after 16h are presented. 
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