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Optical absorption measurement: 

Absorption measurements were obtained using a 150 mm integrating sphere connected to a 

LAMBDA 1050 UV/Vis/NIR spectrophotometer. Since the silicon transmittance (T) was found 

to be zero (Fig. S1a), the absorption (A) was calculated using; A(%) = 100-R(%) (R: 

reflectance). Fig. S1b shows the absorption spectra of bare and metal-oxide-coated Si substrates.  

 

 

Fig. S1 (a) Transmittance and reflectance spectra of bare Si substrate. (b) Absorption spectra of 

bare and metal-oxide-coated Si substrates.  
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p-Si/n-SnO2/n-Fe2O3 heterojunction band diagram: 

The band gap of SnO2 layer sputtered at a RF power of 400 W at room temperature was 

measured resulting in a band gap of 3.37 eV. The considered Si and Fe2O3 band gaps were 1.11 

eV and 2.1 eV, respectively. To simulate the band diagram, the thicknesses of the Fe2O3 nanorod 

(NR) film and the SnO2 seeding layer were considered as 141 nm and 82 nm, respectively, as 

measured for the sample using the SEM imaging (see the text). The electron affinities for Si, 

SnO2, and Fe2O3 were considered as 4.05 eV, ~4.8 eV,
1,2

 and ~4.7 eV,
1
 respectively. The doping 

concentration of p-Si is in the range of 6.7×10
14

−1.5×10
16

 cm
−3

 based on its resistivity of 1−20 

Ωcm, and of sputtered SnO2 is in range of 10
19

 cm
−3

.
3
 The effect of electrolyte pH was 

considered in the band diagram using the Nernst equation; 

                                                   (     )               (        )                                            ( ) 

where  (     ) is the Nernstian (thermodynamic) potential for hydrogen evolution (water 

reduction). Fig. S2 shows the approximate energy band diagram of the p-Si/n-SnO2/n-Fe2O3 

heterojunction at equilibrium condition and at dark for an electrolyte pH of 7.1 which was 

simulated using SCAPS (version 3.1.02) numerical simulation software.  
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Fig. S2 (a) Approximate simulated energy band diagram of p-Si/n-SnO2/n-Fe2O3 heterojunction 

at equilibrium condition and at dark for an electrolyte pH of 7.1. The considered thickness for 

planar Si substrate was 500 nm in the simulation. Ec, Ev, Efp, and Efn are conduction band, 

valance band, hole Fermi level, and electron Fermi level, respectively. Note that Efp and Efn 

overlap each other after alignment of energy levels. Energy levels are plotted with reference to 

vacuum level. Four different regions including p-Si, n-SnO2, n-Fe2O3, and solution are labeled in 

(a). (b) Zoomed-in band diagram around p-Si/n-SnO2 and n-SnO2/n-Fe2O3 junctions. 
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Fig. S3 Current density under illumination of bare and NiOx-Fe2O3-SnO2-coated p-Si 

photocathodes in comparison to Pt-SnO2-coated p-Si photocathode measured in the neutral pH 

water. This figure is re-plotted of Fig. 4b (in the main text) in full scanned potential range to see 

the difference in current densities at high reversed biasing potentials. 
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