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Table S1. Fitting results from XRR analysis of ALD grown α-Fe2O3 layer. 800 cycle ALD on 

the Si wafer was used for the measurement. 

Material Thickness (nm) Density (g/cm3) Roughness (nm)

α-Fe2O3 16.319 5.498 1.037

SiO2 7.51 1.56 0.259

Si (sub.) - 2.33 1.40
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Table S2. Fitting results from Nyquist plot of Fe2O3, m-WO3/Fe2O3 and m-

WO3/Fe2O3/TiO2/CoPi photoanodes

RS (Ω) RBulk (Ω) RCT (Ω)

Fe2O3 31 177 10,760

m-WO3/Fe2O3 42 60 2,729

m-WO3/Fe2O3/TiO2/CoPi 18 24 570
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Table S3. Summary of recent reports on WO3 and α-Fe2O3 heterojunction photoanode for PEC 

water splitting.

Photoanode Electrolyte
Photocurrent

@ 1.23 V vs RHE
(mA cm-2)

Photocurrent
@ 1.6 V vs RHE

(mA cm-2)

Stability
(min) Ref

m-WO3/Fe2O3/TiO2/CoPi 1.0 M
NaOH 1.5 4.0 100 Our

work

Host/guest F:SnO2/WO3
/Fe2O3

1.0 M
NaOH 1.71 2.0# - (22)

WO3 NNs/α-Fe2O3/
Co-Pi

0.1 M
KH2PO4/
K2HPO4

1.8# 2.1 60 (S1)

Fe2O3/WO3 NRs 0.1 M
Na2SO4

1.0 1.3 - (S2)

FeWONSs 0.5 M
Na2SO4

1.66 3.3# 600 (S3)

WO3/α-Fe2O3/CoPd 0.1 M
KPi 0.5 - 2.5 (S4)

mWO3/Fe2O3/WO3
0.1 M
NaOH 0.7 0.97# - (S5)

Bilayer WO3/Fe2O3
0.5 M
Na2SO4

1.25 - - (S6)

WO3/Fe2O3/LDH 1.0 M
NaOH 0.4# 1.5# 5 (46)

WO3/Ti-Fe2O3
1.0 M
KOH 2.15 2.5# 117 (S7)

WO3@α-Fe2O3/FeOOH 0.2 M
Na2SO4

1.12 - 5 (S8)

FTO-WO3/Fe2O3
1.0 M
NaOH 0.05# 0.5# 17 (S9)

# Approximately calculated from data
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Figure S1. Cross-sectional SEM image of the m-WO3 layer before α-Fe2O3 deposition. The 

inset image shows the interface between the m-WO3 layer and the FTO surface.
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Figure S2. SEM images showing different morphologies of the top surface of each photoanode 

as the number of ALD cycles increased. (a) m-WO3 photoanode on a FTO substrate before the 

ALD process. Photoanodes after different numbers of the ALD cyclic process: (b) 100 cycles, 

(c) 400 cycles, and (d) 800 cycles. Each α-Fe2O3 layer was postannealed after the ALD process.
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Figure S3. Elemental mapping images of m-WO3/Fe2O3 photoanode with cross-sectional view.
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Figure S4. XRD diffraction pattern of m-WO3 film fabricated by suggested PEG assisted sol-

gel process. Reference peak positions and intensities of monoclinic phase are denoted below. 

Major peak positions of FTO substrate are denoted by the triangle markers.
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Figure S5. SEM image of α-Fe2O3 thin film grown on Si wafer: (a) top view and (b) cross 

view. The α-Fe2O3 was deposited by 800 cycle of ALD process without any m-WO3 scaffold.
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Figure S6. Kubelka-Munk plot of m-WO3/Fe2O3 photoanode. The band gap energy was 

calculated from the intercept between two linearly fitted lines due to the n-type electronic 

configure of α-Fe2O3 material.
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Figure S7. Photocurrent measurement of m-WO3 photoanode with different number of layers.
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Figure S8. Photocurrent measurement of m-WO3/Fe2O3 photoanodes with different ALD 

cycles. All photoanodes were postannealed after ALD cycles at 500 ℃
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Figure S9. Photocurrent measurement of m-WO3/Fe2O3 photoanode with different temperature 

of thermal treatment from 500 ℃ to 800 ℃. It shows the highest photocurrent of about 0.8 

mA/cm2 at 1.23V vs RHE without any cocatalysts when the cell was treated at 600 ℃.
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Figure S10. SEM images of 400 cycle m-WO3/Fe2O3 photoanode with different temperature 

annealing of (a) 500 ℃, (b) 600 ℃, (c) 700 ℃ and (d) 800 ℃. Scale bars: 200 nm
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Figure S11. Photocurrent measurement of (a) Fe2O3 and (b) m-WO3/Fe2O3 photoanodes with 

different direction of light irradiation.
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Figure S12. Photocurrent measurement of m-WO3/Fe2O3 photoanodes with CoPi and 

FeOOH/NiOOH deposition.
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Figure S13. Photocurrent measurement of m-WO3/Fe2O3 photoanode after Co-Pi co-catalyst 

deposition with different deposition times. After 200 seconds CoPi deposition, the photoanode 

showed 1.15 mA/cm2 of photocurrent density, which is 1.4 times higher photocurrent at 1.23V 

vs RHE compared to the bare m-WO3/Fe2O3 photoanode sample.
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Figure S14. Photocurrent measurement of m-WO3/Fe2O3 photoanode after TiO2 overlayer 

deposition with different deposition time. After 60 minutes of deposition time, the photoanode 

showed 1.18 mA/cm2 of photocurrent density at 1.23 V vs RHE.
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Figure S15. (a) Co 2p and (b) Ti 2p XPS spectra of m-WO3/Fe2O3/TiO2/CoPi photoanode
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Figure S16. Photocurrent measurement of m-WO3/Fe2O3/TiO2/CoPi photoanode under 

chopped light illumination. When the applied potential reached 1.7 V vs RHE, dark OER 

current is generated and the amount of current between photocurrent and dark current is 

considered as the practical maximum photocurrent density.
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Figure S17. Comparison of theoretical and experimental amount of H2 and O2 produced from 

m-WO3/Fe2O3/TiO2/CoPi photoanode.
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