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1. Preparation of hematite films 

 

Figure S1. The aerosol spray pyrolysis (ASP) method for the preparation of hematite films. 
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Figure S2. Scanning electron microscopy (SEM) images of (a) the FTO substrate and the hematite films 

formed by the spraying of an FeCl3-ethanol precursor solution with a volume of (b) 30 mL, (c) 60 mL, 

and (d) 90 mL. (e) Cross-sectional SEM of hematite films formed by the spraying of the 90mL-solution. 
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Figure S3. X-ray photoelectron spectroscopy (XPS) spectra measured from the as-coated hematite (red) 

and from the hematite after thermal reduction and oxidative annealing at ambient air (pO2 = 150 

Torr)(black). 
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2. Post annealing process 

 

Figure S4. Annealing procedure and atmospheric conditions for oxygen-partial-pressure-controlled 

annealing and for normal annealing. Photographs for reduced magnetite films prepared from the different 

precursors and after HV annealing: ferric chloride (FeCl3), ferric acetylacetonate (Fe(acac)3), and ferric 

nitrate (Fe(NO3)3). 
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3. Measurement of photocurrent in hematite 

 

Figure S5. Photocurrent density–potential (J–V) curves for hematite films with different Sn-doping 

concentrations annealed under controlled oxygen partial pressures. 
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Figure S6. (a) Photocurrent density at 1.6 V vs. RHE. (b) Photocurrent onset potential for hematite films 

after pO2-controlled annealing with various pO2 levels as a function of the doping concentration (0.1 at.% 

~ 10 at. %). 
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Figure S7. Optical property of hematite films in the various pO2 and Sn concentration, which shows the 

absorption coefficient as a function of wavelength. The optical property of hematite, absorption, did not 

affect the photoactivity in hematite. The absorption coefficient of 0.1% Sn-doped hematite was not 

changed by the ambient during the post-annealing (See solid black line and dash-dotted black line). 

Doping concentration has little influence on absorption. The peaks near 390 nm, which arise from a 

ligand-to-metal charge transfer (6t1u↓ → 2t2g↓), are blue-shifted in the samples with higher Sn-

concentration. Although 1 at.% Sn-doped sample shows the highest value of absorption coefficient, this 

can result from the difference in film thickness. Indeed, 7 at.% Sn-doped sample annealed at 5×10
-1

 Torr 

(dash-dotted blue line) shows the higher absorption coefficient than 0.1 at.% Sn-doped sample annealed 

at 5×10
-1

 Torr (dash-dotted black line), but the photocurrent density is higher in the 0.1 at.% Sn-doped 

hematite. 
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Figure S8. Photocurrent density–potential (J–V) curves for 1at.%-Sn-doped hematite film annealed at 

150 Torr-pO2 (ambient air) in various amount of precursor solution. Inset: photographs for hematite 

photoanode prepared by ASP using 30 mL, 50 mL, 70 mL, and 90 mL of precursor solution. 
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