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Fig. S1 The top-views and cross-section SEM images of FTO/Sn@α-Fe2O3 (a and b) 

and FTO/Sn@α-Fe2O3/FeOOH (c and d) photoanodes.



Fig. S2 The EDS composition of FTO/Sn@α-Fe2O3 photoanode.



Fig. S3 The EDS composition of FTO/Sn@α-Fe2O3/FeOOH photoanode.



Fig. S4 The TEM and HRTEM images of FTO/Sn@α-Fe2O3 (a and b) and 

FTO/Sn@α-Fe2O3/FeOOH (c and d) photoanodes.

Fig. S5 The TEM and HRTEM images of FTO/Sn@α-Fe2O3/FeOOH/TU photoanode.



Fig. S6 The XRD patterns of FTO/Sn@α-Fe2O3, FTO/Sn@α-Fe2O3/FeOOH, 

FTO/Sn@α-Fe2O3/FeOOH/TAA, and FTO/Sn@α-Fe2O3/FeOOH/TAA/PDP 

photoanodes.

Fig. S7 The XRD patterns of FTO/Sn@α-Fe2O3, FTO/Sn@α-Fe2O3/FeOOH, 

FTO/Sn@α-Fe2O3/FeOOH/TU, and FTO/Sn@α-Fe2O3/FeOOH/TU/PDP photoanodes.



Fig. S8 The XPS spectra of FTO/Sn@α-Fe2O3/FeOOH, FTO/Sn@α-

Fe2O3/FeOOH/TAA, FTO/Sn@α-Fe2O3/FeOOH/UR, and FTO/Sn@α-

Fe2O3/FeOOH/PDP photoanodes. 

Fig. S9 The top-view SEM images of (a) FTO/Sn@α-Fe2O3, (b) FTO/Sn@α-

Fe2O3/TAA-30s, (c) FTO/Sn@α-Fe2O3/TAA-60s, and (d) FTO/Sn@α-Fe2O3/TAA-

5min photoanodes, respectively.



Fig. S10 The transient photocurrent density curves of FTO/Sn@α-Fe2O3, FTO/Sn@α-

Fe2O3/TAA-30s, FTO/Sn@α-Fe2O3/TAA-60s, and FTO/Sn@α-Fe2O3/TAA-5min 

photoanodes, respectively.

Fig. S11 The top-view SEM images of (a) FTO/Sn@α-Fe2O3, (b) FTO/Sn@α-

Fe2O3/UR-30s, (c) FTO/Sn@α-Fe2O3/UR-60s, and (d) FTO/Sn@α-Fe2O3/UR-5min 

photoanodes, respectively.



Fig. S12 The top-view SEM images of (a) FTO/Sn@α-Fe2O3, (b) FTO/Sn@α-

Fe2O3/PDP-30s, (c) FTO/Sn@α-Fe2O3/PDP-60s, and (d) FTO/Sn@α-Fe2O3/PDP-

5min photoanodes, respectively.

Fig. S13 The transient photocurrent density curves of FTO/Sn@α-Fe2O3, FTO/Sn@α-

Fe2O3/UR-30s, FTO/Sn@α-Fe2O3/UR-60s, and FTO/Sn@α-Fe2O3/UR-5min 

photoanodes, respectively.



Fig. S14 The transient photocurrent density curves of (a) FTO/Sn@α-Fe2O3, (b) 

FTO/Sn@α-Fe2O3/PDP-30s, (c) FTO/Sn@α-Fe2O3/PDP-60s, and (d) FTO/Sn@α-

Fe2O3/PDP-5min photoanodes, respectively.

Fig. S15 The top-view SEM images of (a) FTO/Sn@α-Fe2O3, (b) FTO/Sn@α-

Fe2O3/TU-30s, (c) FTO/Sn@α-Fe2O3/TU-60s, and (d) FTO/Sn@α-Fe2O3/TU-5min 

photoanodes, respectively.



Fig. S16 The (a) J-V curves and (b) transient photocurrent density curves of 

FTO/Sn@α-Fe2O3, FTO/Sn@α-Fe2O3/TU-30s, FTO/Sn@α-Fe2O3/TU-60s, and 

FTO/Sn@α-Fe2O3/TU-5min photoanodes, respectively.

Fig. S17 The top-view SEM images of (a) FTO/Sn@α-Fe2O3/FeOOH-1, (b) 

FTO/Sn@α-Fe2O3/FeOOH-3, (c) FTO/Sn@α-Fe2O3/FeOOH-5, and (d) FTO/Sn@α-

Fe2O3/FeOOH-7 photoanodes, respectively.



Fig. S18 The (a) J-V curves and (b) transient photocurrent density curves of 

FTO/Sn@α-Fe2O3, FTO/Sn@α-Fe2O3/FeOOH-1, FTO/Sn@α-Fe2O3/FeOOH-3, 

FTO/Sn@α-Fe2O3/FeOOH-5, and FTO/Sn@α-Fe2O3/FeOOH-7 photoanodes.

Fig. S19 The top-view SEM images of (a) FTO/Sn@α-Fe2O3/FeOOH/TAA, (b) 

FTO/Sn@α-Fe2O3/FeOOH/TAA/PDP, (c) FTO/Sn@α-Fe2O3/FeOOH/TU, and (d) 

FTO/Sn@α-Fe2O3/FeOOH/TU/PDP photoanodes, respectively.



Fig. S20 The EDS composition of FTO/Sn@α-Fe2O3/FeOOH/TAA photoanode. 



Fig. S21 The EDS composition of FTO/Sn@α-Fe2O3/FeOOH/TAA/PDP photoanode.



Fig. S22 The EDS composition of FTO/Sn@α-Fe2O3/FeOOH/TU photoanode.



Fig. S23 The EDS composition of FTO/Sn@α-Fe2O3/FeOOH/TU/PDP photoanode.



Fig. S24 The transient photocurrent density curves of FTO/Sn@α-

Fe2O3/FeOOH/TU/PDP photoanode with different light intensity (1 sun and 2 sun).

Fig. S25 The J-V curves of FTO/Sn@α-Fe2O3/FeOOH/TU/PDP photoanode with 

different pH.



Fig. S26 A comparison of J-V curves for FTO/Sn@α-Fe2O3/FeOOH/TU/PDP 

photoanode using platinum mesh and graphite rod as the counter electrode, 

respectively.

Fig. S27 The UV-vis absorbance spectra of FTO/Sn@α-Fe2O3, FTO/Sn@α-

Fe2O3/FeOOH, FTO/Sn@α-Fe2O3/FeOOH/TAA, and FTO/Sn@α-

Fe2O3/FeOOH/TAA/PDP photoanodes.



Fig. S28 The UV-vis absorbance spectra of FTO/Sn@α-Fe2O3, FTO/Sn@α-

Fe2O3/FeOOH, FTO/Sn@α-Fe2O3/FeOOH/TU, and FTO/Sn@α-

Fe2O3/FeOOH/TU/PDP photoanodes.

Fig. S29 The density of states in (a) α-Fe2O3/FeOOH photoanode with (b) sulfide, (c) 

nitride, (d) phosphide, respectively.



Tab. S1 A comparison of the PEC-WS performances between hematite photoanodes 

in the related literature and our present hematite photoanode with in situ 

sulfide/nitride/phosphide treatments.

Photoanode Film texture
Optimized 

sample (J-V 
curves)

Jph@1.23V

Uon

Testing 
conditions 

(Under 
AM1.5G 

irradiation)

Key 
Methods Ref.

NiCoAl-
LDH/α-Fe2O3

2.56 
mA/cm2

0.55 VRHE

0.5 M
potassium 

phosphate (K-
Pi) buffer (pH 

= 7)

hydrothermal 
method

[1]

FTO/Sn@α-
Fe2O3-

Mn/CoOx

2.67 
mA/cm2

0.8 VRHE

1 M NaOH 
(pH 13.6) 

with 20 mV/s

hydrothermal 
method and 
annealing

[2]

Co-
Pi/Co3O4/Ti:Fe

2O3

2.7 
mA/cm2

0.64 VRHE

1 M NaOH 
(pH 13.6)

hydrothermal  
and 

electrodepositi
on

[3]

Pt:Fe2O3/Co-Pi
4.32 

mA/cm2

0.58 VRHE

1 M NaOH 
(pH 13.6)

solution-based 
method

[4]

α-
Fe2O3/Ni3FeO
OH/Ag@SiO2/

FeOOH-5

4.54 
mA/cm2

0.7 VRHE

1 M NaOH 
(pH 13.6) 

with 20 mV/s

hydrothermal 
method and 
spin-coated

[5]

SiMWs/Sn@α-
Fe2O3 with 

RTP

3.12 
mA/cm2

0.15 VRHE

1 M NaOH 
(pH 13.6) 

with 20 mV/s

thermal 
decomposition 

and RTP
[6]

α-Fe2O3/n-
SiNWs

5.28 
mA/cm2

0.50 VRHE

1 M NaOH 
(50 mV/s)

with magnetic
stirring

deposition
annealing

[7]

FTO/Sn@α-
Fe2O3

2.30 
mA/cm2

0.80 VRHE

1 M NaOH

thermal 
posttreatment 

under
Ar gas at 550 

°C

[8]



for 6 hours

SAs Pt:Fe2O3

2.71 
mA/cm2

0.627 VRHE

1 M 
Potassium 
hydroxide

(KOH, pH = 
14) with 10 

mV/s

thermally 
annealed and 

plasma 
etching

[9]

DASs Ru-
P:Fe2O3

3.32 
mA/cm2

0.63 VRHE

1 M 
Potassium 
hydroxide

(KOH, pH = 
14) with 10 

mV/s

thermally 
annealed and 

CVD
[10]

FTO/Sn@α-
Fe2O3/FeOOH/

TAA/PDP

3.09 
mA/cm2

0.8 VRHE

1 M NaOH 
(pH 13.6) 

with 20 mV/s

Hydrothermal, 
electrodepositi
on and in situ 
sulfide/phosph

ide

This 
work

FTO/Sn@α-
Fe2O3/FeOOH/

TU/PDP

3.38 
mA/cm2

0.7 VRHE

1 M NaOH 
(pH 13.6) 

with 20 mV/s

Hydrothermal,  
electrodepositi
on and in situ 
sulfide/nitride/

phosphide

This
work
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