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Fig. S1 The top-views and cross-section SEM images of FTO/Sn@a-Fe,O; (a and b)
and FTO/Sn@a-Fe,03;/FeOOH (¢ and d) photoanodes.
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Fig. S2 The EDS composition of FTO/Sn@a-Fe,O3 photoanode.
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Fig. S3 The EDS composition of FTO/Sn@a-Fe,O3/FeOOH photoanode.



Fig. S4 The TEM and HRTEM images of FTO/Sn@a-Fe,O; (a and b) and
FTO/Sn@a-Fe,03/FeOOH (c and d) photoanodes.

Fig. S5 The TEM and HRTEM images of FTO/Sn@a-Fe,03;/FeOOH/TU photoanode.
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Fig. S6 The XRD patterns of FTO/Sn@a-Fe,0;, FTO/Sn@oa-Fe,0;/FeOOH,
FTO/Sn@a-Fe,O3/FeOOH/TAA, and FTO/Sn@a-Fe,03/FeOOH/TAA/PDP

photoanodes.
—— FTO/Sn@u-Fe,0,/FeOOH/TU/PDP
# FTO * FeOOH FTO/Sn@a-Fe,0,/FeOOH/TU
1 FTO/Sn@a-Fe,04/FeOOH
# 4 # FTO/Sn@a-Fe,0,

: # #
- = - A
=] 8| g ¢ =
- - = o, S -

S = ST

£ o,
w
= J
5
-
=
— *

i *

T T T T
20 30 40 50 60 70
2 Theta (°)

Fig. S7 The XRD npatterns of FTO/Sn@a-Fe,0;, FTO/Sn@oa-Fe,0;/FeOOH,
FTO/Sn@a-Fe,O3/FeOOH/TU, and FTO/Sn@a-Fe,03/FeOOH/TU/PDP photoanodes.
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Fig. S8 The XPS spectra of FTO/Sn@a-Fe,O3/FeOOH, FTO/Sn@o-

Fe,O3/FeOOH/TAA, FTO/Sn@oa-Fe,O3/FeOOH/UR,

and FTO/Sn@o-
Fe,03/FeOOH/PDP photoanodes.

Fig. S9 The top-view SEM images of (a) FTO/Sn@a-Fe,O;, (b) FTO/Sn@o-
Fe,03/TAA-30s, (¢) FTO/Sn@a-Fe,03/TAA-60s, and (d) FTO/Sn@oa-Fe,O;/TAA-

Smin photoanodes, respectively.



=
1

———FTO/Sn@a-Fe,0,

—— FTO/Sn@a-Fe,0,/TAA-30s
~——— FTO/Sn@a-Fe,0,/TAA-60s
—— FTO/Sn@a-Fe,0,/TAA-5min

" —

————
11 | —

Y L1 |

0 10 20 30 40 50 60

Time (s)

[#%]
L

Current density (mA/cm?)

Fig. S10 The transient photocurrent density curves of FTO/Sn@a-Fe,03, FTO/Sn@o-
Fe,05/TAA-30s, FTO/Sn@a-Fe,05/TAA-60s, and FTO/Sn@a-Fe,O3/TAA-5min

photoanodes, respectively.

Fig. S11 The top-view SEM images of (a) FTO/Sn@a-Fe,0s, (b) FTO/Sn@o-
Fe,03/UR-30s, (¢) FTO/Sn@a-Fe,03/UR-60s, and (d) FTO/Sn@a-Fe,03/UR-5min

photoanodes, respectively.



Fig. S12 The top-view SEM images of (a) FTO/Sn@a-Fe,0;, (b) FTO/Sn@o-
Fe,03/PDP-30s, (¢c) FTO/Sn@a-Fe,O3/PDP-60s, and (d) FTO/Sn@a-Fe,Os/PDP-

Smin photoanodes, respectively.
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Fig. S13 The transient photocurrent density curves of FTO/Sn@a-Fe,05;, FTO/Sn@o-
Fe,03/UR-30s, FTO/Sn@a-Fe,05/UR-60s, and FTO/Sn@oa-Fe,O5;/UR-5min

photoanodes, respectively.
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Fig. S14 The transient photocurrent density curves of (a) FTO/Sn@a-Fe,Os, (b)
FTO/Sn@a-Fe,O3/PDP-30s, (c) FTO/Sn@a-Fe,O3/PDP-60s, and (d) FTO/Sn@o-
Fe,0;3/PDP-5min photoanodes, respectively.

Fig. S15 The top-view SEM images of (a) FTO/Sn@a-Fe,0s, (b) FTO/Sn@o-
Fe,0;3/TU-30s, (c) FTO/Sn@a-Fe,03/TU-60s, and (d) FTO/Sn@a-Fe,O3/TU-5min

photoanodes, respectively.
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Fig. S16 The (a) J-V curves and (b) transient photocurrent density curves of
FTO/Sn@a-Fe,03;, FTO/Sn@a-Fe,05/TU-30s, FTO/Sn@a-Fe,05/TU-60s, and
FTO/Sn@a-Fe,O3/TU-5min photoanodes, respectively.

Fig. S17 The top-view SEM images of (a) FTO/Sn@a-Fe,0Os/FeOOH-1, (b)
FTO/Sn@a-Fe,03/FeOOH-3, (c) FTO/Sn@a-Fe,O3/FeOOH-5, and (d) FTO/Sn@o-
Fe,0;3/FeOOH-7 photoanodes, respectively.
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Fig. S18 The (a) J-V curves and (b) transient photocurrent density curves of
FTO/Sn@a-Fe,O3;, FTO/Sn@oa-Fe,05/FeOOH-1,  FTO/Sn@a-Fe,03/FeOOH-3,
FTO/Sn@a-Fe,O3/FeOOH-5, and FTO/Sn@a-Fe,O3/FeOOH-7 photoanodes.

Fig. S19 The top-view SEM images of (a) FTO/Sn@a-Fe,03;/FeOOH/TAA, (b)
FTO/Sn@a-Fe,O3/FeOOH/TAA/PDP, (c) FTO/Sn@a-Fe,03;/FeOOH/TU, and (d)
FTO/Sn@a-Fe,O3/FeOOH/TU/PDP photoanodes, respectively.
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Fig. S20 The EDS composition of FTO/Sn@a-Fe,03;/FeOOH/TAA photoanode.
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Fig. S21 The EDS composition of FTO/Sn@a-Fe,0;/FeOOH/TAA/PDP photoanode.
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Fig. S22 The EDS composition of FTO/Sn@a-Fe,03/FeOOH/TU photoanode.
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Fig. S23 The EDS composition of FTO/Sn@a-Fe,03/FeOOH/TU/PDP photoanode.
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Fig. S25 The J-V curves of FTO/Sn@a-Fe,O3/FeOOH/TU/PDP photoanode with

different pH.
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Fig. S26 A comparison of J-V curves for FTO/Sn@a-Fe,03/FeOOH/TU/PDP

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

respectively.
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Fig. S27 The UV-vis absorbance spectra of FTO/Sn@oa-Fe,Os;, FTO/Sn@oa-

Fe,05/FeOOH, FTO/Sn@a-Fe,05/FeOOH/TAA, and FTO/Sn@o-
Fe,O3/FeOOH/TAA/PDP photoanodes.
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Fig. S28 The UV-vis absorbance spectra of FTO/Sn@oa-Fe,Os;, FTO/Sn@o-

Fe,05/FeOOH, FTO/Sn@a-Fe,05/FeOOH/TU, and FTO/Sn@o-
Fe,03/FeOOH/TU/PDP photoanodes.

(a) 100/ (b) 100/
=y oy
= 50 2 504
g e, ~ \ £ - W ~
% 0 r"i‘ | P o Nemg % 0 {, = 4\/ - s
E Wyl 7 5 o
& &
2 -50- = 2 50 [ | Total 1
% | | Total s FeOOH-S
[ ™ FeOOH a — “'F 0'
-100 [l a-Fe,04 -100+ a-Fe,0,
20 -15 -10 5 0 5 -20 -15 -10 5 0 5
Energy (eV) Energy (eV)
(©) 100 (d) 100
= 504 ‘ = 504
z » e » \
E 2 8 »
)
2 "/ _/ 3 AN j
= -
17} B i =
g -501 [ Total § ™ Total
R ™ FeOOH-N & | FEOORLE
— —
-100- 0-Fe,0, -100 [ la-Fe,0,
20 -15 -10 -5 0 5 -20 -15 -10 -5 0 5
Energy (eV) Energy (eV)

Fig. S29 The density of states in (a) a-Fe,O3/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.
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