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Table S1. Comparison of performances of state-of-the-art WO; photoanodes for PEC water oxidation.?

Stability
Structures Electrolyte pH PCEo  7lsep M FEo» Initial Ref.
(%) %) (%) (%) current Current decrease
(mA cm?)
WO;(w-Oxa) 1.0 M HC10, 0 38 500 950 95D 0.98 Remained constant for 7 h and then, decreased This
by 5 % for 20 h. D work
WOj; with a (021) facet 0.1 M NaClO, na na na na 95 0.65 Remained constant for 36 h. S1
WO; nanoplate with (200) and (002) facets 0.1 M H,SO, 0.7 47 na na na 3.71 Decreased by 23 % for 0.28 h. S2
Hierarchical 3D self-supporting 0.1 M H,SO, 0.7 na na na 82 1.2 Remained constant for 2 h. S3
WO; micro-nano
‘WOj; nanoflakes 1.0 M H,SO, 0 10 na na na na na S4
WO; hexagonal prism 1.0 M HCIO, 0 47 na na 700 1.0 Decreased by 25 % for 5 h.D S5
Sandwich structured WO; nanoplatelets 0.1 M Na,SOq, 7.1 70 64 90 85 3.0 Decreased by 10 % for 5 h. S6
WOj; nanoparticles 0.1 M Na,SO, 7 na na na na 2.0 Decreased by 85 % for 0.5 h. S7
WO; nanorod 0.5 M Na,SO, na 15 na na na na na S8
WO; nanosheets 0.5 M Na,SOq, na na na na na 1.7 Remained constant for 1 h and then, decreased S9
by 16 % for 3 h.
Terrace-like WO; 0.5 M Na,SO, 7.2 10 23 na na 3.0 Decreased by 60 % for 11 h. S10
WO;_, with oxygen vacancy 0.1 M Tris-PBS 7.0 na 32 na na 0.45 Decreased by 55 % for 24 h. S11
Ny-intercalated WO; Nanorod 0.1 M phosphate 6 43.69 na na na 0.8 Decreased by 25 % for 0.08 h. S12
buffer
Mesoporous WO, 0.1 M phosphate 6 36 na na 75 0.8 Decreased by 50 % for 1 h. S13
buffer
WO; nanoflake 0.25 M phosphate na 15 na na na 1.8 Decreased by 30 % for 0.08 h. S14

buffer



Nanoporous WO;
WO; with oxygen vacancy
WO; nanoplate
Pore-Rich
‘WO; Ultrathin Nanosheets

N,-intercalated mesoporous WOj3

WO; nanorods
WO; nanowires
‘WOj; nanoflakes
‘WO; nanorods
‘WOj; nanoflakes
‘WO; nanorods
WO; nanoparticles
WO; nanoplates
WO; mesoporous
WOj3; nanoporous
WO; nanowires
WO; nanosheets
WOj; spherical nanoparticles
WOj; nanoparticles
WO; nanoparticles
Colloidal WO; nanowires
WO; nanorods with oxygen vacancy
WO; with anodization in citric acid
Thin-layer nanostructured WO,

WO; with oxygen vacancy

0.5 M Na,SO4
0.1 M PBS
0.1 M Na,SO4
0.5 M Na,SO4

0.1 M phosphate

buffer
0.5 M Na,S04
0.1 M Na,SO,
0.1 M Na,SO,
0.5 M Na,SO4
0.1 M Na,SO4
0.5 M Na,SO4
1.0 M H,SO,
1.0 M HCIO,
1.0 M H,SO,
0.5 M H,S0,
0.5 M H,S0,
0.1 M Na,SO4
0.5 M H,SO,
1 M H,S0,
0.1 M H,SO,
0.5 M H,SO,
0.5 M Na,SO,
0.5 M H,S0,

1.0 M CH3SOsH

0.5 M H,S0O,4

7.1
6.6

6.0

na
na
na
7
7
na
-0.3
0
-0.3
0
0
na
0.3
na
0.69
na
6.8
na

na

na
18
38

na

25.49

18
4
22
10
18
7
25
659
38.50
189
35
34
5m
59
30
26
na
81
37
33

53
na
na

na

na
na
na
na
na
na

na

na
na
na
na
na
na
63
na
na

na

50
na
na

na

na

na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
78
na
na

na

na
88
na

na

66"

na
na
na
85
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na

na

na
2.7
1.7

2.14

0.42

na
na
na
0.5
na
na
na
na
na
na
0.5
na
na
na

0.75
1.9
2.0

0.71
4.0

na

na
Decreased by 8 % for 0.11 h.
Remained constant for 1.11 h.

Remained constant for 0.8 h.

Remained constant for 0.16 h and then,
decreased by 25 % for 1 h.D
na
na
na
Remained constant for 0.05 h.
na
na
na
na
na
na
Decreased by 15 % for 5 h.
na
na
na
Decreased by 20 % for 1 h.
Decreased by 32 % for 1 h.
Decreased by 46 % for 1 h.
Decreased by 20 % for 1 h.
Remained constant for 20 h.

na

S15
S16
S17
S18

S19

S8
S20
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S22
S32
S33
S34
S35
S36



Tree-like Nanoporous WO, 0.5 M phosphate 7 25 75 na 55 2.0 Decreased by 30 % for 1 h. S37

buffer
Porous WO; 0.5 M Na,SO, na 50 na na na na na S38
WO; plate 0.2 M Na,SO, 6.8 8 na 75 80 0.3 Decreased by 40 % for 0.28 h. S39

3 na: not available, measured at 1.23V vs. RHE using simulated solar light (AM 1.5, 100 mW cm2), 0.5 V vs. Ag/AgCl (1.05 V vs. RHE), 9 0.8 V vs. Ag/AgCl (pH unmentioned),
91.2 Vvs. Ag/AgCl (1.81 V vs. RHE), ® 1.0 V vs. RHE, © 1.26 V vs. RHE, ® 1.2 V vs. Ag/AgCl (1.4 V vs. RHE), ™ 1.2 V vs. NHE (pH unmentioned), ? 1.5 V vs. SCE (pH
unmentioned), V) 1.0 V vs. Ag/AgCl (pH unmentioned), ¥ Monoclinic light (LED, 420 nm, 3.75 mW cm2), D Visible light (Xe lamp with L.39 and heat-cut filter, 100 mW cm2).
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Figure S1. Photos of WO; films prepared (a, b) without and (c, d) with Oxa (a, ¢) before and (b, d)

after calcination at 500 °C.
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Figure S2. XRD patterns of precursor films deposited (a) with and (b) without Oxa by hydrothermal
at 180 °C (before calcination), (c) the seed layer on FTO substrates and (d) a bare FTO substrate.

The peaks of the FTO substrate are marked by asterisks. PDF data of orthorhombic WO; (magenta
bars, JCPDF No. 43-0679) and monoclinic WO; (green bars, No. 43-1035) are shown in figure, and
the planes assigned by orthorhombic and monoclinic WO; are indicated by magenta and green,

respectively in a and b.
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Figure S3. Current density (j°) normalized by film thickness-£ curves for (a) WO;(w-Oxa) and (b)
WO;(w/o-Oxa) electrodes as measured in a 1.0 M HC1O, solution (pH = 0) at a scan rate of 10 mV
s'! under chopped visible light illumination (A > 390 nm, 100 mW c¢m2). The ;> value was obtained

by just dividing the current values by the film thickness.

Figure S4. Top-view SEM images of the WO;3;(w-Oxa) electrode before (a) and after (b) 20 h bulk

photoelectrolysis.
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Figure S5. XRD spectra of the WO3(w-Oxa) electrode (a) before and (b) after the 20 h bulk
photoelectrolysis. The peaks of the FTO substrate are marked by asterisks.
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