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1. Supplemental Methods

Materials: Commercial P25 was obtained from Degussa (Germany). Polyvinyl alcohol
(PVA, average Mw 130,000, 99+% hydrolyzed) was obtained from Sigma—Aldrich. N-
methyl pyrrolidone (NMP) was obtained from TCI. TiCl, was obtained from Wako. All

the chemicals used without further purification.

Characterization :

The obtained catalysts were characterized morphologically and structurally by field
emission scanning electron microscopy (FE-SEM; JSM-7600 F, JEOL, Japan) as well
as transmission electron microscopy. The phase structure changes of the catalysts were
investigated by X-ray diffractometer (XRD; Ultima IV, Rigaku, Japan) and Raman
scattering spectrometer (NRS-5100, Jasco, Japan). Ultraviolet-visible-near-infrared
(UV-vis-NIR) spectra were performed with a JASCO V-670 spectrophotometer. The
surface elemental composition and changes were analyzed by XPS (ESCA-3400,
Shimadzu, Japan). The photocurrent density of the catalyst films was measured with a
constant potential meter (Versa STAT 4, METEK, USA) under a three-electrode
system at a constant voltage of 0.8 V. The catalyst films were analyzed by XPS (ESCA-
3400, Shimadzu, Japan). Silver/silver chloride and platinum wires were used as
reference and counter electrodes, respectively. The electrolyte solution was 0.5 M
Na,SO,. A thin film of catalyst for the working electrode was prepared by sonication
by dispersing 20 mg of catalyst into 5 mL of 95 v/v% ethanol. Then 3 mL of the mixture
was dropped onto fluorine-doped tin oxide (FTO) glass, and the catalyst was
homogeneously dispersed onto the FTO surface by the scraping method. The catalyst-
modified FTO glass was then dried at 70 °C for 24 hours.



2. Supplementary Figures

Fig. S1. The SEM images of (a) A10-T10,, (b) Ag/Rg-TiO; (¢) A4s/Rs6-T10, and (d)

A7/Rg3-TiO,
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Fig. S2. The nitrogen adsorption—desorption isotherms of (a) the commercial P25 and

(b) A76/Ry4-Ti0,. The insets image is the corresponding pore size distribution curves.
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Fig. S3. The full X-ray photoelectron spectra (XPS) spectra of (a) the commercial P25

and (b) A76/R24-Ti02.
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Fig. S4. The EPR spectra measured at room temperature of (a) the commercial P25 and

(b) Asg/Ra4-TiO,.
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Fig. S5. Hydrogen production from various TiO, photocatalysts as a function of time
under AM 1.5 light irradiation, (a) A19p-TiO,, (b) Ags/Rg- TiO,, (¢) A76/Ry4- TiO,, (d)

A44/R56- TiOz, and (C) A7/R93- T102
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Fig. S6. The photocatalytic decomposition of methylene blue (10 mg L) use (a) the

commercial P25 and (b) A7¢/Ry4-TiOs.
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Fig.S7. XRD and XPS tests of A7¢/Ry;-TiO, before and after 6 cycles (24h) of
photocatalytic H, production. (a) XRD patterns; High-resolution Ti 2p (b) and Ols (c)

XPS spectra.
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Fig. S8. The photoelectrochemical responses of (a) the commercial P25 and (b)

A76/R24-Ti0, under AM1.5 irradiation.
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Fig. S9. Electrochemical impedance spectroscopy (EIS) of (a) the commercial P25 and

(b) A7¢/Rp4-TiO, under AM 1.5 irradiation
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Fig. S10. The photoluminescence spectra of (a) the commercial P25 and (b) A7¢/Ry4-

Ti0,.



3. Supplementary Tables

Table S1. Table Caption Comparison of the H, evolution efficiency for the TiO,-based

catalysts without using any co-catalysts.

H,
Photocatalyst . . Ref.
y Light source Reactant solution x10-3
(mg) -1
(mmol h!)
Hy-500, AML1.5
11%TEOA/ H,0O 69.6 S1
20 mg (100 mWcm2)
AML1.5 50%
blue TiO,, 20 mg 69.2 S2
(100 mWcem?) CH;0H/H,0O
Bi;0,8¢/TiO, . 20mg 300 W Xe lamp 5%glycerol/ H,O 24.8 S3
TiO,@MOF FS, AML1.5
8%TEOA/ H,0 4.4 S4
10 mg (100 mWem2)
TiO; nanorod, 5 mg solar light 5%glycerol/ H,O 3.535 S5
H-Graphene-TiO,, 150 W Xe lamp 20%
3.51 S6
3mg 310 <A <625 nm CH;0H/H,0
HC-TiO,,
300 W Xe lamp 10%TEOA/ H,O 0.6608 S7
20 mg
AMI1.5 50%
TiO,/TiH,, 2 mg 0.44 S8
(100 mWem?2) CH;OH/H,0
anatase/rutile, AML1.5 50%
0.43 S9
2 mg (100 mWem2) CH;0H/H,0O
AM1.5 50%
Grey TiO,, 2 mg 0.306 S10
(100 mWem??) CH;0H/H,0
AM1.5 20%
A76/R4-Ti0O,, 30 mg 68.1 This work
(100 mWcem2) CH;0OH/H,0
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Table S2. Table Caption Comparison of the H, evolution efficiency for the TiO,-based

catalysts with co-catalysts.

. H
Light Reactant 2
Photocatalyst & . Co-catalyst %1073 Ref
source solution 1
(mmol h-!)
S-doped H-TiO,, 100 mg AM 1.5G 25% CH;0H/H,O 0.5% Pt 25.8 S11
Co03;04 QDs/TiO,, 50 mg AM 1.5G 10% CH;0H/H,O 1% Pt 86.755 S12
Atomic Ni (1.11
Ni-a/TiO; » 50 mg 300W Xe lamp 10% CH;OH/H,0 ‘°m":t0/')( 94.5 S13
0
TiO, hierarchical microspheres » i
: P AM 1.5G 10% CH,OH/H;0 Atomic Pt 117 Si4
10 mg (0.36 wt%)
Black TiO, microspheres »
2 AM 1.5G 20%CH;0H/H,0 1% Pt 130.8 S15
mg
300 W xenon i
Co-TiO, » 100 mg 20% CH;0H/H,0 Atomic Co (1.1 168.2 S16
arc lamp wt%)
Cu-TiO,,10 mg 300 W xenon arc lamp ~ 20% CH;OH/H,0 Atomiztg; .75 177.7 S17
0
triphase anatase-rutile-brookite TiO,
S0 300 W Xe arc lamp 25% CH;0H/H,O 1% Au 178.5 S18
mg
Sub-10 nm rutile TiO, Nanoparticles,
100 AM 1.5G 10% CH;0H/H,O 1% Pt 1954 S19
mg
H-TiO,, 20 mg AM 1.5G 50% CH;OH/H,O 0.6%Pt 200 S20
Hydrogenated
. be.100 AM 1.5G 20% CH;0H/H,O 1% Pt 215 S21
titanate nanotube, mg
TiO, ultrathin nanosheets > 30 mg AM 1.5G 20% CH3;0H/H,O 1% Pt 540.69 S22
Dehiscent mesoporous rutile TiO, »
50 AM 1.5G 25% CH;0H/H,O 1% Pt 610.8 S23
mg
O;?:Z:pﬁi‘:?‘s%;? AM 1.5G 25% CH;OH/H;0 1% Pt 630 S24
Al reduced H-TiO,, 100 mg AM 1.5G 25% CH;0H/H,O 0.5% Pt 640 S25
Az6/Ry4-TiO,, 30 mg AM 1.5G 20% CH;OH/H,0 1% Pt 562.56 This work
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Table S3. Comparison of methods that can modulate the composition of the TiO,

phase.
H, production
. . with/without
Photocatalyst Temperature  Pressure Time Materials Cost Reference
cocatalyst /
(umol h')
. . . 131/2.415%(30 Degussa
O, skoksk
P25 1800°C High TiCl, High me) P25
Ordered Meso- Pluronic F127, Chem. Sci.,
TiO, -25 400°C Normal ~31h  HCL HOAc, Normal ~ 630/*** (50 mg) 2019, 10,
microspheres TBOT, THF 1664-1670.
TiO, (anatase, Angew.
. rutile and mixed sk Chem., Int.
f‘rri‘gtase/ rutile 500°C 20 bar ; ga phase), purity  High )/ 0.215 (2 Ed., 2014,
2 Y Hy(purity 8 53, 14201-
99.999 %). 14205
Adv.
triphase anatase- HCL HOAc 178.5/%44%(50 Energy
rutile-brookite 100°C Normal ~38h Ti Cf PEI > Normal m )' Mater.,
TiO, o 2 2019, 9,
1901634
_ o - TiCl,, PVA, , 563/68.19 (30 .
A76/Ro4-TiO, 500°C Normal 30h NMP Low mg) This work

Note: @ The P25 photocatalytic hydrogen production values were measured in our
laboratory. ***Represents a failure of the data to be found in the literature.
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