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Figure S1. Detailed synthesis steps for the preparation of Ti-O-Si materials. 

 
Figure S2. The photocatalytic H2 production equipment with the gas chromatography 

(GC7900, Tian Mei, Shanghai) by nitrogen as a carrier gas. 
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Figure S3. The full-scale XPS spectrum of Ti-O-Si and Ti-O-Si (400). 
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Table S1. Surface atomic concentration of Ti-O-Si (400) come from XPS. 

Sample C 1s O 1s Si 2p Ti
4+

  Ti
3+

 

Ti-O-Si 42.45 32.21 21.03 4.31 0 

Ti-O-Si (400) 42.16 32.94 20.68 4.07 0.15 
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Figure S4. SEM images of the as-prepared composites: TiO2 ((a), (a1)), Ti-O-Si ((b), 

(b1)), Ti-O-Si (400) ((c), (c1)), Ti-O-Si (500) ((d), (d1)), and Ti-O-Si (600) ((e), (e1)); 

EDS spectrum of TiO2 (a2), Ti-O-Si (b2), Ti-O-Si (400) (c2), Ti-O-Si (500) (d2), and 

Ti-O-Si (600) (e2). 
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Figure S5. After 1 min, pure etrabutyl titanate sample becomes turbid with dropping 

1.0 mL of water. 

 

Figure S6. The mixed solution of methyltriethoxysilane and dimethyldiethoxylsilane 

is not soluble in water. 
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Figure S7. Sample pictures of TiO2 nanoparticles without (a) and with added 5 wt% 

NaCl aqueous solution (b). The TiO2 nanoparticles were soaked in 5 wt% NaCl 

aqueous solution for about 10 days. XRD patterns (c) and UV-vis diffuse reflectance 

spectra (d) of TiO2 nanoparticles without and with added 5 wt% NaCl aqueous 

solution. 

 

 

 

 

 

 



  
 8 

 

  

 

 

 

 

 

 



  
 9 

 

  

 

Figure S8. The (αhν)
1/2 

versus hv curve of TiO2, Ti-O-Si, Ti-O-Si (400), Ti-O-Si (500), 

and Ti-O-Si (600); The band structure of the compounds are calculated by the 

KubelKa-Munk (KM) method according to the following equation: αhv=A(hv-Eg)
2
, 

where α is the absorption coefficient, hv is the photo energy, Eg is the direct band gap, 

and A is a constant. 

 

 

Figure S9. The VB XPS of Ti-O-Si (400). 
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Figure S10. Photocatalytic activity of the investigated samples in an aqueous solution 

under visible light irradiation (λ>420 nm) containing 10 vol% TEOA adjusted to pH 

8.2 with add 5 wt% NaCl ((vs 70 mL water). 

 

 

 

 

 

 

 

Figure S11. XRD patterns (a) and FTIR spectra (b) of Ti-O-Si (400) composite before 

and after the stability test. 
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Figure S12. (a) EPR spectrum of Ti-O-Si (400) at 110 K after the stability test. XPS 

analysis of the Ti-O-Si (400) composite after the stability test. The full-scale XPS 

spectrum (b), High resolution XPS spectra of C 1s (c), Ti 2p (d), O 1s (e), and Si 2p 

(f), respectively. 
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The apparent Quantum Efficiency Measurement 
 

The apparent quantum efficiency (AQE) was measured using the same experimental 

setup for the photocatalytic hydrogen evolution, but with an additional band-pass filter 

to obtain monochromatic light. Band-pass filters (420 nm) were equipped when 

conducting reactions under photons of different wavelengths and collecting quantum 

efficiency (QE) results. The amount of H2 produced in the first 10 h was used to 

calculate quantum efficiency using the equation below. The average intensity of 

irradiation was determined to be 3.15 mW∙cm
-2

 and the irradiation area was 13.3 cm
2 
. 

The amount of H2 molecules generated in 10 hours for Ti-O-Si (400) were 235.67 μmol. 

The quantum efficiency was calculated by Equation 1. 
 

AQE = 
2  the number of evolved hydrogen molecules 

×100% 
the number of incident photons   

 

Number of H2 molecules = 6.02×10
23

×235.67×10
-6

 = 1.419×10
20

  

Number of incident photons = Eλ/hc =(3.15×10
-3

×13.3×3600×10×420×10
-9

) / 

(6.626×10
-34

 ×3×10
8
) = 3.187×10

21
 

The calculated AQE for Ti-O-Si (400) at 420 nm is 8.9 %. 
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Table S2. The comparation of photocatalytic H2 production activity among Ti
3+

 
self-doped TiO2 materials reported in the literatures over recent years and this work. 

 

Photocatalyst 
Reducing 

agent 
Reaction 

conditions 
Application 

Ehancement 
fators vs. No Ti

3+
 

(The same 
condition) 

Sample picture 

Black TiO2 
nanotube 
arrays S1 

Al 

500 °C for  
4 h; Base 
pressure 

below 8 Pa; 

Photoelectro 
chemical 

Water-Splitting 
(freshwater) 

1.20% 

 

Hydrogen 
treated 

anatase TiO2
S2

 

H2 

300 °C for 
10, 20 and 

30 h; 5% H2 
balanced Ar; 

Chamber 
pressure at 
2×10-2 Torr. 

photodegrade 
MB  

three 
orders of 

magnitude 

 
Oxygen- 
deficient 

TiO2 
nanocrystals 

S3
 

NaBH4 

Ar 
atmosphere 

at 
300 °C for 

30 min. 

CO2 
Photoreduction 

12.4 No picture 

3D 
mesoporous 

black 
TiO2/MoS2/ 

TiO2 
nanosheetsS4 

NaBH4 

350°C for 1 
h under an 

Ar 
atmosphere 

Photocatalytic 
hydrogen 
evolution 

(freshwater) 

0.56 mol h-1 g-1 

 

Black TiO2 
foams S5 

H2  
At 600 °C for 

3 h 
Photodegrade 
hexadecane 

7 times 

 

Black TiOx 
nanoparticles 

S6 
Mg 

At 
500, 600, 

and 700 °C 
under an Ar 
atmosphere 

for 4 h 

Solar 
Water 

Evaporation 
50% No picture 

3D flower-like 
black 

N-TiO2-x@ 
MoS2 

S7 

NaBH4 

350 °C for 2 
h under 
the Ar 

atmosphere 

Photocatalytic 
hydrogen 
evolution 

(freshwater) 

1.882 mmol h−1 
g−1 

No picture 
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Black titania 
nanobelts S8

 
Al 

Pressure of 
∼2 Pa; At 
550 °C for 

4.5 h. 

Oxygen-Reduc
tion Activity 

(freshwater) 
5.7 mA cm−2 No picture 

Core-shelled 
black anatase 

titania S9
 

urea 

550 °C for 3 
h; 

Under 
the N2 

atmosphere 

Decomposition 
of methyl 

orange (MO) 
53.77% 

 

Mesoporous 
black TiO2 

hollow 
spheres S10 

H2 

 
At 600 °C for 

3 h under 
normal 

pressure 
conditions 

Photocatalytic 
hydrogen 
evolution 

(freshwater) 

241 mol h-1 0.1 
g-1 

 

Ti3+ in anatase 
TiO2 

S11
 

NaBH4 

Solvotherm
ally treated 

at 180 °C for 
24 h 

Photodegrade 
MB 

30-fold 
 

SrTiO3-x/TiO2-x
 

S12 
Al 

450 °C 
(SrTiO3/TiO2

) for 6 h in a 
5 × 10−4 Pa 

pressure 

photoelectro 
chemical 
hydrogen 
production 

40 
times 

 

Reduced 
rutile TiO2

 S13 
No added 

Ar+ 
sputtering 

and 
UHV 

annealing at 
850 K 

photocatalytic 
activity 

No data No picture 

Black TiO2 
nanotubes S14 

H2 

At 20 
bar at 

500 °C for 1 
h. 

Photocatalytic 
hydrogen 
evolution 

(freshwater) 

7 μmol/(h cm2) 

 

Corrosion 
resistant Ti3+ 
self-doped 

Ti-O-Si 
material  
(This work) 

No 
reducing 

agent 

At 400 °C 
for 3 h; 

Atmospheric 
and air 

atmosphere 

Photocatalytic 
hydrogen 
evolution 

(Freshwater 
or simulated 

seawater) 

1640.2 or 1930.5  
mol h-1 g-1 
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