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Fig. S1. Digital photos of (a) pristine A-TiO2 and the A-TiO2 samples treated by magnesiothermic 

reduction (MTR) at (b) 500, (c) 525, (d) 550, (e) 575, and (f) 600 °C. The MTR reaction time was 

30 min.
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Fig. S2. Photographic images of (a) pristine R-TiO2 and R-TiO2 samples treated by 

magnesiothermic reduction at (b) 500, (c) 525, (d) 550, (e) 575, and (f) 600 °C. The reaction time 

was 30 min for all samples.
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Fig. S3. Raman shifts of (a) untreated anatase TiO2 and reduced A-TiO2 samples from 500 °C to 

600 °C and (b) untreated rutile TiO2 and reduced A-TiO2 samples from 500 °C to 575 °C.
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Fig. S4. HR-TEM images of (a) untreated anatase TiO2 (A-Untreated) and (b-f) A-TiO2 samples 

treated by magnesiothermic reduction at 500 to 600 °C for 30 min.
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Fig. S5. (a-e) HR-TEM images of untreated rutile TiO2 (R-Untreated) and R-TiO2 samples treated 

by magnesiothermic reduction at 500 to 600 °C for 30 min. (f) and (g) are the fast Fourier 

transformation (FFT) images for (a) and (e), respectively.
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Fig. S6. Low- and high-magnification TEM images of (a-b) P25 and (c-d) B-P25 TiO2 samples. 

A: Anatase TiO2, R: Rutile TiO2, D: disorder.

Fig. S7. High-resolution TEM image of B-P25 TiO2 showing a larger area in the disordered 
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region.
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Fig. S8. (a) UV-Vis absorption spectra and (b) the corresponding Tauc plots of untreated P25 and 

treated P25 by MTR at 500 to 600 °C for 30 min.
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Fig. S9. Hydrogen production during a continuous 18-hour HER photocatalysis over P25 and B-

P25.
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Fig. S10. Low- and high-magnification TEM images of B-P25 TiO2 after the cyclic photocatalytic 

reactions.

Fig. S11. Comparisons of (a) XRD patterns, (b) UV-Vis absorption spectra, (c) Raman spectra, 

and (d) extinction coefficients of B-P25 TiO2 before (fresh) and after (used) the cyclic 

photocatalytic reactions.
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Fig. S12. Comparisons of high-resolution XPS (a) Ti 2p and (b) O 1s spectra of B-P25 TiO2 before 

(fresh) and after (used) the cyclic photocatalytic reactions.

Fig. S13. Comparison of photocatalytic HER rates among A-TiO2, A-TiO2, P25-TiO2, and treated 

A-TiO2, A-TiO2, P25-TiO2 samples.
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Fig. S14. (a) Full XPS survey and (b) solid-state EPR spectra of P25 and B-P25 recorded at 25 °C.

Fig. S15. Schematic illustrations of density of states (DOS) of (a) A-TiO2 and A-575 and (b) R-

TiO2 and R-575. 
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Fig. S16. Photocurrent response of P25 and B-P25 under visible light irradiation. 

Fig. S17 (a) HR-TEM image and (b) EDX spectrum of P25/Pt. (c) HR-TEM image and (d) EDX 

spectrum of B-P25/Pt.
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Table S1. Comparison of HER rates of recently reported black TiO2–based photocatalysts.

Photocatalyst Structure Cocatalyst Light source HER rate
(mmol h-1 g-1) Ref.

Hydrogenated 
anatase TiO2

Core/shell 0.5 wt.% Pt 300 W Xe lamp, Visible 
light (λ > 420 nm) 0.064 1

Hydrogenated N-
doped anatase TiO2

Core/shell 0.5 wt.% Pt 300 W Xe lamp, AM1.5 1.5 2

NaBH4-reduced 
rutile TiO2

Core/shell 0.2 wt.% Pt 300 W Xe lamp 7.34 3

300 W Xe lamp 0.11NaBH4-reduced 
rutile TiO2

Core/shell 1 wt.% Pt
Visible light (λ > 420 nm) 0.02

4

300 W Xe lamp 6.5NaBH4 reduced P-
25 Core/shell 1 wt.% Pt

Visible light (λ > 400 nm) 0.18
5

300 W Xe lamp 6.0Zn reduced Rutile 
TiO2 

Core/shell 1 wt.% Pt
Visible light (λ > 420 nm) 0.08

6

No 300 W Xe lamp 3.46Li-EDA treated 
P25 Heterojunction

0.5 wt.% Pt 300 W Xe lamp 13.89
7

300 W Xe lamp 15.0Al reduced N-
doped P25 Core/shell 0.5 wt.% Pt

Visible light (λ > 400 nm) 0.2
8

Mg reduced B–N 
co-doped TiO2

Core/shell 1.0 wt.% Pt 300 W Xe lamp 18.8 9

Hydrogenated TiO2 Core/shell 0.6% Pt AM 1.5 solar simulator 10.0 10

Hydrogenated F-
doped TiO2

Core/shell 0.6% Pt AM 1.5 solar simulator 3.76 11

150 W Xe lamp, 
simulated solar light 1.56

No
Visible light (λ > 400 nm) 0.38

150 W Xe lamp, 
simulated solar light 11.53

B-P25 NPs Order/disorder 
Janus structure

1 wt.% Pt
Visible light (λ > 400 nm) 3.52

This 
work
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