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Supplementary Figure 1 | Photograph of detailed process for the preparation of

defective TiO, nanopowders reduced by 5 wt% Li.
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Supplementary Figure 2 | Raman spectra of pristine and lithium reduced TiO,

nanoparticles. All of the TiO, nanoparticles demonstrate almost the same band

structure.
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Supplementary Figure 3 | Enlarged Raman spectra of pristine TiO, and 5% Li
treated TiO, nanoparticles. The peak became wider after lithium reduction, suggesting

the degree of lattice disorder increased.



Supplementary Figure 4 | SEM micrographs of pristine and lithium reduced TiO,
nanoparticles. a, Pristine TiO,. b, 1% Li treated. c, 2% L.i treated. d, 3% Li treated. e,
4% Li treated. f, 5% Li treated. The particle size of TiO, nanoparticles keeps almost
the same before and after lithium reduction, indicating grain growth did not occurred

in the grinding process. Scale bars, 100 nm.



Supplementary Figure 5 | SEM micrographs of pristine and lithium reduced oxide
nanoparticles. a, Pristine ZnO. b, 5% Li treated ZnO. c, Pristine SnO,. d, 2% Li
treated SnO,. e, Pristine CeO,. f, 5% Li treated CeO,. The particle size of the oxide
nanoparticles keeps almost the same before and after lithium reduction, indicating

grain growth did not occurred in the grinding process. Scale bars, 100 nm.
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Supplementary Figure 6 | XPS spectra (Ti 2p) of pristine and lithium reduced TiO,
nanoparticles. The binding energy of the TiO, nanoparticles keeps almost the same

and no obvious binding energy shift can be found.
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Supplementary Figure 7 | XPS spectra (Li 1s) of pristine and lithium reduced TiO,
nanoparticles. It is apparent that no peaks correspond to Li (55.5 eV) can be found in
the samples, means the generated lithium oxides have been dissolved and removed in

the washing process.
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Supplementary Figure 8 | The electrochemical impedance spectra of pristine and 3%
Li reduced TiO, nanoparticles (Inset: equivalent circuit). The resistance decreased
from about 20 Q to 9 Q after lithium reduction treatment, suggesting the significantly

increased conductivity of TiO, nanoparticles due to the implanted defects.



Supplementary Figure 9 | The side view of defect TiO,(101) with different
subsurface O, (blue circles) concentrations. Here, the 10, (a), 20, (b) and 40, (c) per
formula were considered in our simulations, and the O, stay in the subsurface. The
spin density of the occupied states for different O, concentrations is also shown in
yellow and blue contours for the two different phases. The red and light blue spheres

represent O and Ti atoms, respectively. O,s are shown in the blue circles.
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Supplementary Figure 10 | XPS spectra (O1s) of pristine and lithium reduced oxide
nanoparticles. a, ZnO. b, SnO,. ¢, CeO,. The three peaks labeled as O1, O2 and O3
can be attributed to the lattice oxygen, oxygen defects and surface adsorbed oxygen
species, respectively. It is obvious that all of the oxide nanoparticles demonstrate

significantly increased oxygen defects after lithium reduction treatment.
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Supplementary Figure 11 | XPS spectra of pristine and lithium reduced oxide
nanoparticles. a, Zn 2p of ZnO. b, Sn 3d of SnO,. ¢, Ce 3d of CeO.. It is clear that the

binding energy of the metal ions decreased after lithium reduction due to the

introduction of defects.
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Supplementary Figure 12 | XPS spectra (Li1s) of pristine and lithium reduced oxide
nanoparticles. a, ZnO. b, SnO,. ¢, CeO,. No peaks correspond to Li (55.5 eV) can be

found in the oxides, indicating the generated lithium oxides have been completely

dissolved and removed in the washing process.
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Supplementary Figure 13 | SEM micrograph of lithium powders. Scale bar, 20 um.
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Supplementary Figure 14 | Photograph of TiO, nanopowders reduced by 5 wt% Li

powders and Li piece respectively.
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Supplementary Figure 15 | Photograph of TiO, nanopowders reduced by 5 wt% Li

powders with different weight ratio of oxides to DMC.
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Supplementary Figure 16 | The reaction pathway of the O, diffusion from surface
(the left one) to subsurface (the right one). The total energy of surface O, is set as the
zero energy for reference. The light blue and red balls are Ti atoms and O atoms,
respectively. The yellow ball stands for the moving oxygen atom during the O,
diffusion. The blue circle denotes the O, defect. The transition states are shown on the

up panel and the stable O, sites are shown on the down panel.

17



80
— TiO, treated with Li (wt%)
X -
o 0% (Pristine)
c 60} 1%
9 2%
° 3%
) 4%
= 40} ()
@ 5%
o

N
o
L]

0 1 1 1 1 1
200 400 600 800 1000 1200 1400
Wavelength (nm)

Supplementary Figure 17 | UV-Vis-NIR diffuse reflectance spectra of pristine and
lithium reduced TiO, nanoparticles. In the visible and NIR region, the TiO;
nanoparticles demonstrate significantly increased optical absorption, in which the
optical absorption increase with the increase of the added lithium content due to the

increased defects.
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Supplementary Figure 18 | Tauc plots of pristine and lithium reduced TiO,
nanoparticles. The bandgap was fitted according to the Tauc plot. It shows that the
bandgap of pristine TiO, is 3.3 eV and that of lithium reduced TiO; is about 3.1 eV,

suggesting the bandgap has been narrowed about 0.2 eV due to the introduced defects.
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Supplementary Figure 19 | Solid steady state fluorescence spectra of pristine and
lithium reduced TiO, nanoparticles. The lower fluorescence emission intensity of
defective TiO, implies that its recombination of excited state electron hole-pairs is
less serious than that of pristine TiO,, indicating defective TiO, with longer carriers’

lifetime.
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Supplementary Figure 20 | Transient state fluorescence spectra of pristine and
lithium reduced TiO, nanoparticles. The results showed that the lifetime of
photogenerated carriers in defective TiO, (280ps) is longer than that of pristine TiO,
(230ps), suggesting the defects promote the separation of photogenerated carriers

indeed.
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Supplementary Figure 21 | UV-Vis-NIR diffuse reflectance spectra of pristine and
lithium reduced oxide nanoparticles. a, ZnO. b, SnO,. ¢, CeO,. It is apparent the oxide
nanoparticles demonstrate significantly increased optical absorption in visible and

near infrared light region after lithium reduction due to the introduced defects.
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Supplementary Figure 22 | Tauc plots of pristine and lithium reduced oxide
nanoparticles. a, ZnO. b, SnO,. ¢, CeO,. The fitted bandgap of the oxides were

marked and we can see that they keep almost unchanged after lithium reduction.
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Supplementary Figure 23 | Photocatalytic degradation of RhB by pristine TiO,, 2%
Li treated TiO, before and after annealing. The lithium reduced TiO, revealed
obviously declined photocatalytic activity after annealing and almost the same with
pristine TiO,, indicating the implanted defects in TiO, is the main factor for the

improved photocatalytic activity.
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Supplementary Figure 24 | The oscillator strength of reduced TiO, surface with 10,
(@), 20, (b) and 40, (c). And the strength was calculated for transitions from gap
states to conduction band. X, y, z direction represent three different directions of

transition dipole moment.

25



Supplementary Tables

Supplementary Table 1. The enthalpy change AH for lithium oxidation using
different metal oxide (MO)

MO TiO, SnO; ZnO

AH (eV) -4.03 -3.66 -5.05

26



Supplementary Table 2. Comparison of photocatalytic hydrogen evolution activity

with the available experiments

Hydrogen
Catalyst evolution rate Light source SoA Refs
(mmol g* hh

1% AU/TIO, 10.2 |ronar:2|;gr§;fd2e5r6n\e/\r/cury 6% CHOH 1
0.6% Pt/TiO, 10 AM 1.5 solar simulator 50% CH3OH 2
1% PtO/TiO; 4.4 Xe lamp, 300 W 30% CH3OH 3
1% Pt/TiO; 29 Xe lamp, 300 W 50% CH3OH 4
1% Pt/TiO; 6.32 Xe arc lamp, 300 W 20% CH3OH 5
1% Pt/TiO, 6.5 Xe lamp, 300 W 25% CH3OH 6
1% PYTIO;, 2.15 Xe arc lamp, 300 W 20% CH30OH 7
0.5% Pt/TiO, 6.4 Hg lamp, 300 W 25% CH30OH 8
1% PYTIO;, 43.2 Xe lamp, 400 W 20% CH30OH 9
1% PYTIO;, 4 Xe lamp, 200 W 10% CH3OH 10
0.5% Pt/TiO, 15 Xe lamp, 300 W 20% CHsOH 11
1% PYTIO;, 2 Xe lamp, 300 W 30% CH30OH 12
0.57% Pd/TiO, 3.32 Xe lamp, 300 W 20% CH3OH 13
1% PYTIO;, 241 Xe lamp, 300 W 20% CH3OH 14
0.5% Pt/TiO, 5.2 Xe lamp, 300 W 20% CH3OH 15
1% Pt/TiO, 10.6 Xe lamp, 300 W 50% CH3OH 16
0.5% Pt/TiO, 15 Xe lamp, 300 W 20% CH3OH 17

1% Pt/TiO; 41.8 Xe lamp, 300 W 20% CH3OH vTvg:i
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