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Oxygen vacancy and Ti** self-doped TiO? nanorods for
boosting visible-light-driven photocatalytic activity
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Titanium dioxide shows limited efficiency due to its wide energy gap and fast

recombination of charge carriers, and considering its high light harvesting
potential, it can be attempted to narrow its energy band gap by creating surface defects.
Therefore, in this study, an effort was made to create surface defects, oxygen vacancy (O,),
and Ti*, which lead to the formation of mid-gap states in the TiO, energy gap, by reducing
rutile titanium dioxide nanorods, which is prepared by hydrothermal method, in the presence
of gas flow. During the reduction process, no changes were observed in the crystal phase and
orientation of the nanorods, which was confirmed by XRD and FESEM results. The reduction
process caused the red-shift of the TiO, absorption edge towards the visible region (511 nm),
and the formation of OV and Ti*" effectively narrowed the energy gap from 2.95 to 2.42 ev,
while the creation of the mid-gap states reduced the e-h recombination, enhanced the charge
carrier’s lifetime and so improved the photocatalytic activity of the TiO, nanorods.
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Tablel. lattice constants, cell volume and crystallite size of pristine and reduced TiO,.

Lattice constants
Veell (°A%) Crystallite size 2. b (°A) ¢ (A) Sample (Reducing type)
32.5 61.9 2.95 4.58 Reduced TiO, (H,)
32.0 61.2 2.93 4.57 Reduced TiO, (Ar)
32.0 61.6 2.95 4.57 TiO, NRs
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Figured. FESEM images of (a,b) TiO,, (c,d) reduced TiO, by H, and (e,f) reduced TiO, by Ar.
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Table2. Element contents and specific surface of TiO,, reduced TiO, by H, and (e,f) reduced TiO, by Ar.

Specific surface (m?/g) | O (%atomic) [ Ti(%atomic) | Reduction sample | No.
19.21 65.15 34.85 Reduced TiO, (H,) [ 1
17.59 65.87 34.13 Reduced TiO, (Ar) | 2
13.34 68.21 31.79 TiO, NRs 3
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Figure6. (a) UV-Vis absorption spectra and (b) Tauc plot of reduced TiO,.

Intensity (a.u.)

—Ti0,
—Ti0,., (1)
——Ti0,, (Ar)

550

600 650

o

5

95

Sl g0

i

2Rz

Wavelength (nm)
035 Lol TIO, (sladiges & byye PL cils Y JSG5

::3)
3
N)
3
3
7
i
>

Figure7. The PL spectra of reduced TiO,.
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Figure8. Photo-degradation of MB over different catalysts under light irradiation.
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Table3. The value of rate constant (k) for as-prepared photocatalysts.

R? k (min™) Photocatalyst
0.984 0.004 TiO,
0.991 0.0091 TiO,  (H,)
0.979 0.0077 TiO,  (Ar)
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