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ABSTRACT. The titanium oxide thin films were prepared by anodic oxidation. The Photo-electroche-
mical properties of the electrodes were studied in 1 M NaOH solution. The flat band potentials of TiO:
electrodes prepared by anodic oxidation showed around —0.8V and the values were shifted 02V to
the positive potential direction that of single crystal TiQO,. Reduction potential of oxygen by cyclic voltam-
metry showed around —095V ss. SCE and these reactions were processed totally irveversible, The
photocurrent of electrodes were showed shorter wavelength than that of single crystal TiO, and its current
density decreased.
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Fig. 1. Apparatus of anodic oxidation; (a) teflon cell,
(b) electrolyte, (c} Ti-sheet, (d) O-ring, {e) bress, and
) Cu wire.
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Fig. 2. Anodic oxidation of titanium in 1 M CH,COOH
at a constant current densityof 1.46 mA/cm® (a) and
292 mA/cm? (b). Solution temperature was 25°C.
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Csc: space charge capacitance per unit area, ¢:
electrostatic charge, esc: dielectric constant (TiO,
5 100), &: vacuum permittivity, ¢sc: potential
drop in the space charge (V—Vy), V: applied pote-
ntial, Vp: flat band potential, Np: donor concentra-
tion.
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Fig. 3. Mott-Schottky plots of TiO, electrode prepa-
red by anodic oxidation at 25°C. Constant current de-
nsity for anodic oxidation were 2.92 mA/cm® (a) and
146 mA/cm? (b) in 1M CH,COOH.
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Table 1. Donor density (Vo) and flat band potential (V) of TiO, thin filln prepared by anedic oxidation

Condition of sample preparation \ Va V
Electrolyte  Temperature (°C) Current density, mA/cm? No. cm a b

1M CH;COOH 25 14 553X 10V -0.78 —0.79
21 6,38 X107 —0.76 -0.78

29 7.26 X107 ~0.79 —-0.77

36 462X 10V -0.76 —0.78

43 345X 10Y —-0.75 —-0.76

40 14 2.80 X107 -0.77 ~0.78

21 7.38 X 10" —-0.76 -0.75

29 4.65X%10" —0.77 -0.74

36 3.57X10" -0.73 ~-0.76

43 3.90% 107 -0.78 —-0.75

0.2M (NH,).HPO, 25 14 4.26 X 10¥ —0.78 -0.77
21 1.75X10" —-0.78 —-0.79

29 1.63 X107 -0.79 —0.75

36 145X 10" —-0.77 -(.78

43 246X 10Y —0.77 -0.76

40 14 375X 107 -0.76 —-0.74

21 1.78 X 107 -0.76 -0.97

29 423X 107 -0.74 —-0.76

36 4 82X 107 —0.77 -0.75

43 4.17X 10" -0.76 ~0.75

°Flat band potentials obtained from Mott-Schottky plots, *Flat band potentials obtained from Butler plots.
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Fig. 4. Cyclic voltammograms recorded for the TiO,
electrode prepared by anodic oxidation at 25°C in N,
gas saturated solution (a) and air saturated solution
(b). Constant current density for anodic oxidation was
146 mA/ecm® in 1M CH;COOH. Scan rate was 20
mV/s.
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Fig_ 5. Background compensated voltammograms re-
corded for anodic oxidation TiO, electrode in 1M
NaOH solution. Scan rate was {a) 5, () 10, () 20,
(d) 30, and {e) 50 mV/s, respectively.
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Fig. 6. Plots of peak current ps. 22 Constant current
density for anodic oxidation were 1.46 mA/cm® (a) and
2.92 mA/em? (b) in 1M CH;COOH at 25°C.
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Fig. 7. Plot of In(i;) vs. E,. Constant current densi-
ty for anodic oxidation were 146 mA/ecm? in 1M
CH:;COOH at 25°C.
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Fig. 8. Photocurrents observed at UV-region in 1M

NaOH sclution for a TiQ. electrode prepared by ano-

dic oxidation at 25°C (a) and water vapor oxidation

for Smin at 900°C (b).

Table 2. Electrokinetic parameters for oxygen reduction of TiO, thin film prepared by anodic oxidation

Constant current density  Temperature

Electrolyte mA/em? 0) an, K°, cm/s D°, ecm?/s
1M CH,COOH 1.56 25 0.42 42X10 *® 1.8X10°?
40 0.37 17X10"* 2.1x10°*

292 25 040 28x10 *® 19X10 *

40 0.40 35X10°¢ 2.2X10 *

4,39 25 0.37 6.1Xx10°* 19Xx10°%

40 0.38 2.7X10°* 23Xx10°%

02 M (NH,),HPO, 146 25 0.39 21x10* 22X10°°
40 0.38 33x107* 19%10°°

2.92 25 0.42 41Xx107 19x10-%

40 0.39 19x10°® 20X107°

4.39 25 0.38 26X10 ¢ 2.1X10°%

40 0.34 26%107° 19x10-°
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Fig. 9. Photocurrents observed at Vis-region in 1M

NaOH solution for a TiO, electrode prepared by ano-

dic oxidation at 25°C (a) and water vapor oxidation

for 5min at 900°C (b).
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flat band potential.
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Fig. 10. Plot of (photocurrenty vs. applied potentiat
for a TiO. electrode prepared by anodic oxidation at
25°C.
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