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Abstract: For the development of semiconducting photoelectrode to be more stable and efficient in the
process of photoelectrolysis of the water, pure titanium rods were oxidized by anodic oxidation, furance oxi-
dation and flame oxidation and used as electrodes. The Indium islands were formed by electred epusition of
“In” thin film on TiO, and Ti by electrodeposition. Also ALO, and NiO islands were coated on Ti by the elec-
tron-beam evaporation technique. The maximum photoelectrochemical conversion efficiency() was 0.98%
for flame oxidized electrode(1200°C for 2min in air). Anodically oxidized electrodes have photoelectrochemi-
cal conversion efficiency of 0.14%. Furnace oxidized electrode(800°C for 10min in air) has 0.57% of
photoelectrochemical efficiency and shows a band-gap energy of about 2.9eV. The In,0, coated TiO, exhibits
0.8% of photoelectrochemical efficiency but much higher value of # was obtained with the increase of applied
bias voltage. However, AL,O; or NiO coated TiO, shows much low value of . The efficiency was dependent
on the presence of the metallic interstitial compound TiO,:x(x<0.33) at the metal-semiconductor interface
and the thickness of the suboxide layer and the external rutile scale.
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Fig. 1. Electron energy correlations in photo-assisted
water electrolysis with an n-type semicon-
ductor photoelectrode and metal counter
electrode.
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Table 1. Conditions of Oxidized Titanium Electrodes Preparation

Electrod Conditions of Current density (mA/cm?) Oxidation Oxidation

ectrode electrode preparation /Oxidation Temperature time(min.) | Atmosphere

El — 2/— 150 5M KOH

E2 - 3/— 100 "

E3 — 4/— 180 "

E4 - 5/— 60 "

ES - —/1200°C 1 Air

E6 - —/800C 10 ”

E7 — —/1200°C 2 ”

E8 - —/1200°C 3 ”

E9 - —/800°C 20 ”

E10 800°C, 8 x 10~*torr, 1hr. —/800°C 10 ”

Ell — —/900C 60 8 X 10 %torr

2

E12 0.5M Ipz(SO4)3 4mA/cm? elec- — /800°C 7 Air
troplating 1hr.

E13 0.5M Iny(S0,); 7TmA/cm? electro-
plating 12min. after 2M Na,SO —/500C 60 ”
+ 100V 12min. anodic oxidation

E14 — 4/— 35 2M Na,SO,

Ei15 A1203 3000 A e-beam evapo- — /800°C ‘ 7 Air
ration coating

El6 NlQ 3000A e-beam evapo- —/600°C 30 B
ration coating

Table 2. Minimum Bias-flat Band Potential Data of Oxidized Titanium Electrodes with Different

Electrode Preparations

Electrode V._n(vs SCE) Van(vs SCE) Electrode V._s(vs SCE) Vain(vs SCE)

E1 —0.94 0.12 E9 —1.0 0.06

E2 —0.81 0.25 E10 —-0.7 0.36

E3 —0.98 0.08 El1 —0.51 0.55

E4 —0.91 0.15 E12 —0.65 0.41

E5 —0.80 0.26 E13 —0.72 0.34

E6 —0.86 0.20 E14 —0.9 0.16

E7 —0.91 0.15 E15 —0.62 0.44

E8 —0.87 0.19 E16 —0.4 0.66
Table 3.0 vefWio] <Fatsigt AFE et

(E1~E4, E14)¢] oAzt a8 7} 713
e 2 (0~0.15%)-& RojFglon] 7)o
A sk Aol A$-= E6 o] sha F9k
2w (0.57%) AT Rz A A8zl A=
<(E10, E11)& & 73k(0~0.25%)% B

¥FoR AAY AFE F E7AF0) AR
2 734(098%)& Mol Fglew Aks} Azko]
AASS 7205%)8 BT AL ¥ 5
ek W Ing H7he Elz, B13 038
W oAUAEE 58S HelE E7 AFnr)
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Table. 3. Photoelectrochemical Efficiency(7% ) for Oxidized Titanium Electrodes at Various Values

of the External Bias

72(%) - i 72(%)
Electrode V,=0.2 V,=0.4 V,=0.6 ectrode V,=0.2 V,=0.4 V,=0.6
El 0.05 0.10 0.12 E9 0.1 0.15 0.13
E2 0 0.07 0.1 E10 0 0.15 0.25
E3 0.07 0.15 0.14 El1 0 0 0
E4 0.05 0.1 0.1 E12 0 0.08 0.1
ES5 0 0.17 0.26 E13 0 0.5 0.8
E6 0.21 0.46 0.57 El4 0.1 0.1 0.1
E7 0.41 0.83 0.98 E15 0 0 0.06
E8 0.18 0.37 0.5 El6 0 0 0
S 78E BRAFUA N FFEFTFAS AR 4. InOsZ EFAIA AT AT oA
W ulelojxFgle] FUlEH ETAHFE FAHF gL 08%%E ¥ A8 RAFch
Zto) TIE= wide] El12, E13d32& A&A 5. AFFa o 2 ALO¢ NiOE A7 "=+
o2 Z7lsh= A& & 5 ok olepxtel #A o] A HF F&L2 0.06%% AY FX

#7F $718kE olf= In9 A7R EF 4SS
o] ¥4=7] YEor Azt Tt Al
3} NiZ #7483 E15, E16139] pzhe A3
e 3h4(0~0.06%) BAFct. o)e}zto] A
FAzZE wel AUAEF Zo] FehA|
£ olfre W=A ASue =Y E49 W3
AbstEe FA, Abshee] FE, #HstdEAa
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Atstelelty Ao FArEE AFA5 o

$3 e AEL A
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Z)Foll A 10871 AbsEA)Z] F)uke] oy )|

g 3&o] 7MA 2A JYepgoen 582 0.

57% & viepytrl.

2. EEA3E AL 1200C B8 o713
oAlA 287 AR Hge oyAHE &
o] /A FHow &&LS 098%F el
o}

3. Il o 2 Az o] AL Aksly
o AAF FAGe] oA HE 58
o] 714 zgtow F&L 0.14% 2 el
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