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A Study of Photoelectrolysis of Water by Use of Titanjium Oxide Films

Seong-Yong Park, Won-Il Cho, Byung-Won Cho, Eung-Cho Lee* and Kyung-Suk Yun
Electrochemistry Lab., KIST, *Dept. of Metallurgical Eng., Korea Univ.

A bstracts: Pure titanium rods were oxidized by anodic oxidation, furnace oxidation and flame oxidation
and used as a electrode in the photodecomposition of water. The maximum photoelectrochemical con-
version efficiency(n) was found for flame oxidized electrode (1200°C for 2 min in air), 0.8 %. Anodi-
cally oxidized electrodes have minimum photoelectrochemical conversion efficiencies, 0.3 %. Furnace
oxidized electrode (800°C for 10min in air) has 0.5% phtoelectrochemical efficiency and shows a band-
gap energy of about 2.9eV. The efficiency shows a parallelism with the presence of the metallic inter-
stitial compound TiO_ x(X < 0.88) at the metal-semiconductor interface, the thickness of the suboxide
layer and that of the external rutile scale.
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Fig. 2. The Quasi-Fermi levels in an n-type semj-
conductor at the electrolyte interface
under various light intensities.
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Fig. 3. Experimental apparatus for the photo-
electrolysis of water.
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Fig. 4. Photocurrent density-potential curves for
the furnace oxidized Ti electrode in 5M
KOH. (E6: 800°C, 10min E9: 800°C,
20min E10: 800°C, 10min after the
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Fig. 5. Photocurrent density-potential curves for
the flame oxidized Ti electrodes in 5M
KOH. (E5: 1200°C, 1min E7: 1200°C,
2min E8: 1200°C, 3min).
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Fig. 6. Photocurrent density-potential curves for
the anodically oxidized Ti electrodes in
SM KOH. (E1: 2mA, 2hr 30min E2: 3mA,
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3o e8x] A 20 A 13(1990d 129)

29 EFOF J3lg AFE Bt A8 2 F
AFFE e Aoz Yeht),

ditF o2 FAFI} AlFHE A A vix
A A3 A A& Ve =, B A
AE “Von"& “Vi"ti4lol] AHE-3H A Atz ez
“Vi-Von" & X E EH 271 718 we} 243
22 B a7 2AME td4 & FH29 0
3W/cm?¢l BA9E (V-Von) 8] 2ol & FAIE £
Atk We FARAAAM A& (n-TiO: /5M
KOH /Pt) 25A1E 7§ 347t FFol A ¢ st
7] Azt A= E6Q) 3%+ -0.86V vs SCES!
o, o3 oz TP A9t 2H T /H, -
 ALu ¢ 4o SchottkyH ] n-¥
vtz A o] FAMA Ha9 A7 B (Vomin bian)
7} %2k YA gastA Bk [10]

Vn-min bias = Vn-fb- Vot /H,

5M KOHQ! A% VHT /H,&= -1.06V vs SCEo°]
o] Vi tiAlel]l Vons tidate] Altatd 0.2V
Vmino] E6 &=2| 3¢ dasiA gt o=@ W
WL ALgsle) ztr] g AR A THEeR
AZEY Vmino A4 GEE H1o) YR 7}
24 & Vmin & BAE st AFE 4= Ak
o2 MRS AIFQ E:Z 0.08V o) A% FAF
o] Holx AAZ F E&2 G RE & ZAE
=2

Table 1. Minimum Bias-flat Band Potential
Data of TiO: Film Electrodes with
Different Electrode Preparations

o

Vn-fb Vmin
(vs SCE) |(vs SCE)

2
4

Vn-fb Vmin |A =
(vs SCE) [(vs SCE)

El -0.94 0.12 E6 | -0.86 0.20
E2 -0.81 0.25 E7 | -0.91 0.15
E3} -0.98 0.08 E3 -0.87 0.19
E4 -0.91 0.15 E9 -1.0 0.06
E5 -0.80 0.26 |E10| -0.7 0.36

olg}zre] M A=yl wel A= EAo] &
FAE ol =M AIWe =Y F99 ¥,
ArgtE ol FA|, AsiE Fx, sESFEH 43
o] YR, FUAEF dolF B 83U
o] B§H oz A §3ly] ot

Photo, 12 SEM2o.2 3% A& HHZ=Z

Nl el
p e - ¥ o -

_51_



- 2UY - 2 - o) 2 - §7A

Scinning electron micrographs of sur-
face morphologies of titanium oxide
film, (a) anodic oxidation (2mA, 2hr
30min) (b) flame oxidation (2min)
(c) furmnace oxidation (800°C, 20min)
(d) furnace oxidation (800°C, 10min
oxidation after 1lhr annealing in
5x 10 torr).
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Photo 2. Scanning electron micrographs of cross

sectional views of titanjum oxide layer.
(a) anodic oxidation «2mA, 2hr 30min)
(b) flame oxidation (2min) (c) fur-

nace oxidation (800°C, 20min) (d)

furnace oxidation (800°C, 10min oxi-

dation after 1hr annealing in 5 x 107

torr).
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