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Investigation of Hydrogen Production with
an Electrochemical Photocell (1)

Masayuki Saito, Noriaki Kurita, Junji Nanjo, Shigeru Nomura
and Shin-ichi Hara

Abstract

The behavior of TiO, electrodes in photocell has been studied for improving Hydrogen production
efficiency. The resistivity of the electrodes has been varied between 2.07 to 145 ohm-cm. It has been observed
that the saturated current density-depends on the resistivity, and that there exists an optimum resistivity
about several tens of ohm-cm. The electrode with the resistivity of 32.8 ohm-cm showed the greatest
photocurrent density (800 » A/cm?). From the measurement of Hall effect, the Debye length of this electrode
was estimated to be an order of 10~°cm.

In n-TiO,/1IN NaOH//IN H.SO./Pt system, the rising voltage (V,,) at anode shifted in the negative
direction, while the Hydrogen production voltage (V,) at cathode shifted in the positive direction and this
system showed the greatest band bending (b,) and increase of Hydrogen production.

In p-Si cathode system, Hydrogen production efficiency was not better compared with that of Pt cathode
system.

The electrodes of n-TiO,films, which were prepared by thermal oxidation, anodic oxidation, and
chemical vapor deposition (CVD) method, have also been investigated. The characteristics of the electrodes
formed by thermal oxidation and CVD method showed the similarity to those of the single crystal TiO,
electrodes.
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Bk gl n-TiO, (3B 99.99%, (001) MTHEE#H 1 mm, EEH2 cm®* DL nE W, &
BW3A—RT T AH 200 TT7 v ETHBTNAIF03uTR) v 7L, EHELA, H
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fMHox &R (SCE) ##H L2, nTIOBEALEICIZA0WEE 7 L) 7V 78T
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E—1 I —V (vs.SCE) characteristics
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PRBL, IHHBMEREES TH T2 R D
rEZ LN, B—2 L0 N 10~% 10 -2 Saturated current (5V vs.SCE) vs.
Resistivity

Q-cm DEMRE FH AT EEICRIES R W &

Db b, REB TS 32.80-cm 2 5T 2 BB RAOWHEREELZ RL 72, 2O,
F—UHRELVBEL X ) TREZHCTRAL» 5 EZMEFMENELZ KD THDL &

107°%cm F— " —Th - 72,
\/ ek T ®
L=y 3
7T€ o

L: the length of the space charge region k : Boltzmann constant e : dielectric const.

T: absolute temperature n, :carrier concentration e: electronic charge

2) BWEOPH (& 2 KKREME
M—3 iz n-TiO Mk & EM & A& EMBFIEL T, E#E pH0.3 (H,S0,) & pH13.8
(NaOH) Tk 3, AFZFEBAE pHO0.3 DBFEW TIEHN—0.3 V (vs.SCE) TH Y, pH13.87
BT —0.9V (vs.SCE) Th -7, L, lultFNFNnpH13.8 L pHO.3DE 20XKFE
FEERICHIGT 5, 72720 n-TiO. i3 NaOH (pH 13.8) # ML 72, ZO#R, B—tnr i H
by B-—ERABEAL TLHINANA T A% T IEKEREDRTRIIEL, > T (M TA%
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B—3 I —V Characteristics of n-TiO,-Pt B—4 The characteristics of p-Si-Pt

and Pt-Pt
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4~ LA) Thermal formation of
oxide film in the ait

(B) Thermal formation of
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Bl—6 I —V Characteristics
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(1) BHEATIO.B&EIC & » £

D) PEEKDOX > ) TREARECL, ZHEMBOREZ/NI(TEZEI2LY, RRET
AR L2 ETF —ESSNOBEEEST 2HER UV (D, BiRfEs»AkT 2, —F., =HERME TR
W BHTEIED L, EXT 2% 5 ) TEIF DL b2 2 RERE OIRIZ I Tl E A
L, BRI 10~3 10 Q-cm & SR LAEI B -2, 20, EHEEEOIRIL
107°cm #—F—ThH -7z,

ii ) n-TiO, 7 .~ — F{ilic NaOH & # Hv», Pt A v — Filllc HSO, i+ H v 5 & 22K
LIKBRBERBEIRE Y, ZHET /— F0sibeh ) BEAEL A~ 7 ML, 7YV — Ffll
NDKFEREBMNIEL AN 7 T 520 THD,

ii) PRSI BHRONIERER TRGIE Pt o KFEREBME ) B BM TR 5720, PtER
IRl | TshEEs
(2) #p TiO. B IC & » K8

1) AP TARL 2BEAEIC L 2 MRS ERERETHAT TORL ) L Rk
BAFE L L7z, ZHIEBBEEROBRSE, RUKGOBENLLEEZ LD,

i) FMRERILAR I3 & A &SRS e o 72,

i) CVDBEIZEBR D7 4 v ML BRBICHELZ RITT EEZ N5,

LNUDOFHEE D 1 D& L TEFINERFT R X — BRI B T LN B D, AEE TR
FELX A DZ AN —DREEN L -T2 RD N -T2, ST —T 3 f L%%
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