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Photoelectrochemical Properties of Single crystalline Cuw,O

KeNicHI Morosawa; ManaBU TAKEUCHI'* Fujio KANEKO and HIDEO NAGASAKA*

Department of Electrical Engineering, Faculty of Engineering,
Ibaraki University, Hitachi, Ibaraki, 316 Japan.

Abstract — Two kinds of photoelectrochemical cells, Cu,0./0.1M NaOH Pt and Cu, 0/
0.06M CuSO4.Pt, were fabricated using CuzO single crystal and their photoelectrochemical
behavior has been investigated. It was confined through the Hall effect measurements that the re-
sistivity of the sample Cu0O crystal was ~10°Qcm, the mobility ~80cm? Vs and the carrier

. 12
concentration ~1x10"cm?®.

The band gap energy of the Cuz0 crystal was estimated to be 1.94eV
from the transmission spectra.

Flat band potentials could not be determined clearly from the current vs. potential curves
for both the sample cells. These cells did not show well-defined rectifying behavior in the elec-
trolyte solutions, suggesting that the band bending was not large. Spectral responses of the
photocurrent were measured at various bias potentials. A photocurrent peak was found at 630nm at
the bias potentials of the Cuz0 electrode of 0.2V. This peak wavelength corresponds to the band
gap energy of Cus0. However, the photocurrent peak shifted to short wavelength region when neg-
ative bias potentials were applied. Open circuit voltage and short circuit current were observed
even in the dark. This can be explained by chemical reaction of the CupsO with the electrolytes.
The Cu20 electrodes were reduced to metal Cu by the light irradiation in the elctrolyte solu-

tions. It is concluded that the Cu;O electrodes are not stable in NaOH and CuSOs solutions.
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Fig. 1 The structure of single crystalline
Cu 20 electrode. Effective electrode
area 1s 10mm X 5mm. A lead wire
is connected with Ag-paste.
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Fig. 2 Experimental setup.
1. Electrometer, Potentiostat.
2. Recorder.
3. Potential sweeper.
4. Lens. 5. Monochromator
6. Xe-lamp.
WE : Single crystalline Cu,0.
CE : Pt.
RE : Ag-AgCl.

2.2 REBSLEHAE

BIEEBRIT Fig. 2 WWRTEBUTH B, wVREE
WAV g AN T RET, KBHOBTAEN I 22T
FFUBIETHEE Lo, BBER (RE) Wi, Ag-
AgCl (EBL=HIZERR MR-501C) , ¥#& (CE)
i, K& X20mx 10mOPtEAV i, Ag-AgCl B
DIFHEIK R BRBICH T ABALE, 0.2223V (vs. SHE)
Th b, T, BREDOEFBEREWOER f2dic,
BIERT 1 B LS LU, BIER LN, A2iCk 5857
v IERITIEG, N7 v IR OM EEBRIRBEOR
DAL TS, 29— 57—tk bBBAZRTE ST,

LfEREICIZ, 0.1IM NaOH, 0.06M CuSO, ® 2
HAEHOi, S vOHEGERRD2ED TH 5,

1) CuO / 0.IM NaOH / Pt

2) Cu0 / 0.0M CuSO. / Pt

HEA, B, CENFNITOOT, LO2EBHEO2V
AR, MIEETTIE -7,

X-YVva—43mERE TYPE 3036, X-TL
2 — #14FE, TYPE 3056 &ML, HEICE 500WXe
77 (VA BB UXL500D), 48 NiKon
G250 2o, BIMIREBES JUEEEEROMEIC
i, 97 SEB, Tvs box—45 TR - 86518BLD

. TR—8641 %{# L1z,



R, TA, €F, ’RIK | Cu0 BERONBRLNHE

3. KEBLUEE

3.1 Hall 3R&B LU HZBFE
Van der Pauw 9 OF I LS Hall IR OHRIE%:
HEA, B, COZhEFNICDVTITIEWY, Tablel ©

Table 1 Resistivity, mobility and
carrier concentration of
sample Cu,0 crystals.

resistivity | mobility |carrier conc.
sample) "0 " | (ei/VE) | (en)

A | 4.43 x 10° 81 1.66 > 10'%

B 6.56 x 10* 83 9.70 x 10!
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Fig. 3 Current vs. potential curves for
Cuy0 / 0.1M NaOH / Pt cell.
Flat band potential could not be
determined clearly.
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Fig. 4 Current vs. potential curves for
Cuz0 / 0.06M CuSOs / Pt cell.
The negative current at 0 V was
larger in CuSO, than in NaOH.
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Fig. 5 Spectral response of photocurrent
for Cuz0,/0.1IM NaOH / Pt cell.
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Table 2 Open circuit voltage in
CuzO / 0.05M CU.SO4

/" Pt cell.
samplel dark(V) light(V)
A 0.15 0.05
B 0.15 0.03
C 0.20 0.04

Table 3 Short circuit current
in Cup0 0.05M CuSOy

/Pt cell
dark light
samplel () ajert) | (uAkr)
A 0.40 —8.00
B 2.50 -3.00
C 0.25 ~7.50
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Fig. 6 Short circuit current measurement.
Current [4 by chemical reaction
flowed from Pt electrode to CuzO
electrode via electrometer in the
dark. However, photocurrent [,
flowed from Cu,0 to Pt. Therefore,
the short circuit current decreased
under the light.
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Fig. 7 A band model for the photoelec-
trochemical cell. Because Cuj0 is
p-type semeiconductor, its band
bends like this figure. Electrons
flow into the Cu;0 electrode from
the electrolyte in the dark. Electron
and hole pairs are generated in
Cuy0 by light irradiation. Gen-
erated electrons flow from Cu,0
into the electrolyte.

DR, BRPEC DBERE 0, Lal, BER
Cu.0 BRODOB A, BERKREOREN, EbLOTLRE
FETHY, BEBREBERICOL LY T, dark DR
ETHROLRQIRD LS EBREMNEC D, &
FRFNBTORTOBEREELZ2DOTHE, TOHR
WBIL T, & OEEMNTTRNSIETH 5,

SeARRE LT, EREERBRN T 2HHE, SRR
75 NaOH T% CuSO; DEETHIRD L5 HEIEHE
>TW5b,

cwo+2y-»20u+§oz+m* (3)
CDT &R, Xk, B/ &E L THERT BRI
it Cus0 OEY—PARED LNED - bDhs, #l
EBDOXBEHTTIRO -7 Bilzicd bbhil &ic
L DEER L (Fig. 8)o



6 TIRAFE T gcsEd®i £ 318 (1983

C
a (1
Cu0 Cu
~l b (1
2
©
9
[~ %
)

=g
te)

G | 58 G (232
o JL_L
30 40 50 80 70

Fig. 8 X-ray diffraction
Cu 20 electrodes.
a . reacted electrode NaOH.
b I reacted electrode in CuSO,.
¢ . original.
There were no peaks in the X-ray
diffraction patterns except for
original Cuz0 peaks. However,
a peak corresponding to Cu ap-
peared in the X-ray diffraction
patterns after the reaction in
electrolyte solutions.

patterns of

4. & B

BAEER Cu,0 43, NV FF v v 7T051.94 eV, mSEk
EEE 630nm Thb, LOBREEY—71E, B4 T2
BT EICLDERERMANY 7 T 5, Cu0 &K
BleE D=y F v TIERW,

Cuz0 BRI, BREPTEDLDHTARAEET, —HD

BAKBEERD & 5 ICEFELE NV, Cu,0 BXABE
wAEEFICHESE s, bllickat, Bu
B C & D BRR (Cu0 ERIGLIZS VHD) 2
(RAN R (A E QAN AG AN

HER Cu0 REBHEEBREMRT C LItk Cu
ICETsNTLE S,

8 #

Hall $1SROWEICBIL, AEEF LEPREEARGR
EOWMUPNEB/C LICBHOBEES 2,

g £ X ®

(1) A. E. Becquerel : Compt. Rend, 9 {1839) 711.

{(2) A. Fujishima, K. Honda: Nature, 238 (1972)
37.

(3) A. Fujishima et al. : J. Electrochem. Soc. ,
124 (1977) 719.

(4) AZEfE—, BRIBH, H L8 EKL3E, 49 (1981)
258.

(6} FRIGEA, $IBFE, SR, RIN—HE : Ann.
Rept. (1977) 33~39.

(6) S. N. Frank, A. J. Bard :J. Amer. chem.
Soc. , 97 (1775) 7427.

(1) BRE RERbFEEzxvF £ GERL
FEA, 1980) pp. 69~113, pp. 152~226.

(8) K. L. Hardee, A. J. Bard : J. Electrochem.
Soc. , 124 (1977) 215.

(9) #EAZE . ISHYEE, 42 (1973) 756.

(10 BRIS, A, &L £EP, 21 (1969) 450.



