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Abstract : Control of the microstructure of photocathodes is a key factor governing the effi-
ciency of organic pollutant degradation in photoelectrochemical (PEC) water purification sys-
tems. Cu,O photocathodes were prepared via electrodeposition, and the relationship between
applied deposition voltage, crystal structure, and PEC water purification performance was inves-
tigated. To promote preferential growth along the (111) crystallographic direction, the electrolyte
pH was maintained at 11, and the potential window for stable Cu,O deposition was determined
to be 0.3 to 0.7 Vagagcr by linear sweep voltammetry. The structural properties of the elec-
trodeposited Cu,O films were characterized by X-ray diffraction and scanning electron micros-
copy, while their PEC performance was evaluated using methyl orange as a model organic
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pollutant. The Cu,O photocathode deposited at 0.5 Vagaeci exhibited a pronounced (111) pre-
ferred orientation, enlarged grain size, and a uniform film morphology, resulting in the highest
photocurrent density and excellent operational stability under simulated 1-sun illumination.
These findings demonstrate that precise control of electrodeposition voltage is crucial for opti-
mizing the PEC performance of Cu,O photocathodes and highlight their potential for environ-

mentally friendly water purification applications.
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Fig. 1. (a) LSV curve measured with an FTO working electrode in a Cu sulfate-based electrolyte (pH 11). (b) CA
responses during Cu,O electrodeposition at various applied potentials.

2.4 H

Cu,0 #2232 fluorine-doped tin oxide (FTO)
Fo AF@AAT 10-15Qsq7") 713 Yol A3
718E oAIE(15E), ek (15%), Eol25(20%) &
M2 253 AT olF, 7 F4HE](CuSO,,
Junsei Chemical, =% >98%) 0.4 M3} % 2HCH;
CH(OH)CO,H, Sigma-Aldrich, 85% &%) 3M<
300 mLe] golrol| &3IAIZl -, 4 M FASMEF
(NaOH, Sigma-Aldrich, =5=>98%) £H8-& A&l
pHE 1122 A3, AL 345 74
(VersaSTAT4 Potentiostat, AMETEK Princeton
Applied Research)ol|A] F=3Jslion, 7|EAFe £
3}l KCl 7159 Ag/AgCl, HA=e PtE ARSI
ok A3 A9= —03, 0.5, —0.7 Vagaea® A3}
AL, Agx2] 25E 60°CE FABIIT &9 &
A Z2 H31H(-1.66 C cm )02 FAZ ZHJ).

XA 3ZH(XRD) #4& Cu Ka WAMIS AMgsl=
Bruker AXS D8 Discover 3] 8A1S o]-&3}o] 4=8)35}
Ak AlEe] ¥ 2 o P4 AAME FAREA
¥ v (FE-SEM; JSM-7600F, JEOL, NFEC-2011-
01-135487)2 AF&-ste] Aadlslw MEMS Sensor
Platform Centerol|4] 3231t}

HE oA (MO) &N FH7Fw Ede
VersaSTAT-3 ¥ EIL&AElS o] 831 3[F AJ2=EojA]
kst 39S AM 1.5G ZEZF A 150 W
A= s AMEsI9oH, 25 e TEUYEHE
o] &3] l-sun ZA(100mWcem?2)e 2 W3}
PEC & A3} A¥S 93 MO 29 Hsde DI
E 100mLo] 1 M9 Na,S0.2 MO &9 250 uLs
A7kt AA He 2718 BARIST

Cu00] A% 34
o] pH 2ol 28z 2
ol W= 72 )8 Aeldely 4 pH 20w
Cu,02 A= 74 (100) WaFozs] 419l 2%
470] Uk Wl NaOHE o]83}9] pHE 11

Fr fo
o
oot
fllo
T
e
)
2
o
re

2l A
Jorz EH AfM= pHE 112 IAsI A4S
ZPHATE Y Cu,07F H2== A7F s MeE g
Qsk7] $18 T2 71HE As|EedA fluorine-doped
tin oxide (FTO) H=& AF&3ted linear sweep
voltammetry (LSV) 4 Fsi9en, 2 A3
Fig. 1(a)°ll JERSITE. LSV 372 —0.1 VagagcIA
—1.2 VagneeZ/H 5319 oz JdP=lon, of
—0.3 Vagagel T20lM AF B=rt §43] 5718
A&Fsls Zlo] HAHAL. ol Y FHHE Cu,0
o] 2 whgo] JWAEE ovgith. S —0.7 Vagaeal
FZollXE LSV o] watido] ERIEon, oK
g o 59 AY FdelME 35 TV dFRHE
TZreZ BIE vl k9 oo wje} B AelM=
=03 Vagagca®lAl 0.7 Vagaee BHE Cu0 B4
29 Fzre g A, 0.3, 0.5 2 0.7 Vagae
o] Ql7b A} FHoNA Cw0E HAIIATH Fig
1(by= 2 I7F A 22100M A2 g 52t 54T
Az W M5 U9 HsE UeRd CA Aol
A7F Hstel F7igtel wet MR dre] =77t AA
3] F7kehe ATE HALH, ol 0.7 Vagaw &
7oA FTO EHAA2 Cu,0 FA wEgo] g o

b g s B4 ke
1
%)



A7)1348k3)], A 299, A 13E, 2026 13

2 wEA Agge gt wE 03 B 05
Vagaga 0N E 27] AR/ 2xrt Frtste] A

Cu,0 @-0.7 Ve

- A

Cu,0 @05 Vg0

Intensity (arb. unit)

Cu,0 @03V, e

(111) JCPDS#77-0199

(200)

30 32 34 36 38 40 42 44
20 (degree)

Fig. 2. XRD patterns of Cu,O films electrodeposited at
applied potentials of —0.3, -0.5, and —0.7 V,g/agc1
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Fig. 3. SEM top-view and cross-sectional images of Cu,O films electrodeposited at applied potentials of (a,d) —0.3, (b,e) —
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Fig. 4. (a) Photograph of the visible-light irradiation setup using a 1-sun checker. (b) Photograph of a three-electrode
PEC system with a Cu,O photocathode under 1-sun illumination. (c) Enlarged view of the Cu,0 photoelectrode, Ag/
AgCl reference electrode, and Pt counter electrode immersed in a 1 M Na,SO, electrolyte containing methyl orange.
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