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Abstract We report on the fabrication and photoelectrochemical(PEC) properties of a Cu,O thin film/ZnO nanorod array
oxide p-n heterojunction structure with ZnO nanorods embedded in Cu,O thin film as an efficient photoelectrode for solar-
driven water splitting. A vertically oriented n-type ZnO nanorod array was first prepared on an indium-tin-oxide-coated glass
substrate via a seed-mediated hydrothermal synthesis method and then a p-type Cu,O thin film was directly electrodeposited
onto the vertically oriented ZnO nanorods array to form an oxide semiconductor heterostructure. The crystalline phases and
morphologies of the heterojunction materials were characterized using X-ray diffraction and scanning electron microscopy as
well as Raman scattering. The PEC properties of the fabricated Cu,O/ZnO p-n heterojunction photoelectrode were evaluated
by photocurrent conversion efficiency measurements under white light illumination. From the observed PEC current density
versus voltage (J-V) behavior, the Cu,O/ZnO photoelectrode was found to exhibit a negligible dark current and high
photocurrent density, e.g., 0.77 mA/em” at 0.5 V vs Hg/HgCl, in a 1 mM Na,SO, electrolyte, revealing an effective operation
of the oxide heterostructure. In particular, a significant PEC performance was observed even at an applied bias of 0 V vs Hg/
HgCl,, which made the device self-powered. The observed PEC performance was attributed to some synergistic effect of the
p-n bilayer heterostructure on the formation of a built-in potential, including the light absorption and separation processes of
photoinduced charge carriers.

Key words oxide heterostructure, zinc oxide, copper oxide, water splitting, photoelectrochemistry.

.M B A iR A FES WA Qo) e 7P

YUEs} Bobd He FoRE Be ouAE wE
FHzol 3H 59| AaelM HIRE 37] & oltst 4 Qlh adH|, pas AR cluA 9o R bt
B FEe] F7MA Z1RekE J1% waleh sk A ARAE Brela 212 A el Yol Azta
3 50 87 EA0) HEE) A3 AR A o EAZE AN AT AR fa AL 3

)

1[‘

A5 g AATH Bado] F43) B Ak o Bl A (reforming)ZHE] ol FoIHIL, T i A
A A AUADE et paE GUAS R A Y B /13 el FU ol s

BN RAER B ulZs7] He] wEe] AA 7] WRelth. o] i 4 WHS B s
¥ oLix st giTa Fag AN BA7|sheE

TCorresponding author
E-Mail : hyojkim@cnu.ackr (H. Kim, Chungnam Nat'l Univ.)

© Materials Research Society of Korea, All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

214



S Cu0 Bl/Zn0 vhedid) Aske pn oIS BKF

E-53)| (photoelectrochemical water splitting) 7]&=©] o5
HRoem, o] 7lge] WEE wo] FA4vt HAL oA
Ao gM AREHE Fhe TA Bl He 73 olyA|
TRHE-FLOIUA-E)S s Hoz JdgEn?

FA7IseH e WS HEE AURE 38} ol
U2 A3lsl= wpio 2 B9k oUR|E o] 85}
E(H,0)S F24(Hy)9t AA(0)Z Eaflsle] 44 oy
2 gk 047]/\1 B oAUAIE 318t A= A

Shsl= Al2="llg 718k A (cell)2hal sh=dl, ©] Al
2 RS Ti’% gk Foll 2 AR E A 7]35}sH4
S-S doA i AFES dent?) Bx7)EE WX
= Y& 3= 3= (photoelectrode)s At HEg-0]
dojit= 3 4%‘(counter electrode), A Z(EE= &)
2 AP ZA 738 ;q;q ol A 34 71318k Hk-So|
dojvt= %E]% 7eFs] AMeshd, WeA] 2d=E o] F
o7l FH=e LEAhol YA ARt FEh)
< st a2 ;ﬂ ke ol Zhzte] Heom FEE
o] Hkgsl=dl, YT el = A BAsaL &
Gkl )01]"15 Fa7t WAsHA "k 19721990 H

%% Fujishima®}t Hondaw= n-& WE=AQl TiOE 34
=H(photoanode)© 2, M=S ] AFE=)C=E AM-31
FH7188H R WS Agxos BAsIn 1
o]FE TIO,% HEo] ZnO7}F 7H e A7 3=
cbekE WEA AsQdd, = o W o 4S8 7
3 7] il ARG A Sgo] AgtE = T
< Yepdoh FH2e] ojd &g S&s7] {8 o 7H
A FE Agshr] Ha AbskE WEA o|lF{Y =

3]

1

o

|E AFshs dFEe] ARHAALTY of71 o]F
st Tz FAo|A n2E W= Txo] Tujda] 7]¢]
e A 7 2 FES Jvu el Abshe i
A 11@% 5ol ol 75k Busl A
e 7S Ao R ZIgEn

Yurgow weA ol rE BhE A5 )

o AFE olFFE TG S <) Aupsle,
olZlo] A= FH7|stetd w35 AAsH "t H2
o, Al AAk Fx9] 24 7hsAd A o HE
golA wid theFst Feje] Cu,0/Zn0 pn ©|EHT
o] FA7|3}srd BERF A2lo] AL A= ¢
AEHAJET? @A, 7n0 Yie FRAE B TH3

dE 2 AAE A UA, =& A7 olFEE YE
W= g g AFEHAAR W W A (E,=3.37
eV) o o 249 B3HF 2w} zFe]A g 3
e @xdol vk ™™ o714 ZnORT F&

A (E,=2.0eV)S YERE Cu,0& #3388Hy 34 &
Qb FES JMAEA Yo ® sl d S =

Az oA o) be ¥R, Cu,oe i

f

o] B7lstek B4 215

p-% WIEAR H9E7] Wil n-¥ RE=A ZnOSt 4
gHetod Atshe RE=A] pn o]FHTS ITCEA
AN S AT S vk WA Cu0/Zn0 °1F
zo] AW 549 24 78 Fd71skeHE =1
2] s FINE T e Wte] "

2 =2dME FEdEdHEE ol FE n-d
ZnO V=2t A ek dalmaS ol&ate] J4€

p-¥ CwO o R o]Folxl Cu,0O BH9/ZnO A3t
WHEA] pn o]FHE FRAIE ARSI AIAE Cu,0
HeHCuO W=t pn o]FHAEY] 24 2 A/ 5
S RIS Tl B ERE FHFO2A 9 %
A7skeHA EAS AAZ R 2AFeIT o714 2171
shsbA o2 Azt AbslE WEEA] Cu,0/Zn0 ©lF
A A7 32 v)E, B2 AT 4 Ak B
771318t A= 29 7hsAdol fidsithe ol Al
AlE Zloltt,

2. Als]

H e
=R oHd™

WA 2BRIEFAH(TOYR] A8 2] 713 919l ZnO
e 2-E Aot (seed layer) o2 &8ss T
S A3 n-8 ZnO vui) AFAE AIAASD
Zn0 M ot3-5 F3sh7] flell L9 E WS ARE-sie]
Ao A SsmTorre] Ar #9171 stllA] tigF 20nm F
Aol ZInF& SHAI el 600 °CoAlM %3 F7]

| slollA 1A17F 3 A 3785 Ao =N
InsS A FH1E Zn0 AokE floll A
He ARgste] FHo® AEdE Zn0 vi=m) FH A
£ AAAZEH, A7 AHSE FEdEE 892 50
mMe] Ak A201A 6573HE[Zn(NO5),-6H,0]# 50 mM
o] A DA ET(CHNYE AFS k2ol 2]
WRIALE AREEt] s E9bste] FRlskieh L
L9 7ZnO A St=o] FAEH 7|TE FH|E LN =
T 95°CoA 6AIZF R FERYHOE ZnO Y=t

o H
o WIAE ARG Z00 thesit) WA 79
A 18 AF F Az 3] 27104 GHe F
2 400°CNA 1417F B9 YA,
WS A pn JBHTS B As) A

*354 ZnO =gt HAl £l Cu,0 BHehe 3165

ANETHS Mgl PPAALY £ gL

05 M¢] ﬁwﬁlﬂ 55 3}HE(CuSO4-5H,0)3 0.1 M9
d2H(lactic acid)S E§3H §Hof| FAFSPIEHF(NaOH)
2Fo|EE AREEt] WP o gM pH FAIE 11
gto] FHskth ZnO W=t [JEA7E ZEE
AlA 60°Ce] =F & <ol W& thgol
tod 0.5 mA/em?e] AF7F T2 ZANA

[1{

A

mlo

2N K o W Ooﬁiuﬂ
0_|_,

e
o
2k
ih
ol




(¢

T Ea IS AdET 714 e A=
& Z29(HyHeCl) A2 AHEskaly, dd A

A2 Cu,0/Zn0 AFsHE wk=A| o] gl A4S
ot 7] g8l X4 - #47)(XRD)9}F 2HRH(Raman)
3712 ARl en, nAl R B8 Qs YHAY
AUE FARAEN A (SEM)E 0838t Cu,0/Zn0
o]F T2 pn HY AF 5L gIs] S8l F A
o] AHHY Ag AEFES Cu,08 ITO X9 $l3 F4¢
ol AF-AYU-r) 54 F48 SR o1FH
3 FRA B R 5L AR SEide B ¢
= A=) HFo] Aok 3t7] wfiEel olFHA] A A
S ARSI 0.5 x 1.0 em™e] WA 9] g Auet o
2ol SAE ARSI A= AR Cu,09F ZnOE A
AFOZN ITOE =ZAIF T 234 doizl F749
Cw,0/Zn0 Bl ti3l] 315 v & AMS-3te] 33
718}eH4 ERd A4S AT 94714 1 mMe]
NaSO,& A|A= A3, 71 A=53 4d A=
2 Zbzt A2 A5 9FE ARSI 7 A5
HYS AZ¢ g2l A4S 02 VelA 1.0 V7EA] |
SIAZIEA 7N FAAE ZAMS wof o T8 we] A
2 9 zjol2 =AH3to g I HI 8L ALEY
Ao ve A

v
4
A
R
jus]
2
9
[>
2L
O
o
N
%
N,
e
flo
N

ITO7F ZYE F2] 713 flol FEFEHLS o] 835}
¥ Zn0 Yx=E) Ao dis] #EE AP A
SEM G452 Fig. 19 YeRHRI) o] 2do=HE -
EFAEE Zn0 Y Eo] £ o2 wmjdEo] F&3]
943 AL AT 4 Ak 4, FAEE Zn0 Yo

pd

N

2o HA ] ek XA 3 A A, SUARA §-
Z#0] E(hexagonal wurtzite) ZnO A7}l dld3sl=
(100), (002), (101), (110) 52 FHHAEC] #ZEHA=
Bl (Fig. 3(a)), ?1ASZHE ZnO Y=t Eo] thA4gZ
2 AgsHeS ¢ F Aok

ko Hajedyor AT Cu0 Bhhe o
S e weAo 7 wHEE [7|Eeh ke A

2Cuw* +H,0 +2e — Cu,0+2H"

Fig. 1. Typical SEM images showing (a) top-view and (b) cross-
sectional view of the ZnO nanorod array synthesized on an ITO-
coated glass substrate.
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Fig. 2. Typical SEM images showing (a) top-view and (b) cross-
sectional view of the Cu,O thin film/ZnO nanorod heterostructure
on an ITO-coated glass substrate.
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Fig. 3. (a) X-ray diffraction pattern and (b) Raman spectrum of the
Cu,0O thin film/ZnO nanorod heterostructure on an ITO-coated
glass substrate.
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