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Abstract — We developed the PGE/CuO/NiO electrode as low-cost, disposable electrode material and it was applied to
non-enzymatic electrochemical sensor for H,0, detection. The PGE/CuO/NiO electrode was based on pencil lead
using CuO and NiO nanostructures. This electrode was fabricated through the pretreatment processes of PGE and
electrochemical deposition of CuO and NiO nanostructures. And it was analyzed using chronoamperometry (CA), cyclic
voltammetry (CV), and electrochemical impedance spectroscopy (EIS) techniques. The integration of two metal oxides
onto the PGE electrode improved its electrochemical properties, including direct and efficient electron transfer between
the electrode and redox species, as well as enhanced conductivity and effective surface area of the electrode. It is attributed to
the increased generation of Ni** in NiO and the resulting increase in charge carrier concentration through the integration
of NiO and CuO. As a result, its electrochemical sensing performance was enhanced due to the synergistic effect of NiO
NPs and CuO NPs. Based on the results of this study, it is expected that it can be applied to the development of low-cost,
high-performance disposable electrode materials and electrochemical sensors through the introduction of various
nanomaterials and surface modification.
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Copper oxide (CuO)i= 5= ME=7(1.2 eV)= Zh p-type 55
AbshE WiEA R, Sk 2 ellA] Cu(lyCu()e] Absh-2hel Whe-&
FA ZFZA7| 3 AR} Ado] 9-rate] T2 e T2 catalytic
activity, 35 H|3EA 2 2} 8}8HA] by, vk A4k vl 5 953t
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2-1. A M=

Hydrogen peroxide (H,0,, 30%)$} potassium ferricyanide (K;Fe(CN)y),
potassium ferrocyanide (K,Fe(CN),), sodium hydroxide (NaOH), copper
(IT) nitrate trihydrate (Cu(NO;),*3H,0), nickel (I) sulfate hexahydrate
(NiSO,x6H,0), potassium nitrate (KNO,)<> 47 <=2F(Samchun
Chemical, Gyeonggi-do, Korea) . Z F-E] FFHigron 1 ofqLof
e A A= 2242 B AFX (0.7 mm diameter and 60.0 mm
length, Jedo plus, Korea)ys -ull3to] AL S] B8 10 mmyt =
SAIA #7] 518t Aol AE-8IGIT.

2-2. AE Hi

Fig. <= PGE/CuO/NiO #=2] Az} 273} o] Zd=¢llA]<€] H,0,
AZE MIAUS st 24 T8 HojFuh Alahe ARZAL 400 T2
7] Z(furnace)o A 20 St A2 E T8l A=A T
clay @ binder = ES AlAst L @73} Axje] whyoz A
= XS DA F ARRE ST 71818 AR el 3k
SHd 9 (cyclic voltammetry; CV)= ©]-€-3}%] 0.1 M NaOH 4&
HolA] 04 V ~+1.0 V] AL 713to] 50 mV/ise] FAF S5
(scan rate) 3Fll A 7 cycles FH AL SFHFZ AH T k2004
AZHATH11,12]. CuO NPs®} NiO NPs= 242F 5 OA| 9] &5 1}
=342 AT AR ER O aksl B Bl thee] 24 tellA] oF
AT HE o] 85k 17138184 S 2 (electrochemical deposition)
°2 A2 PGE B fo =AH o2 TS, 12-13].

1) CuO NPs &

1-1) Cu NPs 23: 0.01 M Cu(NO;),%} 0.1 M KNO; 2| &3} &
Aol Al -0.7 V ~+0.8 V] K 89 Ul 25 mV/se] FAF S E=E 40
cycles

1-2) CuOZ 2] A+3}: 0.05 M NaOH €441 0.0 V ~ +0.82] &
St 9 Wl 100 mV/se] FAF £ 40 cycles
2) NiO NPs 3H4

2-1)Ni NPs &4J: 0.01 M NiSO,9} 0.1 M KNO;&] &3} &-<llof|A]
-1.5V ~+0.5 V] A ML Ul 25 mV/se] FAFSEZ 40 cycles

2-2) NiOZ 9] A4+3}: 0.05 M NaOH £ el[A] 0.0 V ~+0.82] &
St H9 Wl 100 mV/se] FAF £ 40 cycles

CuO/PGE

Synthesis of Oxidation of

Oxidation of
Ni to NiO

Synthesis of
Ni NPs

NiO/CuO/PGE

Fig. 1. Schematic illustration for preparation of the PGE/CuO/NiO and the electrocatalytic mechanism of CuO and NiO nanostructures for

the reduction of H,0,.
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B ATeA 8 BE A7)3818 A3 AgAgCl 7153 =7 Pt
wire A A =, PGE/CuONIO A= 2.5 /3% 1718}eH4] 3
A= A A2ES o] §akgl o, 7] glshA EA4e AR
(chronoamperometry; CA)¥} =3-d 79, d7]sle: Ao A
34 (Electrochemical impedance spectroscopy, EIS)S 53l =33
H Ak A= 37 2] morphology?} 31812 2742 FE-SEM3} EDS
(Hitachi S-4800, Tokyo, Japan)ll 2J3f £ 5 )t}.

3. 41 2

JE
CuO NPs¥} NiO NPs9] 77]3}8t4 gt wjAUELS 4 (1)T
)9} 28, 13].

Cu(Ni)+20H — CuO(NiO)+H,0+2¢ (1)
CuO(NiO)+OH = CuOOH(NiOOH)+e~ )

CuO NPs?} NiO NPsi= o] ¥Hg-5°l o3t 17]818H4] S48 5
3l PGE x5 EH 9o = %leH, o] SEMZ} EDS #4 0.2
FRISFATHFig. 2). Fig. 2(a)°llA A7]sleta o & Sate 54 AF
e el AH=o] PGE A= FHol dAld o A g A
S = 4 2191, Fig. 2(b)2] EDS mapping scanning 2 3} 2 5-E]
Cus} Ni 927} 8| 2= o] Q= 21 gRIgh 4= it o=

CuO$} NiO2] w4 Akl Wi Ak=0] PGE A= 3He] & 34
HASE ou]Evi14].

PGE/CuO/NiO Z=¢] thgh 17]3}8H4 54 #2405 213 5 mM
Fe(CN) 745 £33k 0.1 M KCl =894 cvel EISE 573}
A THFig. 3). Fig. 3(a)= -0.7 V~0.8 VS A<t 72+ 50 mV/s 2
FAEE 27 dholld £3 9 bare PGE 3 =3} PGE/CuO/NiO &
=2] CV diagrams®]t}. Bare PGE A =3} &2 PGE/CuO/NiO
=& E,,=050 Vel E, = 0.11 Vel FF5I5ka 52 ¢k 4o &7}
& 2k3}-8k9l 3] A (quasi-reversible redox peaks)E 7141, <F 0.39
VO A2 AE, & BRITh AE= 117|348} ihgollx €] 7he] s
Yxsh= 210®, o] glo] 245 =53 Atsh-3hd sekE 71
2340l GEA R Axpddoe] o] oA 1 Q55 oJn]ghrh15].
HE3F, PGE/CuO/NiO 1 =-9] electrochemical response= A 57}
Flom, 242} i, =0.995 mAS} i, =-0.988 mAS] k)29l 9]

ol

AFARE 2otk AME 0z 313 AR F7h A9 AEE
A& s, 7] Loel A k)-8l S A5 k) WG,y

i, =101 AFollA] ke 2345 kg0l QI Fe(CN) ™ A3t
gl Hhgo] £719 wholeh= 218 YERATH15].

A= Ao o] 1713184 B4 EIS w45 B3l ARSI
o] A&L 0.305 V2| formal potentialZ} 5 mV2] applied amplitude,
0.05~10* Hz®] 73} 1 9]ellA] 423 =] o] Fig. 3(b)2] Nyquist plots
At =2 Fuk4 771 Hh (semi-circle)> = Al oA €]

500nm

Fig. 2. (a) SEM image and (b) EDS elemental mapping of the PGE/CuO/NiO electrode.

(a) 2
| — — bare PGE
——PGE/CuOQINiO

Current (mA)
o
I

R, %) ISP I IR I IR NP RPN R i
-0.8 -0.6 -04 -02 00 02 04 06 08 1.0

Potential (V)

(b) 250
. —8— bare PGE
—&— PGE/CuOINiO

200
~ 150 |-
<
N
' 100 [ 4

0 50 100 150 200 250
Z(Q)

Fig. 3. (a) Cyclic voltammograms of the modified PGE electrodes in a 3 M KCI solution containing 5 mM Fe(CN)63"4' at a scan rate of S0 mV/s.
(b) Nyquist plot of the EIS for the modified PEG electrodes in a 0.1 M KCI solution including 5 mM Fe(CN).># at a formal potential

of 0.3 V.
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Fig. 4. (a) Peak currents as a function of scan rate for the PGE/CuO/NiO electrode. Inset: Its CV diagrams in a 3 M KCl solution containing 10
mM K;Fe(CN), at various scan rates. (b) CV diagram for the PGE/CuO/NiO electrode in a 0.1 M NaOH solution at scan rate of 50 mV/s.

Fe(CN) 4 213}-3k9) Wk-g-o)] )3t electron-transfer kineticsel ¥
3Fal, o] HH €] X] 5 (diameter)<> electron transfer resistance (R,,)
e HERATE R, o] 25 A9 electrochemical activity=
4= o] @542 electron transfer’} 0] 50 X1t 16]. PGE/
CuO/NiO H=2] R A= bare PGE(2F 60 Q F =)ol vlah 22 3h&
1.9Q)of w2} CuO NPs¢k NiO NPse] =918 &3l PGE d=2] 4
7|3}8k4] BAdo] E e 1% 4 il

Fig. 4(a)= tFF3t A ol PGE/CuO/NIO A=-2] ¥ A
FES plotdt ot} o] AL 10 mM K;Fe(CN) S &3t 3 M
KCl 5=&-<H¢] PGE/CuO/NIO =& HAsto] FAREEE WA
718 cvE 4302 S EQItE PGE/CuO/NIO A2 3]
I AFE FAREEY AFZEP)el Ad4 o ngshe 492
Hom(r,=0.0232 +0.07488 x v'"%; R*=0.99868), T2 =2 3%
H ghrtel] ofsf E4 ddo] o] FolA| L QS-S & UTH17]. ©]
M ] Z1E 71 VHE OF 0.07488(R*=0.99851)°] 3L,
Randles-Seveik equation[18]°]] 2J3l] =2] f-8 FWZ (L) th=F
24135 em? Y2 AXFELE o]z A gl ARg-E AL C] 1Y)
4] (geometric area; 0.2199 cm?)¥} vl w3ko] oF 118 =2 M4
7t 27 Bl

Fig. 4(b)t= 0.1 M NaOH €N A 50 mV/s2] FAFE ol A] 9]
PGE/CuO/NiO A=of| th3t CV diagrame]th. &2 A4 1B
o= 3k 449 Aksl-ghel ¥ 3= NiZ/NiPTel/5E= Cu/Cu®oll tf &t
2O 7, PGE A= %1 9]0 CuO-NiO Zo] FAE UL e
oH7I.

H,0,° T3k CuO-NiO2] A715 1) RES HIAYSS 2] 3)2 2
o] AlotE ™| Fig, 1914 2A1Z 02 HoZ=r}7,19].

NP’ (Cu3*)+H,0, = 2Ni’"(Cu*")+2H,0+0, T

3)

Fig. 5= PGE/CuO/NIiO =114 2] H,0, &=l th3t calibration
curve®|t}. o] AFL- Tt 5522 H,0, 84 +04 V] d7dsh
Z¢+S 718Fe] amperometric current responses =74 533 tE. PGE/
CuONIO A= A% 5 7-7H0.07~0.5 mM)°I A [[uA]=3.49562 +
1.74514 % Cypppp[mM] (R2=0.99364)9} 155 -7+(0.5~37.5 mM)
ol A [uA] =4.12549 + 0.34544 x Cpppp[mM] (R2=0.99508)] A
& PSS Btk PGE/CuO/NIO A2 v 544 H,0, A A

Bl 915 713 Flel Hargl e vk 7Nk A= Sl it
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Table 1. H,O, Sensing performances to various carbon electrodes
Electrode Linear range [mM] Sensitivity [LA/mM] Detection limit [uM] Ref.
0.033 ~0.528 5.76123
CuO NPs/PANI/CNT fiber 0.52 [2]
2.11 ~15.82 0.7713
NiO/a-Fe,05/Nafion/GCE 0.5~4 9.595x107 0.29 [19]
CuO NPs/carbon ionic liquid 0.001 ~2.5 11.33 0.5 [20]
RuO, nanorod/carbon fiber 05~10 0.042 2.3 [21]
PGE/CuO/NiO 0.07-0.5 174514 33 This work
0.5~375 0.34577
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