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Abstract — In this study, a CNT fiber flexible electrode grafted with CuO nanoparticles (CuO NPs) and polyaniline
(PANI) was developed and applied to a nonenzymatic electrochemical sensor for H,O, detection. CuO NPs/PANI/CNT
fiber electrode was fabricated through the synthesis and deposition of PANI and CuO NPs on the CNT fiber surface using
an electrochemical method. Surface morphology and elemental composition of the CuO NPs/PANI/CNT fiber electrode
were characterized by scanning electron microscope with energy dispersive X-ray spectrometry. And its electrochemical
characteristics were investigated by cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and
chronoamperometry (CA). Compared with a bare CNT fiber as a control group, the CuO NPs/PANI/CNT fiber electrode
showed a 4.78-fold increase in effective surface area and a 8.33-fold decrease in electron transfer resistance, which leads
to excellent electrochemical properties such as a good electrical conductivity and an efficient electron transfer. These
improved characteristics were due to the synergistic effect through the grafting of CNT fiber, PANI and CuO NPs. As a
result, this electrode enhanced the H,O, sensing performance.

Key words: Flexible electrode, Non-enzymatic sensor, Hydrogen peroxide (H,0,), CNT fiber, CuO nanoparticles, Poly-
aniline (PANI)
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ol A= B4 2 AR ONT fiber= ©F 160 um] A15-3 2=
A0 7 ofe] A|A~E(A-Tech System Co., Ltd, Incheon, Korea)ol| 4]
&3 934k} D-glucose 2} ascorbic acid (AA), dopamine (DA), aniline
= Sigma-Aldrich Chemicals (St. Louis, USA)Z F-E] #l| -5k 0,
hydrogen peroxide (H,0,, 30%)2} copper(Il) nitrate trihydrate (CuNO;),-
3H,0), potassium nitrate (KNO,), sodium hydroxide (NaOH)$} sulfuric
acid (H,SO,), nitric acid (HNO,), potassium ferricyanide (K,Fe(CN);),

potassium hexacyanoferrate (ITT) (K;Fe(CN)o» A=k (Samchun
Chemical, Gyeonggi-do, Korea)ellA -mlla}3{ .
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A& A713k8k4 =314 3 75 (eyclic voltammetry, CV)S ©]
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X-ray Spectroscopy)”’} Z ¥ FE-SEM (field emission-scanning
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technologies, Eindhoven, Netherlands)2} %17]13}8H2] 3= Al A] A~
El(Pt wire AT A= Ag/AgCl 715 A= CuO NPs/PANI/CNT
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2~ 339 (Electrochemical impedance spectroscopy; EIS), A] 7F
HAFH(CA) & A7]8)8r2] whel g8l 2] 718484 373
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T8t 3 M KCl 58 U] thefst A lA CVsE 57438191
th(Fig. 2(a)). Fig. 2(b)°llA] CuO NPs/PANI/CNT fiber 2 =-& A}
£127} 575 anodic peak current (1,,)7F 57 FSHAA FARS 9]
A2 AP A1 B, [mA]=0.02705 x v~ 0.00739;
R*=0.99883)F 2t=th o]/ 1,9} v 3ke] A3 /d -2 CuO NPs/
PANI/CNT fiber A =rell X 2] 7] 3}8H4] &8k 34l it
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Fig. 1. SEM images of the CuO NPs/PANI/CNT fiber composite. Inset: its EDS spectrum.
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Fig. 2. (a) CV diagrams of the CuO NPs/PANI/CNT fiber electrode in a 3 M KCI solution including 10 mM K;Fe(CN)4 at various scan
rates. (b) Its peak current as a function of scan rate. (c) Nyquist plot of the CuO NPs/PANI/CNT fiber electrode in a 0.1 M KCI
solution containing 5 mM Fe(CN)>”* at formal potential of 0.24 V. (d) Its CV diagram at scan rate of 50 mV/s.

A Z5-E] Randles-Seveik equation (at 25 C)S 483l A=2] & 171 4 (physical area)ol] H|3l oF 4.78¥] J =2 HH F7} &3}
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ok 0.2403 cm?2] & EHZA-E 71X bare CNT fiber Z2] 7 2] 8t roughness 571l 71218 Aelgt & 4= ST} Fig. 2(a)oll Al
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andic peak potential¥} cathodic peak potential©] Z+Z}; oF2} &2 HF
FO 2 o] %A peak potential separation (AE,) %kl H74 714]
= Z1& 53| CuO NPs/PANI/CNT fiber A =HollA F71e wH-8-0]
Adojdth= Z1e & 5 171,

CuO NPs/PANI/CNT fiber 21 =tell thet 2= Al el o] x7]3}
4 B 415 218 5 mM K;[Fe(CN) /K, [Fe(CN) & E5h=
0.1 M KCl <&M ol| A frequency range =5 x 102~1 x 10" Hz; applied
amplitude = 5 mV; formal potential = 0.24 V =7 3}ol|A] EIS 45
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CV diagram®] T}. CuO NPs/PANI/CNT fiber =2 anodic peak
potential (£,,) =0.465V (anodic peak current i,,= 0.0875 mA) <2}
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Fig. 3. (a) A schematic view of the electrocatalytic mechanism of
the CuO NPs/PANI/CNT fiber for the reduction of H,O,. (b)
Cyclic voltammograms of the CuO NPs/PANI/CNT fiber elec-
trode in the absence (dotted line) and presence (solid) of 1.0
mM H,0, in 0.1 M NaOH solution at scan rate of 50 mV/s.
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Fig. 4. (a) Response curve of the CuO NPs/PANI/CNT fiber electrode for H,O, concentrations. Its calibration plots: (b) at low concentra-
tions and (c) at high concentrations. (d) Interference test of the CuO NPs/PANI/CNT fiber electrode in 0.1 M NaOH solution at -0.4 V.
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Table 1. Comparison of the H,0, sensing performances to various carbon electrodes.

Electrode material Linear range Sensitivity Detection limit Reference
RuO, nanorod/carbon fiber 0.5~10 mM 0.042 pA/mM 23 puA [23]
Nitrogen-doped CNT cups 0.1 ~10 mM 0.19 pA/mM N/A [24]
CuO NPs/carbon ionic liquid 0.001 ~2.5 mM 11.3333 pA/mM 0.5 A [25]
Nitrogen-doped CNT fiber 1~7mM 1 pA/mM N/A [26]
CuO NPs/PANI/CNT fiber 211 ~15.82mM 15.344 pA/mM-cm® 0.52 pA This work
0.033 ~0.528 mM 114.23 uA/mM-cm?
Table 2. RSD values of the CuO NPs/PANI/CNT fiber electrode at various concentrations
Concentration Response current (LA)
(mM) Sensor #1 : Sensor #2 = Sensor #3 Mean RSD (%)
2.82 -21.13 -21.666 -23.176 -21.990 4.822
5.01 -23.588 -23.187 -24.675 -23.817 3.233
8.90 -27.111 -27.183 -28.226 -26.884 5.461
11.87 -28.998 -28.405 -29.809 -28.663 4.691
21.09 -33.542 -31.858 -34.637 -33.346 4.198
Z1H20,21]. 4.4 =
Fig. 3(b)= 0.1 M NaOH =&-°l|4] 1.0 mM H,0, &4 of-ol] wh
£ CuO NPs/PANI/CNT fiber H=-2] CV diagrams .=, =0l o L AT M= ONT fiber W0l A71818H4] 53 4 S5 F2l
3 H,0, Al 54 BoFrh H0,7F A 3§, CuO NPs/ TA) 1A} PANISF 245 AF3HE CuO NPs7} F5-% CNT fiber
PANI/CNT fiber =2 3Hgl 913 H57+= S7kehes AS &1 Hke ol A= =4S sk, o5 o] 83 Hy0, HE 8 Bla
WO, o= H 0,0 Frfl $helo] A2l 545 vehdith22]. 2 z7)8k8} AAE st A2k Hy0, 4141 CuO NPs9}

tjekst H,0, F%°14 CuO NPs/PANI/CNT fiber Z=-2] 752
0.4 V| A7 HedellA AT (CAYS: ]85t Z7313]
t}. Fig. 4(a-c)x= CuO NPs/PANI/CNT fiber %1 =-of] th 3} response
curve®?} F % ko] u}E calibration plotsS LERHATE CuO NPs/
PANI/CNT fiber =2 0.033~0.53 mM&] A&% A& 3+
2.11~15.82 mM9] T5% A8 TSz, 7 it A 8] e
7} 114231 pA/mM-em* (A5 5 T3 Fig. 4(0b)3 153437 pA/
mM-em*(25 5 T-7F; Fig. 4(c))©]th. Table 1= ¥ &17-0] 4] 9]
CuO NPs/PANI/CNT fiber A53} 7|& T o] B ¥ g4 7|4t
A=l tisk v &A% H,0, A% /35S vlawste] BojFEn) 53],
CuO NPs/PANI/CNT fiber =2 413 5o 41 2] PANI/CNT
fiber =F0] 1.2~21.1 mM (R*>=0.9919)2] A& -7 Yol A 2.134
nA/mM-cm?8] 7+ (data not shown)E K91 Zloj v]s|] <k 721 2]
7w I 532 BT} o= CuO NPsel| 93 T3 S7kel A
A ol 71918t Axje) g Zlo|th.

CuO NPs/PANI/CNT fiber H=¢llA 2] H,0,01 tist A4S =
ARE7] S8l ] EAEE o83kl ZARISITHFig. 4(d)). 0.1 M
NaOH 5=8-9 Yol A H,0,% B]5E310] AA, DA, glucoseS 2H2}
HA7¥shHA 04 vV 2= stell A 545 A3, H)0,9] response”}
AAY DA, glucose & THE M3 4R A4 A Vo,
©]i= CuO NPs/PANI/CNT fiber =] H,0,¢1 tist &2 A8 =g
ZE=thE 2he E918E = Qi

CuO NPs/PANI/CNT fiber A4 o] A&A B AEE $)8 3719
A AES FHlEke] M2 Y 5712 H0, TR0l 74318 e
W, B AE Ayl AALE 3 (mean) E ATl E5=H X} (relative
standard deviation; RSD)i= Table 21| g 2]aFith vty o2 A
3-8 RSDE ©o]g-3to] yehw, 7kl Al el ojst Alxkel RSD
valuet= Z} szl tial] 6% o2 2 AFAdS B
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