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CuO nanoparticles (CuO NPs)E £41510] BhAtf=FH. Ad(carbon nanotube fiber; CNT fiber) 3 9ol x17]8}8h
Al SZAIA CNT fiber/CuO NPs =5 §/J3kaL, o5 A713k8H4] wlah 732 Aol 2833t o] 159
3 9 elemental composition 242 FAPHAAF #ulZ(SEM) oUA| A B3 H(EDS)= o831 o, A
=9 71sle4] 59 W FFFAe st A e 39 AFR(CV)T A715ker ASAAH(ELS), Al
FH(CAYS F8) ZAFEITE CNT fiber/CuO NPs A= CNT fiber?] 973t 5433} 34| CuO NPs =] whe ok
26819 & A=a4 (active surface area) 571 @29} 11 o] 4w xS (electron transfer) 543 4 95
3t 7712 Zvll 2 (electrocatalytic activity) %ol CNT fiber 91 7]RF 129 FFF2 FHZEo] st Aol 7iA
Heloh webA], 2 AFE 7IRECE tekst YT 2AlE &85 AT A A A Aol 7 dlE

Abstract — This study is a basic research for the development of high performance flexible electrode material. To
enhance its electrochemical property, CuO nanoparticles (CuO NPs) were introduced and dispersed on surface of CNT
fiber through electrochemical deposition method. The CNT fiber/CuO NPs electrode was fabricated and applied to
electrochemical non-enzymatic glucose sensor. Surface morphology and elemental composition of the CNT fiber/CuO
NPs electrode was characterized by scanning electron microscope (SEM) with energy dispersive X-ray spectrometry
(EDS). And its electrochemical characteristics were investigated by cyclic voltammetry, electrochemical impedance
spectroscopy and chronoamperometry. The CNT fiber/CuO NPs electrode exhibited the good sensing performance for
glucose detection such as high sensitivity, wide linear range, low detection limit and good selectivity due to synergetic
effect of CNT fiber and CuO NPs. Based on the unique property of CNT fiber, CuO NPs were provide large surface
area, enhanced electrocatalytic activity, efficient electron transport property. Therefore, it is expected to develop high
performance flexible electrode materials using various nanomaterials.
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BRALPE R H(ONTs)yE 352 71414 sl 717] A, 9535
3}ehA ok Al A (defect)o] fl= SHHFH T T
A7A =2 SHEE el TRkt Al 3-8 okl de] AHE-
)31 QrH15]. ONT fiber= CNTs®] 9578 ©7]8}82 AES &
A shAA 71 A2 F-AA (flexibility) 2 743t 214 (toughness), -2
o5 (porosity)2] 544 2H= 5 CNTs2] 2 3} fiber electrode]
o] A A= elo] M= BAE, 1171818H4 o Al
X 71eS AT ol 7] Sl wkgelA e 2
Zeksto] W ko]l A-g-0] 715381t 16]. CNT fiber?]
of] ol thkst glojelE tinjo) A~ g
Az gk QITH17-19].
1.2 eV)= Zh= p-type HEEAQ1 AFS2](CuO)=
skal AR Blgo] o o QA oF -3t
EAE gl 7k 35 9 17)
2] 7§ (modification)ys $J&ll =& HE-5+=
1o]t}1,2,20]. 53], &2 AElelA] Cu(l)/Cu(ll) AFs}-3H
F(redox couple) 7|HFO. 2 FF-F 2 Akst U A=} ddo] -3
7] witell, ) &% A7)k T AA AEe] thaFet v
T2A FEE de o]g= AL qlrh21].
AT T AHE A AT
CNT fiber 91 H54] A5 34117171 9130 CuO
(CuO NPs)7} E4Fgl CNT fiber =2 $HdetaL, o5 SF A
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2-1. M=

2 AFo A= o} A]A~EI(A-Tech System Co., Ltd, Incheon,
Korea) 2 ZH-E] #3842 CNT fiber (B73)S 791 A= 24 4=
AF2-318] 31, D-glucose £} ascorbic acid (AA), uric acid (UA), dopamine
(DA)+= Sigma-Aldrich Chemicals (St. Louis, USA)o| A -l 3}A T}
EESE, copper(ll) nitrate trihydrate (Cu(NO;),-3H,0)$} potassium
nitrate (KNOj;), sodium hydroxide (NaOH)$} sulfuric acid (H,SO,),
nitric acid (HNOj;), potassium ferricyanide (K,Fe(CN)g), potassium
hexacyanoferrate (I1) (K;Fe(CN),)<> 441 5=2F(Samchun Chemical,
Gyeonggi-do, Korea) © ZH-E] Fgwo}T}.

2-2. AE Y

CNT fiber/CuO nanoparticles (CNT fiber/CuO NPs) =2 =
718}ekA A WS Fatke] AlFE ) & A3 oA] ARE-sh
CNT fibert= 2549 8] 5A1L 1o]7] mjiof] =2 2] 2sl7] 4
SkA] sulfuric acid:nitric acid (= 3:1 v/v) =3 £ oA 35 min &
QF 4t 212 (acid treatment)E F3ll CNT fiberd] WS X540 =
NABIGTE. o] = 84 whgolA 2 RS AT aL, 275

M) F EE MIELE A8 53

2 AbsEE-O A ONTE F35F WHE A S
SHH22]. CuO NPs 7 ©HA| 9] =3H 9FH 7 (cyclic voltammetry,
cvyell oJsf FdElom, tao] 94 £ atelld 3= 3
Step 1 271 - potential range = -0.7 V ~ 0.8 V; cycle number
=12 cycles; scan rate = 25 mV/s

AL HAA7)E fae

il

O

Step 2 3271 - potential range = 0 V ~ 0.8 V; cycle number
= 14 cycles; scan rate = 50 mV/s

1SHA1+= Cu nanoparticles (Cu NPs)E 5 2H6h= g 22, 0.01
M Cu(NO;),%} 0.1 M KNO; = 383t =8-91-8 0] 85197 Step 1
Z10llA 7HAE ONT fiber 3% 9]¢ Cu NPsE T2l 0.7, 2
= 9 E CuNPse] AFsh 317 © 2, 0.05 M NaOH & el A
Step 2 ZAS o] £38}9] CuO NPsE At} wpx|oto 2 skl
MES TRTE AFske] HF ONT fiber/CuO NPs A= 545
Aztskaiet.

CNT fiber/CuO NPs =2 ¥ 9 A4 F4J(elemental
composition) #2412 $£]5tod EDS (Energy Dispersive X-ray
Spectroscopy)”’} 2% FE-SEM (field emission-scanning electron
microscopy; Hitachi S-4800, Tokyo, Japan)y=- ©]-8-5}%] 0w, 7] 3}&}
2 3Hd 2 2418 13l CompactStat instrument (Ivium technologies,
Eindhoven, Netherlands)2} % 7]8}8+2] 3= A A]2~B)(Pt wire 7
A= Ag/AgCl 7153 CNT fiber/CuO NPs 2F A =)yg Ag-atod
FE AT (CV) A7)8ke; 92 4 (Blectrochemical
impedance spectroscopy; EIS), A1 7% 5 (chronoamperometry;
CA) T 2713k W= 48318l

3. 80 3 o

Fig. 1= &A1 E CNT fiber/CuO NPsell thak SEM o]n] =] ¢}
EDS AHERS HojFEL) o] ABES B3l P98 A5 EHS
C9} Cu, OZRE o] Foj#] glom, CNT fiber ] CuO NPs©]
AA o Fake o] SakE AE F1gk 4= Qlrh

Fig. 2= 0.1 M NaOH €2 &qellA 50 mV/s TAHS X (scan
rate) ] 71| 4] CNT fiber/CuO NPs 3 =-2] CV diagrams©| t}.
CNT fiber/CuO NPs A=rollA= -0.9 ~ 0.8 VO] At -7kellA] 7
o) A1sl-2kel 9 g E0] ®elt) Akgl 1] T oA peak 13} peak 22
Z}7} Cu(0) —> Cu(l)¥ Cu(l) - Cu(I)E 2] AL3}o]] o]k Zo]u],
Wb k¢l 3] F ol A peak 37} peak 4= ZHZ} Cu(Il) — Cu(D¥
Cu(l) —» Cu(0)=22] el st 2102 o] ol Ve ¢
&4 nano-Cu02] 5437} FAlet A7E H3IT}H20,23].

¥ CNT fiber/CuO NPs A=-9] & W4 Atar] 918l
Absh-gkgl 31850 2 10 mM K Fe(CN) S g3t 3 M KCl -8
HE& AHE3to] FARSEE WA 71HA CVsE 5783kl chFig.
3(a) A TT). Fig. 3(a)elH B A H, FAS L SRS
&= 9] 3 A F(anodic peak current)®} = 3] =1 % F(cathodic peak
current) & 57181 2™, oF=- 3] 7 % % (andic peak potential)>
oFe] Whgko 2 3= 9] A 7 (cathodic peak potential)= =2 W
ko 7 ol o]z A 1 A9t -2l (peak potential separation;
AE,) #kol 13 714 31 Qle}. ©]F E3l ONT fiber/CuO NPs =
of|A] 719 Wk-3-(quasi-reversible reaction)©] YojHtl= 7S &
= otk Z12] 31, ONT fiber/CuO NPs H=ellx €] &= A7, )9

5 ARG BT FASE AR 1B H B,
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Fig. 1. (a) SEM image and (b) EDS spectrum of CNT fiber/CuO
NPs.
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Fig. 2. Cyclic voltammogram of the CNT fiber/CuO NPs electrode
in 0.1 M NaOH solution at scan rate of 50 mV/s.

[mA]=0.01458 x V!~ 0.02819; R*=0.998867} 1, [mA]=-0.01372
x 2 +0.023; R2=0.9982)% RSt} o] Aypi= Ao 4] 27
31814 WES-4 1= (electrochemical kinetics)= 321 Ehite] oJ 3t
&4 FAo|1, CNT fiber/CuO NPs H=Fo] FF31A 7Zof| o4t
AQlE owlgtri(1]. Hgh o] A¥E VWO ® 25Tl <]
Randles-Seveik equation [24]S ©]-8-8}¢] Al4tE CNT fiber/CuO
NPs A=9] & ¥ddE= o2k 0.13 cm?© 2, bare CNT fiber Y
Z9] A1 7] WA (physical area)el] P13} <k 2.6 o) W7 =7}
F3E B Q) o]+ ONT fiber 90 S2¥ CuO NPsel| 2] 3l
71 Zolgt & 4= Qi

A5 AldelA el d71sketa 5442 5 mM Ky[Fe(CN)gl/K,[Fe
(CN)eJ& E33H= 0.1 M KCl 578948 ]34 frequency range
=1x102~5x 10% Hz; applied amplitude =5 mV; formal potential
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Fig. 3. (a) 1, vs. v plot for CNT fiber/CuO NPs electrode. Inset:
its CV diagrams in a 3M KCI solution including 10 mM
K;Fe(CN), at various scan rates. (b) Nyquist plot of the EIS
for CNT fiber/CuO NPs electrode in a 0.1 M KCI solution
containing 5 mM Fe(CN)>'* at a formal potential of 0.228
V. Inset: its CV diagram at scan rate of 50 mV/s.

=022V 271 3ol A CNT fiber/CuO NPs A =+of] th3} EIS £4]-2
3= ek, A3 21 Nyquist plotol Al RE -2 2 A &
& YehH, o] o] AL A= AldolA] Atsl-g §lstE]
A2 A £ EF A|o3k electron transfer resistance (R,)2} 2Lt
g o] R = A8 A718keHA] d/dol winl ety wtel] LRk
A O R, #to] A=5E AEAQ A} o] o]FoA= A&
o] t}25]. Fig. 3(b)x= CNT fiber/CuO NPs A =of t]3k EIS
diagram= VFER™, CNT fiber/CuO NPs A& ¢k 320 Q A E9]
R, 5 7=tk A8 Ao A 9] bare CNT fiber 2] R, 7} <F
3500 Q]! Aol B]W5}01[26], CNT fiber/CuO NPs =2 oF 114
AEe] g AR g B S 2=t ol 55 AkskER] Cuo
NPs7} EIS probe®} A= 7F] £ Hx} A Qg o] A2 2H-&-
ato] 7] AEieE AR 71Q1gHC . Fig. 3(byell A4l 1
Z= 5 mM Fe(CN), 5 £33 0.1 MKCI =29 W 50 mV/s<]
FARSE ZAelA =3E ONT fiber/CuO NPs A=l tat 7]
s}t A 245 93 CV diagram©] T}, CNT fiber/CuO NPs
A= V)= A9} E,,=03003 V(F= ¥ = A5 i, = 0.09325
mA) % E,=0.1365 V(= Y=L A5 i, =-0.09304
mA)IA F31%E 8 o] 1] Alelslel 9|35 WQlt), o] A=)
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Fig. 4. Schematic illustration of the glucose electrocatalytic reaction
mechanism on the surface of CNT fiber/CuO NPs electrode.
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AE;= °F 0.164 V g0, o= A7l 5= A4 ke v
718] 1.00°0l 77k #k& |oleh. dnkd 0w A7) 38t
O AEE UEshs AEE T @] A2 Ayt
slekE 7ho] a8l A4 HAl M) o] FoiX= AL
L/l 7L ko] 19 7P7HESE A=50llA [Fe(CN)g]*™ Ahat-2
Hhgo] thE Hgeh Fukg- ¢l 71 wholgtes As
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2 0 2 Marioli?} Kuwana®ll 23] At wAUF0] Wol 85
3L 9lem, o]i= Fig. 49} 2 (1-3)ell VFERASITH23].
CuO + OH™ —» CuO(OH) + ¢~ (@)
or
CuO +20H™ + H,0 —» Cu(OH)4™ + ¢~ ?2)
Cu(Ill) + e~ + glucose — CuO + OH™ + gluconic acid 3)

CuO= CuO(OH) 3= Cu(OH); 29] 27| Aksl7} doju | o]
gl Cu Sl w7 AksbE Cu(l) delol =it o] Lozt
o] gdof|A 2F349] EeFd3l= Cu(lll)7} gluconolactone
O F 45l = enediol FEIE o] WA SE FUA7 AL HF
gluconic acid® 7123 € T}H29).

ZFFTA0) Abslo] thdk CNT fiber/CuO NPs A=2] 7] S
A5S F91S 98] 0.1 M NaOH £ 1] 1.0 mM ZF3A &4
oJ ol whe} 50 mV/se] FARG LA CVE =333 th(Fig. 5).
FFFIATF EABA] e ole Ak I A Holx| ko,
+0.75 V o]l A 2 oxidation tailo] ZHEE T} o] Z & CNT
fiber/CuO NPs Z=-2] oA & <Y (water splitting)ol] 2] gt
ZlolH, +0.6 VoA HolA|= 3lte] gkl 3] A= Cu(ll)/Cu(lll)
2] active redox couple®l] ¥oI= Zo1t}[30]. &2l 8- ol|A
Cu(Ily/Cu(ID)2] 2Fs} 37} Ko|] ob= AL o] & s d&
T AT =2 o2 HetelA B2 Atsl, & F99 AX - s

Z1oth2]. BHA 1.0 mM SF3IXA 718 4¢ 343 A% 571

v

A= 719ke] S5 HE58 vjaAE A7)sekA 55

== = CNT fiber/CuO NPs without glucose

0.15 - = CNT fiber/CuO NPs with 1 mM glucose
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Fig. 5. Cyclic voltammograms of the CNT fiber/CuO NPs electrode
in the absence (dotted line) and presence (solid) of 1.0 mM
glucose in 0.1 M NaOH solution at scan rate of S0 mV/s.

= 9k +0.2 VoA A|&HE] o] +0.6 V F-Zoll A HEsl Als) 9] =7}
AHT) o= SFTAY Alsle o8| A E A0 A= &
24 AdEwA 93 A77F S7kEE AR 2
Sloll Al Cu(I)2} Cu(1ll)9] surface species©] o ¥
T ATH3].

CNT fiber/CuO NPs Aol A &] thefFel 734 5o st
responset= +0.6 V2| YA F el A AIZHHAFRH(CAYE ©]-8-3to]
=793+ T}, Fig. 6(a-b)x= CNT fiber/CuO NPs =] tfj 3} calibration
plotS YEPA 2102 27l12] AE 718 BAch AA A%
7H2 0.03383 ~ 0.5781 mMS] A3 W oAl [mA]=0.00362 +
0.01314 X Cye [MM] (R*=0.9957)2] THAIE LFERH™ Fig. 6()), 7
WA a5 =] A8 7191 0.8671 ~ 50 mMOY A= [[mA] = 0.00721
+0.00383 % 0 [MM] (R*=0.9957)5 H.Q1THFig. 6(b)). Table 1:>
A3 Aol 4] 9] CNT fiber AA 2] ZFFA AZ0] thal Al
A5S Blw g Zlo|th CNT fiber/CuO NPs A4+ bare CNT
fiber Al ol B3l oF 42.79)€] 1= G S 1 715) Akt
5o Mg 4178 Bl o] CuO NPsol| &3t A= w4 Z7)9)
AAF A &gef] 71918F 21 © 2 | CuO nanocomposites” } =-F5~2]
27 Absle]] 523 AhS: Fhh= 218 ow|sic)

ol olofli= FFF A Bl o), o}~ 2 H Al(ascorbic acid;
AA), &% H(uric acid; UA), £3+71(dopamine; DA) & TFeFst 14

g0 FoQUh Al N ] 2FFZ A0 s UE M &
A5 R} oF 308 o] =A|uk o]H 7H] BEHEO] ¥}
ARSE el A AkslE 4= Q1Y) wliToll, 320 HE 9lof o]

A PAEA7Y o7 7 AvH2,3]. WA, H]

sl 32 AA A A B (selectivity)= -3 H.

b E oo
2 2 g

Table 1. Performance comparison of the proposed sensor to the CNT fiber sensor reported in previous study

Electrode Linear range [mM] Sensitivity [uA/mM-cm’] Detection limit [uM] Ref.
CNT fiber 0.0015 —0.098 6.127 0.38 [25]
CuO NPs/CNT fiber 0.0338 =0.578 2614 3 This work
0.867 —50 76.19
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Fig. 6. (a) Amperometric current response of CNT fiber/CuO NPs electrode for glucose concentrations. Its calibration plots: (b) at low con-
centrations and (c) at high concentrations. (d) Interference response of CNT fiber/CuO NPs electrode in 0.1 M NaOH solution at +0.6 V.

AlH o

F32~of g3t AT HARE =3 th(Fig. 6(c)). A3 0. 1 M
NaOH F£NolA] 7+ | mMA Q] & ﬂAa} AA, UA, DAS 37}
SHHA +0.6 V BollA A7 7 0% S ¥ Ut Fig. 5(0)011*1
50| FFIA9 AA, UA, DAC] 59U 352 7o &
Tkl S50 responsei= U (MY ARG X =4 U
ERstT}. o= 4] S04 AASH UA, DA 5 1H] =0l 4
Al AFstElo] Cuogte] RESAJ o] A 2] §l7] wiEo]H, o] éﬂri—‘?—
E] CNT fiber/CuO NPs A= 7|4ke] A7} SFF5 0] that 22
AEEE Zh=th= 28 218 = qlot.

4. 4

ATelME =
g 004 A=

<5 AFSHE CuO NPs©] 5% CNT fiber 711}
13 Hl LA A7)8ke SFas
+ CNT fiber2} CuO NPs2] &
Aol {e My T HY ,
Q-3 A7)31ekA 7 =
NT fiber/CuO NPs ¢
AA A= E8=

e
Gl
A

N mlo >1L

e A
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[©]

=
=
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