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Copper-based nanowire array microsensors for enzyme-free continuous glucose monitoring
SUN Yudong, JIN Yuanyuan, LI Shengnan, ZHANG Cheng, YU Danfeng *
Instrumentation and Service Center for Science and Technology, Beijing Normal University, Zhuhai 519087, China

Abstract: [Objective] To reduce the cost of enzyme-free electrochemical sensor for glucose detection by using
transition metal oxides. [Method] A CuO/Cu,O nanowire array was first obtained on the surface of copper foam via
thermal treatment, followed by cyclic voltammetric activation in a sulfuric acid solution to improve the detection
accuracy of the sensor and improve its electrocatalytic activity towards glucose oxidation. The structure and morphology
of the CuO/Cu,0O nanowire array were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM),
X-ray photoelectron spectroscopy (XPS), and Raman spectroscopy. [Result] The microsensor showed a low detection
limit (0.14 umol/L), a suitable linear range (0.44 umol/L to 0.58 mmol/L), as well as excellent storage stability and
selectivity. [Conclusion] The CuO/Cu,O microsensor prepared in this study provides a new strategy for developing
enzyme-free glucose sensors and shows potential for practical detection of glucose levels in human sweat.
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TR LA, AT R A R S I B A O, AN, X SERTE & B A K B8 A KRR
RMAKR ALREREERE R A ESER RS, FAERGUR R BA R i g 1, By AT H A
FEMR R AT R, AR & T H A 2 T B B A R

AR SEEGR F R B AL BRA EE T CuO/CuxO YRR BEFI AL A . SRR R BIR, SRR B m R
. ARASIIBR (0.14 pmol/L) « %5 % AZR M VE FE (0.44 pmol/L % 0.58 mmol/L) KA 5 ik #ett: Ffa g ik, %
B CuO/Cu 0 GHoKELREFIEAT LA T80 27 B s i ()98 77

1 3£
1.1 RAFISUF

IVIUM-n-STAT Z#isE EAA: fif 22 4E; Regulus 8100 ¥k 513 si4% (SEM): HAHSL; D8
Advance X STZRATHHX (XRD) : 4 [E A% 55 ; LabRAM Soleil $7 & 6i4%: HZ Horiba; AXIS—Ultra DLD X
B2 T RETE (XPS) . H A Kratos.

ZEMH (NaOH) « B, LB AL (KCD « iR JKE . L. JRIR. # & . KsFe(CN)s.
K4Fe(CN)e Z535 00 H T4z T3R5 (i) AR AR . SHRERIEE RiFEREE TREARA A . SR %
W E A T AEMBEARARAR . 22 W ER AR B S RHEA R A A . Fra =R 8 4. 6
WA (BAR 0.20 cm) A EHE™ . FrAERBHEHZ Millipore-Q R 4AALIHE4EK (18.2 MQ-cm)
il
1.2 &

1.2.1 CuO/Cu0 Ak & EF) 6% %

JCHE ] 2 Bl AL AR I CuO/CuxO YK G B H1 Fa Al I il 2 I A2 R s AKIRA 10 mL B SBRERIZE TR K
THEVRARE, HESRT GRS E T BT, G s NESLL 5 °C/min BFHRE Z MR
350 °C, fR%F 1h, 2HERmMAEKH CuO/Cu0 KL FES .

1.2.2  CuO/CuO 44K & 55| tt B B o % &

22 ] BRI F AR A FH 1T, 72 1 mol/L BBV HH b AT A& Ak o BB IR : £ 0~ 0.8 V HLL 50 mV/s
(R4 e 0t 22 X BRI F AR EAT 20 (RO EMR 2 (CV) 4, SRJGHHE T 60 °C MMEAH A TR . K
BT CuO/Cur0 KL ES AR BTN 3 mm BEAARRIETE, Fdit 5 s AR R 21 22 W ED R s AR i TAF
X3k, 7F 60°C FTU54h, BIAJ# 804 KE.

1.3 SRS MHEENI
1.3.1  RAiEF*

XRD Mllik: Cu Ko 585 (B 1.548 A) , #REHE 40 kV, HI 30 mA. $7 8GR WOt K 532 nm,
HrHiAeE 10 mW. SEM MIliR: #E{EHE 30 kV. XPS IR 4iffdiidae 150 eV, K 1eV; FEiEHH
AL 30eV, HK0.1eV,

1.3.2 HEREMX
1.3.2.1 A 22

TG B T AL 7 D) 78 2 U0 2R T (R LA & bR 22 e | FA SR S8 . fE S 5 mmol/L
[Fe(CN)s]> /[Fe(CN)6]* 7 0.1 mol/L WML b 22 vl (pH 7.2) H, X1 2 B AL B B 3E AT CV Ak 24 P
(EIS) k. EIS MIARZ A 100 000 Hz & 0.1 Hz, #1EWEIN 5 so CV MRRAIHAI N-0.2 ~ 0.6 V, 33
WEH9 10, 204 40, 60, 80 F1 100 mV/s.
1.3.2.2  H&EFERE =T

P T80 8 T PR 2 A1 R A R A A %8z, RIS 0.1 mol/L NaOH V¥ A'E sl 47 B A Il
(1) FEL AR o

FEFF AR R, R IR () — B 18] (2) i 2 a0t 36 26 B 06 AT 58 2o Br o 78 AR SRR S DDA [ B2
(0.44 pmol/L % 0.58 mmol/L) I &4, HALBEE N 0.4 V.
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CuO/Cu0 YK ZEFEH it s TP R R AR R o N 2 FhmT B = A8 T3 i) i F 4 gt 474k
5. SR MM 5 SZ DA 5 i % R L Bs AT 36 . Foow MR A% B A SR A AR VKR
PL 4 °C T4 180 d Ja B H 347013

2 ZFR5HS
2.1 CuO/Cuz0 KL EFIRIRIE

I XRD % CuO/Cur0 YK FEF I i AHEAT 720 #, 25 R 1 Fizc. A XRD i nl sl 52 2181
W ARNTHIE, 20 =35.4°, 38.6°H1 48.8°FH T 731l Jy CuO GHKZEAE (002) « (111) F1(202) & THI AT U6,
5 CuO Mibr#E XRD %4 (JCPDS 48-1548) JEAAMSF, K T CuO MIFEERL 20 = 36.3°, 42.2°. 61.3°FH
T4.3°BHIE 43 HN Cu0 9KRERAE (111) . (200) . (220) F1 (311) FTHIATENIE, 5 Cu0 HIFRHE XRD 4
(JCPDS 05-0667) F:A A, R T CuO HIFEFE. 20=43.2°. 50.5°F0 74.2°K 3T (AT S0 7 591 o 1o F- 36k
J& Cu 1(111). (200) A1 (220) 4T, 5 Cu [AnifE XRD ##E JCPDS 04-0836) &P, iR 4h i B
CuO/Cu0 Tl & ). XRD 1% E R H AT 0, BRI 3 5 2% A AT, R IFE W AA
B &6 i P R Al
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1 CuO/Cux0 HIKREZFEFIE) XRD (&
Figure 1 XRD pattern of CuO/Cuz0 nanowire array sample

2 JEIR TANFTERAE T CuO/CurO PKER A R IAEE o 18] 2a SEELARTBONAE BN MR IREA L
CuO/Cw0 YARLIVREMIEH, % o TAPRH A, BRI B ZR A5 /Tl i ol L, AR BOA
Mo AEBORREECA g A E oL T, 18 2b o 1R S 2 4075 . B 2b rh RENS LS B H I R 2L
R SRHMBER, AANBR KB . B 2¢ BB R VHIRRER ALK 7 REH KK
KRGy, HAREN 2 ~3 pm, MERZGIEE— M2 fLKGUKREFEII S, T T AR KA AE R A s
Blo Tl 2d DT T SIS FRAR AR 26 A OO SIURFAIE, R TIAEX G, EARN 100 ~ 200 nm. KL FE
FI AR R T SR TT SR AN 2 i VR A, 3990 1AL SR PERE, AR iy 17 St o ] i i ) H
LM N o

(b ()
2 FERBAZEHET CuO/Cu0 HK4:4E5H SEM B

Figure 2 SEM images of CuO/Cu20 nanowire arrays at different magnifications
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Figure 3 Raman spectrum of CuO/Cuz:0 nanowire arrays

By BRI AL T 343 em™ AT 625 em™ b, UESE TRESHAELE Cu—O B, #HF—BHE CuO/Cu0 TRl
U0, (HARER RS, P2 RN E SR BT E R GURA R LT AR 5

T a3k — I T ) S A D A K e B A1) 5 ) R 3 T AE A SRS, 0 P A IR g OK R R S AT T
XPS RAE, A WEMLEA R LIBRIG Y Cls 1§ (284.8 eV) BEATRHE. WK 4a flizR, XPS i EIERT
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Figure 4 XPS spectra of CuO/Cuz20 nanowire arrays
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RMWHE (O 02112, £, XPS 4585 XRD MHF 4R m Y&, IESSIEERER MR 141 1E
DK LR BEF 25K
2.2 CuO/Cu;O WMfERBIEBNLEITAH

KA CV R T A% AR 7E 0.1 mol/L NaOH HILARVE H (1 AL FAT N, R T HE-0.3 ~ 0.6 V N3
(10 ~ 100 mV/s) % CuO/CurO GHK L B 1l F A AR A SR e FER KT 52 ) o 18] Sa o, PG A R F
K, Al 3850 FRLATIE S 48 BRI K. BT Sb nl s, SEARIE R Gio) FHIE JE I FELR i) 1A R 545
WEIEL, RMETREDHN io = 12.1v2 — 11.8 (Wi REL R*=0.997 1) Fl i = —9.9v'2 + 20.7 (R* = 0.974 8),
VL] CuO/CurO YN K LR R H1) ok FELA 1) P27 S B 3o e g 3 T PR B s

04r 120

10 mV/s &
20 mV/s //)V/
03F 40 mV/s 80 i=12.1v"2-11.8 1///*/
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Figure 5 CV measurement results of CuO/Cu20 microsensor at different scan rates
f£ 0.1 mol/L NaOH ¥, CuO/Cur0 AR S5 1L &A% 73 I AEAT AN (5 pmol/L) A7 £ A1 JE #] % B A7
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Figure 6 CV and EIS measurement results of blank and CuO/Cu20 microsensors in the electrolyte with and without glucose
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A, T RIS MR ST IR B B2k, U L R AR /N . ZEARAIIX, I B A
SBR[ Warburg FHPURHIE, 3B SV B ) 7E Ho AR5 V5 T B Il S2 7 Bl il . EIS. N 45 SR R B
CuO/Cu0 MM FEARMEAL R B HBH, $Rm AR, MR IR 35 1 e 5 2 e L fe A
E
2.3 tEHZSR LR

B 7a AN [F1AR 2 1 7 B 7E CuO/CuaO YK L2 B 51 i A B2 b ELAE e S PR AR A, o [ 4 40 267 VAR 2 PR 38
FLE R R, I 7 ATA, 4 AR EELE 0.1 pmol/L 2 1.74 mmol/L VAN, FELJA Wi 87 [ 5 781 60 B ik
FEE (R BE NG 3K, 3K H T il o 0 20 B R R 3, PR SR T = RIS R TN 25 A AN 3 () PR A R
BEEZIVEENE ST, RRAESNIEFE R, SCEUEZ M FFR, M2 B0 H B R A i B
M EPERE ST 0.58 mmol/L B, MEZLH| I IIA R & X, TR IR & X H 20 AR SR
SREHEAT, PP A IR AR R P TS R A MR R A IR A FEA R TR Ok, (EESE Rk BN, R T W IR PN I 7
PR 0 0T Bl 2> PELAS 1 & Wl 1 84 . M AR FE (o) 5 0.44 pumol/L % 0.58 mmol/L B}, WEAE HLR ()
FI 10 75 FE A 1gip = 0.773 9 1ge + 0.568 7 (R* = 0.985 0) » %7 F2 A2k M V5 Bl 56 1 B AR N 1B ATV R81 260
W (0.05 ~ 0.1 mmol/L) . A4k, ZJFEMIKE IR 0.14 pmol/L (5 ML A 3) o 53T Hofl ek R IE (1) 4%
JRESAHEL (LR 1), A SCBETE () FAL S A IR AR 2R It %o 461 260 0 A 33 - 0 A HE 3 BB R ARG P A HH PR

600 30

o E{HHLYE
A 2 2. ¢
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400 PN . 2f
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Figure 7 Transient current vs. time curves at different concentrations of glucose and
relationship between current peak and glucose concentration
R1 FEBAFERFENEEEN EREXT L
Table 1 Performance comparison of different electrochemical sensors for detecting glucose
FELA e PEVE L/ (umol- L) #6 H PR/ (umol- L") 27 ik
CuO/ 41 )i 100 ~ 1 500 80 [15]
MXene/ZnO 50 ~ 700 17 [16]
Pt/MXene 29.15~1 000 29.15 [17]
A SRy 4 10.3 ~120.0 4.40 [18]
CuO/Cu20 FKELEEF] 0.44 ~ 580 0.14

CuO/CurO YK LR FI AL BRI B A M Ao PR A HTF PR MATE 0.1 mol/L NaOH ¥ 34T . i
TR A%, DRV & B AR SR P TP e ST R R . CuO/CurO GKER I H1| i Jak
BFT-PLAE SR S5 R 8 B, M 10 umol/L HoAt A4 oy & WL TSR (19140 22 B ORI g %)
G, FEA BRI AR R, R RSP T R ) R I .

F 5 SCAHTRI 26 A i) % () FRUAR 225177 i ) CuO/CunO K LR BB A% IR 2% AT SEHLMEARES, 45 R Wi 9
Fimo R8BI FRUE R 22 (RSD) A 4.35%, 1t BHIX FiE a% B RIFRY RS M.

PAE BB R E MR T, BT UKFAAIE (4 O — B [ JF B, RIAFAL 180 d 5 M
HL NP2 13.8% (WL 10) , 3R Bz AL A R AFfse k.
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Figure 8 Effects of interferences on glucose detection

%k
0
1 2 3 4 5
e 5

B9 mrBHRaENEEENESHNREGR
Figure 9 Reproducibility testing result of the microsensor
for glucose detection
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Figure 10 Response of the microsensor for glucose before and after 180-day storage at 4 °C
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