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Electrochemical Sensor Based on Carboxymethyl Cellulose-Coated Copper Nanoparticle

Composite for Detection of Norfloxacin in Milk
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Abstract: A highly sensitive electrochemical sensor for the detection of norfloxacin (NFX) was constructed using CMC@
Cu/CB composites, which were prepared from carboxymethyl cellulose (CMC)-coated copper nanoparticles (Cu NPs) and
carbon black (CB). The structure and morphology of CMC@Cu/CB were characterized by scanning electron microscope
(SEM), X-ray photoelectron spectroscopy (SPS), and X-ray diffraction (XRD). The CMC @Cu/CB/GCE sensor was prepared
by drop-casting the composite suspension on the glassy carbon electrode (GCE) surface. The results showed that the CMC @
Cu/CB/GCE sensor, which was in the form of uniformly dispersed spheres, had a good current response to NFX, with a
linear range of 0.4-100.0 pmol/L and a limit of detection (LOD) of 0.24 pmol/L (Rgy = 3). In addition, the modified electrode
had good sensitivity and stability for the detection of NFX in real samples, and the spiked recoveries of NFX in milk extracts
ranged from 98.8%—112.5%. Furthermore, thanks to the low price of raw materials used in the experimental process and the
preparation extremely of low cost of the sensor, it is promising for actual applications.
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Sigma 300 #i T B (scanning electron
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Schematic diagram of CMC @ Cu/CB/GCE sensor for electrochemical detection of NFX
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Fig.2  Peak current as a function of molar ratio of CMC to Cu NPs
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HAZ1830 nm. WIEIB3BFT/R, Cu NPsZAKLIERFE,
DATESE . WE3CHTR, CMCAEE S FICu NPsTE/K %
B L CMC@Cu NP AU ER Tk, HEARAE
20~250 nm2Z2 [7]™', WE3DATR, CBA 4L I FURR
A, wEBERTR, CMC@CWCBYKE &1k, cMC@
CuNPsTEFTElf, YiRHH A A FERMIR A5 .

300,y

VL 200.m

% J
K3 CMC (A) . CuNPs (B) . CMC@CuNPs (C) .
CB (D) . CMC@CwCB (E) MSEM]
Fig.3 SEM images of CMC (A), Cu NPs (B), CMC@Cu NPs (C),
CB (D), and CMC@Cu/CB (E)

B4 ATT R, XPSA:HE & v H B ) Ut 2T Cu 2p.
O I1sFIC 1sFHfiElE, FKHIECMC@Cu/CBE &M 117
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W53 5 7E284.8 286.1. 288.6 eVAL, 435t C—C.
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1931.7eV  (Cu2p;,) F1951.3 eV (Cu2p,,) 412 MR
3 5] J& T Cu—Cu F1Cu,0 ) 1 B,

A

Cu2p

T T
1200 1000 800 600 400 200 0
GifrfigeV

r T T T T T
297 294 291 288 285 282
ifrfigleV

T T T T T T T
960 955 950 945 940 935 930
HitrfeleV

K4 CMC@Cu/CBEAHEHXPSAIE (A) KC1s (B) 45
Cu2p (C) w5 HrilE
Fig. 4  Full scan XPS spectra of CMC@Cu/CB composite (A) and high
resolution spectra of C 1s (B) and Cu 2p (C)
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Fig.5  XRD plots of CB, CMC, CMC@Cu NPs and CMC@Cu/CB samples
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fizn, NEXHSEE A (E,) SpHE &M KR, [
VA5 FENE,, = —0.069 17pH+1.459 86 (R*=0.997) . %
LRI 7 R e R 7 R B A A A

dE,,  2.303mRT

dpH  F

X mAlnZ BRSSPI 50C5 B3
RONSART H (8.314 1/ (K * mol) ) ; THIMI G
(298 K) 5 FRILFIEEHEL (96 485 C/mol) o FRHFLE M
TIFERIRI T, R R TS TR e L.

Q)]
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Fig. 6  CV plots of NFX in PBS at different pH (3.5-6.0) (A) and linear
relationship between pH and peak potential (B)
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Fig.7  CV plots of GCE, CB/GCE, CMC/GCE, CMC@ Cu NPs/GCE and
CMC@Cw/CB/GCE in 50 pmol/L NFX
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Fig.8  Electrochemical impedance spectra of GCE, CMC/GCE,
CMC@Cu NPs/GCE, and CMC@ Cu/CB/GCE
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Fig. 9  Effect of scanning rate on electrochemical behavior of NFX

2.5 NEX@IbriEliZe S5t B (Tlimit of detection, LOD)
1E0.6~1.4 VB A, KHDPVXA K ENFX

ECMC @ Cu/CB/GCEAL B &% I 1 AL AT b 47 0 2

(E10A) « SREW, LFENFXIKE (o) ML

PERIIN, 1£0.4~100.0 pmol/Ly% B N & B IFZ 1 X% R,
7 26 1k [ 5 7 F2 NI, =0.127¢—0.037 (R*=0.998)

(E10B) .
LOD }0.24 pmol/L.
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Fig. 10  DPV plots of NFX at different concentrations
(0.4-100.0 pmol/L) (A) and linear relationship of NFX concentration with
oxidation peak current (B)

1) £ FICMC @ Cu/CB/GCEAL 8 2% 5 HoAth 4738 1) it

{2 R AR AT PR bL B, &5 BRnF 1R, ATULEF
CMC @Cu/CB/GCEAL & 28 5F NEX ke il BLA o v i 2k

11 AR LOD

R AWEG RS RINEXPEGE X L

Table1 Comparison of the performance of different modified
electrodes for NFX detection
i LG/ (umol/L)  LOD/ (umol/L) Wikis BEIHR
CuO/MWCNTs 1~47.7 0.321 DPV [34]
EPPGS 5~50 0.28 SwWv [3]
Pd”* @P-CDP/COFs 0.08~100 0.031 DPV [35]
MWCNTs-TOCT 0.5~8 0.1 DPV [36]
SPE-BDD 2.0~62.5 04 SWV 137]
CMC@Cu/CB 0.4~100 0.24 DPV AR
W SWV. AR %% (square wave voltammetry) ; MWOCNTSs. % BEfij
44K (multiwalled carbon nanotubes) ; EPPGS.iJ % T~ 1H #\ il 41 B A%

&% (edge plane pyrolytic graphite sensors) ; P-CDP/COFs. - #lfi %
LB A HIRELE (B-cyclodextrin porous polymers/covalent organic
frameworks) ; TOCT.JU% 2 MUFF[2]05 /& [2] = (tetraoxocalix[2]
arene[2]triazine) ; SPE-BDD.ZZ M E[1il fEAR-#5 i WA (screen-printed
electrodes-boron-doped diamond) -
2.6 CMC@Cu/CB/GCEMES M. EIPEMPITILAE
AR I SE6 2600, 7625 pmol/L NEX i/ i — &
BIER TR, WEHLE T (500 pmol/L Fe®', K\
SO . ClI MNa™) I WHIAHULEY (500 pmol/L
R K. M. VB, LEXMEDE) , X
CMC@Cu/CB/GCEBATHL LM . W 11AFR, Xf
LCEI1OBH L T E i, B FNFXRFA IRIGEE, Rk
) NFXAL I JE B B9, RitCMC @ Cu/CB/GCE B
BRI PE MBI HEE 1, AT S T SEbrAs . 6
I HEARIEA COKFRTRE 1S dfS, L3 ERFETEL dBUE
90.38% L I (E11B) , FHH&MCMC@Cu/CB/GCE
FEIRAS S R B A BRI Fa e e . bk, 23l
6 "CMC@Cu/CB/GCE, HTtallPBS (pH 4.5) H1[]
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Fig. 11  Anti-interference ability (A), reproducibility (B) and stability (C)
tests of CMC @ Cu/CB/GCE sensor for NFX detection
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#2  APphNFXEMFERIER (n=3)

Table 2  Recovery rates of NFX in spiked milk (n=3)

Bi% W (umol/L) Inbs U % XA B 2/ %
1 10 1125 1.97
2 20 103.3 0.77
3 40 102.0 2.17
4 60 98.8 0.97
5 80 100.6 0.70
6 100 100.5 1.87
3.8 #

25 LRI, AR IR JR VL H] 44CMC@Cu NPs,
FER A4 CMC@Cu/CBE SR, A EGE
H 5 A T HECMC@Cu/CB/GCEL s . {4CMCEH

Cu NPs#JF ff1 s b oA 1 1, 2 B8 X6 NFX ) Al 3 P
290.4~100.00 pmol/L, LOD§0.24 pmol/L, RHFEH.
NEX{ECMC @Cu/CB/GCE_I ff) Ak 27 Js o7 A B
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