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CH1660D # e £k 2% T AE 3 (b 5t 4R REHE TR A BRA D s =M RS0 LA 232 B4R H oK HL )
(SCE) NS HH AR . 213 RUAHHE R A X B . ELAR 5 mm BB AR AR T4 Ll ; SUPRA 40 B % S H
T B (Carl Zeiss AG). ML 4B — Jie 7145 12 2R 75 Vb 52 25 kg BT R T3 5] bk w7 iy 308 ok 9 2% 48 4l £k
H AR (AR, Alfa-Aesar) , 1 88 (AR IR #F A 8246 TR A » HAYI I A a0 4l , 5256 F K s 4k,
1.2 HREHRHLE

W B LA 0.05 pom A48 AL BR DR AT 4% L FH v 2l K o e 5 BB A 35 V6 5 min, T JCK ZBE bk SRR
A1 mol/L 4 Ho SO, H 3G, 380 1 o J5 B 7 Uk 2 .
1.3 AuNPs/rGO &%l &

AuNPs 191l 25 4 50 mL Z R KTE BB ohom #O0F 5 Pk 2 50 B 0.75 mL Bt 70 80k 2% i 4
B2 25 RO A B, 1225 s A 5.4 mL BB Z0E0R 190 MO A7 88 R — A T A S AR, FE A 15 min Ji5 . 56
PR LR, A0k e o Pk v 20 B 2 IR A 4 °C B UKAR Hh R AE

rGO W% A 824 (GO) Z M Hummer #9755 & 808 & UK GO #4738 )5, B 20 mg 19 GO
200 mg MIPTIRIMAR  FH 10 mL B ZROK A% 25 “CHYIRE T ACE 5 h.ot M (CS) I R 7 FE 1L 0.05 %6 (it
BEOBO B HEAN CSH rGO AR 12 2 I HBE A RS 10 min.

FRIBARFL R 1 1 el B AuNPs 5 CS #1 rGO [9IR & BB IR 4 20 min, 15 3] AuNPs/rGO
REW.
1.4 5rFENTEEBARATH &

¥ 20 pL B9 AuNPs/rGO TR G 34570 Uk 78 35 B A% 2 187 X FEARGEE AT A8 4, 3 T T M 5 B0 A ol 4
AT R A AW 4 Py, OPD A1 CPX 19 0.1 mol/L(pH=2.5~5.5) i i iR 2 v %5 W, 1 W
Py #l OPD & & H A1 Sk 2 20 mmol/L, CPX MR 7 F , ok BEFE 3~20 mmol/L Z i A L4 R A
F B IR R 2 (CV) B3R T L S 2 — 0.1~ 1.2 V, 3B 2 50 mV/ s, HI IR IR Rl 5~35 K.

REGTHUG K5 1 BN R G W (MIP) HAROBCA BRI T DABR 24554 43 K 35 Uk 5 15 21 43 - ER fL
W BEWE M 2 mol/L By NaOH W 5 JC/K Sl B FR LG 1 = 3 TC i i i I B 3k 2R 45 6 (NP 75 [R) B 1Y
TG AT A ORI AN I AR
1.5 #®r7siE

K77 AR 2 1 XA SR M BE AT A6 I AG I B L 5 mmol/L #9 K, [Fe(CND JIE# (% 1 mol/L KCD
VERRET A W I AL X (B —0.1~0.6 VBT 5 mV /s, FFIEIRIE N 50 mV, iM% J 20 Hz.

2 HRSIE

2.1 AERBRBHEHEBE

AR R AR L SN AL 1 B AR AR (B 1 () SR TEDE B 508, LAl 23 3l 28 AuNPs il rGO B4 J5
M1 73 )4 5 — 2 K G ORE (B 1 (b)) AR AR 25 4 1) ik J S8 A A 80 (BT 1 (o)) 181 1(d) R W] AuNPs I
rGO [Al B A TR T B i Al b () s 48 R 3 BRORE 3 FECZE 2 bR A A 04 10 T it L L 39 O 1 W i ) S T AR, R TR
B2 W BB AL BRI T AR A
22 SFHNTERAENRUERE

EL Py #l OPD S 4 & Hfk, CPX Sy Bl 73, 75 5 BR 2 vh i Wb R AT i AL 7 R & i R A I PR 2 i 2
WniE 2 B al LU L ) JLAE A 9 FL IR AR L 3k ] RE R ph T R Al A A e 3 T BR AR A M T RS
IO B AT T AT P U 50 ) M L UL R S I D 46 5k 1) B R 2R TS TR AL
2.3 HBEMPBULERILE

TE = A A A 28 v R BP0 1 D 23 1 IR B o R D7 B8R 22 3 68 A [] v A0 ) | A 2 P BT R A R A, &5 2R A
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Fig.2 Cyclic voltammogram for the electropolymerization Fig.3 SWVs of different electrodes

of molecularly imprinted membrane
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SR FH I U 10 7 o6t e AR E A T B U L 2 58 T S M R X A S M R L T 4 SR R MR RO [



92 T IR IL K FIRCA RAF RO 2023 %

F1hy FEL A 0 FEL 3. Pl P14 T AuNPs/rGO 180 Bt B B 0 B2 & s il i) S iR 0 X Sl 25 L B E A Y
W PR B K 5 24 Y kg 22 B A A A R 2 38 43 AR A B g DTG S L BB 1 S R ST R I PR b S 6 o oR
25 pLL 1 FH o X H A A T AE M.
2,42 HEHIELEIILL

FWFFE AR Py 5 OPD (i B i X6 BN 8 851 S 00 o CPX A Hk BE % M 0.01 mol /L, &4 B 1 vk B
90.02 mol/L, #1471 Py 5 OPD¥ R EZ N2 1,1 1,1 2,1 3,1 4 M4ififk Py, OPD &4F
(149 43~ B0 300 PR Y MO ASE Al I FH 7 8 AR 2 1 % B30 R A R AT T AT 25 SR R WD (18 5) . Y Py 5 OPD W) il
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0. 40

0.35 F

0.30 0.10 1

0.25F 0.08 /

0.06
0.20 F

1/mA
1/mA

0.04 |
0.15F — \./.
— 0.02 F

0. 10 . . : L . : ! ! 0. 00

-5 0 5 10 15 20 25 30 35 40 Pure Py 271 1:1 1:2 123 1:4 Pure OPD
V/ ulL n(Py) : n(OPD)
P4 AuNPs/ TGO B HE AR I HLIAL ) S0 5 gLk (Py) @ n(OPD) (9A21L
Fig.4 The effect of AuNPs/rGO dosage on electrode Fig.5 The change of peak current along with
peak current n(Py) : n(OPD)

2.4.3 il &W pH AWML

il £ 43 F BB AR SR AR O HL SR G WS 0.1 mol/L (T R 22 vh i W BC &, S TR Y pHL (B AN AN 52 1) ) g 2R
R RGBSR SRR s F A EAE LSS & T pH {Eh 2.5,3.0,3.5,4.0,4.5,5.0,5.5 AYZE o
VW, 5% T A MR pH A X A% R 1k B 1 52 e 00 25 2R UL 6. f ] 6 mTN 7 pH {E Dy 3.5 B e H Yt 3k 3]
e R A pH R 3.5 B2 i WA k43 B0 A5 TR 25 1 11 45 VR
2.4.4 MRS 5 AR LU R A

B 5315 B A B L A1) J2 52 ] B0 300 58 45 400 v 43 B GI A7 a BR i i EE LR R 2 — AR RF Py il OPD ¥k
JER 0.02 mol/L, Bl A F B CPX S5HAKMY M EZ (R 1:1,1:2,1:3,1:4,1:5,1:6,
1 7)Yl &0, v R A 52 R HEAT R o FH 7 D0 AR 22 36 b 1 A5 100 vl il 1A 00 2, 25 SR AN B 7 TR Y A AR
T I T 8 B 30 57 1 58 /0 7 b 05 P A8 /DN I AR AR 43— 1 1S o B 0 57 52 T Y £ L I R A A 3 YT Y
K s AR BR LA 1 4 B 06 R IR A K L R W IS TR G ) A I B R A7 A B 22 5 B R L 81 4 2 3 K e
HL I A O T B L 3 R BB R TR R ek 22 BB A3 T R R T SRR I R L AR RED A 7 A BT D
2.4.5 RAREAHIL

P 2R G I [ 52 i) 73— B0 30 B ) JE B2, S 6 o 2 8 T A0 PR 42 U BIONT 43 B 3 HL A M BE S L 1 8 SR A
R 22 YR BSOS [ B 45 30 18 40 B 35 fEL B A 6 fEL 3 T AR M L S AR IR IR B 25 T R A 6 L 9 e G L X S TR
Shy B B B TR0 3 6 T 1 B3 A7 i A /b T 3R s ) A S 2 3 B0 38 A I A A S BB FE 3 R 8 B
BT B
2.4.6 VA [ 55 B ERE ] Ak

VEBC ARy 3+ 1 I TE/K T8 2 mol/ L 1Y S04 A 98 1 W B 300 v B 36 TV R b . B 5 min
B HEAT DU o, 45 5L (18 9) R WIS 15 min J5 W HL IR BIRR A2 . R 1 00 PR AR 73 DN B30 67 A5 78 43 B8 I R I
5} 18] 3% 20 min.

el 5 mmol/L Y CPX ¥ W K BN 28 i i A 21 57 B 78 P B 5 min 38— YK, 45 1 (&1 10) 32 #
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Fig.6 Influence of pH of acetic acid buffer solution

on the peak currents of the MIPs sensors
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WU 55 1 Tl & 00 A% B 3 12 N BIOK (W) vk 1Y
CPX W 30 min DL L, W B3 3815 1l J5 K 4% 8k g B
W IEAT O AR I T 10 A T R A A5 L T LUE
B R B CPXC 1Y e B8 3 O U H, 3t 388 ¥ 0 /) o 3R PR R
CPX By FE 3G K, A 3 2 W BNl A A5 5 4 e A 3
PR B o0 2 4o B0 v S AT 11 J2 0 rl U 25 (CPX MR
O B AU L RAE SR EE S C B L A 2 ) 5 IR
BRI e 3 X B B 56 R AT LR AE 1.0 X 1075 ~1.0X
10°% mol/L ¥ BEJ0 [l N, U6 vl Ui 25 55 V4 B35 1% %o B0 it R4
o2k PO R, H & MR H B Oh AI/A
0.121 331lg (C/mol « L") +1.362 44, #H K R K N R =
0.999 6. KK HFR LOD &y 7.41X10 " mol/L(S/N =
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Fig.9 The peak current at different elution times
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Fig. 10 The peak current at different adsorption times
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CPX, ENR, CHL, NFX, TC #
0.1 mmol/LAYEEBR % W+ 30 min,
SRJE 7 AR 22 s kA7 R, 45
mE 12 Fros | 12 Ca) /T LA
th 52 G Dy BE B A R B L AR X i
WX b W B W
JBT P A R et A 25 AN K, X R D e Y
W B = 2 U5 T AR B R T R T 4
WA TR R HE. 2 A

0.21 0.22
0.20 0.20 F
0.19 F 0.18F
0.18F o 16k
0.17F  o0.14F
0.16 Fe o012}
0.15 F~ 0.10F
= 0.14F o0.08f
:,:; 0.13 F 0.06 F ~__
g 0.12 F 0.04 |
2 0.11 F 0.02F = ]
o.10F 000k, o o T —
-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 /
0.09 | L]
0.08 F un i/i/
0.07 | —
0.06 F —
0.05 | u []
0. 04 L L 1 L L
-10 -8 -6 —4 -2
lg(C/ (mol « L))
S 3 T B BB R P HICP X T .
1T A AR 45 0 SRR PR Y S 901 BN A Skt O b AR 2
Fig. 11 Standard working curve of ciprofloxacin molecular imprinting

sensor prepared with modified electrode
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Tab. 1 Comparison of the detection methods for CPX
Method Detection range /(mol + L™ 1) LOD/(mol+ L 1) References
Fluorescent 1.0X10 6~1.0xX10* 6.06<10 6 [15]
Electrochemistry(CV) 1.0X10 6~1.,0X10"° 1.08 X107 [16]
Electrochemistry(SWV) 1.0X107~1.5X10"* 1.00xX10°8 [17]
MIPs electrochemistry(SWV) 1.0X10 8~1.0X10 2 7.41X10 12 This work
L.OF . VP . VP |__ Ry
EZANIP 0.4 &z NIP
0.8H 0.2 H
T 06 = <
= S 0.2 2
= 0.4 E E 0.1
< -
0.2f =
0.0 0.0 — L. . 0. LI_ — -
CP ENR  CHL  NFX TC CPX ENR CHL NFX TC CPX ENR CHL  NFX TC
Template and interfering substances Template and interfering substances Template and interfering substances
() A IEEEAARPY FIOPD (b) Dy Re L fAPy (c) Dk AAROPD
K12 BN 53R BNz A I8 X CPX 2 RIF S 1 i Bt R )

Fig. 12 Selective recognition of the MIPs and NIP sensors for CPX and interfering substances

K 7] — 350 1 BN AR B = A B AH [R) e B2 19 CPX (5 mmol/L) 7, 30 min Ji5 JCH I 75 AR 22 35 3
i Ay 5 d BRI — W UG 5 d MK —K, 2 40 d B IS5 R AR R ) BT 1Y 92 Y6 . i W B 3 A% Sk 4%
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AT AR XS T T 0 £ R PR N VD B 2 B A i rh AR R IR VD R R EAT T A M. N2 0 I SKE LR S
[7] i R R B PR FR TR V0 22 B 25 B AT AF U5 0 B 0.1 mol /L 4 il 98 2% wh i 3 (pH = 3.5) Bt il i 0.1 mol/L
AUVA W, B E IS RS BE 2 1.0 X 10 mol/L BEAT I, £ AN P AT I 3 Wk, S5 SR 3k 2 fros. Ak 2 haf
I S A 5 A 7 i R B L A% AR AT T SE PR 24 4 v R R IR T VD L A A

W W L 454155 0.1 mol/L A BEIR 2% wf il LAARLLL 2 ¢+ 7 I ELBIR & B 7 5 min, SRJG7E 8 000 #%
R B0 10 min, BUE W WAE 8 4 05 RE 5 B 3 48 20 mL EaRAHRE YL 20 A 1.0 X 1072 mol/L,
1.0X10 ° mol/L,1.0X 10 mol/L 2 MR ¥ T3 1 B b5 VA W 2R I A 45 19 43— B 30 A% S 0 A7 DK, 4
OYFE AT E 3 WKL 45 R AN 3 Fiam. N 3 Hhal i, b [RISCR 7R 89.8 %6 ~97.4 % Z 6] ,RSD 1,14 % ~
1.53 %, Ut BHIZ AL 25 7T 4= W54 & b CPX 8% B A Azl

®2 ZEAYHEBRERDENNE

Tab. 2 The measurement of ciprofloxacin in real medicine

R3 SMERPHBRERDENGD

Tab. 3 Detection of ciprofloxacin in milk

Practical Labeled Measured Spiked level/ Measured quantity/
RSD/% Recovery/ % RSD/%
samples amount/mg quantity/mg (mol « L™ 1) (mol « L™ 1)
1 2.50 2.490 —1.30 102 9.74 X103 97.4 1.30
2 2.50 2.494 —1.18 107° 9.76 X106 97.6 1.14
3 2.50 2.484 —1.89 108 8.98 X107 89.8 1.53
A
A\
3 & it

AU 58 ) 52 45 8 R A K 4 15 T 30 L 4 Al A o A6 A Tk v A0 L2 b o R 8 4 e Oy 52 4 BRI
TERRIR NP B A1 BV i A SR AR SR AR AR A L A5 B A AL R 3 3 B R 1 20 BT 1R RE L % A R S
ASCER A i 7 90 R A A Y FIRAER i L 7 B R e B R M RS PR e nT LA T S PR R R R I VD R Y
IR AR
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An electrochemical sensor modified by AuNP/rGO based on
the molecularly imprinting of ciprofloxacin

Yan Changling®, Wang Gongke®, Zhang Ruixing®

(a. School of Chemistry and Chemical Engineering; b. School of Materials Science and Engineering,

Henan Normal University, Xinxiang 453007, China)

Abstract: An electrochemical sensor was prepared through electrochemical polymerization of a molecularly imprinted

polymers(MIPs) film onto a glass carbon electrode (GCE) modified by AuNP/rGO, using pyrrole and o-phenylenediamine as

functional monomer, ciprofloxacin as template molecule. The surface morphology of the electrodes modified by AuNP/rGO

was characterized by scanning electron microscopy. The performance of the molecularly imprinted sensor was detected with

electrochemical technique. The influence of quantity of AgNP/rGO on electrochemical property of the sensor was researched

and conditions for preparation and detection of the sensor were optimized. Under the optimum conditions, the molecularly im-

printed sensor presented a wide linear detection range(1.0X107% to 1.0X 107 mol/L), a low detection limit(7.41>X10~" mol/L

(S/N=3)), high selectivity and good stability for ciprofloxacin. In addition, the sensor has been successfully applied to deter-

mine ciprofloxacin in real medicine and milk.

Keywords: molecular imprinting; nano-gold particles; reduced graphene oxide; ciprofloxacin; electrochemical sensor
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