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) ; SUPRA 55 sapphire ( )
(GCE ¢ =3.0 mm) (¢ =1.0 mm) .
( XFOO1W ) ; CPF
( ); ( Accustandard );
( EGMRA ) o
2.2
2.2.1 0.05 pm  Al,O,
HNO,(1:1 V/V) . 5 min o 5 mg
5 mL ( THF) . 2 ul
60 C 1h ( Graphene/GCE) .
2.2.2 2 mL EGMRA(0.4912 ¢
0.4 mmol) . CPF(0.0351g 0.1 mmol) . (0.0344 ¢ 0.4 mmol)
(0.0160 g) o 2 uL Graphene/GCE 90 s
; 60 °C 5 ho CPF
2.2.3 : 0.5V -1.2~0.5V 50 mV/s.
: 0.5V -1.2~0.5V 50 mV/s.
: 0.1 ~1.0x10° Hz 8 mV.
2.2.4 o :
5.0 ¢ ( ) 10 mL 15 mL 100 pL (2 mmol/L
CPF) 6 min 0.1 mol/.  KH,PO,XK,HPO,  (pH=7.0) 100
mL o
3
3.1
T CPF . ( MAA)
: ( EGMRA) (AIBN)  CPF
MAA ; CPF
CPF CPF “ 7
) CH;
>
Lzllso\ﬁ/o N Ol HsC O HO CH,
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C,Hs0 I/I * H Prearrangement 02[150\\5\/0 N, Cl T=333K
cl cl H,C OH 610 P U
CPF MAA | Z
- | arrangement of MAA
”3C; /<0 0 CH, [ 0 0 )
H,C o I:IOHCHz 4{)14 OH>;
CZHSO\E/O l\K al F,]utfon template
e U Rebind template
ClI ~ Cl

1 CPF
Fig. 1

Schematic representation of the preparation process of MIPs using chlorpyrifos ( CPF)

as template
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( 2D) “ 7

Fig.2 SEM images of different electrodes
(A) Graphene/GCE ( B) nMIP/Graphene/GCE ( C) MIP/Graphene/GCE before elution ( D) MIP/Graphene/GCE after elution.

2.0%10™ mol/L CPF in 0.1 mol/L PBS( pH=7.0) the initial
potential is 0.5 V  the range of potential is —=1.2 ~0.5 V scan
rate is 50 mV/s nMIP/Graphene/GCE (a) MIP/GCE (b) the
bare GCE ( ¢) and MIP/Graphene/GCE ( d)

3.2.2 3 o CPF CPF
(c)
CPF (a) . CPF (b)
(¢) CPF .
CPF . (d) (b)
1.56 0.149 V o
4 ( EIS)
(¢) 465 QO (a) 10624 Q)
Fe( CN) ;- ; (b)
6498 O CPF “ 7 Fe(CN)
: (d) 4744 Q (b)
40 45
301 e .
i g .. -...III.-
h Rl Ll ]
1.5 L .--.'- .-.
:- .‘lw
d b
1 1 1 1 .0 cl 1 1 1 1 1 1
-2 -08 04 0.0 04 00 15 30 45 60 75 90 105 120
E(V) Z'(kQ)
3 1.2 4
~0.5V © 50 mV/s Fig. 4  Electrochemical impedance spectra of different
Fig.3  Cyclic voltammograms of different modified elec— electrodes
trodes 0. 1 mol/L PBS containing 5. 0 mmol/L K; Fe( CN)4 /

K, Fe(CN), (1 : 1) the frequency range is 0. 1
~1.0x10% Hz the amplitude is 8 mV
(a) MIP/GCE (b)

GCE ( d)

nMIP /Graphene/GCE
the bare GCE ( ¢) and MIP/Graphene/

3.3

3.3.1 K; Fe( CN)q
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10 mL - MIP /Graphene/GCE ~ CPF o
MIP / Graphene / GCE
CPF. -
(1:9 V/V)
o - (1:9 V/V) o
MIP /Graphene /GCE - (1:9 v/7) CPF CPF
“ ” o 6 min o
6 min.
3.3.2 pH 0.1 mol/L pH=7.0  HAc-
NaAc.KH,PO,X,HPO,.KCI.NH, - H,0-NH,CI.HCl 5 CPF o
KH,PO,XK,HPO, CPF o 0.1 mol/L pH
KH,PO,XK,HPO, CPF pH=7.0 0.1 mol/L
pH=7.0 KH,PO,XK,HPO, o
3.3.3 MIP / Graphene / GCE
CPF ( ¢=1.0%x107 mol/L) o 5 50 ~300 mV/s CPF I,
v I(pnA) = —0.51152-0.00486 v (mV/s) R>=0.993.
50 mV/s o
3.3.4 MIP /Graphene /GCE 5. 0% 10° mol/L CPF
K, Fe( CN) o 120 s
CPF “ 7 o 120 s.
3.4
3.4.1 CPF
( 6) . CPF 2.0%107 ~1.0%x10~ mol/L
[,( nA) = 7. 1834 -0. 2424C ( pmol /L) R’ =0. 9959
6.7x10™ mol/L( S/N=3) . 18 ~21 ( 1 . .
10

50 mV/s

i(UA)
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Fig.5 Cyclic voltammograms of 2. 0x10” mol/L CPF in ( )

0.1 mol/L PBS ( pH=7.0) on the MIP/Graphene/GCE at Fig. 6  Linear sweep curves of different concentrations
different scan rate the initial potential is 0. 5 V the CPF in 0.1 mol/L PBS (pH=7.0) . Insert shows the liner

potential range is —1.2 ~0.5 V. Inset is the plot of peak relationship between peak current and the concentration of
current vs scan rate CPF  initial potential is 0.5 V scan range is -1.2-0.5 V
3.4.2 MIP /Graphene/GCE ~ CPF ( Phoxim) ( Phosa—

lone) . CPF. 2.0x10° mol /L. CPF. CPF

S
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Table 1 Comparision of detection results of CPF by this method and literature methods
Linear calibration range Detection limit .
Method (‘mol /L) (mol/1) Reference
= 4 -
Disposable potentiometric enzyme sensor 1.0x107 ~ 1.5%10 3.0x10 10
Surface molecular self-assembly on ( AuNPs) 5.0x107 ~ 1.0x107° 3.3x107 12
modified electrode based on MIP
High-performance liquid chromatography and gas 2.3x107% ~ 4.2x107° — 4
chromatography-mass spectrometry methods
= 9 _
UV-visible sectrophotometry 1.4x10™ ~ 2.6x10 1
This work 2.0x107 ~ 1.0x107 6.7x10°
CPF 3 CPF
o 4
3.4.3 MIP/Graphene/GCE
.4 5L
7 a b MIP /Gra—
phene/GCE ~ nMIP/Graphene/GCE < 2t
= nMIP/Graphene/GCE
CPF Al o Lang- 3 1 .
muir CPF
0 F
L 1 1 1 1 1
Al = AL, T3 (1) 0 60 120 180 240
+1 £(s)
t Al t
p 7
Alpm o
L Fig.7 Recognition kinetic curves of different sensors
2 CPF k a AL, b
CPF CPF
° 2
Al Table 2 Adsorption kinetic parameters of different sensors
pm
22 .
: Curve R Alpm( pA) k()
B = Al (MIP) /Al (NIP) (2) a 0.9991 3.30371 12.2324
B b 0.9447 1.27663 5.5907
(2) 2.59 CPF .
3.4.4 7.0x10° mol/L.  CPF
11 1.4% 5 7.0x10° mol /L. CPF
2.3% °
98% o
3.5 CPF

94.1% ~101.4% .
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3 CPF
Table 3  Recovery of chlorpyrifos in water and vegetable samples ( n=5)

Sampl Initial Added Found Recovery RSD
ample mol /L ( wmol/L) ( wmol/L) (%) (%)
0.00 5.00 4.89 97.8 2.0
T 0.00 6.00 5.84 97.3 1.7
ap water
0.00 7.00 7.08 101.4 1.7
0.11 1.75 1.77 95.2 1.5
L ’ 0.11 2.10 2.09 94.6 2.2
attuce 0.11 2.45 2.41 94. 1 1.6
* ( Concentration) : mg/kgo
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Electrochemical Sensor for Determination of Chlorpyrifos Based on
Graphene Modified Electrode and Molecularly Imprinted Polymer

TAN Xue-Cai” WU Jia-Wen HU Qi LI Xiao-Yu LI PengFei YU Hui-Cheng LI XiaoYan LEI Fu-Hou
( School of Chemistry and Chemical Engineering Guangxi University for Nationalities; Guangxi Key Laboratory of
Chemistry and Engineering of Forest Products; Key Laboratory of Guangxi Colleges and Universities for Food Safety and
Pharmaceutical Analytical Chemistry Nanning 530008 China)

Abstract Graphene and a novel crossinker ( ethylene glycol maleic rosinate acrylate) were used to prepare
molecularly imprinted electrochemical sensors with high sensitivity. A molecular imprinting polymer ( MIP)
film was created on a graphene-modified glassy-carbon electrode for determination of chlorpyrifos ( CPF) using
free radical polymerization method. The electrochemical properties of the MIP and non-imprinted polymer
( NIP) sensors were investigated via cyclic voltammetry ( CV)  linear sweep voltammetry and electrochemical
impedance spectroscopy ( EIS) . The surface morphology of the imprinted film was characterized by scanning
electron microscopy ( SEM) . Under the optimal experimental conditions the peak currents were proportional
to the concentrations of chlorpyrifos in the range of 2.0x107=1.0x10~ mol/L with a detection limit of 6.7x
10 mol/L. ( S/N=3) . The linear equation was I(pA) =-=7.1834-0.2424C ( pmol/L) ( R*=0.9959) .
Adsorption model of the molecular imprinted sensor was investigated and the measured imprinting factor 8 of
the sensor was 2. 59  with the binding rate constant k of 12. 2324 s. The developed electrochemical sensor
based on graphene modified electrode and molecularly imprinted polymer exhibited good repeatability and
stability and was successfully used to determine CPF in water and vegetable samples with recoveries from
94.1% to 101.1%.

Keywords Chlorpyrifos; Graphene; Molecularly imprinted polymer; Electrochemical sensor; Ethylene glycol
maleic rosinate acrylate
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