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Preparation of Carboxyl Functionalized Graphene Self — Assembled
Monolayer and Its Electrochemical Determination of Paracetamol

LI Yuhui JIANG Yingying MO Tao GUO Qingbiao LI Yancai
( College of Chemistry and Environment Minnan Normal University Zhangzhou 363000 China)

Abstract: Carboxyl functionalized graphene ( CFG) self — assembled monolayers ( SAMs) were prepared
on the carboxylated glassy carbon electrode based on covalent interaction. The morphology and structure of
the film were characterized by scanning electron microscope ( SEM) Fourier transform infrared ( FT -
IR) and atomic force microscopy ( AFM) . The electrochemical and electrocatalytic property of the CFG
modified electrode was explored carefully by electrochemical impedance spectroscopy ( EIS) cyclic volta—
mmetry ( CV) and differential pulse voltammetry ( DPV) . The modified electrode presents favorable elec—
trochemical performance and possesses good electrocatalytic activity for paracetamol. Under optimal condi-
tions the CFG modified electrode displays a linear range from 1 to 400 pmol/L and a detection limit of
0.13 pmol/L (S/N=3) to paracetamol. And it was successfully applied to the actual of paracetamol
sample. Moreover it also displays good selectivity and stability.
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(SEM) LEO1530 ( ) . (FT —1IR)  Nicolet
5700 ( Thermo Nicolet ) . ( AFM)  CSPM5500 (
) . CHI660C ( ) .
( GCE) Ag/AgCl( KCI)
( CFG XFo04 99. 8% 80% 0.5~5 mm 0.8 ~1.2 nm)
( ). N - (NHS) 1- -3-(3-
) ( EDC) ( ). N N
( ). (PBS) 0.1mol/L
1.2
CFG  5.0mg mL™'EDC  8.0mg mL~' NHS 10 min
1.0.0.3.0.05 pm N N 1 min
20mM KMnO, 2 M H,SO, 30 min 6.0mg/mL EDC and 9. 0 mg/mL NHS
l1h 1h 2mg/mL CFG l1h
( CFG/GCE) .
2
2.1
1A CFG/GCE 1
1B . 1B(a)
1731 1631 cm™ C=0
IB(b) CFG/GCE 1635.1564 1053 cm ™! C=0(I).C-N
(1)  N-H (1) ) 1236 869 ¢cm ™
C-N- R-NH,
1C 0. 837 nm
17.5 nm 6.29 nm

19. 8 nm 2.3 nm. N
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1 (A) CFG/GCE (B) CFG(a) CFG/GCE (b)
(C) (D) CFG/GCE
(A) The SEM image of the CFG/GCE ( B) FT —1IR spectra of the CFG (a) and the
CFG/GCE (b) TheAFM images of the bare GCE ( C) and the CFG/GCE ( D)
2.2 CFG/GCE
2A (a) (b) 0.IM KClI 1 mM Fe( CN)g_B_
GCE( a) CFG/GCE( b)
2B CFG/GCE( b)
GCE( a)
CFG/GCE
2 (A) (B) GCE (a) CFG/GCE (b) 0.IMKCl 1 mM Fe(CN)} "~
Fig. 2 The CV (A) and EIS ( B) of the bare GCE (a) and the CFG/GCE (b) in0.1 M
KClI electrolyte solution containing 1 mM Fe( CN) §~"~
2.3 CFG/GCE
GCE CFG/GCE . 3 GCE
3(a) 0.1M pH®6.0 PBS 0.1 mM PA 0.401/0.206V
3(c) PA 3(hb) CFG/GCE 0.1M pH 6.0 PBS
0.1 mM PA 0.404/0.310V . 3(d) PA
101 mV 3

PA  CFG/GCE



PA
2.4
CFG/GCE
PA 4.
0.1lmM PA 0.1M PBS -0.2 0.7V
4A 40  350mV s”!
4B
1,=0.37+12.12 v (pA mV s~ R = (d)3 0_1?&3%20(1%5 CFG/GCE(bz).I
0.99) I, =-1.19-21.73 v (pA mV s™' R=0.995) mM PA :100 mV s !

Fig. 3 CVs of the bare GCE (a) (c) and the
*  CFG/GCE (b) (d) in0.1 M pH 6.0 PBS
2.5 pH without and with 0. I mM PA respectively

scan rate: 100 mV s '

pH ) PA pH 5.0 9.0
. 5A PA pH
PA 5B pH
pH E,=-0.0484 pH +0.703(R= -0.997) E, =
-0.0537 pH +0.648( R = -0.991) dE,/dpH = 2.303 mRT/nF "% ( m n
) m/n 0.82 0.91. PA
.PA 6
4 (A) CFG/GCE 0.10 mM PA 0.1 M pH 6.0 PBS

(a~j: 40 60 80 100 150 200 250 350 mV s~') (B)
Fig. 4 (A) CVs of the CFG/GCE in 0.1 M pH 6.0 PBS containing 0. 10 mM PA at different scan rates (a~j: 40 60 80 100
150 200 250 350 mV s™') ( B) Plots of the oxidation and reduction peak currents and the square root of the scan rates

S5A pH 6.0 PA
pH 6.0

5 (A)CFG/GCE 0.10mM PA  0.1M PBS pH 5.0 9.0 (B) pH
Fig.5 (A) CVs of the CFG/GCE in 0. 1 M PBS containing 0. 10 mM PA with pH range from 5.0 to 9.0;
( B) The relationship between the oxidation and reduction peak potential and the solution pH

2.6 CFG/GCE
PA 7A
PA 1.0 400 pM PA ( 7B)
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Z[pa(p,A)z—0.0SZC(uM) -2.179 (R =0.
998) . (S/N) 3 0.13 pM.
CFG/GCE
1 6
2.7 CFG /GCE N Fig. 6  The redox mechanism of PA on the CFG/GCE
PA DA AA I CFG/GCE
Tab.1 Comparison of the analytical performance between the
8 CFG/GCE 0.1 CFG/GCE and different modified electrodes
mM PA DA AA 0. M pH 6.0 PBS /puM /pM
DpPV -0.018 0.120 0.329V GRPE 2.5~143 0.60 18
AA DA PA Nafion/TiO, - GR/GCE 1.0 ~20 0.21 19
AA  PA.DA PA MWCNT/GCE 3.0 ~300 0.60 20
A Chitosan/MWCNT/GCE 1.0 ~145/4.0~200 0.17 21
0.209V  0.138V AA DA PA TiO, - GR/GCE 1.0 ~100 0.21 19
CFG/GCE PA GR - Cs/GCE 1.0 ~100 0.30 22
. CFG/GCE 1.0 ~400 0.13 This work
: ClI” NO*~ SO,>7 (300 ) Ca** Zn** Mg (150 ) ( 100
) . 6
0.1mM PA  DPV 3.78%
4 PA 4.5%
CFG/GCE  PA
7 (A)CFG/GCE 0.1M pH 6.0 PBS PA( 8 CFG/GCE 0.1 M pH
a-o0. 0123451020 30 40 50 200 300 400 500 wM) 6.0 PBS 0.1 mM PA
(DPV) (B) DA AA DPV
Fig.7 ( A) DPVs of the CFG/GCE in 0.1 M pH 6.0 PBS Fig. 8 DPVs of the CFG/GCE
containing different concentrations of PA ( from a to 0:0 in 0.1 M pH 6.0 PBS containing
123451020 30 40 50 200 300 400 500 uM ) ; ( B) 0.1 mM PA DA and AA
plot of oxidation peak currents and concentrations of PA
2.8
CFG/GCE 20M 30M 40 pM
DPV PA 97.4% 96.8% 96.6% 2.
CFG/GCE )
Tab.2  Determination paracetamol in sample
3 /uM /uM /%
1 20 19. 64 97.4
602 30 29.04 96.8
3 40 38.64 96.6

1.0 ~400 pmol /L 0.126 pmol /L
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