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Abstract: A kind of GNPs/GC modified electrode was prepared by electrodeposited gold nanoparticles on the surface
of glassy carbon electrode based on the cyclic voltammetry. Electrochemical properties and surface morphology of the
modified electrode were characterized. The electrochemical behaviors of acetaminophen (ACOP) at GNPs/GC elec-
trode were investigated by cyclic voltammetry and electrochemical impedance spectrum (EIS). The influences of dif-
ferent experimental conditions on the electrode performance were discussed. Under optimal conditions, a linear rela-
tionship of ACOP concentration with peak current was obtained over the concentration range of 2.0 x 1077 - 2.0 x 107
mol-L™" and 1.4 x 107* - 3.78 x 107> mol-L™", respectively. The detection limit was 3.6 x 10~* mol-L™" (S/N = 3:1) and
the recovery was 97.7% - 101.0%.
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B ACRAEIRMR SR S AK R EIREB AR AR, #1145 T GNPs/GC B 1Ak . SHEME il iEAT
HIL 2 R THESRIRAE s BT EIR VB R B BUERT 7T T ACOP ££ GNPs/GC Hik I L2447 A
ARV T AN R S 36 26 P AR e RE 2 mm,  (ERER AR T, ACOP Ze IR EEVE 43 514 2.0 x 107~2.0 x 107
mol-L ™" Fl 1.4 x 107~3.78 x 10> mol-L™", A& HFR N 3.6 x 107 mol-L™'(S/N =3:1), [HULFA 97.7%~101.0%.
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X‘TZAE%%%%(ACOP Ez Paracetamol)%ﬂ?[{ir‘ JA— 'fEll_iE/JTX%)\XTZm%%@ﬁ/\ﬁ/um}\,ﬁgm/%,f’t%
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S(FERIBE 1210908-217-2) % &% By, bt (2]
SEIEE. B

Copyright © 2013 Hanspub 15



BT SR IO LB B % A5 BT 7T

AR, SR A AT IR ACOP (A 5T HUAS
TR KHERE . Mingqi LiP25#] 4 7 PANI-MWCNTs &
A TRME i AR R BN E ACOP & & . Fen Xul*4%
W T —FPHi 240 DA FLER G A SKRIE ACOP, X
KIEm T REEE . TIEEPE4 ACOP 14k 4/ —
He 3 R R AN S T F A b I B AT AT T RS
Bt A OV i) 4 T BRGTK R K B FB R (CNTPME),
W 7 ACOP 7£ CNTPME _E [ Hi4k 2247 A . Gareth P.
Keeley! Sl 4 7 F AR, SR FH P A 2723 7] B 0
E T CEREIEM AL % . Chun-Xuan Xu™2 A %
A TiO,-GR/PMR &1 38 it € ACOP, RHEE
BE

& YK KL (GNPs) H A 1R 47 1 s A AT 9 A
T AL T, R IR SRR 1) 25 1 S 9Kk
(CAGTEER AN I AR A 3 T e e P S T
A FIRKRE R, AR SOR S SR VE WA S i AR A
kBl RHAERR Z2(CV)HI % T GNPs/GC &1 i »
I3 3 471 i R BT R R 2 S R A TR S R AL 2 R
HBEAT T RAE. [FIB, BFFET ACOP TEiZ MK 1L
AT

2. SEIGERSY
2.1. RFI5LES

HAuCly-4H,0 W | REDE SR TR X
LI FE M (ACOP) 43 # 4k, W H Aladdin Chemistry
Co. Ltd., FEFT/AKZBERHIEL 1.0 x 107 mol-L™
ACOP fif 27, A3 FH B PRSI 25 2% I VR R 2R T 75
WEE; BREALHR, SR e A at. H
Na,HPO, 1 NaH,PO, i il i 0.1 mol-L™" 2 #h 2% i %5
W(pH = 6.2)0 SEEH BT /KA 8 — IR AR, B S
B0 I7E Sl N AT

HLAL S S 0G R 7E IM6e  FE AL 2% T 1 % (Zahner-
Elektrik, Kronach, German) 47 1); BT B4k 25206
VIR =R RS, BRIk BR(EAE 3 mm, 18T
ROGEAE BB PR A 7)) TR, Ag/AgCl (HiA!
KCl A N Z Mk, Pt B AR . SK3310 LHC
P Ve AR (T iR R IR A R
BHATLE 5.0 x 107 mol-L™" Ks[Fe(CN))/K4[Fe(CN)s] +
0.1 mol-L™" KCI #Hh kAT, A2 It LR AIFRIE A S mV,
BRAALTEE A 0.1~100 kHz. F9H 452041 (SEM)ZE
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JSM-5610LV SEM (JEOL, Japan){¥#%_F 4T .
2.2. LWAHE

FEAE IR 38 H AR 23 A 1500 H A112000 H (1)
SAIRPAC AT B JS, AKIRTE 1.05 0.3 pm FEALER
AT EST, SRIGTE 1:1 HNO; (V/V). TKZ
B IRZRIEK A S PR 15 min, SR T %
Fo SREEIR 22000 Db i B 15 0.5 mg L™ )
HAuCL &I TR R 24 60 [, A4
N 100 mV-s ™, FHEHRATEEN-1.5~2.5V, BIf5
F| GNPs/GC Hitl. W Hrifil & pUE IR EARAE =R T,
{#7%TF pH 6.2 PBS ZZrfiR w4 H .

BIRE 1.0 x 1072 mol-L™" ) ACOP ik %3 ] pH
6.2 HITERR 2h 2% PP TR R ZE 2.0 x 10 mol- L™, FHL
15 ml £ Hifgih, PL GNPs/GC HLARAE N TAE B,
KAEIR AT, BAEE-0.2~0.8 V, 3
R E N 50 mV-s™, 55| ACOP P& Bl - i 7ig
IRz thde: IRt pres R0 th &k 1T A

3. ZRSHE
3.1. SRR ARMIERR RO

F 1 4 7 5 5085 (SEM) X #1 B B HL B A0
GNPs/GC HIHR R THIE ST RAE, WKl 1. Kl 1(a)
NARBERR AR SEM B, HEERMmAEIER, BEY
Jii; TMfE GNPs/GC HIR K (WK 1(b) I E FIH —)=
GIATIE) S BBURE 3K U B A 9N KR T R IB A E
Wt Eo BT &b T3 5 o A 7E F AR THI
R, B3R T I LR MR, ek T AR Y
R, R 7 ARAEIER.

3.2. {EimrRRM R EM R

BRI AR . GNPs/GC HLB 23 B4 5.0 x 107
mol-L ™" K3[Fe(CN)sJ/K4[Fe(CN)s] + 0.1 mol-L™" KCI i#
WA AT IR 244, FIHERE N 100 mV-s™, 45
RO 2. LRI SCHRRI CV 2R, mIE S
T GNPs J5 (IR AR CV il 2R S A G T ids R
LSS AR BB ik A (1 Ve P IR BT S ORI Ly 22
AR/, XA G G ARL T AE AR I EE R ARG R, {2
HE T [Fe(CN)o] /[Fe(CN)s] " L T X 7 HL AR - f) v 7 5%
%, BEARGSHEERE.
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(a) GC electrode; (b) GNPs/GC electrode.

Figure 1. SEM images of the modified electrodes
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(a) GC electrode; (b) GNPs/GC electrode.

Figure 2. Cyclic voltammograms of different electrodes in 5.0 x
107 mol-L™" K;[Fe(CN)]/K [Fe(CN)¢] + 0.1 mol-L™" KCI solutions
B 2. NEIEARFE 5.0 x 10~ mol-L™" K;[Fe(CN)4]/K4[Fe(CN)4] + 0.1
mol-L™ KCI H#) CV #hk

3 AR H A AT GNPs/GC HLAE 5.0 x 107°
mol-L™" K;5[Fe(CN)s]/K4[Fe(CN)e] + 0.1 mol-L™" KCI
FRIAZ YL FELATC L o o A2 i BT P i A T P B S 4L (S5 AL
LR L 3), FLrh BRIk F A (WL 3 R a i) )
FHHT(R)ZIA 300 Q. 1M E GNPs f&, &R
KA SO BT R KPR 3 1 b il £k),
ZMWEZ1H 30 Q. XE—P UL GNPs &3] [ 158
TAERIIAE T, AR HE T [Fe(CN) ™ o146 5 H A ]
T F2

3.3. ACOP 7E1&iFH R ERBLFEITA

Bl 4 AR B R B GNPs/GC LB TE 2.0 x 107
mol-L™" ACOP il CV ik, HAPMEFRA 50
mV-s e MEIHFTREH, ACOP FEALBER LML R A
— AN, RS T R AR R s T A
GNPs/GC Hiflk FH CV MiZk EHIL T — XA tbidJ5
U, HAR AL R AR S, 2B AR 10
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(a) GC electrode; (b) GNPs/GC electrode.

Figure 3. Curves of EIS of different electrodes in the 5.0 x 107
mol-L ™" K;[Fe(CN)]/K4[Fe(CN)g] + 0.1 mol-L™" KCI solution
& 3. FEIHBERTEE 5.0 x 107° mol'L ™" K3[Fe(CN)e]/Ks[Fe(CN)g] + 0.1
mol-L™" KCI &P A3 # MR
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(a) GC electrode; (b) GNPs/GC electrode.

Figure 4. Cyclic voltammograms of different electrodes in PBS (pH
6.2) with 2.0 x 10™* mol-L ™' ACOP
B 4. TEIEHREE 2.0 x 10 mol-L'ACOP #J PBS (pH 6.2)#) CV Bj
%

UL Lo IXR G GPRRL T ACOP HIMR S W AR Sy i
AP, JF B TR R T R A
H.

WK 4 b b #hZk, ACOP 5L I I B A7 Ay
0235 V, S#H8mmARAHIL 7R T 0.085 V, FKE
ACOP [ Ab Id B AL B 2 FEAIG HLAE SR I LA A 0.205
VAL, AL S IE BRI AL ZE AE, N 30 mV.e HITC
BROVLTRT T, RRYE B TR A4 28 T 3001 (1 U T K 48 [AE,, =
2.303RT/(nF)], Bl AE, = 59.16/n (Wi 4 25°C),
AJ1% AEywe =29.58 mV. 1] I, AE, SEE6H 5 Fi{EE
W, IXRIATEBRK R F BT GNPs J5, ACOP
FE UG FLA b B FRLA 2 R A B B R G
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3.4. ZZWiAR pH ERISZ M

T ACOP [ 7r T4t P BEA R AL . A FR4E,
T DL HATE Y pH E I Z T ACOP 4L
U U FRL YA A LA AR K, AR SCE %2 TR pH A
(5.8~7.0)%F ACOP &4 08 Ha it g H A f18) 52 Wi (O, ]
5). B S(a)rl%n, BE pH {EMI¥E N, ACOP 7Ef&1fid
e b Fry e FRLAE SR BE K JS IR/, pHETE 6.2 I Ll
Bk, ARG pH N 6.2 KB £h2% piis
o

HE 5)AI &, ACOP EMEI M I At g
HIALRE pH 3N 57k, A LIS rEAZBE pH 3G n
BT, B E,L(V) = —0.09643 pH + 0.86071 (r

80

= —0.9966), XUiH ACOP WML HFR T35
[12]
3.5. &MHEHENE G

SRR RN ACOP [ FL I A FE
A AR RS ORI RS R . 43 ] A 1 R
oM 10 Bl 20 Bl 40 Bl 60 FEl. 80 FEl. 100 &1
GNPs/GC Hifl, didfEER R 22 ik A F A& 1= 1
GNPs/GC HLil % ACOP [ LWL 6). SEIRsh Rk
. R BEEON 10 BN Z 60 B, ACOP 1%L
e R B A B 3 T s A P B Ak oK
F 100 [&lf5, S FE BE S T A5 3 0 A BT AR

60 4

(b)

204

0204

E pa (V) =-0.09643 pH +0.86071
r=-0.9966

1-7:pH 5.8,6.0,6.2, 6.4, 6.6, 6.8, 7.0.
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Figure 5. Effects of solution pH on the oxidation peak current and the oxidation peak potential of ACOP
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Figure 6. Effect of scan cycles on the oxidation peak current of ACOP
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X T 4EM K GNPs i —E 85 T Ae k4 T H
%, MK T BRI, 53 ACOP 5 Hik
Z AN AT e A2 BT, Hh s o4l B mT 4, S4B
TN 60 PR HL i N R, B SCIE T GNPs/GC
LR A 1 B 60 B

3.6. FHEEHR M

FIHHIE R 2520 ACOP [ HLLEEAT A . BB
BT 2.0 x 107 mol-L™" ACOP [{Ji# ¥ (PBS, pH 6.2)
H, WE CV OHTZR, SR 4 B I 58 s I 5 (L
7(A)). SEREH, FHRIEFELE 20~250 mV/s JEHEA,
BEAE T RN, A (Y FRLRDEAT G K, A0
HIALIZHT IES . ACOP (U FL i 5 ARl 2 1P 7 il
(WA RLMRRLE 7(B)), HAE LI L L 1 5] )5
J RN LJpA) = —13.27951 + 10.87205v'"* (r =
0.99763), i& JFEUE & ME R H TN L(pA) =
8.32017 — 3.27488v"* (r = 0.9997). 1B ACOP 7£
GNPs/GC & Fa Al b riLAL 27 e R 4 i ) o A2
(), MR N, I RN, R
i [FIBTBEERE R OR, 05 A R A 678,
AR R A IER . X R IARE R R RO, Ak
U LRI O RBURE RS R (R LA ZZ 1K, ACOP
TEiZHMN BRI 2, Rk, HAR ST
FEHF R 50 mV/s.

3.7. AHIERRSHMKERNLMEXRRBIR
MESN. EIWH

FERAEFAF T, ACOP ZE2 x 107~2.0 x 10~° mol-L™"
A 1.4 x107%~3.78 x 107 mol-L ™' JEH N, ACOP ik
&S5RI R R AR ROLE 8), F[HH 72
AN La(pA) = 1.13782¢ (umol-L™") + 1.45035 (r =
0.99965)F1 I,,(nA) = 0.0263¢ (umol-L™") + 57.1029 (r =
0.99952), ACOP fI# HiFR M 3.6 x 107 mol-L™(S/N =
3:1). SEEGH S T Frill & 1) GNPs/GC HLBK ¥ B 5 P A1
BEIUE. FHFE-—32 GNPs/GC 1BHfi st E 2.0 x 107
mol-L™' (] ACOP HHESNIK 10 Ik, 13 EIHIbsiE w2
N 1.5%. 734k, FEAR RS54 T il 4% 5 AR ) GNPs/GC
BR3P HI7E 2.0 x 107 mol- L™ ff) ACOP it
M, BRRARERZ RN 2.0%, XK W% 2511 K
BA R ES A E .

3.8. FHide

S SCHR[14] LA WL TEHLES A0 FH 256 3847
YIRS AT 7 F K IR R I X T 2 x
10 mol/L ) ACOP J il & iR Z/E£5% LA, 500 £
) K. Na's Mg, HEERE. MR, -2k, 200
R4 & By HIAIRE, 100 210 L-BER . L-#&E
% K 50 544 5 By, XF ACOP Il E BIAS = A4
LB —E NP THae
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Figure 7. (A) Cyclic voltammograms of GNPs /GC electrode in 2.0 x 10 mol-L' ACOP solution at various scan rates (from a to g): 20, 50, 80,
100, 150, 200, 250 mV-s ™, respectively; (B) The relationship between the peak currents and v'*
7.(A) FEAET GNPs/GC BARTE 2.0 x 10™ mol-L™ ACOP FiEHHHI CV Hi%k; (B) SLIEHEFMITRIERRS vV HXH
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3.9. BRI K (EIHR AR E &

F C RN BE 1) ACOP Ji RHAC B —F AN [R] 9 B I
mi, ARSI TR T ERAE o R F IObR [
ACOP & &, 45K 1. BHE 1o, HEE
N 97.7%~101.0%.

AR SCIEHER T il & 1 GNPS/GC LR ¥ it 17 Fa
EPE. GNPS/GC HIMRANHI, A TE=IR T pH 6.2
(IR IR Sh 2 b, BB — B A3 AE 2.0 x 107
mol-L™" ACOP ¥l it S Ak Ha i 45 REM: 1%
HIBGE SR & 20 K5, FugE ARG T Rk
5.5%. Tt B 1% FAR LA BT A A7 R 1

4. ZHig

AR G IR 22150 4 9 KR 18 15 7 38 ik
HMETH, #1147 GNPS/GC HMY, e Hszut 444
BEAT TR, SRR HEBMREIEGE 60 B, 4
THEIE 50 mV/s, BERR IR pH = 6.2 B, &1
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Figure 8. Calibration curves of the modified electrode for detecting
ACOP
[ 8. ACOP IRESEHERBXR

Table 1. Recovery test of ACOP (n* =5)
£ 1. ACOP AR 0" = 5)

Samples Added Found o
<10 "molL)  (x10 molL) (x10 TmolLly  Recoveries %

2.00 4.00 5.95 98.75
2.00 6.00 8.06 101.0
20.00 35.00 55.01 100.03
20.00 50.00 69.99 99.98

200.00 200.00 395.36 97.7

200.00 1700.00 1902.63 100.15

20

HIAR XS ACOP 9 Ab R B I o S A I 06 v 3t B
ACOP RFEAE 2.0 x 107~2.0 x 10~ mol- L™ Fl 1.4 x
107%~3.78 x 10 mol-L ™' yu Bl 4 L& MK R, MK REL
435124 0.99965 F10.99952., 4 Hi FR & 3.6 x 107 mol- L™
(SN = 3:1). ZHHTIE ACOP BH REBUE M.
HEEMEINEL, FRE LR AL FES ENRAE
97.7%~101.0%.

5. Bt

TR E X B AR R A T H (21173111.51071081
51071146+ 50671098, 51071146, 21075011), J {5
SR s ie = B RS (R RE 1210908-217-2)
XA G55 8.
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