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HWE KT (CPME) BT Baik b AT iE da 7 i JURR, 7 Heem s i & A 5L A1 (RO) 5 F2R Al fE
F A7 A LA R T 97 2 A B8 T T SRSk B ( PDDA) A4 A 0 40K 42K T (AuNPs ), A RO/
AuNPs-PDDA/CFME & Bl 1] FHAE$i e T S S BR X M 1 5 B 2T 24 P b ) SR TR SEA T T 3RAE, 899 T
M HUR AE 22 T ( DA) ST A LA 24T . 5 RRW, 7E 20 mmol/L pH=7. 0 ¥ Tris-HCl ZZ M, &
G EMi B RO/AuNPs-PDDA X DA B & 3 i i fb G . AEm RS 4510 T, RA 2R Bk ik 2B AR
(DPV) Xf DA AT 4087, DA WAL IR 5 M EEAE 1107 ~5%107° mol/L YRl N 2 RAFMEHCR,
FRZEE R*=0.9912, BRI 3. 3x107° mol/L(S/N=3) . ZBMir LT IELT, mAaE LR, Rl 08,
AT 32 N FAE RS DA B RAAT.
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FH £ 1) AuNPs, #1153 RO/AuNPs-PDDA/CFME FLH. &M B DA ARG 28 #5885 e v, T A
FAEY IR DA 1.

1 SRIGERSY

1.1 RKFENSE

TREF4E (EAR 6 pm, 5 MR RS 4 A IR TAE A Al ) 3 A4 R (HAuCL, - 4H,0) A S fb 8
(NaBH,) W4 A E 254 A=A BRA Al B 0 & fbE (PDDA, _LigRTH T2 H) ; oKL
Wt oy Hral, REEZG A HE]) ; 2 (DA, £ E Sigma 24 7)) I TE/K ZBEELHIE 1. 0x107% mol/L AYHF
W WA (AR s AB B (TR B IRERARA ) s /NRILE CFEEPREARAA) ;
SEG K R IR BB FK.

PHS-3C # pH i ( LR RLAAER MDA R AF]) 3 CHI660D fh2F T AR (_ R AFD) ;
AR224CN RIS MR- (RZEHT B TEAFRAT) 5 Ag/AgCl S HHLIK.
12 X
1.2.1 BRAHMEROH & B, EIREITE DR BB AE (R 1 mm), (HHRENEZA N
20 pm; P et 4 ( HAR 6 pm, K2715 mm) M4 22 ( B4 0.2 mm, 2510 cm) FBRG SRR, £
T 2T 4 IS 3E B 2408 77— i 28 A B 58 B B AT R0 2 mm, BRI B8 B AN AR B3, 26
WG B E R 22 SRIG , B BN A0 B TR KT AMe, (st £, 28 BB £F 4 72 RS AT
AN EANDBEh , FEEIE AT R I A B, B EE T ABREF 4R E A 100~200 pm, RIFSRREF4EfL
LA O
122 #ik4ERNH4%E 1 g A4 (HAUCL, - 4H,0) % T 50 mL #Bafik d s F. i il vk 2
0. 1 mol/LIJ NaBH /E R J5i5f, LA 5% (1RFR4040) I 0 — H 5L & fb &% (PDDA) £ 975, B 100 mL
B 27K BT 250 mL BUREEHT, 43 3A 0. 7 mL & FRIEW X 0. 5 mL 5% PDDA ¥k, 7£50 CF
SRTEFEST, FREUINA 4 mL Bl NaBH, W, KW 1 h, BI45 PDDA-AuNPs. 15 #4909k 4 40 0k
R, REtERLE Y.
1.2.3 RO/CFME 8y #| & B — MG R g il & TR gk, R i th 4k 64718 i A7 f 3T
i, BEWIIRTEE LN +1.5 v, RIAT7ERREF 4k sl R a8 e 2 SRS A1 A U B, A5,
1.2.4 RO/AuNPs-PDDA/CFME %% ¥ RO/CFME & THl# Mk ammeh, %E+1.5 VIHRIE
HEATHLTORR, E ok i B AR FH R AR Gk 3 SR FE AR R T, U e R Ak ok, BT, BDAS
RO/AuNPs-PDDA/CFME HiL#%.

2 GRSt

2.1 WRETHEMEBIRA SEM RIE

KA o T S (SEM) XF K MK BE TG B9 CFME, OR/CFME, PDDA-AuNPs/CFME 2 RO/
AuNPs-PDDA/CFME HLH (R THTE S EAT T R AE. SCH 45 R WoR, R 2 IR BE I B £ 4 32 186
[E 1A B ] 5 2K RE D AR 4E il R T I Z MBE [ B 1(A) ], RBLKIE R BT ik 2F
HeZRIEHEAT T 200k, R AR Y LR TR R AR AR AL, AT RE S 3O £ 4k ) 07 2E Mg Mo A PE e R AR ek
A N L(B) FIE Y, ZealizK s Ak 27 16 Ak J5 10 ik 2T 24 R B 9 T 110 6 R O, R Mo de 11 Ak 728 S
PDDA-AuNPsEAfifREF 4E L B AY SEM BB 7 40[& 1(C) Fran, BREF4E 2 1 AY PDDA-AuNPs [ 5 23 BN 1)
—, A BIRIG. 2 RO/AuNPs-PDDA & 4161 B 27 2k B W 3 1 () 200 K 4 ) S 0 2 S0 A R
WE 1(D) s, S —W ORI AR, 94K £ 19181 5 5 R 28 47K H Ak 27 Ak B 1) i &1 4
R ESIRTE I
2.2 DA FEEIHFER EMBHLETA

B 2(A) Fis HERALE 1-0.4~0.6 VGBI, LI 100 mV/s B EEMASAY 1. 0107 mol/L
DA VERAE CFME ( Hi£k @), RO/CFME ( fiZE b) , PDDA-AuNPs/CFME ( fiZ% ¢) 52 RO/AuNPs-PDDA/
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Fig.1 SEM images of CFME before(inset) and after flame-burned(A), RO/CFME(B) ,
PDDA-AuNPs/CFME(C) and RO/AuNPs-PDDA/CFME (D)
Insets of (B)—(D) : locally amplified electrode surface.
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Fig.2 CV curves of 1.0x10~° mol/L DA on different electrodes in 20 mmol/L pH=7. 0 Tris-HCI buffer( A) and
CV curves of potassium ferricyanide solutions with different pH values on PDDA-AuNPs/CFME (B)
(A) a. CFME; b. RO/CFME; ¢. PDDA-AuNPs/CFME; d. RO/AuNPs-PDDA/CFME. Scan rate is 100 mV/s.

CFME YRR (2 ). WL, FTA BBRAE 1. 0107 mol/L DA I P45 1 Xl n] 336 A 4
fEif . DA FE#E CFME AR b SUARIG F RN, K FELAR 43 S AR 4l K B oK 4 s e v A 7 1 F 57 Fi
P EDURUR , H AR I 43 BB T % %K AT B PDDA-AuNPs, & 1fi B # RO/CFME FIPDDA- AuNPs/
CFME Xf DA f e Ak 2z e i BH S 36000, S Ak e f i 43 A 31 1. 385 107° F1 2. 465x107° A, SH#R CFME &
AR A Y 3. 30 75 A1 5. 87 £, W RO/CFME H1 PDDA-AuNPs/CFME ¥5%F DA BA B 4#4 B 41k 5%
H. RO/CFME X} DA BAG R AP AL T PE T B2 th T DA 2 —FioE KL &Y, Lalik i fbai b1
Je HORR LT A F R R TR 1 S R AT, SRR R RN, B0 DA 7 U 3 1 A A R R YL
IO, EUE T DA YRR TR . 7F RO/CFME JEAl P& L PDDA S~ 4 550 il 25 1)
AuNPs, #1558 A1 % RO/AuNPs-PDDA/CFME, H%F DA 400 17 HL % 15 6. 885x 10 A, # RO/
CFME F11 DPDA-AuNPs/CFME B2 98401 T 4. 97 £5% 11 2. 79 4%, W] RO/ AuNPs-PDDA & & & i
e FAG G B A S i e 5 B AR TG M, BE B AL DA AYEALIR SR RN, B R T H B A8 53 . 4R
BT B AR P AL R, EAT T ORI pH MR SR ER T I CV RIS, 452 01K 2(B) fir
N AL RS R pH=6.5~7. 5 B, BEE I pH ARSI, RO/AuNPs-PDDA &1 LAk I
BREACET Y I L N T 22, BEWHIE M AR R T FE pH i 6.5 ~7. 5 YR SR AR W 4z e rh
PE, AT E A AR 19 55 FEASFE 6. 5~7. 5 Z ). HESCHR[ 20 1 HiRiE, DA 7€ pH>4 MfE L R i, SE4w
BT FH Tris-HCl 28 W9 pH N 7.0, TEHEETR, DA i fa s, PDDA-AuNPs/CFME 2 i B 7, DA
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A3 FAE H 2 T A I A0 R R B 4. I, PDDA-AuNPs/CFME XF DA #HL AR AE ] 22 2
FYUR G R TH5 10 A KA 30 T H b S T ) P P T AR, TR N 1 H AL B 0%
2.3 HBREIHEENRL

SR 225y kPR 2, 2588 T B A L ORI [RD 6 DA LAk 1 i . il 3(A) i, 1%
EWRTEERIEN+1.5 V, CFME &M & S L Ay, Bl2E B DTURR A ] A48 i DA 0 4801k I Fi, O 748 147
K, MUTEIEEA 10 min B, DA (9 bIG R A o R AR, SOERE & S LB MR TR A 10 min. i#E—
AAE RO/CFME i By 2 T AL U0 BRUIE I 4 99 Kok, W&l 3 (B) Arzr, #I4A B BE, #£ RO/AuNPs-
PDDA/CFME I, DA B4 Ph 0 ep 3t Bl 2 Hi UORR A [0 f) 380 T S 386 O, 24 i OB [R136 10 min B
DA A fLIE R IR A e KM, 25 DA Mg it T 722, ik, b T 4 ik 2= Re I R 1% RO/
AuNPs-PDDA/CFME HLf} |, FEAEIK K 408 K 4 5 e v Y B OB S ] 247356 %10 min.
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Fig.3 Effects of electrodeposition time on the oxidation peak currents of 1. 0x10™° mol/L DA using
DPV measurements for RO/CFME(A) and RO/AuNPs-PDDA/CFME(B)

B ENER TR EREE G
T AR R AT A B AR B RS, T EE 6 AR AR, (B HLAE DA rp 9 S0 fh 0 FEL I AH V) 1R 25 AN
i 1%, R HAPALE TR SO TE S K Rl oK 4 5 e rh A T840, 4% RO/ AuNPs-PDDA/CFME
HL %, SR DPV Bl g M B 1. 0x 1071 2. 0x10™° mol/L ¥ DA ¥, 815 348 1k fa 7 19 RSD (B
M 3. 6% 4. 3% , FIZIFEMR BT 4k i AT RAFA F B, FoR R — &1 A AE bk 2 Fhifk
FER) DA BWHRERR 1 h A 1k, 2RI 5 Uk, D 250 RSD (B30 0 1. 76% 1 2. 37% , FRMWAE
s FEL R P R 1 R
2.5 DA MZIESEE e H R

TEALI 5236 258 T, % RO/AuNPs-PDDA/CFME &4 F B X A [ 3 BE 14 DA VA W2 4700 5
ZERNE 4(A) Fizs. 7F Tris-HCL (pH=7.0) ZZ M, BEE DA ¥ WMk B 09 R Wi hn (1x 1077,
51077, 1x107%, 5x107°, 1x10™°, 2x107°, 4x10°F15x10~° mol/L) , WEHL L (EZE W K, HAE 1x107 ~
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Fig.4 DPV curves of DA on the RO/AuNPs-PDDA/CFME in 20 mmol/L Tris-HCI(pH=7.0) containing

different concentrations of DA(A) and plots of the peak current vs. concentration of DA (B)

(A) ¢/(mol - LYY : a—h: 5x1075, 4x107°, 2x107%, 1x107%, 5x107%, 1x107%, 5x1077, 1x1077. (B) Error bars

represent standard deviation of the mean from 5 detections. Initial voltage: —0. 18 V, final voltage: 0.3 V, pulse width:

0.1 s, potential increase; 0.004 V, amplitude: 0.05 V.
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5%107° mol/ LUK FEVL Rl M, DA MYkl L it S5k B 52 RAF IO SR [ K 4(B) ], HE MR 7N
1,(nA)=0.997c+2.3633(wmol/L) , ZLMEAHICREL R*=0. 9912, HUHETF FLHL LG S 1Y 3 A b 22 5% LA
LA R BERARAEZ TR BN 3. 310 mol/L. H13E 1 AJ W, 5 3CHR[ 21 ~23 [ HRIE 45 RAH I,
ZB AR E DA B ZMEFITE . RGN,

Table 1 Comparison of DPV detection limits for DA *

Electrode Detection limit/ (mol - L") Ref. Electrode Detection limit/(mol - L") Ref.
a 6.0x107® [21] c 3.3x1078 This work
b 7.7x1078 [22] d 2.3x107° [23]

# a. Graphene-modified CFME; b. gold electrode modified with gold nanoparticles; c¢. RO/AuNPs-PDDA/CFME; d. thiolactic acid self-

assembled monolayer-modified gold electrode.

2.6 TFHELE

TERACRY LI 25T, B 58 T — 205 WA X DA DU ZE A952 0. 24 DA WREE R 1x10 mol/L B, Jil
A100 pLYEEESA 0.01 mol/L BIFRIR (UA) | JLIRINAR (AA) . HFRERE(5-HT) DAL LR R, W
MARTE+10% LAY, HIEHLA R FS At £0. 05 V. b4h, Mt d WA JCHLES 7 (I Na*, K, Ca®,
Mg™, Fe** J ClI”, OH™, CO; %) #IAT4L DA A, KHH RO/AuNPs-PDDA/CFME & B 4R il i
DA HABAFMBTTIRRE ST, AT TS bRA e i DA ARG
2.7 EBRERSH

K HZ AR BOS /N BRI AE T Y DA & 5847 17 400, H 20 mmol/L pH=7. 0 Y Tris-HCl 22 M
W MVERE AR 10 £, SRAPRUEM AL XS DA S#EATHRIN. 2 2 55K R 0, Bl E DA 1Y [BHkcR 7R
95.3% ~104. 8% 2 [8], A SLELS P IMAE T DA 1 5537

Table 2 Determination results of DA in mouse serum samples(n=>5)

Serum sample c(Added) /(umol L") ¢(Found) /(wmol -L7") Relative deviation( % ) Recovery (%)
1 10 9.53 2.5 95.3
2 20 20. 82 1.2 104. 1
3 30 29. 56 0.9 98.5
4 40 41.90 2.3 104. 8

# Initial concentrations of DA in the four mouse serum samples were not detectable.

3 &

3 31 A X R AT AE TR AR SK T A TG AR AR B, R A S B AU B AR, AR ELRE &
Milh PDDA AR5 45 1) AuNPs, Hil5 5 R A9 RO/AuNPs-PDDA/CFME &1 B 8% . % & i B A% %F
2238 DA B W WA r AR AR T, K BRIK 3. 3% 107° mol/L(S/N=3). i A B T4 ek
e E DA BRI, 007 s s 0 A T R 200 e e R 5 % A i 2 fh [R] B A 5 0 TR R
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Determination of Dopamine Based on RO/Gold Nanoparticles-
poly ( dienedimethylammonium chloride) Modified
Carbon Fiber Microelectrode’

LI Yuan', WANG Tingting', LI Mei', CHENG Han'*"
(1. School of Pharmaceutical Sciences, 2. National Demonstration Center for Experimental Ethnopharmacology

Education, South-Central University for Nationalities, Wuhan 430074, China)

Abstract Carbon fiber microelectrode ( CFME) was modified with oxygen-containing groups (RO) in pure
water by potentiostatic method, then with poly ( dially dimethyl ammonium chloride ) (PDDA) functionalized
gold nanoparticles( AuNPs) by electrochemical deposition method, as a result, the RO/AuNPs-PDDA/CFME
was fabricated. The surface morphologies of different modified microelectrodes were characterized by means of
scanning electron microscope ( SEM ), and the cyclic voltammetry behaviors of DA were investigated with
modified electrodes. The research results showed that in pH 7.0, 20 mmol/L Tris-HCI buffer solution, the
RO/ AuNPs-PDDA/CFME exhibited excellent electrocatalytic effect toward dopamine( DA ). Under the optimal
experimental conditions, the oxidation peak current was proportional to the concentration of DA in the range of
1x1077—5x% 107 mol/L with a correlation coefficient of 0.9912. The detection limit was 3.3x10™* mol/L
(S/N=3). In brief, the RO/AuNPs-PDDA/CFME has the advantages of simple preparation, good
reproducibility and high stability, thus, it is suitable for sensitive detection of DA.

Keywords Poly ( dially dimethyl ammonium chloride ) ( PDDA ); Functionalized AuNP; Carbon fiber
microelectrode ; Dopamine
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