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Au-Ru nanoparticle-modified carbon fibre microelectrode for the

detection of dopamine
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430074, China; 2 Institute of Bioorganic Chemistry, Uzbekistan Academy of Sciences, Tashkent 54000, Uzbekistan)

Abstract Gold nanoparticles (AuNPs) and ruthenium nanoparticles (RuNPs) were synthesized using sodium citrate
reduction method. They were then modified onto the surface of carbon fiber electrode (CFME) using electrochemical
deposition method to construct a highly sensitive electrochemical sensor, AuNPs/RuNPs/CFME, for the quantitative
detection of dopamine (DA). The morphology and structure of the materials and electrode were characterized using
scanning electron microscopy, transmission electron microscopy, and ultraviolet spectrophotometry. The electrochemical
behavior of DA on the modified electrode before and after modification was investigated using differential pulse voltammetry ,
cyclic voltammetry, and electrochemical impedance spectroscopy. The experimental results showed that the bimetallic
nanoparticles exhibited a specific synergistic catalytic effect towards DA. The oxidation peak current of DA measured by
DPV showed a good linear relationship with its concentration in the range of 0.1~10 wmol/L, with a detection limit (LOD)
of 0.024 pumol/L (S/N=3). AuNPs/RuNPs/CFME demonstrated high stability and anti-interference ability. The analysis of
DA in actual mouse serum samples using the spiked recovery method showed a recovery rate of 95%~105% and a relative
standard deviation (RSD) of 1.82%~2.78%.
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A FE DAL 27 340 Ji 5 il £ AuNPs F1 RuNPs, i
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B R 8K | 5 CFME A L , AuNPs/RuNPs/CFME
XT DA G P FEL A 2 e 7 1 0 P Sk, EL A A AR ) A
TR, EL ) 07 T /0N BRI R DA ARG, A e Ak
2 TR T AR AR f LSRR .
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1.1 EE5RH

CHI660D AU H b~ T A3 ( FifER4E) ;SUB010
R A B (H A H A7) 5 Talos F200X Y35
SFPH - AR (56 E FE R K s PHSJ-3F AUSLSG % pH

1+ FiEHL ) s PTHW250ML 8 $4E (i I RHR ) 5
AR224CN B 43 #7 KA (¥ B 52 1) 5 40 66 it
(UV-1800PC, I 3£i5%ik).

A& 2O R IR ) s FrP B IR — 40 2R
AN RN RN R AN ) e N
(FEZ54E) s —SbET JRIR (BTHI T ) s AB IR (F591) 5
INE MR I AR AR GBI R 48 5058 ) 5 il PBS 2%
AT .

1.2 KWAHE
1.2.1 CFME #5344

VIS I e A 4R T £ 7] A B TR 5 o i
3 U, FH A PG 1 2 itk £ 4 VA 22, ol /K AR
DR TIRIG, R AR A B S B, H Rk
S AEAEPRE BB R b &7 1. 1 AB BB
IS BN AR v, HE RO AL . B 3 38 B4
B AR B 8 T ORE AT E AT K e d Ak B A
CFME, A7 75 B Ak LAAS e S
1.2.2  AuNPs # 4] &

FPER = 4030 J5 HAuC, 145 AuNPs. 4 500 L
HAuCL, % ¥ (25.4 mmol/L) 1900 wL #7 B iR = 4
YW (0.1 mol/L) FAA 35 mlL il s 114 8 4l 7K v I e skt
PiFE . SRJE RHR GV WO AR I P 40 min, B 22
B ET A 28 11 N K il A5 1) AuNPs iR & F 4 °C
TRAE.

1.2.3  RuNPs # 4] &

H4 0.9 mLVE FE N 1% B SEACET AV W AEAS Wi e
PR T INA A 40 mLZE KB =#beirh ,
A 80 C,ARIE I 1 mL IR JE N 1% Fr IR = BN
OB LR A ) AR FFE IR (80+0.5) "CZy4 h. 21k
N,V HE S A A R AR AR, 4 °C
IR A .

1.2.4  AuNPs/RuNPs/ CFME ¥4 5 4 R 25 64 ) %

58 MR GBI L B /K e CRME, B 1
VL CFME 25 TAE R (BAB ) , Ag/AgCl Ry 25 LL HL Al
(BB ) , o Lk TR 7B +1.5 VISR T 8%
CFME 23512 % T RuNPs % B H LT 10 min, 153
RuNPs/CFME. #& J& ¥ RuNPs/CFME JH 2. % 1 25 55
FARMRBER BT . T+1.5 VISHE T , % RuNPs/
CFME ‘& T AuNPs %5 ¢ 1 EL TR 10 min, il 75 AuNPs/
RuNPs/CFME.

1.2.5 &g ik

H AL AA RN I e 2= 05 R HEA T, SRR R 4
TAEH# A AuNPs/RuNPs/CEME , Z: L HL hy Ag/AgCl
HI B B DPV 0 B 7 S T - -0.4~0.4 V, ik
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Fig. 1  Characterisation diagram of nanoparticles
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Fig. 2 SEM images before and after electrode modification
2.2 AuNPs/RuNPs/CFME B EEAL 21T A S H HL A I EfE . 1K 3(a) i CFME . RuNPs/CFME . AuNPs/
K H DPV 1 f1 EIS #: % 2% AuNPs/RuNPs/CFME CFME F11 AuNPs/RuNPs/CFME 7 UL PBS b 2% 1A Wi
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Fig. 3 Analysis of the electrochemical behaviour of different electrodes

2.3 AuNPs/RuNPs/ CFME B2 57T 7R i 18] A9 41 14

J T Hi Ak AuNPs/RuNPs/CFME f) #, Ak 24 1 fiE
XoF PR P A8 B ) R A7 O Ak 38 s e (5 AR I
JeKs CFME ' T RuNPs i I8 H T FL 5~25 min. 241&
HRESE ) 247 10 min B, S0k PR JE St 30 KL, Bt FF

28

(@)
26}

Current/nA
N 1%
S S R
T T

—
oo
T

—_
(=)

5 10 15 20 25
Time/min

(] ) A, PR IALZ /) , AT 5 10 min 2 RuNPs
1) B A DURR IR [R] (& 4 (a) ). DA TRIARE B9 5 34890
AuNPs 1Yz A UTR I [E] 24 10 min, 25 R A& 4(b).
Jo SS9 TR S BN B R 64T

48

(b)

Current/nA
w w w ~ ~
W ()} =) [\8) W
T T T T T

[9%)
(=]
T

5 10 15 20 25
Time/min

(a) RuNPs HL OB i) XoF W fRL U3 (500 5 (b) AuNPs B OB S ] X6 e H 388 140 52 01
P14 RuNPs 5 AuNPs AL UCR ] A Ak
Fig. 4 Optimisation of electrodeposition time of RuNPs and AuNPs

24 pHERAZEHZM

FEE 5 (a) i CV A% A T AuNPs/RuNPs/
CFME 7 A~ [A] pH {6 (6.5.7.0.7.5.8.0.8.5.9.0.9.5.,
10.0) () PBS 2% M i 5 10 mol/L DA () L i fk
10 855 Won B pHE M 6.53 2 10.0, A fLg
HL I 2 38 s s/ N B R A 224 PBS 2% i W pH
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N E 5 pH W2 T B2 E, (V) = —0.0409pH+
0.396, R*=0.995 , ‘A Ak U i 007 52 T I B8 , 150 o+ L
25 T840 JF 0, -3 #2 , &6 24 DA
TE AuNPs/RuNPs/CFME _I 7] B8 & A= i S8 AL HLEE A
DA B S84k B 48 22 B & S i (DOQ) 7. (Rl J5 225K
B Ve PR S M TR pHAE M 7.5.
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Fig. 5 Effect of different pH on DA detection
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Fig. 6 Reaction mechanism diagram of DA on AuNPs/RuNPs/CFME
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Fig. 7 Peak current and peak potential versus sweep speed for DA at different sweep speeds (50~500)

2.5 AuNPs/ RuNPs/CFME #:ill DA B4 T 1% i 2%

¥ i DPV 33l %2 AuNPs/ RuNPs/CFME X A [i]
W BE DA o7 0 i 38 (181 8). B 4 DA MR &2 g 384,
DPV 1 1) 7 U4 i, 37 328 7 48 K . AuNPs/RuNPs/CFME
4 e 17 W FRL 3 5 DA VR JEAE 0.1~ 10 mol/L I P 5
R AR R, T2 1,(nA)=0.2574 C
(pmol/L)+0.2093, LOD 4 0.024 pmol/L(S/N=3) , tH
KRR N 0.995. 3% 1 i 5 HABGOR A RS i
AR R DA B PR REHEAT LU A, W] LAFE A 55 e

i 4) g R EL AT A B ) 4 M 3 L R ARG ) B
Pem . e gh LB G2 AR IR AR AR 5 DA Wk B 7 1HI
LA 3 v 1 R B R 1
26 fEESAITHREFRRESE

DL Zn* Na" K" .GLU .AA Fl UA J T-4E4 , 23 5
M5E T 10 pmol/L DA HNA 1.0 mmol/L 44
MR AR5 (9 (a) ). T PR S T 5 A H U0 i iz
AN, FE W IZ AL AR AT DA BRI AT e 2k
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Fig. 8 Working curve of AuNPs/RuNPs/CFME modified electrode for DA detection
F 1 ARG EHE T ARSI DA (R REXT
Tab. 1~ Comparison of the performance of different nanomaterial modified electrodes for DA detection
Modified electrode Technique Linear range/( mol/L) Detection limit/( wmol/L) Ref
COF/PUMWCNT-COOH/GCE DPV 2~500 0.67 [28]
rGO/CMNs/GCE DPV 1~125 0.158 [29]
AgPd@Zr-MOF/GCE SWV 2~42 0.1 [30]
Ti-C-Tx/GCE DPV 0.5~50 0.06 [31]
Cu/CuxO NPs/PGE DPV 0.3~53 1.07 [32]
AuNPs/RuNPs/CFME DpPV 0.1~10 0.024 This work
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Fig. 9 Investigation of interference resistance and stability of AuNPs/RuNPs/CFME modified electrode
FEHGESEIETT 10 DPY FCF 9(h)) , DA HAIL 2 MBI R DA RO
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SRR SE AR RBIFAE S 07 A RIS Mowesenn 060 06 18 10500
A B RHEAT AR [ . f 10 L/ BRI 35 2 S O

pH 7.5 1) PBS 2 /i W P AR B 22 10 mL, SR [l A
VWA [V B2 1 DA, 45 1019 2 vz, s [l
KR K 95.0%~105.0% Z.[8] ,RSD 1F 1.82%~2.78% 2.
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