
Journal of Electrochemistry Journal of Electrochemistry 

Volume 25 
Issue 2 Special Issue: Electrochemical Analysis 
and Sensing (Ⅰ) 

2019-04-28 

A Facile Strategy for Two-Step Fabrication of Gold Nanoelectrode A Facile Strategy for Two-Step Fabrication of Gold Nanoelectrode 

for in Vivo Dopamine Detection for in Vivo Dopamine Detection 

Li-hao GUAN 

Chao WANG 

Wang ZHANG 

Yu-lu CAI 

Kai LI 
Department of Chemistry, Capital Normal University, Beijing, China, 100048;, LK123LK@126.com 

Yu-qing LIN 
Department of Chemistry, Capital Normal University, Beijing, China, 100048;, linyuqing@cnu.edu.cn 

Recommended Citation Recommended Citation 
Li-hao GUAN, Chao WANG, Wang ZHANG, Yu-lu CAI, Kai LI, Yu-qing LIN. A Facile Strategy for Two-Step 
Fabrication of Gold Nanoelectrode for in Vivo Dopamine Detection[J]. Journal of Electrochemistry, 2019 , 
25(2): 244-251. 
DOI: 10.13208/j.electrochem.181042 
Available at: https://jelectrochem.xmu.edu.cn/journal/vol25/iss2/9 

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for 
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry. 

https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol25
https://jelectrochem.xmu.edu.cn/journal/vol25/iss2
https://jelectrochem.xmu.edu.cn/journal/vol25/iss2
https://jelectrochem.xmu.edu.cn/journal/vol25/iss2/9


! "#$%&' ()*#)'+, -.* /0.!()'1 "#2*%$#)%.3 .-

4.&5 6#3.'&'$)*.5' -.* !" #!$% 7.1#8%3' 7')'$)%.3

!"#$%&'()*+,%-#$!%.)*+,/01#$!%-*23,/.#4/56(76,/&4/8*'

9

,/&4$/56(:'23

9

/;!"#$%&'"(& )* +,"'-.&%/0 +1#-&12 3)%'12 4(-5"%.-&/0 6"-7-(89 +,-($,/<===>?@

!29)*#$)

! :( 5-5) A+2'B+C'23/2D6C+E)DA'E*7F/G'B)/A'EC+D7DEBC+HD/ 'F/ '2I*F'ID/*2H/ B)D/H*A*3D/ B+/JC*'2/ B'FF6D/A*K/ '2DI'B*J7K/

E*6FD/H'FB6CJ*2ED/F'32*7F/L)KF'+7+3'E*77K/B+/B)D/AD*F6CDAD2BM/4B/'F/+N/3CD*B/'AL+CB*2ED/B+/CDH6ED/B)D/D7DEBC+HD/F'OD/*2H/B+/HDECD*FD/

B)D/H*A*3DM/P)'F/FB6HK/HDA+2FBC*BDF/*/2+ID7/2*2+D7DEBC+HD/LCDL*C*B'+2/ADB)+H+7+3K/N+C/-( 5-5) A+2'B+C'23/H+L*A'2D/;Q#@/N76EB6(

*B'+2/'2/B)D/7'I'23/JC*'2/+N/C*BF/G'B)/)'3)/HDLD2H*J'7'BKM/P)D/N*JC'E*B'+2/LC+EDFF/+N/B)D/3+7H/2*2+D7DEBC+HD/'2I+7I'23/*/NDG/A'26BDF/

E+2F'FBF/+N/+27K/BG+/FBDLFR/<@/3C+G'23/3+7H/2*2+FDDHF/+2/F6CN*ED/+N/B'L/+N/37*FFK/E*L'77*CK/JK/'+2/FL6BBDC'23S/T@/GDB/HDL+F'B'23/*/E+2(

B'26+6F/E+2H6EB'ID/3+7H/ N'7A/E+AL+FDH/+N/ 3+7H/2*2+L*CB'E7DF/JK/H'LL'23/ B)D/ E*L'77*CK/G'B)/3+7H/2*2+FDDHF/ '2B+/ */ NCDF)7K/A'UDH/

E)7+C+*6C'E/*E'H/*2H/)KHC+UK7*A'2D/)KHC+E)7+C'HD/N+C/+2D/A'26BDM/P)D/B'L/F'OD/+N/B)D/GD77(LCDL*CDH/3+7H/2*2+D7DEBC+HD/G*F/V==%W%

>==%2*2+ADBDCFM%P)D%3+7H%2*2+D7DEBC+HD%G*F%*J7D%B+%HDBDEB%Q#%*2H%F)+GDH%*%3++H%7'2D*C'BK%G'B)%B)D%E+2ED2BC*B'+2%+N%Q#%C*23'23%

NC+A%<M=%B+%XYM=%!A+7

!

&

Z<

%G'B)%*%7'A'B%+N%HDBDEB'+2%*F%7+G%*F%=M<>%"A+7

!

&

Z<

%[;\3]V^M/_D2DN'B'23/NC+A/B)D/DUED77D2B/D7DEBC+E)DA'E*7/

LDCN+CA*2ED`/B)D/3+7H/2*2+D7DEBC+HD/G*F/F6EEDFFN677K/DAL7+KDH/N+C/E*BDE)+7*A'2D/CD7D*FD/'2/FBC'*B6A/+N/7'I'23/C*B/JC*'2M

:', 0.*59;

'+2/FL6BBDC'23S/GDB/HDL+F'B'+2S/3+7H/2*2+D7DEBC+HDS!-( 5-5)S/H+L*A'2D

<=< 6>82'*

! aY>Y//////////////!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!7.$>8'3) <.5'

! #!!

bDED'IDHR/T=<?Z<<Z<c`/bDI'FDHR/T=<?Z<TZT?//d.+CCDFL+2H'23/*6B)+C`/PD7R/[?Y^<=Y?c=V=>e`/fZA*'7R/7'2K6:'23gE26MDH6ME2S/&8<TV&8g

<TYME+A

!"#

ha"b$#&/ai/f&f.Pba.1fj4kPb5

!

TX

" !

T

#

T=<c

$

>

%

l+7M/TX///$+M/T

#LCM//T=<c

7?@! <=M<VT=?\mMD7DEBC+E)DAM<?<=>T/

/<%)' )A%9R/<M/=2">&%)>,"'M/BCDE`/?@;T^R/T>>ZTX</////////////////////////////////////////

!*)%$#& @7!<==YZV>e<;T=<c^=TZ=T>>Z=?/

///////////////////////////////!!F))1R\\D7DEBC+E)DAMUA6MDH6ME2

:( 5-5) A+2'B+C'23/ HK2*A'E/ E)*23DF/ +N/ 2D6C+Z

BC*2FA'BBDCF/ )*ID/ JDE+AD/A+CD/ *2H/A+CD/ EC6E'*7/ B+/

62HDCFB*2H/ *2H/ 62E+IDC/ ED2BC*7/ 2DCI+6F/ FKFBDA/ JDZ

)*I'+C/*2H/N62EB'+2

n<ZTo

M/j'EC+D7DEBC+HD/E+67H/BC*Ep/B)D/

HK2*A'EF/ +N/ 2D6C+E)DA'E*7F/ G'B)/ */ )'3)/ FL*B'+BDAZ

L+C*7/ CDF+76B'+2

nVZXo

M/1+GDIDC`/ BC*H'B'+2*7/ADB)+H/+N/

A'EC+D7DEBC+HD/'2FDCB'23/'2B+/JC*'2/'F/'2I*F'ID`/*2H/*F/

*/CDF67B /̀'B/A'3)B/E*6FD/*/FA*77/H*A*3D/+2/JC*'2/B'FF6D

nYo

M/

k+AD/A'EC+D7DE BC+HDF/L+FFDFF/ B)D/ F'OD/+N/ FDIDC*7/ B+/

)62HCDHF/+N/A'EC+ADBDCFM/a2ED/ B)D/JC*'2/ B'FF6D/G*F/

C6'2DH`/ B)D/+JB*'2DH/2D6C+E)DA'E*7/ F'32*7F/A'3)B/JD/

H'FB6CJDH/*2H/E+67H/2+B/CDN7DEB/B)D/CD*7/L)KF'+7+3'E*7/

*2H/L*B)+7+3'E*7/LC+EDFFDFM

bDH6E'23/ F'OD/ +N/A'EC+D7DEBC+HD/ 'F/ */ E*2H'H*BD/

B+/A'2'A'OD/ B)D/H*A*3D/ B+/JC*'2/*2H/ B)6F/2*2+D7DEZ

BC+HD/ 'F/ +N/ 3CD*B/ F'32'N'E*2ED/ N+C/ -( 5-5) HDBDEB'+2/

E+2F'HDC'23/A'2'A'O*B'+2/B)D/H'FB6CJ*2ED/B+/JC*'2/B'FZ

F6D/B+/B)D/A+FB/DUBD2BM/i+C/'2FB*2ED`/h'*23/DB/*7M/N*JC'Z

E*BDH/*/A'EC+D7DEBC+HD/G'B)/*/T/#A/B'L/B+/HDBDEB/)KZ

HC+3D2/LDC+U'HD

neo

`/'2/G)'E)/B)D/ED77/FB'77/L+FFDFFDH/I'Z

*J'7'BK/*NBDC/B)D/D7DEBC+HD/'2FDCB'+2/F'2ED/B)D/D7DEBC+HD/

G*F/ FA*77/ D2+63)M/_DF'HDF/ B)D/A'2'A*7/ H*A*3DF/ B+/

ED77/*2H/-( 5-5) B'FF6D`/B)D/FA*77DC/B)D/A'EC+D7DEBC+HD/

'F`/B)D/A+CD/LCDE'FD7K/B)D/A'EC+D7DEBC+HD/E*2/JD/L+F'Z

B'+2DH/ '2B+/ */ 2*CC+G/J'+7+3'E*7/ FL*EDM/-D/ DIDC/ LCDZ

FD2BDH/B)D/N*JC'E*B'+2/+N/*HHCDFF*J7D/E*CJ+2ZHDL+F'BZ

DH/A'EC+D7DEBC+HD/*CC*KF/G'B)/D*E)/E*CJ+2/A'EC+D7DEZ

BC+HD/ B+/ JD/ V/ W/ >/$A/ *2H/ +JFDCIDH/ IDF'E7D/ CD7D*FD/

NC+A/ B)D/ F'237D/ q./ <T/ ED77/ G)'E)/ E+67H/ H'FB'236'F)/

F6JED7767*C/ FL*B'*7/ H'NNDCD2ED/ H6C'23/ B)D/ DU+EKB+F'F/

LC+EDFF

nVo

M/&'/DB/*7M/A*HD/*/2*2+B'L/D7DEBC+HD/B+/HDBDEB/

'2H'I'H6*7/ IDF'E7DF/ E+2B*'2'23/ E*BDE)+7*A'2D/ '2F'HD/

7'I'23/q./<T

n?o

M/j'Cp'2

"

F/3C+6L

nco

/*2H/16*23

"

F/3C+6L

n<=o

/

)*ID/DFB*J7'F)DH/E*CJ+2/J*FDH/2*2+D7DEBC+HD/7+*H'23/

L7*B'26A/ B+/ :6*2B'B*B'ID7K/AD*F6CD/ B)D/ *A+62BF/ +N /

*EB'ID/ *2H/ CD*EB'ID/ +UK3D2\2'BC+3D2/ FLDE'DF/ '2/



!"#$!%&'()*+,-./0123456789

:

!

;

"#$%&%'()'"#$%&*+,#-,../0+1*+,23-0$24,35-+$%-6*71,#*+,23'8129

51%00' 26' 52.:' 3*32%.%#+12:%' *3:' &23,+21,35' ;<'

6./#+/*+,23',3'0+1,*+/&'26'1*+'71*,3)

8$*52.=0202&%0'26'0,35.%'#%..)'>3-21:%1-+2-%?8*3:-+$%-

*88.,#*+,230-26-3*32%.%#+12:%0-,3-#%..-*3:-.,@,35-*3,9

&*.0A' :%@%.28,35' &21%' &%+$2:0' +2' 6*71,#*+%' 3*329

%.%#+12:%' 7*0%:' @*1,2/0' &*+%1,*.0' ,0' 3%#%00*1=)' B%9

#%3+.=C' 52.:' %.%#+12:%0' $*@%' *++1*#+%:' ,3#1%*0,35' ,39

+%1%0+0'7%#*/0%'26' +$%,1'#$%&,#*.' ,3%1+3%00'*3:'1%0,09

+*3#%' ,3' :,66%1%3+' %3@,123&%3+*.' #23:,+,230C' $,5$'

2@%1*..' #23:/#+,@,+=C' 1%.*+,@%.=' .249#20+' *3:' #23@%9

3,%3+.='0/70%D/%3+ '&2:,6,#*+,230

EFF9F!G

) -H$/0C -1%#%3+

:%@%.28&%3+0-,3-52.:-&,#12%.%#+12:%-6*71,#*+,230-*3:-

0/16*#%- &2:,6,#*+,230- $*@%- 7%%3- 1%,3@,521*+%:)- ;%9

@%.28,35-%*0=9+29/0%-*3:-$,5$9%66,#,%3#=-&%+$2:0-621-

6*71,#*+,23- @%10*+,.%- 52.:- %.%#+12:%0- *1%- $,5$.=- :%9

0,1%:

EFIG

)

;28*&,3%-J;<K',0'23%'26'+$%'&20+'#230,:%1*7.%'

#*+%#$2.*&,3%' 3%/12+1*30&,++%10C' 8.*=,35' *' &*L21'

8*1+',3'6/3#+,23'26'#%3+1*.'3%1@2/0'0=0+%&'621',30+*3#%'

&%&21='*3:'.%*13,35)';,021:%1%:'.%@%.0'26';<',3'+$%'

#%3+1*.' 3%1@2/0' 0=0+%&' $*@%' 7%%3' ,3@2.@%:' ,3' 02&%'

3%/12:%5%3%1*+,@%' :,0%*0%0' ,3#./:,35' <.M$%,&%1

"

0'

:,0%*0%0'N*1O,3023

"

0P:,0%*0%'*3:'0#$,M28$1%3,*

EFQ9FRG

)'

S70%1@,35'+$%'1%*.9+,&%'O,3%+,#0'#$*35%'26';<'!" #!$%

,0'8*1*&2/3+' +2'/3#2@%1,35' +$%0%' 6/3#+,23*.,+,%0'*3:'

%?+%3:,35' 2/1' /3:%10+*3:,35' 26' 71*,3' 6/3#+,23' *3:'

:=06/3#+,23)' >3' 2/1' %*1.=' 0+/:=C' 4%' 62/3:' +$*+' +$%'

52.:' 7*0%:' %.%#+12:%' %?$,7,+%:' *' 08%#,*.' .2359+%1&'

0+*7,.,+='*+'+$%'+,&%'26':%+%#+,35';<'*5*,30+'#$%&,#*.'

62/.,35'$,5$%1'+$*3'#*1723'7*0%:'%.%#+12:%0

EFTG

)'>3'*:9

:,+,23C'U$/'%+'*.)':%0,53%:'*'5.*0090%*.%:'52.:'3*329

%.%#+12:%'621'#%1%71*.';<':%+%#+,23

EF!G

)'V*+%.=C-4%-1%9

821+%:-*-6*#,.%-4%+-:%820,+,23- +%#$3,D/%-*3:-*-32@%.-

/.+1*023,#9*,:%:- 812#%00- +2- 7/,.:- 3*320+1/#+/1%:-

52.:91,35-&,#12%.%#+12:%0- 621- %.%#+12#$%&,#*.-&23,9

+21,35- 26- #*+%#$2.*&,3%- 1%.%*0%- 612&- 1*+0- 71*,3- *3:-

#%..0

EFIC-FTG

)-W24%@%1C-+$%-8127.%&0-,3-+$%0%-81251%00%0-

*1%-%,+$%1-+$*+-028$,0+,#*+%:-,30+1/&%3+-26-.*0%1-8/..%1-

,0-%00%3+,*.-21-+$*+-,+-,0-32+-0/,+*7.%-621-81%8*1,35-3*329

%.%#+12:%C-0,3#%-+$%-61*5,.%-3*32+,8-#*8,..*1=-42/.:-7%-

712O%3-:/1,35-+$%-/.+1*023,#*+,23-4,+$-$,5$-%3%15=)

H$%- 81%@,2/0- 0+/:=- 812@,:%0- *- 3%4-&%+$2:- +2-

6*71,#*+%- *- 52.:- 3*32%.%#+12:%- 4,+$- $,5$- 1%.,*7,.,+=-

621-*88.,#*+,23-26-!" &!&' :%+%#+,23-26-#*+%#$2.*&,3%-

,3-+$%-.,@,35-71*,3)->23-08/++%1,35-,0-*-#2&&23-0+1*+%9

5=- +2-#2*+,35-52.:-21-8.*+,3/&-3*328*1+,#.%0-23- 0/19

6*#%-26- 0/70+1*+%- *3:- +2- %3$*3#%- +$%- #23:/#+,@,+=- 26-

0*&8.%0

EFTG

-4$,#$-#*3-7%-/+,.,M%:- +2-08/++%1,35-52.:-

3*328*1+,#.%0- 23- 0/16*#%- 26- #*8,..*1=- 3*32+,8)- <0-

0$243- ,3- "#$%&%- FC- +$,0-&%+$2:- 23.=- #23+*,30- +42-

0+%80C- 5124,35- 52.:- 3*320%%:0- 23- +,8- 0/16*#%- 26-

5.*00=- #*8,..*1=- 7=- ,23- 08/++%1,35C- *3:- 62..24%:- 7=-

4%+-:%820,+,35-*-#23+,3/2/0-#23:/#+,@%-52.:-6,.&-23-

+$%- 0/16*#%- 26- #*8,..*1=)- H$,0- 0+1*+%5=- *@2,:0- $*M9

*1:2/0-#$%&,#*.-02./+,23-8,1*3$*-02./+,23-+2-$=:12?9

=.*+%-0/16*#%-26-5.*00)->3-*::,+,23C-+$%-&,.:-#23:,+,23-

4,+$2/+-*00,0+*3#%-26-/.+1*023,#-4*@%-%3:240-+$%-6219

&*+,23-26-*-4%..-#23:/#+,@%-52.:-6,.&-612&-+$%-3*39

2+,8-+2-+$%-4$2.%-#*8,..*1=)-H$%-6*71,#*+,23-812#%00-26-

+$%- 52.:- 3*32%.%#+12:%- ,3@2.@%:- *- 6%4- &,3/+%0- *3:-

+$%-4%..-81%8*1%:-52.:-3*32%.%#+12:%-4*0-0/##%006/.9

.=-%&8.2=%:-621-#*+%#$2.*&,3%-1%.%*0%- ,3-0+1,*+/&-26-

.,@,35-1*+-71*,3-:/1,35-0+,&/.*+,23-26-$,5$-#23#%3+1*9

+,23-26-X

Y

)

! "#$%&'(%)*+,

!-! .+*%&'+,/

N2+*00,/&-3,+1*+%-JXZS

I

KC-&23282+*00,/&-8$209

8$*+%- JZ*W

!

NS

!

KC- 02:,/&-$=:12?,:%- JZ*SWKC-V9#=09

+%,3%C-5./#20%C-82+*00,/&-#$.21,:%-JX[.KC-$=:12#$.29

1,#- *#,:- JW[.KC - 02:,/&- #$.21,:%- JZ*[.K C - %+$*32. -

J[

!

W

\

SWK- *3:- +1*308*1%3+- 3*,.- %3*&%.- 4%1%- 8/19

#$*0%:- 612&- ]%,L,35- [$%&,#*.- B%*5%3+- [2&8*3=)-

;28*&,3%-$=:12#$.21,:%-J;<KC-#$.212*/1,#-*#,:-+%+1*9

$=:1*+%-JW</[.

Q

#

QW

!

SKC-&*53%0,/&-#$.21,:%-Ĵ 5[.
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