
Journal of the Korean Electrochemical Society
Vol. 4, No. 3, 2001, 109-112

109

†E-mail: gscha@daisy.kwangwoon.ac.kr

/�®���?������>���ê²>#*�j��Ï��

ê2"~�*Vz�'�G;

FÒ*ÁÖ÷×ÁfB�Áê;�ÁÎ�*ÁN"�†

7Ú&�v z�"

(2001j  5ú  7¢  7> : 2001j  6ú  4¢  j�)

<URZGSSKZXOI� *KZKXSOTGZOUT� UL� *UVGSOTK� ]OZN� ZNK� 4�._JXU^_Y[IIOTOSOJK�

3UJOLOKJ� )GXHUT� 6GYZK� +RKIZXUJK

Jae Hyun Yoo, Byung Wook Woo, Soon Shin Kim, Jung Hee Uhm, Hakhyun Nam and Geun Sig Cha†

Chemical Sensor Research Group, Department of Chemistry, Kwangwoon University, Seoul 139-701, Korea
(Received May 7, 2001 : Accepted June 4, 2001)

. �

�WzB ê²>#*� ��j N-®���?����(NHS) [b� >�� ê, � *�j �Ï~� square-wave
voltammetry O»b� "ï~ jÊzkÖ �Ò ~öB ê2"j G;~&
. >�B *�~ ßWf ê2"" jÊzk
Ö b�Ï�öB B~*{*~»j �Ï~� �Ò~&
. ê2"" jÊzkÖ~ Öz b�~ ªÒº �òÏ�~ pH ö
� 'Ëj A~b�, pH 4.0öB �&~ b�ªÒ(172 mV)¢ �&
. V¢B ê2"j ;ï~V *� square-wave
voltammetryº 140 mM NaClj ��~º 100 mM phosphate buffered saline (PBS)~ pH 4.0 ��öB >¯~&

. NHS� >�B *�f 0.2 mM jÊzk Ö~ �Ò ~öB ê2"~ ³ê 5.0Ü10-2 µM ræ ¦Â�êf 6wV
ÞV 6.1µA/µM ~ 6ê¢ ¾æÚî
. >� >�>æ pf *�f 1.0µM~ ¦Â�êf 0.93µA/µM VÞV¢ ¾
æÚÚ ��ö >�B N-®���?����& ê2"~ 6wj /ê�j ��"î
. 

Abstract : An activated carbon paste electrode was modified with the N-Hydroxysuccinimide(NHS) layer and applied
to determine the dopamine in the presence of an excess ascorbic acid using square-wave voltammetry. The electro-
chemical properties of the modified electrode were examined in the solution containing dopamine/ascorbic acid using
cyclic voltammetry(CV): the separation between the oxidation peaks of dopamine and ascorbic acid was largely
dependent on the pH of the sample solution and became maximum at pH 4.0. Hence, the square-wave voltammetric
determination of dopamine was carried out in a pH 4.0, 100 mM phosphate buffer saline(PBS) containing 140 mM
NaCl. The detection limit and response slop were improved from 1.0µM to 5.0Ü10-2 µM and from 0.93µA/µM
to 6.1µA/µM, respectively, upon modification of the electrode surface by NHS.
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1. B  �

�" ¢²Ï bB¢ �Ï~� ~¶& ®º �öB :� î÷
~ æ�bî
j ªC~� ¦êö ÒÏ~�¾, Öë*ËöB �
ò¢ 
þ
� �Ç~æ p� ç7 G;~º O»
ö &� &
�� Ã&>� ®
.1) ¢²Ï bB�Bº ãBW, &ï�ÖW,
Ò*W, ;{W, ²;z 5 ÒÏ~ ÞÒW~ º�j ò��ÊV
ö '�� ©b� ^¢� 6º 2¢Ê� V6 �ö Ê�Ö*Ö
+� *�j �Ï~� *Vz�' O»j ÒÏ~º ©� FÒ
� ©b� ��>� ®
. 
B� Ê�Ö*Ö+; *Vz�'

bB
f .� 7~ ��, �.Êr�, <Ö �~ ·j G;~
º� 6Ò ��� ®b�, çë'b�ê &�® � �Ëj ;W
~� ®
.2) V¢B Ê�Ö*Ö+; *�~ *�Òîö V� *
Vz�' Wî, ��>�», *¾Ò» 5 bB6wï[~ ê«
» �ö &� ��º V.*Vz�' G�öB �Ò� Öë'
G�öB &�® 7º� ^B�
.3-5)

� ��öBº 2¢Ê� V6ö Ê�Ö*Ö+� ê²># *
�~ ��j ¾Ò~º î�Ú O»j ���
. ê²># *�
f 
·� «~~ Òîj £² çë'b� �� > ®�, 
�
V& Þ~�, bB6wï [~ ê«� Ï�~� *Vz�' *
*c(potential window)� 9Ú :�JbB~ B·ö 6Ò ÒÏB

. ß® ê²># *�~ ��f Ö²¢ ��~º VËV
(.:
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���
V, Z¢ �)� ®Ú ��~ >�� jv' Ï�~
.6)

� ��öBº ê²># *�~ ��j N-Hydroxysuccinimide
(NHS)� >�� ê, � *�� ¾æÚº ßWj ÚÚ�~b�,
"ï~ jÊzkÖ� �Ò~º �òöB ê2"~ ;ïö wÏ
~� �~
.
ê2"f ò �ã*� bî� ªç~�' 7ºW� �V r
^ö � G;O»ö &� ��& �B~² ê¯>î
. � 7
*Vz�' O»f �³~� �·� *Þ~� ¸f 6ê �~
Ë6j &æ� ®Ú ß® � &�j rî
.7-9) >� *Vz�
' ;ï»öBº jÊzkÖ" ?� Öz**& ê2"" "7
~� � �Òïf ê2"~ 100V �ç� bî
~ O�¢ A
j ¦;{�æV �Öæ� ��� O�·Ïj *�V *� �
K� jº~
.10-12) *Òræ �êB O» 7 ­ &æ .¢ 

� polyphenol oxidasef mediator¢ *� *ö �;z~� ¢
;� **¢ ¢;�* ÿn �Ú"Ú G;~º O»,14,15) *�
*ö thioctic acid¢ self-assembled monolayer~� *�j >
�~º O»,16) �Ò� glassy carbon *�*ö r�Nj jº
polymer(.: polycarbazole, Nafion, poly malachite green)¢
>�~� ÒÏ~º O»17,18) �� ÒÏ>î
. � ��öB
NHS� >�� ê²># *�j �Ï~� square-wave
voltammetry~ O»b� G;~&b�, G;�*~ �»" �

 Î"'b� O�bî� jÊzkÖ~ 'Ëj B�� > ®
º &ËWj �&
. 

2. 
  þ

2.1. �£
� 
þöB ÒÏ� ascorbic acid(AA)f N-Hydroxysuccinimide

(NHS)º SigmaÒ(St. Louis, MO, U.S.A), 3-hydroxytyramine
hydrochloride(dopamine; DA)º AldrichÒ(Milwaukee, U.S.A)
~ B®j ÒÏ~&
. ÊÞã *�B·Ï ê²>#(TU-15ST)
" f>#(LS-506J)f AsahiÒ(Tokyo, Japan)~ B®j, .�ï
>#(insulator paste; SCR-505G) 5 ãzBº (")BÞz���
²(Seoul, Korea)~ B®j '' ÒÏ~&
. ��~ �&Ï�
�¾ jÏÏ� �f ß/�¾ ªC�£�/~ �£
j �&�
ÒÏ~&b�, Ï�~ B�öº î�N>(18 MΩ4cm)¢ ÒÏ
~&
. 

 
2.2. Ë~ 5 *Vz�
þ
ê²># *�f >¶ÿ Ê�Ö*ÖV(MSP 150S, �³çÒ)
¢ ÒÏ~� polyester jª(�� 3M)*ö B·~&
. Ò'2
*~»(square-wave voltammetry: SWV), B~*~»(cyclic
voltammetry: CV) �~ *Vz� 
þf EG&G PAR 273A
Potentiostat/Galvanostat(Princeton, NJ, U.S.A) Ë~¢ ÒÏ~
� >¯~&�, ªb~ÊG;f EG&G PAR 273Af model
5210 lock-in-amplifier(Princeton, NJ, U.S.A)¢ ÒÏ~� G;
~&
. Ò'2
þöB ÒÏ� "2>º 100 Hz��, Ò'2~
ê�f 70 mV� ~� ÒÏ~&
. *�f ¶Ú B·� föB
Au plate¢ ç&*�b� ÒÏ~� Ag/AgCl *�j V&*�
b� ~� �z êÖ¾Þ� Ï�öB *¾Ò � ê ÒÏ~&
.

2.3. ¢²Ï ê²># *�~ B·
*�B·j *� Ê�Ö*Ö+ ";f 3�ê� ê¯B
. Ñ
�ê�º PEjª *ö *V' �Ö¦¢ f>#b� *Ö+ �
ê 140oCöB 5ª ÿn ãz�V
. v ®� �ê� f*� *

ö ê²>#j ÒÏ~� ·ÿ*�j *Ö+ � ê 140oCöB
15ª ÿn ãz�V
. ·ë*�~ �Vº 2Ü2 mm2� ;Ò'
;b� B·>î
. îæï �ê�º *� ¶Òf *V' �Ö
¦ ¶Ò¢ B�~� .�ïb� Îv *Ö+ � ê 140oCöB
5ª ÿn ãz�V
. �ÂB Ag *�~ ��f 0.3 M FeCl3
Ï�öB 10ª* Öz�B Ag/AgCl V&*�� >ê� B·~
&
. B·B Ag/AgCl V&*�f î�N>� ^¿� ê, 3 M
KCl Ï�ö 30ª* n;z�Î ê ÒÏ~&
. B·B ê²>
# *�f �zB Na2CO3 Ï�öB 1.2 V vs. Ag/AgCl~ *
{j &~� 5ª ÿn Öz�B �Wz~&
. �WzB ê²
># *� *ö NHS >Ï� 15µl¢ &� ê ��~� ê²>
#*�~ ��j >�~&
. �&Ï� B� 5 ê²># *�
~ 6wßWf 140 mM NaClj ��~º 100 mM phosphate
buffered saline(PBS), pH 4.0 Ï�j ÒÏ~&
.

3. Ö" 5 �V

ê²># *�f &Ï� ��, Ôf :û *~8j &î öò
jî¢, 9f **cj &æº Ë6� ®æò Öz-~ö >w~
*¶*� ³ê& ê²>#~ «~ö V¢ � N�¢ ¾æÚ�,
j&�'¢ r& ô
.4) ��� ^B6j BF~V *~� �
��öB ÒÏ� ê²>#(AsahiÒ TU-15ST)*�f ��j �
zB Na2CO3 Ï�öB Öz *¾Ò ~� ÒÏ~&
. ê²>#
*�~ Öz*¾Ò O»" Î"ö &~�º &¶
~ 
� ¢
^öB ç^® 
�� ®
.13) ê²># *�~ �Wz ê 1
mM [Fe(CN)6]

3-ö &� CV¢ G;� Ö"º Epa= 274 mV,
Epc= 213 mV, ∆Ep = 61 mV, ipa/ipc= 0.97� ¾æÒ
. 6� 10
mM [Fe(CN)6]

4-/3- Ï�öB *�~ ªb~Ê¢ G;~� � Ö
"¢ �Ï~� êÖ� *�~ >w³êç>º 1.1Ü10-2cm/s,

¾�ZÊº 29.7µF/cm2� ¾æÒ
.
ê²># *�f �Wz ";j Û� ��~ ���
 ·Ï
V ·� Ã&�
.6) *� ��ö NHS Ï�j Î&~� NHSº
���
 ·ÏV
" ;� ��W >wb� NHS >�[j ;
W~²>�, NHS� >�B [f ê2"" ?� j"V& ®º

FigUU 1. Cyclic voltammograms for 5 mM dopamine using the
unmodified ( ÂÂ ) and NHS-modified carbon paste electrode (ÎÎ):
scan rate 100 mV/s in a 0.1 M pH 4.0 PBS with 140 mM NaCl.
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z�bö &~� ±f �îV& >æ� *���ö ê2"~ ³
ê¢ ê~² ~º Î"¢ &^R ©b� .çB
. Fig. 1f ê
²># *�" NHS� >�B ê²>#*�~ ê2"ö &�
CV�
. NHS� >�B *�öB ê2"~ Öz *~~ ·f
£ 20% Ã&~&�, Ï**~ 6� Ã&~&
. � Ö"º
NHS >�~ Î"ö &� .G� 'Ï>� ®rj ��"º ©
�
. 
jÊzkÖf ê2"" Öz**& jÝ~� ªç�ò 7 ê
2"�
 "ïb� �Ò~º bî�
. .¢ 
Ú �Ú ÚöB
~ ê2"f 0.01-1µM º*, jÊzkÖf 110µM &ï �Ò
�
. V¢B NHS� >�B *�b� ê2"j ;ï� r j
ÊzkÖ~ O�¢ '² Aj > ®º ��j dV *~� ê
2"" jÊzkÖ� 1 mM O ��B PBS Ï�öB pH¢ æ
z�B&� NHS� >�B *�~ CV¢ V�~� �~
. Fig.
2(a)º pH 3.0 ¢ rf 7.0 ¢ r~ CV��, Fig. 2(b)º ê
2"" jÊzkÖ Öz b�(Epa)
~ ** 8j pH~ �>�
�Ö ©�
. ê2"~ Özb� **º pH& Ã&�ö V¢

53 mV/pH O 6²~&
. >� jÊzkÖ~ Özb�º pH
4.0 �çöBº �~ æz& ìî
. ��æ� ê2"" jÊz
kÖ~ Özb� N�& &Ë �² ²Úî rº pH 4.0~ �
�� FæF r�
. ��� �F� ê2"j ;ï~V *� Ò
'2*~» 
þf pH 4.0~ ��öB 
¯~&
.

Fig. 3f jÊzkÖ� 0.2 mM ��B Ï�öB ê2"~ ·
j 0-100µM~ º*öB æz�Vj r áf Ò'2*~» 

þ~ Ö"�
. Fig. 3(a)º NHS� >�B *�öB áf Ö"
��, Fig. 3(b)º >�>æ pf *�öB áf Ö"�
. >�
>æ pf *�öBº ê2"ö &� 6w~ �V 5 6wVÞ
V(0.93µA/µM)& ·j öò jî¢ jÊzkÖö &� 6w�
�V r^ö 1 µM �~~ ·f ¦Â� ÚJ�
. >� NHS�
>�B *�f ê2"ö &� 6w� �² Ã&~&�(6wVÞ
V = 6.1µA/µM) jÊzkÖ~ 'Ëê *Ï® *Ú
Ú 0.05
µM~ ·ræ ¦Â� &Ë~&
. Fig. 4º Fig. 3~ Ö"¢ ¦
;�Fb� �Ö ©�
. ê²># *� ��j NHS� >��
*�f 9f ¦Âº*¢ <� &³ê~ ê2"� ®º º*ö

FigUU 2. The effect of pH on the Epa values of dopamine and ascorbic
acid: (a) CV for the 1 mM dopamine + 1 mM ascorbic solution at
two different pH, 3 (ÂÂ ) and 7 (ÎÎ); and (b) variation of the Epa

values as a function of pH (;; dopamine 00 ascorbic acid): scan rate
50 mV/s in a 0.1 M PBS with 140 mM NaCl.

FigUU 3. Square-wave voltammograms for dopamine in the presence
of 0.2 mM ascorbic acid at the (a) NHS-modified and (b)
unmodified carbon paste electrodes. (amplitude : 70 mV; frequency
: 100 Hz ; buffer: 0.1 M pH 4.0 PBS with 140 mM NaCl.)
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B ß® "6� 6wVÞV¢ &æ� ®rj " > ®
.

4. Ö  �

� ��öBº Ê�Ö*Ö+»b� B·B ê²># *�~
��j NHS� >�� ê *Vz�' ßWj ¦Ò~&b�, �
*�j �Ï~� Ò'2*~»b� "ï~ jÊzkÖ� �Ò
~º Ï�ö ®º ê2"~ ;ïö ÒÏ~� �~
. NHS� >
�B ê²># *�f ê2"ö &� 6wê¢ �² ¸� ¦Â
�ê¢ 20V �ç Ôºî�, 6wVÞVê 6V �ç �² Ã&
�V
. 

6Ò~ &

� ��º 7Ú&�v 2000jê �F��jö ~� ê¯>î

b�, �ö 6Ò �ãî
. 
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FigUU 4. Calibration plots from the square-wave voltammograms for
dopamine in the presence of 0.2 mM ascorbic acid at the NHS-
modified (55) and unmodified (00) electrode.


