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. �

3,4-dihydroxybenzoic acid(3,4-DHBA)¢ *Vz�»b� FÒê² *� *ö 7�~� GC/p-3,4-DHBA;~ *�j
B·� ê � *�j ê2"b� Ò >�� *�j B·~&
. � r �ª¶ bï çö ����Vf ê2"~ j"
V*ö � ùV >wf 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride(EDC)~ �Ò~öB ê¯>î

. � >w";öB >w� ê2"~ ·f >;6 ªCV(quartz crystal analyzer:QCA)ö ~~� Ö;~&b� �
r *�;�º QCA(Au)/p-3,4-DHBA-dopamine�î
. � *�~ ��f o-Z¢¦ªj <� ®ÚB �ê�Nö F�W
� � ßWj <� ®
. � *�~ Öz-~ö";f hydroquinone = quinone + 2H+ + 2e-b� v B~ ;� 2f v
B~ £� 2& CV";öB &V>î
. � >�*�b� Ti(IV)�Nj 4.13Ü10-5gcm-2ò¢ �÷� >& ®î
. �
>� *�b� 5.25Ü10-4MöB 5.25Ü10-8M ³êº*ræ ;ï � > ®º ç&ê>& 0.997� ¦;Fj áî
. 

Abstract: 3,4-dihydroxybenzoic acid(3,4-DHBA) was electropolymerized on glassy carbon electrode to give the GC/
p-3,4-DHBA type electrode which was modified with dopamine by the help of 1-(3-dimethylaminopropyl)-3-ethyl
carbodiimide hydrochloride(EDC) acting as a coupling agent. The carboxylic sites on the polymeric surface of p-
3,4-DHBA and amine group at the dopamine gave a QCA(Au)/p-3,4-DHBA-dopamine type of modified electrodes. The
o-quinone moieties at the electrode surface exhibited high selectivity to titanium ions in solution. The redox process
of the electrode is hydroquinone = quinone + 2H+ + 2e-, which had two strong and two weak pairs of peaks at CV.
The modified electrode can deposit Ti(IV) ions as much as 4.13Ü10-5 gcm-2. The calibration curve of the electrodes,
log of the surface coverage-normalized redox response vs log[Ti], exhibited an excellent correlation(rû0.997) for tita-
nium concentrations ranging from 5.25Ü10-4 to 5.25Ü10-8 M.
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1. B  � 

*� çö �ª¶bïj «² *�~ B·O»f 
·~
.
�
 7 *���ö ç7 *Vz� O»b� 7�~� bïj
«®º O»f 7� ïj ;{~² �.� > ®b� �¢�
bïj B·� >& ®º Ë6j <� ®
. �
 7ö ¾¦1),
jöÖ2) 5 b�3)" ?� �ïÚ Ï�j Öz�Êº ·�Öz
";ö ~� 7�O»" �W R.f"4) ?� r�~ö";ö
~� O»
� ®
. Redox3j ��~º �ª¶ bî�º .
³�N" OÚ¢ �� ferrocene�¾5) [Ru(v-bpy)3]2+"6) ?f

«� ®b� �
f ~ö";ö ~~� 7�B
. .³�Nj
��~æ pº redox polymer7)�º 3,4-dihydroxybenzal-
dehyde(3,4-DHB)8)�� ®
. 3,4-DHBº *Vz� »b� Öz
�B *���ö bïb� «:b�, � bïf o-Z¢ ö�j
<�®b� � ¦ª� *Vz� �W¶Ò& B
. 6� � bï
j FÒê² *���ö 7�~&j r NADH~ Öz>wö
/
�W� ®ÚB Î²*�b� ô� �Ï>� ®
9). � o-Z
¢f �ê�N"~ Ob �Wö &� n;ê ç>& 58.6� j
" �
. Æ·�¾ >î 7ö ��~º Ca2+, Mg2+, Mn2+,
Co2+, Ni2+ 5 Zn2+�N"~ n;ê ç>& '' 5.7, 3.7, 7.2,
8.0, 8.2 5 8.9� �² N�& Â
10). 
� ��öBº 3,4-DHBA¢ �ïÚ� ~� *Vz�»b�
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7�j � bï*�j B·~� � *�~ pHö V� Öz-~
ö ßWj �Ò~&
. � bîf 7�>Ú �Wz >� � b
ï� >Ö, Z¢ 5 ����V�j ��~º ;�� >Ú �ê
�Nö F�Wj <º o-Z¢¦ª~ ª�& �² 6²~² B

11. ��æ� � *�~ bï ç~ ����Vf ê2"~ j
"V *ö �2ç >wj 1-(3-dimethylaminopropyl) -3-ethyl
carbodiimide hydrochloride (EDC)~ /
 ~öB ¯~� Ò
>�B *�j B·~&
. � Ö" *Vz�' �W ��'~
{&f o-Z¢ ¦ª~ ª�& Ã&~� �ê�Nö F�W� �
*�j B·� > ®î
. �f ?� �7 _f � �çb� >
�B *�~ Öz-~ößWj �Ò~� Ö" �ê�N~ ;ïj
*� ¦;Fj B·~&
. 

2. 
 þ

VV 5 �£. *V z�' 
þf EG & G 273A potentiostat/
galvanostatö 270/250 ²*Þ�Ú¢ J~~� ¯~&
. B~*
{*~»(cyclic voltammetry: CV)f 50 mVs-1~ "Ò³ê� "
z f V&*�(Ag/AgCl/Cl-)**ö &~� G;~&
. *�f
0.1 mm W. F�¾ . Fj Ö²/*�6 ®ib� &�~� �
¦ªö çã� 0.2~0.3 mm~ ·f �ÒrW�¢ ò� ê �¢
�î FÒ&ö ã«� ê 
� ®ib� &�~� /« �
.
�¢ Ò�f 
�jÒ� #(Struers, Denmark; 1µm)b� �î
~� ��� �Þ �" ?ê� � ê 1.0 M �Ö>Ï�öB *
V z�' ^¿j ¯~� �}� *�j B·�
. FÒê²
(glassy carbon: GC.)*�f æª� 2 mm� w�ï&¢ 100oC
;ê� &N B r*� Â2ö ã«� ê ï'~� �¢ �î
~� ��� �Þ �" ?ê� � 
r .r2 ^¿j ¯�
.
3,4-DHBA¢ GC*�ö 7�� r *¾Ò ";� jº~
. b
& 1 M NaOHö 1.2 V� 5ª* *Vª�� êö 0.1 M �Ö
" jÏÏ�(pH = 7.0)öB -0.2~1.2 V~ *{º*öB 0.1 Vs-1

b� 5ª* CV¢ ¯� 
r 3,4-DHBA �ª¶~ 7�ö ÒÏ
�
9). ÒÒÏ �öº 
�jÒ� #(Struers, Denmark; 1µm)
b� �î� ê, j^Ê" b� �Ò� .r2 ^¿j ¯� 

r ÿ¢� *¾Ò";j �� êö 7�ö ÒÏ�
12). 3,4-
DHBA~ 7�" ê2"~ �2ç >wö &� ³êç>~ G
;j *~� >;6 �ï&Þ(quartz crystal microbalance:
QCM: QCA 917, Seiko-EG & G))¢ ÒÏ~&
. X-YV�êº
Philips(model 8043)B®j ÒÏ~&
.
Ã~>º 1N Ã~� ©j Millipore Mili Q�Ê�b� ;B
� � Bê Ã~>¢ ÒÏ~&
. jÏÏ�f 0.1 M �Ö" j
ÏÏ�(pH = 7.07)� ÒÏ>î
. ê2"" 3,4-DHBAº b/ö
êR� 2² ÒÖ;� ê ÒÏ~&
. 

2.1. �ª¶ bï*�~ B·" G;
3,4-DHBA~ *Vz� O»ö ~� 7�f î²ª*VöB

working electrode(G.C.,Au)./1.0 mM 3,4-DHBA, 0.1 M phos-
phate buffer(pH = 7.07)/Pt ;~ *æ� -0.2~0.3 V~ *{º*
öB 5~10² ;ê B~*{*~»b� p-3,4-DHBA¢ *Vz
� »b� 7�� ê �¢ öêR" b� ^¿~&
12). B~Å
>� bï~ vþ¢ �.� >& ®
. � *�~ *Vz� ß
Wj G.C./p-3,4-DHBA, phosphate buffer(pH = 7.07)/Pt;~ *
æ� -0.2~0.3 V~ *{º*öB 0.05 Vs-1~ "Ò³ê� 10²
;ê� ¢;� 2;j ¾æâ rræ �³'� CV¢ ¯�
.
1 mM ê2"j 3 mM~ EDC/
~öB � *�" 3�* ÿ

n �2ç >w�V
. � >�B *�j öêRö 6�* ;ê
��ÚB ;î� ê b� ^¿�
. ��� G.C/p-3,4-DHBA/
dopamine;~ *�� B
. � *�j 0.1 M �Ö" jÏÏ�
(pH = 7.07)öB *Vz� ßWj CV, EIS 5 EQCM»b� �
�~&
.

3. Ö" 5 �V

3,4-DHBA~ 7�" redoxßW, FÒê² *� ��ö 7�
B p-3,4-DHBAbï*�, ¯ G.C./p-3,4-DHBA;~ �ª¶ b
ï*�~ *Vz� O»ö ~� 7�j 0.1 M �Ö" jÏÏ�
(pH = 7.07)öB ¯� CVÖ"& Fig. 1�
. �VB, GC/poly-
3,4-DHBA(A)*�, GC/poly 3,4-DHBA/dopamine(B) 5
Ti(IV)�N� �÷B GC/poly 3,4-DHBA/dopamine(Ti4+)(C)*�
j 0.1 M �Ö"(¾Þ�)jÏÏ�(pH = 7.0)öB � CV Ö"

�
. Fig. 1AöB 3,4-DHBA�ª¶ bïöB � j&� 2f
£� &� 2& &V>î
. � 
f bïö >Ö, ���� 5
Z¢Vö ~� ©b� ''ö &� Öz 2& 0.26, 0.41 5
0.64 VöB &V>î
11). �Vö ê2"j >w�Î Fig. 1Bö
B, o-Z¢~ v >ÖV& ÿ�ö ¢:¢� �W>æ p� b&
~¾& 0.11 VöB ¢Ú¾� � 
rf �
 ¸f 0.52 VöB
¢ÚÂ
. �º *¶~ ãÖ�
 '' 0.15" 0.12 Vò¢ Ôf
**öB Öz>w� ¢ÚÒb� � >w�f (1)�" ?
.

Hydroquinone = quinone + 2H+ + 2e- (1)

''~ ;�** 6� 0.12f 0.37 V� ê2"� >�>�B
*�>wöB &�W� �² BF>î
. � ê2"b� >�B

Fig. 1. Cyclic voltammograms of the electrode type of GC/p-3,4-
DHBA: (A), GC/p-3,4-DHBA-dopa: (B) and GC/p-3,4-DHBA-dopa
(Ti4+): (C) at potential range of -0.2 to 0.9 V in phosphate buffer(pH
= 7.07); (scan rate: 0.05 V/s, electrode area: 3.15ÝÝ 10-2cm-2)
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*�j Ti4+ �NÏ�ö 1�* ÿn ��Ú v� Ò*³»
(preconcentration)� ¢Ú¾B GC/poly 3,4-DHBA/dopamine
(Ti4+);~ *�� B
. � *�~ CVÖ"& Fig. 1C�
. �
�âöB¾" .³�Nö &� b�º ¾ &V>æ p� ®
.
V¢B Êº~º *{º*¢ 0.2~-0.8 V� ~&� � CV Ö"
& Fig. 2�
. Aº GC/poly 3,4-DHBA;, Bº GC/poly 3,4-
DHBA/dopamine; �Ò� Cº GC/poly 3,4-DHBA/dopamine
(Ti4+);~ *�ö &� CVÖ"�
. AöB -0.6 V ¦"öB £
� DHBA�ª¶ bïö ~� 2& &VB
. � *�� ê2
"b� >�>� ¾� � 2º &V>æ pº
. ��¾ Ti4+�

N� �÷ >� -0.3 V ¦"öB � .³�Nö ~� ;� 2
& ¾æÂ
. 
>;6 �ï&Þ. Au(QCA)*�j ÒÏ~&b�, 3,4-DHBA
~ 7���f 0.1 M �Ö" jÏÏ�öB �ïÚ ³ê¢ 2.0
mM� ~&�, -0.2~0.3 V(vs Ag/AgCl)~ *{º*öB 7�~
&
. Fig. 3ö ¾æÂ ©¾" ÿ¢� 7���öB Vî *�
j .(A)" W.(B)b� �Ò~&j r �*ö V� "2>~
æz;�& �² N�& Îj " > ®
. 1800. ÿn 7�
~&j r "2>~ N�º '' 330" 110 Hz&
. V¢B
(2)�13)b�¦V êÖB p-3,4-DHBA~ 7� ïf '' 3.01Ü
10-5 gcm-2" 1.01Ü10-5 gcm-2� . *�öB 3V;ê � 8j

<º
. � ·f CV~ Å>� �.� >& ®
. b� Nf 3
~4ß~ º*ö ®ê� �.~&
6). V¢B . *�� 7�ö
ÒÏ>îb� �
 n;B CVw�j "î
.

∆m = ∆FÜ9.107Ü10-8gHz-1cm-2 (2)

� Au(QCA)/p-3,4-DHBA;~ *�j 1.0 m mol ê2"Ï�
b� Ò >�~&j r Ö"& Fig. 4�
. 1800. ÿn >w�
Î Ö" 102 Hz~ "2> æz& ®îb�, �º 1.66Ü10-7

mol~ ê2"ª¶
� �ª¶ bïö Ö�~&
. V¢B . *
�ö 7�B 3,4-DHBA& 2.18Ü10-7mol�æ� �ª¶ bïö

Fig. 2. Cyclic voltammograms of the electrode type of GC/p-3,4-
DHBA: (A), GC/p-3,4-DHBA-dopa: (B) and GC/p-3,4-DHBA-dopa
(Ti4+): (C) at potential range of 0.2 to 0.7 V in 0.1 M phosphate buffer
(pH = 7.07); (scan rate: 0.05 V/s, electrode area: 3.15ÝÝ 10-2 cm-2)

Fig. 3. Frequency response to time for electropolymerization of
DHBA on QCA(Au)(top) and QCA(Pt) electrode(bottom) in 0.1 M
phosphate buffer solution (pH = 7.07).

Fig. 4. Frequency response to time for QCA(Au)/p-3,4-DHBA
electrode in 0.1 M phosphate buffer solution(pH = 7.07) containing
1 mM dopamine.
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B ����V
 7ö 76%ò� >wö ^�� Ö"& B
. �
>w j¢ ¸�¶� bï~ vþ¢ �.~� �³'� CV¢ Û
~� VËV
� ¾ V�>ê� �¢ �
. ' ��ö &� ê
ÿ>~ æz¢ (2)�b�¦V îï~ æz� ~Ö~&
. Fig. 5
º 1.05Ü10-4 M Ti3+�N >Ï�ö Au(QCA)/p-3,4-DHBA-
dopa;~ *�j J~� ê 1800. ÿnö 72 Hz~ "2> æ
z¢ ¾æÞ
. �º 6.56Ü10-6 gcm-2 ¯, 1.37Ü10-7 M~ �
ê�N� *���ö Ò*³» >îrj ~��
. �ê�N~
³ê¢ 1.05Ü10-3öB 1.05Ü10-8M³ê º*öB ¯� �ª
ªÊ*{*~»(differential pulse voltammetry: DPV)~ Ö"¢
Fig. 6ö �Ò� �ö &� ¦;Fj Fig. 7ö ¾æî
. 10-3 M
�ç~ ê� ³êöBº �z~º *çj ��� ®b¾ 5.25
Ü10-4MöB 5.25Ü10-8M ³êº*ræ ;ï � > ®º ç
&ê>& 0.997� Ö"¢ áî
. � >� *�f �ê�N"~
n;ê ç>& *S &Ë� �N
ö j� 50�çb� j" �

10). n;êç>& 8�çb� �ê�Nö &~� jv' �
Mn2+f Zn2+�N
ö ~� *S'Ëj �~
. �
~ ³ê¢
'' �ê�N�
 20V �ç~ ê�³ê� ~�ê �
ö ~
� *Sf Z�� > ®î
.

4. Ö �

3,4-dihydroxybenzoic acid�ª¶ bï*�j ê2"" >w
�Úb�B *V' �W� � o-quinoneö�j <º bï*�

j B·~&
. � r ê2"b� >�B *�~ ;�**º
0.29 VöB 0.12 V� �² 6²~&b� Öz-~ö ";öB &
�W 6� �² BF>î
. 6 � >�B *�b� Ti(IV)�N
j 4.13Ü10-5gcm-2ò¢ �÷� &Ë~
. ��¾ �Nj �÷
~º� �*� 30ª ;ê� ô� ²º>º �6� ®
. �ê
�N~ ;ïj *� DPV~ Ö"ö ~� ¦;Ff 10-3 M �ç
~ ê� ³êöBº �z~º *çj ��� ®b¾ 5.25Ü10-4

MöB 5.25Ü10-8M ³êº*ræ ;ï � > ®º ç&ê>
& 0.997� Ö"¢ áî
. �f ?f ;ï� ÚJÚ �ê�N
F�W *�~ *�~ B·� &Ë~&
.

ê V

� ÚÏf 2002�jê ãÎ&�v~ �F��j~ æöb�
>¯>îr.
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Fig. 5. Frequency response to time for QCA(Au)/p-3,4-DHBA-dopa
electrode in 0.1 M phosphate buffer solution(pH = 7.07) containing
1.05ÝÝ 10-4 M Ti 4+.

Fig. 6. Differential pulse voltammograms of QCA(Au)/p-3,4-
DHBA-dopa(Ti4+) electrode in 0.1 M phosphate buffer solution
(pH = 7.07), where concentration of each solution was, from right,
1.05ÝÝ 10-2, 5.25ÝÝ 10-4, 5.25ÝÝ 10-6, 1.05ÝÝ 10-7, 5.25ÝÝ 10-8 M Ti 4+

and blank respectively, (pulse interval = 0.1 s, modulation amplitude
= 50 mV, scan speed = 50 mVs-1)

Fig. 7. Calibration curve for determination of Ti4+ ions originated
from Fig. 6.


