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Polymerized film of Patton and Reeder’s was prepared on to the surface of carbon paste electrode in
alkaline solution by cyclic voltammetric (CV) technique after pretreatment by H,SO4 media. The
poly(PR) film coated on carbon paste electrode (CPE) exhibited excellent electrocatalytic activity
toward the oxidation of dopamine (DA), ascorbic acid (AA) and uric acid (UA) in acetate buffer
solution at pH 5.4. The modified CPE showed excellent electrocatalytic activity for selective detection
of DA in the presence of AA and UA. Detection limit of DA was 1x10®*M. The present technique
provides a novel method for selective determination of DA, AA and UA in biological sample.
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1. INTRODUCTION

Dopamine (DA) is one of the most important catecholamine neurotransmitters in mammalian
central nervous system [1-4]. The loss of DA in human body may result in some serious diseases such
as Parkinsons diseases [5]; As a cholinergic drug, DA is widely applied to the treatment of circulatory
collapse syndrome caused by myocardial infarction, truma, renal failure, cardiac surgery or congestive
cardiac failure. Consequently, it has attracted much of interest of electrochemist to develop the
detection method of DA no matter in route or in vivo analysis. However, in assay of DA, the
electrochemical methods suffer from inferior selectivity because of the presence of ascorbic acid (AA)
and uric acid (UA) that have higher concentration than DA in physiological fluids and whose oxidation
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potentials always are close to that of DA. Therefore, it is a significant attempt to separate the oxidation
peak potentials of DA, AA and UA of many electrochemical approaches have been used to implement
the above goal [6-12]. Among these methods, using electroactive polymer-coated electrode to
determine DA in the presence of AA and UA displayed excellent selectivity and sensitivity. For
example a poly(phenosafranine) film modified glassy carbon electrode exhibited potent and persistent
electron—mediating behavior followed by well separated oxidation peak toward AA, DA and UA and
serotonine with activation over potential which is 200mV lower than that of the bare electrode for AA
oxidation [13]. In addition there were reports using N,Ndimethylamine modified electrode by Roy et.
al [14] Hong et. al [15], using 2,2-Bis (3-amino-4-hydroxyphenyl) hexafluoropropane [16] by G.
Milczarek et. al, sulfosalicylic acid [17]. H. Zhao et. al, as monomer to modify electrode for detection
of DA in presence of AA.

As a part of our research work on the electro organic reactions at the surface of the electrodes
we extended our work on the modification of carbon paste electrode [2, 3, 18]

In this paper, an electropolymerization film of Patton’s and Reeder’s (PR) was prepared on to
the surface of CPE by CV technique. The poly(PR) on to the surface of the CPE had high
concentration of negative charged function group -SO3” and COO™ and the electron rich oxygen atoms
on its surface. The poly(PR) film at the electrode consciously enhanced the redox peak current of DA
and could separately determine DA. The separation of oxidation peak potential is of DA-AA and UA-
DA was 163mV and 125mV respectively by CV. The detection limit of DA was found to be 1x10™*M,
which was more sensitive and excellent than that reported in literature [12, 17, 19-23]. Thus present
study provides novel method of selective, sensitive detection of DA in presence of other two species
AA and UA, which has a significant attraction in biological and chemical fields.

2. EXPERIMENTAL PART

2.1. Chemical

DA stock solution was prepared by dissolving in 0.1M perchloric acid, UA in 0.1M sodium
hydroxide solution and AA in double distilled water. All are Analytical grade and are used without
further purification. Acetate buffer solution (ABS) prepared by standard method. All experiments were
performed at room temperature.

2.2. Apparatus and Procedure

The electrochemical experiments were carried out using a Model-201 Electroanalyser (EA-201
Chemilink System). All experiments were carried out in a conventional three-electrode system. The
electrode system contained a working carbon paste electrode, home made cavity of 3mm diameter, a
platinum wire as counter electrode and saturated calomel electrode as reference electrode bare carbon
paste electrode was prepared by grinding 70% graphite powder and 30% silicon oil in an agate mortar
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by hand mixing for about 30 minute to get homogenous mixture. The paste was packed into the cavity
CPE and smoothened on weighing paper.

2.3. Preparation of pre treated and poly PR modified CPE

The 1mM PR was placed in the electrochemical cell with 0.05M H,SOs4. The CPE was
pretreated by scanning in the solution from —400 to 1400mV at 100mVs™' for 20 times. After this, the
same CPE has enforced under sweeping from —400 to 1400mV at 100mVs"' for multiple cycles (20
cycles) in the solution containing 1mM PR with 0.01M NaOH. The poly (PR) fabricated modified CPE
after polymerization washed with water and data were recorded in pH 5.4 ABS.

3. RESULTS AND DISCUSSION

3.1. Formation of poly(PR) film and its electrochemical properties

Fig.1 displays the CV graph of (PR) electro polymerization over range of -400 to 1400mV at
100mV/s for 20 cycles.

-400 50 500 050 1400
Potential, mV

Figure 1. Cyclic voltammogram of preparation of poly(PR) film coated CPE. 1mM PR in 0.01M
NaOH at 20 cycles with sweep rate of 100mVs™,

During the polymerized process an anodic peak p1 at -48mV corresponding to the oxidation of
PR descended gradually with cyclic time increasing. A cathodic peak p2 formed at -197mV with



Int. J. Electrochem. Sci., Vol. 4, 2009 675

incessant scans and peak current also decreased continuously. Both p1 and p2 trends will be stabilized
after 20 cycles, these facts suggests that the initial formed poly(PR) film had a leaching process with
scan cycles increasing up to 20 times, which may be implied a self adjustment of the polymer film
thickness at CPE. The electro deposited behavior of PR at modified CPE was similar to some reports
[24-26] referring to the electrochemical responses of few azo compounds at solid electrode. The
reaction mechanism could be explained as fallows [Scheme. 1] PR (A) was first deposited at surface
of CPE and oxidized to form a benzoquinone diimine structure (B) (peak 1); (2) and then the
benzoquinone diimine structure (B) was reduced to PR (A) (peak 2) at the surface of CPE. Fig 1
exhibits the typical voltammogram of poly (PR) electrode.
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Scheme 1. Mechanism of poly(PR) electrode reaction

-100 75 250 425 600
Potential, mV

Figure 2. Cyclic voltammogram of 1X10™* M DA in 0.2 M acetate buffer solution of pH 5.4 at bare
CPE (dashed line) and poly(PR) film coated CPE (solid line).
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3.2. Electrocatalytic oxidation of DA at poly (PR) modified CPE

Cyclic voltammogram of DA in pH 5.4 ABS at a bare CPE and poly (PR) film modified CPE
was recorded (Fig. 2). At bare CPE (dashed line) a pair of redox peak showed poor electrocatalytical
activity with anodic peak potential of 282mV and cathodic peak potential of 227mV. Under the same
condition poly (PR) modified CPE (solid line) gave birth to significantly enhanced peak current and
more reversible electron transfer process to DA with slight shift in redox peak potentials. A well
defined redox wave of DA was observed with anodic and cathodic peak potential at 248mV and
192mV respectively. Intensive increase in peak was also observed owing to the improvement in
reversibility of electron transfer process and the larger real surface of poly (PR) film. This suggests an
efficient oxidation reaction toward DA at the poly(PR) modified CPE.

(a)

-100 75 250 425 600
Potential, mV

M)

0.20 025 030 035 0.40 0.45 0.50 0.55 0.60
172

Figure 3. (a) Variation of scan rate for DA at poly(PR) film coated CPE (a- h ; 50mVs™ to 350mVs’1).
(b) Graph of current vs square root of scan rate.
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The effect of scan rate on the anodic peak current of DA was studied by cyclic voltammetry.
The scan rate increasing, the anodic peak current (Ipa) increased (Fig.3a and Fig.3b). A good linearity
between the square root of scan rate and Ipa was obtained with the range of 50-350 mV/s, suggesting a
surface controlled process on the modified electrode surface. The correlation coefficient was found to
be 0.9956.
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Figure 4. Graph of DA current vs different pH

The effect of pH of the formal potential E’, peak current were examined by cyclic voltammetry
in the presence of 1x10*M DA (Fig.4). With increase of pH 3.8 to 6.2 both the Epa shifted negatively
and were dependent linearly on pH. It could be observed that both oxidation and reduction peak
current obtained maximum at pH 5.4, which could be partially explained on the basis of the
dissociation ability of —SO3™ and COO" groups of poly(PR) film in different pH environment. When the
solution pH 5.4, -SO;” and COO" group of poly (PR) film could dissociate favorably into negative
charge group under this condition the alkaline NH, group of DA molecule could obtain and form the
positive ion of DA. The negative charge group of —SO3 and COO’ on the surface of poly (PR) modified
electrode had a well affinity to DA positive ion and could catalyze and promote the oxidation of DA in
the weak acidic mediator [pH 5.4]. While pH was below 5.4 the —SO3™ and COO" group of poly (PR)
could form —SO3™ and COQO" and exclude the DA positive ion. However when pH value was beyond
5.4, decreased DA peak current seemed to be contradicted to the above mentioned dissociation
presumption. Actually interpret the effect of pH on the electrocatalytic oxidation of DA, it should not
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be overlooked that poly (PR) film at electrode acted as mediator of electron transfer for DA’s
oxidation. Whose electron transfer process could be affected by pH. Indeed, the anodic peak current of
poly (PR) film reaction at CPE was observed to increase with increase pH of 3.8 to 5.4.

It identified that with increase in pH the rate of electron transfer of poly(PR) film could also
increase gradually, which was advantageous to the electrocatalytic reaction of DA at the poly(PR)
coated electrode. Thus pH was a dual — conditioner to the oxidation of DA at poly(PR) coated CPE.
On one hand, increase in pH of electrolyte solution from 3.8 to 5.4 could promote the formation of the
—S05" and COO" on poly (PR) film, resulting in that poly(PR) modified electrode had well affinity to
the DA positive ion and enhanced the oxidation of peak current of DA. On the other hand it could
lower the rate of electron transfer of poly(PR) leading to the decreased oxidation peak current of DA.
The result shows at pH 5.4 was an optimum protocol on the electrocatalytic oxidation of DA at
poly(PR) modified CPE. According to the above discussions, the course of DA’s oxidation at the
poly(PR) membrane modified CPE could be described as in the scheme. 2 [12, 27, 28].
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Poly(PR) membrane coated Carbon Paste Electrode

Scheme 2. Mechanism of DA reaction at the poly(PR) CPE

The electrocatalytic oxidation of DA was carried out by varying its concentration at poly(PR)
modified CPE. Fig.5a showed that, by increasing the concentration of DA, the electrochemical anodic
and cathodic peak current goes on increasing with shifting Epa towards positive and Epc towards
negative direction. DA from 0.5X10™ to 2.5X10™ concentrations showed the Epa was increased from
313mV to 276mV. The graph of peak current vs concentration of DA was plotted showed the
concentration is proportional to electrochemical peak current, Fig. 5b.
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Figure 5. (a) Cyclic voltammogram of DA at different concentration (a — e; 0.5X10'4M, 1X10'4M,
1.5X10™*M, 2X10™*M, 2.5X10*M).(b) Graph of current vs concentration of DA.

3.3. Electrocatalytic oxidation of AA at poly (PR) modified CPE

Figure 6 shows cyclic voltammagram of AA 1x10°M in pH 5.4 ABS at a bare CPE (dashed
line) and poly(PR) film modified (solid line) CPE at 50mV/s. At the bare CPE and a wide oxidation
peak at a potential of about 228mV was observed.

However at poly (PR) film modified CPE, peak was recorded with a potential at about 176mV,
which was an evidence for the electrocatalytic oxidation of AA. In addition scan rate increasing, the
oxidation peak potential shifted to more positive points which was in line with the characteristic
irreversible electrochemical process. A good linear relationship was observed between Ipa and vi#
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within the range of 50 to 350mV/sec implicating that the electrocatalytic oxidation of AA, the poly
(PR) coated electrode was controlled by diffusion process. The effect of pH on the response of poly
(PR) modified CPE toward AA was examined by CV in solution. It could be observed that anodic peak
current reaches maximum at pH 5.4.

-100 75 250 425 600
Potential, mV

Figure 6. Cyclic voltammogram of 1X10~ M AA in 0.2 M acetate buffer solution of pH 5.4 at bare
CPE (dashed line) and poly(PR) film coated CPE (solid line).

3.4. Electrocatalytic oxidation of UA at poly (PR) modified CPE

In pH 5.4 ABS, the poly (PR) modified CPE also possessed strongly electrocatalytic action for
UA (Fig. 7). Regardless at a bare CPE or at the poly(PR) coated electrode, only could the oxidation
peak be observed in pH 5.4 ABS, which confirmed that electrochemical reaction of UA was an
irreversible process. At the bare CPE the oxidation peak observed for 1x10°M was patulous with
potential of about 412mV. Meanwhile at the poly(PR) modified CPE, the anodic peak potential
produced a little positively shifted and the shape of the oxidation became high, short and symmetrical
at the potential of 302mV. It certified that the poly(PR) film at electrode coat intensively catalyzed the
electrochemical oxidation of UA in pH 5.4 ABS.

The effect of pH on electro chemical reaction of UA at poly (PR) film coated modified was
also examined. With pH increasing from 3.8 to 5.4, the Epa shifted toward more negative potential and
pH was 5.4 maximum Ipa was obtained suggesting that pH 5.4 should be selected as a optimum
protocol for determination of UA.
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Figure 7. Cyclic voltammogram of 1X10° M UA in 0.2 M acetate buffer solution of pH 5.4 at bare
CPE (dashed line) and poly(PR) film coated CPE (solid line).

3.5. Simultaneous determination of DA, AA and UA in the same sample by CV

Based on the electro catalytic action of poly (PR) film to DA, AA and UA, it was supposed that
the poly (PR) modified electrode could conspicuously improve the voltammetric resolution of DA, AA
and UA. To ascertain the presumption, the cyclic voltammagram of mixture solution containing
2.5X10"M DA, 1X10°M AA and 5X10*M UA in ABS of pH 5.4 were recorded with the rate of
50mV/sec at a bare CPE and modified PR CPE as shown in the Fig.8

The voltammogram at the bare CPE appeared the seriously overlapped peaks at the anodic
potentials of 274mV and 381mV, while three separated oxidation peak can be found either at the poly
(PR) film modified CPE. The oxidation peak of AA was found at 123mV, dopamine was found at
286mV and that of UA was located at 411mV. The cathodic peak of dopamine was at 191mV. It might
be ascribed to the increasing active sight (the surface of oxide species) on the surface of CPE that
resulted from the CV pretreatment of electrode in 0.1M NaOH solution only at the poly (PR) coated
electrode were the anodic peaks of DA, AA and UA separated perfectly. The difference of the
oxidation peak potential for DA-AA, UA-AA were 163mV and 125mV respectively, which were
enough large separation to allow the simultaneous determination of DA, AA and UA in a mixture.
Meanwhile it could be noticed that the peak current of DA, AA and UA were enhanced strongly at
poly (PR) modified CPE and peak potential of DA and UA were approximately identical to that at the



Int. J. Electrochem. Sci., Vol. 4, 2009 682

pretreated electrode. It further identified that poly (PR) modified CPE possessed higher active surface
area and excellent electrocatalytic activity for the oxidation of DA, AA and UA.

=200 25 250 475 700
Potential, mVv

Figure 8. Simultaneous determination of 2.5X10™*M DA,1X10”°M AA and 5X10™“M UA at bare CPE
(dashed line) and at poly(PR) film coated CPE ( solid line).

4. CONCLUSIONS

The prepared poly (PR) film modified CPE exhibits highly electrocatalytic activity to the
oxidation of DA, AA and UA. The modified electrode displaces higher selectivity in voltammetric
measurements of DA, AA and UA in the mixture solutions. The separations of the oxidation peak
potentials for AA — DA and DA — UA are about 163mV and 125mV respectively by cyclic
voltammetry with good sensitivity; excellent detection limit 1X10®Mand the proposed technique
provides a possibility for simultaneous detection of DA, AA and UA in biological samples.
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