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The polyvinyl alcohol modified carbon paste electrode was prepared by grinding the 15mg of
polyvinyl alcohol with the mixture of graphite powder and silicon oil of ratio 70%:30% by weight. The
voltammetric response of dopamine at modified carbon paste electrode was excellent when compared
to traditional carbon paste electrode at sweep rate of 100mV/s in the potential range from -250 to
600mV. The voltammogram of dopamine was reversible. The effect of scan rate showed that the
electrode process was diffusion controlled. The concentration and pH effects on the voltammogram of
dopamine were studied. The modified carbon paste electrode was better in simultaneous determination
of dopamine in presence of large excess of ascorbic acid.
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1. INTRODUCTION

Dopamine (DA) is one of the naturally occurring catecholamines. It is an important compound
for message transfer in the mammalian central nervous system. Changes in its concentration may lead
to serious diseases such as Parkinson’s [1]. Quantitative determination of DA in human physiological
fluids is of considerable significance in both biochemical and clinical diagnoses. Methods for the
detection of DA include chemiluminescence [2], fluorimetry [3], ultraviolet-visible spectrometry [4],
and capillary electrophoresis (CE-luminescence) [5]. Because of its electrochemical activity, DA can
also be determined with electrochemical methods because it is an electrochemically active compound
[6]. Electrochemical techniques have attracted great interest in many cases, and these techniques can
be fast in detections, low in cost, and with merits of low detection limit and high accuracy [6].
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However, a major problem frequently encountered in the electrochemical detection of DA is serious
interferences caused by the ascorbic acid (AA), L-Ascorbic acid (Vitamin C) (AA), a water soluble
vitamin, is an extremely important substance which plays a unique redox and electrochemical role [7].
AA is a compound that takes part in many important life processes [8,9]. Due to its antioxidant and pH
regulator properties, this vitamin is present or added to a wide variety of food products and
pharmaceuticals. Ascorbic acid is easily oxidized chemically and electrochemically to
Ldehydroascorbic acid [10]. The direct redox reactions of both substances at bare carbon electrodes
regularly take place at very similar potentials [11], and often suffer from a pronounced fouling effect,
which results in rather poor selectivity and reproducibility. Thus, it is difficult to detect DA in the
presence of a high level of AA in real biological samples.

Recently, many techniques were reported to improve the selectivity for the determination in the
presence of AA. Several approaches, based on polymer-modified electrodes [12-18], nanomaterial-
modified electrodes [19-22], and chemically modified carbon paste electrodes [23,24] have been tried
for solving this problem.
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Scheme 1. Structure of Polyvinyl Alcohol.

In the present paper, the chemically modified carbon paste electrode was prepared by mixing
15mg of polyvinyl alcohol (PVA) with 70%:30% ratio of carbon paste electrode. The PVA is a water-
soluble synthetic polymer (Scheme. 1). Polyvinyl alcohol is an odorless and tasteless, translucent,
white or cream colored granular powder. It is used as a moisture barrier film for food supplement
tablets and for foods that contain inclusions or dry food with inclusions that need to be protected from
moisture uptake. The PVA modified carbon paste electrode was excellent in determination of DA in
presence of AA. The probable mechanism could be explained in such a way that, the PVA was
uniformly distributed in carbon paste electrode. The large number of —OH groups present in PVA
could develop the electrostatic repulsion with the —OH group present in the DA, and hence increases
the voltammetric response and selective determination in presence of AA.

2. EXPERIMENTAL PART

2.1. Reagent and Chemicals

15mg of polyvinyl alcohol (PVA) was used as modifier. AA solutions was prepared by
dissolving in double distilled water. DA was prepared by dissolving in 0.1M perchloric acid (HCIOy)



Int. J. Electrochem. Sci., Vol. 4, 2009 1481

solution. The phosphate buffer of pH 7 was used as supporting electrolyte. Chemicals mentioned
above were all purchased from Fluka and were analytical grade used without further purification.

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. PVAMCPE
was prepared by grinding the 15mg of PVA with 70% graphite powder and 30% silicon oil in an agate
mortar by hand mixing for about 30 minute to get homogenous PVAMCPE. The paste was packed into
the cavity CPE and smoothened on weighing paper. The bare CPE was prepared without adding
modifier.

3. RESULTS AND DISCUSSION

3.1. Electrocatalytic response of DA at PVAMCPE

DA being an easily oxidizable catecholamine, its voltammogram was recorded in the potential
range from -250 to 600mV with supporting electrolyte 0.2M PBS pH 7 at 100mVs™ scan rate. Fig.1a
showed a pair of redox peak for 0.1mM DA at bare CPE (dashed line) with anodic peak potential (Epa)
at 175mV and cathodic peak potential (Epc) 109mV (vs. SCE) in 0.2M PBS of pH 7 as supporting
electrolyte. The peak to peak separation (AEp) was found to be 66mV. However, for the PVAMCPE a
pair of redox peaks is obtained with strong increase in both anodic and cathodic peak current (solid
line) with small shift in redox peak potentials. The Epa was located at 176mV and the corresponding
Epc was located at 107mV (vs SCE). The peak-to-peak separation was calculated as 69mV and the
value of Ip/I,c was about 1.15. So, the voltammogram obtained for PVAMCPE was reversible with
good improvement in enhancement of oxidation and reduction peak currents. The voltammograms
increased in the both Ipa and Ipc of the DA with increase in scan rate at the modified electrode. The
graph of current (Ipa) square root of scan rate (v'"?) were plotted. The graph obtained was nearly strain
line (Fig. 1b). In the range from 50mV s'-300mV s the redox peak currents were proportional to the
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square root of scan rate (v'') with correlation coefficient 0.9991. This indicates that, the electrode

transfer reaction was diffusion controlled.

3.2. Effect polyvinyl alcohol

PVAMCPE was prepared of different ratio by adding different amount of PVA. By increasing
the quantity of PVA in the modification, the electrochemical cathodic and anodic peak current (Ipa)
goes on increasing at certain ratio. The modification of PVAMCPE from 2mg to 20mg has calibrated.
The redox peak current was increased up to 15mg PVA in carbon paste electrode. After this, the redox
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peak current was decreased (Fig. 2a). Further increase in the quantity of PVA the both Ipa and Ipc were
decreased.

250 -37.5 175 387.5 600
Potential, mV

(b)

Figure 1. (a) Cyclic voltammogram of 0.1mM DA in PBS of pH 7 at bare CPE (dashed line) and
PVAMCEPE (solid line), at 100mVs™. (b) Graph of current vs square root of scan rate of DA.

3.3. Effect DA concentration

The electrocatalytic oxidation of DA was carried out by varying its concentration at
PVAMCEPE. By increasing the concentration of DA from 0.05mM to 0.15mM, the Ipa and Ipc goes on
increasing with negligible shifting Epa towards positive and Epc towards negative side. The graph of
Ipa vs concentration of DA was plotted, showed increase in electrochemical peak current, (Fig. 2b).
The graph obtained linearly increase in peak current with increase in the DA concentration and Ipa is
proportional to concentration of DA.
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Figure 2. (a) Graph of current vs quantity of PVA in carbon paste electrode, (b) Graph of current vs

concentration of DA.

3.4. Effect of pH on cyclic voltammogram of DA at PVAMCPE

The electrochemical response of DA at PVAMCPE is generally pH dependent. The
voltammograms of DA were recoded at 0.2M PBS of different pH by cyclic voltammetric method. Fig.
3a demonstrates the pH dependence of DA at PVAMCPE at sweep rate of 100mVs™. The both anodic
and cathodic peak potentials were shifted to less positive side with increasing in the pH values. The
anodic peak potential of DA shifted from 331mV to 249mV with respect to the pH from 3 to 10. The
potential diagram was constructed by plotting the graph of calculated E° vs pH of the solution (fig. 3b).
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The graph has good linearity with a slope of 51mV/pH, this behaviour is nearly obeyed the Nernst

Equation for two electron and two proton transfer reaction [25,26].
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Figure 3. (a) Graph of Ipa vs pH, (b) Graph of Epa vs pH.

3.5. Simultaneous determination of DA and AA by cyclic voltammetry

AA is present along with DA in mammalian brain. The concentration of AA is much higher
than that of DA. Since, the oxidation potential of AA is very close to that of DA results in overlapping
response of peak potential at bare CPE. However, the PVAMCPE has ability to separate the oxidation
peak potential of AA and DA.
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Figure 4. (a) Cyclic voltammogram of 0.5mM AA at bare CPE (dashed line) and PVAMCPE (solid
line) with scan rate of 100mVs™. (b) Cyclic voltammogram for simultaneous determination of AA and
DA at bare CPE (dashed line) and PVAMCPE (solid line) with the scan rate of 100mVs™.

The cyclic voltammogram was recorded for 0.5SmM AA only in the potential range -250 to
600mV Fig. 4a. The AA shows the electrochemical anodic peak potential at 81mV in 0.2M PBS
system at bare CPE (dashed line). At PVAMCPE (solid line) the AA shows the anodic peak potential
at 72mV.

The Fig. 4b shows the voltammogram for solution containing mixture of both 0.1mM DA and
0.5mM AA in 0.2M PBS of pH 7 system. The bare CPE showed only one broad anodic peak without
giving reduction peak (dashed line) for the sample mixture. The anodic peak potential of AA is nearly
same as that of DA result in an overlapped voltammetric response at bare CPE. The anodic peak
potential was occurred at 93mV. The PVAMCEPE has able to separate the oxidation peaks of both AA
and DA (solid line). The electrochemical response of AA shows oxidation peak potential at 76mV at
PVAMCEPE. For DA the electrochemical response at PVAMCPE, the oxidation peak potential was
observed at 180mV and reduction peak potential was at 105SmV. The peak to peak difference between
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AA and DA was 104mV. The PVAMCPE shows the selective determination of DA in the presence of
AA and acts as sensor for the detection of DA in low concentration.

3.6. Simultaneous determination of DA and AA by differential pulse voltammetry

DPV was used for the determination of DA and AA at PVAMCPE because of its higher current
sensitivity and better resolution than CV. The simultaneous study was carried out in the potential range
form -200 to 700mV (Fig. 5a). The DPV showed the simultaneous determination of DA and AA with
well separated two anodic peaks corresponding to their oxidation could be possible at PVAMCPE
(solid line), where as the bare CPE showed only one oxidation peak for the mixture of DA and AA
(dashed line). The 0.5mM AA showed its Epa at 60mV and 0.1mM DA was at 190mV. The peak
separation between DA and AA was 130mV, which was very large when comparing to peak separation
occurred by CV.

The simultaneous determination of DA and AA in the mixture was carried out at PVAMCPE
when concentration of one species changed, whereas another one remained kept constant. From the
Fig. 5b, it can be seen that the peak current of DA was proportional to its concentration, which was
increased from 0.05mM to 0.15mM when keeping the concentration of AA 0.5mM. There was no
change in the peak current and peak potential occurred for AA. Similarly in the Fig. 5¢ keeping the
concentration of DA constant at 0.1mM, the AA concentration was varied from 0.2mM to 1mM. The
oxidation peak current of AA increases with increase in its concentrations.

6.51LA

DA

-250 -37.5 175 387.5 600
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Figure 5. Differential pulse voltammogram for simultaneous detection of 0.1mM DA and 0.5mM AA
at PVAMCEPE (solid line) and at bare CPE (dashed line).
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4. CONCLUSIONS

The PVAMCPE was good by showing enhancement in both anodic and cathodic peak current.
The increase in the concentration of DA results in greater the enhancement of electrochemical anodic
and cathodic peak currents. The modification showed excellent in selective and electrocatalytic activity
towards the oxidation of DA and AA in a mixed sample. The DPV results showed there is no influence
of AA towards the oxidation peak of DA. Hence this electrode is very good for practical analysis of
neurotransmitter.
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