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In this investigation the modified carbon paste electrode was fabricated by adding p-amino benzoic
acid into the mixture of dry graphite powder with silicon oil in the proportion of 60:40. The Cyclic
voltammogram of p- aminobenzoic acid modified carbon paste electrode (PABA/CPE) was
investigated with standard potassium ferrocyanide showed a reversible voltammogram.
Electrocatalytic oxidation of dopamine is studied in acetate buffer solution at neutral pH-7.0 and the
effect of concentration, scan rate, pH and effect of surfactant studies were made. The electrode process
was found to be diffusion controlled. The PABA/CPE showed significant enhancement of oxidation
peak for dopamine at 6.0 mg into the paste. Hence modifier is selected at 6 mg PABA into the CPE.

Keywords: p-aminobenzoic acid, potassium ferrocyanide, dopamine, SDS, CTAB, cyclic
voltammetry.

1. INTRODUCTION

Dopamine (DA) is one of the most significant catecholamine belongs to the family of
excitatory chemical neurotransmitter [1,2]. It plays very important role in the function of central
nervous, renal, hormonal and cardio vascular system [3, 4]. Because extreme abnormalities of DA
level are symptoms of several diseases such as schizophrenia, parkinson’s disease [5], the
determination of such compounds in a real biological samples and identify changes in
neurotransmission that correlate the behavioral state of animal are an obvious target in neurochemical
studies. Generally the determination of DA is performed with high performances liquid
chromatography (HPLC) [6], lon Chromatography [7] and spectrophotometry. DA can be determined
by electrochemical methods because it is an electrochemical active compound. The development of
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voltammetric sensor for the detection of neurotransmitter in the extracellular fluid of the central
nervous system as a received much interest in the past few decades [9,10]. The electrochemical
methods have more advantages over other methods because the electrodes can be made conveniently
to sense the neurotransmitter in the living organism [9]. Whiteman and co-worker have done a lot of
merit work on behavior of animal and changes neurotransmitters in a rat by fast scan cyclic
voltammetry ( FSCV) [11-14] Ewing and Co-worker [15-17] adopt advanced -capillary
electrophoretic (CE) separation neurotransmmiter in vivo and determination neurotransmitter in single
cell cytopalasm using nafion coated carbon fibre microelectrodes as electrochemical detections. Ewing
research group have used this methodology to examine the transient chemical events happening in the
nanometer environment of the synapse. The major problem in the detection of dopamine in presence
of high concentration of ascorbic acid which is oxidized at all most same potential as in DA on the
bare electrodes, the bare electrodes very often suffers from a fouling effects due to accumulation of
oxidized product on the electrode surface which results in rather poor selectivity and sensitivity. The
homogeneous catalytic oxidation of AA by the oxidized DA is another major interference in the
measurement of DA. Therefore it is very difficult to determine DA directly [18]. In order to resolves
these problems some modified electrode have been used to determine DA [19-22].

Our research group fabricated many such modified electrodes [23-27]. In this work there is an
attempt to modify carbon paste electrode sensor to determine dopamine in biological sample in
presence of ascorbic acid using modified p-aminobenzoic acid carbon paste electrode.

2. EXPERIMENTAL PART

2.1. Reagents & Chemicals

Potassium ferrocyanide, dopamine, sodium acetate, acetic acid, potassium chloride, perchloric
acid, and p-aminobenzoic acid used were of analytical grade in the pure from Fluka and Merck and
used without further purification. Dopamine stock solutions (1x10™ M) were prepared by adding
dopamine to 0.1 M perchloric acid and it’s studies were carried out in acetate buffer solution of pH-7.0
and 10mM potassium ferricyanide was prepared by dissolving in double distilled water.

2.2. Apparatus and procedure

Cyclic voltammetry (CV) was performed on Model 201 Electroanalysis (EA-201, Chemilink
System). All the experiments were carried out in a conventional electrochemical cell. The electrode
system contained a carbon paste working electrode (3.0 mm in diameter), a platinum wire counter
electrode and a saturated calomel reference electrode (SCE). The PABA/CPE modified carbon paste
electrode was prepared as follows 70% graphite powder (particle size 50 mm and density is 20mg/100
ml) 30%silicone oil and required quantity of the modifier were mixed by hand to produce a
homogeneous PABA/CPE.
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3. RESULTS AND DISCUSSION

3.1. Electrocatalytic response of KsFe(CN)s at PABA/CPE modified electrode

Figure 1a shows the calibration of concentration of PABA/CPE for the maximum enhancement
of the anodic current for the K4Fe(CN)s. Fig.1b shows cyclic voltammogram of 1 mM potassium
ferrocyanide at bare carbon paste electrode and PABA/CPE in the Potential range of -200 to 600 at the
scan rate 100 mVs™' in 1M KCL The voltammogram of 1m M K4Fe(CN)s at bare/CPE and
PABA/CPE showed identitical reversible peaks. The PABA/CPE showed excellent electrochemical
response when compared to bare CPE. The dashed line shows electrochemical response of bare CPE
having Ep, 249 mV and Epc 106 mV with the AE,,=143 mV with less sensitivity and ip./ipc ratio is 1.41
HA which reveals the quasireversible electrode process. After modification with 6 mg of PABA, the
electrode showed good improved in enhancement of both cathodic and anodic peak current which was
shown in solid line. The peak potential differences is 78 mV and the and i,./ipc ratio is 1.08 uA shows

the electrode transfer kinetics.
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Figure 1a. Graph of concentration of PABA/mg v/s Current/uA for Potassium ferricyanide (1 x10°M
at 100 mVs.in IM KClI supporting electrolyte
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Figure 1b. Cyclic Voltammogram of 1x10° K FeCNg at bare CPE(solid line) and PABA/CPE
(dashed line) in 1M KCI Supporting Electrolyte at 100 mVs'
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3.2. Electrochemical caliberation of PABA/CPE for the detection of dopamine.

PABA/CPE was prepared of different ratio by adding different amount of PABA. By
increasing the quantity of PABA in the modification anodic peak current( i,,) goes on increasing from
2 to 6mg and again it decreases above 8 mg to 10 mg shows changes in the anodic peak current ip,
and hence there is an optimum increase in i, at 6 mg and the experiment was carried out at 6 mg
PABA in carbon paste electrode for dopamine as shown in the figure 2a.
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Figure 2a. Graph of concentration of PABA/mg v/s Current/pA for dopamine
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Figure 2b. Cyclic voltammogram of 1x10™ dopamine at bare CPE(solid line) and PABA/CPE
(dashed line) in 0.1 M acetate buffer at pH-7.0 at 100 mV/s.
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Potential, mV

Figure 3a. Cyclic voltammogram of dopamine for scan rate S0mV/s to 350mV/s (a to g)
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Figure 3b. Graph of scan rate (mV/s) v/s current (uA)

3.3. Electrocatalytic response of dopamine at PABA/CPE modified electrode.

Dopamine is being an easily oxidisable catecholamine, its voltammogram was recorded in the
potential range of -200 to 600 mV in the 0.1 M acetate buffer at pH-7.0 at 100mVs™'. Figure. 2b shows
the pair of redox peak for 1 x10*M DA at bare CPE (dashed line) with Ey, 215 mV & E,c 151 mV.
The peak to peak separation AE, was found to be 74 mV and ratio of redox peak current ip./ipc was
found to be 1.51 pA which were the characteristics of quasireversible process. However for the
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PABA/CPE a pair of redox peak is obtained with strong enhancement in both anodic and cathodic
peak current (solid line). The E,, was located at 218 mV and the corresponding cathodic peak
potential was located at 149 mV. Peak to peak separation was calculated as 69 mV and the value of
ipa/ipe Was about 1.11 pA. Hence the voltammogram obtained for PABA/CPE was also reversible with

good improvement in enhancement of oxidation and reduction peak current showed electron transfer
kinetics.

Potential, mV

Figure 4a. Cyclic voltammogram of dopamine from 1 x10*M to 5 x10™*M at 100 mV/s in 0.1 M
acetate buffer solution
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Figure 4b. Graph of concentration of dopamine (10'4 M) v/s Current (uA).
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3.4 Effect of scan rate.

Cyclic voltammogram of different scan rates 50-350 mVs' was recorded in PABA/CPE s for
1 x10* M DA figure3a. The graph of current i, v/s scan rate was plotted figure .3b. The graph
obtained is straight line in the range from 50 — 350 mVs™ is redox peak current is proportional to
square root of scan rate with co-relation co-efficient 0.9995. This indicates that electron transfer
reaction is a adsorption controlled [28, 29, 24].

3.5 Effect of Concentration of Dopamine.

Electrocatalytic oxidation of dopamine was carried out by varying concentration at PABA/CPE
from 1x10™* M - 5 x10* M shown in the figure 4a. By increasing the concentration of dopamine ip,
and i,c goes on increasing with shifting E,, towards positive potential and E,. towards slightly negative
potential. The graph of i, V/s concentration of DA was plotted in the figure.4b shows increase in the
anodic peak current which reveals linear proportional to the concentration of dopamine.

3.6. Effect of pH

Effect of pH for dopamine at PABA/CPE is studied at pH- 5, 7 and 9. The voltammogram of
dopamine for pH is shown in the figure 5. As pH varies from 5- 9 it tends to basic media, anodic
peak potential shift towards negative potential and as pH varied from 7 to 5 the media tends to acidic,
the anodic peak potential shifts towards the positive side and potential is optimum at pH -7.0. Hence
the electrocatalytic oxidation of dopamine was carried at neutral pH-7.0
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Figure 5. Cyclic voltammogram of dopamine at different pH (5,7 and 9) 0.1 M acetate buffer solution
at 100 mV/s.
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3.7 Effect of Surfactant.

Dopamine oxidation response was studied at various type of surfactant modified PABA/CPE
.the surfactant used were, SDS & CTAB. Cyclic Voltammogram of surfactant Modified PABA/CPE is
as shown in the Figure-5a. SDS modified PABA/CPE showed maximum enhancement at 0.5 uL as
compared to the CTAB/PABACPE. The electrochemical oxidation enhancement evidence of
dopamine at different volume of the surfactant/PABACPE is as shown in the figure-5b.
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Figure 6a. Cyclic voltammagram of dopamine at (a= PABA/CPE , b=CTAB/PABACPE,
c=SDS/PABACPE) at 100 mV/s in 0.1 M acetate buffer solution.
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Figure 6b. Graph of dopamine for surfactant (B= SDS/PABACPE, C= CTAB/PABACPE).
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4. CONCLUSIONS

A modified PABA/CPE study reveals that 6 mg p-amino benzoic acid in carbon paste electrode
enhances the electrocatalytic activity of dopamine and potassium ferrocyanide. The effect of the
surfactant showed that the anionic surfactant form monolayer on the PABA/CPE have made better
sensor for the detection of dopamine.
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