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A simple, rapid and a highly selective method for the direct electrochemical determination of catechol
based on the electrochemical oxidation at the screen printed graphite electrode was discussed. The
electrochemical behavior of catechol was studied by cyclic voltammetric techniques at the screen
printed graphite electrode. Catechol showed one anodic peak (E,,) and one cathodic peak (E,.) at 204
and 145 mV (vs. SCE), respectively, in phosphate buffer (pH 6). Square wave voltammetry was used
for the direct electrochemical determination of catechol. The effect of different experimental and
instrumental parameters such as; type of supporting electrolytes, solution pH, applied potential, and
scan rate were examined. The oxidation peak currents showed a linear range from 1x10° to 1x10™* M
with a 0.999 correlation coefficient. A 2.9x10”7 M lower detection limit was obtained. The effect of
ascorbic acid as the most interfering substances on the peak height of catechol was examined. Using
square wave voltammetry, catechol and ascorbic acid showed a well defined two separated oxidation
peaks. The proposed method has been applied for the determination of catechol in the absence and
presence of ascorbic acid in a water sample.

Keywords: Screen printed graphite electrode, Catechol, Cyclic voltammetry, Square wave
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1. INTRODUCTION

Beginning of the last decade, screen-printing technology was widely used for the production of
microelectronics [1]. This technology offered the chance for the production of simple, sensitive, rapid,
cheap and reproducible electrochemical sensors [2-4]. Several materials were used for the production
of screen printed electrochemical electrodes such as gold, platinum, graphite, copper and silver. These
types of materials used for the production of the working electrode influences the electrochemical
behavior of the produced sensor.
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The electrochemistry of several organic and inorganic compounds has been investigated [1, 5-
10] at the surface of screen printed electrodes. Due to the importance and involvement of phenolic
compounds in different fields- such as environmental, medical, food industry, their electrochemical
behavior were examined using different types of sensors and biosensors [11-13].

Catechol (1,2- dihydroxybenzene) is one of the most important phenolic compounds which
occurs naturally in fruits and vegetables and can be released to the environment during its manufacture
and use. It is also detected at low levels in, groundwater, drinking-water, soil samples and in
wastewaters from coal conversion. Catechol has a great importance in both biological and
environmental analysis fields and this due to its excellent electrochemical activity and can be used for
the characterization of different analytical methods. Different analytical methods were used for the
determination of catechol such as spectrophotometry [14, 15] and high-performance liquid
chromatography [16]. The electrochemical determination of catechol was also studied using enzymatic
[17-23] or non enzymatic electrodes [24-32]. The enzymatic method for the determination of catechol
suffers from some disadvantages such as high cost due to the enzyme used, low stability and limited
binding of the enzyme to solid surfaces [24]. The non enzymatic electrodes used for studying the direct
electrochemistry of catechol was also examined using different types of electrodes such as mesoporous
platinum [25-26] and gold electrode [27]. The direct electrochemical determination of catechol based
on the oxidation of catechol at the electrode surface to o-quinone. Different kinds of electrodes were
used for the electrochemical determination of catechol such as Born-Doped Diamond electrode [28],
chemically modified electrodes such as carbon nanotube (CNT) [29], multiwall carbon nanotubes
(MWNT) [28,30-31], modified glassy carbon electrodes (GCE) [32].

Modification of the electrodes increased the selectivity of detection but have a high cost due to
the modifiers used. Using carbon nanotubes increased also the cost of the used electrodes. From the
literature survey no screen printed electrodes were used for the electrochemical determination of
catechol. The aim of this work is to study the electrochemical behavior and the direct electrochemical
determination of catechol by incorporating both the advantages of graphite screen printed electrodes
and the advantages of electrochemical techniques which lead to a low cost, more simplicity and
increasing the sensitivity, selectivity and reproducibility of the method.

2. EXPERIMENTAL PART

2.1. Electrode and electrochemical instruments

Cyclic voltammetry (CV) and square wave voltammetry were preformed using an Autolab
potentiostat PGSTAT 302 (Eco Chemie, Utrecht, The Netherlands) driven by the General purpose
Electrochemical Systems data processing software (GPES, software version 4.9, Eco Chemie).
Electrochemical cell with three electrodes was used; a screen printed graphite electrode was used as
working electrode, these sensors were fabricated at the Gesellschaft fiir Biotechnologische Forschung
mbH (GBF) Braunschweig, Germany, using screen-printing technology. They have graphite working
electrodes with an area of about ~ 6.3 mm?®. The graphite layer screen-printed onto a gold layer. The
gold layer was included to avoid a potential drop over the surface caused by the relatively low
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conductivity of the graphite. The graphite paste was Electrodag 421SS (Acheson Colloids, Plymouth,
UK) and the gold paste was No. 5715, and the AgPd-paste used for connecting lines was No. 7474
(DuPont, Bad Homburg, Germany). The isolation of connecting lines was achieved by printing
isolating pastes, which were insulation 240-SB (ESL Europe, Munich, Germany). The ceramic
substrates were obtained from LaserTec Services (Niirnberg, Germany). Printing was carried out using
the half-automatic printing machine Microtronic II (EKRA, Kirchheim, Germany). All metal-based
pastes and the glass passivation were fired for 60 min with a peak temperature of 850°C (10 min) in a
Firing oven BTU 7354-M (BTU, Farnborough, UK) according to the paste manufacturers
recommendations. SCE was used as a reference electrode and platinum wire was used as a counter
electrode. The supporting electrolyte was filled in the electrochemical cell (10 mL) and catechol added
to the cell to get the desired concentration. The pH values were measured using a Metrohom pH-meter
with a combined glass electrode

2.2. Reagents

All chemicals used were of analytical grade and used without any further purification. Catechol
and ascorbic acid were obtained from Sigma-Aldrich. Phosphate buffer solution was prepared by
mixing suitable amounts of 0.1 M Na,HPO,4 and NaH,PO,4. H;BO3, NaOH, KCI, H;PO,, CH;COOH
were of obtained from Merck. Stock solutions of catechol were freshly prepared daily. Double distilled
water was used for the preparation of solutions.

3. RESULTS AND DISCUSSION

3.1. Electrochemical behavior of catechol

The electrochemical behavior of catechol was examined using cyclic voltammetry at a graphite
screen printed electrode. Catechol gave two redox peak potentials, one anodic peak potential (Epa) and
one cathodic peak potential (Epc) at 204 and 145 mV, respectively. The difference between the
oxidation and reduction peaks (AEp) for catechol at screen printed graphite electrode was 58 mV. This
indicates that the oxidation of catechol is a reversible behavior and 1-electron transfer step. The
general scheme for the electrochemical oxidation of catechol indicated by 2-electron transfer step. For
screen printed graphite electrode 2- electron transfer step was indicated. This can be expressed by the
lack of stability due to the polymerization of the products, which may result from 1-electron transfer
reactions coupled to the formation of radicals which then polymerize. The effect of number of cycles
was examined from 1 to 10, and no remarkable effect was obtained in the number of cycles examined.

3.2. Effect of supporting electrolyte and pH

The effect of different types of supporting electrolytes was examined on the peak current
response of 1.0 mM catechol. The supporting electrolytes examined include 0.1 M from: Britton-
Robinson (BR) buffer, acetate, sodium sulphate, borate and phosphate buffer. It was found that
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catechol gave the highest oxidation peak current in 0.1 M phosphate buffer, therefore phosphate buffer
was selected for further studies.

The effect of pH on the peak current and peak potential of the anodic and cathodic peaks of
catechol were examined in the range from 5 to 10 using 0.1 M phosphate buffer. Figure 1a showed the
obtained results for 1.0 mM catechol.
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Figure 1a. The effect of pH on (a) the peak current response (b) peak potential of 1mM
Catechol 0.1 M phosphate buffer pH 6, using screen printed graphite Electrode. Scan rate 10 mVs™.
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Figure 1b. The effect of pH on (a) the peak current response (b) peak potential of 1mM
catechol. Other conditions are the same as Fig. 1a

This Fig. showed the dependence of the oxidation and reduction peaks on the pH of the supporting
electrolyte. The oxidation peak for catechol increased up to pH 6 and still stable from pH 6 to pH 8 and
at higher pH values the oxidation peak decreased. Also the reduction peak current of catechol
increased from pH 5 to pH 7 and at higher pH values the peak current response deceased. From Figure
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la it was clearly that the oxidation peak response is higher than the reduction peak current response, so
the oxidation peak was selected for the analytical determination of catechol for further investigations at
pH 6.

The effect of pH on the peak potentials of catechol was examined from pH 5 to pH 10, by
increasing the pH of supporting electrolyte the peak potential for anodic and cathodic peaks shifted to
more negative values (Figure 1b).

The effect of ionic strength for the phosphate buffer on the anodic peak current of 1.0 mM
catechol was studied using 0.05, 0.1, 0.15, 0.2 M phosphate buffer at pH = 6. By increasing the ionic
strength of the supporting electrolyte, the peak current increased, so 0.2 mM phosphate buffer pH = 6
was chosen for further studies.

3.3. Effect of the applied potential

The effect of applied potential on the anodic and cathodic peak currents was investigated using
a wide range from -1.6 V to 0.0 V. For anodic and cathodic peak currents, by shifting the applied
potential to more positive values the peak currents decreased (Figure 2). The effect of applied potential
on the anodic and cathodic peak position was also examined. By shifting the potential to more positive
value, no remarkable effect on the cathodic peak potential was observed, but for anodic peak, a little
shift towards more positive values was observed (Figure 2).
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Figure 2. The effect of applied potential on the anodic peak current and anodic peak potential for 0.1
mM catechol in 0.1 M phosphate buffer pH 6, using screen printed graphite Electrode. Scan rate 10
mVs™
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3.4. Effect of scan rate

The effect of scan rate (v) on the cyclic voltammetric response was investigated, results
obtained are depicted in Figure 3a. It can be seen that by increasing the scan rate, the anodic and
cathodic peak currents increased, and both anodic and cathodic peak potentials moved. The anodic
peak potential shifted to more positive potential values, while that of cathodic peaks shifted to more
negative values. From the plotting the relation between the square root of scan rate (v'?) versus the
peak current, it was found that the peak current proportional to the square root of scan rate in the range
from 10 to 300 mVs™ for anodic and cathodic peaks (Figure 3b).
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Figure 3 (a) Cyclic voltammograms for 1 mM catechol at different scan rates: a) 10, b) 25, ¢) 50, d)
100, e) 150, f) 200 and g) 250 mV/s.
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Figure 3 (b) Effect of scan rate on the peak current response of 1.0 mM catechol in 0.2 M phosphate
buffer pH 6, scan rate 50 mV s
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3.5. Calibration curve and Detection limit

Square wave voltammetry was used for the direct determination of catechol. Catechol showed a
well defined anodic peak using the following optimum conditions: screen printed graphite electrode as
a working electrode, square wave voltammetry with 0.05 V step time, 0.02 V amplitude in 0.2 M
phosphate buffer (pH = 6). Catechol showed a linear range from 1x10° to 1x10™* M (Figure 4) with a
correlation coefficient of 0.9997 and a standard deviation of 7.677 x10”. The detection limit for
catechol was calculated based on a three signal to noise ration and it was found of 2.9x10” M
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Figure 4. Relationship between the response current and catechol concentration using square wave
voltammetry. Parameters are reported in the text.

3. 6. Reproducibility

The reproducibility of the results was examined by successive ten measurements of 1x10-4 M
catechol using the optimum conditions mentioned above. The relative standard deviation (RSD) was
calculated and it was found to be 3.9%. Also the reproducibility of the screen printed graphite
electrode response was examined by the determination of 1X10™ M Catechol using ten screen printed
electrodes and the RSD was found with 2.4% which indicated that this method give a good
reproducibility for the obtained results.

3.7. Effect of Interferences

The effect of ascorbic acid, as a one of the most interfering substances in the
electrochemical determination of some organic compounds was examined on the response of catechol.
Figure (5a) showed the effect of different concentrations of ascorbic acid on the peak height of 0.5 mM
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catechol and Table 1. summarizes the collected data. From Table 1, the addition of ascorbic acid has a
little effect on the peak height of catechol, but by increasing the ascorbic acid concentrations the
percentage of error increased to 8%. Also the effect of different concentrations of catechol on the peak
height of 1.0 mM ascorbic acid was also examined (Figure 5b). No marked effect was observed for the
ascorbic acid response. So catechol can be detected in the presence of ascorbic acid and it is also
possible to detect ascorbic acid under the same conditions for the determination of catechol without
any interferences.
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e) 0.5 mM Catechol + 0.5 mM ascorbic acid

f) 0.5 mM Catechol + 0.7 mM ascorbic acid

g) 0.5 mM Catechol + 1 mM ascorbic acid
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Figure 5. (b) Effect of catechol acid addition on the peak height of 5x10™ M ascorbic acid.
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Table 1. The percentage of errors obtained by the addition of different ascorbic acid concentrations on
ImM catechol using square wave voltammetry. Other parameters as mentioned in the text.

Ascorbic acid concentration
(mM)
0.1
0.3
0.5
0.7
1.0

Percentage of error (%)

1.88
1.42
0.94
2.82
8.96

3.8- Analytical Applications:

This method was applied for the determination of catechol in synthetic samples containing

catechol in tap water in the absence and presence of ascorbic acid. The obtained results are listed in

Table 2. In the absence of ascorbic acid a known amount of catechol was added to the water sample,

the quantitative recoveries of 98.6% - 100.3% were obtained (Table 2), while in the presence of

different ascorbic acid concentrations, quantitative recoveries of 97.13% — 102.43% were obtained

(Table 3). So the determination of catechol using screen printed electrodes is reliable and effective

method for the determination catechol.

Table 2. Determination of catechol in tap water in the absence of ascorbic acid

Sample No. Catechol added (uM) Catechol Found | Recovery (%)
(uM)
1 10 9.86 98.6
2 20 19.78 98.9
3 30 29.77 99.23
4 40 40.12 100.3
5 50 49.88 99.76

Table 3. Simultaneous determination of catechol in tap water in the presence of ascorbic acid

Sample No. Ascorbic acid Catechol added Catechol Recovery

added to tap (uM) Found (uM) (%)
water (mM)

1 0.1 30 30.25 100.83

2 0.2 30 30.73 102.43

3 0.3 30 29.78 99.27

4 04 30 29.14 97.13

5 0.5 30 29.89 99.63
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4. CONCLUSIONS

The electrochemical behavior of catechol was examined at the screen printed graphite electrode. The
result showed that catechol gave one anodic oxidation peak in the forward scan and another cathodic
reduction peak in the reverse scan at the surface of screen printed graphite electrode. The main task for
this work was to find a rapid and more sensitive method for the direct electrochemical determination of
catechol by the oxidation at the surface of screen printed graphite electrode. The respective electrode
showed a good sensitivity and selectivity for the electrochemical determination of catechol in the
presence of ascorbic acid
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