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ABSTRACT

The method used to fix the polymer on the surface of the new electrochemical biosensor the MO-CPE has proved 
its effectiveness for the detection and chelation of heavy metals. Its complex formation with Pb (II) was studied by 
square wave voltammetry and cyclic voltammetry. It was found that the polymer film modified MO-CPE electrode 
shows a better performance than the carbon paste electrode modified by 2-benzimidazolthiole organic molecule 
(MO-CPE). 
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INTRODUCTION

Heavy metals have high toxicity [1]. As a consequence, their 
presence in the water, which is a vital resource for life and for 
human activities, requires the realization of a device of alert and 
control immersed, fast and effective. There are some reviews on 
the use of electrochemical sensors due to the advantages such 
as high sensitivity, rapidity of response, simplicity, low cost, 
miniaturized and automated devices [2,3]. The research activities 
in the preparation of electrochemical sensors for detecting heavy 
metals have dramatically increases over the past decades with the 
development of new materials and novel fabrication process [4]. 
The Carbon Paste Electrodes (CPEs) are cheaper and are suitable 
for preparing the electrode material with desired composition and 
predetermined properties [5,6]. The electrochemical response of 
CPE mainly depends on the properties of the modifying species. The 
modification of the carbon paste electrode can be done by different 
ways like grinding in an agate mortar, electropolymerization and 
immobilization method [7-11].

MATERIALS AND METHODS

Apparatus

Electrochemical experiments were performed using a voltalab 
potentiostat (model PGSTAT 100, Eco Chemie B. V., Utrecht, The 

Netherlands) controlled by the general purpose electrochemical 
systems data processing software (voltalab master 4). All the 
electrochemical experiments were performed in a standard one-
compartment three-electrode cell. The reference electrode was SCE 
and the counter electrode was platinum. All electrode potentials 
were referred to this reference electrode. The working electrode was 
EDTA-CPE.

Reagents

All chemicals were of the highest quality. Graphite powder 
(Carbone, Lorraine, ref 9900, French) was used without further 
purification. All other regents used were of analytical grade. 
Bidistilled deionized water (BDW) was used throughout the work. 

Preparation of the CPE

The Carbon Paste Electrode (CPE) was prepared by thoroughly 
hand-mixing of graphite powder. The obtained paste was dried 
at room temperature then a portion of the resulting paste was 
grounded and packed firmly into homemade PTFE cylindrical 
tube (geometric area 0.1256 cm2) electrode. Electrical contact was 
established with a bar of carbon. EDTA-CPE’s were prepared by 
immobilizing the EDTA by soaking the preformed carbon paste 
electrode in a solution containing the EDTA solution (Figure 1). 
And thereafter the surface of the prepared electrode is covered 
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by the polymer PSF/PAA: 95/05 (poly (acrylic acid) (PAA) of 
concentration equal to 5%, and Polysulfone (PSF) of concentration 
95%), glued on the edges with Araldit [12,13].

Electrochemical behavior of polymer modified electrode

Electrochemical characterization of the prepared electrode, 
Carbon Paste Modified by the Organic Molecule (CPE-MO), 
was performed by cyclic voltammetry (Figure 2). We find that 
the voltammogram recorded for the modified electrode (curve 
b) is remarkably different from that obtained for the electrode 
CPE (curve a). This confirms the deposition of the molecule on 
the surface of the carbon paste. The MO-CPE electrode prepared 
by electroless of a benzimidazolthiole film on the surface of the 
carbon paste electrode has shown great activity of chelation and 
analysis of Pb2+ ions [14]. However, these electrodes are predisposed 
to the phenomenon of dissolution due to several factors, such as 
pH for example, to remedy this problem, we thought to cover these 
electrodes with a selective polymer (polyacrylic synthesized), which 
protects the surface of the electrode while preserving its activity.

Electrochemical behavior of the Polymer-MO-CPE 
electrode

Foremost, we studied the electrochemical behavior of the carbon 
paste electrode (CPE) covered by the polymer, in a buffer solution 
to pH-7. Recorded cyclic voltammograms, respectively for electrodes 
CPE and polymer-CPE at 100 mV/s are given in Figure 3. It can 
be seen that the presence of the polymer (PSF/PAA: 95/05) on 
the surface of the CPE causes a decrease in the current density 
due to the lower conductivity of the electrode. The behavior of the 
MO-CPE electrode covered by the polymer is different; the cyclic 
voltammogram keeps the initial pace, that of the electrode MO-
CPE (Figures 4 and 5).  

Activity of the polymer electrode -MO-CPE

The activity of the polymer-MO-CPE electrode is evaluated with 
respect to the chelation of Pb2+ ions. Figure 6 illustrates the cyclic 
voltammograms recorded in an electrolytic medium, for the 
polymer-CPE electrodes and polymer-MO-CPE preconcentrated 
under optimal conditions in a solution containing the lead (II) 
ions. As we can see electrode polymer-CPE is less active than the 
electrode polymer-MO-CPE, confirming that the presence of the 
organic film catalyses the reduction of Pb2+ ions, by accumulating it 
on the surface, knowing that pre-concentration is the limiting step 
of the reaction. 

Chelation of lead (II) ions

Electrochemical behavior, lead on CPE-MO-Polymer was studied 
by cyclic voltammetry in a 0.1 M solution of trisHCl and with a 
scan rate equal to 100 mV.s-1. The results are shown in Figure 7. 

After pre-concentration in a solution containing 0.602 mmol/L of 
lead (II). We see a considerable increase in current densities.

Variation of the scan rate

Figure 8 shows the cyclic voltammograms recorded for the Polymer-
MO-CPE electrode, at different rates of scans. The general form 
voltammograms is not reached. On the other hand, the effect of 
the scanning rate is remarkable on the densities of the currents, Figure 1: Disodium ethylene-diamine-tetra-acetate dihydrate.

 
Figure 2:  Cyclic voltamograms of CPE (curve a) and MO-CPE, recorded at 
a scan  rate of 0.1 v/s in a solution of 0.1 M trisHCl, pH 7.

 
Figure 3: Cyclic voltamograms of CPE (curve a) and Polymer-CPE, 
recorded at a scan rate of 0.1 v/s in a solution of 0.1 M trisHCl.

Figure 4: Cyclic voltammograms of the MO-CPE (curve a) and Polymer-
MO -CPE (curve b), recorded at a scan rate of 0.1 v/s in a 0.1 M trisHCl 
solution.
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trisHCl, after pre-concentration of the electrode in solutions 
containing different concentrations of Pb2+ (Figure 9). We have 
established the calibration curve, given in Figure 10. Current 
densities increase linearly with the concentration of lead. This 
linearity is expressed by the following relation [15,16]: 

di=1.0467 [lead] + 0.1378 R2=0.9517

• The limit of detection: 1.77 × 10-8 mol.L-1

• The limit of quantification: 4.4 × 10-8 mol.L-1

Figure 5: Cyclic voltamograms of CPE-Polymer (curve a) and Polymer-MO 
-CPE (curve b), recorded at a scan rate of 0.1 v/s in 0.1 M trisHCl solution.

 

Figure 6: Cyclic voltamograms of CPE-Polymer (curve a) and Polymer-MO 
-CPE (curve b), recorded at a scan rate of 0.1 v/s in a solution of 0.1 M 
trisHCl, after the accumulation of 0.602 mmol/L of lead.

 

Figure 7: Cyclic voltammograms of Polymer-MO-CPE in absence (curve 
a) and presence of 0.602 mmol/l of Lead (curve b) recorded at a scan rate 
0.1 v/s.

when the scanning rate increases the current density increases, due 
to the release of active sites.

Calibration curve

The change in current density as a function of lead concentration 
was followed by square wave voltammetry in a solution 0,1M of 

Figure 8: Cyclic voltamograms of Polymer-MO-CPE, recorded at different 
scan rates in 0.1M trisHCl solution after accumulation of 3.01 mmol/L 
of lead.

 

Figure 9: Square wave voltammograms of Polymer-MO-CPE, recorded 
at scan rates of 0.1 mv/s in a 0.1M solution of trisHCl at different lead 
concentrations. 

y = 1,0467[Pb2+] + 0,1378
R² = 0,9517
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Figure 10: Evolution of the electrical density with the concentration of 
lead.
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We find that the presence of the polymer increases the sensibility 
of the electrode (Table 1). As has been demonstrated previously, 
the polymer used ensures a selectivity of Pb2+ ions which, once 
passed through the membrane, will be chelated by the protected 
organic film.

CONCLUSION

In this work, a new electrochemical sensor has been developed 
by deposition of organic molecules on the surface of the carbon 
electrode and coating the surface of this electrode with the polymer. 
These electrodes have been used for chemical preconcentration 
of lead at trace levels. The modified carbon paste electrode (MO-
CPE) by the organic molecule (2-benzimidazolethiole) and coating 
by polymer can preconcentrate the metallic lead in aqueous 
solution on the surface of the modified CPE by forming complexes 
with these ions and considerably increases the sensitivity of its 
determination. Electrodes modified with 2-benzomidazolthiole 
revealed remarkable electroactivity after polymer coating with 
2-benzomidazolthiole as an anchor layer, the polymer coating has 
shown improved performance for this modified electrode, which 
confirms that the deposited film is protected by the polymer 
coating.
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S. No Electrodes DL (mol.l-1) QL (mol.l-1)

1 CPE-MO 3.57 × 10-6 1.19 × 10-5

2 CPE-MO-Polymer 1.77 × 10-8 4.4 × 10-8

Table 1: Comparison between MO-CPE and polymer-MO-CPE electrodes.
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