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Abstract: In this article we have set ourselves the objective of developing new functional materials applied in electroanalysis. 
The aim is to develop new modified electrodes having analytical performance by immobilizing an organic film based on Disodium 
ethylenediaminetetraacetate dihydrate (EDTA) on the surface of carbon paste electrode (CPE). We performed electrochemical 
analysis traces of copper ions by the technique of square wave voltammetry (SWV) and cyclic voltammetry (CV). The objective 
of studying the electrochemical reactivity of the electrodes produced is to consider their use as voltammetric sensors dedicated 
to the detection of copper ions. The EDTA cation chelator power to improve the analytical characteristics of our electrodes, gives 
a high sensibility and stability, for determination of Cu(II) in a solution. 
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INTRODUCTION  
Sensitive and selective detection of heavy metal ions is 
particularly critical and challenging research area. Including 
several metal ions Cu(II) exposes essentiality as 
micronutrient element, it similarly has considerable value in 
biochemistry and metabolic processes of  various living 
organisms [1,2]. Absence of Cu(II) may be to blame for the 
anemia, ischemic heart diseases, bone demineralization, 
cardiovascular effects, skin diseases etc. [3]. But recently, 
due to contamination instead of being an essential element, 
excessive doses of Cu(II) ion become threatening life issue 
for the living organisms [4]. Therefore, a number of methods 
and technologies have been produced for the sensitive and 
selective detection of metal ions. Highly identified 
techniques are liquid chromatography, atomic emission 
spectroscopy, spectrophotometry, and inductively coupled 
plasma mass spectrometry [5–10] etc. 
several researchers based on the utilization of 
electrochemical sensors due to many advantages such as 
high sensitivity, rapidity of response, simplicity, low cost, 
miniaturized and automated devices [11,12]. In recent years, 
the development of innovative materials and new 
manufacturing processes has seen an increase due to 
improvement in research activities in the formulation of 
electrochemical sensors for the detection of heavy metals 
have considerably [13,14]. 
Carbon paste electrodes (CPE) have become a subject of 
development and research. CPE's are considerably more 
convenient, the electrode material cheaper and easy to 
handle and prepare with the desired composition and 
predetermined properties [15,16]. The electrochemical 
response of CPE varies mostly on the properties of the 
modifier species. The modification of the CPE can be done in 
several methods [17-20] and the immobilization method [21]. 
EXPERIMENTAL 
 Apparatus 
Voltammograms were recorded using a voltalab potentiostat 
model PGSTAT 100, controlled by voltalab master 4. The 
three-electrode electrolytic cell was utilized. As a working 

electrode modified paste electrode, with a geometric area 
0.1256 cm2. A reference electrode was a saturated calomel 
electrode (SCE) while the counter electrode was a Pt wire. 
 Reagents 
Graphite powder (Carbone, Lorraine, ref 9900, French), 
CuSO4 and all other regents utilized were of analytical 
grade. All chemicals were employed without further 
purification. The supporting electrolyte was trisHCl buffer 
(pH = 5.06). Distilled water was utilized for all preparation 
of the solution. All chemicals employed for handling were of 
analytical grade. 
 Preparation of the CPE 
The carbon paste electrode (CPE) was made by hand mixing 
graphite powder and paraffin oil. The resulting paste was 
grounded into a PTFE cylindrical tube electrode. The 
electrode obtained was dried at room temperature. Electrical 
contact was made with a carbon bar. Modified CPE 
electrodes (EDTA-CPE) were prepared by immobilizing 
EDTA by soaking the prepared CPE electrode in a solution 
containing the EDTA solution. 

 
Figure 1. Molecule of disodium ethylenediaminetetraacetate 

dihydrate 
RESULTS AND DISCUSSION  
The influence of pH on EDTA immobilized on the CPE 
surface was studied in the pH range between 4 and 8 (Figure 
2). By comparing the results obtained for the four pHs 
studied, we find that the highest activity and current 
densities are recorded at slightly acidic pH at pH 5. The pH 
5 is therefore retained for the rest of the manipulations. 
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Figure 2. Cyclic voltammograms recorded in a Tris HCl solution 

at different pH, scan rate 100 mV/s. 
Figure 3 illustrates the cyclic voltammograms recorded for 
the carbon paste electrode and the carbon paste electrode 
modified by the organic molecule, in a trisHCl electrolytic 
medium. The appearance of the voltammogram has 
completely changed in the existence of the EDTA molecule 
on the carbon surface, which proves the modification of the 
base electrode corresponding to the reaction proposed 
below: 

 
Figure 3. Cyclic voltammograms recorded in buffer solution (pH 

5.06), CPE (a) and EDTA-CPE (b), Scan rate 100 mV/s. 

 
Schema 1. The proposed mechanism for the immobilization of the 

EDTA molecule on the surface of CPE. 
In order to study the ability of EDTA on detection, the 
comparative study of the capacity for determining Cu (II) 
ion concentration by the CPE / EDTA electrode before and 
after preconcentration in a solution contains Cu2+ ions have 
been studied. The modified EDTA was preconcentrated in 
the analysed solution containing 70 mg/l copper ions in 
TrisHCl buffer solution. The CPE/EDTA electrode has two 
overlaid redox peaks of SWV significant for Cu (II) ions, 

however, the CPE / EDTA electrode after preconcentration 
in Cu (II) ions has a superior current density than the 
modified electrode after preconcentration (Figure 4), result 
to the selective chelation capacity of EDTA molecules 
towards Pb (II) ions. VC method confirmed this result figure 
5.  

 
Figure 4. SQW voltammograms recorded for EDTA-CPE in buffer 

solution (pH 5.06), before and after preconcentration in copper 
solution, scan rate 100 mV/s. 

 
Figure 5. Cyclic voltammograms recorded for EDTA-CPE in 

buffer solution (pH 5.06), before and after preconcentration in 
copper solution, scan rate 100 mV/s. 

The Figure shows typical curves, respectively, of CV and 
SWV recorded for the EDTA-CPE electrode, on solutions 
containing Cu(II) concentrations between 3,01 × 10-4 mol/l  à 
4,816 × 10-3 mol/l. The densities of the oxidation and 
reduction peaks increase linearly with the concentration of 
copper ions (Figure 6). 
The linear calibration equation is as follows: 

iPanodique (mA) = 187,6 [Cu2+] (mol l-1) + 2,7803,      
R² = 0,9033 

iPcathodique (mA) = - 201,6 [Cu2+] (mol l-1) – 3,2372,     
R² = 0,9143 

According to Miller and Miller, the basic deviation of the 
mean current (SD) determined at the oxidation potential of 
copper for seven voltammograms of the solution contains Cu 
(II) concentrations in the pure electrolyte be able to be 
formed by l 'equation:    
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                                                                (10) 

where ij is the experimental value of the current calculated 
at manipulation j and Ij is the corresponding value 
recalculated at the same concentration using the calibration 
equation. The calculated S.D. value was utilized for the 
determination of limit detection (DL, 3×S.D. /slope) and 
limit quantization (QL, 10 × S.D. /slope). From this equation 
we deduce the following values: 
≡ Detection limit (DL): 2.4 x 10-4 mol/l 
≡ Limit quantification (QL) : 8,3 x 10-4 mol/l 

 

 
Figure 6. SQW (A) and CV (B) voltammograms obtained in 

EDTA-CPE, in buffer solution containing different concentrations 
of copper. Inset: Calibration curve obtained by analyzing copper 

ions in the range comprised between 3,0 1 and 4,16 mol/l. 
After determining the calibration curves for the 
electroanalysis of Cu(II) ions, we propose the following 
mechanism:  
(Cu2+) solution + CPE- EDTA    (Cu2+/CPE- EDTA) 

adsorption           (1) 
(accumulation step) 

(Cu 2+/CPE- EDTA) adsorption + 2e-      (Cu 0/CPE- 
EDTA) adsorption                                (2) 

(reduction step) 
The peak P2 corresponds to the phenomenon of oxidation of 
Cu and of salting out of Cu2+, by following the mechanism 
below: 

(Cu 0/CPE- EDTA) adsorption   (Cu 2+) solution  +  
(CPE-EDTA) surface  + 2e-                 (3) 

(anodic redissolution) 
CONCLUSION  
In this work we have studied the possibility of determining 
the Cu(II) ions by the carbon paste electrode modified by 
EDTA. The EDTA-CPE electrode prepares by self-assembly 

method. The latter showed a great activity vis-à-vis the 
chelation of Cu2+ ions. Copper (II) analysis is possible by 
monitoring the oxidation peak of Pb2+ ions in the electrolytic 
solution. We work on the validation of the recommended 
method and the study of the interference of different metals 
for example Cd2+, Hg2+, etc. 
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