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The present document reports on the electrocatalytic activity of heavy metals (Copper(II), Nickel(II), 
Manganese(II) and Lead(II)) modified carbon paste electrodes (HM/CPE) for the paracetamol (Pr) oxidation 
where its results are compared with carbon paste electrode. The voltammetric behavior of Pr is explored 
where a sensitive anodic peak has appeared at about 0.27 V (vs. Ag/AgCl/3 M KCl) in 0.1 M Na2SO4  
(pH 12). This peak results from the irreversible oxidation of Pr at HM/CPE surface. The catalytic effect 
was evaluated using cyclic and square wave voltammetry. Electrochemical impedance spectroscopy also 
confirms our experimental results as the HM/CPE shows the least charge transfer resistance. Also, HM/
CPE can be utilized successfully to ameliorate the electroanalysis of Pr at very weak concentration with 
excellent sensitivity. The calibration curves were linear from 6.0 · 10-5 to 8.0 · 10-4 mol L-1. The detection limits 
were found approaching 10-9 mol L-1. Then, the proposed method was applied to detect Pr in river water 
samples with satisfactory results.
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Paracetamol (Pr) is a drug used for the first time 
in medicine by Von Mering in 1893. It is the most 
widely used analgesic and antipyretic in the world 
[1]. The anti-inflammatory activity of Pr is low and is 
not used in inflammatory infections. However, it is 
prescribed to diminish fever colds, cough and tension 
pains, migraine, muscular, chronic and tooth [2-4]. It 
is also effective in the cure of osteoarthritis [5] and 
cancer pain. New research suggests that Pr could 
help against cardiovascular diseases [6]. Pr is also an 
analgesic for people with asthma [7]. Other research 
suggests that Pr could protect women against ovarian 
cancer [8]. Pr is easily metabolized in the body [9]. 
Numerous methods of Pr analysis have been cited 
in the literature: titrimetry [10], spectrophotometry 
[11], spectrofluorometry [12], voltammetry [13], 
high-performance liquid chromatography [14], 
thin layer chromatography [15], colorimetry [16], 
fourier-transform infrared spectroscopy [17]. These 
methods are characterized by the disadvantages of 
high costs, long analysis time and pre-processing of 
samples. Pr is an electroactive compound and most 
electroanalytical methods can be considered effective 
for the analysis of Pr as a means of replacing the 
methods mentioned. The electrochemical techniques 
use cobalt hexacyanoferrate modified carbon 
electrode [18], glassy carbon electrode modified by 
carbon nanotube diacetyl phosphate film [19], carbon 
film resistors as electrode [20], C60-modified glassy 

carbon electrode [21], L-cysteine modified glassy 
carbon electrode [22,23], boron-doped diamond thin 
film electrode [24]. Polyaniline/multi-walled carbon 
nanotube composites modified electrodes [25] and 
Metalloporphyrin chemically modified glassy carbon 
electrodes. Yet other modified electrodes by carbon 
nanotubes have been applied for the determination of 
analytical samples [26-32]. In our work, we described 
the electroanalysis of Pr oxidation and their sensitive 
detection at the heavy metal modified carbon paste 
electrodes (HM/CPE) in 0.1 Na2SO4. Its oxidation 
performance is compared with CPE. The success of 
HM/CPE toward the electrochemical analysis of Pr is 
evaluated by cyclic voltammetry (CV), square wave 
voltammetry (SWV) and electrochemical impedance 
spectroscopy (EIS) methods. Therefore, theses 
electrodes were applied to the sensitive detection of 
concentrations of Pr in river water samples. 

Experimental part
Apparatus and reagents. The electrochemical 

results were obtained by the potentiostat voltalab 
(model PGSTAT 100) driven by the electrochemical 
data processing software (voltalab master 4) running 
under Windows 2007. The electrochemical system 
comprises three electrodes: working electrode 
(HM/CPE), reference electrode (saturated calomel 
electrode) and auxiliary electrode (platinum).

The pH-meter was utilized for adjusting pH values. 
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Pr, CuSO4, MnSO4, NiSO4, PbNO3 and Na2SO4 were 
bought from Sigma-Aldrich. The pH was adjusted by 
sulfuric acid or potassium hydroxide. All aqueous 
solutions used in the present work were prepared using 
distilled water. All experiments were realized at 25°C.

HM/CPE preparation and procedure. HM/CPE 
was prepared by depositing the heavy metals (Cu, 
Ni, Mn and Pb) at a fixed potential (0.1 V) for 1 hour 
onto the carbon paste electrode surface. The body of 
the HM/CPE for analysis experiments was a cylinder 
that was tightly packed with carbon paste. The area 
of this electrode was 0.1256 cm2. Electrical contact is 
provided by a carbon rod.

Each electrode is valid for one test only, i.e. the 
study of the electrochemical behavior is done by an 
electrode, an electrode does the study of the scanning 
speed, the study of the effect of pH is done by one 
electrode and another does the study of the effect of 
concentration.

Several solutions have been tested such as K2SO4, 
Na2SO4, NaCl and KCl. The excellent electrochemical 

analysis response was recorded in Na2SO4. The 
electroanalysis consists of measuring the responses 
on the HM/CPE surface for a fixed concentration of Pr. 
The amount of Pr was added to the electrochemical 
cell containing 20 ml of the electrolytic medium. The 
CV and SWV were recorded in the potential range 
between -1.8 V and 1.8 V, at a scanning speed of 
1 mV s-1, step potential 50 mV, amplitude 2 mV and 
duration 0.1 s. Optimum conditions were found by 
measuring oxidation peak currents as a function of 
all parameters. Electrochemical experiments were 
performed at 25 °C.

Results and discussion 
Characterization of HM/CPE. Fig. 1 and Fig. 2 

represent a CVs in the potential range from -1.8 
V to 1.8 V and the EIS recorded in 0.1 M Na2SO4  
(pH 12) for CPE, Ni/CPE, Mn/CPE, Pb/CPE and Cu/
CPE. It seems that the CVs and EIS have different 
forms, showing that the CPE surface was effectively 
modified by heavy metals.

Fig. 1. CVs recorded on the HM/CPE surface in Na2SO4 (0.1M, pH 12), 100 mV s-1.

Fig. 2. EIS recorded on the HM/CPE surface in Na2SO4 (0.1 M, pH 12).
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Electrochemical behavior of Pr. The catalytic 
activity of the CPE and HM/CPE toward Pr oxidation 
was evaluated by the SWV in Na2SO4 (0.1M, pH 12) 
containing 3.5 × 10-5 mol L-1 of Pr in the range from 
-1.8 V to 1.8 V (Fig. 3). No peak is observed in the 
case of CPE. The anodic peak of Pr on the surface of 
the modified electrodes appeared at about 0.27 V. No 
reduction peak of the Pr was observed in the SWVs 
at all electrodes, suggesting that the electrochemical 
reaction is completely irreversible. Therefore, the  
Mn/CPE exhibited effectual electro-catalytic oxidation 
of Pr compared to other electrodes. Moreover, the 
Mn/CPE can too promote Pr detection. Fig. 4 shows 
the behavior of impedance diagrams recorded for 
HM/CPE in the presence of Pr. We conclude that the 
modified electrode reacts with the studied compound. 
The oxidation peak of Pr on the HM/CPE surface is 
obtained according to the reaction in scheme 1.

   Paracetamol        N-acetyl-p-quinone imine                             

Schema 1. The electro-oxidation of Pr.

Effect of Scan rate and pH. To further investigate 
the Pr characteristics at the HM/CPE surface, the 
influence of scan rates and pH on the Pr (3.5 × 10-5 mol 
L-1) voltammetric behavior was evaluated in Na2SO4 
(0.1M, pH 12). The oxidation peak currents increased 
linearly with increasing the scan rate from 40 to 120 
mV s-1 (Fig. 5) suggesting that the electron transfer for 
Pr at the HM/CPE is an adsorption-controlled reaction.

Fig. 3. SWVs recorded in 0.1M Na2SO4 (pH 12) containing 3.5 × 10-5 mol L-1 Pr at the surfaces of the electrodes.

Fig. 4. EIS in 0.1M Na2SO4 (pH 12) containing 3.5 × 10-5 mol L-1 Pr at the modified electrodes.
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The effect of pH on the electrochemical responses 
of the HM/CPE was investigated in the range from 2 
to 12. The pH of the solution affects the current and 
potential peak of the catalytic oxidation of Pr.  Fig. 6 
and 7 show the effect of pH on the current density and 
the peak potential for Pr oxidation, respectively. The 
excellent intensity is obtained with pH 12.

Concentration effect of Pr. Calibration curves 
have been obtained for Pr under optimum experimental 
conditions. Fig. 8 shows the linear relationship between 
the anodic peak currents and the Pr concentration on 

the HM/CPE surface in the range from 6.0 × 10-5 to  
8.0 × 10-4 mol L-1 of Pr. The anodic peak currents 
increase with the increase of Pr concentration. The 
reactivity of the HM/CPE surface towards the Pr 
determination is well-improved thanks to the heavy 
metals. Detection limits (LOD) were calculated on the 
oxidation peak current by the following equation: LOD 
= 3 S/m, (S - standard deviation of the peak currents 
nine runs; m - slope of the calibration curve). The 
detection limits obtained in the present work and in 
[33-38] are shown in table 1.

Fig. 5. The linearity between the anodic peak intensity and the scanning rates at the HM/CPE.

Fig. 6. Curves of the evolution of the oxidation peak current according to pH.

Fig. 7. The evolution of the oxidation peak potential according to pH.
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Fig. 8. Linearity between oxidation peaks versus the added Pr concentration.

Table 1. Comparison of the various electrodes using for Pr detection.

Modified electrode Analytical 
technique LOD, mol L-1 Epa (V) pH References

A nanogold modified indium tin 
oxide electrode

Differential pulse 
voltammetry 1.8 × 10-7 0.11 7.2 [33]

MgB2 microparticles modified 
glassy carbon electrode

Cyclic 
voltammetry 3 × 10-7 0.6 6 [34]

Nafion/TiO2-graphene modified 
glassy carbon electrode Cyclic volammetry 2.1 × 10-7 0.575 7 [35]

Glassy carbon electrode Differential pulse 
voltammetry 3.69 × 10-7 0.6 4.51 [36]

Boron-doped diamond electrode Differential pulse 
voltammetry 4.9 × 10-7 0.8 4.5 [37]

Aluminum electrode modified by 
thin layer of palladium

Cyclic 
voltammetry 5 × 10-5 0.6 6 [38]

Mn/CPE
Square wave 
voltammetry

5.27 × 10-9

0.27 12 Present 
work

Pb/CPE 6.77 × 10-9

Cu/CPE 8.02 × 10-9

Ni/CPE 8.45 × 10-9

Detection of Pr in river water samples. To 
confirm the repeatability of the sensitivity of the  
HM/CPE, the detection of Pr was done in samples 
of river water of Oum Erbie (Morocco) without any 
pretreatment. The proposed method was used to 
analyze river water samples contaminated with Pr at 

different concentrations. The linear calibration curve 
of Pr was obtained by varying the concentration from 
6.0 × 10-5 to 8.0 × 10-4 mol L-1 of Pr for river water 
samples (Fig. 9). The limit quantifications (LOQ) was 
calculated by following equation: LOQ = 10S/m. The 
LOD and LOQ are shown in table 2.

Fig. 9. Plot of peaks current versus Pr concentration in the optimum conditions.
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Conclusions
At the surface of HM/CPE, Pr can produce an 

irreversible anodic peak at about 0.27 V in 0.1 M 
Na2SO4 solutions. The HM/CPE exhibits an excellent 
electrocatalytic performance toward the oxidation of 
Pr. The catalytic study was carried out using a CV, 
SWV and EIS. The results showed that the oxidation 
peak current of Pr at the Mn/CPE surface increased 

significantly compared with the user working 
electrodes. The linearity between the oxidation peak 
current and the concentration of Pr was studied in the 
range from 6 × 10-5 to 8 × 10-4 mol L-1. The limits of 
detection were found to 10-9 mol L-1.

Conflicts of interest
The authors declare no conflicts of interest.

Table 2. LOD and LOQ for the electroanalysis of Pr in river water samples at the surface of HM/CPE.

Modified electrode Analytical technique LOD (mol L-1) LOQ (mol L-1)
Mn/CPE

Square wave  
voltammetry

8.40 × 10-9 2.8 × 10-8

Pb/CPE 3.24 × 10-9 1.08 × 10-8

Cu/CPE 1.33 × 10-9 0.44 × 10-8

Ni/CPE 9.88 × 10-8 3.29 × 10-7
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