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Abstract- A carbon paste electrode (CPE) modified by natural phosphate (NP) has been 

evaluated using the electrochemical detector in the analysis of N, N’-ethylene-2,2’-

bipyridinium (DQ). The working electrode was obtained by depositing the NP on the surface 

of the CPE. The optimal potential window from -1.2 V to 1.6 V has been selected. DQ has been 

pre-concentrated on the surface of the CPE-NP in 0.1 M K2SO4 (pH 3). The reactivity of DQ 

on the electroanalysis detector was characterized by the appearance of the anodic peak at 0.7 

V and the cathodic peak at 0.25 V. The influence of parameters such as pH, scan rate, 

accumulation time and concentration were studied by cyclic voltammetry. The optimal 

preconcentration time is 16 min. The kinetics of electron transfer on the CPE-NP in the 

detection of analyte was found using the scan rate effect. The concentration variation was 

studied. The scan rate effect has been showed the electrode process is adsorption controlled. 

The redox peak currents indicated a linear dependence with the DQ concentrations (1×10-5 
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mol.L-1 - 6×10-5 mol.L-1). The results have been showed that the CPE-NP exhibited an excellent 

electro-catalytic activity for the DQ analysis. The calculated limits of detection and 

quantification have been 9.24×10-8 and 3.08×10-7 mol.L-1, respectively. The present 

electrochemical detector shows excellent performance in detecting the DQ. The proposed 

method has been applied to the determination of DQ concentration in a real sample of river 

water with satisfying results. 

Keywords- Sensor, Cyclic voltammetry, Electrochemical impedance spectroscopy, 

Electroanalysis, Natural phosphate 

 

1. INTRODUCTION  

 N, N’-ethylene-2,2’-bipyridinium (Scheme 1) is destined for pre-harvest dehydration and 

weed control of diverse cultures, and as important materials to study the novel modified 

electrodes, thanks to their reversible and electrocatalytic behavior 1,2 The influence of DQ 

poisoning, frequently by suicidal intent  rather than accidental absorption, is still a big problem 

in a lot of countries. In consideration of its high toxicity to humans and mammals 3, the 

quantitative determination of these compounds, and particularly residue determination, are of 

essential interest.  

Numerous technical based on different analytical methods were reported for the analysis of 

DQ as Liquid chromatography-electrospray ionization mass spectrometry 4, Solid-phase 

extraction 5, Fluorescence and Raman spectroscopy 6, High-performance liquid 

chromatography 7,8, Capillary electrophoresis 9 and kinetic spectrophotometric method 

10. Nevertheless, these techniques are inadequate for on-site screening, though, because of 

their size, price, and the time necessary to do the analysis. There is, then, an immediate need 

for an easy, simple, sensitive, selective and reliable technology for on-site analysis of toxic 

compounds in a lot of areas of application 11-13.  

Consequently, a fast and exact analytical technique for the analysis of DQ exposure was 

necessary. In the last decade, the usage of an electrode modified by several types of inorganic 

and redox intermediate, causes an increase of the charge transfer between the electrode and the 

redox species, thus encouraging an increase in the analytical sensitivity 14.  

 

 

Scheme 1. Structure of DQ (a) and the radical cation DQ (b) 
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More exactly, the electrochemical determination of DQ was performed on many electrode 

surfaces, especially solid electrodes 15,16, dental amalgam electrode 17 and mercury 

electrode 18. This electroanalysis method is thus less sensitive to the influences of matrix 

interferences, a property that determines its success in the electrochemical analysis 19,20. 

In the present work, we report the electroanalysis of DQ on the CPE-NP surface. The 

electrochemical determination of DQ adsorbed on the working electrode has been studied using 

cyclic voltammetry (CV) and electrochemical impedance spectroscopy EIS methods. 

 

2. EXPERIMENTAL 

2.1. Materials and experiments  

CV and EIS have been carried out with a voltalab potentiostat (model PGSTAT 100) driven 

by the electrochemical systems data processing software. The electrochemical cell was 

configured to work with three electrodes:  a working electrode (CPE-NP), a reference electrode 

(saturated Calomel electrode) and an auxiliary electrode (platinum electrode). The pH-meter 

(Radiometer Copenhagen, PHM210, Tacussel and French) has been used for adjusting pH 

values. 

 

2.2. Procedure  

The working procedure consists in measuring the electroanalysis responses on the CPE-NP 

surface in the presence of DQ concentration. An amount of DQ has been added to the 

electrochemical cell containing 100 ml of potassium sulfate. The CV method was obtained in 

the potential range between -1.2 V and 1.5 V. The good analysis conditions were determined 

by measuring the peaks currents as a function of the parameters. Electroanalysis has been 

obtained at 25 °C. 

 

2.3. CPE-NP preparation  

The NP has been treated using techniques involving attrition, sifting, calcination at 900 °C, 

washing, and recalcination. Modified electrodes have been prepared by depositing the NP at a 

fixed potential (0.1 V) for 48 h onto the surface of CPE. The body of the working electrode 

was a cylinder that has been tightly packed with carbon paste. The area of this electrode was 

0.1256 cm2. Electrical contact was insured using a bare carbon. 

 

3. RESULTS AND DISCUSSION  

3.1. CV and EIS characterization 

Figure 1 shows the cyclic voltammograms (CVs) recorded in the potential range between  

-1.2 V and 1.6 V on the surface of CPE and CPE-NP at the scanning rate of 100 mV s-1. It 
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seems that the CVs have different forms, showing that the CPE surface has been effectively 

modified by the natural phosphate.  

The electroanalysis responses of the CPE and CPE-NP toward DQ redox has been studied 

by CV in 0.1 M K2SO4 (pH 3) containing 2×10-5 mol L-1 of DQ. No peak is observed in the 

case of CPE (Figure 2a). Figure 2b shows the anodic and cathodic peak at about Epa=0.7 V and 

Epc=0.25 V, respectively. The CPE-NP exhibited an excellent electrocatalytic redox of DQ 

compared to CPE. 

The high sensitivity of this electrode has been confirmed by the EIS method (Figure 3). 

This EIS indicates another evidence for the adsorption of DQ on the CPE-NP surface according 

to a process electrolytic redox of DQ on the CPE-NP.  

 

 

Fig. 1. CVs obtained for bare CPE (a) and CPE-NP (b), 0.1 M K2SO4, pH 3, 100 mV/s 

 

 

Fig. 2.  CVs obtained for CPE (a) and CPE-NP (b) in the presence of 2×10-5 mol.L-1 DQ, pH 

3, 100 mVs-1, tp=16 min 
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The remarkable diminish of the charge transfer resistance means that the CPE-NP becomes 

more conductive, which can be interpreted by the presence of DQ on the surface of this 

electrode. According to this study, scheme 2 shows the DQ redox. 

 

 

Fig. 3. EIS obtained for CPE (a) and CPE-NP (b) in the presence of 2 × 10-5 mol L-1 DQ, pH 

3, tp = 16 min  

 

 

Scheme 2.  The redox reaction of DQ 

 

 

 

Fig. 4. Effect of accumulation time on oxidation peak currents of 2×10-5 mol.L−1 DQ on the 

CPE-NP surface, K2SO4 0.1 M (pH 3) 
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3.2. Effect of preconcentration time 

The influence of the preconcentration of time (tp) is shown in Fig. 4. The density of the 

oxidation peak current of DQ (2×10-5 mol.L-1) increases considerably during the first 16 min 

after the time has a stable plateau due to the saturation of the CPE-NP surface. This 

phenomenon comes from the cavity structure of CPE-NP that promotes an increase in the 

ability to absorb DQ by this electrode. Thanks to the good sensitivity and efficacy of CPE-NP, 

the accumulation time was 16 min. 

 

3.3. Effect of scan rate 

The influence of scan rate values on DQ redox has been examined in 0.1 M K2SO4 (pH 3) 

as a supporting electrolyte.  

 

 

Fig. 5. Cvs obtained on the CPE-NP in the presence of 3×10-5 mol.L-1 of DQ at different scan 

rates, pH=3, tp=16 min 

 

 

Fig 6. The linearity curves of the anodic and cathodic peak intensity at different scan rates, 

pH=3, tp=16 min 
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Fig. 5 shows both the anodic and the cathodic peak currents increase linearly with 

increasing the scanning rate from 20 to 140 mVs-1, suggesting that the electron transfers for 

DQ at the CPE-NP are an adsorption-controlled reaction.  

The cathodic peak shifted towards negative potential with increasing the scan rate and the 

anodic peak shifted towards positive potential with this increasing of scan rate. Fig. 6 shows 

the linear relationship between the peak currents and the scanning rate. 

 

3.4. Effect of concentration 

Fig. 7 shows the CV of different concentrations (1×10-5 mol.L-1- 6×10-5 mol.L-1) of DQ on 

the CPE-NP surface in 0.1 M K2SO4 (pH 3). The anodic and cathodic peak current increases 

linearly according to DQ. It has been observed that the cathodic and anodic peak potential shifts 

towards negative and positive values respectively. Fig. 8 shows the linearity between the peak 

currents and the concentration of DQ on the surface of CPE-NP. The reactivity of the CPE-NP 

surface towards the DQ electroanalysis is well-improved thanks to the NP. Fig. 9 shows the 

behavior of impedance diagrams obtained for CPE-NP in the presence of several 

concentrations of DQ. We conclude that the working electrode reacts with the DQ. The values 

of the limits detection and quantification obtained are 9.24×10-8 mol.L-1 and 3.08×10-7  

mol.L-1, respectively. 

 

 

 

Fig. 7.  CVs obtained of serval concentration of DQ on the CPE-NP in 0.1 M K2SO4, pH 3, 

100 mV.s-1, tp=16 min 
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Fig. 8. Linearity obtained for redox peaks versus the added DQ concentration, pH 3, 100  

mV.s-1, tp=16 min 

 

 

Fig. 9. EIS recorded in the presence of serval concentrations of DQ, pH 3, tp = 16 min 

 

3.5. Effect of pH 

Fig. 10 shows that the DQ adsorption on the CPE-NP surface is dependent on pH. The good 

pH for DQ adsorption has been 3. Therefore, at feeble pH, the complex formed by the 

interaction between DQ ions and NP groups is provided to be destabilized because of the values 

of stability constants decrease according to pH. consequently, the DQ ions have been desorbed 

in the solution.  Another clarification is that into acidic solution, there are more H+ competing 

with DQ at the adsorption onto CPE-NP.  Nevertheless, the peak potentials do not appear to be 

affected by the concentration of H+, suggesting the absence of all protonation steps in the redox 

mechanism, which is in close agreement with published works [18,20]. 

 



Anal. Bioanal. Electrochem., Vol. 11, No. 11, 2019, 1536-1546                                         1544 

 

 

 

Fig. 10. Curves of the evolution of redox peak current according to pH, 2×10-5 mol.L-1 DQ, 

tp=16 min 

 

3.6. Analytical application 

CPE-NP has been used to determine DQ in river water samples without any pretreatment. 

The calibration curves of the results obtained have been shown in Fig. 11. The analysis 

procedure consists of adding DQ in 100 ml of river water to confirm the sensitivity, efficiency 

and repeatability of the analysis procedure. The redox peak of DQ increases approximately 

linearly according to DQ. Calculated limits of detection and quantification have been 4.1×10-8 

and 1.36×10-7 mol.L-1, respectively. 

 

 

 

Fig. 11. The curve of calibration using anodic and cathodic peak currents and the DQ 

concentration in the optimum conditions 
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4. CONCLUSION  

At the surface of CPE-NP, DQ can produce a reversible redox process about Epa=0.7 V and 

Epc=0.25V. The CPE-NP exhibits good electrocatalytic performance toward the redox of DQ.  

The catalytic evaluated has been carried out by cyclic voltammetry and electrochemical 

impedance spectroscopy methods. So, to obtain the detection limit of DQ, the cyclic 

voltammetry method has been used to detect DQ in aqueous media.  The linear evolution for 

the anodic and cathodic peak currents of DQ has been studied between 1×10-5 and 6×10-5 

mol.L-1. The limit of detection is 9.24×10-8 mol.L-1.  Besides, the results indicated the 

feasibility to detect DQ in real samples such as river water. This technique is fast, simple, 

sensitive and repeatable. 
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