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Abstract 

We report a simple, sensitive and low-cost electrochemical procedure for the quantification of quercetin (QCT), 

a flavonoid and an antioxidant, based on 1-ethylpyridinium bromide modified carbon paste electrode. A 

1-ethylpyridinium bromide/carbon paste composite electrode was used. The cyclic voltammogram of QCT 

showed two oxidation peaks at +0.575 V (vs Ag/AgCl/3M KCl) and +0.865 V (vs Ag/AgCl/3M KCl), and a 

reduction peak at +0.371 V (vs Ag/AgCl/3M KCl) in HCl/KCl solution at pH 1. Differential pulse voltammetry 

(DPV) analysis in HCl/KCl at pH 1 showed three well-defined oxidation peaks while a single peak was recorded 

in phosphate buffer at pH 3. The peak currents of QCT significantly increased at the 1-ethylpyridinium bromide 

modified electrode in comparison with those recorded at the bare carbon paste electrode. This allowed the use of 

adsorptive stripping voltammetry to develop a simple and sensitive electroanalytical method for the 

determination of QCT. Key experimental parameters such as pH of the supporting electrolyte, the 

preconcentration time, the electrolysis potential, electrode composition, QCT concentration and interferents were 

investigated. The current response was found to be directly proportional to the concentration of QCT in the range 

from 2.48 x 10-7 M to 7.43 x 10-6 M, leading to a detection limit of 4.48 x 10-8 M. The developed analytical 

method was successfully applied to the determination of QCT in human urine samples. 

Keywords: quercetin, 1-ethylpyridinium ions, electrochemical sensor, differential pulse voltammetry, modified 

carbon paste electrodes 

1. Introduction 

Quercetin (QCT), Scheme 1, is a flavonoid present in several human diets (onions, tea, apples, red wine etc). As 

health benefits, QCT has been shown to be an efficient anti-inflammatory (Gonzalez-Segovia et al., 2008; Burns 

et al., 2000; Teresita et al., 2001), anti-bacterial (Havsteen, 1983; Rauha et al., 2000; Dall’Agnol et al., 2003), 

anti-gastric ulcer (Izzo et al., 1994), anti-cancer (Sharififar et al., 2009), and anti-diabetic (Vessal et al., 2003). 

Also, it has protective effect on DNA damage (Undeger et al., 2004) and on human platelet aggregation (Cook & 

Samman, 1996; Ren et al., 2003). These features have induced a great interest in the development of analytical 

methods for the detection and/or quantification of QCT. Thus, high-performance liquid chromatography (Osman 

et al., 1998; Jones et al., 1998), ultraviolet spectrophotometry (Ranjbari et al., 2012; He et al., 2007; Pejic et al., 

2004), capillary electrophoresis (Cao et al., 2001; Wang et al., 2003) and spectrofluorimetry (Xiao et al., 2013) 

have been used for the development of assays for QCT determination. 

A simple, fast, economical and sensitive method for the determination of QCT and other flavonoids in crude 

drugs or plants is highly desirable. Since most flavonoids are electroactive at modest oxidation potentials, 

electrochemical methods are increasingly being utilised for their analysis thanks to inherent advantages such as 

time-saving, simple operation, cheapness and high sensitivity when compared to the analytical methods 

previously mentioned. To this effect, different electrode configurations have been designed and used, such as 

self-assembled platinum nanoparticles/poly(hydroxymethylated-3,4-ethylenedioxylthiophene) nanocomposite 

(Yola & Atar, 2014), β-cyclodextrin/graphene nanocomposite (Xiao et al., 2007), gold 

mailto:itonle@yahoo.com


www.ccsenet.org/ijc International Journal of Chemistry Vol. 7, No. 2; 2015 

28 

 

nanoparticles/p-aminothiophenol functionalised multi-walled carbon nanotubes (Hollman et al., 1996), and 

multi-walled carbon nanotubes-paraffin oil paste (Zhou & Sadik, 2008). 

About the quantification of QCT, some recent and relevant reports include the exploitation of a graphite oxide 

and ionic liquid modified electrode (Jiuji et al., 2013), or the use of Ag 

nanoparticles/1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide based 

β-cyclodextrin/epichlorhydrin composite electrode (Franzoi et al., 2010). On the other hand, the exploitation of 

ionic liquids (ILs) for the extraction of phenolic compounds from herbal products (Liu et al., 2014) and 

medicinal plants (Xu et al., 2012; Bogel-Lukasik et al., 2010a; Zhu et al., 2011) has been demonstrated during 

the past few years. In fact, ILs can create various types of interactions with substrates and organic compounds, 

hydrogen bonds, van der Waals, dipole-dipole, dispersive and electrostatic forces being the most common of 

these interactions (Bogel-Lukasik et al., 2010a; Bogel-Lukasik et al., 2010b; Bogel-Lukasik et al., 2010c; 

Domanska & Bogel-Lukasik, 2005). This probably explains the resort to ILs as electrode component in 

electroanalysis for the determination of phenolic compounds. Their presence within a composite electrode can 

greatly enhance the electrochemical activity of the electrode by increasing the rate of electron transfer and even 

by decreasing the overpotential of the analyte as observed by Makeli and co-workers (Maleki et al., 2007; Safavi 

et al., 2008). In spite of the high number of ILs-modified electrode in electrochemistry as reviewed in 2011 by 

Opallo & Lesniewski, cheap electroanalytical tools based on direct inclusion of ILs within a carbon paste 

electrode (CPE) for the detection of QCT are scarce. Moreover, choosing the best IL for a given application 

using modified electrodes devoted to electroanalysis is usually problematic, since it is not easy to anticipate on 

the final properties of the composite electrode. In this work, we built a simple, sensitive and stable ionic 

liquid/carbon paste composite electrode for the electrochemical determination of QCT. 1-Ethylpyridinium 

bromide was chosen as electrode modifier since pyridinium ILs incorporated in modified electrodes have been 

proven to display good catalytic ability towards the detection of electroactive organic compounds (Maleki et al., 

2006). Additionally, this pyridinium-based IL has not been used in the past for the analysis of QCT, and we were 

interested in evaluating the possible exploitation of such a soluble and water miscible RTIL as QCT sensing 

component within a CPE.  

O

O

OH

OH

OH

HO

OH

A

B

C

1'

2'

3'

4'

5'

6'

1

2

3
45

6

7

8

 
Scheme 1. The molecular structure of quercetin 

2. Experimental  

2.1 Reagents and Chemicals 

Quercetin dihydrate was purchased from Roth chemical company (Kansas, United States, 

www.rothchemical.com), a stock solution of 2.07 mM prepared in MeOH and stored at 4 °C in a refrigerator. 

This stock solution was later diluted to the desired concentrations by mixing with supporting electrolyte. Buffer 

supporting electrolyte solutions were prepared from KH2PO4 (Prolabo, England, www.uk.vwr.com) and K2HPO4 

(Fisher scientific international, Loughborough, England, www.fisher.co.uk) or HCl (Pronalys AR, Australia, 

www.thermofisher.com.au) and KCl (Fisher scientific international). The buffer solutions were used immediately 

after preparation. The pH of buffer solutions was adjusted with molar basic or acidic solutions respectively 

prepared from pellets of NaOH (Prolabo) and commercial HCl solution. Ascorbic acid (Aldrich, Lyon, France, 

www.sigmaaldrich.com/france), uric acid (BDH-Prolabo, England, www.uk.vwr.com), dopamine hydrochloride 

and D-(+)-glucose both from Sigma-Aldrich (Lyon, France, www.sigmaaldrich.com/france), L-aspartic acid 

(Fisher Scientific International), citric acid monohydrate (J.T. Baker, Center Valley, United States, 

www.avantormaterials.com), K4[Fe(CN)6] and K3[Fe(CN)6] (Prolabo) were all of analytical grade. Ascorbic acid, 

dopamine, L-aspartic acid, citric acid and D-(+)-glucose solutions were prepared in double distilled water while 

uric acid solutions were prepared in NaOH solutions, and used immediately afterwards. Human urine was 

collected from healthy laboratory staff and used immediately thereafter. 

http://www.avantormaterials.com/
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2.2 Apparatus 

A µ-Autolab potentiostat (type III) running with GPES software, supplied by EcoChemie, Utrecht (Holland) was 

used for the electrochemical measurements. A standard single compartment three electrode cell was used with an 

Ag/AgCl/3M KCl reference electrode (Metrohm, Ref 6.0726.100) and a stainless steel rod counter electrode. 

The working electrode was a 1-ethylpyridinium bromide/carbon paste composite electrode prepared as described 

below. Electrochemical Impedance Spectroscopy (EIS) measurements were performed on a PalmSens 

potenstiostat with the parameters: maximum frequency 104 Hz, minimum frequency 0.1 Hz, direct current 

voltage 0.18 V and alternating current voltage 0.001 V. All electrochemical experiments were carried out without 

degassing the supporting electrolyte solution. 

2.3 Preparation of the 1-Ethylpyridinium Bromide/Carbon Paste Composite Electrode 

The bare CPE was prepared by thoroughly mixing graphite powder from Alfa (70%) with silicone oil (30%) 

serving as binder, until a homogenous paste was obtained. When 1-ethylpyridinium bromide (Alfa Aesar) was 

added as third component, its proportion was reported in percentage by weight in the whole composite electrode. 

The homogeneous paste was then firmly packed into the cavity (2.5 mm inner diameter) of a Teflon tube, 

through which moves a screwed stainless steel rod which serves as electric contact. 

2.4 Electroanalytical Procedure 

Cyclic voltammograms (CV) were recorded using 1-ethylpyridinium bromide/carbon paste composite electrode 

(CPE-EPB) either in a phosphate buffer (PB) or HCl/KCl buffer solution containing QCT at a given 

concentration. This was followed by a cyclic potential sweep from 0 V to +1.2 V at a 75 mV s-1 scan rate. 

Stripping analysis was carried out following a 2 step procedure: (i) a preconcentration step at open-circuit, 

during which the working electrode was immersed for a defined period of time in an aqueous solution of QCT 

under mild mechanical stirring and (ii) a detection step where the electrode was rapidly removed from the 

preconcentration solution, rapidly rinsed with double distilled water and transferred to the buffer detection 

solution in the electrochemical cell. The electrode response was then recorded using differential pulse 

voltammetry (DPV) with the following conditions: pulse amplitude 50 mV, step potential 5 mV, initial potential 

0 V or –0.2 V, final potential +0.7 V or +1.0 V and equilibrium time 5 s. Electrolysis potential, preconcentration 

time, pH of detection medium and composition of the modified carbon paste were optimised. Prior to each 

measurement, the electrode surface was renewed by polishing with a soft and smooth piece of paper. For 

chronocoulometric measurements, the potential was stepped from 0.0 V to +0.9 V for a period of 250 ms with a 

sample time of 0.01 s. 

3. Results and Discussion  

3.1 Electrochemical Impedance Spectroscopic Characterisation 

EIS was used to characterise the bare and modified CPEs. Figure 1 shows the resulting Nyquist plots. In the high 

frequency region of Figure 1, a large and well-defined semicircle is observed. This indicates a high electron 

transfer resistance (Rct = 1728.90 Ω, Cdl = 0.163 µF, n = 0.88). Upon modification of CPE with EPB (Figure 1 

inset), the size of the semicircle is greatly reduced (Rct = 884.78 Ω, Cdl = 1.011 µF, n = 0.37), indicating a very 

small interfacial electron transfer resistance and electrocatalytic capability of the modifier used. The positively 

charged EPB molecules attract the negatively charged [Fe(CN)6]
3-/4- and improved the electron transfer rate. The 

reduced electron transfer resistance at CPE-EPB (10%) is a proof of the successful immobilisation of EPB in the 

CPE. 
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Figure 1. Nyquist plot of the EIS data of bare CPE in 0.1 mM [Fe(CN)6]
3-/4- containing 0.2 M KCl. Frequency 

range from 0.1 to 104 Hz and at the formal potential of 0.18 V. Inset shows the EIS data of CPE-EPB (10%) 
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3.2 Initial Electroanalytical Investigations 

Initial measurements were undertaken on QCT in HCl/KCl buffer solutions at pH 1. Figure 2a shows the cyclic 

voltammograms recorded using a bare CPE. The oxidation of QCT showed two peaks at +0.575 V (peak 1) and 

+0.865 V (peak 2), and a reduction peak appeared at +0.371 V (peak 3) upon scan inversing. This behaviour, 

previously observed by Brett and Ghica (2003) is typical of organic compounds with the same structure as QCT. 

Peaks 1 and 3 correspond to the two-electron two-proton quasi-reversible oxidation-reduction of the hydroxyl 

groups on ring B, merged with the irreversible oxidation of the hydroxyl group on C3 of ring C while peak 2 is a 

result of the oxidation of the hydroxyl group on C5. With DPV, three peaks were obtained (Figure 2b) both with 

bare CPE and with CPE-EPB (10%). 
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Figure 2. (a) Cyclic voltammetric response in HCl/KCl (pH 1) on bare CPE: (i) in blank electrolyte and (ii) in the 

latter containing 40.6 μM QCT. Potential scan rate: 75 mV s-1. (b) DPV of 40.6 μM QCT in HCl/KCl (pH 1) on 

(i) bare CPE and (ii) CPE-EPB (10%) 

Peak 2 on Figure 2b can be attributed to the oxidation of the hydroxyl group on C3 of ring C while peaks 1 and 3 

are due to the oxidation of the hydroxyl groups on ring B and C5 respectively (Brett & Ghica, 2003). On the bare 

CPE, the DPV peak intensities were 9.77 µA, 1.61 µA and 2.07 µA respectively for peak 1, peak 2 and peak 3 

(Figure 2b(i)). On CPE-EPB (10%), the peak intensities were 85.5 µA, 52.5 µA and 11.8 µA respectively (Figure 

2b(ii)). This enhancement of peak intensities could be reasonably explained by electrostatic interactions between 

the 1-ethylpyridinium moieties and QCT, such as cation-π interactions between the positively charged EPB and 

the π electron system of QCT. This result is useful and shows that the presence of EPB within the CPE has 

greatly enhanced the sensitivity of the electrode towards the detection of QCT. Otherwise, the conducting 

property of EPB has promoted the electron transfer rate between QCT and the bulk CPE. In addition, the 

electrode survives quite well despite the soluble character of the used IL which may have led to its leaching into 

the aqueous electrolyte solution. Strong cation-π and π-π interactions between the 1-ethylpyridinium moieties 

and the aromatic rings in graphite account for this electrode stability. 

Increase in scan rate led to a positive shift of QCT peak potential, with a linear relationship obtained in the range 

50-500 mV s-1 (Figure 3).  
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Figure 3. Cyclic voltammograms of 100 µM QCT at CPE-EPB (10%) in PB pH 3 at different scan rates (a-g: 50, 

100, 150, 200, 300, 450 and 500 mV s-1). Inset shows the plots of Ep against ѵ1/2 
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According to Laviron, for an irreversible and adsorption-controlled electrode process, shift of anodic peak 

potential with scan rate is given by equation 1 (Laviron, 1974). 

s0

pa

a a a

RT RT RTk
ln lnE E

(1 ) F (1 ) F (1 ) Fn n n


  

   
     

                            (1) 

where α is the charge transfer coefficient, ks is the standard rate constant and na is the number of electrons 

involved in the charge transfer step. Other symbols keep their usual meanings. The corresponding linear 

regression equations are Epa1 = 0.02 ln ѵ + 0.40 (R = 0.998) and Epa2 = 0.04 ln ѵ + 0.64 (R = 0.995) (Figure 3 

inset). From their slopes, (1-α)na values were calculated and found to be 1.28 and 0.64 respectively. Assuming α 

= 0.5, then na = 2.6 ≈ 3 and 1.3 ≈ 1 respectively. This shows that peak 1 in Figure 3 is a merger of peaks 1 and 2 

shown in Figure 2b(ii). In Figure 2b(ii), peak 1 could therefore be the result of the two-electron two-proton 

oxidation of the hydroxyl groups on ring B, peak 2 a one-electron one-proton oxidation of the hydroxyl group at 

C3 of ring C and peak 3 a one-electron one-proton oxidation of hydroxyl group on C5 of ring A (Scheme 2). 
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Scheme 2. The possible oxidation mechanism of QCT at CPE-EPB (10%) sensor 

3.3 Optimisation of Experimental Conditions for Analytical Application 

3.3.1 Optimisation of the Modified Carbon Paste Electrode Composition 

Since a comparison of the curves in Figure 2b showed that the activity of the electrode is increased with the 

inclusion of EPB within the paste, the first parameter analysed herein was the proportion of the IL modifier in 

the electrode. The evolution of peak currents of QCT with mass of EPB in the carbon paste is shown in Figure 4, 

which shows that the signals of the working electrode depend on the amount of EPB in the paste.  
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Figure 4. Variation of peak currents of 20.7 μM QCT with mass of EPB in 100 mg paste. The DPV curves were 

recorded in 0.1 M PB (pH 3) 

The DPV peak currents of QCT initially increased as the percentage of EPB increased from 0 to 10%, then 
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decreased at higher EPB amounts. Therefore, a CPE containing 10% by mass in EPB was subsequently taken as 

the optimum electrode composition and the electrode as such obtained is herein designated CPE-EPB (10%). 

3.3.2 Effect of pH 

QCT bears hydroxyl and catechol-like functional groups in its structure (Scheme 1), and it is expected that the 

acidity of the supporting electrolyte affects its redox behaviour. Figure 5a presents the evolution of the anodic 

stripping voltammograms of QCT when the pH of buffer solutions used as detection media was varied from 1 to 

9. The oxidation peak potential (Ep) of QCT shifted negatively with increase in pH. 
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Figure 5. (a) Effect of detection medium pH (1.08, 2.11, 3.08, 4.05, 5.03, 6.00, 6.98, 8.00 and 9.04) on the anodic 

peak position of QCT, at CPE-EPB (10%) in 20.7 μM QCT. (b) Variation of the peak current as a function of pH 

of the detection medium. (c) Peak potential as a function of the pH of the detection medium 

This behaviour corresponds to a typical pH dependence of the oxidation of polyphenolic compounds (Brett and 

Ghica, 2003). In Figure 5b, an increase in peak intensity with pH is noted, reaching a maximum at pH 3 and 

followed by a subsequent drop of peak intensities beyond this value. A buffer with pH 3 was taken as the best 

medium for the detection of QCT. Noticeable, at pH values above 9, a greenish-yellow coloration was observed 

in the electrochemical cell, which was attributed to the presence of the quinonic derivative of QCT resulting 

from its oxidation by dissolved oxygen (Tcheumi et al., 2010). Figure 5c shows a linear relationship between Ep 

and pH, with a variation of 65 mV per pH unit (R = 0.998). This is typical of an oxidation involving an equal 

number of electrons and protons (Tcheumi et al., 2010; Tchieno et al., 2014). 

3.3.3 Effect of Preconcentration Time and Electrolysis Potential 

The oxidation peak current of QCT was low for preconcentration times less than 60 s. Then, the electrode 

response increased significantly between 60 and 120 s where a plateau was reached (Figure 6a). Thus, an 

adsorptive equilibrium was probably reached after 130 s preconcentration. For subsequent analyses, the 

accumulation of QCT was performed for at least 3 min prior to its detection by DPV. Figure 6b shows the 

variation of peak current as a function of electrolysis potential. A maximum is reached at -0.3 V and the peak 

current drops beyond this value which was taken as the best compromise for the electrolysis of QCT at 

CPE-EPB (10%). 
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Figure 6. Dependence of current response at CPE-EPB (10%) in 0.1 M PB (pH 3) on (a) preconcentration time in 

0.248 μM QCT and (b) electrolysis potential in 20.7μM QCT 
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3.4 Variation of QCT Concentration and Calibration Graph 

Under the optimised conditions established in previous sections, the concentration of QCT was varied in the 

range from 2.48 x 10-7 M to 7.43 x 10-6 M and Figure 7 depicts the DPV curves. The peak current (Ip) increased 

with the concentration of QCT (CQCT), with a linear dependence following the equation Ip (µA) = 16.489 

CQCT(μM) – 0.095 (inset in Figure 7). A correlation coefficient of 0.999 was obtained for this calibration graph, 

thus indicating a good linearity between peak current and QCT concentration. The limit of detection defined as 

3s⁄m (where s is the blank standard deviation (N = 8) and m the slope of the calibration curve) was calculated 

and found to be 4.48 x 10-8 M QCT. Compared with other electrode configurations used for the determination of 

QCT, the studied composite electrode herein obtained by a simple and cost effective method gives rise to a limit 

of detection of the same order of magnitude (Lin et al., 2006; Piovesan & Spinelli, 2014), or even better than 

those achieved with other sensors (He et al., 2007; Zheng et al., 2014). 
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Figure 7. DPV curves obtained under optimised conditions in 0.1 M PB pH 3 at CPE-EPB (10%) for various 

concentrations of QCT (a-h): 0, 0.248, 1.241, 2.481, 4.064, 5.030, 5.705 and 7.434 µM QCT. The inset shows the 

corresponding calibration graph 

3.5 Chronocoulometric Studies 

Chronocoulometry is a powerful tool in identifying adsorption phenomena, in obtaining information on the 

kinetics of coupled homogeneous reactions and for the determination of the capacitive charge contribution 

(Inzelt, 2010) at the surface of an electrode. The total charge (Q) in the presence of adsorbed species can be 

written as in equation 2, called the Anson equation. 

1/21/2

c ads1/2

2nFA CtD
Q = + +Q Q

π                            (2) 

where n is the number of electrons transferred, F is the Faraday constant, A is the surface area of the electrode, D 

is the diffusion coefficient, C is the bulk concentration of the species, t is the potential pulse width, Qc is the 

capacitive or double layer charge and Qads is the faradaic component due to the oxidation of adsorbed species 

(Qu et al., 2010). 

3.5.1 Electrochemical Effective Surface Area 

From experiments performed in 0.2 mM [Fe(CN)6]
3- solution containing 2 mM KCl, the electrochemical 

effective surface areas (A) of bare CPE and CPE-EPB (10%) were obtained. The diffusion coefficient of 

[Fe(CN)6]
3- is 7.6 x 10-6 cm2/s (Yin et al., 2010) and its n = 1. The Q-t1/2 plots (not shown) for these experiments 

had slopes 11.91 µC/s1/2 and 237.80 µC/s1/2 in the case of bare CPE and CPE-EPB (10%) respectively. The 

A-values found were 0.1984 cm2 and 3.9620 cm2 for bare CPE and CPE-EPB (10%) respectively. This increase 

in electrochemical effective electrode surface area upon modification of CPE with EPB also accounts for the 

enhancement of the oxidation peak current of QCT noted in earlier sections. It is also further proof of successful 

immobilisation of EPB in the CPE. 

3.5.2 Diffusion Coefficient  

In the presence of pure supporting electrolyte alone, the total charge variation at CPE-EPB (10%) was described 

by curve (i) (Figure 8(a)) while curve (ii) of the same figure describes the variation of total charge at the 
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electrode surface in the presence of QCT. Figure 8(b) shows the corresponding Q-t1/2 plots. Their slopes are 

0.5632 mC/s1/2 and 0.5797 mC/s1/2 for Figure 8b(i′) and Figure 8b(i′i′) respectively. From the slope of Figure 

8b(i′i′) and equation 2, a diffusion coefficient (D) of 4.52 x 10-5 cm2/s was calculated for QCT, taking n = 2. 
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Figure 8. (a) Chronocoulograms recorded at CPE-EPB (10%) in (i) pure supporting electrolyte alone and (ii) the 

presence of 100 µM QCT. (b) Linear chronocoulometric plots from the data of the plots in (a) with: (i′) pure 

supporting electrolyte and (i′i′) in the presence of 100 µM QCT 

3.5.3 Molecular Surface Coverage 

The intercept of Figure 8b(i′) gives Qc, the capacitive charge. By linear extrapolation, Qc = 31.29 µC. Using this 

value and the intercept of Figure 8b(i′i′), Qads was found to be 53.11 µC. The amount of adsorbed QCT (Γ) at the 

electrode surface is given by equation 3. 

adsQ
=

nFA


                                  (3) 

where n, F, A and Qads are defined as in equation 2. Using equation 3 and the value of Qads, Γ was found to be 

6.95 x 10-11 mol/cm2, corresponding to monolayer adsorption of QCT at the electrode surface (Inzelt, 2010). This 

corresponds to about 4.18 x 1013 QCT molecules/cm2. 

3.6 Determination of Reaction Order 

The anodic current densities, ja, arising from the oxidation of QCT are the reaction rates multiplied by the charge 

transferred per mole of reaction (Faraday’s constant) as shown in equation 4 (Atkins & de Paula, 2006). 

 
x

aa
F QCTj k

                             (4) 

where x is the reaction order, ka is the rate constant and F is the Faraday constant. Equation 4 can otherwise be 

written as: 

aa
logF xlog[QCT]logj k 

                     (5) 

Figure 9 shows the plot of the logarithm of oxidation peak current densities against the logarithm of QCT 

concentrations. The slope of the straight line obtained gives the reaction order (Cheng & Scott, 2006). This plot 

follows the equation logja = 1.0326 logCQCT – 0.7937 (R = 0.999). The electrooxidation of QCT in PB pH 3 at 

CPE-EPB (10%) therefore follows a first order kinetic with respect to QCT. 
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Figure 9. Relationship between the current density and concentration of QCT 

3.7 Interference of Some Organic Molecules 

The influence of some organic molecules, likely to coexist with QCT in real biological fluids, on the current 

response of QCT was investigated. The six interferents selected were uric acid (UA), ascorbic acid (AA), 

dopamine (DA), L-aspartic acid (AsA), citric acid (CA) and D-(+)-glucose. The results obtained are shown in 

Table 1. Varying interference levels were noted for the same interferent concentration.  

Table 1. Effect of some interfering organic species on the signal of 20.7 µM QCT. 

Interfering organic species Concentration (µM) Increase in peak current of QCT 

Ascorbic acid 21.0 ≈ 6 % 

Uric acid 21.0 ≈ 9 % 

Dopamine 21.0 ≈ 13 % 

L-Aspartic acid 21.0 ≈ –4 % 

Citric acid 21.0 ≈ –4 % 

D-(+)-Glucose 21.0 ≈ 6 % 

The most significant interferences were recorded with DA and UA while AsA and CA interfered least with the 

electrochemical signal of QCT. The increase in peak current could be explained by the superposition of signals 

as the oxidation potentials of QCT and DA, UA, AA or D-(+)-glucose are close to each other. On the other hand, 

As A and CA interfere with the preconcentration of QCT and this accounts for the peak current drop observed. 

3.8 Real Sample Analysis 

For practical analysis, the developed analytical method was applied to the quantification of QCT in human urine. 

The urine samples were diluted 100, 200 and 300 times with the PB supporting electrolyte solution as indicated 

in Table 2 to reduce interferences. QCT recoveries with concentrations 4.06 µM and 6.10 µM were then obtained. 

The results show that upon appropriate dilution, the proposed sensor can be an effective tool for the 

electrochemical probing of QCT in human urine samples. 

Table 2. Quantification of QCT in human urine samples 

Sample Urine dilution QCT added (µM) Found (µM) Mean recovery (%) 

1 x100 4.06 3.65 89.9 
2 x200 4.06 3.89 95.8 
3 x300 4.06 3.93 96.8 
4 x300 6.10 6.38 104.6 

4. Conclusion 

A rapid, simple and inexpensive electroanalytical method has been developed for the determination of quercetin, 

based on an ionic liquid modified carbon paste electrode. Increased electrochemical effective electrode surface 

area as well as electrostatic interactions between the 1-ethylpyridinium moiety and quercetin favoured the 

preconcentration of the latter at the modified electrode surface. The interference studies showed a potential 

application of the elaborated sensor in the electroanalysis of quercetin in a biological fluid. 
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