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Abstract- A non-ionic surfactant triton X-100 (TX-100) modified carbon paste electrode 
(TX-100/CPE) was fabricated for the electrocatalytic oxidation of catechol (CC) and 
hydroquinone (HQ) by cyclic voltammetric (CV) technique. The study of concentration 
variation for both CC and HQ was conducted; the lower limit of detection was calculated to 
be 0.59 µM and 0.56 µM for CC and HQ by CV technique. The fabricated TX-100/CPE was 
achieved the voltammetric separation of CC and HQ in a mixture by CV and differential 
pulse voltammetric (DPV) techniques. The effect of scan rate on the binary mixture of CC 
and HQ was examined; results suggest the electrode process was controlled by the adsorption 
phenomenon. The elimination of the fouling effect by the oxidised product was achieved by 
the TX-100/CPE. 

Keywords- Catechol, Hydroquinone, Triton X-100, Electrocatalytic effect, Carbon paste 
electrode 
  

1. INTRODUCTION  

The challenge of determination of catechol (CC) in the presence of hydroquinone (HQ) 
has triggered the development of voltammetric sensors in the past few years. Catechol (CC, 
1,2-dihydroxybenzene) and hydroquinone (HQ, 1,4-dihydroxybenzene) are the two positional 
isomers of a dihydroxybenzene [1-2]. They were extensively used in the field of cosmetics, 
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antioxidants, oil refineries, plastic, leather, paint and pharmaceutical industries [3-5]. These 
phenolic compounds are highly toxic to animals and human beings and they are difficult to 
degrade in the biological environment. This made these substances as a major problem and 
cause for the environmental pollution [6-7]. Therefore, the qualitative and quantitative 
determination of these compounds is of great importance in the fields like environmental 
control [8]. There are various research reports for the simultaneous determination of these 
isomers. Like high performance liquid chromatography (HPLC) [9-10], spectrophotometry 
[11], electrochemiluminescence [12], pH based-flow injection analysis [13] and synchronous 
fluorescence [14]. All these methods are little bit complicated and tedious. 

In recent years, surfactant modified working electrodes have provoked much more 
attention in electroanalysis because of their improved physical and chemical properties [15]. 
Surfactants are the class of molecules with an amphiphilic or amphipathic behavior and they 
bear an ionic (zwitter-ionic, anionic, or cationic) or non-ionic polar head group and a 
hydrophobic portion [16]. These surfactants have the ability to change the properties of the 
electrode-solution interface and subsequently influence the electrochemical processes of 
other substances in the solution [17].  The electrocatalytic properties of some surfactants 
cause a minimization of over potential for a redox reaction to become kinetically feasible, 
producing reproducible voltammogram which appears more reversible than that displayed by 
the same material in an unmodified electrode form [15-17].  

Carbon paste electrode (CPE) is a homogeneous mixture of conductive graphite powder 
and a liquid binder [18]. These kinds of working electrodes are inexpensive and possess 
many advantages such as low background current, wide range of potential window, ease of 
fabrication and surface regeneration. 

 

 
 

Scheme 1. Oxidation mechanism of catechol (CC) and hydroquinone (HQ) 
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There are many research reports on the modification of the CPE by using different surfactants 
[15-17]. In the present work, the Triton X-100 (4-(1,1,3,3-Tetramethylbutyl)phenyl-
polyethylene glycol or TX-100) modified carbon paste electrode (TX-100/CPE) was 
fabricated by immobilization method. TX-100 is a neutral surfactant which is favored in the 
design of electrocatalyst for the electrochemical oxidation of CC and HQ. The application of 
the proposed sensor for the simultaneous determination of CC and HQ was evaluated by 
cyclic voltammetric and differential pulse voltammetric techniques. After modification, the 
electrochemical behavior of CC and HQ on TX-100/CPE was studied. It was shown that the 
anodic peak current for the oxidation of CC and HQ could be well resolved. In addition, it 
has more advantages such as good reproducibility, rapid response and easy surface 
regeneration. The oxidation mechanism of CC and HQ was shown in Scheme 1. 

 
2. EXPERIMENTAL SECTION 

2.1. Reagents and instrumentation 

Hydroquinone (HQ) and catechol (CC) was purchased from Himedia. Triton X-100 (TX-
100) was obtained from Loba Chemie. The stock solutions of 25×10-4 M HQ, 25×10-4 M CC 
and 25×10-4 M TX-100 was prepared in double distilled water. Phosphate buffer solution 
(PBS) of same ionic strength was maintained (0.2 M) and the desired pH was obtained by 
mixing appropriate ratio of NaH2PO4·H2O and Na2HPO4. Graphite fine powder of 50µm 
particle size was purchased from Merck and silicone oil from Himedia was used to prepare 
the carbon paste electrode (CPE). All the chemicals are of analytical grade used as received 
without any further purification. The electrochemical experiments were recorded using a 
model CHI-660c (CH Instrument-660 electrochemical workstation) with a conventional three 
electrode cell. Saturated calomel electrode (SCE) is used as a reference, a platinum wire as a 
counter electrode, and bare or TX-100/CPE as a working electrode. The oxidation potentials 
of analytes were recorded with respect to the SCE at an ambient temperature of 25±0.5°C. 
 
2.2. Preparation of bare carbon paste electrode 

The carbon paste electrode was prepared by hand mixing of 70% graphite powder and 
30% silicone oil in an agate mortar for about 45 min until a homogeneous paste was formed. 
This carbon paste was then packed into the homemade cavity of a teflon tube of 3 mm 
internal diameter. Before placing the electrode for measurement, it was smoothed on a tissue 
paper to get a uniform, smooth and fresh surface. 
 
2.3. Fabrication of TX-100/CPE  

The paste packing procedure was same as that at bare carbon paste electrode. The TX-
100/CPE was fabricated by immobilizing 20 µl solution of TX-100 on the surface of bare 
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carbon paste electrode and allowed it for about 20 min at room temperature, after this the 
electrode was thoroughly rinsed with double distilled water to remove the unabsorbed TX-
100 [16]. 

3. RESUITS AND DISCUSSION  

3.1. Electrochemical characterization of TX-100/CPE 

The freshly prepared stock solution of 1 mM potassium ferrocyanide in 1 M KCl as a 
supporting electrolyte was taken in an electrochemical cell. The Figure 1 shows the cyclic 
voltammograms recorded for the oxidation of 1 mM potassium ferrocyanide at both BCPE 
(dashed line) and TX-100/CPE (solid line) at the scan rate 0.05 Vs-1. Due to slow electron 
transport phenomenon, low redox peak current response was obtained at BCPE. However, in 
the same identical condition the TX-100/CPE exhibited improvement in the redox peak 
currents with the fast rate of electron transfer kinetics. The potential difference (ΔEp) was 
found to be 0.061 V; this is a characteristic reversible voltammogram of Fe2+/ Fe3+ couple. 
The result suggests that the surface property of the TX-100/CPE has been significantly 
changed. The result confirms electrocatalytic activity of the TX-100/CPE. The available 
surface are for reaction of species in solution can be calculated by the Randles-Sevcik 
equation (1) [2,18]. 

Ip=2.69×105 n3/2A D1/2 C0 υ1/2                                                                                   (1) 

  
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Cyclic voltammograms of 1.0 mM K4[Fe(CN)6] in 1 M KCl solution at BCPE (dashed 
line) and TX-100/CPE (solid line) at scan rate of 0.05 Vs-1 

Where, Ip is the peak current in A. C0 is the concentration of the electroactive species (mol 
cm-3), n is the number of electrons involved, D is the diffusion coefficient (7.1078×10-4 cm2 
S-1), υ is the scan rate (Vs-1) and A is the electroactive surface area (cm2).For TX-100/CPE 
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the electroactive surface area is maximum (0.0491 cm2) as compared with BCPE (0.0282 
cm2) 
 
3.2. Electrochemical response of CC and HQ at TX-100/CPE 

The cyclic voltammograms were recorded for the oxidation of 0.2 mM CC and 0.2 mM 
HQ at BCPE (dashed line) and TX-100/CPE (solid line) in 0.2 M PBS of pH 7.4 with the 
scan rate 0.05 Vs-1 as shown in the Figure 2 and Figure 3 respectively.  

 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Cyclic voltammograms of 0.2 mM CC in 0.2 M PBS solution of pH 7.4 at BCPE 
(dashed line) and TX-100/CPE (solid line) at scan rate of 0.05 Vs-1 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Cyclic voltammograms of 0.2 mM HQ in 0.2 M PBS solution of pH 7.4 at BCPE 
(dashed line) and TX-100/CPE (solid line) at scan rate of 0.05 Vs-1 
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At BCPE both the CC and HQ shows broad voltammetric response with low current response 
and are located at 0.216 V and 0.158 V respectively. However, in the same identical 
condition the TX-100/CPE shows significant increment in current signals and the oxidation 
potential of CC was observed at 0.180 V and that of HQ was located at 0.061 V. The increase 
of this current signal is almost 6 folds compared to the BCPE. This minimization of over 
potential and enhancement of current response confirms the electrocatalytic activity of the 
fabricated TX-100/CPE towards the electrochemical oxidation of CC and HQ. 
 
3.3. Effect of CC and HQ concentration 

The CV plots were recorded for the oxidation CC at TX-100/CPE in 0.2 M PBS of pH 7.4 
as a supporting electrolyte. The concentrations of CC were analyzed in the range from 
1.0×10-4 M to 2.01×10-4 M. Due to the increase in the concentration of CC there was 
enhancement in the anodic peak current (Ipa) as shown in the Figure 4A. The graph of Ipa 
versus concentration of CC was plotted as shown in the inset Figure 4B it shows linear 
relationship with the linear regression equation Ipa (10-5A)=2.253(C0 10-4 M/L)+3.177, 
(r2=0.9929).  

 
 
Fig. 4. (A) Cyclic voltammograms of CC in 0.2 M PBS solution of pH 7.4 at TX-100/CPE at 
scan rate of 0.05Vs-1 with different concentration (a–l; 1.0×10-4 M, 1.09×10-4 M, 1.19×10-4 
M, 1.28×10-4 M, 1.37×10-4 M, 1.47×10-4 M, 1.56×10-4 M, 1.65×10-4 M, 1.74×10-4 M, 
1.84×10-4 M, 1.92×10-4 M, 2.01×10-4 M); (B) Graph of anodic peak current versus 
concentration of CC 

The limit of detection (LOD) and limit of quantification (LOQ) was calculated according 
to the equation (2) and (3).  

LOD=3 S/m                                                                                             (2) 
LOQ=10 S/m                                                                                                        (3) 
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S is the standard deviation of six blank-solution measurements. ''m'' is the slope of the 
calibration graph [19]. The LOD and LOQ were calculated in the lower concentration range 
for CC is found to be 0.59 µM and 1.99 µM respectively. 

 
 
Fig. 5. (A) Cyclic voltammograms of HQ in 0.2 M PBS solution of pH 7.4 at TX-100/CPE at 
scan rate of 0.05Vs-1 with different concentration (a–k; 0.41×10-4 M, 0.51×10-4 M, 0.60×10-4 
M, 0.70×10-4 M, 0.80×10-4 M, 0.90×10-4 M, 1.00×10-4 M, 1.09×10-4 M, 1.19×10-4 M, 
1.28×10-4 M, 1.39×10-4 M); (B) Graph of anodic peak current versus concentration of HQ 

Table 1. Comparison of the detection limits of CC and HQ with different modified electrodes 
with TX-100/CPE 
 

 
Working electrode 

 

Limit of Detection 
In µM 

 
Metho

d 

 
Ref. 

 Hydroquinone  
(HQ) 

Catechol 
(CC) 

Silsesquioxane/modified carbon paste electrode 
(MCPE) 

10 10 DPV [7] 

Layered Double Hydroxide Film Modified Glassy 
/GCE)fCarbon Electrode (LDH 

1.2 9.0 DPV [20] 

]/MWCNTs/GCE2DMPz)-Ala)(3,5-β-[Cu(Sal 1.46 3.5 DPV [21] 
Nitrogen-Doped Carbon Nanotubes/ Glassy 
Carbon Electrode (CNx/GCE) 

1.20 2.71 LSV [22] 

Influence of micelles/GCE 8.0 3.0 DPV [23] 
Poly(Malachite Green) Coated Multiwalled 
Carbon Nanotube Film (MWCNT–NF–
PMG/GCE) 

18.1 31.0 CV [24] 

Reduced Graphene Oxide and Multiwall Carbon 
Nanotubes Hybrid Materials (RGO–MWNTs) 

2.6 1.8 DPV [25] 

Ionic Liquid Modified Carbon Paste Electrode 
(IL/CPE) 

4.0 ---- DPV [26] 

Poly(calmagite) MCPE 1.70 2.55 CV [27] 
TX-100/CPE 0.59 0.56 CV This work 
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The electrocatalytic oxidation of HQ was carried out by varying its concentration at TX-
100/CPE. The Figure 5A shows by increasing the concentration of HQ from 0.41×10-4 M to 
1.39×10-4 M the Ipa and cathodic peak current (Ipc) goes on increasing with a small shifting in 
the oxidation potentials. A linear relationship was observed between the Ipa versus 
concentration of HQ as shown in Figure 5B. The linear regression equation was Ipa(10-5A)= 
1.7824(C0 10-4 M/L)+4.328, (r2=0.9944).The calculated LOD and LOQ values are 0.56 µM 
and 1.89µM respectively. The proposed TX-100/CPE electrode exhibited relatively lower 
limit of detection than those previously reported as in Table 1 [7,20-27]. 
 

3.4. Simultaneous electroanalysis of CC and HQ 

Because of the similar structure and properties the electrochemical oxidation of CC and 
HQ gives overlapped and broad voltammetric response at bare working electrodes, moreover 
the simultaneous separation of these compounds is very difficult at bare working electrodes. 
The Figure 6 shows the cyclic voltammograms recorded for the equimolar mixture (50 µM) 
of CC and HQ in 0.2 M PBS of pH 7.4 with scan rate 0.025 Vs-1 at BCPE (dashed line) and 
TX-100/CPE (solid line). The voltammetric response obtained at BCPE is unresolved and 
least in selectivity; the overlapped anodic oxidation was situated at 0.2043 V.  

 

 
 
Fig. 6. Cyclic voltammograms for simultaneous determination of binary mixture of CC and 
HQ (50 µM) at BCPE (dashed line) and TX-100/CPE (solid line) at scan rate of 0.025 Vs-1 

However, in the same identical condition the TX-100/CPE has resolved the voltammetric 
peaks of CC and HQ into two well distinguished peaks and was located at 0.155 V and 0.042 
V respectively. The peak to peak separation was 0.113 V, this result was sufficient for the 
simultaneous determination of CC and HQ in a mixture. 



Anal. Bioanal. Electrochem., Vol. 8, No. 5, 2016, 615-628                                                   623 
 

Accordingly, the electron cloud density is lower from HQ to CC and leads to decrease in 
their electro activity and the oxidation of the HQ becomes much easier than that of CC [28-
29]. As the oxidation potential of HQ is shifted to the less positive side at TX-100/CPE the 
anodic peak current of CC has no contribution from the oxidation of HQ, because HQ is 
readily oxidized well before the oxidation potential of CC reached. This prevents the surface 
fouling of the TX-100/CPE by the adsorption of the oxidized products. 
 
3.5. Influence of scan rate on the peak current of CC and HQ 

Figure 7A shows the influence of applied potential scan rate for the oxidation of 
equimolar mixture of CC and HQ (50 µM) in 0.2 M PBS of pH 7.4 by CV technique at TX-
100/CPE. According to the Randles-Sevcik equation Figure 7A showed increase in the redox 
peak currents with increase in the scan rate with a small shifting of both the redox peak 
potentials of CC and HQ. In order to know the electrode phenomenon, the graph of Ipa of CC 
and HQ versus scan rate (υ), and Ipa of CC and HQ versus square root scan rate (υ1/2) were 
plotted as shown in Figure 7B and Figure 7C respectively. The oxidation peak current of CC 
and HQ exhibited a linear relationship with the υ in the range from 0.01-0.08 Vs-1. The 
correlation coefficient was (r2) 0.9998 and 0.9995 respectively. This suggests the electrode 
process was controlled by the adsorption of the analytes [30-31]. 

 

 
 
Fig. 7. (A) Cyclic voltammograms of 50 µM CC and 50 µM HQ in 0.2 M PBS solution of 
pH 7.4 at TX-100/CPE with different scan rate (0.01Vs-1 to 0.08Vs-1); (B) Graph of anodic 
peak current of CC and HQ versus scan rate; (C) Graph of anodic peak current of CC and HQ 
versus square root of scan rate 
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The heterogeneous rate constant (k0) values was determined from the experimental peak 
potential difference (∆Ep) data’s, equation (4) was used for such voltammograms whose ∆Ep 
values are greater than 10 mV [2,18]. 

∆Ep= 201.39 log (υ/k0) - 301.78                                                                       (4) 

From the experimental ∆Ep values as shown in the Table 2 and equation (4); the values of 
the k0 for the CC and HQ oxidation was determined for TX-100/CPE the corresponding 
parameters are tabulated in Table 2. 
 
Table 2.  Variation of the voltammetric parameters gathered from the plots shown in Figure 7 
as a function of the applied potential scan rate 
 

1-υ/ Vs 1-ΔEp/Vs 1-/ so k 

Catechol 

(CC) 

Hydroquinone 

(HQ) 

Catechol 

(CC) 

Hydroquinone 

(HQ) 

0.01 0.0285 0.0283 0.2290 0.2296 

0.02 0.0403 0.0351 0.4005 0.4250 

0.03 0.0421 0.0434 0.5891 0.5798 

0.04 0.0521 0.0401 0.6998 0.8035 

0.05 0.0588 0.0368 0.8102 0.9600 

0.06 0.0670 0.0351 0.8853 0.7845 

0.07 0.0738 0.0418 0.9554 0.7261 

0.08 0.0855 0.0417 0.9229 0.6345 

 

3.6. Effect of pH on the oxidation of CC and HQ 

The electrochemical response of electroactive molecules was generally pH dependent. 
The effect of the pH value on the voltammetric response of binary mixtures of 50 µM CC and 
50 µM HQ was investigated by CV technique at TX-100/CPE as shown in the Figure 8A. 
The voltammograms of CC and HQ were well-behaved in 0.2 M PBS of different pH values, 
as the solution pH increases, the anodic peak potential of both CC and HQ was shifted to the 
negative side. A linear relationship was observed between the anodic peak potential (Epa) 
versus pH of the 0.2 M PBS in the range of pH 5.5-8.0 (Figure 8B). The linear regression 
equations are Epa(V)=0.6198 -0.05905(pH) (r2=0.9967) for CC and Epa(V)=0.4958-
0.05768(pH) (r2=0.9974) for HQ. The slope of 0.05905 and 0.05768 for CC and HQ reveals 
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the transfer of electrons is followed by an equal number of protons for both CC and HQ [2, 
28]. 

 
 
Fig. 8. (A) Cyclic voltammograms of 50 µM CC and 50 µM HQ at TX-100/CPE in 0.2 M 
PBS solution at different pH (a-f: 5.5 to 8.0) at scan rate of 0.05 Vs-1; (B) The effect of pH on 
the oxidation peak potential of 50 µM CC and 50 µM HQ 
 

3.7. Interference study 

Differential pulse voltammetry (DPV) was generally adopted voltammetric technique due 
to its higher current sensitivity and absence of background current.  The DPV was recorded 
for the simultaneous analysis of 60 µM CC and 60 µM HQ in 0.2 M PBS of pH 7.4 at TX-
100/CPE as shown in Figure 9. The selective oxidation was observed at 0.114 V for CC and -
0.005V for HQ respectively, the peak to peak difference was 0.119 V. This result was good 
enough for the simultaneous analysis of CC and HQ in a binary mixture at TX-100/CPE. 
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Fig. 9. Differential pulse voltammogram obtained for 60 µM CC and 60 µM HQ at TX-
100/CPE  

 
 
Fig. 10. (A) Differential pulse voltammograms of (a) 40.98 µM (b) 60.90 µM (c) 80.64 µM 
(d) 100.0 µM CC in 0.2 M PBS of pH 7.4 in presence of 50.0 µM HQ at TX-100/CPE; (B) 
Graph of anodic peak current versus concentration of CC 
 

 
 
Fig. 11. (A) Differential pulse voltammograms of (a) 20.6 µM (b) 40.98 µM (c) 60.90 µM (d) 
80.64 µM HQ in 0.2 M PBS of pH 7.4 in presence of 50.0 µM CC at TX-100/CPE; (B) 
Graph of anodic peak current versus concentration of HQ 

 

The interference investigation was performed at TX-100/CPE. The concentration of one 
of the analyte is changed by keeping the concentration of the other analyte constant. From the 
Figure 10 it can be seen that the peak current of CC was increased due to the increase in 
concentration from 40.98 µM to 100.0 µM at a fixed concentration of 50.0 µM HQ. Similarly 
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by varying the concentration of HQ from 20.6µM to 80.64 µM only the peak current of HQ 
was increased at a constant concentration of 50.0 µM CC as shown in the Figure 11. This 
ultimately leads to the accurate and precise electroanalysis of CC and HQ at TX-100/CPE. 

 

4. CONCLUSION  

This study has shown the TX-100/CPE exhibited an electrocatalytic activity towards the 
oxidation of CC and HQ. The pH study reveals the involvement of equal number of protons 
and electrons in the catalytic oxidation. In addition, the simultaneous determination of CC 
and HQ was possible at TX-100/CPE with peak to peak separation of 0.113 V and 0.119 V 
by CV and DPV techniques. The LOD vales are acceptable for both the analytes in the lower 
concentration range. The interference study suggests the oxidation of CC and HQ was 
independent of each other. The sensitivity, selectivity, stability, and reproducibility were 
shown by the electrode. 
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