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Abstract- The poly (toluidine blue) modified carbon paste electrode (MCPE) was fabricated 
for the determination of catechol (CC) and hydroquinone (HQ) by cyclic voltammetric and 
differential pulse voltammetric techniques. The poly (toluidine blue) MCPE exhibited high 
sensitivity and selectivity towards the determination of CC and HQ in a binary mixture. The 
effect of scan rate reveals an adsorption controlled phenomenon at the modified electrode 
surface. In order to show the selectivity of the electrode, an interference study was performed 
by varying the concentration of one analyte while keeping other analyte constant which in 
turn gives a satisfactory result. Overall, a simple experimental procedure for fabricating the 
poly (toluidine blue) MCPE was reported with the merits of sensitivity, selectivity, 
reproducibility and anti-fouling property towards the determination of electroactive species. 

Keywords- Electropolymerisation, Catechol, Hydroquinone, Toluidine blue, Cyclic 
voltammetry  
 

1. INTRODUCTION  

The voltammetric determination of dihydroxy benzene isomers is an interesting subject in 
modern electroanalysis. The electroanalytical methods are more promising in the 
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determination of these electroactive isomers with the merits of rapid separation, simple 
operating procedure, low cost and high accuracy [1]. The catechol (CC) is also known as 
pyrocatechol or 1,2-dihydroxy benzene was first extracted by the plant extract catechin 
through destructive distillation.CC and its derivatives were widely distributed in some 
pharmaceutical formulations functioning as antioxidants, antiviral, tobaccos and as 
neurotransmitter catecholamines [2]. Hydroquinone (HQ) (1,4-dihydroxy benzene) is another 
phenolic moiety coexist with CC [3]. These two isomers are widely used in industrial 
applications such as paint, cosmetics, pesticides, flavouring agentsetc. [4]. These two 
dihydroxybenzene isomers have a very poor rate of biological degradation and also they 
aretoxicto animals and human beings [5].By considering all these critical issues, it is very 
important to develop a simple and rapid technique for the determination of CC and HQ [6]. 
There are some earlier reports on the determination of these molecules by spectrophotometry 
[7], chemiluminescence [8], high performance liquid chromatography [9] and 
electrochemical methods [10-12]. However, apart from the electrochemical methods all other 
techniques are generally expensive, time consuming and require long duration for the 
analysis.  

In the present era, carbon paste electrode (CPE) attracted the electroanalytical community 
for the fabrication of solid working electrodes. Because of its easy method of preparation 
with convenient surface modification, low background current and fast response CPEs were 
used as a representative matrix material in the modern electroanalysis field [13-14]. However, 
due to the same physico-chemical properties, the CC and HQ shows overlapped and broad 
voltammograms at unmodified electrodes. Moreover, individual and sensitive separation was 
not possible due to the fouling of the electrode surface by oxidized products. Due to this 
drawback the relationship between the voltammetric response and analytes was nonlinear 
[15-16]. Therefore, it is recommended to modify the electrode surface by using the modifiers. 
In the literature there are so many chemically modified electrodes were prepared for the 
simultaneous determination of these isomers [17-19]. 

Toluidine blue is an acidophilic metachromatic dye that selectively stains acidic tissue 
components such as sulfates, carboxylates, and phosphate radicals [20]. Toluidine blue has a 
great affinity towards nucleic acids, and therefore binds to nuclear material of tissues with a 
high DNA and RNA content [21]. It belongs to a member of the thiazine group and is 
partially soluble in both water and alcohol [22]. Toluidine blue has been extensively used as a 
vital stain for mucosal lesions and also has found applications in tissue sections to 
specifically stain certain components owing to its metachromatic property [23]. 

The present work describes an electropolymerisation of toluidine blue on the surface of 
carbon paste electrode by cyclic voltammetric technique. The modified electrode was used as 
an analytical tool for the discrimination of overlapped signal of CC and HQ in a binary 
mixture. The analytical performance of the fabricated electrode was evaluated and 
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satisfactory results were obtained. A simple method was reported for the analysis of 
dihydroxy benzene isomers using the voltammetric techniques. 

 

2. EXPERIMENTAL SECTION 

2.1. Reagents and apparatus 

Hydroquinone (HQ), catechol (CC) and toluidine blue were purchased from Himedia. 
The stock solution 25×10-4 M HQ, 25×10-4 M CC and 25×10-3 M toludine blue were prepared 
in double distilled water. Phosphate buffer solution (PBS) of same ionic strength (0.2 M) was 
used as a supporting electrolyte, the desired pH was obtained by mixing appropriate ratio of 
NaH2PO4·H2O and Na2HPO4. Graphite powder of 50 µm particle size was purchased from 
Merck and silicone oil from Himedia was used to prepare the carbon paste electrode (CPE). 
All the chemicals mentioned were of analytical grade used as received without any further 
purification. The electrochemical experiments were carried out using a model CHI-660c (CH 
Instrument-660 electrochemical workstation). A traditional three electrode system was used 
in an electrochemical cell with a saturated calomel electrode (SCE) as a reference, a platinum 
counter electrode, and bare carbon paste electrode (BCPE) or poly (toluidine blue) modified 
carbon paste electrode (MCPE) as working electrode. The corresponding oxidation potential 
of analytes was recorded versus SCE at an ambient temperature of 25±0.2 °C. 
 
2.2. Fabrication of working electrodes 

The BCPE 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 obtained. The paste was 
then packed into a cavity of PVC tube of 3 mm internal diameter and smoothened on a tissue 
paper. The electrical contact was provided by a copper wire connected to the end of the tube. 
To prepare a poly (toluidine blue) MCPE, the paste packing procedure was same as that at 
BCPE. Electropolymerisation of toluidine blue on the surface of BCPE was carried out using 
cyclic voltammetric (CV)technique in an aqueous solution containing 1.0 mM of toluidine 
blue in 0.2 M PBS of pH 7.4 in the potential window of -0.3 V to +1.5 V at the scan rate of 
0.1 Vs-1 for 10 multiple cycles. After that the electrode was rinsed thoroughly with double 
distilled water. 
 

3. RESULTS AND DISCUSSIONS 

3.1 Electrochemical polymerization of toluidine blue on CPE and its characterization  

The simple organic molecules can be successfully immobilized on the surface of solid 
working electrodes by CV technique [2,13,17]. The poly (toluidine blue) MCPE was 
fabricated by placing a 1.0 mM solution of toluidine blue with 0.2 M PBS of pH 7.4 in an 
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electrochemical cell and potentially scanning the electrode for 10 cycles between the 
potential window of -0.3 to +1.5 V with scan rate 0.1 Vs-1. The Figure 1 showed during the 
process of multiple cycles the voltammogram was gradually increased with increase of cyclic 
time. After some successive sweeps this response becomes virtually constant.  This indicates 
the formation of toluidine blue film on the surface of BCPE [13,17]. The structure of 
toluidine blue was shown in Scheme 1. 

 

 
Scheme 1.  Structure of toluidine blue 

 
The Figure 2a shows the cyclic voltammograms recorded for the 1 mM of potassium 

ferrocyanide at both BCPE (dashed line) and poly(toluidine blue) MCPE (solid line) at the 
scan rate 0.05 Vs-1. A broad voltammogram was obtained at BCPE due to the slow electron 
transfer phenomenon. However, in the same identical condition the poly (toluidine blue) 
MCPE not only exhibited increment in redox peak currents, it also improved the electron 
transfer kinetics. The result suggests that the surface property of the modified electrode was 
been changed. The surface area available for reaction of species in solution can be calculated 
by the Randles-Sevcik equation (1) [14,24]. 

Ip=2.69×105 n3/2A D1/2 C0υ1/2                                                                                                               (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 in cm2S-1, υ is 
the scan rate (Vs-1) and A is the electroactive surface area (cm2). For poly (toluidine blue) 
MCPE the electroactive surface area is maximum (0.0398 cm2) as compared with BCPE 
(0.0278 cm2). 

An approximate surface coverage of the poly (toluidine blue) layer formed on the surface 
of carbon paste electrode (CPE) was calculated by the following equation (2) [25-26]. 

Ip=n2F2AΓυ/4RT                                                                                                         (2) 

Where, Γ (M/cm2) represents the surface coverage concentration which is proportional to 
the peak current (Ip), υ is the scan rate, A is the geometric surface area of the electrode, n is 
the number of electrons involved in the reaction and R, F, Τ have their usual significance. 
The surface coverage of poly (toluidine blue) adhered on the surface of CPE was determined 
to be 0.0366×10-10 M/cm2. 
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Fig. 1. Cyclic voltammograms of preparation of poly (toluidine blue) MCPE. 1 mM solution 
in 0.2 M PBS of pH 7.4 at 10 cycles with scan rate 0.1 Vs-1 
 
 

 
(a) 

 

 
(b) 

Fig. 2. (a) Cyclic voltammograms of 1 mM potassium ferrocyanide in 1 M KCl at BCPE 
(solid line) and poly(toluidine blue) MCPE (dashed line) at scan rate of 0.05 Vs-1; (b) SEM 
images of BCPE (A) and poly (toluidine blue) MCPE (B) 



Anal. Bioanal. Electrochem., Vol. 9, No. 7, 2017, 819-833                                                   824 
 

To characterize the surface morphology of the working electrodes scanning electron 
microscopy (SEM) images were compared. The SEM images for BCPE and poly (toluidine 
blue) MCPE was showed in Figure 2b. The surface of BCPE is of irregular shape (A). After 
the electropolymerisation (B), toluidine blue forms a uniform film with number of aligned 
ridges and valleys on the surface, which is entirely different from the BCPE.  

This morphological feature is having more advantages due to the exposure of large 
surface area. This will enable as an active platform for the electroanalysis of the targeted 
molecule [15]. 
 
3.2. Electrochemical investigation of CC and HQ at poly(toluidine blue) MCPE 

Figure 3 shows the cyclic voltammograms obtained for the electrochemical response of 
0.1 mM CC in 0.2 M PBS of pH 7.4 at poly(toluidine blue) MCPE(solid line) and BCPE 
(dashed line) recorded at the scan rate of 50 mVs-1. At the BCPE catechol showed redox peak 
potentials with poor response and oxidation takes place at 0.204 V (versus SCE).  

 

 
Fig. 3. Cyclic voltammograms of 0.1 mM CC in 0.2bM PBS pH 7.4 at BCPE (dashed line) 
and poly (toluidine blue) MCPE (solid line) at scan rate of 0.05Vs-1 

On the other hand, at poly (toluidine blue) MCPE a significant enhancement in the 
current signals was observed and oxidation was located at 0.182 V. Therefore, this result 
suggests poly (toluidine blue) MCPE catalyses the oxidation process of CC.  

The cyclic voltammograms were recorded for the anodic oxidation of 0.1mM HQ in 0.2 
M PBS of pH 7.4 at BCPE (dashed line) and poly(toluidine blue) MCPE (solid line) with the 
scan rate 50 mVs-1as showed in Figure 4. At the BCPE hydroquinone showed low redox 
current response and a broad voltammogram was observed, the oxidation takes place at 
0.162V. On the other hand, the poly (toluidine blue) MCPE shows significant increment in 
the current signals yielding a sharp and sensitive voltammogram, the oxidation potential was 
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observed at 0.032 V. This minimization of over potential and refinement in the current 
response suggests the catalytic capability of fabricated electrode. 
 

 
Fig. 4. Cyclic voltammograms of 0.1 mM HQ in 0.2 M PBS pH 7.4 at BCPE (dashed line) 
and poly (toluidine blue) MCPE (solid line) at scan rate of 0.05 Vs-1 

 

 
 
Fig. 5 (A) Cyclic voltammograms of 0.1 mM CC in 0.2 M PBS solution of pH 7.4 at 
different scan rate in the range 10-140 mVs-1; (B) Graph of peak current versus scan rate; (C) 
Graph of peak current versus square root of scan rate 
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3.3. Effect of scan rate, concentration and pH on the oxidation of CC at poly(toluidine 
blue) MCPE 

The scan rate study gives useful information regarding the electrode process occurring at 
the solution electrode interface. The effect of scan rate for the oxidation of 0.1 mM CC in 0.2 
M PBS of pH 7.4 was investigated in the range 10-140 mVs-1. The poly (toluidine blue) 
MCPE showed increase in the current signals with increasing scan rate according to Randles-
Sevick’s equation as showed in Figure 5A. In order to confirm the electrode process the 
graph of peak current (Ip) versus scan rate (υ) (Figure 5B) and Ip versus square root of scan 
rate (υ1/2) (Figure 5C) were plotted, which gives a straight line with good linearity. However, 
the correlation coefficients between Ip versus υ were nearly equals to unity, suggesting the 
adsorption controlled electrode process at the poly (toluidine blue) MCPE [14-15,27]. 

 
 

 
Fig. 6. (A)Differential pulse voltammograms of CC in 0.2 M PBS solution of pH 7.4 at poly 
(toluidine blue) MCPE with different concentrations in the range of 20.0 to 70.0 μM); (B) 
Graph of anodic peak current versus concentration of CC 

The concentration effect of CC was studied at poly (toluidine blue) MCPE in 0.2 M PBS 
pH 7.4 by using differential pulse voltammetric technique. From the Figure 6A it is clear that 
the anodic peak current of CC was increased due to increase in its concentration in the range 
of 20.0 to 70.0 µM. The plot of Ipa versus concentration of CC (Figure 6B) showed almost 
straight line with good linearity, reflecting the high stabled response of the modified 
electrode. The limit of detection (LOD) and the limit of quantification (LOQ) were calculated 
by using the equations (3) and (4). Where, S is the standard deviation of six lank 
measurements and M is the slope of calibration plot [18,28]. 
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LOD=3S/M                                                                                                             (3) 
LOQ=10S/M                                                                                                             (4) 

The values of LOD and LOQ were 0.12 µM and 0.40 µM respectively. Therefore, the 
proposed method can be used as an analytical tool for the determination of low concentration 
of CC. 

 

 
Fig. 7. (A) Cyclic voltammograms of 0.1 mM CC at poly (toluidine blue) MCPE in 0.2 M 
PBS solution with different pH values (a–f: 5.5 to 8.0) at scan rate of 0.05 Vs-1; (B) Graph of 
anodic peak potential versus pH 
 
3.4. Influence of scan rate, concentration and pH on HQ at poly (toluidine blue) MCPE 

The variation of scan rate effect for the oxidation of 0.1 mM HQ in 0.2 M PBS of pH 7.4 
was investigated by using CV technique in the range 10-140 mVs-1. The poly (toluidine blue) 
MCPE showed increase in the redox current response with increase in the scan rate as 
showed in Figure 8A. A linear relationship was observed between the plots Ip versus υ 
(Figure 8B) and Ip versus υ1/2 (Figure 8C). The correlation coefficients between Ip versus 
υ was 0.9962 and 0.9946 suggesting the electrode kinetics have some adsorption 
complications at poly (toluidine blue) MCPE. 

The DPV was used for to study the effect of HQ concentration at poly (toluidine blue) 
MCPE in 0.2 M PBS pH 7.4. From the Figure 9A it is clear that the anodic peak current of 
HQ was increased due to increase in its concentration in the range of 20.0 to 60.0 µM. The 
linear relationship was established between Ipa and concentration of HQ, which in turn 
showed almost straight line with good linearity as in Figure 9B. The values of LOD and LOQ 
were 0.14 µM and 0.467 µM respectively for HQ at poly (toluidine blue) MCPE. 
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The effect of PBS pH value on the determination of HQ was studied at poly(toluidine 
blue) MCPE using cyclic voltammetric technique. The oxidation peak potential of HQ shifts 
towards negative potential with increase in the pH in the range 5.5 to 8.0 as showed in the 
Figure 10A.  

 

 
Fig. 8. (A) Cyclic voltammograms of 0.1 mM HQ in 0.2 M PBS solution of pH 7.4 at 
different scan rate in the range 10-140 mVs-1; (B) Graph of peak current versus scan rate; (C) 
Graph of peak current versus square root of scan rate 
 

 

 
Fig. 9. (A)Differential pulse voltammograms of HQ in 0.2 M PBS solution of pH 7.4 at poly 
(toluidine blue) MCPE with different concentrations in between the range 10.0 to 60.0 μM); 
(B) Graph of anodic peak current versus concentration of HQ 
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The graph of Epa versus pH was plotted and they are linearly dependence on each other. 
The linear regression equation can be expressed as Epa(V)=0.0620(pH)+0.6051, the slope 
obtained from the linearity was 62.00 mV/pH for CC as illustrated in Figure 10B. Therefore, 
the result confirms the involvement of equal number of protons and electrons in the redox 
mechanism [13]. This was in accordance with Nernst equation [17]. 

 
 

 
Fig. 10. (A) Cyclic voltammograms of 0.1 mM HQ at poly (toluidine blue) MCPE in 0.2 M 
PBS solution with different pH values (a–f: 5.5 to 8.0) at scan rate of 0.05 V s−1; (B) Graph of 
anodic peak potential versus pH 
 
3.7. Simultaneous determination of CC and HQ at poly (toluidine blue) MCPE 

Because of the same phenolic structure and similar oxidation potentials the discrimination 
in the voltammetric signals of CC and HQ was impossible at BCPE. Figure 11 showed the 
cyclic voltammograms of simultaneous determination of equimolar concentration (50 µM) of 
CC and HQ in 0.2 M PBS of pH 7.4 as supporting electrolyte. The voltammogram obtained 
for the mixture of sample at BCPE (dashed line) was less sensible, not clearly defined and 
showed overlapped oxidation potential at 0.216 V. On the other side, the poly (toluidine blue) 
MCPE (solid line) showed well-defined oxidation peaks for CC and HQ and were located at 
nearly same potentials as in their individual determination. This indicates that poly (toluidine 
blue) MCPE act as a good electrochemical sensor for the simultaneous determination of CC 
and HQ present in the binary mixture. 

Due to higher current sensitivity and absence of non-faradic current DPV was used for the 
simultaneous determination of CC and HQ. As usual poly (toluidine blue) MCPE resolved 
oxidation peaks into well-defined peaks and were located at 0.118 V for CC and 0.012 V for 
HQ respectively as showed in Figure 12. The peak to peak separation was 0.106 V. This 
result was more than enough for the simultaneous determination of these components. 
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Fig. 11. Cyclic voltammograms for simultaneous determination of 50.0 µM CC and 50.0 µM 
HQ at BCPE (dashed line) and poly (toluidine blue) MCPE (solid line) at scan rate of 0.05 
Vs-1 

 
Fig. 12. Differential pulse voltammogram obtained for 20.0 µM CC and 20.0 µM HQ in 0.2 
M PBS solution of pH 7.4 at poly (toluidine blue) MCPE 
 

The analytical performance of the modified electrode can be evaluated by its capability of 
determining the species individually in the presence of interference. It can be carried out by 
varying concentration of one species, while the other kept constant. From the Figure 13, it 
can be seen that increase in the anodic peak current was linearly varied with CC 
concentration from 0.0 to 100.0 µM, while keeping the concentration of hydroquinone 10.0 
µM constant. Similarly, by varying the HQ concentration from 10.0 to 100.0 µM and keeping 
the concentration of CC 10.0 µM constant, only the peak current of HQ was increased as 
showed in Figure 14. This result suggested that oxidation of both of the species occurs 
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independently and the problem of interference was effectively resolved at the modified 
electrode. 

 

 
Fig. 13. (A) Differential pulse voltammograms of (a) 0.0µM (b) 10.37 µM (c) 20.66 µM  (d) 
30.86 µM (e) 40.98 µM (f)51.02 µM (g)60.97 µM (h)70.85 µM (i)80.64 µM (j)90.36 µM (k) 
100.00 µM CC in 0.2M PBS of pH 7.4 in presence of 10.00 µM HQ  at poly (toluidine blue) 
MCPE 

 

 
Fig. 14. (A) Differential pulse voltammograms of (a) 10.37 µM (b) 20.66 µM  (c) 30.86 µM 
(d) 40.98 µM (e)51.02 µM (f)60.97 µM (g)70.85 µM (h)80.64 µM (i)90.36 µM (j) 
100.00 µM HQ in 0.2M PBS of pH 7.4 in presence of 10.00 µM CC at poly (toluidine blue) 
MCPE 
 

4. CONCLUSION 

The present study showed an electropolymerisation of toluidine blue on the surface of 
CPE and exploring its advantages for the electroanalysis of CC and HQ. The result shows 
that the poly (toluidine blue) MCPE not only exhibited strong electrocatalytic activity 
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towards the oxidation of CC and HQ, was also resolved the overlapping peak potentials of 
CC and HQ into two well-defined peaks by cyclic voltammetric and differential pulse 
voltammetric techniques. Because of its electrocatalytic capability, selectivity, sensitivity and 
reproducibility the poly (toluidine blue) MCPE can be used as an electrochemical sensor for 
the simultaneous determination of phenolic isomers.  
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