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The electrochemical quantification of catechol (CC) was performed via cyclic 
voltammetry (CV), convolution-deconvolution voltammetry, and differential pulse 
voltammetry (DPV) at nanostructured mesoporous platinum film electrochemically 
deposited from a hexagonal liquid crystalline template of C16EO8 surfactant in 1.0 M 
HClO4.The cyclic voltammograms of catechol produced one oxidative peak in the forward 
sweep of potential coupled with a reductive peak on the reverse sweep potential. The 
effect of catechol concentration was examined using the various electrochemical methods 
mentioned before. The modified platinum electrode exhibits good sensitivity for the 
determination of catechol compound in 1.0 M HClO4. The best performance was found 
for i-t curve method developed from cyclic voltammetry of CC. It manifests a linear peak 
current response over the concentration range of 3 to 50 μM, with a detection limit of 2.11 
μM and a quantification limit of 7.04 μM confirming the accuracy and sensitivity of this 
fast and simple method. 
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1. INTRODUCTION

As one of the fast, economical and simple electrochemical
techniques, voltammetry represents vital tool of quantitative 
and qualitative analysis. Recently, the design and construction 
of electrochemical sensors attract more interests in the field of 
analytical and bioanalytical electrochemistry. The developed 
sensors are normally based on the structure of a working 
electrode [1,2]. Catechol (CC) represents a starting precursor 
in the synthesis of organic compounds [3]. It has been broadly 
used in many applications involving production of pesticides, 
perfumes and pharmaceuticals [4]. In spite of its importance, 
CC has been demonstrated as toxic and carcinogenic material. 
Also, due to low degradability it has bad impacts in the 
ecological environment [5]. Exposure to CC for long times can 
cause a rise of blood pressure and depression of central 
nervous system in animals [6]. So, there is a great necessity to 
develop sensitive devices for efficient detection of low level 
concentrations of CC in environmental samples. Numerous 
analytical methods have been used for the sensitive detection 
of CC such as high-performance liquid chromatography, gas 
chromatography, mass spectrometry, flow injection analysis 
and electroanalytical methods [7-9] Simplicity, and low cost 
represent the points of strength of the electrochemical methods 
over the aforementioned analytical methods [10]. It is well 
known that conventional plain electrodes display a poor 
selectivity and sensitivity along with fouling of signals 
towards detection of CC [10,12]. Modification of the 
conventional working electrodes is a smart method to 

construct CC sensors having high selectivity, low oxidation 
potential and high sensitivity. One of promising methods to 
modify the electrode is the electrochemical deposition of 
nanostructured mesoporous metal films. These mesoporous 
metal films can be obtained with the aid of a template formed 
by hexagonal lyotropic liquid crystalline substances [12-18]. 
The mesoporous metal layers are of a very high surface area 
(roughness) due to presence of a highly arranged hexagonal 
array of cylindrical nanopores. Electrodeposition conditions 
and template mixtures represent the key parameters for 
determining pore radius and separation distance which are 
usually in the range of 1–10 nm. Nanoarchitectured 
mesoporous Pt layer has brought much attention because of its 
uses in electrocatalysis [19-22]. 

So, the main aim of this study was to design a sensitive 
sensor for the detection, quantification and investigation of CC 
at a modified mesoporous platinum electrode in 1M HClO4 
using cyclic voltammetry-based i-t, convolution-
deconvolution techniques. Accordingly, we present for the 
first time the quantitative determination of CC using CV-based 
i-t curves and convolution-deconvolution voltammetry
methods. The modified platinum electrode shows
voltammetric sensing action with a good performance in the
determining the CC. The availability of the sensing action was
calculated, such as a linear range, limit of detection (LOD),
and limit of quantification (LOQ) by various voltammetric
techniques. Also, in this article we report the electrochemical
oxidation behavior of CC at the nanostructured mesoporous
platinum electrode in acid solution.
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2. EXPERIMENTAL

2.1 Reagents 

Chemicals were obtained in analytical grade and used 
without further purification. HClO4 and catechol (CC) were 
purchased from Aldrich. De-ionized and filtered water was 
taken from an Elga water purification system. 

2.2 Instrumentation 

Electrochemical experiments were carried out in a 
conventional three-electrode cell using a micro-Autolab type 
III system (Eco Chemie, NL). A saturated calomel electrode 
(SCE) was used as the reference electrode and about 1 cm2 
platinum gauze as the counter electrode. The working 
electrode was a 1 mm diameter Pt disc with surface area of 
7.85 × 10-3 cm2. All the electrochemical experiments were 
performed at room temperature (23 ± 2 ℃). 

2.3 Preparation of the mesoporous platinum film 

According to the method established in literature [14], a 
hexagonal liquid crystalline plating template mixture was 
prepared by dissolving hexachloroplatinic acid HCPA (20 
wt%) in distilled water (40 wt%). The resulting solution was 
mixed with melted C16EO8 surfactant (40 wt%) at 45oC. Prior 
to the electrodeposition of the mesoporous Pt film, the 
working polycrystalline Pt disc electrode with a 1 mm 
diameter was polished using 1µm alumina and washed with 
water followed by electrochemical cleaning by sweeping in 2 
M H2SO4 in a potential range from + 0.25 to +1.4 V vs. SCE 
for 20 cycles at a scan rate of 100 mV s-1. The mesoporous 
nanostructured platinum films were electrochemically 
deposited from the template mixture at a constant potential of 
100 mV vs. SCE. After electrodeposition, the template mixture 
was removed from the mesoporous Pt films by soaking 
overnight in agitated water at 40oC. This cleaning process was 
also performed before each experiment afterward. 

3. RESULTS AND DISCUSSION

3.1 Cyclic voltammetry behavior of catechol at 
mesoporous Pt electrode 

In order to study the electrochemical behavior of the 
catechol in acidic media, cyclic voltammograms have been 
recorded at mesoporous Pt electrode for 3 µM catechol in 1.0 
M HClO4 solution at scan speed of 50 mV s-1.As shown in Fig. 
1,the anodic and cathodic peak potentials located at 570 and 
497 mV vs. SCE, respectively. The ΔEp of catechol was found 
to be 73 mV, which clearly indicates that catechol oxidation is 
moderate fast charge transfer kinetics at the mesoporous 
electrode. 

Figure 2 shows a set of representative cyclic 
voltammograms for CC at the mesoporous platinum electrode 
in a 1.0 M HClO4 containing different concentrations of 
catechol (3-50 µM). The ratio of the cathodic peak current to 
the anodic peak current, ipc/ipa is about 0.95 which is very close 
to unity indicating the stability of the 1,2 benzoquinone 
oxidation product in the solution. 

Figure 1. Cyclic voltammetry at a scan speed of 50 mV s-1 
for 3µM catechol in 1.0 M HClO4 at the nanostructured 

mesoporous Pt electrode. 

Figure 2. Cyclic voltammetry of catechol at different 
concentrations, scan speed 50 mVs-1 in 1.0 M HClO4 at 

nanostructured mesoporous Pt electrode. 

Figure 2 displays the effect of increasing of CC 
concentration from 3 µM to 50 µM on the corresponding CV 
recorded at mesoporous Pt electrode in 0.1M HClO4with 
sweep rate of 50 mV s-1. It was observed that the anodic and 
cathodic peak currents go up with the increase in CC 
concentration and the peak separation ΔEp increases slightly. 
For the electrochemical method characterization, the limit of 
detection (LOD), determination coefficient (R2), and limit of 
quantification (LOQ) were calculated using ten data points 
according to Miller and Miller method [23]. The calibration 
curve of catechol at different concentrations is represented in 
Fig. 3. As indicated by Fig. 3, the anodic peak currents 
response ipa(peak height) and the analyte (catechol) 
concentrations are linearly dependent within the 3-50 µM 
concentration, following the linear regression Eqs. 1 and 2 
[24]: 

y = m x + z (1) 

Where m is the slope of the regression line and z is the point 
at which the line crosses the y-axis (y intercept). In our case, 
y-axis represents the anodic peak current (ipa, μA) and x-axis
is the analyte concentrations (C, μM), then from Fig. 3 we got:

iPa (μA)= 0.09224 C (µM) + 0.029 (2)
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Herein, the standard deviation (SD) of the linear regression 
for the anodic peak current vs. analyte concentrations stated 
on Fig. 3 equals 8.08×10-2. Consequently, the calculated SD 
value was then used to determine the limits of detection (LOD) 
and quantification (LOQ) values as the following Eq.3 [25]. 

LOD or LOQ = F x SD/m (3) 

Where m is the slope, SD is the standard deviation, and F is 
a factor of 3 and 10 for LOD and LOQ, respectively. To 
conclude, according to Eq. 2 and Fig. 3 the value of R2 is 
0.99857 which shows the excellent linear fitting within the 
studied concentration range. Moreover, the mesoporous Pt 
electrode exhibits good LOD and LOQ for CC having the 
values 2.6 and 8.7 µM, respectively. 

A comparison of the mesoporous Pt electrode with other 
modified working electrodes for the magnitude of the LOD 
(µM) established in literature was summarized in Table 1 [25-
30]. 

Figure 3. Graph of Ipa (@ 0.57 V) versus catechol 
concentration built from Fig. 2 . 

3.2 Convolution voltammetric analysis of CC at 
mesoporous Pt electrode 

Convolution voltammetry mainly depends on a 
mathematical transformation (convolution) of a voltammetric 
experiment. The technique deals with quantities directly 
related to the concentration of electroactive species at the 
electrode surface. The convolution voltammetric method is 
based on the convolution principle to convert cyclic 
voltammogram into forms analogous to the steady-state curves 
[31,32]. In cases diffusion-controlled mass transfer of active 
species, the current reaches its limiting value, which is 
independent of the excitation signal. Theoretically, the 
convoluted current Il(t) should reach a limiting value Ilim, 
indicated in the data by the presence of a flat plateau, as 
described by Eq. 4.  

Ilim = nFACD1/2 (4) 

Where n is number of transferred electrons, F is the 
Faraday’s constant (96485 C mol-1), A is surface area of 
electrode, D is diffusion coefficient of the electroactive 
species, C is the bulk concentration of the electroactive species 
. As shown from Eq. 4 and Fig. 4, the resulting plateau (Ilim) is 
flat and independent of the scan rate used. So that, the 

observed transformation of the current remains constant 
leading to the accuracy of Ilim determination. 

Figure 4. Convolution voltammetry of catechol at different 
concentrations, scan speed 50 mVs-1 in 1.0 M HClO4 at 

nanostructured mesoporous Pt electrode. 

The scale on the Y axis represents Cs(𝑡)𝑛𝐹𝐴𝐷1/2 , where 
Cs(𝑡) is the concentration of the product of the electron transfer 
step on the surface of the electrode. Fig. 4 shows the effect of 
increasing of the concentration of CC in the range 3-50 µM on 
the corresponding convolution voltammetry recorded at 
mesoporous Pt electrode in 0.1 M HClO4 with sweep rate of 
50 mV s-1. It is noted that the anodic limiting current (Ilim) 
increases with increasing the concentration of CC. Here, the 
limit of detection (LOD), determination coefficient (R2), and 
limit of quantification (LOQ) of CC were calculated via 
convolution voltammetry [23]. The calibration curve of 
catechol at various concentrations is represented in Fig. 5. As 
indicated from Fig. 5, the anodic limiting currents response 
(Ilim height) and the analyte (catechol) concentrations are 
linearly dependent within the 3-50 µM concentration, 
following the linear regression Eq.1 and 4 [24]. In this case, y-
axis represents the anodic limiting current (Ilim, μA s-1/2) and 
x-axis is the analyte concentrations (C, μM), then from Fig. 5
we got:

Ilim  (μA s-1/2) = 0.13414 C (µM) + 0.05544 (5) 

Herein, SD of the linear regression for the anodic limiting 
current vs. analyte concentrations stated on Fig. 5 equals 
1.007x10-1. Consequently, the calculated SD value was then 
used to determine the limits of detection (LOD) and 
quantification (LOQ) values according to Eq. 3 [25]. Based on 
Eq. 5 and Figure 5 the value of R2 is 0.99895 which shows the 
excellent linear fitting within the studied concentration range. 
Moreover, the mesoporous Pt electrode exhibits good LOD 
and LOQ for CC having the values 2.25 and 7.99 µM, 
respectively. 
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Figure 5. Graph of ilim (@ 0.68 V) versus catechol 
concentration built from Fig. 4.  

3.3 Deconvolution voltammetric analysis of CC at 
mesoporous Pt electrode 

Deconvolution voltammetry actually suggest a range of 
tricks which may improve voltammetric measurements. It has 
the advantages of high sensitivity and high accuracy for the 
determination of species and provides a better baseline for the 
CC analysis. The deconvolution of the current (dI1/dt) as a 
function of potential of reversible process is defined as [33]:    

ep= (dI1/dt) = nFAC√D aζ / (1+ζ)2 (6) 

Where a = nνF/RT   and ζ = exp [nF/RT(E – E0)] n is number 
of transferred electrons, F is the Faraday’s constant (96485 C 
mol-1), ν is the scan speed in mv s-1 A is surface area of 
electrode, D is diffusion coefficient of the electroactive 
species, C is the bulk concentration of the electroactive species 
, R is the universal gas constant, T is the absolute temperature, 
E is the electrode potential , and E0 is the standard electrode 
potential  . 

Goto and others [31-33] have derived an equation of a 
deconvolution peak current ep (dI1/dt) corresponding to a 
reversible reaction involving the soluble-soluble reaction (Eq. 
7).  

ep = (dI1/dt)  = 0.297Aνn2F2 C√D/RT (7) 

As indicated from Eqs. 6, 7 and Fig. 6 the resulting 
deconvolution voltammogram is peak like (ep) and is 
dependent on the concentration of the electroactive substance 
and sweep  rate, which indicates that the current of 
deconvolution voltammetry increases with increasing the 
concentration of CC and the sweep rate which reflect the 
accuracy in the determination of the deconvolution peak 
height (ep). The presentation of (dI1/dt) vs. potential of CC is 
indicated in Fig. 6 and the peak height of deconvolution (ep) is 
described on the Y axis and the potential is described on X 
axis. Figure 7 shows the increasing of the concentration of CC 
in the range 3-50 µM at mesoporous Pt electrode in 0.1 M 
HClO4 at sweep rate of 50 mV s-1. It was noted that the 
deconvolution peak height current (ep) increases with 
increasing the concentration of CC. Here, the limit of detection 
(LOD), determination coefficient (R2), and limit of 
quantification (LOQ) of CC were calculated via deconvolution 

voltammetry [23]. The calibration curve of catechol at various 
concentrations is represented in Fig. 7. As indicated in Fig.7, 
the height of the deconvolution peak (ep) and the analyte 
(catechol) concentrations are linearly dependent within the 3-
50 µM concentration, following the linear regression Eqs. 1 
and 4 [24]. In this case, y-axis represents the peak height of 
deconvolution current (ep) and x-axis represents the analyte 
concentrations (C, μM), then from Fig. 7 we obtained: 

ep = 0.08134 C (µM) + 0.02848 (8) 

Herein, SD of the linear regression) for the anodic 
deconvolution peak height vs. analyte concentrations stated on 
Fig. 7 equals 5.967×10-2. Consequently, the calculated SD 
value was then used to determine the limits of detection (LOD) 
and quantification (LOQ) value according to Eq. 3 [25]. Based 
on Eq.8 and Fig. 7 the value of R2 is 0.999 which shows the 
existence of positive correlation within the studied 
concentration range. Moreover, the mesoporous Pt electrode 
exhibited good LOD and LOQ for CC having the values 2.2 
and 7.33 µM, respectively. 

Figure 6. Deconvolution voltammetry of catechol at different 
concentrations, scan speed 50 mV s-1 in 1.0 M HClO4 at 

nanostructured mesoporous Pt electrode. 

Figure 7. Graph of ep (@ positive  maxima) versus catechol 
concentration built from Figure 6. 
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3.4 Current-time curves built from CV for analysis of CC 
at mesoporous Pt electrode 

Current-time curve arising from converting the cyclic 
voltammogram (i-E curve) into current-time curve and this 
conversion allows measuring the height of peak current in a 
simple and more accurate manner.  Figure 8 displays i-t plot 
of CC in the range of 3-50 µM at mesoporous Pt electrode in 
0.1 M HClO4 with sweep rate of 50 mV s-1. It was noted that 
the anodic and cathodic peak current of i-t curve increases with 
increasing in the concentration of CC. The limit of detection 
(LOD), determination coefficient (R2), and limit of 
quantification (LOQ) were calculated using ten data points as 
established by Miller and Miller method [23]. i-t curves of 
catechol at different concentrations are displayed in Fig. 8. As 
shown by Fig. 9, the forward anodic peak currents of i-t plot 
(peak height) versus the analyte (catechol) concentrations are 
linearly dependent in the range of 3-50 µM concentration, 
following the linear regression Eqs. 1, 2 [24]. From Figure 9 
we found: 

ip (μA) = 0.0101C(µM) + 0.0127 (9) 

Herein, SD of the linear regression for the anodic peak 
current vs. analyte concentrations stated on Fig. 9 equals 
7.11×10-3. Consequently, the calculated SD value was then 
used to determine the limits of detection (LOD) and 
quantification (LOQ) value as indicated in Eq.3 [25]. The 
value of R2 is 0.99908 which shows the excellent linear fitting 
within the studied concentration range. Moreover, the 
mesoporous Pt electrode exhibited good LOD and LOQ for 
CC having the values 2.111 and 7.0396 µM, respectively. 

Figure 8. Current-time curves built from CV of catechol at 
different concentrations recorded at scan speed 50 mV s-1 

in1.0 M HClO4 at nanostructured mesoporous Pt electrode. 

Figure 9. Current versus different concentrations of catechol 
(@ positive  maxima) built from Fig. 8.  

3.5 Differential pulse Voltammetry study of CC at 
mesoporous Pt electrode 

The sensitivity of mesoporous Pt nanostructured electrode 
for the detection and quantification of catechol was studied by 
differential pulse voltammetry (DPV). The DPV experiments 
were recorded at the optimum conditions of 10 mV s-1 scan 
rate, 50 ms pulse width and 30 mV pulse amplitude. Figure 10 
shows the DP voltammograms for 5 µM catechol in 1.0 M 
HClO4 at mesoporous Pt electrodes. It is obvious that height 
of the oxidative peak increases with increasing the 
concentration of CC at mesoporous Pt electrode. Figure 11 
clarifies the dependence of DPV peak current on the 
concentration of catechol. Clearly, we can see that catechol 
peak current increases linearly with the concentration, in the 
range 5- 50 µM. The detection limit (LOD), determination 
coefficient (R2), sensitivity and repeatability (RSD %) of CC 
were determined via DPV [23]. As indicated in Fig. 11, the 
peak height (ip) of the DPV and the analyte (catechol) 
concentrations are linearly dependent within the 3-50 µM 
concentration, following the linear regression Eq. 1 and 4 [24]. 
In this case, y-axis represents the height of peak current (ip, 
μA) and x-axis is the analyte concentrations (C, µM), then 
from Fig. 11 we obtained: 

ip  (μA) = 0.02333 C (µM) + 0.01569 (11)
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Figure 10. Differential pulse voltammograms of chatechol at 
different concentrations in the range from 5 to 50 µM at 

mesoporous platinum electrode in 1.0 M HClO4. 

Standard deviation of the linear regression for the anodic 
peak height of DP voltammogram vs. analyte concentrations 
stated on Fig. 11 equals 2.337×10-2. Consequently, according 
to Eq.3 [25] and from SD value the determination of the 
detection limit (LOD) and quantification limit (LOQ) were 
done. Based on Eq.11 and Fig. 11 the value of R2 is 0.99743 
which shows excellent linear fitting within the studied 
concentration range. Moreover, the mesoporous Pt electrode 
exhibited good LOD and LOQ for CC having the values 3.005 
and 10.017 µM, respectively. 
The limit of detection (LOD) and limit of quantification 
(LOQ) calculated in this work were compared by those 
determined in literature and collected in Table 1. As shown in 
Table 1, the mesoporous nanostructured Pt electrode exhibits 
good LOD and LOQ for CC in 1.0 M HClO4. 

Figure 11. Plot of DPV peak current at mesoporous Pt 
electrode vs. catechol concentration (@ 0.53 V) in 1.0 M 

HClO4. 

Table 1. Comparison of the mesoporous Pt electrode with 
other modified working electrodes for catechol quantification 

4. CONCLUSIONS

The redox behavior of catechol was investigated at
nanostructured mesoporous platinum film electrode which 
deposited electrochemically from the hexagonal liquid 
crystalline template. The mesoporous platinum electrode 
showed an excellent electrocatalytic activity and reversibility 
towards oxidation of catechol. The oxidation and reduction 
peak separation (ΔEp) has been found to be 73 mV vs. SCE. 
Moreover, the nanostructured mesoporous platinum film 
electrode provides a high precision and accuracy for detection 
and quantification of CC compound in 1.0 M HClO4 via 
various modern electrochemical techniques. The three novel 
methods (conv., deconv., i-t curve) provide a simple and 
capable tools for the determination of low concentration of CC 
compound with excellent LOD and LOQ values. 
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