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The electrochemical behavior of hydroquinone was examined experimentally using cyclic volt-

ammetry, convolution transform, and deconvolution transform at clean ordinary and nanostructured mes-

oporous platinum electrodes in 1 mol/l HClO4. The cyclic voltammogram of hydroquinone (HQ) at an or-

dinary Pt electrode displays an anodic peak at 0.610 V and a cathodic peak at 0.117 V, with a scan rate of 

50 mV·s–1. Excellent linearity was recorded between the anodic or cathodic peak currents of hydroqui-

none and the square root of the scan rate (υ1/2). The anodic and cathodic peak potential separation (∆Ep) 

was found to be 463 ± 3 mV vs. the saturated calomel electrode (SCE). It was noted that the value of peak 

potential separation increased with increasing the scan rate. The type of electrode reaction at both plati-

num electrodes in 1 mol/l HClO4 was examined and discussed. The electrochemical parameters and the 

nature of the mechanistic pathway of the investigated HQ were determined experimentally and ascer-

tained via a numerical simulation method.   

 

Keywords: hydroquinone; cyclic voltammetry; convolution transform; deconvolution transform;  

numerical simulation.  
 

 
ВОЛТАМЕТРИСКО ИСПИТУВАЊЕ НА ХИДРОХИНОН СО ОБИЧНИ И СО ПЛАТИНСКИ 

ЕЛЕКТРОДИ СО НАНО-АРХИТЕКТУРА 

 

Електрохемиското однесување на хидрохинон беше експериментално испитано со 

примена на циклична волтаметрија, трансформација на конволуција и трансформација на 

деконволуција на обични и на платински мезопорозни наноструктурирани електроди во 

1 mol/l HClO4. Цикличниот волтамограм на хидрохинон (HQ) на обична Pt електрода 

покажува аноден пик на 0,610 V и катоден пик на 0,117 V со брзина на скенирање од 50 

mV·s–1. Беше регистрирана одлична линеарност меѓу анодната и катодната струја на 

хидрохинон и квадратниот корен од брзината на скенирање (υ1/2). Разделувањето на 

потенцијалот (∆Ep) меѓу анодниот и катодниот пик изнесуваше 463 ± 3 mV во однос на 

заситена каломелова електрода (SCE). Забележано е дека вредноста на разделување на 

потенцијалот на пикот се зголемува со зголемување на брзината на скенирање. Испитан и 

дискутиран е типот на електродната реакција на двете платински електроди во 1 mol/l 

HClO4. Електрохемиските параметри и природата на механизмот на испитуваниот HQ се 

определени експериментално и потврдени со методот на нумеричка симулација. 

 

Клучни зборови: хидрохинон; циклична волтамтерија; трансформација на конволуција; 

трансформација на деконволуција; нумеричка симулација  
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1. INTRODUCTION 

 

The widespread interest in replacing fossil 

fuels with renewable energy sources is a challeng-

ing task motivated by a need for energy independ-

ence and carbon footprint reduction. The cost of 

wind and photovoltaic electricity is still decreasing 

and will be integrated even more in a future fully 

renewable-based utility grid. Recently, organic 

aqueous flow batteries have been proposed as a 

low-cost alternative to the present metal-based re-

dox flow battery (RFB) technology.1–4 Green and 

renewable energy technologies, such as solar and 

wind energy technologies, serve as a rational way 

to reduce greenhouse gases; however, this kind of 

power generation requires the development of en-

ergy storage facilities.5 Now, redox flow batteries 

(RFBs) have been introduced for energy storage.6–8 

The energy of a redox flow battery depends on the 

electrolyte volume and the electroactive material 

concentration, whereas its power is related to the 

electrode size, the reactions involved, and the cell 

design.9,10 Since 1970, a number of RFBs, such as 

the vanadium-vanadium redox flow battery, have 

been fabricated and developed.11–13 Among various 

redox flow batteries, low-pollution materials have 

become more desirable by virtue of their environ-

mental effects. Organic materials that do not in-

clude heavy metals are particularly interesting. 

These materials have recently attracted attention as 

alternative active materials for redox flow batter-

ies.14,15 Using 1,4-hydroquinone and some of its 

derivatives as electroactive materials for cathodic 

or anodic electrodes in general rechargeable batter-

ies is practically difficult due to certain problems, 

such as the dissolution of these organic compounds 

in the electrolytes, instability of intermediate radi-

cal species, low electrical conductivity, and their 

high capacity for sublimation.16 For these reasons, 

these compounds have not been used as electro-

active battery materials in most cases. Instead, they 

are suitable for redox flow batteries due to their 

high solubility. In fact, redox flow batteries are 

energy storage devices in which the anolyte (the 

electrolyte in the vicinity of the anode) and the 

catholyte (the electrolyte in the vicinity of the 

cathode) reactions of an electrochemical cell occur 

by means of redox species present in the solution.17 

In the literature, a large capacity is reported for 

some hydroquinone derivatives when used as posi-

tive electrolyte materials in flow redox batteries.17 

In a redox flow battery, RFB, both reduced and 

oxidized forms of the anolyte and catholyte elec-

troactive materials are soluble. In a hybrid redox 

flow battery, HRFB, both reduced and oxidized 

forms of the electroactive species are soluble in 

one of the half-cells. For the other half-cell, how-

ever, at least one of the reduced or oxidized species 

of electroactive materials is not soluble and forms 

a different phase.9 Among the various known or-

ganic depolarizers, research on the quinone-

hydroquinone redox system has received a lot of 

attention.18–20 The best organic depolarizers can be 

classified into four types: (i) nitro compounds 

(RNO2); (ii) positive halogen compounds (ROX 

and RNX); (iii) halogen addition compounds (R, 

NX); and (iv) peroxides (ROOR). Among these 

compounds, nitro compounds (e.g., m-dinit-

robenzene) theoretically possess 1.91 Ah·g–1 out-

put capacity. This is primarily due to the transfer of 

many electrons during the reduction process.21,22 

These compounds do not, however, exhibit good 

reversible behavior, nor has it been possible to re-

alize in practice the capacity that is expected from 

them. As is well known, oxidation and reduction 

reactions in organic chemistry are irreversible by 

nature. An exception to this is the group of com-

pounds involving quinone-benzonoid reaction 

equilibrium. The quinone-hydroquinone redox re-

action is considered one of the best reversible sys-

tems.23 Earlier work on the quinone-hydroquinone 

system indicates that quinone, or its substituted 

compounds, is considered a promising candidate 

for use in primary as well as secondary batter-

ies.24,25 Capson and Parsons selected N,N’- dime-

thylformamide (DMF) as an ideal test solvent for 

the reduction of p-benzoquinone using six different 

working electrodes, viz., Pt, Pd, Ir, Rh, Au, and 

Hg.25   

The redox reaction of quinones in buffered 

water is well described as an overall 2 e–, 2 

H+ reduction to make the hydroquinone. A much 

better description of the overall reaction in unbuff-

ered water is as a 2 e– reduction to make the 

strongly hydrogen-bonded quinone dianion, which 

will exist in water as an equilibrium mixture of 

protonation states.26 The electrochemically reduced 

forms of the hydroxylated CoQs have higher anti-

oxidative potential and can bind and transport Ca2+ 

across artificial biomimetic membranes.27 The re-

dox chemistry of coenzyme Q members in non-

aqueous aprotic organic solvents can be described 

by two consecutive one-electron transfer steps; a 

more complex situation exists in the voltammetry 

of coenzyme Qs performed in aqueous media.28 

Intensive voltammetric and spectroscopic studies 

of coenzyme Q systems in buffered and non-

buffered aqueous media have revealed that hydro-

gen bonding between electrochemically created 

CoQ species and the water molecules plays an im-
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portant role in stabilizing electrochemically gener-

ated species of these systems.28 The discovery of 

metal-based nanoparticles and their application as 

modifiers of different electrode surfaces was the 

next step forward in the era of the developing volt-

ammetric biosensors.29 However, a real revolution 

in improving the overall performance of commer-

cial working electrodes and their intensive applica-

tion in developing voltammetric bio-sensors hap-

pened some 20 years ago. During a presentation on 

some recent achievements of protein-film voltam-

metry (PFV) some novel protocols that contribute 

to better communication between redox enzymes 

and the working electrode were explained.30 In ad-

dition, the reported results give a short overview of 

several novel voltammetric techniques derived 

from the perspective of square-wave voltammetry. 

These techniques seem to be promising tools for 

application in PFV.30 The advances in square-wave 

voltammetry for analytical purposes as well as for 

studying electrode mechanisms and kinetics and 

for the quantitative determination of various com-

pounds, such as medications, biomolecules, envi-

ronmental pollutants, and antioxidants, were re-

viewed and reported.31     

The main objective of this manuscript is to 

study, for the first time, the kinetic and mechanistic 

pathways of hydroquinone electro-oxidation in 

acid solution (HClO4) at an ordinary and a 

nanostructured mesoporous Pt electrode via cyclic 

voltammetry, convolution-deconvolution trans-

forms, and numerical simulation methods. It was 

found that the convolution-deconvolution trans-

forms and the numerical simulation method pro-

vide simple and accurate tools for calculation, con-

firmation of the electrochemical parameters of hy-

droquinone, and understanding the mechanistic 

pathway of the electrode reaction.   
 

 

2. EXPERIMENTAL 
 

2.1. Chemical reagents 
 

Fluka provided hydrogen hexachloroplati-

nate(IV) hydrates HCPA (99.9 %), polyethylene 

(10), and cetylether surfactant (C16EO8, 99 %, 

C16H33(OCH2CH2)10OH. HClO4; 1,4-hydroquinone 

(HQ), was purchased from Aldrich. De-ionized and 

filtered water with a resistivity higher than 18 M 

Ohm/cm was taken from an Elga water purification 

system. Argon (BOC, UK) was employed to de-

aerate the electrolyte solutions for half an hour be-

fore each experiment. 

2.2. Instrumentation 
 

To investigate the redox behavior of the hy-

droquinone/quinone redox couple, we performed 

three-electrode tests for data capture using cyclic 

voltammetry measurements (CV). A conventional 

three-electrode cell using a micro-Autolab type III 

system (Eco Chemie, NL) was used for these elec-

trochemical studies. The reference electrode was a 

saturated calomel electrode (SCE), and the counter 

electrode was about 1 cm2 of platinum gauze. The 

working electrode was a 1 mm diameter Pt disc 

sealed in glass with a surface area of 7.85·10–3 

cm2. The potential window varied from –0.2 V to 

1.0 V vs. SCE. The scan rates used in this study 

were in the range of 20 mV·s–1 – 1000 mV·s–1. All 

electrochemical experiments were carried out in 1 

mol/l HClO4 at room temperature 23 ± 2 ºC. The 

numerical simulation method was used to know the 

exact nature of electrode reactions and to confirm 

the determined electrochemical and chemical pa-

rameters such as diffusion coefficient (D), the het-

erogeneous rate constant of charge transfer (ks), 

redox potential (Eo), homogeneous chemical rate 

constant (kc), and the symmetry coefficient (α). 
 
 

3. RESULTS AND DISCUSSION 

 

Voltammetric measurements of HQ at a 

standard Pt electrode were performed in a 1.0 M 

HClO4 solution to confirm the simple proton trans-

fer and stability of the redox process in acidic me-

dia. The CV curves, recorded at a 50 mV s–1 scan 

rate in the presence of 5 mM HQ in 1.0 M HClO4, 

at an ordinary Pt electrode are shown in Fig. 1a. 
It was noticed that the cyclic voltammo-

grams of hydroquinone exhibit oxidative and re-

ductive peak positions of 0.610 and 0.117 V vs. 

SCE, respectively, with a peak potential distance 

(∆Ep) of 0.493 V. In the reverse sweep, the cathod-

ic peak coupled with the anodic peak was absent, 

which means that the electrode behavior of HQ in 

the anodic direction apparently proceeds as an EC 

mechanism. The value of half-peak width (Ep–Ep/2) 

listed in Table 1 indicates that the rate of charge 

transfer during oxidation of HQ at an ordinary Pt 

electrode is slow and proceeds as a sluggish elec-

tron transfer kinetic process. These results are con-

sistent with the fact that HQ's slow electrode pro-

cesses at the Pt electrode's clean surface are slow 

processes in nature.32 
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Fig. 1. Single sweep (a) and three sweep cyclic voltammograms  

(b) at a scan rate of 50 mV·s–1 for 5 mM HQ in 1.0 M HClO4 at an ordinary Pt electrode 

 
 

Three sweeps of the cyclic voltammograms 

at a clean Pt electrode with 5 mM HQ at 50 mV s–1 

scan rate in 1.0 M HClO4 are shown in Figure 1b. 

It was observed that after the first scan, there was a 

decrease in peak height. This decrease in peak 

height following the first sweep is due to the dif-

ference in the active surface area between the 

fresh, neat Pt surface and the new surface generat-

ed due to the formation of a thin layer of HQ oxi-

dation products on the Pt surface. After the first 

sweep, the current remains constant for over 50 

cycles, indicating the stability and fouling re-

sistance of the electrode for the oxidation of hy-

droquinone. In addition, the shift of Ef
p to less 

positive values after the first sweep can be attribut-

ed to the higher catalytic activity of the thin layer 

formed from HQ oxidation products than that of 

the neat Pt surface. From Table 1, it was noticed 

that the values of peak current increase with in-

creasing the scan rate, and the anodic peak poten-

tials shift to more positive values while the cathod-

ic peak potentials in the reverse scan shift to less 

positive values. In addition, the magnitudes of 

half-peak width reflect the slow nature of the rate 

of electron transfer. As noticed in Figure 1b, the 

absence of the counter cathodic peak coupled with 

the anodic peak and the non-existence of an anodic 

peak coupled with the cathodic peak (c) exclude 

the EC mechanism and ECE mechanism, respec-

tively. Further, the ratio of ip
b /ip

f is less than unity, 

confirming the exclusion of the probability of pre-

senting a simple slow electron transfer mechanism 

(ET). As a result, the electrode reaction pathway 

does not follow a simple electron transfer (ET) or a 

charge transfer (EC or ECE) process.  

 
 

    T a b l e  1 
 

The wave parameters of the investigated HQ calculated from CV at (a) ordinary  

and (b) nano-architecture Pt electrodes at various scan rates 
 

υ,Vs-1 Ep
f/mV Ep

b/mV Ep-Ep/2 /mV ΔEp/ mV ipf ·106/A ipb·106/A ipb/ipf 

0.10 637 a 97 90 540 26.80 20.20 0.75 

 582b 465 43 117 36.42 25.39 0.69 

0.20 656a 88 97 568 37.90 22.0 0.58 

 597b 454 48 143 50.93 32.68 0.64 

0.50 689a 45 103 644 58.52 41.00 0.70 

 611b 454 54 157 77.31 45.40 0.58 

1.0 698b 36 107 662 80.75 56.6 0.70 

 623a 456 59 167 108.25 64.49 0.59 
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3.1. Effect of scan rate 

 

As shown in Figure 2, when the scan rate in-

creases, the potential separation between the anod-

ic and cathodic peaks increases. The anodic peak 

shifts towards more positive potentials, while the 

cathodic peak shifts towards less positive poten-

tials. Overall, the current ratios (ip
c/ip

a) are less than 

unity in the cases of mesoporous Pt electrodes and 

ordinary Pt electrodes. The ratio at the mesoporous 

electrode is greater than that at the ordinary elec-

trode. This behavior could be explained by the fact 

that the chemical step that follows the oxidative 

process at the ordinary Pt electrode is faster than 

that at the mesoporous electrode. Furthermore, at a 

scan rate of 50 mV·s–1, the peak separation be-

tween the anodic and cathodic peak potentials is 

493 and 793 mV at ordinary and mesoporous plati-

num electrodes, respectively, which is greater than 

59 mV/n and indicates that electron transfer in the 

system is slow in the case of a clean Pt electrode 

and moderately fast in the case of a mesoporous Pt 

electrode.

 

 

 

        
 

Fig. 2. Cyclic voltammetry of 5 mM HQ at different sweep rates in 1.0 M HClO4  

at (a) ordinary and (b) nanostructured mesoporous Pt electrodes 

 

 

 

      
 

Fig. 3. Variation of peak current (ipa) with the square root of scan rate (v)1/2 (a) and scan rate (v)  

(b) for 5 mM HQ in 1.0 M HClO4 at a nanostructured mesoporous Pt electrode 
 
 

 

 

0.0 0.4 0.8

-40

0

40

80

1 V
.
s

-1

0.5 V
.
s

-1

0.2 V
.
s

-1

0.1 V
.
s

-1

0.05 V
.
s

-1

i/
u

A

E/V vs. SCE
0.0 0.2 0.4 0.6 0.8

-80

-40

0

40

80

120

0.1 V
.
s

-1

0.2 V
.
s-1

0.5 V
.
s

-1

1 V
.
s

-1

i/
u
A

E/V vs. SCE

0.2 0.4 0.6

20

40

60

80

i/
u

A

v
1/2

/V.s
-1

0.0 0.2 0.4 0.6 0.8 1.0

20

40

60

80

100

120

i/
u

A

v/V.s
-1

b 



A. A. Al-Owais, I. S. El-Hallag, E. El-Mossalamy 

Maced. J. Chem. Chem. Eng. 42 (1), xx–xx (2023) 

6 

The effect of the potential scan rate on the 

electrochemical process was investigated to better 

understand electrode behavior and the reversibility 

of electrode reactions. Figure 3 shows anodic peak 

current extracted from a cyclic voltammogram of 5 

mM HQ in 1.0 M HClO4 at a nanostructured mes-

oporous Pt electrode using the square root of scan 

rate (v) and scan rate (v). It was discovered that as 

the scan rate was increased, the oxidation peak cur-

rent produced a good linear relationship with the 

square root of the scan rate (Fig. 3a). In contrast, 

the plot deviated from linearity in the case of the 

scan rate. The observed behavior confirms that the 

mesoporous Pt electrode reaction is controlled by 

the diffusion nature of mass transport of HQ spe-

cies in 1.0 M HClO4. The values of the diffusion 

coefficient at ordinary and mesoporous Pt elec-

trodes were calculated from the slope of ip vs. υ1/2 

and are shown in Table 2. It was found that the 

peak potential separation (∆Ep) increases with in-

creasing the scan, as shown in Figure 4. This indi-

cates that the rate of heterogeneous electron trans-

fer for the redox reaction of HQ in this study can 

be considered to be a quasi-reversible process at 

the nanostructured mesoporous Pt electrode and 

slow at the clean Pt electrode. 
 

 

 

.     
Fig. 4. Variation of peak potential separation (∆Ep) as a function of applied scan rate (v) of HQ in 1.0 M HClO4 at ordinary  

(a) and nanostructured mesoporous (b) Pt electrodes 
 

 

 

As previously stated, increasing v generally 

increases current and causes the position of peak 

potential to shift to more positive values in the 

forward direction of the scan. Although ipa (anodic 

peak current) is strongly related to Ep, the relation-

ship has rarely been quantified. Plotting ipa against 

Epa, as shown in Figure 5, is one method of analyz-

ing the potential shift.25 The potential extrapolation 

to zero current on each straight line should be close 

to the redox potential (Eo).25 As shown in Figure 5, 

the values of intercept for the anodic peaks at the 

ordinary and mesoporous Pt electrodes are 0.752 V 

and 0.580 V, respectively. For reduction peaks, the 

values of intercept at the ordinary and mesoporous 

Pt electrodes were exhibited at 0.315 V and 0.480 

V, respectively, which are very close to the values 

of redox potential cited in Table 2. The values of 

the oxidative and reductive transfer coefficients (α) 

were calculated from the following relationship33 

(Eq. 1) and listed in Table 2: 

 

𝐸𝑝 −  𝐸𝑝
2

=    48
𝛼𝑛𝑎 ⁄                          (1) 

 

where Ep – Ep/2  is the half peak width. Again, the 

values of diffusion coefficients (D) were calculated 

from the relationship between the peak current, ip, 

and the square root of the scan rate, υ1/2,33 and cited 

in Table 2. Furthermore, as established in the liter-

ature and shown in Table 2,34 the values of the het-

erogeneous rate constant, ks, were calculated from 

the half peak width Ep – Ep/2 versus the dimension-

less parameter (ψ).  
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Fig. 5. Plot of ip vs. Ep of the oxidative peak for HQ at an ordinary Pt electrode (a), at a mesoporous Pt electrode (b),  

for the reductive peak at an ordinary Pt electrode (c), and at a mesoporous Pt electrode (d) in 1M HClO4 at various scan rates 
 

 

3.2. Convolutive voltammetry 
 

Convolution voltammetry consists essentially 

of a voltammetric, chronoamperometric, or chro-

nocoulometric experiment followed by a mathe-

matical process of transformation-convolution. The 

technique delivers quantities directly related to the 

concentration of electroactive species (CA) at the 

electrode surface (instead of the flux of a com-

pound, as in the case of the original techniques), 

and it is rather insensitive to iR drop.  

For electroactive species A, which behaves 

as a simple electron transfer mechanism, Fick’s 

Second Law is written as follows:33  
 

[
𝜕𝐶𝐴

𝜕𝑡
] 𝑥 = 𝐷𝐴 [

𝜕2𝐶𝐴 

𝜕𝑥2 ]  𝑥                (2) 

 

Solving the above equation at the electrode 

surface provides  
 

𝐼1(𝑡) = (𝐶𝐴 𝑏 −  𝐶𝐴 𝑠 
). [𝑛𝐹𝑆𝐷𝐴

1
2 ]         (3) 

where Cb
A and Cs

A are the bulk and surface concen-

trations, respectively. 

The surface electrode area is referred to by 

the symbol S, and I1(t) is the semi-integration of 

current and is defined as shown in Equation (4):34 

 

𝐼1(𝑡) =  𝜋−1/2 ∫[𝑖(𝑢)/(𝑡 − 𝑢) 1/2]

𝑡

0

𝑑𝑢       (4) 

 

where i(u) is the current at time u and t is the total 

elapsed time.  

I1(t) gives its limiting value, Ilim,  
 

𝐼𝑙𝑖𝑚 = 𝑛𝐹𝑆𝐶√𝐷                          (5) 
 

under the condition of pure diffusion-control [i.e., 

C(0,t) = 0]. Therefore, semi-integration converts the 

cyclic curve (i–E) to the I(t) –E steady-state curve, 

and, in some cases, this is more adjustable for data 

analysis.34  

The evaluation of I1(t) was performed via 

the following algorithms:35 
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𝐼(𝑡) = 𝐼(𝑘∆𝑡) =  
1

√𝜋
 ∑  

𝛤(𝑘−𝑗+
1

2
)

(𝑘−𝑗)

𝑗=𝑘
𝑗=1 . ∆𝑡

1

2𝑖(𝑗∆𝑡) (6)  

                       
 

At equally spaced intervals of Δtm, the cur-

rent is represented by I(jΔt), and Γ(x) is the Gam-

ma function of x. The I1 convolution curve of the 

examined HQ under consideration at an ordinary 

Pt electrode is indicated in Figure 6a, which shows 

a distinct separation between the forward and 

backward sweep when it is driven in the reverse 

direction.35–37 This behavior can be attributed to a 

moderate rate of electron transfer. In addition, the 

unreturning of the backward scan of I1 convolution 

to a zero value confirms and supports the existence 

of a chemical step in the electrode pathway of HQ 

in 1 mol/l HClO4 at an ordinary Pt electrode surface.

 

         
 

Fig. 6. Convolution voltammogram of HQ in 1.0 M HClO4 at an ordinary Pt electrode  

(a) and deconvolution at the same ordinary Pt electrode (b) 
                                           
 

    
 

Fig. 7. Convolution voltammogram of HQ at a mesoporous Pt electrode  

(a) and deconvolution voltammogram at a mesoporous Pt electrode (b) in 1.0 M HClO4 
 
 

The convolution voltammogram curve of the 

examined HQ at mesoporous Pt electrode is indi-

cated in Figure 7a, which shows less potential sep-

aration of the distance between the forward and 

backward scan than that observed at the ordinary 

Pt electrode (Figure 6a). This indicates that the rate 

of electron transfer at a mesoporous Pt electrode is 

faster than that obtained at an ordinary Pt elec-

trode.36,37                                     

Deconvolution voltammetry is performed as 

a semi-differentiation of the current (d I1 /dt) with 

respect to the applied potential and is defined as 

follows:36 

 

(𝑑𝐼1/𝑑𝑡)  = 𝑛𝐹𝑆𝐶√𝐷aζ/(1 + ζ)²      (7) 
 

The symbols a and ζ are defined as follows:  
 

𝑎 = 𝑛𝜈𝐹 𝑅𝑇⁄                        (8) 
 

𝜁 = exp [
𝑛𝐹

𝑅𝑇(𝐸 − 𝐸0)
]                (9) 
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The deconvolution voltammetry curve at an 

ordinary Pt electrode with v = 50 mV·s–1 is dis-

played in Figure 6b. The half-width of the decon-

voluted peak (𝑤p/2) is written as34 

 

𝑤𝑝/2 = 2.94 𝑅𝑇 𝛼𝑛𝑎⁄ 𝐹                  (10) 
 

for a rate-controlled process, where na is the num-

ber of electrons participating in the rate-

determining step, R is the universal gas constant, T 

is the absolute temperature, and F is the Faraday 

constant. The half-width of the deconvoluted peak 

at half the height of the peak (wp/2) was measured 

experimentally and found to be 101 ± 2 mV, indi-

cating the slow nature of electron transfer of HQ at 

an ordinary Pt electrode surface. The values of the 

symmetry coefficient (α) were calculated via Eq. (10) 

and listed in Table 2. In addition, the distance be-

tween the peak locations of the oxidative peak (O) 

and the reductive peak (R) is large, confirming that 

the reduction peak of HQ at the Pt electrode is not 

coupled with the oxidation process. The slight dis-

placement of the maximum and minimum deconvo-

lution peaks at the mesoporous electrode supports the 

quasi-reversibility of electron transfer in the oxidative 

processes. The values of the electrochemical parame-

ters determined experimentally are listed in Table 2. 

The height of the deconvolution voltammet-

ric peak (ep) was used for the calculation of the 

diffusion coefficient (D) via Eq. (11)38,39 and put in 

Table 2.  

  𝑒𝑝  =   
𝛼𝑛2𝐹2𝑣𝐷1/2𝐶𝑏𝑢𝑙𝑘

3.367𝑅𝑇
                 (11) 

 

where v is the scan rate, the symbol ep is the height 

of the forward deconvolution peak (in amperes), 

and the remaining parameters have their known 

meanings. The determined values of the diffusion 

coefficient using Eq. (11) are cited in Table 2. In 

addition, the number of electrons involved in the 

mechanistic pathway was calculated from equation 

(12). 

 

𝑛 =   
0.086𝑒𝑝

  𝐼𝑙𝑖𝑚𝛼𝑣   
                          (12) 

 

The calculated number of electrons involved 

in the electrode reaction, n, was found to be 2.01 

for both anodic and cathodic reactions using Eq. 

(12). As demonstrated, the above equation pro-

vides a successful and straightforward method for 

calculating the number of electrons consumed in 

the electrode reaction without knowing the elec-

trode surface area. From the above results, it was 

noted that the I1 vs. E and (dI1/dt) vs. E curves were 

easier to elucidate and confirmed the nature of the 

electrode reaction. 

The data obtained in this work are compared 

with that established in the literature40–43 and sum-

marized in Table 3, which indicates the good cata-

lytic activity of mesoporous Pt electrodes. 

 

 

      T a b l e  2  
 

Values of the electrochemical parameters obtained at the ordinary and mesoporous platinum electrodes 
 

ksOx /ms–1 ksRedm.s–1   E0
Ox/V      Eo

Red/V DOx m2s–1   DRedm2s–1       αOx         αRed kcOx s–1   kcRed s–1 

a   4.4e–5     3.8e–5 
b   6.1e–7     5.3e–7 

   0.750        0.310 

   0.683        0.483 

  5.3e–9        5.12e–9 

  4.2e–9        3.90e–9 

     0.36       0.33 

     0.34       0.31 

  3.52         2.41 

  6.91        5.81 

                    a values obtained at a mesoporous Pt electrode and  b values obtained at a ordinary Pt electrode 

 
 

   T a b l e  3  
 

Compares data from the literature with that obtained in our study 
 

Electrode type Solution conditions ∆Ep/mV ipb/ipf D cm2s–1 ks, cms–1 Ref. 

(PGDIL)–TiO2 /Au 0.1M TBAP/acetonitrile 533 0.43 2.77·10–5 – 40 

GCE 0.3M Mg perchlorate 255 0.92 – – 41 

Au disk 0.2M TBAP/ acetonitrile 547 0.81 – – 42 

Boron doped diamond H2SO4 soln. 565 – – – 43 

Mesoporous Pt 1M HClO4 117 0.69 5.3·10–5 4.4·10–4 [this work] 
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4. NUMERICAL SIMULATION 

 

The numerical simulation method is an im-

portant and successful tool for knowing the type of 

mechanistic pathway of electrode reactions and 

obtaining the kinetic parameters theoretically.38,39 

The transfer coefficients, E0, D, and ks, for anodic 

and cathodic electrode mechanisms were estimated 

experimentally and ascertained via numerical sim-

ulation.35,36 The best fit between experimental and 

theoretical curves consists of finding the electro-

chemical parameters that exhibit the fewest differ-

ences between the numerically simulated curves 

and the experimental plots. As shown in Figure 8, 

there is good matching between the theoretical and 

the captured experimental voltammograms, con-

firming the validity of the proposed mechanistic 

pathway of the electrode reaction, which is pro-

posed to proceed as an ECEC mechanism, and the 

accuracy of the electrochemical parameters calcu-

lated experimentally. 

 

 

              
 

Fig. 8. Simulated and experimental ECEC cyclic voltammograms of HQ at an ordinary Pt electrode (a)  

and a mesoporous Pt electrode (b) 

 

 

5. CONCLUSION 

 

The redox behavior of HQ at an ordinary Pt 

electrode was demonstrated, and a nanostructured 

mesoporous platinum film was electrochemically 

deposited from a hexagonal liquid crystalline tem-

plate. The mesoporous platinum electrode exhibit-

ed excellent electrocatalytic properties, activity, 

and reversibility toward the oxidation of the HQ 

system. The oxidation and reduction peak separa-

tion (∆Ep) decreased from 540 to 117 mV vs. SCE 

for HQ at ordinary and mesoporous platinum elec-

trodes, respectively. The electrocatalytic enhance-

ment, stability, and selectivity for HQ oxidation 

demonstrate the potential use of a nanostructured 

mesoporous film for further investigation. In the 

case of a mesoporous platinum electrode, the cy-

clic voltammogram exhibits one anodic peak in the 

forward scan of potential and one cathodic peak in 

the reverse scan. On the basis of the electrochemi-

cal behavior, the suggested mechanism is an ECEC 

scheme for the electrochemical oxidation of HQ in 

1.0 M HClO4 at both electrodes. Numerical simu-

lation was used for confirmation of the proposed 

electrode reaction and the electrochemical parame-

ters measured experimentally. 
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