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Effect of nanosized particles of lead dioxide on the potential and current of cyclic voltammetry peaks
in sulfuric acid media was studied. Nanomaterial was synthesized by pulsed current electrochemical
method. Material characterization was done by XRD, SEM and ICP. Electrochemical characterization
was carried out by cyclic voltammetry in sulfuric acid solutions. The electrochemical parameters of 3-
PbO, on the lead substrate were further calculated by cyclic voltammetry. Under the selected
conditions the anodic and cathodic peak currents were linear with lead dioxide particle size over the
range lower than 100 nm by cyclic voltammetry. The obtained results also showed a good linear
relation between anodic peak potential with particle size. Smaller particles increase the currents of
reduction and oxidation peaks and, decrease the oxidation potential for lead dioxide formation. It was
not seen a regular relationship between particle size and potential of reduction peak. An attempt to
understand the particle size effect on the shift of electrochemical parameters based on the particle size
and morphology of lead dioxide.

Keywords: Pulsed current; Nanostructure; Lead dioxide; Particle size; Electrochemical behavior;
Cyclic voltammetry

1. INTRODUCTION

As the demand for nanomaterials tailored particular applications increases, so to the need for
robust, monodispersed nanomaterials with reproducible and highly uniform properties will grow. It has
been widely shown that many fundamental properties of nanomaterials have a strong dependence on
particle size [1-2]; while other properties such as quantum confinement [3] have no dependence. Great
advantages have been made in controlling the size of nanoparticles.
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Nanomaterial has received increasing attention in various fields of science and technology [4-
7]. A variety of physicochemical methods, including metal evaporation [7], spray pyrolysis [8], sol-gel
[9] and electrochemical methods [10], have been used to produce nanometer-sized materials.

Lead dioxide is an attractive material, which has been used in variety of electrochemical and
industrial applications, including its use as a positive active material in lead acid batteries [11-13], as
an electrocatalyst for salicylic acid [14], 2-naphtol [15], and trans-3,4-dihydroxycinnamic acid [17], in
the oxidation of organic compounds [14-17], oxidation of phenol [16,17], Cr’* [18], and glucose [19],
and evolution of ozone [20].

Because of lead dioxide importance in various application, in this work, we tried to find a
correlation between lead dioxide particle size and cyclic voltammetry parameters including anodic
peak current (1), cathodic peak current (7, ), anodic peak potential ( £ ) and cathodic peak potential

(E9).

2. EXPERIMENTAL PART

2.1. Materials

Analytical grade sulfuric acid, HNO; (Merck) was used without any purification. In all of the
experiments, double-distilled water was used. Pure lead substrate was purchased from the National
Iranian Lead-Zinc Company (NILZ Co., Zanjan, Iran).

2.2. Instrumentals

The morphology and diameter of lead dioxide samples were studied by a Philips scanning
electron microscopy (XL30 model). X-ray powder diffraction (Philips X’pert diffractometer) with
Cukg) radiation (A = 0.15418 nm) were used to study the phase composition of the prepared samples.
MPS-3010L model of a power source, made by the Taiwan Matrix company was used for making a
constant current. A home-made electrical pulse apparatus was applied to make the reproducible current
pulses. Electrochemical behavior of the synthesized lead dioxide nanoparticles was studied by an
electrochemical apparatus known as Auto Lab (model 102). The temperature of the synthesis solution
was kept constant by water bath (Optima, Tokyo, Japan).

2.3. Procedure

2.3.1. Electrode preparation

In order to make leaden electrodes, pure lead was melted in 400°C and was cast in a home-
made steel mould. The structure and dimensions of the electrode which obtained by the casting method
is shown in Fig.1.
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Figure 1. Scheme and dimensions of the used electrode

2.3.2. Lead dioxide synthesis

Before each deposition, the lead electrode was placed in the concentrated HNO3 for 30s and
then rinsed with double-distillated water to remove any surface oxidized species in contact with air.

Two graphite cathodes coupled with the prepared lead electrode as anode of the
electrochemical cell. The electrodes were put in sulfuric acid solution. Different rates of the pulsed
current were applied for oxidizing of the lead substrate. For conversion of the different synthesized
species (PbO, PbSO,4, PbO.4H,0 and PbsO3S04-H,0) to lead dioxide, one charge stage was used after
pulse stage. The charge process was performed by constant voltage method (2.48 V) for at least 2 h.
After performing charge process, all synthesized species at pulsed current stage were converted to lead
dioxide. By applying pulse synthesis and charge steps, nanostructured lead dioxide was directly
covered on the surface of the lead electrode (anode) by oxidation of the lead substrate. Morphology
and particle size of each sample was determined by Scanning electron microscopy (SEM) and X-ray
diffraction (XRD).

For the investigation of cyclic voltammetric behavior of the nanostructured lead dioxide, the
prepared electrode was used as a working electrode which coupled with a platinum counter electrode
and an Ag/AgCl reference electrode equipped with 1 M H,SO4 solution in double-junction vessel.

Correlation between lead dioxide particle size and cyclic voltammetry parameters including
anodic peak current (/,), cathodic peak current (/) ), anodic peak potential (E7) and cathodic peak
potential (E7) was in MATLAB and Excel software. The initial modeling showed that the linear

correlation is comfortable for the system therefore; next studies were performed by Excel.

3. RESULTS AND DISCUSSION

Nanostructured lead dioxide was directly synthesized by the pulsed current method on the lead
electrode in sulfuric acid solution. In the current study, a direct current with constant amplitude was
supplied by a common power supply instrument. The output of the power supply system (DC current)
was connected to a home-made pulse maker apparatus. The current output of the pulse system was a
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pulsed direct current as it is shown in Fig. 2. According to Fig. 2, there are 4 variable parameters for
pulse system including pulse height, pulse time, relaxation time and pulse frequency. The results of our
initial experiments indicated the desirability of relaxation time/pulse time ratio of 3 for majority of
syntheses; therefore, the ratio of 3 was selected for further experiments. At a constant ratio of
relaxation time to pulse time, a pulse system has 2 effective parameters including pulse height (current
amplitude) and pulse frequency (controlling of pulse time). Additional to pulse variables, sulfuric acid
concentration and solution temperature can affect on the particle size of synthesized lead dioxide. Our
initial studies showed that different sized lead dioxide nanoparticles can be synthesized by varying of
the above-mentioned four parameters. Therefore, 20 synthesizes were performed in the different
conditions by varying of the effective parameters. The morphology and average particle size of each
sample were investigated by SEM and XRD. Among of these samples, 8 samples were selected so that
average size of their particles was significantly different. Table 1 presents summary of synthesis
conditions and average particle size of the selected samples. As it is obvious in Table 1, particles sizes
were distributed in the range of 30 to 600 nm. Figure 3 shows the SEM images of the selected samples.
As it is seen from Fig. 3, the used samples have different particles in diameter. It was tried to select
samples which have same morphology.
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Figure 2. Used Pulse diagram

Each sample of Table 1 was studied by cyclic voltammetry in sulfuric acid media. Figure 4
shows the cyclic volatammographs of the selected samples during 15 cycles. Cyclic voltammetry
parameters including anodic peak current (1), cathodic peak current (/,), anodic peak potential (E})

and cathodic peak potential (£, ) were calculated for each sample at 15® cycle. The amounts of the

calculated parameters were summarized at Table 2. The amount of each parameter was diagramed
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Figure 3. SEM images of used lead dioxide samples for modeling
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Figure 4. Cyclic voltammographs of used lead dioxide electrodes during 45 cycles
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Figure 5. Modeling of cyclic voltammetry parameters versus particle size including anodic
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current (IZ; a), cathodic peak current (I;; b), anodic peak potential (EZ; ¢) and cathodic peak

potential (£, ; d) for the samples with particle size in range of 30 to 600 nm.
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versus average particle diameter of the samples. The obtained results were shown in Fig. 5. As, it is
seen from Fig. 5, there are not a reliable correlation between cyclic voltammetric parameters and
particle size. All synthesizes were repeated and the correlation checked again. Finally, samples 1, 2
and 3 were eliminated from modeling and the correlations were performed again. The new results were
shown in Fig. 6. The presented curves of Fig. 3 show that there are excellent linear correlation between
cyclic voltammetry parameters and particle size. To compare Figs. 5 and 6 confirm that the particle
behaviors in nanometric range (lower than 100 nm) are very different with respect to the bigger
particles.

Table 1. summary of synthesis conditions and average particle size of the selected samples

Synthesis conditions

Sample Pulse Current Sulfuric acid Temperature Average Particle
frequency amplitude concentration °O) size (nm)
(Hz) (mA/cm?) (M)

1 12 0.1 4.8 20 600

2 12 0.4 4.5 45 172

3 12 0.2 4.5 45 88.8

4 12 0.1 4.5 45 61.9

5 12 0.4 1 45 57

6 0 0.4 4.8 45 51.13

7 12 0.4 3.7 45 40.5

8 18 0.4 4.8 45 31.2

Table 2. The amounts of the calculated parameters from cyclic voltammetry technique

Sample Particle Size (nm) E[f V) E:(V) I, (mA) I!(mA)

1 172 1.168 1.754 116 75.1
2 61.9 1.207 1.732 126 68
3 40.5 1.166 1.756 138 87
4 600 1.202 1.744 112 56.5
5 51.13 1.185 1.749 154 83
6 57 1.195 1.752 161 81
7 31.2 1.197 1.754 168 90
8 88.8 1.192 1.761 150 74.9

Based on the obtained results, anodic (oxidation of lead sulfate to form lead dioxide) and
cathodic (reduction of lead sulfate to metallic lead) peak currents are linearly decreased when particle
diameter increased (Figs. 6a and 6b). This result can be related to this fact that in thin layer
electroactive materials, decreasing of particle size makes to increase active surface to take part in
electrode reactions.
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As it is seen in Figs. 6¢, anodic (oxidation of lead sulfate to form lead dioxide) peak potential is
linearly decreased when particle diameter increased. On the other hand, cathodic peak potential
(reduction of lead sulfate to metallic lead) is linearly increased when particle diameter increased. The
observed results indicate that the decreasing of nanoparticle size can facilitate oxidation and reduction
reactions. The observed results can be related to this that the smaller nanoparticles are more sensitive
and reactive than bigger particles.

4. CONCLUSIONS

In summary, lead dioxide nanoparticles can be synthesized directly on the lead substrate in
sulfuric acid media by the pulsed current electrochemical method. Cyclic voltammetry parameters (1,

I,, E, and E) have good linear correlation with particle size in the nanometric range ( lower than

100 nm). The linear models show that the decreasing of nanoparticle size cases to increase the
oxidation and reduction currents. Smaller lead dioxide nanoparticles take part in oxidation and
reduction reactions more easily than bigger particles.
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