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ABSTRACT

The environment pollution, in particular that of the aquatic environment, by wastewater is a reality
because it is discharged for the most part without treatment. The presence of pharmaceutical
pollutants such as paracetamol in these waters can constitute a risk to human health. The objective
of this work is to study the electrochemical oxidation of paracetamol using cyclic voltammetry on the
boron doped diamond (BDD) anode and boron doped diamond modified by gold particles (Au-BDD)
anode. The Au-BDD electrode was obtained by modifying the surface of BDD with gold particles.
This was done by electrodeposition (chronoamperometry) in 0.5 M HAuCls and 0.1 M H2SO4 using a
three pulse nucleation and growth process. Physical characterization with Scanning Electron
Microscopy coupled with Dispersive Energy spectroscopy has shown that the Au-BDD surface
presents asperities with the presence of microparticles and nanoparticles. The electrochemical
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characterization made in three electrolytic solutions (H2SO4, NaOH and KCIO4) showed that Au-
BDD has a high electroactivity domain than that of BDD. The study of the Benzoquinone-
hydroquinone redox couple has shown a quasi-reversible character of these two anodes. It also
revealed that Au-BDD has a more accentuated metallic character than BDD. The voltammetric
measurements made it possible to show that the paracetamol oxidation is limited by the transport of
material on each anode. This oxidation is characterized by the presence of an anodic peak in the
support electrolytes stability domain. The paracetamol oxidation is rapid on Au-BDD than on BDD in
the various medium explored, thus showing that Au-BDD is more efficient than BDD for the
paracetamol oxidation by electrochemical means.

Keywords: Paracetamol; oxidation; cyclic voltammetry, chronoamperometry; gold particles.

1. INTRODUCTION

Organic compounds such as pharmaceuticals
present in different spheres of the environment
have very varied origins [1,2]. The environmental
fate of these compounds as well as their impact
on the different ecosystems are very dependent
on their interactions with the surrounding
environment. Among these organic
contaminants, involved in chemical pollution
phenomena are antibiotics, analgesics, anti-
inflammatories, contrast agents or antiepileptics
and pyretics. The latter are introduced into the
environment through anthropogenic activities:
industrial discharges, animal manure,
wastewater from various treatments, waste and
unused drugs caused by runoff from landfills
household waste or waste water [3-5]. Recent
studies claim that hospital wastewater is the
pharmaceuticals main source in the aquatic
environment [3,6,7]. These substances come
essentially from human consumption
(prescription in pharmacies, hospital uses) and /
or animal (veterinary treatments). They are the
cause of various biological anomalies observed
in many animal species and in humans [8]. A
general awareness is therefore necessary in
order to propose methods for treating hospital
wastewater. Thus, considerable efforts are made
by the implementation of new technologies for
the depollution of these contaminated hospital
waters before their discharge into the natural
environment. The  wastewater containing
pharmaceutical effluents can be carried out by
various processes, including physicochemical
and biological treatments, which are currently
well controlled at laboratory scale and applied on
a large scale in industry [4,9,10]. In this context,
several recent advances in the treatment by
oxidation of organic contaminants contained in
aqueous effluents have been made. These
treatment methods are based on the formation of
a highly reactive oxidizing chemical species
which will transform the most recalcitrant
molecules into biodegradable molecules or into
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mineral compounds such as CO:2 and H:20.
These processes are called Advanced Oxidation
Processes (AOP). They are based on the in situ
formation of hydroxyl radicals (HO*) which have
an oxidizing power superior to that of traditional
oxidants [11-13].

In recent years, there has been a great
development of electrochemical methods, such
as anodic oxidation and electro-oxidation, for the
destruction of toxic and bio-refractory organic
pollutants  [4,14-16]. In this work, the
electrochemical method will be used to oxidize
paracetamol (PCM) is one of the most abundant
drugs in the environment. It is a method that
does not require the use of harmful reagents and
its implementation is easy and very effective
[17,18]. In particular, it has the advantage of
being able to react to pollutants in two different
ways, either directly or indirectly. However, the
effectiveness of this method is linked to the
nature of the electrode used [19]. Thus, this
paracetamol oxidation will take place on two
electrodes: the boron doped diamond electrode
(BDD), known for its interesting electrochemical
properties and its stability in highly concentrated
acidic and basic medium. It has already been
used for this purpose by Gnamba and al [12,20]
in our laboratory to degrade pharmaceutical
products. Then the several anode modified by
gold particles which made headlines for the
analytical determination of biomolecules or
pollutants, as well as for spectroelectrochemical
applications [21-24]. Indeed, the surfaces
modification with gold nanoparticles improves the
electrochemical response, in particular due to the
increase in the active surface and the gold
intrinsic properties in the size of the nanometer. It
has also been used for the organic molecules
reduction such as neuramidase by Wahyuni and
al [25].

In this work, a protocol for depositing three
nucleation and growth pulses (three pulses
deposit) developed by F. Bottari and al is chosen
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[26] to modify the surface of BDD by gold
particles in order to obtain the BDD anode
modified with gold particles (Au-BDD).

To <carry out the PCM oxidation by
electrochemistry, an exploratory study must be
carried out on the optimal conditions for the PCM
oxidation on these anodes, in order to avoid trial
and error, thus saving time and reducing the
cost. It becomes necessary to study this
oxidation by voltammetric measurement. Thus, in
this work, it will be on the one hand to modify the
BDD surface by gold particles and on the other
hand to study the voltammetric response of PCM
on Au-BDD and BDD anodes.

2. MATERIALS AND METHODS

2.1 Chemicals

The pharmaceutical product used is paracetamol
500 mg manufactured by the Bailly-Creat France
laboratory and purchased from a pharmacy in
Abidjan. The chemicals used in this work
composed of HAuUCls (LDP TORLAN), H2SO4
(Sigma-Aldrich),  KCIO4  (Merck), = NaOH
(Panreac), CsH4(OH)2 (Panreac) and (CeH4O2)
(Panreac). All the chemicals were used as
received without any further treatment for the
experiment. All the solutions used in the current
work were prepared with distilled water. All the
electrochemical experiments were made at
ambient temperature of 25° C.

2.2 Electrodes

This research work was carried out with two
working electrodes: the BDD anode and the BDD
anode modified with gold particles (Au-BDD).
The BDD anode was prepared by the chemical
vapor deposition (CVD) method on filament
heated between 2440 and 2560 ° C. The gas
mixture used is composed of 1 % methane, an
excess of dihydrogen and trimethyl boron. The
deposit thickness is 1 ym. After doping, the
atomic ratio of Boron to Carbon (B)/(C) diamond
used is 3500. The Au-BDD anode was obtained
by electrodeposition (chronoamperometry) with a
protocol which includes three nucleation pulses
and growth. The deposit method is as follows:

BDD was treated by cyclic voltammetry in
0.1 M sulfuric acid with 20 potential scan
cycles in a potential domain from - 1.17 to
2.53 V/SCE at 100 mV/s for hydrate the
anode surface;
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The electrochemical deposition of gold
particles (AuNPs) on BDD surface was
carried out using the method of F. Bottari
and al [26]. To test the effect of electrode
surface terminations on the AuNPs
deposition, electrochemical pretreatments
were performed after the polishing step.
Cathodic pretreatment was carried out at -
2 V for 30 min in 0.1 M phosphate
buffer pH 2 and anodic pretreatment at +2
V for 30 min in 0.1 M phosphate buffer pH
2

The electrochemical deposition of AuNPs
on the surface of BDDs was carried out in
a 0.1 M H2SO4 solution containing 0.5 M
HAuUCls. The protocol includes three
nucleation growing pulses (three-pulse
deposition). The potential and duration of
the pulses induce a fast reduction of gold
avoiding extensive hydrogen evolution and
thus maintaining the surface termination of
the electrode. A nucleation pulse consists
in 2 s at - 0.7 V, followed by growth
pulses at 0 V (150 s, 300 s, 800 s
respectively). After rinsing the electrode

with  H20 the electrode is further
characterized [23].

2.3 Physical Characterization of the
Electrodes

The electrodes used for this work were physically
characterized from Energy Dispersive X-Ray
Spectroscopy (EDX) and from microphotos taken
using the scanning electron microscopy (SEM)
apparatus.

2.4 Electrochemical Measurements

For the voltammetric study, an ECHOCHEMIE
PGSTAT 20 potentiostat autolab connected to a
computer and controlled by GPES software was
used. A conventional three-electrode cell
containing 100 mL of electrolytic solution was
used for the electrochemical characterization
with BDD and Au-BDD as working electrodes
(WE), a platinum wire wound as a counter
electrode (CE) and a saturated calomel electrode
as reference electrode (RE) (containing
saturated KCI solution). The working anode is
fixed in a cage with an area of 1 cm?, promoting
contact between it and the electrolyte through an
opening. The reference electrode is placed in a
capillary luggin, the end of which is placed about
2 mm from the working electrode in order to
avoid the ohmic drop.



3. RESULTS AND DISCUSSION

3.1 Physical
Anodes

Characterization of the

The BDD anode characterization as well as the
prepared electrode (Au-BDD) was carried out by
scanning electron microscopy (Fig. 1). On the
BDD electrode (Fig. 1.A) one can distinguish
randomly oriented poly-dispersed crystals whose
size is in the order of a few micrometers whose
predominant faces are cubic and triangular. It
also shows the polycrystalline nature of BDD with
grains strongly bonded to each other [12,20]. The
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images of the prepared Au-DDB electrode (Fig.
1.B) show that its surface presents asperities
with the presence of microparticles and
nanoparticles on its surface. This reflects the
modification of the BDD surface by the gold
particles (microparticles and nanoparticles).
These gold particles are uniformly distributed
over the surface of the DDB. However, at the
bottom of the gold particles, boron doped
diamond crystals are observed. This shows that
our electrode is made up of diamond crystals
doped with boron on which are fixed gold
particles [26].

Fig. 1. Scanning electron micrographs of BDD (A) and Au-BDD (B)
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In order to determine the chemical composition
of the electrodes surface and the different
proportions of these elements, Energy Dispersive
X-Ray Spectroscopy (EDX) measurements were
carried out. Fig. 2.A shows the EDX spectrum of
the BDD electrode. On this spectrum, two
intense peaks at 0.1 KeV and 1.9 KeV are
observed which respectively characterize the
presence of carbon and silicon. Note also the
presence of oxygen on the electrode surface.
Fig. 2.B shows the EDX spectrum of the Au-DDB
electrode. On this spectrum, we have the
presence of the characteristic peaks of carbon
and silicon which were present on the spectrum
of BDD. Several characteristic peaks of gold on
the electrode surface is also observed. This
shows the modification of the BDD surface by
gold particles. These results confirm those
obtained by the SEM.
3.2 Electrochemical Characterization of
the Anodes

3.2.1 Benzoquinone-hydroquinone couple

Fig. 3.A shows the cyclics voltammetry of BDD in
different concentrations of the benzoquinone-
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hydroquinone redox couple at 25 mV/s. Note that
the anode and cathode current intensity peaks
increases in  absolute value with the
concentration of the redox couple. The
representation of these peaks current densities
as a function of the redox couple concentration
gives straight lines with correlation coefficients
substantially equal to one. Fig. 3.B below gives
the results obtained. These investigations show a
linearity between the current densities of the
peaks (oxidation (jpa) and reduction (jpc)) and the
concentration. These results give the analytical
behavior of the electrode.

Fig. 4.A shows the voltammetric curves of Au-
BDD in different concentrations of the redox
couple. This figure shows that the intensity of the
peak current density increases with the redox
couple concentration. The plot of the densities
evolution of the anodic and cathodic peak
currents as a function of the redox couple
concentration, gives lines of correlation
coefficients close to 1 (Fig. 4.B). This result
shows that the peaks observed are actually
linked to the concentration [27]. This shows that
the Au-BDB anode can be used for analytical
purposes.

3 Si Spectrum 1 Spectrum 1
/ 40004
8000 (A) ] B)
s6003 30004
C
40004 20004C
20001 1000 i
0 l T T T T 0% ‘J \K‘ T T Y T u ég,'.““
2 - 6 8 10 2 B 6 8 10
Full Scale 9487 cts Cursor: 0.000 keV| Full Scale 4458 cts Cursor: 0.000 keV|
Fig. 2. EDX spectrum of the DDB (A) and Au-DDB (B) anodes
8 .
?’ -
(A} —20 mM (B) 6 4
S B
- - 47 .
0,*_ 3 "‘.'_ * .]pa
= = 24 .
v < ® Jpe
< 11 - .
E £ 01
21 e e S
-3 T T T T T T ! -4 v v v T T ]
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 20 25 30 35 40 45 50
E (V/SCE) C (mM)

Fig. 3. (A) Cyclic voltammograms of BDD performed at different concentrations of the
benzoquinone-hydroquinone couple at 25 mV/s; (B) Trend curves of the anodic and cathodic
peak current densities as a function of the benzoquinone-hydroquinone couple concentration.
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Fig. 4. (A) Cyclic voltammograms of Au-BDD performed at different concentrations of the
Benzoquinone-hydroquinone couple at 25 mV/s; (B) Trend curves of the anodic and cathodic
peak current densities as a function of the benzoquinone-hydroquinone couple concentration.

In Fig. 5 is presented the cyclic voltammograms
of BDD and Au-BDD in the benzoquinone-
hydroquinone couple of 20 mM concentration.
This figure shows that the potential of the Au-
BDD oxidation peak is lower than that of BDD.
However, that of its reduction peak is higher than
that of BDD. It is also note that the transport of
the charges is faster with Au-BDD than BDD.
This shows that Au-BDD has a more almost
metallic character than BDD.

3.2.2 Sulfuric acid medium

In Fig. 6 are shown the cyclic voltammograms of
our electrodes in acidic medium (0.1 M H2SO0a).
The BDD voltammogram presents three regions.
From -1 to -0.67 V/ISCE, there is a rapid increase
in absolute value of the current density
corresponding to the hydrogen evolvement. Then
from -0.67 V/SCE to 1.82 V/SCE, an absence of
electrochemical reaction translated by an almost
zero current density is observed. In fact, there
was nho change (characteristic peak in the
formation of an oxide layer) of the anode surface
in the electrolytic solution. This zone is called the
anode electroactivity domain or the support
electrolyte stability domain with a potential
window of AE = 2.49 V reflecting its stability with
respect to acid corrosion. From 1.82 V/SCE, a
rapid increase in the current density
characterizing the oxygen evolution reaction is
observed. The characteristic j = f (E) of Au-BDD
has, in the forward potential scan, a peak
characteristic of the gold oxidation at 1.22
V/SCE. We note the presence of a couple of
peaks in the return potential scan at 0.53 and -
0.046 VISCE, reflecting the gold oxides
reduction. The presence of these peaks shows
that the anode surface contains gold particles
[26]. Au-BDD would therefore have more active
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surfaces than BDD. From 1.91 V/SCE, there is a
rapid increase in the current density
corresponding to the oxygen evolution reaction.

Fig. 6 shows that BDD produces oxygen more
quickly than Au-BDD, on the other hand it
produces hydrogen less quickly. Indeed, the
hydrogen evolution reaction and oxygen
evolution reaction are respectively at -0.67
V/SCE and 1.82 V/SCE for BDD; -0.6 V/SCE and
1.91 V/SCE for Au-BDD. Therefore BDD is more
electrocatalytic for the oxygen evolvement than
Au-BDD. On the other hand, it is less so for the
hydrogen evolvement.

In order to verify the relationship between the
oxidation and reduction peaks, a study was
carried out by varying the potential of the anodic
potential zone in an H2SO4 solution (0.1 M) at 25
mV/s (Fig.7). By reducing the positive limit of the
potential scanning area, it is we found that the
intensity of the reduction peak current densities
decreases in absolute value. This result shows
that the oxidation and reduction peaks are linked.
The oxides formed in the forward potential scan
are reduced in the return potential scan.

3.3 Paracetamol Oxidation

3.3.1 Paracetamol oxidation in sulfuric acid
medium

Fig. 8.A shows the cyclic voltammograms of the
anodes in the absence and in the presence of
PCM in H2S04 (0.1 M). In the tablet presence, a
change in the voltammograms appearance is
observed. With regard to the BDD anode, there
is the appearance of an oxidation peak at a
potential of 0.9 V/SCE of current density 2
mA.cm2 for 1.5 g/L. The PCM addition also
resulted in a lowering of the oxygen evolution
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reaction current density and an increase in the presence of PCM the Oz evolution reaction
potential for the oxygen evolution reaction start. begins at 2.2 V/SCE. As the paracetamol
In the absence of PCM, the Oz evolution reaction  concentration increases, the intensity of the
begins at 1.82 V/SCE, on the other hand in the oxidation wave current density increases [28].
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Fig. 5. Cyclic voltammograms of the anodes in the benzoquinone-hydroquinone couple 20 mM
at 25 mV/s
6 =
4 1 ——BDD
6_’," ....... Au-BDD
g
@ 2 A
-«
g
- 0 1
_2 T T T T T T T
1.0 05 0.0 0.5 1.0 1.5 2.0 2.5
E (V/SCE)

Fig. 6. Cyclic voltammograms of the anode in H>SO4 (0.1 M) at 25 mV/s
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Fig. 7. Cyclic voltammograms of Au-BDD in the H,SO4 solution (0.1 M) at 25 mV/s with different
potential windows

29



Ollo et al.; IRIPAC, 22(4): 23-35, 2021; Article no.IRJPAC.68514

A) z . BDD B) Au-BDD
4 — gl
~zd 0.5g1 _
£ T A E
: 2 — -15gL [ g
E1 4 =
-9 4 ‘ — A o=
£ ; | : T T r r
15 -1.0 05 00 05 10 15 20 25 0.6 0.0 0.6 1.2 1.8 2.4
E (V/SCE) E (V/SCE)

Fig. 8. Cyclic voltammograms of the anodes containing different concentrations of PCM at 25
mV/s

In Fig. 8.B (Au-BDD anode), in the presence of
PCM, two oxidation peaks at 0.53 and 0.87
VISCE are observed, then an oxidation wave
around 1.37 V/SCE in the forward potential scan.
In the presence of PCM, the potential for the start
of oxygen evolution reaction increases. It goes
from 1.91 in the absence of PCM to 2.2 V/SCE in
the presence of PCM 1.5 g/L. This shows that
the oxygen evolution reaction is delayed by the
increase in the paracetamol concentration. In the
return potential scan of the voltammogram, there
are two reduction peaks at 0.2 and at - 0.35
V/SCE. These voltammograms show an increase
of the oxidation peak current density with the
PCM concentration. The increase in the oxidation
wave current density with the PCM concentration
is confirmed by the plotting of the oxidation wave
current density as a function of the concentration
which gives lines of correlation coefficient close
to 1 (Fig. 9). The proportionality between the
oxidation peak current density and the PCM
concentration confirms that these peaks are
linked to the PCM oxidation [27]. PCM oxidation
takes place in the stability domain of the
supporting electrolyte. This indicates that the
PCM oxidation on BDD and Au-BDD in H2SOs4
medium is direct [28].

Fig. 10 presents the cyclic voltammograms of
BDD and Au-BDD in H2SOs4 medium (0.1 M)
containing PCM 1.5 g/L at 25 mV/s. The Au-BDD
oxidation peak current density is lower than that
of BDD. It is also observed that the oxidation
peak potential of Au-BDD is lower than that of
BDD. This result shows that the PCM oxidation in
H2SO4 medium with Au-BDD requires less
energy than with BDD.

The paracetamol oxidation in H2SO4 medium on
our anodes was explored by varying the
scanning rate at potential. The results obtained
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made it possible to show that the intensities of
the oxidation current densities vary with the scan
rates with the two electrodes. Plotting the
oxidation peaks current densities as a function of
the scan rate square root (Fig. 11) gives lines
with correlation coefficients close to 1 for the two
electrodes. There is therefore a linear
relationship between these two parameters. This
reflects the fact that the oxidation process of
paracetamol is controlled by diffusion [27].

The temperature influence of the support
electrolyte on the PCM oxidation has been
studied. These studies show a decrease in the
value of the gas evolvement potential as well as
an increase in the oxidation current density with
temperature for the two types of electrodes. On
the other hand, the plot of the natural logarithm
as a function of the temperature inverse In (Ip) =
f (1/T) (Fig. 12) gives lines. The calculation of the
activation energies of this reaction (paracetamol
oxidation) from the slope of the line In (Ip) = f
(1/T) gives Ea = 6,815kJ.mol* with the BDD
anode and Ea = 12.437 kJ.mol* with the Au-BDD
anode. These values are less than 40 kJ.mol?,
this confirms that the reaction is controlled by
diffusion on these electrodes [29,30].

3.3.2 Paracetamol oxidation in neutral

(KCIO4) medium

The cyclic voltammograms recorded in KCIO4
medium (0.1 M) with BDD and Au-BDD are
presented in Fig. 13.A. With the BDD electrode
we have the hydrogen evolvement from -1.5 to -
0.2 V/SCE. On this voltammogram, a rapid
evolution of the current density from 1.6 V/SCE is
observed. The electroactivity domain of the
electrode is 3.1 V. In this domain, there is an
almost zero current density followed by an
oxidation wave (1.6 to 2.2 V/SCE) which would
be due to the presence of impurities or an oxide



layer on the anode surface. Indeed the presence
of oxide layer would be responsible for an
increase in the current density as well as redox
surface transitions. In addition, the surface oxide
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formation would cause a decrease in the anode
stability. Hence the electrode would be more
stable in the potential range from - 0.2 to 1.6
VISCE.
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Fig. 9. Evolution of the anodic wave current densities resulting from the PCM oxidation as a
function of the PCM concentration at 25 mV/s
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Fig. 13. Cyclic voltammogram of the anodes in KCIO4 (0.1 M) and in KCIO4 containing 1 g/L of
PCM at 25 mV/s

The cyclic voltammogram of BDD undergoes
modifications in the presence of gold. With Au-
BDD, a hydrogen evolution reaction from -1.8
V/SCE followed by a diffusion plateau between -
1.8 and 0 V/SCE which would come from the
reduction of dissolved oxygen. There is also
observed from 0 to 1 V/SCE an almost zero
current density domain followed by a peak at 1.2
V/SCE which would be related to the gold oxide
formation. The oxygen evolution reaction begins
at 1.7 VISCE characterized by a rapid increase in
current. Between the oxygen and hydrogen
evolvement potential domain, the potential
window is AE = 3.5 V. On return potential scan,
we have two peaks at -0.21 and -1.06 V/SCE
which would be due to the reduction gold oxides.
The phenomena observed attest that the BDD
surface has been modified.

Fig. 13.B shows that the Au-BDD electrode has
oxidation peaks in the presence of PCM, on the
other hand the BDD electrode has a single
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oxidation peak. These observations state that the
electronic transfer takes place on the electrode
surface. The large number of oxidation peaks
observed suggests that this electrode could be
useful in the marking and detection of organic
compounds [28]. The presence of these
oxidation peaks shows a production, and then a
possible intermediate compounds oxidation
during the PCM oxidation. It is also observed that
these oxidation peaks observed with Au-BDD all
have lower potentials than that obtained with
BDD. These results lead us to say that Au-BDD
would be more effective than BDD for the PCM
oxidation in the neutral medium.

3.3.3 Paracetamol
medium

oxidation basic (NaOH)

Fig. 14.A shows the cyclic voltammogram of
BDD and Au-BDD in NaOH medium (0.1 M). In
this medium, the BDD electroactivity domain is
1.31 V/SCE and from -0.72 to 0.59 V/SCE. It also
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Fig. 14. Cyclic voltammograms of the anodes in NaOH (0.1 M) and in NaOH containing 1.5 g/L
of PCM at 25 mV/s

has an almost zero current, thus showing its
stability with respect to basic corrosion in this
area. On the characteristic j = f (E) of Au-BDD,
we observe a hydrogen evolvement at -1.67
V/SCE followed by a plateau (-1.67 to -1.2
VISCE) reduction of dissolved oxygen. This
plateau is upstream of an increase in current (-
1.2 to -0.7 V/SCE). This is the area of mixed
kinetics.

From - 0.7 to 0.95 V/SCE, in the forward
potential scan we have a domain where the
current is almost zero which corresponds to the
double layer region. The result is a rapid
increase in current density which marks the start
of oxygen evolution reaction at 0.6 V/SCE. The
support electrolyte stability domain is AE = 2.37
V. On the return potential scan, it is observed a
peak at -0.6 V/SCE which would come from the
gold oxides reduction on the electrode surface
characteristic  of the electrode surface
modification. Compared to BDD, Au-BDD oxygen
evolution reaction less quickly in basic medium.
Oxygen is produced from 0.59 V/SCE with BDD
on the other hand with Au-BDD the oxygen
evolution reaction begins at 0.98 V/SCE. The Au-
BDD electrode would be more capable of
oxidizing a variety of organic compounds in this
solution because its field of electroactivity is
wider.

Fig. 14.B shows the behavior of BDD and Au-
BDD in the presence of PCM in NaOH (0.1 M). In
the absence and presence of PCM, BDD has the
same behavior up to approximately 0.7 V/SCE.
From this value, we note a delay in the oxygen
evolution reaction as well as a lowering of the
oxygen evolution reaction current density in the
presence of PCM 1.5 g/L. This shows that the
PCM oxidation requires a high overvoltage. In
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the domain -0.5 to 0.7 V/SCE we have a domain
with an almost zero current which translates an
absence of reaction on the anode surface in this
domain. Then a rapid increase in current density
is observed from 0.7 V/SCE. These results
reflect the paracetamol oxidation on the anode
surface. The absence of a peak could suggest
that the PCM oxidation would be difficult in the
basic medium. On the cyclic voltammogram of
Au-BDD in the presence and in the absence of
PCM a change in the shape of the curves in the
presence of paracetamol is observed.

Indeed, we have the appearance of a peak
followed by an oxidation wave in the forward
potential scan in the presence of PCM. These
results reflect the paracetamol oxidation on the
anode surface. On the backwards potential scan,
a reduction peak which is characterized by the
reduction of the gold oxides. The oxidation wave
current density at 1.2 V/SCE increases with the
PCM concentration. This shows that this
oxidation wave could be that of an intermediate
compound. This figure shows that the oxidation
peak potential on Au-BDD is low compared to the
PCM oxidation potential on BDD. This shows that
the Au-BDD anode oxidizes the PCM faster than
the BDD anode in basic medium.

4. CONCLUSION

The deposit was made by electro-deposition
by chronoamperometry made it possible to
deposit gold particles (microparticles and
nanoparticles) on the BDD anode surface. The
physical characterization of the two electrodes
confirmed the presence of the gold particles on
Au-DDB surface. The electrochemical
characterization measurements carried out in
various support electrolytes, in particular the



hydroquinone/benzoquinone  medium, have
made it possible to show that these electrodes
have almost metallic properties. Investigations
with the redox couple also show that Au-BDD
has a higher reaction kinetics compared to BDD.
These electrodes have different kinetics at the
level of the oxygen evolution reaction and
hydrogen evolution reaction. Au-BDD has a
wider of electroactivity domain than that of BDD.
The voltammetric study carried out in the
presence of paracetamol has shown that its
oxidation results in an irreversible anode peak on
the voltammogram in the support electrolyte
stability domain. The process of oxidizing organic
matter is limited by diffusion with the two
electrodes. In the three medium explored (acid,
neutral and basic), the PCM oxidation potential
with the modified electrode is lower than that of
BDD. It emerges from this study that the two
electrodes are adequate for the PCM oxidation.
However, the gold-modified electrode oxidizes
organic matter faster than BDD with less energy.
So it is more efficient and economical for the
PCM oxidation.
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