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Abstract

In this study, we created paste electrodes by blending graphite carbon and natural phosphate,
with modifications using organic molecules. The objective of This study aims to create a
streamlined method for characterizing specific organic products, providing a faster and simpler
alternative to existing techniques. Cyclic voltammetry makes it possible to separate the
properties of organic products, Through the emergence of distinct oxidation and reduction
peaks. The existence of NO groups within the backbone of organic molecule A is manifested
by the disappearance of the 1 V oxidation peak (P2), and its replacement by a reduction peak
around approximately —0.5 V (P5). These electrodes were also characterized by the hydrogen
peroxide reduction reaction, which showed that the CPE-NP-molecule A electrode has a very
high activity towards this reaction; whereas, the second electrode CPE-NP-molecule B, does
not promote this reduction. In the same way the antioxidant power of the two molecules has
been deduced, we find that molecule A has a remarkable antioxidant power compared to that of
molecule B.
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1. Introduction

In the recent past, Electrochemical sensors have found extensive use owing to their benefits,
including their remarkable sensitivity, Swift reaction times, ease of use, affordability,
downsized form factors, and in recent years, the field of automated systems [1-3] has
witnessed significant expansion. Particularly notable is the robust growth in research
endeavors aimed at advancing electrochemical sensors for the detection of heavy metals.
This surge is driven by continuous innovations in materials and manufacturing techniques
[4, 5]. Notably, there has been a marked rise in the adoption of depositing organic layers
onto surfaces in the construction of electrochemical sensors. This increased adoption can be
attributed to their unique qualities, including a substantial surface area and strong adsorption
capabilities. Furthermore, recent studies have reported the utilization of various carbon paste
modifiers in the realm of electrochemical stripping analysis for the detection of heavy metals.
More recently, approaches based on radical mechanisms have emerged to modify carbon
surfaces by attaching organic species covalently [6, 7]. For analytical purposes like heavy
metal electroanalysis, the electro functionalization of carbon paste surfaces is achieved
through the application of mono or multilayers deposited onto them [8].

2. Experimental Part

2.1. Electrochemical selenium-catalyzed reaction

Selenium catalysis has emerged as a viable alternative to various transition metal catalysts
due to its excellent functional group compatibility, mild reaction conditions, and remarkable
selectivity [5]. Since Sharpless’ pioneering work in 1979 that demonstrated the
organoselenium-catalyzed allylic chlorination of olefins with N-chlorosuccinimide, the field
of organoselenium catalysis has undergone significant development, yielding diverse and
reliable synthetic strategies [9].

2.2.Electrochemically mediated coupling of aromatic/heterocyclic rings with selenides:

From the point of view of drug design, the combination of (hetero)arene and organoselenium
groups has been successfully applied in various drug candidates. Therefore, the building of
C—Se bonds on (hetero)arenes has become a research hotspot in the last decade. In 2018,
Sun’s group introduced an efficient electrochemical strategy for the direct C—H selenation
of various indole derivatives and imidazo[1,2-a]pyridines [10].

2.3.Equipment

Electrochemical analyses were conducted using a Volta lab potentiostat (Model PGSTAT
100, Eco Chemie BV, Utrecht, The Netherlands), with operational control managed via the
Volta lab Master 4 software. In this study, a saturated calomel electrode (SCE) was employed
as the reference electrode (RE), while a platinum plate served as the counter electrode (CE).
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2.4.Preparation of CPE-PN/ molecules

The modified carbon paste electrode was created through a precise blending process, which
involved thorough mixing of natural phosphate, graphite powder, and the organic molecule
powder within a small mortar until a uniform paste consistency was attained. Following this,
the paste was manually inserted into the cylindrical cavity of the electrode body (with a
geometric surface area of approximately 0.1256 cm?). Electrical connectivity was
established using a carbon bar. The natural phosphate utilized in this study originates from
the Khouribga region (Morocco) [11-13].

3. Results and Discussion

3.1.Carbon paste electrode altered using natural phosphate

3.1.2. Characterization of natural phosphate

The surface morphology of natural phosphate underwent examination using scanning
electron microscopy, as illustrated in Figure 1. Following calcination at 900°C for one hour
and subsequent washing with distilled water, aimed at eliminating organic impurities, we
obtained compact particles within the examined fractions, ranging from 100 to 400 um, and
these particles are rich in phosphate content [13]. The processed natural phosphate exhibited
the following chemical composition: CaO (54.12%), P,0s (34.24%), F~ (3.37%), SiO,
(2.42%), SO3 (2.21%), CO, (1.13%), Na,O (0.92%), MgO (0.68%), Al,O3 (0.46%), Fe,0Os
(0.36%), K20 (0.04%) as well as trace amounts of several metals in the ppm range [14].

Figure 1. Electron micrograph of rock phosphate.

The crystal-chemical structure of the material closely resembles Matching that of
fluoroapatite (Caio(POs)sF2), as verified through X-ray diffraction (as shown in Figure 2)
and infrared emission spectroscopy (as depicted in Figure 3) [15]. The fluoroapatite
framework is known for its high adaptability to substitutions and vacant positions. For
instance, it allows for the substitution of Ca with elements such as Sr, Pb, Co, and Na, while
PO, can be exchanged with AsO4, VO,, and SO4, and F~ can be replaced by OH™ and CI-.
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The natural phosphate material exhibits a relatively modest specific surface area, estimated
at around 1 m?-g 2.
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Figure 2. X-Ray diffraction spectrum of natural phosphate after treatment.
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Figure 3. Infrared adsorption spectrum of natural phosphate treated at 900°C.

The synthesized molecules are the following:

diethyl ((3-allyl-4-oxo-2-thioxothiazolidin-5-yl)(phenyl)methyl)phosphonate
Scheme 1. Molecule A.
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diethyl ((3-allyl-4-oxo-2-thioxothiazolidin-5-yl)(3-nitrophenyl)methyl)phosphonate

Scheme 2. Molecule B.

The Schemes above show that molecules A and B are different; that is, molecule B has
a NO; group in meta position of the phenyl.

3.2.Electrochemical studies of synthesized organic molecules

3.2.1. Molecule A

Figure 4 displays the cyclic voltammograms obtained from both CPE-NP electrodes (carbon
paste electrode blended with natural phosphate in equal proportions) and CPE-NP modified
with molecule A. The presence of molecule A in the CPE-NP electrode paste is evident from
the emergence of multiple oxidation and reduction peaks. During the anodic scan, the
voltammogram exhibits three sequential peaks, denoted as P1, P2, and P3, occurring at
-0.8V,1V,and 1.5V, respectively. The initial oxidation (peak P1) is irreversible, followed
by two reversible oxidations (peaks P2 and P3). In the cathodic scan, a fourth reduction peak
(peak P4) is observed in the voltammogram.
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Figure 4. Cyclic voltammograms acquired for both CPE-NP and CPE-NP modified with
molecule A ina 0.1 M NaxSO4 solution (pH=7), employing a scanning rate of 100 mV/s.
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3.2.2. Molecule B

When we changed aromatic aldehyde substitution by nitro in position meta, we obtain
molecule B, whose cyclic voltammogram is shown in Figure 5. This voltammogram is
characterized by the disappearance of the oxidation peak P2, which will be replaced by a
reduction peak P5 that appears around —0.5 V. This suggests that the NO, function is
characterized by the P5 reduction peak. The presence of molecule B in the paste modifies
the shape of the electrochemical impedance curve, which is manifested by a succession of
half loops (Figure 6) which appear at high frequencies and that can be attributed to the

various redox reactions.
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Figure 5. Cyclic voltammograms recorded for CPE-NP and CPE-NP modified with molecule
Aina 0.1 M NaxSOs solution at pH 7, utilizing a scanning rate of 100 mV/s.
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Figure 6. EIS for CPE-NP and CPE-NP-molecule A in 0.1 M Na>SO4 solution (pH=7).
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3.3.Reduction of hydrogen peroxide

3.3.1 Molecule A

Electrochemical impedance spectroscopy was employed to investigate the reduction of
hydrogen peroxide on molecule A. (EIS). We present in Figure 7 The electrochemical
impedance spectroscopy (EIS) plots captured at the CPE-NP-molecule A electrode’s surface,
respectively in the absence and presence of hydrogen peroxide. The curves have the shape
of half loops, appear at high frequencies, having a diameter that aligns with the electron
transfer resistance (R;). We observed that when hydrogen peroxide (H20,) is present the
resistance decreases, this indicates that the reduction of hydrogen peroxide is more favorable
when molecule A is present.

600
500 | .
400 | -

300 -

- e®®®%0 0,
.
*® .
.
o® 'o.
wug® s,

| ]
[ ]
_ ’ \-/
100

0

200

-Zr (ohm.cmz)

B CPE-molecue A
® CPE-molecue A-H O,

-100 — T

L L |
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

Zr (ohm.cmz)

Figure 7. EIS data on CPE-NP and CPE-NP modified with molecule B in a 0.1 M Na;SO4
solution at pH 7.

The effect of the concentration of hydrogen peroxide on the shape of the EIS curves, at
the surface of the CPE-NP-molecule A electrode, is presented in Figure 8. We note that the
curves keep their shapes at different concentrations, suggesting that the H,O, reduction
mechanism is not affected by the concentration of hydrogen peroxide.

The electrochemical parameters deduced from the EIS curves, recorded on the surface
of the CPE-NP-molecule A electrode, at different concentrations of H,O,, are summarized

in Table 1.
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Figure 8. EIS for CPE-NP and CPE-NP-molecule A in 0.1 M NaSQg solution (pH=7).
Effect of H2O2 concentration.

Table 1. Electrochemical parameters deduced from EIS curves.

Diameter, R1, R2, Rt,

MM [H20:] Ohm/cm? Correlation Ohm/cm? Ohm/cm? Ohm/cm? C, nF/em®
0 3259 0.98 166.6 2833 2666.4 399.9
0.01 714.7 0.996 60.5 653.1 592.6 27.28
0.02 682.8 0.998 58.9 666.4 607.5 23.88
0.03 624.3 0.998 60.03 614.16 554.13 23.20
0.04 634.9 0.995 58.72 620.16 561.44 25.64

These electrochemical parameters show that the reduction of hydrogen peroxide takes
place on the electrode CPE-NP modified with molecule A’s surface. The electron transfer
resistance goes from 2666.4 Ohm/cm? in the absence of H,O, to approximately
592.6 Ohm/cm? in the presence of hydrogen peroxide, which shows that this reaction is
favorable on the elaborated electrode. The double layer capacity values indicate that the
redox reaction is not significantly influenced by diffusion.

3.3.2. Molecule B

The reduction of H,0, at the CPE-NP-molecule B electrode’s surface was also investigated
using impedance spectroscopy (EIS) (Figure 9). It is noticeable that these curves exhibit a
half-loop shape at high frequencies, indicating a faradaic reaction. Interestingly, the
concentration of H,O, does not alter the curve shape, suggesting that the reduction
mechanism of hydrogen peroxide at the electrode’s surface remains unaffected by its
concentration.



Int. J. Corros. Scale Inhib., 2024, 13, no. 1, 82—-93 90

1.2 +
mM [H O ] v
0.01 v
1,0 ~ 0.02 v
0.03 v
0.04 v
0,8 - v
v
N’-\ v
v
g v
0,6 y
E v
= v
=2 Vv " " u® e, n
. [ ] ]
N 0,4 " LA |
b V.l RELEAR oo [ ]
) .
) ° ]
!‘ ]
0,2 003
0,0 -
T T T T T T T

0,0 0,2 0,4 0,6 0,8 1,0 1,2
2
Zr (kohm.cm”)

Figure 9. EIS data for both CPE-NP and CPE-NP-molecule B in a 0.1 M Na>SO4 solution at
pH 7, while varying the concentration of H20..

The electrochemical parameters deduced from the EIS curves are gathered in Table 2.
We find that the worth of the electron transfer resistance increased during the reduction of
H,0, at the surface of the CPE-NP-molecule B electrode, which suggests that molecule B
does not promote the reduction of hydrogen peroxide.

Table 2. Electrochemical parameters deduced from EIS curves.

Diameter, R1, R2, Rt,

MM [H20] Ohm/cm? Correlation Ohm/cm? Ohm/cm? Ohm/cm? C. pF/em®

0 1231 0.999 32.56 1219 1186.44 36.53
0.01 1123 0.996 26.34 1119 1092.66 35.53
0.02 791 0.999 32.75 787.3 754.55 31.93
0.03 4971 0.994 29.94 4695 4665.06 18.98
0.04 4863 0.991 31.90 4623 4591.10 17.21
0.05 5159 0.989 33.01 4878 4844.99 18.26
0.06 2981 0.997 32.26 2883 2849.74 15.45

3.4.Characterization by optical spectroscopy

The morphology of the elaborated electrodes (CPE, CPE-NP, CPR-NP-molecule A and
CPE-NP-molecule B) was studied by optical microscopy (Figure 10). We note that the
carbon paste electrode (CPE) has a compact and continuous surface. The presence of natural
phosphate causes reliefs to appear, and sometimes agglomerations scattered over the entire
surface; whereas, the addition of molecule A in the paste manifests itself in spherical clusters
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deposited on the superficial surface. The same morphology is observed in the case of the
CPE-NP-molecule B electrode, except that the organic clusters are larger.

TN
A

Figure 10. Images taken by optical microscopy of the elaborated electrodes.

3.5. Determination of the antioxidant power (PAQ) of the molecules studied

R —Ri(H,0,)

PAO = ;
R,

-100

With R?the electron transfer resistance deduced from the EIS curves in the absence of
H,0, and R¢(H.0,) the electron transfer resistance drawn from the EIS curves during the
reduction of hydrogen peroxide on the surface of the various elaborate electrodes. The results
obtained are gathered in Table 3.

Table 3. Results of the antioxidant power of elaborated electrodes.

Electrode CPE-NP-molecule A CPE-NP-molecule B
ODP % 79 7

4. Conclusion

In this work, we developed paste electrodes from a mixture of graphite carbon and natural
phosphate, modified by organic molecules. The purpose of This study aims to introduce a
straightforward and efficient method for characterizing specific organic products. Cyclic
voltammetry makes it possible to separate the properties of organic products, by the aspect
of different oxidation and reduction peaks. The existence of NO; groups inside the backbone
of organic molecule A is manifested by the disappearance of the 1 V oxidation peak (P2),
and its replacement by a reduction peak around approximately —0.5 V (P5). These electrodes
are also characterized by the hydrogen peroxide reduction reaction, which shows that the
CPE-NP-molecule A electrode has a very high activity towards this reaction; whereas, the
second electrode CPE-NP-molecule B, does not promote this reduction. In the same manner,
the antioxidant power of the two molecules has been deduced. We find that molecule A has
a remarkable antioxidant power compared to that of molecule B.
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