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ARTICLE INFO ABSTRACT

Keywords: In this work, a cyclic voltammetry analysis for the detection of Ascorbic Acid (AA) based on a
Cyclic voltammetry carbon-clay paste electrode modified with titanium dioxide (CPEA/TiO,) is presented. The
Photoactivity

electrochemical sensor was prepared using clay and carbon graphite, mixed with TiO5 to inves-
tigate the electrode behavior towards the detection of AA. Comprehensive characterization ap-
proaches including X-ray diffraction (XRD), Selected area electron diffraction (SAED),
Transmission electron microscopy (TEM), Fourier transform infra-red spectroscopy (FTIR) were
carried out on different samples. The results indicated that, the electrode has been effectively
modified, while the electrochemical parameters of AA on CPEA/T;O2/UV such as the charge
transfer coefficient (@), number of electrons (n) transferred and standard potential were calcu-
lated. CPEA/TiO,/UV exhibit better photoactivity and also higher electronic conductivity under
light radiation (100 W). The linear range for AA was determined between 0.150pM and 0.850 pM
with the straight-line equation equivalent to I,,(#A) = 2.244[AA] +1.234 (n = 8, R? = 0.993).
The limit of detection was 0.732 uM (30) and limit of quantification was 2.440 pM. For the
analytical applications, pharmaceutical tablets such as Chloroquine phosphate, Azithromycin and
Hydroxychloroquine sulfate were performed. In addition, interference study in the analytical
application was performed, and it was found that the electroanalytical method used can be well
adopted for simultaneous electrochemical detection of AA and Azithromycin.

Ascorbic acid
Limit of detection
Limit of quantification

1. Introduction

At present, modified electrodes constitute the most important alternative in electrochemistry because of the weight range of their
applications since their surfaces are the place of oxidation-reduction reactions [1]. Modified electrodes are also used as electro-
chemical sensors according to their physico-chemical properties [2]. Carbon is widely used as a base material for the manufacture of
conventional electrodes such as glassy carbon (GC), carbon nanotubes (CNT) or multiwall carbon nanotubes (MWCNT) [3-5]. It is well
established as good electrical and thermal conductor with good chemical stability [6]. These reasons led to some researchers using
carbon and their allotropic derivatives as basic materials to make sensors by modifying their surfaces to further increase their elec-
trochemical detection capacity [7-9].

Clays materials are abundantly used in many industrial processes due to their physico-chemical properties such as specific surface
area, cationic exchange capacity and d-spacing [10-12]. They are used as a catalytic support in adsorption phenomena [13-18] and in
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electrochemistry to design sensors [19-21].

Several decades ago, Fujishima and Honda reported for the first time a research results on the hydrogen production on photo-
electrodes made of titanium dioxide (TjO2) in ultraviolet light [22,23]. The photocatalysis with semi-conductors materials was
considered as the most promising approach for both hydrogen production and pollution abatement. Today, TiO; is considered as a
good photocatalytic support with regard to its narrow optical band gap energy estimated to 3.2eV for the anatase structure. Thus it
allows its use in the photocatalysis and production of photoelectrochemical devices, as well as photovoltaics and sensors [24,25].

Recently, special attention has been focused on Chloroquine (CHL), Hydroxychloroquine (HCY) and Azithromycin (AZI) molecules
due to the outbreak of the COVID-19 pandemic [26]. In fact, chloroquine and hydroxychloroquine are two chemical molecules of the
same family generally used in the prevention of malaria and for their anti-inflammatory properties. They are also used for the
treatment of several forms of lupus and rheumatoid arthritis [27]. On the other hand, Azithromycin is an azalide belonging to the
macrolides family and has been used in the treatment of many bacterial infections [28]. As far as the Ascorbic Acid (AA) is concerned, it
is well known as vitamin C present in fruits and has been well established as good antioxidant [29].

Several techniques employed for the detection of these molecules include: High Performance Liquid Chromatography (HPLC) [30,
311, Gas Phase Chromatography (GPC) [32,33], simple spectrophotometric methods [34,35], capillary electrophoresis [36,37], flow
injection analysis fluorescence [38] and calorimetry [39]. However, they have shown some limitations which include high prices,
complexity of their implementation and the manipulation difficulty in-situ analyses compared to electroanalytic methods. Therefore,
electroanalytic techniques have exhibited promising application due to their ease of implementation, high precision, inexpensiveness
and easily transportable apparatus for in-situ analyses [40-43].

The present study aims to design an electrochemical sensor based on a carbon-clay paste electrode for which the preparation is
carried out by a simplified method. The influence of the photoactivated TiO5 in addition to the response provide by the electrochemical
sensor in the detection of Ascorbic Acid (AA), Chloroquine phosphate (CHL), Hydroxycholoroquine sulfate (HYC) and Azithromycin
(AZI) was investigated. In addition, this work contributes to the valorization of clay mineral from the far-north region of Cameroon
which exhibit interesting physico-chemical properties.

2. Experimental
2.1. Chemical reagents

The Carbon graphite powder, Titanium dioxide, Ascorbic acid L (+) (99%), Ethanol and paraffin oil were purchased from Sigma
Chemical Company. Potassium dihydrogen phosphate (KH2PO4) was purchased from Merck and the phosphate buffer solution (PBS)
was prepared based on the compound. Choloroquine phosphate, Azithromycin and Hydroxychloroquine sulfate were used in phar-
maceutical form. The natural clay material used in this work has been reported in previous work [44]. The clay sample was collected in
the locality of Makabaye (Far North of Cameroon) with the following system coordinates: 10°34.393 N and 014°16.895 E. The fine
fraction was obtained on the basis of Stockes law.

2.2. Analytical methods

Powder X-ray diffraction (XRD) measurements of the respective samples were performed using Bruker D8 Advance X-ray
diffractometer equipped with a rotating anode of Cu Ka (A = 1.540 A°) operated at 40 kV and 100 mA. Spectra were recorded in the 26
range of 10°-50° at scan rate of 0.05°/min and the detection limit for a given crystalline phase is estimated at around 1% in mass. Joint
Committee on Powder Diffraction Standards (JCDPS) XRD cards were used to provide essential information for the identification of
clay minerals and modified clays. The transmission electron microscopy (Tecnai F20 (FEI) was used to observe the morphology of clays
and modified clays samples at high resolution while data collection and tomography with important additional information was
provided by the selected area electron diffraction at an acceleration voltage of 200 kV. It is equipped with a direct detector for
improved spatial resolution at low sample dose conditions. The Fourier transform infrared spectroscopy (FT-IR) was recorded on a
shimadzu 8400S FT-IR instrument using KBr in which pellet were homogenized by grinding a powder of KBr, hard-pressed using
shimadzu MHP-1 hand press. The measurements were recorded in IR range of 400-4000 cm * with 45 scans. Electrochemical analysis
was performed in cells equipped with three electrodes using a Pgstat-12 Autolabpotentiostat/galvanostat driven by general electro-
chemical systems for computer data processing (Volta Lab. master 4 software). A three-electrode system composed of carbon—clay
paste electrode modified by TiO3 which was use as the working electrode; a silver chloride electrode which was used as the reference
electrode, while a platinum wire was used as the counter electrode. A device based on an electric lamp (100 W) was used as a source of
light radiation.

2.3. Preparation of the working electrode
The carbon-clay paste electrode modified by TiO, was prepared by mixing 35% of carbon with 35% of clay and then 30% of ti-

tanium dioxide. The mixture was made using paraffin oil (7.2 mL) as a binder and ethanol as solvent. The paste was manually placed
into the cylindrical cavity of the electrode (geometric surface of the working electrode is approximately 0.126 cm?).
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3. Results and discussion
3.1. X-ray diffraction analysis

The X-ray diffraction patterns of different samples show that clay is mainly constituted of phylosilicate minerals of type 2/1
(5.921°;12.236°; 35.032°), low amounts of Quartz (26.627°) and Feldspath (27.901°). The peak having the d-spacing dgp; = 0.746 nm
is characteristic of hydrated Kaolinite disappeared when the clay is modified by carbon and then by TiO,. This is due to the interfacial
interactions between the functional groups present at the surface of the clay and the modifiers (carbon and TiO3). The same phe-
nomenon is observed with the peaks at 12.236° corresponding to d-spacing equal to 0.363 nm and characteristic of montmorillonite.
The presence of an intense peak at 26.692° with d-spacing dgg2 = 0.175 nm is characteristic of carbon. It is also observed on the clay
diffractogram but at low intensity, which might be due to the presence of organic materials in the samples [45]. The different
respective peaks observed at 20 equal to 36.093° and 41.231° are characteristic of titanium dioxide in the anatase form [46,47]. In
general, these types of clays fix water (Cations, molecules, etc.) by adsorption on their surface and are called swelling clays. After
drying, they develop a mechanical energy and this mechanical energy will decrease with the modification processes favoring inter-
facial interactions. Thus, the clay shrinks and the inter-foliar distances decreases (see Fig. 1).

3.2. Transmission electron microscopy and selected area electron diffraction

The surface microstructure of composite was analyzed using Transmission electron microscopy (TEM) and Selected area electron
diffraction (SAED). The results are presented in Fig. 2. Fig. 2(a)—(c) exhibits the surface morphology of clays, carbon-clay and carbon-
clay modified by titanium dioxide respectively. The surface morphology of different electrodes presents a superposition of sheets
separated from each other by variable inter-reticular distance in the nanometric order. The carbon-clay paste electrode surface
modification undergoes a change in morphology due to the formation of new bonds. The SAED image (Fig. 2(d)) displays overlapping
diffraction patterns formed by concentric rings with illuminated area composed of several crystallites of different orientation in an
excellent agreement with XRD results. This image is typical of polycrystalline samples such as clays. The inter-reticular distances as
calculated from the peak diffraction are in agreement with this image and confirm that the materials studied are polycrystalline [48].

3.3. Fourier transform infrared spectroscopy analysis

The functionals groups on the surface of different electrodes were analyzed and presented in Fig. 3. The ~OH vibrations and Si-O
absorption bands occurred at 3701 and 513 cm ™! respectively. These absorption bands are important in differentiating clay minerals
[49]. The spectrum of the clay (Fig. 3(a)) contains a band at 513 cm_l, characteristic of the vibrations of the absorption bands of the
Si-O-Al bonds present in the phylosilicate clays of the 2/1 types. This predicts the presence of Kaolinites in the clay material. After
modification of the clay by carbon and TiO, there is the appearance of a band at 998 cm ™! which is characteristic of the vibrations of
the absorption bands of the Si—-O-Ti bonds implying that there has been cation exchange and, the intensity of this band increase with
the substitution of alumina by titanium. Also, peaks of absorption bands are found between 1632 and 1640 cm ™, are characteristic of
C=C bond in different materials. The presence of these peaks in the clay material is explained by the presence of organic residues
before the treatment. After modification by carbon, the peak increases in density, this shows that the material is indeed modified by
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Fig. 1. XRD patterns of different electrodes: (a) Clay, (b) CPEA, (c) CPEA/TiO2.
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Fig. 2. TEM images of (a) Clay sheets, (b) CPEA, (c) CPEA/TiO2, (d) SAED pattern of clay.
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Fig. 3. Infra-Red spectra:(a) Clay, (b) CPEA, (c) CPEA/TiO2. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

carbon. These results show that there are interfacial interactions during the modification process of the clay. Between 3620 and 3701
cm ™}, the vibrations of the OH absorption bands are perceptible, more specifically at 3620 cm™?, this vibration is characteristic of
Ti—OH bonds [50].

3.4. Electrochemical investigation

3.4.1. Electrochemical behavior of AA onto carbon-clay paste electrode modified by TiO2

The behavior of the carbon-clay modified by TiO, under a radiation light is illustrated in Fig. 5. The cyclic voltammograms were
recorded at a scan rate of 50 mV/s in a 0.1 M phosphate buffer solution and pH = 6.4 containing 0.30 pM of AA. An AA oxidation peak
is observed at 0.121 V corresponding to an anode current density of 18.20 x 107® A.cm~2 for the carbon-clay paste electrode (CV
CPEA) which show a low charge transfer. With the carbon-clay paste electrode modified by TiO not subjected to light radiation, there
is a displacement of the anode potential at 0.148 V corresponding to an oxidation current density of 24.520 x 10~® A cm~2 and this
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value increases slightly reflecting a charge transfer due to the presence of TiO,. When the carbon-clay paste electrode is modified by
TiO, and subjected to light radiation, the oxidation current density increases intensely to a value of 50.120 x 10™% A cm™2 with a
displacement potential of 0.171 V. AA molecules in the solution are adsorbed on the surface of CPEA/TiO5/UV and then oxidized in
close agreement with the literature [51]. The oxidation process of AA releases electrons and the photocurrent density is detected at a
constant working voltage. The photocurrent density increases twice when the TiO, is photoactivated. This reflects a significant transfer
of charges which is explained by the semi-conductor behavior of TiO3 which is known by its ability to react after having absorbed a
light source of wave length lower than its band gap [52]. The photocatalytic activity of TiO, depends on the intensity of the absorption
light. Better photocatalytic efficiency can be achieved with an increase in the intensity of light as it improves charge separation.
Photoactivation of TiO» by light radiation allows the production of electrons (e)/hole (h™) pairs when they absorb a photon with
energy equals to their band gap or higher than that [53]. The mechanism is illustrated in Fig. 4.

The holes formed in the valence band will migrate to the surface of the electrode and may be involved in the surface oxidation
reaction of CPEA/TiO,/UV, which probably justifies the increase in current density with generation of a photocurrent. This phe-
nomenon is well known as photocatalysis [53].

3.4.2. Enhanced electrochemistry behavior of CPEA/TiO,/UVtoward AA detection

Fig. 6 shows the electrochemical behavior of ascorbic acid (AA) at the carbon-clay paste modified by TiOy (CPEA/TiO2/UV) under
light radiation using a 100 W lamp in a 0.1 M phosphate buffer electrolyte solution and pH = 6.4 at a scan rate of 50 mV/s compared to
carbon-clay paste electrode (CPEA) and carbon-clay paste electrodes modified by TiOs is not subjected to light radiation (CPEA/TiO5).
At the potential ranging from —0.2 V to 0.7 V, in the presence of 0.30 pM of (AA), an intense peak which appears at 0.181 V (CV (b)) in
the direction of the anodic scan, reflecting an oxidation reaction of AA. This reaction is rapid and irreversible, showing a rapid
phenomenon of charge transfer to the surface of the electrode, which is probably due to T;0,, known for its semi-conductor capacity
[52]. For the cyclic voltammogram (a) recorded by the carbon-clay paste electrode (CPEA) in a 0.1 M phosphate buffer electrolyte
solution and pH = 6.4 at a scan rate of 50 mV/s in the absence of AA, no peak is observed on the cyclic voltammogram which suggests
that at the chosen potential range interval no electroactive species is present on the surface of the CPEA.

3.4.3. Effect of potential scan rate
The scan rate effect is illustrated in Fig. 7(a). It shows that the peaks of the oxidation current densities increase with scan rate (v).
The related regression line (Fig. 7(b)) with Ip, = f(v'/2) makes it possible to obtain straight-line equation:

Ip, x (107%) = 54.020[v]'* + 4.774

with the regression coefficient R? = 0.976.

This suggests that the electrochemical reaction process at CPEA/TiO5/UV is controlled by the diffusion phenomenon.

The electrochemical mechanism which takes place on the surface of CPEA/T;O2/UV can be confirmed by the determination of the
charge transfer coefficient (a,) and the number of electrons (n) transferred. Fig. 8(a) exhibits the oxidation peak current density (E,,)
as a function of scan rate. The coordinates at the origin of the line E,, = f(v) makes it possible to obtain the value of the standard
potential Eg at 0.128 V. The equation of the straight-line E,, = f(v) is:

E,=0.087v+0.128

with the regression coefficient R2 = 0.991.
Fig. 8(b) gives the straight-line In I, = f(Ep, —Eo) with equation:
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Fig. 4. Illustration of the mechanism of degradation by light radiation of the oxidation of Ascorbic Acid at the CPEA/TiO2/UV electrode.
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Fig. 5. Cyclic Voltammograms of (a) 0.30 pM of AA on CPEA, (b) 0.30 pM of AA on CPEA/TiO2, (c) 0.30 uM of AA on CPEA/TiO2/UV in 0.1 M PBS

solution and pH = 6.4 at a scan rate of 50 mV/s.
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Fig. 6. Cyclic voltammograms of (a) in absence of AA on CPEA, (b) in presence of 0.30 puM of AA on CPEA/TiO2/UV in 0.1 M PBS solution and pH

= 6.4 at a scan rate of 50 mV/s.
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calibration plots for the oxidation peak currents vs the square root of scan rate.
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with the regression coefficient of 0.992.
The charge transfer coefficient during the oxidation process is given by Eq. (1) below:

RTdIn I,
“"  nFdE W

R, F and T are thermodynamic parameters used in working conditions, ideal gas constant, Faraday constant and absolute temperature.
The value of the charge transfer coefficient is obtained from Fig. 8(c) and the slope of the equation of the line InvvsEp,:

E,;=0.009 Inv +0.160

with the regression coefficient R? = 0.978.

The calculations led to the determination of o, = 0.224 and by substituting in Eq. (2) with the number of electrons exchanged
during the oxidation process of AA equal to 1.899 (~2).
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3.4.4. Effect of ascorbic concentration

The effect of AA concentration was studied in a 0.1 M phosphate buffer solution in the concentration range of 0.150 pM-0.850 pM.
Using cyclic voltammetry to assess the sensitivity of CPEA/T;O,/UV, the current densities of AA oxidation peaks increase with con-
centration according to straight-line equation:

L, x 1076 =2.244[AA] + 1.234

and a regression coefficient R? = 0.993.
The limits of detection and quantification are respectively equal to 0.732 pM and 2.440 pM. The limit of detection (LOD) calculated
in the present work is compared to those reported in the literature and presented in Table 1.

3.5. Analytical application

3.5.1. Electro-oxidation of chloroquine phosphate, hydroxychloquine sulfate and azithromycin onto CPEA/T;02/UV

The electrochemical behavior of the CPEA/TiO5/UV was studied by testing with tablets such as chloroquine phosphate (CHL),
hydroxychloroquine sulfate (HYC) and azithromycin (AZI) in a 0.1 M PBS solution (pH = 6.4) at a scan rate of 50 mV/s (see Fig. 9).
Fig. 10 shows the cyclic voltammograms of the different tablets with CPEA/T;O,/UV electrode. In the potential range [—0.1 V, 0.9 V],
and the various tablets having the same concentrations (4 mM), there is appearance of an intense peak at 0.533 V corresponding to the
oxidation potential of alcohol function in the molecule of AZI. The density of the peak of the current decreases significantly during the
degradation of the CHL (E = 0.535 V) which implies there is displacement of the potential due to the environment of the degraded
function and takes place slowly with regard to the photocurrent density of oxidation. The degradation of HYC takes place at a potential
of 0.520 V corresponding to the oxidation potential of alcohol function. The alcohol function is oxidized but the current density is low
which is justified by a low charge transfer during the degradation of the CHL molecule. The increase of the photocurrent generated
during the degradation of AZI is due to the mobility of the species involved during the degradation. This mobility can result from the
combination of initial Ti>* and the Ti>* generated by the light source. In the presence of HYC and CHL, the difference in the
photocurrent generated is not considerable. It proves that the initial Ti*>* does not manage to cross the band gap and this also reveals
the role of the state of surface in the trapping of the mobile Ti>* thus decreasing the photocurrent [59]. These results show that the
CPEA/TiO5/UV electrode exhibits a more pronounced electrochemical response for the AZI molecule compared to the others.

3.5.2. Electrochemical behavior of a mixture of AA and AZI at CPEA/TiO2/UV

The oxidation of 0.30 pM of AA and 0.150 pM of Azithromycin with CPEA/TiO2/UV is shown. Fig. 11 shows a cyclic voltammogram
with two oxidation potentials at 0.102 V which correspond to the degradation of Azithromycin, while the peak of AA oxidation appears
at 0.210 V. This shows that the CPE/TiO,/UV electrode gives a better response to Azithromycin than to AA, even though the con-
centration of AA was about 2 times higher than that of AZI.

In addition, the current density was found to be different which can be due to the difference in concentration, however, it seems less
plausible. In fact, TiO; has a photocatalytic effect during the oxidation of Azithromycin because the oxidation potential appears before
that of AA and during the oxidation of AZI the photocurrent generated crosses the band gap more quickly. The CPEA/TiO,/UV
electrode is more sensitive to the detection of Azithromycin.

4. Conclusion

In this study, it was demonstrated that the prepared CPEA/TiO2/UV presented satisfactory sensitivity, selectivity and stability in
sensing the AA in 0.1 M PBS at pH = 6.4. The modified electrode prepared was characterized by X-ray diffraction (XRD), Transmission
electron microscopy (TEM), Selected area electron diffraction (SAED), and Fourier Transform infra-red (FT-IR). The analyses have
shown that the electrode is indeed modified and exhibits physico-chemical properties capable of interacting with other molecules in
solution. The carbon-clay paste electrode modified by T;O, has a high sensitivity due to the increase in current density during pho-
toactivation. A photocurrent is produced. The electrochemical behavior of the AA molecule was studied and it appears that the

Table 1

Comparison of the performance of some electrodes with other analytical methods for Ascorbic Acid.
Electrodematerial Technique used Linear range Limit of Detection AA Reference
Ti-C-Tx/GCE Ccv 100-1000 pM 0.075 pM [41]
MWCNT-AONPSPCE SWv 0.160-0.640 yM 140 nM [54]
PVP-GR/GCE LSV 4 pM-1 mM 0.80 pM [55]1
Fe304NPsSPCE SWv 10-100 pM 15.7 yM [56]
Sonigel-carbone ME SWvV 50-1000 pM 50 M [57]
RGO-ZnO/GCE DPV 50-235 pM 3.71 yM [58]
CPEA/TiO»/UV cv 0.150-0.850 pM 0.732 pM Present work
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Fig. 10. Cyclic voltammograms of 4 mM of Chloroquine phosphate (CHL), 4 mM Hydroxychloquine sulfate (HYC) and 4 mM azithromycin on
CPEA/TiO2/UV in 0.1 M PBS solution and pH = 6.4 at a scan rate of 50 mV/s.
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Fig. 11. Cylic voltammograms for a mixture of 0.30 pM Ascorbic Acid (AA) and 0.150 pM Azithromycin in 0.1 M PBS solution and pH = 6.4 at a
scan rate of 50 mV/s at CPEA/TiO2/UV.

prepared sensor has a good electrochemical response to the AA molecule. A Limit of detection of the order of 0.732 pM was obtained.
The carbon-clay paste electrode modified by TiO5 shows interesting findingfor simultaneous detection of AA and AZI. The electro-
chemical sensor was also effectively employed for the detection of some tablets as choloroquine phosphate, hydroxychloroquine
sulfate and azithromycin. Due to its sensitivity and repeatability of CPEA/TiO,/UV, it has high potential for the future developments of
electrochemical sensor and environmental research.
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