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Abstract: A nanocomposite electrode of graphene (Gr) and zinc oxide (ZnO) nanoparticles was
fabricated to study the electrochemical oxidation behavior of an anti-inflammatory drug, i.e., ceti-
rizine (CET). The voltametric response of CET for bare CPE, Gr/CPE, ZnO/CPE, and the ZnO-Gr
nanocomposite electrode was studied. The modifier materials were characterized using scanning
electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), and X-ray powder diffrac-
tion (XRD) to comprehend the surface morphology of the utilized modifiers. The influence of pH,
scan rate, and accumulation time on the electrooxidation of CET was examined. It was found that the
electrochemical oxidation of CET was diffusion-controlled, in which two protons and two electrons
participated. The detection limit was found to be 2.8 x 1078 M in a linearity range of 0.05-4.0 uM.
Study of excipients was also performed, and it was found that they had negligible interference with
the peak potential of CET. The validation and utility of the fabricated nanocomposite sensor material
were examined by analyzing clinical and biological samples. Stability testing of the nanocomposite
electrode was conducted to assess the reproducibility, determining that the developed biosensor has
good stability and high efficiency in producing reproducible results.

Keywords: cetirizine; graphene; zinc oxide nanoparticles; electrochemical oxidation; detection limit

1. Introduction

Cetirizine (CET) is a nonsteroidal anti-inflammatory drug (NSAID) and a second-
generation antihistamine medication that has significant affinity with histamine H1 re-
ceptors [1,2]. CET’s efficacy is demonstrated by its ability to prevent allergic reactions by
inhibiting histamine activity in the body [3]. The presence of histamine in our bodies leads
to allergic symptoms, including runny nose, sneezing, watery eyes, and itching [4]. CET
can be employed in the treatment of allergic rhinitis and chronic urticaria. It can also be
used as a medication for high fever and angioedema. CET is sold in the form of tablets,
syrup, and oral drops under different brand names [5,6]. However, an overdose of CET
can lead to mild drowsiness, fatigue, and headache [7]. Cetirizine hydrochloride has an
average half-life of 8 h and has a long-acting metabolic effect. It can stay in the body for up
to 20 h before getting excreted. Approximately 70% of CET is eliminated through urination,
half of which is obtained as an unaltered cetirizine form. As a result, a sensitive method is
necessary to trace the amount of CET in clinical and biological samples.

Numerous approaches have been tried for the determination of CET, including gas
chromatography [8], calorimetry [9], high-performance liquid chromatography [10], po-
tentiometry [11], electrophoresis [12], and some spectroscopic methods [9,13]. These tech-
niques are costly, time-consuming, and require the preparation of an excessive quantity
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of test samples. However, the voltametric approach has not been widely studied, despite
its benefits of excellent selectivity, sensitivity, use of an apparently lower volume of an-
alyte solution, rapid reaction time, and ease of handling [14]. However, bare electrodes
exhibit some drawbacks in electrochemical processes, including slow electron transport
and fouling [15]. These drawbacks can be resolved using sensitive and selective electrode
materials with various modifications [16]. In recent years, chemical and biological sensors
have significantly impacted medical examination, personal safety, and the environmental
and agricultural fields [17-19]. However, the efficient operation of an electrochemical
sensor mainly depends on the appropriate sensing material. The electrode must possess
high stability, vast surface area, and high sensitivity [20,21]. In recent times, graphene and
semiconductors have made a substantial contribution as suitable electrode modifiers in the
fabrication of an efficient electrochemical sensor [22-24].

Graphene (Gr), a 2D material composed of a single atomic layer of carbon organized
in a honeycomb lattice, has piqued the interest of a large number of scientists because of its
exceptional properties. This 2D carbon allotrope has been widely predicted to have distinc-
tive and novel uses in various applications. Due to its sp2-hybridized carbon and electronic
assembly, it is the thinnest and strongest material and exhibits remarkable electrical, me-
chanical and thermal conductivity [25]. It is expected to be an ideal electrode material
because of its essential qualities, such as superior property of electrical conductance, quick
electron mobility, and a vast active surface area possessing good thermal and electrochem-
ical features [26]. Given Gr’s exceptional qualities, the advancement of graphene-based
metal oxide composites is likely to be an innovative approach for an extensive range of
applications, as it will produce composite electrodes with desired features [27]. Gr has a
large specific area of 2630 m? g~ ! and can provide an excellent platform for constructing
nanocomposites [28,29].

Zinc oxide (ZnO) is a semiconductor material with a significant excitation binding
energy of 60 meV and a 3.37 eV wide band gap. ZnO is a favorable candidate for sensor
applications due to its high catalytic proficiency, extraordinary electrical conductance,
nontoxicity, and chemically stability [30]. ZnO has been extensively employed in the
sensing field due to these unique properties [31,32]. Incorporating ZnO nanoparticles onto
the graphene layers can enhance the surface area. It can display special, intriguing features
because of the synergistic effect between ZnO and graphene, better electrical conductance,
and improved electron transfer rate [33]. Electrochemical sensors based on graphene and
metal oxide for detecting different chemical or biological molecules have been reported with
promising results [34-37]. As per some published reports, Gr and ZnO nanocomposite were
used in glucose sensing [38,39], gas sensing [40] and in detection of tyrosine [41] etc. The
present method involves the synthesis of ZnO nanoparticles by precipitation. The ZnO was
incorporated with graphene in carbon paste, which helped in the determination of cetirizine
even in lower concentrations (50 nm), providing a low detection limit. Furthermore, the
preparation method of ZnO nanoparticles and the electrode fabrication is economical, easy,
and time-saving. The passivation problem of electrode can easily be removed by changing
the paste and the removal of background current can be diminished by simple pretreatment.
The electrode can produce reproducible signals. Thus, desired results are possible with the
use of graphene and synthesized ZnO.

Hence, we fabricated a zinc oxide-incorporated graphene-modified carbon paste
electrode (ZnO-Gr/CPE) to study the electrochemical nature of CET. The electrode
developed showed excellent response, displaying an improved peak current compared
with bare carbon paste electrode (CPE). The low detection limit value obtained showed
that the electrode was highly sensitive. Interday and intraday measurements were
carried out to check efficacy in terms of stability, and the data revealed the sensor could
produce stable signals.



Catalysts 2022, 12, 1166

3of 14

2. Results and Discussions
2.1. Characterization of Modifier

SEM-EDS was used for an elemental investigation of the ZnO-Gr modifier. Figure 1A,B
display the SEM images obtained for ZnO-Gr, which shows the distribution of ZnO particles
on the graphene surface. Figure 1C shows the EDS image of ZnO-Gr/CPE, with the
distribution of the modifier. The composition of ZnO-Gr/CPE according to obtained
EDS data was C 80.89%, O 17.77%, and Zn 1.34% (Table S1). The structural properties
of the ZnO nanoparticles were revealed using powder X-ray diffraction (XRD) analysis.
The XRD pattern of synthesized ZnO nanoparticles is shown in Figure 1D. This shows
strong diffraction peaks at 31.7°, 34.4°, 36.2°, 47.5°, 56.6°, 62.8°, 66.3°, 67.9°, and 69.0°,
corresponding to peak index (100), (002), (101), (102), (110), (103), (200), (112), and (201)
reflection lines, respectively. All the peaks were confirmed a ZnO hexagonal phase (wurtzite
structure) by comparison with JCPDS card number 01-080-3004. The sharp and narrow
diffraction peaks indicated that the synthesized sample was crystalline in nature and small.
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Figure 1. (A,B) SEM-EDS image of ZnO-Gr modifier, (C) EDS pattern of ZnO-Gr composite, (D) XRD
pattern of ZnO nanoparticles.

2.2. Area of ZnO-Gr Sensor

The area of a working sensor plays a prominent role in electrochemical measurements
as it directly induces the sensitivity of an electrode. Measurements were carried out to
determine the area of ZnO-Gr using K3[Fe(CN)s] (test solution) and 0.1 M KCl (supporting
buffer). The CV measurements were documented for various scan rates, and then with the
help of slope values obtained from the plot of peak current and v!/?, the surface area was
measured using the Randles-Sevcik Equation (1) [42]:

Ip = (269 x 10°) x n¥2 x A x Dy'/2 x v1/2 x C 1)

where I, is peak current, n is the number of electrons transferred (1), A is area of electrode,
Dy is diffusion coefficient value (7.6 x 107® cm? s™1), C is concentration (0.001 M), and
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the slope values for the plots of peak current (I) vs. square root of scan rate (,/v) were
found to be 33.56 x 10~ A-M~! (bare CPE) and 70.68 x 10~% A-M~! (ZnO-Gr/CPE). By
calculation, the active surface area for bare CPE and ZnO-Gr/CPE, was 0.045 cm? and
0.0951 cm?, respectively.

2.3. Voltametric Behavior of CET

Electrochemical oxidation studies of CET were performed using cyclic voltammetry
(CV). Cyclic voltammograms were recorded for bare carbon paste electrode (CPE), zinc
oxide nanoparticle-modified CPE (ZnO/CPE), graphene-modified CPE (Gr/CPE), and zinc
oxide and graphene-modified carbon paste electrode (ZnO-Gr/CPE) by immersing them
in a glass cell containing 0.1 mM CET and PBS of pH 6.0. The voltametric responses of CET
for different electrodes are displayed in Figure 2. The peak obtained at ZnO-Gr/CPE was
found to be the maximum, with a peak current value of 20.12 x 10~° A. In the absence
of an analyte molecule, no peaks were observed, and with the addition of CET, a single,
sharp, well-oriented peak was observed in the forward scan. However, the highest peak
current was displayed at ZnO-Gr/CPE due to the easy conductance of electrons towards
the vicinity of the working electrode and the presence of enhanced surface area provided
by the ZnO-Gr nanocomposite. The absence of a reduction in the backward scan indicates
that the process is irreversible.

-21.0 ] ! 1 1
At ZnO-Gr/CPE

—18.0 1

EE) At Gr-CPE
~150{ mEEp AtZnO-CPE
” |:> At bare CPE
3 120 !
= EEE) Buffer at Zn0-Gr/CPE
2 -9.0
)
S
-6.0 -
-3.0
0.‘
3'0 L T . L ! ' T ! ! T I ! I ' 1 L) 4 v
0.4 0.6 0.8 1.0 1.2 1.4 1.6

Potential (V)

Figure 2. Cyclic voltammograms obtained for different electrodes for 0.1 mM CET in PBS of pH 6.0
at0.05 V/s.

2.4. Accumulation Time

In voltametric measurements, the time required for the interaction between electrode
and analyte molecules possesses a substantial role. The analyte molecule was driven
towards the vicinity of the electrode by the concentration gradient of the analyte molecule,
which may get adsorbed or diffused onto the surface of the electrode material, affecting
the voltametric response. Hence, to study the accumulation time, the investigations were
carried out for 0.1 mM CET at ZnO-Gr/CPE by varying the accumulation time from 0 to
70 s. We obtained different peak current values with the time variation (Figure 3). At 20 s of
accumulation time, the peak obtained was sharp and well oriented, providing a maximum
peak current, meaning that molecules were highly accumulated at the electrode’s surface.



Catalysts 2022, 12, 1166

5o0f 14

A saturation limit was reached below which the accumulation of molecules was hindered
and displayed a lower peak current value of 30-70 s. Hence, the accumulation of 20 s was
chosen for further measurements.

Peak current (Ip) /pA

0 10 20 30 40 50 60 70

Accumulation time

Figure 3. Effect of accumulation time on electrooxidation of CET.

2.5. pH Variation

In electrochemical investigations involving voltametric technique, the importance of
supporting buffers is to assure considerable ionic strength of the solution, because in the
process of oxidation and reduction of the analyte molecule, a homogeneous electric field
must be maintained. The analyte response can be affected by the pH of the electrolyte. In
this research, the response of CET in various pH solutions ranging from 3.0 to 11.2 was
studied, and the respective cyclic voltammograms are shown in Figure 4A. It can be noticed
that there was an increase in peak intensity of CET from pH 3.0 to pH 6.0 and later on, the
peak current decreased. However, a well-defined peak was detected at pH 6.0 (Figure 4B),
so was chosen for further investigations. The acidic constant (pKa) of CET is 8.0 and the
ionic form of CET facilitates greater interaction with the electrode surface at pH 6.0-11.2
(nearer to the acidic constant of CET); hence, increased oxidation peaks were obtained at and
above pH 6.0 [43]. The potential peak values of CET were shifted to less positive potential
at pH 3.0-8.0. It became pH-independent, and from Figure 4C, it can be seen that the
pH-independent peak potential displays a slope value of 8.7 mV/pH in the pH range from
8.0 to 11.2. The pH-dependent slope value of 44.8 mV /pH was observed between the pH
range from 3.0 to 8.0, and the obtained value of slope was somewhat nearer the Nernstian
value (59 mV/pH), implying the transfer of an equal number of protons and electrons [44]
and the corresponding slope equation was specified as Ep = 0.0448pH + 1.496 R? = 0.984.

2.6. Scan Rate Effect

In voltametric measurements, scan rate study plays a significant role in understanding
the analyte molecule’s physicochemical characteristics. To study the scan rate effect, we
opted for the CV technique, and the measurements were carried out for 0.1 mM CET in pH
6.0 of PBS by varying the scan rate from 0.05-0.30 V/s. The corresponding voltammograms
are displayed in Figure 5A. It can be noticed that the peak current was increased when
the scan rate was raised. Slight shifting of peak potential towards positive values was
observed, which implies the process is irreversible [45], and the regression equation for
peak current (I,) and square root of scan rate (,/v) is given as I, = 111.6 \/v + 13.589,
R? = 0.996 (Figure 5B).
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Figure 4. (A) Cyclic voltammograms observed for 0.1 mM CET in 0.2 M PBS of various pH solutions,
(B) plots obtained for peak current (I,) and pH, and (C) plots obtained for peak potential (Ep) and pH.
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Figure 5. (A) Scan rate variation studies for 0.1 mM CET using PBS of pH 6.0 at ZnO-Gr/CPE with
timm of 20 s. (B) Plot of peak current (Ip) vs. square root of scan rate (1/v). (C) Dependence of log
peak current (log I,) vs. log scan rate (log v). (D) Plot of peak potential (Ep) vs. log scan rate (log v).

The graph of log of peak current (log I,) vs. log scan rate (log v) was plotted and
obtained a linear regression equation logl, = 0.5299 log v +1.9304 R? = 0.981; Figure 5C.
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The value of slope was in accordance with the standard value for the diffusion-controlled
process (0.5) and hence the present system involves the process of diffusion [46].

Furthermore, the stoichiometry of electron transfer was determined using these scan
rate studies. The plot of peak potential (Ep) vs. log scan rate (log v) gives the linear
regression equation Ep = 0.0665 log v + 1.3087 R? = 0.991 Figure 5D. The slope value
obtained was used to calculate the electron number.

For the system comprising irreversible electrode process, the Bard-Faulkner Equation (2)
was used to estimate charge transfer coefficient (o) [47]; and the electrons transferred in the
reaction (n) were calculated using Laviron’s Equation (3) [48].

(Ep — Ep/2) = AEp = 47.7 /o (mV) @)

Ep = K + [2.303RT/2(1 — ) nF] log v )

In the above equation, « corresponds to the transfer coefficient, n is electron number,
and the remaining notations represent their standard descriptions. By calculation, the
electrons that participated during the electrooxidation process were found to be 1.79 (x2),
and o was found to be 0.59.

2.7. Possible Electrode Reaction

The electrooxidation of CET at ZnO-Gr/CPE was presumed to take place with the
involvement of protons and by transferring an equal number of electrons and protons,
as suggested by pH studies. The investigations of the scan rate revealed the number of
electrons transferred in the reaction, which was calculated to be two. A possible mechanism
is proposed using the above formulations, as depicted in Scheme 1 [3].

OH

o%

cl N/\/o\)OkOH O Q
2 O "Q 2

o Q
- h

Scheme 1. Plausible electrooxidation of cetirizine.

3. Analytical Applications
3.1. Impact of Concentration

Differential pulse voltammetry (DPV) can provide sharp and well-defined peaks and
help to determine analyte molecules even in the lowest analyte concentration; hence, we
found DPV an appropriate technique to analyze CET quantitatively. The main objective of
the concentration variation study is to know the concentration range at which the analyte
molecule can be detected in the proposed sensor system and to estimate the detection limit.
Hence, to investigate this, PBS of pH 6.0 has opted for quantification as a well-defined
maximum peak current was observed at pH 6.0 (PBS) for ZnO-Gr/CPE. In the present
study, the concentration of CET varied from 0.05 uM to 4 uM. These studies showed that the
developed sensor can detect CET drugs in the lowest concentration range of 50 nM, proving
the present investigation’s significance. Further, it can be noticed from the Figure 6A that
the increased concentration levels of CET caused peak current to increase gradually, giving
the corresponding linearity equation: peak current (I,) = 0.9435(C) + 0.742, R? = 0.982



Catalysts 2022, 12, 1166

8 of 14

(Figure 6B). This equation provides the slope and intercept value by which the detection
limit and quantification limit was estimated using Equations (4) and (5) [49].

Dy =3 xs/m 4)

QL =10 x s/m 5)

where s represents standard deviation and m represents the slope value of the calibration
plot. Dy and Qp were computed to be 2.8 x 1078 M and 9.1 x 10~8 M, respectively, for the
ZnO-Gr electrode system. Further, the obtained Dy, was compared with some of the volta-
metric techniques used in determining CET involving different electrode systems, shown in
Table 1. Due to the good electrical conductivity of graphene and good electroactive property
of ZnO. Further, Gr possesses a unique structure with excellent electronic properties, e.g.,
being ultrathin and having a large specific surface area, extremely high electron mobility,
and high sensitivity to electronic perturbations [50]. ZnO’s high surface/volume ratio,
surface tailoring ability, novel electron transport properties, and electronic conductance
multifunctionality mean it is possible to detect a biomolecule at a lower concentration [51].
Hence, a promising sensing platform with good sensitivity along with low detection limit
was obtained with ZnO-Gr/CPE.

_iﬂ | | | 1

Ip/pA

0

0051 15225335445
Concentration/ pM

Current/ pA

Potential/ V

Figure 6. (A) Differential pulse voltammograms obtained for different concentrations of CET at
ZnO-Gr/CPE using PBS of pH 6.0. (B) Plot of peak current (I,) vs. CET concentration (C).

Table 1. Comparative study with earlier reports.

Electrode Used Detection Limit (M) Reference

GCE/MWCNT 7.1 % 107° [52]
GCE 43 x 107 [53]
Pretreated PGE 0.2 x 10~ [54]
Spectrophotometric determination 24 x 1077 [55]
BDD film electrode 1.6 x 1078 [56]
MWCNT-PtNPs/CPE 58 x 10~8 [2]

ZnO-Gr/CPE 2.8 x 1078 Present method

Abbreviations: GCE—glassy carbon electrode, MWCNT—multiwalled carbon nanotube, PGE—pencil graphite
electrode, BDD—boron-doped diamond, PtNPs—platinum nanoparticles, CPE—carbon paste electrode,
ZnO-Gr—zinc oxide and graphene nanocomposite-modified carbon paste electrode.
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3.2. Excipient Interference Study

In the formulation of a pharmaceutical drug, excipients play a pivotal role. An
excipient is a substance added to the main content of a drug comprising a solid formulation
with a potent active ingredient in minimal amounts for long-term stabilization. CET was
determined at the ZnO-Gr/CPE to verify the sensor’s selectivity in the presence of various
excipients utilized in the drug formulation. This study included some of the commonly
used pharmaceutical excipients. The excipients used and their response toward the peak
potential value of CET was displayed in Figure 7.

Ascorbic acid

Citric acid

Lactose

Sucrose

Tartaric acid

Glucose

Glycine

Oxalic acid

O B0 RO B8 ORB &

Gum acacia

Analysed excipients

Figure 7. Analysis of excipients.

3.3. Tablet Sample Analysis

The method developed was employed to study the sensor’s practical applicability
in determining CET in pharmaceutical and urine samples. For pharmaceutical sample
analysis, a commercially available CET tablet was used. The tablets were ground to form a
powder, the powder was mixed in Millipore water, and a stock solution was prepared, as
mentioned in Section 2.4. A sample concentration was taken and analyzed using DPV, and
the results are displayed in Table 2. The recovery obtained agreed with the labeled claim,
proving the proposed sensor’s efficacy.

Table 2. Analysis of pharmaceutical sample.

Cetirizine Observations
Amount specified (mg) 10
Amount obtained (mg) @ 9.69
RSD % 3.69%
Added (mg) 1
Obtained (mg) ? 0.86
Recovery 96.92%

2 Average of three replicate measurements.
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3.4. Urine Sample Analysis

For cetirizine 10 mg tablets, mean peak plasma concentration (Cmax) is 311 ng/mL.
Mainly eliminated in the urine, between 70% and 85% (approximately 0.020 uM) of an
orally administered dose is found in the urine and 10% to 13% in the feces [57]. The
developed electrode’s reliability was demonstrated by the analysis of urine sample assay
carried out under ideal conditions. The samples were prepared as mentioned in Section 2.4.
The known concentration of CET was spiked to a urine sample and analyzed. The recovery
obtained was determined using a plot obtained from concentration variation studies. The
recovery range obtained in Table 3 suggests that the ZnO-Gr/CPE can efficiently determine
CET in real samples.

Table 3. Determination of CET in urine samples.

Sample Spiked (10-% M) Found (10-% M) Recovery %
1 1.0 0.99 99.8
2 2.0 1.92 96.4
3 3.0 2.78 92.7

3.5. Stability of the Sensor

The repeatability nature of the proposed sensor was validated by taking intraday
measurements at regular intervals. A known CET concentration in PBS at pH 6.0 was used
as a test solution and analyzed using the CV technique at this system’s standard scan rate,
i.e., 0.05 V/s at ZnO-Gr/CPE. It can be concluded from our observations that excellent
repeatability was observed with an RSD% of 3.12 (Figure S2A). To study the reproducibility
of the proposed sensor, the electrode was fabricated as described in Section 2.5 and kept
in an air-sealed container for 10 days. Measurements were taken for preanalyzed concen-
trations of CET, maintaining optimum conditions (Figure S2B). The results proved that
the modified electrode could produce reproducible results, as the peak current retained
95.4% of its original peak current value. This demonstrated the excellent reproducibility
and repeatability of the developed ZnO-Gr/CPE sensor.

4. Experimental
4.1. Materials and Reagents

All the investigations were carried out using analytical-grade reagents. Cetirizine and
graphene were obtained from Sigma-Aldrich. ZnO was prepared by coprecipitation. The
chemicals required for preparing phosphate buffer solution (PBS) and preparation of ZnO
nanoparticles were procured from Molychem Pvt Ltd. PBS was prepared for different pH
levels using a suitable quantity of KH,PO,4, NayHPO,, and H3PO4.

4.2. Instrumentation

Investigations of pH were performed employing a pH meter (Equiptronics). For
voltammetric measurements, an electrochemical analyzer (CHI 1112C) was employed con-
sisting of a three-electrode compartment in a glass cell with a counter electrode (Platinum),
working electrode (ZnO-Gr/CPE), and reference electrode (Ag/AgCl). Surface character-
istics studies were exploited using scanning electron microscopy with energy-dispersive
spectroscopy (SEM-EDS, Jeol), and XRD (Smartlab SE, Rigaku, Tokyo, Japan) was employed
to study the crystallinity of the ZnO nanoparticles.

4.3. Synthesis of ZnO Nanoparticles

The synthesis of zinc oxide nanoparticles was carried out as per literature [58]. In short,
the procedure involves dissolving 0.2 M of zinc acetate in 50 mL of a solvent comprising
an equal volume of ethanol and Millipore water, followed by the dropwise addition of
potassium hydroxide (0.4 M). This mixture was stirred for 3 h in a magnetic stirrer at 80 °C
until a white precipitate was obtained. The homogeneous mix containing white suspension
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was centrifuged at 5000 rpm for about 30 min. The supernatant liquid was discarded, and
the liquid with white residue was obtained. It was then collected and kept in a hot oven
for drying, maintaining 120 °C until a powder form was obtained. This was followed by
calcination for 3 h at 500 °C. The obtained ZnO nanopowder was characterized using XRD
and SEM analysis.

4.4. Tablet and Urine Sample Preparation

CET tablets were procured from a local pharmacy under the brand name Cetzine.
The tablets were finely powdered in a mortar. Weight corresponding to 1.0 mM CET was
weighed and dissolved in Millipore water, followed by sonication for complete dissolu-
tion. A known concentration of the tablet sample was taken and analyzed employing the
differential pulse voltametric (DPV) approach.

For recovery studies, urine samples were obtained from healthy individuals and
diluted with an electrolytic solution of pH 6.0. A known CET concentration was spiked in
urine samples, and recovery investigations were recorded. The CET concentration in the
urine samples was determined using a calibration curve.

4.5. Fabrication of ZnO-Gr/CPE

The bare CPE was fabricated by mixing graphite powder and minerals (7:3) using a
mortar and pestle. The paste was loaded into the cavity of a Teflon tube with a copper rod
for electrical conductivity. The electrode was then smoothened on a polished surface and
washed with Millipore water. The preparation of ZnO-Gr involved the same procedure,
where Gr (0.05 g) and ZnO nanoparticles (0.05 g) were added, along with graphite and
mineral oil. After the fabrication, the electrode was subjected to pretreatment to minimize
the background current, which was done by scanning a CV using PBS of pH 6.0 at a scan
rate of 0.5 V/s for 20 cycles. After every measurement, the paste was discarded from the
electrode cavity, which was then loaded with new paste.

5. Conclusions

The electrochemical oxidation of CET was investigated by a nanocomposite electrode
fabricated with graphene and zinc oxide nanoparticles. ZnO nanoparticles were prepared
by coprecipitation and characterized by XRD. The electrochemical process in the present
study was found to be irreversible, displaying a single sharp oxidation peak at ZnO-
Gr/CPE. The oxidation process was observed to be pH-dependent and diffusion-controlled
with the involvement of an equal number of protons and electrons in the reaction. A possible
reaction mechanism was proposed. The quantification study proved that the linearity range
and detection limit were comparable to reported methods. Real samples were analyzed
to assess the practical applicability of the conventional sensor in pharmaceuticals. An
interference study investigated the effect of some commonly used clinical excipients. Finally,
the validation of ZnO-Gr/CPE was achieved by examining the stability of the electrode.
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www.mdpi.com/article/10.3390/catal12101166/s1, Figure S1: Graphical abstract of electrochemical
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of Zno-Gr/CPE; Table S1: EDS of ZnO-Gr/CPE.
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