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ABSTRACT

The precise monitoring of dopamine, an essential neurotransmitter, requires
efficient sensing strategies, and modified electrodes provide a promising route
toward achieving this goal. In this study, a carbon paste electrode (CPE) modified
with cerium oxide nanoparticles (CeO,/CPE) was developed and employed for
the determination of dopamine. The synthesized cerium oxide nanoparticles
were characterized using Fourier-transform infrared spectroscopy (FT-IR), X-ray

Corresponding Authors: diffraction analysis (XRD), scanning electron microscopy (SEM), Raman and UV-
Masoud Rezaeinasab visible spectroscopy. The structural properties (porosity and specific surface area)
Email:

of nanoparticles were evaluated by Brunauer—Emmett—Teller (BET) analysis. Based
on the obtained results from various characterizations, the synthesis of cerium
oxide nanoparticles was successfully achieved. The obtained results from cyclic
voltammetry (CV) indicate that the CeO,/CPE, benefiting from the synergistic effects
of the nanoparticles, enhances electron-transfer kinetics and exhibits pronounced
electrocatalytic activity, thereby providing an effective platform for dopamine
(Dop) analysis. According to the differential pulse voltammetry (DPV) results, the
calibration curve for Dop was linear in the range of 0.5-80 uM under optimum
conditions. The calculated detection limit was 0.17 uM. Analysis of the results reveal
that the CeO,/ CPE has great selectivity, reproducibility, stability, repeatability, and
can be efficiently employed for the determination of Dop in blood serum samples.
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1. Introduction

Dopamine (Dop), as a neurotransmitter, can
transmit the message from neurons to central
neurons in mammals [1]. The high concentration
of Dop into the normal levels causes a variety of
serious health problems such as senile dementia,
Parkinson’s disease, high pressure, schizophrenia,
etc [2-6]. Thus, the determination of Dop is vital to
control the concentration of Dop in the mammalian
body. Accordingly, the detection of Dop is interest
to researchers using various assessment techniques
such as spectrofluorimetric and HPLC [7-11].
These techniques face several drawbacks, including
complex extraction procedures, sensitivity to
temperature, high instrument costs, and limited
sensitivity [12, 13]. To overcome these limitations,
various electrochemical detection methods

have been developed for the quantification of
biochemical molecules, offering advantages
such as high sensitivity, excellent selectivity,
rapid response, and cost-effectiveness. Modified
electrodes play a crucial role in electrochemical
applications, enabling highly selective and accurate
detection of analytes in environmental, medical,
and biological systems [14-21]. Materials based on
carbon, including graphite, glassy carbon, carbon
nanotubes, and graphene, are frequently utilized
to enhance electrode properties due to their
superior conductivity and adaptability for surface
functionalization. Modification of electrodes
with carbon nanomaterials enhances their charge
separation efficiency. Recently, different materials as
modifiers have emerged regarding electrochemical
sensing of the important biological species such
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as Dop, ascorbic acid, uric acid, tryptophan, etc
[22-25]. Our research investigations revealed
that r-graphene oxide, graphene oxide, and metal
oxide-rGO composites are widely applied for the
electrochemical detection of DA. In addition to
the mentioned compounds, other substances such
as CuO-MgO, LaFeO,, carbon quantum dots/
copper oxide nanocomposite and Zn-Co,O, have
been used for modification of electrodes and
measurement of dopamine [26-29].

To date, different polymers, metal oxide NPs
(MO NPs), metal NPs, and various nanocomposites
such as CoFe0,/Si0,, Tb,Ti O, Bi,0,/MgO/
Fe,O,, CoNi-MOF/RGO and Ni-MOF have been
employed to modify the sensing layer of the
working electrode for the measurement of different
species [30-34]. The materials that are suggested
for this purpose possess good properties such as
low toxicity, high conductivity and high stability,
great biocompatibility, and great electronic
properties [35]. In recent years, metal oxides and
their applications in various fields have attracted
significant attention from researchers. Reliable
electron conduction and quick response led to
achieving proper access in the detection, biomedical
applications, and catalysis regions [36-38].

Among various types of metal oxide NPs, cerium
oxides (CeO,) semiconductors with a band gap
of 3.19 eV have been utilized for the detection of
adenine, guanine [39], and uric acid in biological
fluids [40], and nitrite [41]. CeO, is a great choice
for use in biosensors due to its unique properties,
such as chemical stability, biocompatibility and
high electrocatalytic properties [42]. Considering
the unique and special properties of nanoparticles,
their application in electrode modification can
lead to enhanced sensitivity and a lower detection
limit for the measurement of various species using
electrochemical methods. In the drug industry,
drug analysis has an important role for public
health because it can affect under effectiveness of
drug quality and drug dosage in the human body,
and thus, we designed a new method for Dop
determination.

In the present study, a new carbon paste
electrode modified with CeO, nanoparticles was
constructed and applied for sensitive determination
of Dop (Scheme 1). The capability of the newly
designed Dop sensor based on CeO, nanoparticles
was investigated by cyclic voltammetry and
differential pulse voltammetry. Cerium oxide alone
coated on the carbon paste electrode caused the

670

oxidation current to increase and the potential to
decrease, and can be used as an effective platform
for dopamine oxidation and measurement. The
designed sensor indicated good selectivity and
reliable reproducibility for the Dop detection in
real biological fluids. The proposed CeO,/CPE
sensor lies in its simple fabrication strategy, the
ease of electrode modification, and its superior
analytical performance compared with previously
reported. In particular, the sensor exhibits a
markedly lower detection limit, a wider linear
range, and a straightforward carbon paste electrode
modification process, all of which distinguish our
approach from earlier designs.

2. Experimental

2.1 Chemical and Apparatus

CeO, nanoparticles were synthesized according
to a previous literature [43]. Dopamine, graphite
fine powder, and viscous paraffin were obtained
from Merck Company and used as received.
All the other chemicals were also purchased
from Merck Company in analytical grade and
were used without any further purification. FT-
IR spectra were recorded in the 4000-400 cm
region, using KBr disks, on a Thermo SCIENTIFIC
model NICOLET iS10 spectrophotometer. Power
X-ray diffraction (XRD) was performed on a
Philips X’pert diffractometer with Cu Ka (A =
0.154 nm) radiation. The SEM was performed
with a TESCAN instrument model VEGA3. The
absorption spectra were obtained using an Analytic
Jena SPECORD-205 spectrophotometer in the
range of 190-1000 nm and at Inm resolution. The
electrochemical measurements were performed
with an  Autolab potentiostat/Galvanostat
(PGSTAT-101). The experimental conditions
were controlled using Nova 2.1 software installed
on a PC computer. The working, counter, and
reference electrodes were carbon paste electrodes
modified with CeO, nanoparticles (CeO,/CPE),
a platinum electrode, and an Ag /AgCl (sat.), KCI
(3 M) electrode, respectively. All potential in this
research was reported with respect to this reference
electrode. The Metrohm model 691 pH/mV meters
were used for pH adjustments.

2.2 Synthesis of CeO,nanoparticles

The sol-gel method is a widely used approach
for synthesizing CeO, nanoparticles due to its
simplicity, cost-effectiveness, and ability to control

Colloid Nanosci. J. 3(3) (2025) 669-681


DBF_J_Name
DBF_Volume
DBF_PubYear
DBF_DocType

M. Rezaeinasab et al.

Original Article

Scheme 1. Schematic representation of the designed CeO,/CPE modified electrode.

particle size and morphology. In this process, a
cerium precursor is dissolved in a suitable solvent
to form a colloidal solution (sol). Hydrolysis and
condensation reactions lead to the formation of a
three-dimensional network (gel). The gel is then
dried and calcinated at elevated temperatures
to obtain crystalline CeO, nanoparticles. This
method allows precise control over particle size,
uniformity, and surface properties, making it
highly suitable for catalytic and sensor applications.
CeO, nanoparticles were prepared according to the
previously reported procedure [43]. For this case,
4.0 g of ammonium cerium (IV) nitrate (10 mM)
and 4.2 g of citric acid (20 mM) were dissolved in
50 mL of distilled water and stirred vigorously for
20 min. During stirring, ammonia solution was
added dropwise, and the pH of the solution was
increased to about 10. The solution obtained was
heated on a hot plate under constant stirring. After
a certain period, self-combustion takes place. The
formed ash was collected in a crucible and then
calcinated in the furnace at 300 °C for 3 h. The
obtained product was a light-yellow powder.

2.3 Preparation CeO,/CPE sensor

To prepare the CeO,/CPE sensor, a mixture of
graphite powder (0.46 g), CeO, nanoparticles (0.04
g),and ~20 pL of paraffin oil was blended by hand
in a mortar and pestle. Then, it was inserted at the
bottom of a glass tube (internal radius: 2 mm and 10
cm long). Electrical contact was made by pushing a

Colloid Nanosci. J. 3(3) (2025) 669-681

conductive copper wire into the end of a glass tube,
which stuck to the carbon paste (Scheme 1). It is
necessary to have a fresh electrode surface. The
new surface is generated by extruding a small plug
of paste with a stainless-steel rod and smoothing
the resulting surface on the white paper.

3. Results and Discussion
3.1 Characterization of CeO,nanoparticles

The FT-IR spectra of synthesized CeO,-NPs are
shown in Fig. 1 (A). The intense bands at 3423 and
1640 cm™ are attributed to the v(O-H) mode and
8(OH) of H,O molecules that are linked to CeO,-
NPs, respectively [44]. The vibration at 521 cm™
is considered a characteristic phonon mode for
CeO,-NPs [45]. The bands at 1050 and 1250 cm™
are ascribed to the v(Ce-O-Ce) vibration [46].
The band at 1383 cm™ is indicative of the N=O
stretching vibration that was produced by the trace
amount of nitrate [47]. In summary, the synthesized
CeO, nanoparticles were thoroughly characterized
to evaluate their structural and textural properties.
FT-IR analysis confirmed the formation of CeO,
with characteristic Ce-O vibrations at 521 cm™
and Ce-O-Ce network bands at 1050-1250
cm’!. Raman spectroscopy was employed to
investigate the structural of the synthesized CeO,
nanoparticles. Fig. 1(B) represents the typical
Raman-scattering spectrum of CeO, nanoparticles.
A prominent sharp peak appeared in the Raman-
scattering spectrum of the CeO, nanoparticle at
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~ 459 cm™ ! corresponding to the F,g vibrational
mode of cerium oxide nanoparticle. This mode is
characteristic of the symmetric stretching of the O—
Ce-0O bonds in the lattice. No significant additional
peaks were observed, indicating that the sample is
phase-pure and free from secondary cerium oxide
phases [48].

The X-ray diffraction analysis confirmed the
formation of pure cerium oxide nanoparticles
with was shown in Fig. 2. The diffraction pattern
exhibited characteristic peaks corresponding to
the (111), (200), (220), (311), (222), (400), (331),
(420), and (422) crystallographic planes at 20
values of approximately 28.6°, 33.2°, 47.6°, 56.4°,
59.2° 69.5° 76.8°, 79.2°, and 88.6°, respectively.

The most intense peak at 20 = 28.6° corresponds to
the (111) plane, which is characteristic of the CeO,
phase [49]. The average crystallite size (D) of the
CeO, nanoparticles was calculated via the Scherrer
equation (D = 0.94\/Pcos8) where D is the average
crystalline domain size perpendicular to the
reflecting planes, A is the x-ray wavelength, f is the
full width at half maximum (FWHM) is in radians,
and 0 is the diffraction angle. The mean size of
the particle was be calculated 9.2 nm. To further
evaluate the crystallite size and lattice strain of the
synthesized CeO, nanoparticles, the Williamson-
Hall (W-H) models was employed. The W-H
approach (Bcos6=0.94\/D+4Esinb, € is the lattice
strain and the other parameters have the same
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Fig. 1. (A) FT-IR and (B) Raman-scattering spectra of synthesized CeO, nanoparticles.
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meanings as previously defined) considers both
size-induced and strain-induced broadening of
X-ray diffraction (XRD) peaks. In practice, A plot
of BcosB versus 4sin6 is drawn, and the lattice strain
is obtained from the slope, while the crystallite
size (D) is determined from the y-intercept. The
estimated average crystallite size was found to be
9.8 nm, which is in good agreement with the value
obtained from the Scherrer equation. The lattice
strain was calculated to be 3.6 x 10 * indicating a
minimal distortion in the crystal lattice.

XRD analysis confirmed the successful synthesis
of phase-pure cerium oxide nanoparticles. The
crystallite size analysis indicates particle dimensions
in the nanometer range, while the lattice parameter
calculations reveal a slight contraction compared
to bulk material. These structural characteristics

Original Article

are typical of CeO, nanoparticles and confirm their
potential for various technological applications
requiring high surface area and unique catalytic
properties.

The UV-Visabsorption spectrum of cerium oxide
nanoparticles exhibits a characteristic absorption
peak at A__ = 358 nm (Fig. 3). This absorption
band corresponds to electronic transitions
between Ce** and Ce** oxidation states, indicating
the presence of mixed valence states in the CeO,
nanostructure. This observation is consistent
with the expected optical behavior of nanosized
CeO, and supports the successful formation of the
intended nanostructure. The observed absorption
maximum is attributed to charge transfer
transitions within the cerium oxide lattice and
serves as a distinctive spectroscopic signature for
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Fig. 2. XRD patterns of prepared CeO, nanoparticles.
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Fig. 3. Uv-Vis spectra of CeO, nanoparticles.
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Fig. 4. (A) The SEM images (B) Nitrogen adsorption-desorption isotherms for synthesized CeO, nanoparticles.

CeO, nanoparticles [50]. The clarity and position
of this peak further reinforce the uniformity and
stability of the synthesized nanoparticles.

SEM images of the synthesized cerium oxide
(CeO,) nanoparticles reveal predominantly
spherical morphology with well-defined particle
boundaries (Fig. 4A). Analysis of SEM micrographs
demonstrates that the nanoparticles possess a
relatively narrow size distribution within the
nanoscale range. Based on the obtained results
from the SEM images, the average particle size
is approximately ~10-12 nm, confirming their
nanoscale dimensions. The spherical geometry
and consistent particle dimensions suggest optimal
synthesis conditions were maintained throughout
the preparation process. This uniformity in both
shape and size indicates that the growth process
proceeded in a controlled manner and that the
synthesis parameters were effectively controlled.
Fig. 4B shows the nitrogen adsorption-desorption
isotherms for synthesized CeO, nanoparticles.
The BET analysis of the synthesized cerium oxide
(CeO,) nanoparticles revealed a specific surface area
of 57.58 m?/g, indicating a high surface tovolume
ratio typical of nanoscale materials. Such a large
surface area is beneficial for applications involving
catalysis, adsorption, or sensor technologies,
as it provides more active sites for reactions or
interactions. The average pore diameter was found
to be approximately 2.71 nm. Together, these BET
results demonstrate that the synthesized CeO,
nanoparticles have a favorable textural property
profile and high surface area which can enhance
their performance in catalytic processes. To obtain
a more detailed description of the pore structure,
the adsorption data were further analyzed using
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the non-linear density functional theory (NLDFT)
model. The NLDFT surface area was found to be
slightly higher than the BET value (~59.1 m?/g),
which is expected due to the higher sensitivity
of NLDFT to subtle surface irregularities and
interparticle voids. The pore diameter distribution
was found to be ~3 nm. Both methods report
similar values for the porosity and surface area of
the nanoparticles. However, a slight discrepancy
between them arises because the NLDFT method
is more sensitive to fine structural details; due to its
ability to account for surface roughness and small
interparticle cavities, it reports a slightly higher
surface area.

3.2 study on the surface of electrode

An approximate estimate for the active surface
area of the electrode was carried out using the
Randles-Sevcik equation [51].

I ..= 269 x 10° n”?AD'2Cu"” (1)

Where I is the anodic peak current, A is
the surface area (cm?), v is the scan rate (mV.s
1, n=1, D is the diffusion coefficient (7.6 x10°
cm?/s), and the other symbols have their usual
meanings. Using Randles-Sevcik equation and the
slope of IPeak versus v'?in a 1.0 mM K| [Fe (CN) |*
" solution, microscopic areas for CPE and CeO,/
CPE were calculated to be 0.061, 0.1201 cm?
respectively. The active surface area confirms that
modifying the electrode surface with CeO, causes
an enhancement of surface area and an increase in
the oxidation current of Dop.

Electrochemical impedance spectroscopy (EIS)
was employed to investigate the modification of

Colloid Nanosci. J. 3(3) (2025) 669-681
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Fig. 6. Optimization of operating conditions: (A) the percentages of CeO, in CPE, (B) Variation of anodic peak current of CeO, vs.
pH in the presence of dopamine (0.5mM) in Phosphate buffer solution.

the surface CPE with CeO, nanoparticles. One of
the most common formats for interpreting EIS data
is the Nyquist plot, which consists of a semicircle
followed by a straight line. A semicircle is related to
the charge-transfer process, whereas the line region
corresponds to the diffusion-controlled process.
The diameter of the semicircle is proportional to
the electron transfer resistance (R ) of the working
electrode, whereas the Warburg line indicates the
mass transfer. The Nyquist plots of the CPE and
CeO,/CPE in 1.0 mM [Fe(CN) [*"/* were shown
in Figure 5. Based on the results shown in Figure
5, when the CPE was modified with CeO, (Fig. 5
curve b), the diameter of the semicircle portion
(R,) decreased compared with that of the CPE
(Fig. 5 curve a), and the surface area was improved.
Therefore, R was lower than that of unmodified

Colloid Nanosci. J. 3(3) (2025) 669-681

CPE due to the high conductivity and large
surface area of CeO, nanoparticles. The reduction
of resistance in the CeO,/CPE electrode, due to
the properties of the cerium oxide nanoparticles,
enhances the efficiency of this electrode in
determination of dopamine.

3.3 The optimization of experimental parameters

To increase the sensitivity of the electrochemical
CeO,/CPE sensor, the experimental parameters,
including the CeO, nanoparticles percentage and
the solution pH, were optimized. The influence of
CeO, present in the structure of carbon paste on the
oxidation peak current of dopamine was studied in
the range of 1.0 to 8 % w/w and the scan rate of
30 mV.s™. The results indicated that the changes
of peak currents (AI) are increased by increasing
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the percentages of CeO, in the structure of carbon
paste, up to 5.0 % w/w and then by increasing
the percentage of CeO,, the values of AT will be
constant therefore, 5.0 % w/w of CeO, was selected
as the optimum percentage of CeO, (Fig. 6A). The
oxidation of dopamine shows a strong dependence
to pH. According to Fig. 6B, the values of oxidation
peak currents are increased by increasing the pH
up to 7, and then the value of the peak current
will be decreased. So, the optimum value of pH
was selected as 7, and other experiments were
performed under this pH.

3.4 Investigation of the electrooxidation of
dopamine at CeO,/CPE sensor

Fig. 7 indicates the cyclic voltametric responses
of different electrodes in the absence and presence
of 0.5 mM dopamine as follows: CPE (curve a),
CeO,/CPE (curve b) in the absence of dopamine,
and CPE (curve c), CeO,/CPE (Curve d) in the
presence of dopamine, respectively. Based on
the results obtained from this figure, the carbon
paste electrodes and carbon paste electrodes
modified with cerium oxide nanoparticles showed
no oxidation and reduction peaks in phosphate
buffer solution with pH=7 (Fig. 7, curves a and b).
When the carbon paste electrode was placed in a
solution containing dopamine, the oxidation and
reduction peaks related to this compound were
observed at a potential of approximately 0.28 V
(Fig. 7 curve c). When the carbon paste electrode
modified with cerium oxide nanoparticles was
placed in this solution, the current related to the

oxidation of this compound increased and its
potential decreased (Fig. 7 curve d). The results
obtained from cyclic voltammetry showed that
the carbon paste electrode modified with cerium
oxide nanoparticles acts as a suitable platform
for the oxidation and measurement of dopamine.
According to the obtained results, from curve d in
fig. 7 the anodic peak current of dopamine at CeO,/
CPE is increased and its cathodic peak is omitted
on the reverse scan of the potential. The above
observations indicated that an electrocatalytic
mechanism is seen for oxidation of dopamine at
the surface of CeO,/CPE sensor.

3.5 Differential pulse voltammetry investigation

The differential pulse voltammograms (DPVs)
were achieved for various concentrations of
dopamine in Phosphate buffer solution (pH=7.0).
The result is exhibited in Fig. 8. The dopamine
electrocatalytic peak current at the surface of the
CeO,/CPE sensor can be attributed to the dopamine
concentration. According to the calibration curve,
the linear range was obtained from 0.5- 80 pM
(inset Fig. 8). Also, the detection limit according to
(3s,/m) for oxidation of dopamine was determined
to be 0.17 uM. Comparison of the efficiency
of fabricated sensor with other methods for
determination of dopamine was carried out and
the results are summarized in Table 1. Based on the
results presented in this table, it can be observed
that the sensor developed in this work exhibits a
suitable limit of detection (LOD) and linear range
compared to other studies.
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Fig. 7. CVs obtained at (a) CPE, (b) CeO,/CPE in the absence of dopamine, (c) CPE, (d) CeO,/CPE in a 0.50 mM dopamine solution
at a scan rate of 30 mVs.
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Fig. 8. DPVs of CeO2/CPE in Phosphate buffer solution (pH=7.0) contain different concentrations of dopamine (numbers
1-10correspond to 0.5 to 80.0 uM of dopamine). Insects: The plots of the electrocatalytic peak current as a function of dopamine
concentration in the range of 0.5 to 80.0 uM.

Table 1. Comparison of the proposed method with some reported methods for determination of dopamine.

Modification Materials Method LOD (uM) LDR (uM) Ref.
GO/Fe;04 CV and DPV 0.48 1.0-10.0 [52]
SPCE/TiO.NP/AuNP/PNBDES DPV 0.068 0.075-62.5 [53]
C030./Cu0/SDS cv 0.6 1.0-80.0 [54]
SnO,/chitosan DPV and CV 0.77 1.0-18.0 [55]

CeO./ CPE DPV 0.17 0.50-80.0 Present study

3.6 Selectivity, reproducibility, and stability of
CeO,/CPE sensor

Analytical selectivity constitutes a critical
parameter in electrochemical sensor charac-
terization, as it directly governs the reliability and
specificity of the developed sensing platform.
To evaluate the anti-interference capability
of the fabricated sensor, a comprehensive
selectivity study was conducted by examining the
electrochemical response of dopamine (0.5 mM)
in the presence of potential interfering species,
including acetaminophen, glucose, adrenaline,
uric acid, diclofenac, dexamethasone, paroxetine,
epinephrine and estradiol (each at 0.1 mM
concentration).

According to the obtained results in Table 2,
the electrochemical measures demonstrated that
the anodic peak current intensity of dopamine
remained unperturbed despite a 10-fold excess
(and even in some cases, with a higher ratio
(concentration of the interfering species. The
study is that if the current from the presence of the

Colloid Nanosci. J. 3(3) (2025) 669-681

interfering species is less than 5 % different from
the peak current of the dopamine in the absence
of the interferences, such interference will not
interfere with the measurement of the dopamine.
These findings substantiate the exceptional
selectivity coefficient of the CeO,/CPE-modified
electrode, confirming its capability to discriminate
dopamine from structurally similar compounds
and common biological interfering species with
high specificity and minimal cross-reactivity.
The analytical reproducibility of the CeO,/CPE
sensor was systematically evaluated through inter-
electrode precision studies. Five independent CeO,/
CPE electrodes were fabricated following identical
preparation protocols, and their electrochemical
performance was assessed via differential pulse
voltammetry (DPV) for dopamine quantification at
a fixed concentration of 50 uM. Statistical analysis
of the voltammetric responses yielded a relative
standard deviation (RSD) of 3.8%, demonstrating
satisfactory inter-electrode reproducibility and
consistent fabrication methodology. This low RSD
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Table 2. The influence of interfering species on the measurement of 0.5 mM Dopamine using the CeO,/CPE electrode (pH= 8).

Species The concentration ratio of interferences species to DO Signal change (%)
Acetaminophen 10 0.35
Glucose 10 0.42
Adrenaline 10 0.48
Uric acid 12 1.11
Diclofenac 10 0.89
Dexamethasone 5 1.23
Paroxetine 10 0.75
Epinephrine 12 1.96
Estradiol 5 2.11

Table 3. Determination of dopamine in real samples using the designed sensor (pH=7, n=5).

Sample number Added (uM) RSD% Measured by sensor (uM) Recovery%
1 20 1.11 19.35 96.75
2 30 1.24 29.21 97.63

value confirms the reliability and precision of the
sensor fabrication process, indicating minimal
batch-to-batch variation and excellent analytical
repeatability for dopamine detection. The temporal
stability and operational longevity of the CeO,/
CPE electrochemical sensor were systematically
investigated through chronological performance
monitoring under ambient laboratory conditions.
The fabricated sensor was subjected to accelerated
aging studies at room temperature with periodic
electrochemical evaluation at predetermined
time intervals. Differential pulse voltammetric
measurements for dopamine electro-oxidation
were conducted at 4-day, 1-week, and 2-week
intervals to assess signal retention and electrode
degradation kinetics. The anodic peak current
responses demonstrated exceptional temporal
stability, retaining 97.3%, 96.6%, and 96.1% of the
initial electrochemical activity after 4 days, 7 days,
and 14 days of storage, respectively.

The minimal signal attenuation indicates
superior electrode stability with negligible
active surface deterioration and maintained
electrocatalytic  efficiency. This remarkable
temporal performance validates the structural
integrity and operational robustness of the CeO,/
CPE sensing platform, confirming its suitability for
prolonged analytical applications with consistent
electrochemical response characteristics.
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3.7 Determination of dopamine in real samples
The applicability of the CeO,/CPE sensor was
investigated by the determination of dopamine
in the real samples (pH=7). The fabricated sensor
was applied to two blood serum samples obtained
from a local hospital. Prior to the determination
of dopamine in blood serum samples, since
blood serum contains high concentrations of
proteins that can bind the drug and interfere
with measurement, a protein precipitation step is
performed, commonly by adding organic solvent
such as acetonitrile or methanol in a typical ratio of
1:3 (serum: solvent). The mixture is vortexed and
centrifuged again to pellet the proteins, leaving a
clear supernatant containing the serum. In some
workflows, additional filtration may be applied to
remove residual particulates or lipids and further
minimize matrix effects. The prepared serum
supernatant can then be directly used for analysis.
These pretreatment steps serum separation,
protein removal, and optional clarification
are essential to ensure accurate, reproducible,
and reliable quantification of the drug. Then,
dopamine solutions with specific concentrations
were added to the diluted serum solutions. The
quantitative determination of dopamine in blood
serum samples was performed, and the recovery
percentages are obtained (Table 3). Based on the
obtained results from recovery percentages, it can
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be concluded that the designed sensor is applicable
for the determination of dopamine in blood serum
samples.

4. Conclusion

In the present study, a new carbon paste electrode
modified with CeO, as an electrochemical sensor
was constructed to determine Dop. The synthesized
cerium oxide nanoparticles were characterized
using Fourier-transform infrared spectroscopy
(FTIR), X-ray diffraction analysis (XRD), scanning
electron microscopy (SEM), Raman and UV-visible
spectroscopy (UV-Vis).

Based on the obtained results from various
characterizations, the synthesis of cerium oxide
nanoparticles was successfully achieved, and these
nanoparticles were used to modify the carbon
paste electrode (CeO,/CPE). The electrochemical
oxidation and determination of dopamine was
studied by cyclic voltammetry and differential
pulse voltammetry with proposed electrode.
The capability of this sensor to be used in real
samples makes it a proper platform for the Dop
determination in biological fluids such as human
blood serum samples. This electrochemical
sensor can enhance electrical conductivity even
at low concentrations, and its high sensitivity and
stability, good selectivity, simplicity of fabrication,
lower detection limit, and wide linear range make it
superior to previously reported methods.
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