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ABSTRACT Non-enzymatic dopamine (DA) sensors are important in diagnosing and treating human
diseases. However, non-enzymatic sensors frequently encounter interference from other substances, posing
a challenge of poor selectivity for such sensors. Herein, we prepared tungsten trioxide nanoparticles
(WO3 NPs) via a simple hydrothermal method and immobilized them onto a cuprous oxide (Cu2O) film.
The results demonstrate that WO3 NPs offer improved selectivity, thus avoiding interference from other
substances. The DA sensor based on the Cu2O film modified with WO3 NPs exhibits excellent DA
detection performance, with a wide linear range of 1 μM to 10 mM, a low limit of detection of 0.21
μM, and good selectivity against common interfering substances. This non-enzymatic DA sensor features
a simple structure, easy fabrication, small size, and suitability for mass production.

INDEX TERMS Cuprous oxide (Cu2O), tungsten trioxide nanoparticles (WO3 NPs), dopamine (DA)
sensor.

I. INTRODUCTION
Dopamine (DA), categorized as one of the catecholamines,
is a neurotransmitter originating in the brain, facilitating
intercellular communication through chemical signaling [1].
A DA deficiency is linked to psychiatric conditions like
parkinsonism and attention deficit hyperactivity disorder
(ADHD) [2]. Consequently, the detection of DA holds
significant importance. Over recent years, numerous elec-
trochemical biosensors have emerged to detect DA [3].
Tyrosinase-based DA sensors have attracted extensive atten-
tion among researchers [4]. However, the temperature factor
can easily affect tyrosinase, making it difficult to pre-
serve [5]. Therefore, research into non-enzymatic DA sensors
has emerged as a new direction.
For non-enzymatic sensors, their applications can improve

several inherent problems associated with enzymatic sensors,
including price, poor stability, and influence on temperature.
Therefore, this study mainly analyzes non-enzymatic sensors.

Non-enzymatic sensors are primarily based on metal
oxides [6], precious metals [7], conductive polymers [8],
and carbonaceous materials [9] as sensing materials. Among
them, metal oxides have several important advantages for
sensors, including the easy formation of various nanostruc-
tures [10], excellent electrical conductivity, and low cost [11].
Based on the advantages of metal oxides, in this study,

we employed cuprous oxide (Cu2O) and tungsten triox-
ide (WO3) as sensing materials for DA detection. Cu2O
was chosen as the sensing layer due to its impressive
electrocatalytic performance, strong biocompatibility, and
expansive specific surface area, which can enhance DA
sensing [12]. However, despite these advantages, Cu2O is
sensitive to various biomolecules, leading to the detection
of interfering substances such as fructose, glucose, and
urea during the measurement process. To address this issue,
we utilized WO3, which exhibits specificity to DA, to
modify Cu2O and enhance selectivity [13]. In addition to

c© 2024 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License.
For more information, see https://creativecommons.org/licenses/by/4.0/

296 VOLUME 12, 2024

HTTPS://ORCID.ORG/0000-0002-8829-3404
HTTPS://ORCID.ORG/0000-0002-8035-8023
HTTPS://ORCID.ORG/0000-0003-2791-9642
HTTPS://ORCID.ORG/0000-0002-6878-3596
HTTPS://ORCID.ORG/0000-0002-5096-1948


CHOU et al.: WO3 NPs MODIFIED CU2O FILM NON-ENZYMATIC DA SENSOR

its specificity to DA, WO3 offers low cost and excellent
electrical conductivity [14]. These beneficial properties help
reduce temperature effects and improve the reliability of DA
measurement.
Many detection techniques exist for DA, such as flu-

orescence [15] and spectrophotometry [16]. Fluorescence
spectrophotometry are the suitable choices for luminescent or
quantum-sized materials, which fluorescence spectrometers
can analyze. However, the most significant difficulties are the
high threshold of operation technology. Spectrophotometry
relies on the ability of materials to absorb visible light to
ascertain DA concentration based on absorbance. However,
this method has a relatively low accurate rate, a signif-
icant drawback. As a result, among the plethora of DA
detection techniques available, electrochemical techniques
are widely regarded as the most suitable measurement
methods for human environments. Standard electrochemi-
cal analyses include cyclic voltammetry, differential pulse
voltammetry, and square wave voltammetry [17], [18], [19].
However, current-based techniques may lead to sensing
film detachment, compromising stability [20]. Potentiometric
measurement technology was employed in this study to
characterize the sensor and addressed this issue. Unlike
current-based methods, potentiometry utilizes low-bias cur-
rents, minimizing the risk of sensing film detachment and
enhancing sensor stability [20]. In addition, potentiometric
measurement technology has a small size and highly stable
characteristics. Many different potentiometric sensors have
been developed so far [21].

II. EXPERIMENTAL
A. MATERIALS
The DA sensor utilizes polyethylene terephthalate (PET) as
its substrate. We prepare the sensor conductive wires and
electrodes from silver paste, while epoxy constitutes the
protective layer. Sputtering with a CuO target forms the
Cu2O film. Tungsten hexachloride and urea powder serve
as the precursor for WO3 NPs. We mix DA hydrochloride
powder with phosphate-buffered saline (PBS) solution to
prepare the DA solution. We incorporate interferents such as
ascorbic acid powder, uric acid powder, urea powder, fructose
powder, and glucose powder in the interference effects.

B. PREPARATION OF THE CUPROUS OXIDE (CU2O) FILM
The sputtering technique is renowned for its reliability
in producing high-quality film, primarily attributed to the
flat and uniform surface characteristic of films prepared
using the radio frequency (RF) sputtering system [22]. We
utilized a CuO target as the deposition material in our
sensor fabrication process. During sputtering, the ratio of
oxygen to argon plays a crucial role as it directly influences
the formation of the Cu2O film. Therefore, we introduced
a specific oxygen-to-argon ratio set at 5:13 in our ratio.
This ratio is selected because lower oxidizing conditions
favor the existence of copper ions in the +1 valence state,
corresponding to the chemical state of Cu2O. Conversely, in

a high-oxygen environment, copper ions are more likely to
exist in the +2 valence state, forming CuO. Furthermore,
we maintained a deposition pressure of 10 mTorr, applied
power of 40 W, and conducted the deposition process for
30 minutes. These parameters are meticulously chosen to
ensure optimal film quality and sensor performance.

C. PREPARATION OF THE TUNGSTEN TRIOXIDE
NANOPARTICLES (WO3 NPS)
The hydrothermal method for synthesizing WO3 NPs
offers a cost-effective and straightforward approach. In
our procedure, we used tungsten hexachloride and urea as
precursors dissolved in 40 ml of 99.5% ethanol. Initially,
the tungsten hexachloride, urea, and ethanol were thoroughly
mixed and stirred for 3 hours. Subsequently, the solution
was transferred into a Teflon lining and placed inside
an autoclave, maintaining a temperature of 180 ◦C for
12 hours. Following hydrothermal treatment, the resulting
precipitate was collected and washed with 99.5% ethanol to
eliminate impurities. The residue was then dried in an oven
at 60 ◦C for 24 hours, yielding a yellow powder. Finally, the
obtained powder underwent annealing at 450 ◦C for 3 hours,
facilitating the formation of pristine WO3 NPs [23]. This
synthesis route ensures the production of high-quality WO3
NPs.

D. PREPARATION OF THE WO3 NPS/CU2O/SILVER/PET
DOPAMINE SENSOR
To clean the PET substrate, we sequentially immersed it in
acetone, alcohol, and deionized water and cleaned it with
an ultrasonic cleaner. Next, a nitrogen gun was used to
remove the excess water from the PET substrate. Finally,
a screen printing machine printed the silver paste on the
PET substrate as a conductive wire. Figure 1(a) is the
appearance of the sensor. The sensor is 4 cm × 3 cm and
has one reference electrode, a counter electrode, and six
working electrodes. Each working electrode has an area of
0.138 cm2. After preparing the wires, the CuO target and
RF sputtering system deposit Cu2O film on the working
electrode. Then, the screen printing machine will print epoxy
resin on the outside of the sensor as a protective layer. We
extracted a 2 μL solution of WO3 NPs, and through the
drop-casting method, we modified it onto the Cu2O film,
heating it to 70 ◦C for enhanced adherence. Volumes less
than 2 μL cannot completely cover the working electrode
surface, while volumes greater than 2 μL lead to overflowing
the WO3 NPs solution from the working electrode surface.
For these reasons, we chose a 2 μL WO3 NPs solution
for modification. Figure 1(b) is the structure of the sensor.
After the above steps, the structure of the DA sensor is WO3
NPs/Cu2O/Silver/PET.

E. SENSOR MEASUREMENT SYSTEM
All analyses and measurements in this study were carried
out using a voltage-time (V-T) measurement system. The
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FIGURE 1. (a) Top view of the dopamine sensor, and (b) a side view
illustrating the structure of the dopamine sensor.

FIGURE 2. V-T measurement system.

V-T measurement system comprises several components,
including LabVIEW software, DA sensor and DA solution,
readout circuit, and data acquisition device. Figure 2 depicts
the components of the V-T measurement system. This
system works by briefly immersing the DA sensor in a
DA solution. Interaction between the working electrode
of the sensor and the DA solution produces a change
in the response voltage, where the module of the read-
out circuit is LT1167. Then, the data acquisition device
converts the analog signal into a digital signal suitable
for computer processing. Finally, the LabVIEW software
facilitates the display of the signal on a computer screen

and performs further analysis of the voltage-time data. The
V-T measurement system provides an excellent framework
for accurate, flexible, and simplified sensor analysis. The
LT1167 used in the readout circuit provides high input
impedance and common-mode rejection ratio to ensure
accurate measurement of response voltage; low power supply
noise minimizes interference, thereby achieving accurate
and reliable measurements, and LabVIEW software allows
customized data visualization, analysis, and control to meet
various experimental requirements [24]. In summary, the V-T
measurement system, with its carefully selected components
and robust operating principle, provides accurate, precise,
and efficient measurement capabilities for analyzing the
response over time of the sensor.

III. RESULT AND DISCUSSION
A. REACTION MECHANISM BETWEEN THE WO3 NPS AND
THE DOPAMINE
In this study, we propose a DA sensor in which WO3 is
used to modify the working electrode to enhance sensitivity
and selectivity. The reaction of WO3 NPs with DA is
shown in formula (1) [25], leading to DA oxidation to
dopamine-o-quinone (DAQ). This process produces two
hydrogen ions (H+) and two electrons (e−). The formed
electrons are the product of the oxidation process, which
can be measured. Thus, the measured electrons enable us to
determine the DA concentration indirectly. According to the
reaction mechanism of formula (1), we can use the Nernst
equation to represent it, as shown in formula (2) [26]:

Dopamine (DA)
WO3NPs−→ dopamine-o-quinone (DAQ) + 2H++2e−

(1)

E = E0 + 0.059

2
× log

[DAQ]
[
H+]2

[DA]
(2)

E in formula (2) represents the response voltage of the
DA sensor, and E0 represents the initial potential.

B. SEM AND EDS ANALYSIS OF THE CU2O FILM AND THE
WO3 NPS
We performed the surface analysis of Cu2O film and WO3
NPs using field emission scanning electron microscopy (FE-
SEM). The instrument models used were JSM-7610FPlus
and JSM-6701F, which are made in Japan. Figure 3(a)
depicts a cross-sectional photo of the Cu2O film. The
thickness of the Cu2O film we prepared is about 329 nm.
Additionally, as shown in Fig. 3(b), the Cu2O film contains
closely arranged particles with an average particle size of
33.69 nm. Thus, this proved the compactness of the Cu2O
film. Figure 3(c) exhibits the top view photo of WO3 NPs,
and the average particle size of WO3 NPs is 66.89 nm. We
also analyzed the Cu2O film and WO3 NPs using energy-
dispersive X-ray (EDX) imaging. From Fig. 4 (a), it can
be observed that the distribution of Cu and O elements is
uniform. By analyzing the WO3 NPs using EDX imaging, an
uniform distribution of W and O elements can be observed
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FIGURE 3. FE-SEM (a) cross-section and (b) top view images analysis of
the Cu2O film photo and (c) top view images analysis of the WO3 NPs
photo.

in Fig. 4 (b). These analyses provide valuable insights into
the morphology and structure of the Cu2O film and WO3
NPs, which are essential for understanding their properties
and performance in the sensor system.

C. XPS ANALYSIS OF THE CU2O FILM AND THE WO3 NPS
To verify the chemical composition of the Cu2O film and
WO3 NPs on the working electrode, we analyzed the Cu2O

FIGURE 4. EDX mapping patterns of the (a) Cu2O film and (b) WO3 NPs.

film and the WO3 NPs by X-ray electron spectroscopy
(XPS). The XPS instrument used in this study is the PHI
5000 VersaProbe III, made in Japan. Figure 5 (a) shows the
O1s spectrum of the Cu2O film. Two peaks were detected in
our sub-peak fit analysis at 528.8 eV and 530.1 eV, which
correspond to the binding energy between copper and oxygen
and the presence of a hydroxyl group, respectively [27].
Figure 5 (b) shows the energy spectrum of Cu2p. The Cu2p
spectrum displays characteristic peaks for 2p3/2 and 2p1/2,
and after peak fitting, two individual peaks are shown for
2p3/2 and 2p1/2, which are attributed to Cu+ and Cu2+,
respectively. The binding energies of Cu+ are located at
931.6 eV and 951.4 eV, indicating the presence of Cu2O in
the film [28], [29], while the binding energies of Cu2+ are
located at 933.5 eV and 953.4 eV, indicating the presence
of CuO in the film [30]. The remaining three peaks at 940.1
eV, 942.6 eV, and 961.1 eV represent satellite peaks. After
XPS analysis, we can find that the bonding peak of Cu+ is
larger than that of Cu2+, which means that the film on the
working electrode mainly comprises Cu2O.

Figure 5 (c) shows the O1s spectrum of the WO3 NPs,
and Figure 5 (d) shows the W4f spectrum. Two peaks are
observed by fitting the O1s peak, as shown in Fig. 5 (c).
The main peak at 530.5 eV corresponds to the bonding
between tungsten and oxygen ions [31], while another peak
at 531.5 eV corresponds to oxygen in hydroxyl groups [32].
Additionally, in Fig. 5 (d), two major XPS peaks are
attributed to the characteristic doublet of W6+ [33]. Two
peaks can be observed at 35.8 eV and 38.0 eV, representing
the binding energies of W 4f7/2 and W 4f5/2, respectively.
Through peak fitting, the areas of these two peaks, W
4f7/2 and W 4f5/2, as well as the two peaks in O1s, can
be determined. The atomic ratio of W4f, calculated by
dividing the peak area by the sensitivity factor of 3.863, is
approximately 25.52 at%, and the atomic ratio of O1s is
approximately 74.47 at%. These confirm a ratio of about
2.91 between O1s and W4f, which is close to 3.

D. XRD ANALYSIS OF THE CU2O FILM AND THE WO3 NPS
This study conducts X-ray diffraction (XRD) analysis to
identify the crystalline phases of Cu2O film and WO3 NPs.
The XRD results for the Cu2O film, depicted in Fig. 6 (a),
reveal the absence of prominent characteristic diffraction
peaks, suggesting that the film is in an amorphous phase.
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FIGURE 5. XPS spectrum of the Cu2O film and WO3 NPs, the XPS spectra for (a) O 1 s of the Cu2O film, (b) Cu 2p, (c) O 1 s of the WO3 NPs, and (d) W 4f.

Subsequently, we examined the characteristic diffraction
peaks of WO3 NPs within the range of 15◦ to 65◦.
As illustrated in Fig. 6 (b), distinct diffraction peaks are
observed at specific angles, including 23.38◦, 23.86◦, 24.62◦,
26.86◦, 28.98◦, 33.56◦, 34.44◦, 42.04◦, 50.20◦, and 56.18◦.
Comparisons of these peaks with the analysis results of the
JCPDS 20-1324 standard card reveals their correspondence
to the (001), (020), (200), (120), (111), (021), (220), (221),
(140), and (141) planes, respectively. This correspondence
confirms that the WO3 NPs exhibit an orthorhombic crystal
structure [33].

E. AVERAGE SENSITIVITY AND LINEARITY OF THE
DOPAMINE SENSOR
Our measurement range spans from 1μM to 10 mM,
based on the typical concentrations of DA found in human
urine [34], [35], [36]. The average sensitivity of a sensor is
a crucial indicator of its responsiveness to varying concen-
trations of DA. It quantifies the magnitude of the voltage
change observed in response to different concentrations
of DA. Linearity is a crucial parameter that assesses the
accuracy of a sensor for measuring various concentrations of
DA. A linear value closer to one indicates a higher degree
of accuracy exhibited by the sensor. Essentially, a sensor
with excellent linearity maintains a consistent relationship
between the measured response and the corresponding

concentration of DA across a wide range of concentrations.
Figure 7 (a) and (b) illustrates the average sensitivity and
linearity of two types of sensors. The average sensitivity of
the Cu2O/Silver/PET DA sensor is 12.82 mV/decade, with
a corresponding linearity of 0.995.
In contrast, the WO3 NPs/Cu2O/Silver/PET DA sensor

exhibits a higher average sensitivity of 26.60 mV/decade,
with a corresponding linearity of 0.992. According to the
experimental findings, the catalytic performance of the
Cu2O DA sensor, enhanced with WO3 NPs, demonstrates
a significant improvement compared to the pure Cu2O DA
sensor. This enhancement is evidenced by an over two-fold
increase in the average sensitivity of the sensor.

F. INTERFERENCE EFFECTS OF THE DOPAMINE SENSOR
The selectivity of a sensor refers to its ability to distinguish
and accurately measure the target analyze in the presence
of interferents [37]. In the case of DA sensors, interferents
in urine or blood can lead to false positive or false negative
results [38]. Thus, it is crucial to evaluate the selectivity
of the sensor. In this experiment, the sensor selectivity was
evaluated by adding interferents commonly found in urine
or blood to the sensor and measuring their effect on the
response voltage. The interferents used were fructose (Fru),
glucose (Glu), urea (UR), uric acid (UA), and ascorbic acid
(AA), in addition to DA. The concentrations of various
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FIGURE 6. XRD patterns of the (a) Cu2O film and (b) WO3 NPs.

interfering substances were chosen within the normal range
of human [39], [40], [41], [42], [43]. Figure 8 shows
sensors with two different structures. The results showed
that the interferents easily affected the Cu2O/Silver/PET
DA sensor and did not exhibit significant selectivity for
DA. 0Conversely, the WO3 NPs/Cu2O/Silver/PET DA sensor
exhibited enhanced selectivity for DA, effectively mitigating
the impact of other interferents. This improvement can be
attributed to WO3 NPs, which promote the chemical reaction
between DA and the sensor while concurrently minimizing
reactions with interferents [44]. The experimental results
of this study indicate that the WO3 NPs/Cu2O/Silver/PET
DA sensor demonstrates superior selectivity compared to the
Cu2O/Silver/PET DA sensor.

G. LOD OF THE DOPAMINE SENSOR
The limit of detection (LOD) is a pivotal parameter in
sensor performance assessment, as it signifies the minimum
concentration of biomolecules detectable with accuracy. For
instance, urine DA concentrations typically fluctuate between
0.3 μM to 2.5 μM over a day [45]. Consequently, the
LOD of the sensor must be lower than this range to ensure
effective detection. In this experiment, two DA sensors with
distinct structures were employed for measurement. The

FIGURE 7. Average sensitivity and linearity of (a) the Cu2O/Silver/PET,
(b) the WO3 NPs/Cu2O/Silver/PET dopamine sensor.

experimental procedure is as follows: first, the sensor was
immersed in pure PBS solution without DA to measure
its response voltage and use it as the initial concentration
(Cbase). Then, the sensor was immersed in DA solutions
ranging from 1 μM to 10 mM to measure the average sensing
degree (S0). To calculate the standard deviation (σ ) of the
response voltage, we utilized formula (3) [46], where X
represents the response voltage in pure phosphate-buffered
saline (PBS) solution, “X” denotes the average value of
the response voltage, and n signifies the number of sensor
samples. Subsequently, the obtained standard deviation (σ ),
along with the average sensing degree (S0) and the initial
concentration (Cbase), were utilized in formula (4) [47]. The
calculation established the LOD for the Cu2O/Silver/PET
DA sensor at 0.75 μM. Meanwhile, it figured out the LOD
for the WO3 NPs/Cu2O/Silver/PET DA sensor to be 0.21
μM. The experimental results show that the LOD of the
sensor can be reduced by modifying the WO3 NPs, which
enables the sensor to measure the minimum value of DA
concentration in urine. The LOD of 0.21 μM achieved by
the WO3 NPs/Cu2O/Silver/PET DA sensor is lower than the
reported DA concentration in human urine, indicating that
this sensor can be potentially applied for detecting DA in
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TABLE 1. Performance between different structures of the dopamine sensors.

FIGURE 8. Interference effects of (a) the Cu2O/Silver/PET, (b) the WO3
NPs/Cu2O/Silver/PET dopamine sensor.

clinical samples.

σ =
√∑∣∣X − X

∣∣2

n − 1
(3)

CLOD = 3σ

S0
+ Cbase (4)

H. REPRODUCIBILITY OF THE DOPAMINE SENSOR
Reproducibility experiments were conducted to determine
the accuracy and precision of the DA sensors [48]. Six iden-
tical sensors were prepared and immersed in DA solutions of

varying concentrations, including 10 mM, 1 mM, 100 μM,
10 μM, and 1 μM. The average sensitivity and linearity
of the six sensors were calculated after measurements. The
measurement results of two sets of six sensors with different
structures are presented in Fig. 9. Subsequently, the relative
standard deviation (RSD) was calculated for the measure-
ments. The RSD of the Cu2O/Silver/PET DA sensor is 2.8%,
while that of the WO3 NPs/Cu2O/Silver/PET DA sensor is
4.2%. While the RSD of the WO3 NPs/Cu2O/Silver/PET
DA sensor is higher compared to the Cu2O/Silver/PET DA
sensor, we can observe that all six sets of DA sensors
have improved the overall average sensitivity level with the
modification of WO3 NPs. Additionally, the RSD value of
the WO3 NPs/Cu2O/Silver/PET DA sensor is less than 5%,
which is an acceptable range for sensors [49].

I. PERFORMANCE BETWEEN DIFFERENT STRUCTURES OF
THE DOPAMINE SENSORS
This study compared DA sensors with different struc-
tures regarding average sensitivity and LOD. Table 1
shows related research on DA sensors in recent years.
Durka et al. [34] two pyrimidine compounds with either
two phenylboronic acid groups or two phenyloxoboronic
acid groups (PBPA and PBBB) were developed as poly-
mer films for DA receptors in ion-selective electrodes
(PVC/DOS). The addition of tetra (trifluoromethylphenyl)
borate potassium (KTFPB) can improve the response
sensitivity and detection limit of the sensor. The struc-
ture of the sensor was PBPA/KTFPB/PVC/DOS and
PBBB/KTFPB/PVC/DOS. He et al. [35] a conductive
polymer, poly (3,4-ethylenedioxythiophene) (PEDOT) doped
with polystyrene sulfonate (PSS), was studied as a DA -
selective membrane for a sensor, with polyvinyl chloride
(PVC) as the membrane matrix, and the structure was
PSS/PEDOT/PVC. Dere et al. [36] developed a novel solid-
state polyvinyl chloride (PVC) film DA sensor. The film is
composed of MIP, bis (2-ethylhexyl) sebacate (DOS), PVC,
and potassiumtetrakis (4-chlorophenyl) borate (KTpClPB),
and the sensor structure is DOP-IP/PVC. Ohshiro et al. [50]
developed a DA sensor based on an extended-gate-type
organic field-effect transistor (OFET). Laccase is the main
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FIGURE 9. Reproducibility of (a) the Cu2O/Silver/PET, (b) the WO3
NPs/Cu2O/Silver/PET dopamine sensor.

material for sensing DA, and its structure is Laccase/OFET.
Kuo et al. [51] prepared a DA sensor based on flexible
printed circuit boards (FPCBs), using RuO2 as the sensing
layer and adding tyrosinase and Nafion to detect DA. The
structure is Nafion/Tyrosinase/RuO2/FPCBs. According to
the results shown in Table 1, although the average sensitivity
of our prepared DA sensor does not exceed that of other DA
sensors, our LOD is lower than the concentration of DA in
human urine (0.3 μM to 2.5 μM). It is easier to manage
because it does not require preserving delicate enzymes.
Moreover, it has demonstrated the ability to detect DA within
the range of 1 μM to 10 mM, and its good anti-interference
ability can avoid interference from other biomolecules.

IV. CONCLUSION
In this study, we successfully developed a DA sensor
utilizing WO3 NPs with a Cu2O film. The incorporation
of WO3 NPs resulted in a notable enhancement in sensor
performance. Specifically, the average sensitivity increased
from 12.82 mV/decade to 26.60 mV/decade, while the LOD
improved from 0.75 μM to 0.21 μM, owing to the height-
ened catalytic activity of WO3 NPs towards DA. Moreover,
interference testing demonstrated a substantial enhancement

in the anti-interference capability of the sensor. The repro-
ducibility of the sensor was also excellent, indicative of a
stable preparation process. Overall, this sensor is considered
beneficial to the applications of non-enzyme DA sensors in
the biomedical industry.
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