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A B S T R A C T
Here, screen-printed carbon electrodes (SPCEs) were modified with ultrafine and mainly mono-
disperse sea urchin-like tungsten oxide (SUWO3) nanostructures synthesized by a simple one-pot
hydrothermal method for highly sensitive and selective detection of dopamine (DA) and uric acid
(UA). Sea urchin-like nanostructures were clearly observed in scanning electron microscope images
and WO3 composition was confirmed with XRD, FTIR and UV-Vis spectrophotometer. Modifica-
tion SPCEs with SUWO3 nanostructures via the drop-casting method clearly reduced the R𝑐𝑡 value of
the electrodes, lowered the ΔEp and enhanced the DA oxidation current due to high electrocatalytic
activity. As a result, SUWO3/SPCEs enabled highly sensitive detection of DA (LOD: 51.4 nM and
sensitivity: 127 µAmM−1cm−2) and UA (LOD: 253 nM and sensitivity: 55.9 µAmM−1cm−2) at low
concentration. Lastly, SUWO3/SPCEs were tested with artificial urine, in which acceptable recover-
ies for both molecules were obtained. Given the high selectivity, the sensor has the potential to be
used for highly sensitive simultaneous detection of DA and UA in real biological samples.

1. Introduction
Dopamine (DA) and uric acid (UA) generally coexist

in biological fluids and appear to have key roles in human
metabolism as well as renal and central nervous systems
[1]. DA is a type of neurotransmitter and involved in reg-
ulating motivation, motor execution, cognition and reward
phenomena [2]. Disruption of DA metabolism has been
closely associated with various conditions/diseases ranging
from heart failure to Parkinson’s disease [3]. Unlike DA,
UA is an end product of purine metabolism and must be
eliminated by the body through urinary excretion and mi-
crobial degradation in the intestinal tract [4]. Simply put,
there is no enzyme in the human body that can break down
uric acid and its accumulation has been associated with
various diseases including diabetes, Lesch-Nyan disease,
gout, high cholesterol, hyperuricemia, heart and kidney dis-
eases [5]. Although, these molecules can be detected us-
ing various approaches including colorimetry [6], fluores-
cence spectroscopy [7] and high-performance liquid chro-
matography [8], electrochemical detection attracts great at-
tention due to various advantages including low cost, porta-
bility, rapid analysis, easy operation and high sensitivity
[9, 10, 11]. DA and UA are both electroactive species with
nearly overlapping oxidation potentials and therefore selec-
tive electrochemical detection of these molecules in biologi-
cal fluids is a challenge [12, 13]. Although various nanoma-
terials have been proposed to overcome this challenge such
as polydopamine/multi-walled carbon nanotube[14], cubic
Pd - reduced graphene oxide nanocomposite [15], titanate-
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nanotube films [1] and one-dimensional MgO nanostruc-
tures [16], there is still need to develop novel, low-cost and
highly stable electrode materials for selective detection of
these molecules. Nanostructured tungsten oxide (WO3) is
a promising n-type transition metal oxide with a wide band
gap ranging from 2.6 to 3.7 eV depending on particle size
and shape [17]. WO3 nanostructures finds applications in
various fields ranging from photocatalysis to electrochem-
istry due to high electroactive surface area, decent conduc-
tivity, excellent electrochromic nature, good biocompatibil-
ity, superior charge transfer ability and good chemical adapt-
ability [18, 19]. Although significant progress has been
made in improving the electrical conductivity, charge sep-
aration and redox capacity of WO3 by forming composition,
crystal structure, morphology, and composite structures with
other materials, it has not been fully explored as an electrode
modifier in electrochemical sensor applications [20]. Sev-
eral methods have been used to synthesize WO3 nano deriva-
tives including sol-gel, wet chemical, microwave-assisted,
precipitation, hydrothermal, etc. Among these methods, hy-
drothermal attracts great attention due to advantages includ-
ing effective control over the morphology of particles and
size, incorporation of fewer impurities in the final product,
low-cost and an practical application [21].

In this study, screen-printed carbon electrodes (SPCEs)
were modified with ultrafine and mainly monodisperse sea
urchin-like WO3 nanostructures (SUWO3) for highly sensi-
tive and selective detection of DA and UA. A simple one-
pot hydrothermal method was used to synthesize the nanos-
tructures and the sea urchin-like nanostructure morphology
was verified with a scanning electron microscope (SEM).
Modifying the surface of SPCEs with SUWO3 nanostruc-
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Figure 1: An illustration of the workflow adopted for the electrochemical detection of
DA and UA, from hydrothermal synthesis of SUWO3 nanostructures to SPCE surface
modification.

tures drastically improved the electrochemical response and
thus resulted in an excellent performance in detecting of DA
and UA. The sensor was also tested with artificial urine, in
which case acceptable recoveries for both DA and UA were
obtained. To our knowledge, this is the first study to report
the use of SUWO3 nanostructures for highly sensitivity and
selective detection of DA and UA. The sensor holds great
promise to be used in real sample applications.

2. Experimental Setup
2.1. Materials

The following chemicals were purchased from Sigma-
Aldrich, USA: DA hydrochloride (≥98%), uric acid (UA)
(≥99%), potassium ferrocyanide (K4[Fe(CN)6]), potas-
sium ferricyanide (K3[Fe(CN)6]), phosphate-buffered saline
(PBS), urea (≥99%), calcium chloride anhydrous (CaCl2)
(≥97%), sodium chloride (NaCl) (≥99%), ethanol (95%).
Magnesium sulfate heptahydrate (MgSO4.7H2O) (≥98%)
and SPCEs were purchased from TEKKİM (Turkey) and
Metroohm DropSens (Switzerland), respectively.
2.2. Synthesis of SUWO3 Nanostructures

The ultrafine, mainly monodisperse SUWO3 nanostruc-
tures were synthesized by a very simple and slightly mod-
ified one-pot solution-phase method [22]. Briefly, 250 mg
of WCl6 was weighed in a fume hood and added to 50 ml
of pure ethanol, in which case a transparent yellow solution
was rapidly formed. The resulting solution was transferred
to a Teflon-lined stainless steel autoclave. Afterward, the au-
toclave was closed and heated in an oven at 180 °C for 24 h,
then left to cool down on its own. A blue flocculent precipi-

tate was washed with pure ethanol and dH2O a few times to
get rid of possible ions and residues. Finally, the precipitate
was dried in a vacuum at 50°C with a yield of approximately
100%.
2.3. Structural Characterizations

The crystallographic structures of SUWO3 was char-
acterized using an X-ray diffraction (ARL X’TRA X-ray
diffraction system, Thermo Scientific, USA) with a Cu-K𝛼
(1.54185 Å) irradiation. Diffraction patterns in the range of
20°to 65° were recorded at 4° min−1 scan rate. The mor-
phology of WO2.72, and SUWO3 modified SPCEs were ex-
amined by SEM (Carl Zeiss 300VP, SEM). The chemical
composition and chemical bonds of the samples were studied
by Fourier-transform infrared (FTIR) spectroscopy (Nicolet
iS50 FTIR Spectrometer, Thermo Scientific, USA) in a spec-
tral range of 4000 to 500 cm−1 32 times with a resolution
of 4 cm−1. The absorbance of WO2.72 nanostructures was
recorded by UV-Vis (Thermo Scientific Evolution 201 UV-
Visible Spectrophotometer, USA) in the region of 300 - 700
nm.
2.4. Electrochemical characterization of

SUWO3/SPCE
WO3 was first dissolved in ethanol at 1 mg mL−1 for 5

- 6 hours in an ultrasonic bath (Elma Schmidbauer GmbH,
Germany). Then, 4 µL of monodisperse SUWO3 solution
was drop-casted on the working electrode of an SPCE and
dried at room temperature over night. All electrochemi-
cal measurements were made in a Faraday cage with us-
ing a potentiostat (Autolab PGSTAT204, Metrohm, Switzer-
land). Electrochemical impedance spectroscopy (EIS) mea-

M. Şen et al.: Preprint submitted to Elsevier Page 2 of 7



Figure 2: A SEM image (a) showing the sea urchin-like morphology of the SUWO3 nanos-
tructures along with FTIR (b), XRD (c) and UV-Vis (c) physical characterization results.

surements of bare SPCE and SUWO3/SPCE were performed
in a 5mM [Fe(CN)6]−3∕4 solution containing 100 mM KCl.
The impedance spectra were recorded at open circuit poten-
tial in a frequency range of 0.1 Hz to 10 kHz with a 10mV
amplitude signal [23]. The R𝑐𝑡 values were obtained using
the Randles circuit model through the fit and simulation pro-
gram of the AUTOLAB 302 Nova 2.1.5 software.
2.5. Detection of DA and UA

Differential pulse voltammetry (DPV) technique was
used for the detection of both DA and UA. Briefly, the po-
tential of SUWO3/SPCE was scanned in the ranges of 0 to
0.4 V (vs. Ag/AgCl) and 0 to 0.6 V (vs. Ag/AgCl) for the
detection of DA and UA, respectively, with the following
parameters; pulse amplitude: 50.55 mV, scan rate: 22 mV/s,
pulse width: 50 ms. Measurements were taken in varying
concentrations of DA (0, 0.1, 0.5, 1, 2.5, 5, 10, 20 and 50
µM) and UA (0, 0.1, 0.5, 1, 2.5, 5, 10, 20, 50 and 100 µM)
containing PBS solutions. The maximum oxidation current
values were used to draw a calibration curve and calculate
limit-of-detection (LOD = 3.3*𝜎s−1) and sensitivity values
for both molecules [24, 25, 26].
2.6. Selectivity and recovery tests

A selectivity test was carried out using DPV to demon-
strate the selectivity of SUWO3/SPCE towards DA and UA.
Briefly, the electrode potential was linearly varied between
-0.2 and 0.6 V (vs. Ag/AgCl) with the same parameters as
described before (Section 2.5) in a PBS solution containing

50 µM DA and UA. Also, a recovery test was performed to
determine the effectiveness of SUWO3/SPCE in real sam-
ples. The test was carried out using DPV in an artificial
urine solution containing 1.94% urea, 0.06% CaCl2, 0.11%
MgSO4.7H2O and 0.80% NaCl (% w=w) [27]. Artificial
urine solutions were first diluted 20-fold with PBS to con-
tain 2.5, 5 and 10 µM DA and UA, respectively, and then
used for recovery testing.

3. Results and Discussion
The synthesis of SUWO3 nanostructures and preparation

steps of SUWO3/SPCE were depicted in Figure 1. SEM im-
ages in Figure 2a clearly confirms that the one-pot solution-
phase method facilitated the successful synthesis of SUWO3nanostructures. The high surface area-to-volume ratio of
the nanostructures could help drastically enhance sensitiv-
ity, especially in biosensor applications [28]. The crystalline
structure of the SUWO3 nanostructures was investigated by
powder XRD (Figure 2b). All peaks are assigned to the mon-
oclinic phase with the lattice parameters of a = 5.2779 Å, b
= 5.1559 Å, and c = 7.6639 Å. The main diffraction peaks at
23.2°, 24.1°, 39.3°, 40.4°, and 42.2°, 49.3° are attributed to
the (0 0 2), (1 1 0), (0 1 3), (2 1 1), (2 0 2), and (2 2 0) of the
monoclinic phase of WO3 (JCPDS card No. 01-088-0545).
The XRD result are in line with previous reports ([29]). Ac-
cording to the SEM images, SUWO3 nanostructures have a
sea urchin-like nanostructure morphology similar to a study
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Figure 3: Nyquist (a) and CV (b) curves of bare SPCE and SUWO3/SPCE demonstrating
the positive influence of surface modification on the electrochemical performance. EIS and
CV measurements were carried out in 5mM [Fe(CN)6]−3∕4 and 10 µM DA, respectively.

reported by Xi et al. [22]. Basically, the nanostructures
consist of a large number of radial nanowires with many
nanorods around. The nanorods extending outward drasti-
cally increase the effective surface area for contact with an-
alyte. FTIR spectra provided extra evidence for monoclinic
structure of SUWO3 as shown in Figure 2c. The FTIR spec-
tra consist of three regions that are consistent with previous
reports: two sharp peaks at 1401 and 1623 cm−1, a broad
band in the region of 3200–3700 cm−1 and another broad
band in the region of 500–1000 cm−1 ([30, 31]). The sharp
peaks at 1623 and 3446 cm−1 were assigned to the bend-
ing (H–O–H) vibration and (O–H) stretching modes, respec-
tively. The peaks around 820 cm−1 correspond to W-O vi-
brations [32]. UV-Vis spectroscopy of the SUWO3 absorbed
the light at 450 nm, which matches with similar studies (Fig-
ure 2d) [33, 34].

SUWO3/SPCEs were prepared by drop-casting method
and electrochemically characterized to investigate the in-
fluence of surface modification on the electrochemi-
cal response. First, Nyquist curves of both bare and
SUWO3/SPCEs electrodes were obtained for comparison.
As can be seen in Figure 3a, SUWO3/SPCEs (R𝑐𝑡 = 571
Ω) displayed a lower R𝑐𝑡 value than the bare SPCE (R𝑐𝑡 =
1.99 kΩ). According to the results, it is highly likely that
the nanostructures acted as "electron antennas" to enhance
the electron channelling between the electrode and the elec-
troactive species, leading to an enhanced electron transfer.
Afterward, CV curves of both modified and bare SPCEs
were obtained in a 10 µM DA containing PBS solution by
sweeping the potential between 0 and +0.2 V (vs. Ag/AgCl)
at a scan rate of 50 mVs−1. As shown in Figure 3b, surface
modification with SUWO3 reduced ΔEp from 117 to 82 mV
and resulted in a 1.67 times increase in the oxidation current,
suggesting that SUWO3 nanostructures have a high electro-
catalytic activity for the conversion of DA. In comparison to
the bare electrode, SUWO3/SPCE had a better curve shape
with clear anodic and cathodic peaks. In light of the EIS
and CV results, one can conclude that SUWO3 nanostruc-

tures can be used to effectively improve the electrochemical
performance of SPCEs.

Next, the electrochemical response of SUWO3/SPCE to-
wards increasing concentrations of DA and UA was stud-
ied using DPV. Figure 4a shows the oxidation current re-
sponses of SUWO3/SPCE in the range of 0.1 to 50 µM DA.
The DPV curves clearly showed that SUWO3/SPCE dis-
played a proportionally increasing current response with in-
creasing DA concentration. The maximum oxidation cur-
rents with the corresponding DA concentrations were used
to draw a calibration curve (Figure 4b). According to the
results, the SUWO3/SPCE displayed linear curves in the
ranges of 0.1 to 50 µM and 0.1 to 2.5 µM DA with R2 values
of 0.997 and 0.999, respectively. The electrode displayed an
LOD of 51.4 nM and a sensitivity of 127 µAmM−1cm−2.
Considering the the linear range, LOD and sensitivity of
SUWO3/SPCE along with the physiological level of DA in
nervous and bodily fluids (10 - 1000 nM ) [35], it can be
concluded that the sensor has the potential to be used in real
sample applications. Similarly, SUWO3/SPCE displayed a
concentration-dependent response for UA in the range of 0.1
to 100 µM (Figure 4c). The calibration curve demonstrat-
ing the relationship between the maximum oxidation cur-
rent and the UA concentration was linear in the ranges of
0.1 to 100 µM and 0.1 to 2.5 µM UA with R2 values of
0.999 and 0.988, respectively (Figure 4d). Based on the re-
sults, the sensor had an LOD of 253 nM and a sensitivity of
55.9 µAmM−1cm−2. Abnormal level of UA has been asso-
ciated with many life-threatening conditions including dia-
betes, high cholesterol and kidney disease. UA is the pri-
mary end product of purine metabolism where the enzyme
xanthine oxidase breaks down xanthine to UA in the final
stage. The physiological levels of UA in blood and urine is
over 120-450 µM and 2 mM, respectively [5]. Considering
the LOD and high sensitivity, SUWO3/SPCE can be used
to assess the level of UA in biological samples and thus to
provide adequate feedback and treatment guidelines to pa-
tients suffering from the aforementioned conditions. A se-

M. Şen et al.: Preprint submitted to Elsevier Page 4 of 7



Figure 4: DPV curves of SUWO3/SPCE obtained in varying concentrations of DA (a) and
UA (c) along with the corresponding calibration curves (b and d). DPV voltammograms
showing simultaneous and selective detection of UA and AA (d).

lectivity test was performed using three different solutions
(i. 50 µM DA, ii. 50 µM DA + 50 µM UA and iii. 50 µM
UA). Given the fact that the two molecules (DA and UA)
are present in biological fluids and have close oxidation po-
tentials, achieving selectivity is of great importance for real
sample applications. As can be seen in Figure 4e, the cur-
rent responses of DA and UA obtained in the mixture largely
overlapped with individual current responses, proving that
SUWO3/SPCE has remarkable selectivity and can be used
for simultaneous detection of these two molecules. Com-
pared to some recently published studies, SUWO3/SPCE ex-
hibited a remarkable sensing performance in terms of both
LOD and sensitivity owing to high electrocatalytic activity
of the nanostructures (Table 1). Finally, known concentra-
tions of UA and DA in artificial urine samples were used
to test the recovery of SUWO3/SPCE. The electrode exhib-
ited satisfactory recoveries in detecting UA and DA, ranging
from 99.6 to 105.8 % with an RSD of 2.08 to 8.71 % (Table
2). The results confirmed the accuracy and therefore the re-
liability of SUWO3/SPCE to detect these two molecules in
real samples.

4. Conclusion
In this study, ultrafine and essentially monodisperse

SUWO3 nanostructures were used to improve the electro-
chemical performance of SPCEs for use in the detection of
DA and UA. Physical characterization results proved that
the simple one-pot solution-phase hydrothermal method en-
abled the successful synthesis of the nanostructures. The

Table 1
DA sensing performance of SUWO3/SPCE in comparison with
recent literature.

Electrode
type Analyte Sensitivity

(µAmM−1cm−2)
LOD
(µM) Ref.

Oxygen plasma
ZnO/SPCE DA 260 0.280 [36]
NGr-2/ITO DA 38.8 0.131 [37]
AuNS/SPCE DA 0.056 0.33 [38]

ZIF-67/rGO/GCE DA 93.7 0.052 [39]
ZnO-rGO-AuNPs

@SPCE DA - 0.294 [40]
SUWO3/SPCE DA 127 0.0514 This work

AuNPs/SPCE UA 22 11.91 [41]
ND/SPCE UA - 0.89 [42]
Co3O4 NS
/SPCE UA 1560 5 [43]

GO(%10)/SPCE UA - 0.61 [44]
P. nigrum

ZnO NPs/SPCE UA 40.485 1.65 [45]
SUWO3/SPCE UA 55.9 0.253 This work

surface modification of SPCEs with SUWO3 nanostructures
resulted in a clearly improved electrochemical behavior as
well as an increased DA oxidation current due to high elec-
trocatalytic activity. A very low LOD and high selectivity
for both DA and UA were achieved with the SUWO3/SPCE
sensor. Since these two molecules coexist at moderately
high concentration in urine, the sensor was tested with arti-
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Table 2
Detection of DA and UA in artificial urine using
SUWO3/SPCE.

Added
(µM)

Found
(µM) Recovery (%) RSD (%)

DA 2.5 2.49 99.6 8.71
DA 5 4.74 94.74 5.22
DA 10 9.4 94.02 5.77
UA 2.5 2.65 105.8 6.2
UA 5 4.9 97.92 3.53
UA 10 9.4 94.03 2.08

ficial urine and acceptable recoveries were obtained for both
molecules. Given its high sensitivity and selectivity, the sen-
sor holds great promise for the simultaneous detection of DA
and UA in real biological samples (e.g. urine).
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