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ABSTRACT: Polyoxometalates (POMs), as a unique type
of metal-oxygen cluster compound, undergo multi-electron
transfer while maintaining their structures. In this study, an
electrochemical sensor that rapidly and sensitively detects
vanillic acid was synthesized using vanadium-substituted
POM (H4PMo,,VO,y, PMoV), reduced graphene oxide
(rGO), and platinum (Pt) nanoparticles, where PMoV acted
as both the photoreductant and stabilizer. In particular,
PMoV/rGO/Pt composite was prepared and identified
using various methods. Under optimal conditions, the limit
of detection of the synthesized electrochemical sensor
was estimated to be 0.9 yM at vanillic acid concentrations
of 50-1350 pM. In addition, the practical application of
PMoV/rGO/Pt/GCE (GCE = glassy carbon electrode) was
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considered by determining the concentration of vanillic acid in tap and lake water with good recovery (98.36%-102.11% and
97.11%-100.22%, respectively). The synthesized sensor realizes simple, rapid, and economical detection of vanillic acid and

can serve as an important analytical tool in this direction.
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1 Introduction

Vanillic acid (VA = 4-hydroxy-3-methoxybenzoic acid) is a
compound with a phenolic acid structure and is commonly derived
from the secondary metabolism of fruits, plants, and vegetables
[1-3]. Phenolic compounds contain scavenging free radicals and
exhibit anticancer, diabetes resistance, antioxidant, antibacterial,
and anti-inflammatory properties. Therefore, phenolic acid
compounds are thought to provide various health benefits [4, 5].
According to research, the presence of phenolic compounds in
fruits, vegetables, and other plant products significantly contributes
to their protective characteristics [6, 7]. VA is extensively used in
the composition of various food and pharmaceutical products [8,
9]. For example, VA is an antibacterial component of Radix coptis,
and the amount of VA in it can be used as an index to measure the
quality of Radix coptis. Therefore, it is necessary to develop simple,
fast, and sensitive analytical methods for efficiently and
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quantitatively detecting phenolic compounds in complex substrates.
Current VA detection methods include liquid chromatography,
capillary electrophoresis, spectroscopy, and electrochemical sensing.
Compared with other detection methods, electrochemical sensing
has the advantages of simple operation, low cost, and high
sensitivity [10-14]. In addition, another advantage of the
electrochemical detection method is that different materials can be
used to modify the electrode to improve analytical detection
performance.

Because of its large specific surface area and superior mechanical
properties, reduced graphene (rGO) provides numerous active sites
and exhibits enhanced material properties, which broadens its
application prospects in energy storage, composite materials, and
biomedicine [15, 16]. Therefore, the oxidation and subsequent
reduction of graphene to rGO can improve its performance and
expand its application range. Until now, research on graphene
reduction methods has primarily focused on chemical reduction,
thermal annealing, and photoreduction [17-21]. However,
conventional chemical reduction and thermal annealing methods
suffer from environmental pollution and operational difficulty [22].

Polyoxometalates (POMs) are a class of transition metal-oxygen
clusters with rich structural versatility and excellent redox
properties. They have been extensively used in catalysis, medicine,
biology, and other research fields [23-26]. More importantly, the
removal of one, two, or more complement metal atoms from
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POM:s can be controlled by adjusting the pH or ionic strength of
the solution and introducing other metal atoms to form substituted
POMs [27, 28]. Vanadium is a common impurity atom. The
introduction of vanadium atoms into the classical acid structure can
increase the surface charge density of the anions of POM clusters
and enrich the electrochemical properties of the salts [29-31]. This
result is attributed to the oxidation order of the complement atoms
in the Keggin structure: V¥ > Mo" > WY [32-34]. Therefore,
replacing Mo atoms in phosphomolybdic acid with vanadium
atoms improves the oxygen reduction activity of the catalyst.
Recently, researchers have achieved the photoreduction of graphene
by irradiating graphene with ultraviolet (UV) light. This method is
not only environmentally friendly but also easy to control [35, 36].
Under UV irradiation, graphene oxide (GO) undergoes
photocatalytic reduction with POMs to form a composite of rGO
and POMs [37].

In this study, we prepared vanadium-substituted
phosphomolybdic acid as a catalyst for the photoexcitation of
vanadium-substituted POMs (H,PMo,;VO,,, PMoV) under UV
irradiation to produce heteropoly blue. Heteropoly blue can then
transfer electrons to the graphene redox, which is reduced to rGO,
eventually producing a composite material containing rGO and
PMoV. Thus, the specific surface area of the composite is increased,
and more active sites are loaded. In the composite material, we
introduced platinum (Pt) nanoparticles (NPs) as a suitable catalyst
to reduce the overpotential of VA oxidation and enhance electrical
conductivity and sensitivity.

2 Experimental

2.1 Materials

Sodium metavanadate (NaVOs), sodium molybdate dehydrate
(Na,MoO,H,0), sodium phosphate tribasic dodecahydrate
(Na;PO,12H,0), and sodium borohydride (NaBH,) were obtained
from Aladdin Chemistry Co., Ltd. (Shanghai, China). Potassium
hexachloroplatinate (K,PtCly) was obtained from Sigma-Aldrich
Co. Na,HPO, and NaH,PO, were purchased from Tianjin Damao
Chemical Reagent Co. (China). All reagents were of analytical grade
and were used as received. All aqueous solutions were prepared
using doubly distilled water.

2.2 Methods

The obtained nanocomposites were characterized by transmission
electron microscopy (TEM, JEM-2100, Japan), X-ray diffraction
(XRD, Rigaku, D/max-rA, Japan), Fourier transform infrared (FT-
IR) spectroscopy (TENSOR 37, Bruker, Germany), and X-ray
photoelectron spectroscopy (XPS, Escalab 250Xi, USA).

Electrochemical experiments were conducted using an
electrochemical workstation (CHI660D, Shanghai, China) with a
conventional three-electrode system with the modified electrode as
the working electrode, a Pt wire (1 mm diameter) as the counter
electrode, and an Ag/AgCl electrode (saturated with KCl) as the
reference electrode.

2.3 Synthesis of PMoV

PMoV was prepared using a previously reported method [38].
NaVO; (001 mol, 122 g) was dissolved in 20-mL H,O.
Na;PO,12H,0 (0.01 mol, 3.8 g) was dissolved in 50-mL H,O and
slowly added to the above solution to obtain a mixed solution. The
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solution pH was adjusted to 5 with 1:1 dilute H,SO,, and the
solution was then heated at 90 °C for 30 min. Na,MoO,-2H,0 (0.1
mol, 24.2 g) was added to the reaction solution, and the pH was
adjusted to 2.5. The mixed solution was heated for 180 min and
then cooled to room temperature. The solution was extracted with
50-mL ether and an appropriate amount of H,SO, (1:1). The
obtained red oily heteropolyether compound was located in the
middle layer. This process was repeated until the water phase
became pale yellow. The red oil was dissolved in 50 mL of distilled
water. Finally, the formed large red crystals were filtered, washed,
and air-dried to obtain PMoV.

24 Synthesis of GO

GO was prepared from natural graphite powder via acid oxidation
using a modified Hummers' method [39]. First, 23 mL of H,SO,
was placed in a conical bottle, and 0.5 g of sodium nitrate and 1 g of
natural graphite powder were slowly added to the conical bottle
with stirring until the mixture was well combined. Three portions
of 1-g potassium permanganate were poured into a conical bottle.
The solution gradually turned dark green. The solution was stirred
in an ice bath for 120 min. Subsequently, the solution was heated
and stirred in a water bath for 120 min. Then, 50 mL of steamed
water was added to the reaction system, and the temperature was
raised to 98 °C for 20 min. The solution was brown with purplish-
red smoke. Finally, 5-mL hydrogen peroxide was added to stop the
oxidation reaction, and the reaction was stopped after continuous
stirring for 30 min, at which time the solution became bright
yellow. The distilled water was centrifuged several times until the
pH was neutral and the filtrate was free of sulfate. Dark brown GO
was obtained by drying at 80 °C (referred to as GO).

2.5 Synthesis of PMoV/rGO

For the preparation of PMoV/rGO nanocomposites, PMoV was
first photochemically reduced using a UV lamp. PMoV (4 mg-mL™)
was mixed with isopropanol (300 pL), and GO (500 pL, 2 mg-mL™)
was then added to the mixed solution. The resulting solution was
stirred, and Ar was used to remove oxygen for 30 min. The mixture
was then exposed to UV light for 80 min. The UV-irradiated
solution was transferred to a centrifuge tube for later use (marked
as PMoV/rGO).

2.6 Synthesis of PMoV/tGO/Pt

20 mg of K,PtCl was dissolved in 10-mL deionized (DI) water with
stirring for 1 h. The freshly prepared aqueous NaBH, solution was
added dropwise and stirred for 2 h. The NPs were obtained by
centrifugation, washing, and drying at 60 °C [40]. The dispersing
solution PMoV/rGO was mixed uniformly by adding an equal
volume of DI water. Pt NPs (1 mg-mL™) were added to the mixed
solution for ultrasonication. An ultrasonic homogeneous mixture
(denoted PMoV/rGO/Pt) was used to modify the electrode.

2.7 Preparation of modified electrodes

First, the glassy carbon electrode (GCE) was successively polished
with 0.3- and 0.05-pm a-alumina powder and subsequently cleaned
in water and ethanol via multiple ultraphonic operations until the
potential difference was less than 90 mV. The PMoV/GO,
PMoV/rGO, and PMoV/rGO/Pt aqueous solutions were then
prepared and treated via ultrasonication until homogeneous
solutions were formed. Subsequently, a 6-L solution was applied to
the surface of the GCE electrode by drop-casting, and the surface

B) 72w | Sci@pen


https://www.sciopen.com/article/10.26599/POM.2025.9140088
https://www.sciopen.com/article/10.26599/POM.2025.9140088
https://www.sciopen.com/article/10.26599/POM.2025.9140088
https://www.sciopen.com/article/10.26599/POM.2025.9140088
https://www.sciopen.com/article/10.26599/POM.2025.9140088
https://www.sciopen.com/article/10.26599/POM.2025.9140088
https://www.sciopen.com/article/10.26599/POM.2025.9140088
https://www.sciopen.com/article/10.26599/POM.2025.9140088

O

Chen et al.

was dried at room temperature. The formed electrodes were
recorded as  PMoV/GO/GCE, PMoV/rGO/GCE, and
PMoV/rGO/Pt/GCE. Scheme 1 shows the synthesis process of a
VA sensor.

3 Results and discussion

3.1 Characterization of composites

The structures and morphologies of the modified materials were
investigated using TEM, EDS, XPS, XRD, and FT-IR analyses.

Figure 1(a) shows the TEM image of the PMoV/rGO/Pt
composite. PMoV has an irregular shape. The rGO sheets exhibit a
thin lamellar structure and are covered by PMoV and PtNPs. The
black-spotted Pt NPs are distributed on the rGO surface. As shown
in the high-resolution TEM (HRTEM) image (Fig. 1(b)), the
spacing of the adjacent lattice fringes is 0.22 nm, which corresponds
to the (111) crystal plane of the Pt NPs, and most of the synthesized
Pt NPs exhibit a spacing of 4 nm. POM clusters can be adsorbed on
rGO [41]. The electrostatic repulsion between negatively charged
POMs prevents Pt NPs from aggregating. We conducted energy
spectrum scanning (EDS mapping) of the PMoV/rGO/Pt sample
(Fig. S1 in the Electronic Supplementary Material (ESM)). As
shown in the diagram, elements P, Mo, V, and Pt are present
throughout the selected sample.

To further verify the chemical composition of the PMoV/rGO/Pt
composite, XPS analysis was performed. The characteristic peaks in
the XPS survey spectrum for PMoV/rGO/Pt corresponded to the
elements of C, Mo, P, V, and Pt in the nanocomposites, as shown in
Figs. 2(a)-2(f). The C 1s peaks were observed with binding energies
of 284.8 eV (C-C/C=C from rGO) and 288.0 eV (a small amount
of O-C=0 in rGO) (Fig. 2(b)). The Mo 3d core level spectrum
features two signals at binding energies of 231.4 and 2345 eV,
corresponding to the Mo 3d;, and Mo 3ds;, of PMoV, respectively,
indicating Mo with a valence state of +6 [42, 43]. The binding
energy peak of V 2p is 517 €V, proving the existence of V and
indicating the successful synthesis of PMoV. The Pt 4f signals of
PMoV/rGO/Pt exhibit two binding energy peaks at 71.0 and 75.1
eV. Based on the SEM, TEM, and XPS results, the PMoV/rGO/Pt
composite nanomaterials were successfully prepared.

The crystalline structures of PMoV, PMoV/rGO, and
PMoV/rGO/Pt were characterized by powder XRD. As shown in
Fig. 3, after the photoreduction process, the diffraction peak of GO
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Scheme 1 Shcheme 1 The synthesis process of vanillic acid sensor.
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(10.87°) disappeared [44]. However, the peak of newly generated
rGO overlaps that of POMs, which makes the peak of rGO
unrecognizable. In addition, the XRD pattern of PMoV/rGO/Pt
exhibited additional distinguishable peaks at 39.71° and 46.22°,
which agree well with the reflections from the (111) and (200)
planes of Pt (PDF#04-0802) [40]. The XRD and TEM results
showed that the Pt NPs were successfully attached to the
PMoV/rGO/Pt composite without damaging the PMoV/rGO
structure. The IR (Fig. S2 in the ESM) shows that PMoV exhibits
four characteristic peaks within the range of 800-1100 cm’,
namely, 1060 cm™ (P-0), 961 cm™ (Mo-O,), 865 cm™
(Mo-0O_~Mo), and 776 cm™ (Mo-0.~Mo), 1568 cm™ (C=C, C-N),
and 3382 cm™ (O-H). The four characteristic peaks still exist after
recombination, demonstrating that the crystal structure stability of
POM: s is maintained after reduction to heteropoly blue.

3.2 Electrochemical behavior of modified electrodes

The electrochemical behavior of bare GCE, PMoV/GO/GCE,
PMoV/rGO/GCE, and PMoV/rGO/Pt/GCE in a mixed solution of
5-mM [Fe(CN)¢]~ and 0.1 M KCl was investigated by cyclic
voltammetry (CV). The results are presented in Fig. 4. The four
electrodes exhibited a pair of redox peaks, and their peak currents
were ranked as follows: PMoV/rGO/Pt/GCE > bare GCE >
PMoV/rGO/GCE > PMoV/GO/GCE. The low current of
PMoV/GO/GCE is attributed to the poor conductivity of GO with
more carboxyl and hydroxyl groups. With the reduction of GO by
POM photoreduction, the surface functional groups of GO are
reduced, the electrical conductivity of PMoV/rGO/GCE is
improved, and the current is increased. POMs successfully reduced
GO to rGO using a simple photoreduction method. The current of
the modified PMoV/rGO/Pt/GCE electrode was significantly
increased compared to that of the GCE because the introduction of
Pt NPs increased the conductivity of the modified electrode.
Therefore, the peak current of PMoV/rGO/Pt/GCE was higher
than that of the bare GCE.

Electrochemical impedance spectroscopy (EIS) was used to
further observe the conductivity of the electrodes. EIS experiments
were conducted using a solution containing 5-mM [Fe(CN)]*"*
and 0.1-M KCl. The EIS data of the modified electrodes were
simulated using electrical equivalent circuit models using the
ZSimpWin software. The results are presented in Fig. 4(b). Based
on the calculation results, the charge transfer resistance (R,) values
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Figure1 (a) TEM and (b) HTREM images of PMoV/rGO/Pt.

of PMoV/rGO/Pt/GCE, bare GCE, PMoV/rGO/GCE, and
PMoV/GO/GCE are 41.16, 130.6, 333.2, and 374.2 (), respectively.
The trend of the Rct values of different modified electrodes can be
compared with the CV trend in a typical [Fe(CN)¢]* solution.
Because of the numerous functional groups on the GO surface, the
resistance value of the PMoV/GO-modified electrode was the
highest. With the introduction of photoreduction and Pt NPs, the
resistance value of the modified electrode gradually decreased. In
conclusion, the modified electrode based on the final composite
PMoV/rGO/Pt exhibits excellent electrochemical properties and
can be used to fabricate highly efficient and sensitive sensors.

Due to the excellent electrical conductivity of PMoV/rGO/
Pt/GCE, we evaluated whether an electrochemical sensor can be
used for VA detection. The CV results of the modified electrodes in
a Britton-Robinson (B-R) buffer solution containing 0.1-mM VA at
a scanning rate of 100 mV-s™ are presented in Fig. 5(a). When VA
was added, bare GCE detected a low oxidation peak current,
whereas PMoV/GO/GCE detected a higher oxidation peak current
of VA. Compared with PMoV/GO/GCE, PMoV/rGO/GCE
exhibited a higher oxidation peak current because its conductivity
was improved. After the addition of Pt NPs, the overpotential of the
reaction was reduced, making VA more easily oxidized, and the
peak potential shifted to the left. The oxidation peak current of VA
was significantly improved. Therefore, PMoV/rGO/Pt/GCE

effectively detects VA and exhibits the highest response current
among all electrodes. In addition, differential pulse voltammetry
(DPV) was used to test the B-R buffer solution without VA by
PMoV/rGO/Pt/GCE, and no oxidation peak current of VA was
observed. When a certain amount of VA was added continuously,
the oxidation peak current gradually increased, indicating VA.

3.3 Optimization of experimental conditions

The experiment was conducted by optimizing the content and
reduction time of GO, the ratio between the composites, the
amount of electrode drop coating, and the pH of the buffer solution
to obtain the highest vanillate current.

The experiment explored the addition of different volumes of
GO. Specifically, 100, 300, 500, 700, and 900 uL of GO (2 mg-mL™)
were added to the PMoV dispersion. GO was photoreduced by UV
irradiation, and the VA was electrochemically tested using
PMoV/rGO/Pt/GCE (Fig. S3(a) in the ESM). The current was
highest when 500 uL of GO was added. Then, the illumination time
was also optimized. The results are presented in Fig. S3(b) in the
ESM. As the illumination time increased, the measured current
gradually increased and then flattened out after reaching a certain
height. This result was due to the gradual reduction of GO to rGO
by PMoV after light exposure. After a certain time, the GO in the
solution was converted to rGO; thus, the current did not increase
and tended to be flat. Therefore, we added 500 pL of GO and
irradiated it with UV light for 80 min. The subsequent materials
were processed under these optimal conditions.

The amount of Pt NPs introduced also affects the
electrochemical response of VA. In this experiment, dispersions of
the same concentration were mixed to modify the electrodes in
different volumes. To determine the optimal ratio of PMoV/rGO to
Pt NPs, the volume of PMoV/rGO was fixed in this experiment,
and different volumes of Pt NPs were added. The current responses
of the composites with different volume ratios to VA were tested
(Fig. S4(a) in the ESM). The current was highest at Vpyovico: Ve =

() (b)

As synthesized
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Figure2 (a) XPS survey, (b) C Is, (c) Mo 3d, (d) P 3p, (e) V 2p, and (f) Pt 4f spectra of the synthesized PMoV/rGO/Pt.
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Figure3 Powder XRD patterns of PMoV, PMoV/rGO, PMoV/rGO/Pt and
JCPDS of Pt.

7:1. The introduction of Pt NPs gradually improved the
conductivity of the material; however, after a certain concentration,
additional Pt NPs caused agglomeration and affected the current
response. After determining the optimum volume mixing ratio, the
drop-coating weight of PMoV/rGO/Pt was optimized because the
modification material on the electrode being either too thin or thick
affected the electron transfer rate. By adding a certain gradient of
PMoV/rGO/Pt, the optimal amount of drop coating was 8 pL (Fig.
S4(b) in the ESM).

To further explore the effect of different pH values of the buffer
solution on the experimental results, the electrochemical behavior

of VA at the modified electrode interface was explored using the
CV method in a B-R buffer solution with different pH values. This
experiment explored the influence of pH between 2 and 4 on the
experimental results. The peak current was highest at pH 2.5,
furthermore, as the pH increased, the peak potential gradually
shifted to left (Figs. S5(a) and S5(b) in the ESM), indicating that
protons participated in the electrocatalytic process. A good linear
relationship is observed between the peak potential E, and pH (Fig.
S5(c) in the ESM), and the linear equation is given by E, =
—-0.0516pH + 0.947 (R° = 0.997), which has excellent linearity.
According to the Nernst equation, the relationship between E, and
pH is expressed as follows:

0.059
E, = ———pH+b (1)

The slope between E, and pH is 0.0516, implying that each pH
0.0516 V slope is close to the theoretical value of each pH 0.059 V.
This means that the value of m is approximately equal to that of #.
This result suggests that the electrochemical reaction of VA involves
an equal number of protons and electrons.

The effect of scan rate on PMoV/rGO/Pt/GCE was investigated
by CV in a B-R buffer solution containing 0.1-mM VA. The
experimental results demonstrated that the oxidation peak current
of VA increased as the scan rate increased from 10 to 200 mV-s™,
and the peak potential shifted to a positive potential (Fig. 6(a)). The
oxidation peak currents of VA were linearly related to the square
root of the scan rate, indicating that the reaction process is diffusion-
controlled (Fig. 6(b)). Considering experimental stability and
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Figure4 (a) CV diagram in a mixed solution of 5 mM [Fe(CN),]* and 0.1 M KCl with 100 mV's™ and (b) EIS diagrams in a solution of 5 mM [Fe(CN)¢]*" and 0.1 M

KCl of different modified electrodes.
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Figure5 Vanillic acid detection by (a) different electrodes (100 mV-s™ in B-R buffer solution containing 0.1 mM vanillic acid) and (b) modified electrodes (100 mV-s™ in

B-R buffer solution containing different concentrations vanillic acid).
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Figure6 (a) The influence of different sweep speed on peak current (B-R buffer solution containing 0.1 mM vanillic acid). (b) The linear relationship of current and the

square root of sweep speed. (c) The relationship between In(scan rate) and peak current.

sensitivity, 100 mV-s" was selected for subsequent experiments. In
addition, as shown in Fig. 6(c), E, increased as the logarithm of the
scanning speed increased and exhibited a good linear relationship
(R* = 0.999) at scanning speeds of 10-200 mV-s™. For irreversible
oxidation reactions, E, can be expressed by the following Laviron
equation:

E, = E+ (RT/anF)In(RTK®/anF) + (RT/anF)lnv  (2)

Here, n represents the number of electrons involved in the charge
transfer step, a denotes the transfer coefficient (« is assumed to be
0.5 in a completely irreversible electrode process), v represents the
potential scanning rate, and E° denotes the formal potential. Other
symbols have their usual meanings. R is molar gas constant, T is
thermodynamic temperature, F is faraday constant, k’ standard rate
constant. Therefore, the value of an can be easily calculated from
the slope of E,-Inv. In this system, the slope was 0.025; thus, the
value of an was calculated as 1.027. Therefore, the number of
electrons transferred (1) was approximately 2. From the
relationship between E, and pH, we know that the numbers of
protons and electrons transferred during the reaction were the
same. The reaction mechanism of VA on PMoV/rGO/Pt/GCE can
be proved using Eqgs. (3)-(5) [45, 46]

[PMo,'V¥O,,]* +e~ — [PMo, VVO,,|*" (3)
0 (0]
_/"OH  +H,0 -CH;0H __/TOH
HCO~( ) — o )
o -2H" -2e¢ d (4)

In summary, the electrocatalytic oxidation reaction of VA at
PMoV/rGO/Pt/GCE was assumed to proceed as follows:

2[PMo, VO,,]* +C,H,0,+H,0 —

2[PMo, VO,]* +C,H,0,+CH,0H + 2H* (5)

3.4 Electrochemical determination of VA

DPV was used to quantitatively determine VA under optimum
conditions. The anodic peak current increased gradually with
increasing VA concentration from 50 to 1350 pM (Fig. 7(a)). Well-
linear relationships between the current and the VA concentration
in ranges of 50-200 uM (R = 0.993) and 200-1350 uM (R = 0.992)
with the corresponding sensitivities of 0.039 and 0.012 pA-uM,
respectively, were observed (Fig. 7(b)), and the regression equations
were I, = 0.03964c + 2.428 and I, = 0.01215¢ + 8.596, respectively.
The limit of detection was calculated to be 0.9 uM (S/N = 3).
Compared with other reported methods for detecting VA, our
sensor has comparable or even better detection performance
(Table 1).

3.5 Sensor performance consistency

To assess the selectivity of the prepared VA sensor, the interference
from a structure similar to VA or with possible influence
substances, including hydroquinone (HQ), catechol (CC), 2,5-
dihydroxyterephthalic acid (DHTA), pureterephthalicacid (PTA), L-
cysteine (L-Cys), citric acid(CA), KCl, MgCl,, and Cu(NO3),, was
evaluated by DPV (Fig. 8(a)). There was no obvious interference on
the current value of VA by PMoV/rGO/Pt/GCE, indicating that
PMoV/rGO/Pt/GCE exhibits high VA selectivity.

In addition, the reproducibility of PMoV/rGO/Pt/GCE was
investigated by measuring the response of five electrodes to 0.1-mM
VA (Fig. 8(b)), and the relative standard deviation (RSD) was
2.01%. The repeatability of PMoV/rGO/Pt/GCE was determined by
using it to detect VA five times in a day (Fig. 8(c)). The results show

(a)su-
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Figure7 (a) The effect of different concentrations on current (100 mV-s™ in B-R buffer solution containing 50-1350 M vanillic acid). (b) Linear relationship between

concentration and current.
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Table 1 Comparison of vanillic acid detection by different methods
Method Linear range LOD Ref.
Lc-GCE 10-1000 pM 7.83 uM [47]
PAH-AuNPs/GCE 0.90-15.0 uM 0.055 uM [48]
CE-DAD 12-180 uM 8.9 uM [49]
BDD 340-16,810 ug-mL™" 30 ug:mL™* [50]
PMoV/rGO/Pt/GCE 50-1350 uM (8.408-227.003 pg-mL™) 0.9 pM (0.151 pg-mL™) This work
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Figure8 The (a) selectivity (1-HQ, 2-CC, 3-DHTA, 4-PTA, 5-L-Cys, 6-CA, 7-KCl, 8-MgCl,, 9-Cu(NO3), and 10-VA), (b) reproducibility, (c) repeatability, and (d)

stability of the PMoV/rGO/Pt/GCE.

that the RSD of the PMoV/rGO/Pt/GCE is 1.18%, confirming the
repeatability of the sensor for VA sensing. The stability of
PMoV/rGO/Pt/GCE was evaluated every five days by measuring
the current of VA (Fig. 8(d)). The current intensity remained at
95% of the initial current even after 21 days. The results show that
PMoV/rGO/Pt/GCE exhibits good repeatability, reproducibility,
and stability.

3.6 Real sample analysis

To evaluate the feasibility of the prepared sensor in practical
applications, the standard addition method was used to test the
sensor with real samples that may contain VA. Different VA
concentrations were added to lake and tap water samples, and the
response current of VA in these samples was measured by
PMoV/rGO/Pt/GCE. As shown in Table 2, the recovery rates for
the lake water samples ranged from 98.36% to 102.11% (RSD
ranged from 1.15% to 2.12%). The recovery rates for the tap water
samples ranged from 97.11% to 100.22% (RSD ranged from 2.18%
to 2.56%). These results demonstrate that the PMoV/rGO/Pt/GCE
sensor detects VA in real samples.

4 Conclusions

In this study, we successfully prepared a PMoV/rGO/Pt composite

(B 7% 2w | Sci@pen
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material and then a high-sensitivity electrochemical sensor for VA
detection. Under UV irradiation, POMs can be transformed into
heteropoly blue with a reductive state. In this state, it exhibits
reducibility. Therefore, we used a simple photoreduction method to
reduce GO to rGO in a POM-containing solution. After collecting
PMoV/rGO, we added Pt NPs to further improve its electrical
conductivity. The synergistic effect of the three compounds imparts
PMoV/rGO/Pt/GCE with high sensitivity and a wide linear range.
In addition, the practical detection results are satisfactory. To the
best of our knowledge, the PMoV/rGO/Pt composite material has
not been used to fabricate a sensor for VA detection, providing a
new approach in this direction.

Electronic Supplementary Material: Supplementary material (EDS
mapping, IR spectra, and optimization of experimental conditions)
is available in the online version of this article at
https://doi.org/10.26599/POM.2025.9140088.
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