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Abstract: This study investigates the underlying mechanisms of hydrogen peroxide (H2O2) sensing

using a composite material of bismuth oxide and bismuth oxyselenide (Bi2OxSey). The antagonis-

tic effect of tungsten (W)-doping on the electrochemical behavior was also examined. Undoped,

2 mol%, 4 mol%, and 6 mol% W-doped Bi2OxSey nanostructures were synthesized using a one-pot

solution phase method involving selenium powder and hydrazine hydrate. W-doping induced a

morphological transformation from nanosheets to spherical nanoparticles and amorphization of the

bismuth oxyselenide phase. Electrochemical sensing measurements were conducted using cyclic

voltammetry (CV) and differential pulse voltammetry (DPV). H2O2 detection was achieved over a

wide concentration range of 0.02 to 410 µM. In-depth CV analysis revealed the complex interplay of

oxidation-reduction processes within the bismuth oxide and Bi2O2Se components of the composite

material. W-doping exhibited an antagonistic effect, significantly reducing sensitivity. Among the

studied samples, undoped Bi2OxSeγ demonstrated a high sensitivity of 83 µA µM−1 cm−2 for the CV

oxidation peak at 0 V, while 6 mol% W-Bi2OxSey became completely insensitive to H2O2. Interestingly,

DPV analysis showed a reversal of sensitivity trends with 2 and 4 mol% W-doping. The applicability

of these samples for real-world analysis, including rainwater and urine, was also demonstrated.
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1. Introduction

Hydrogen peroxide (H2O2) is an important chemical employed in various industries
and also plays a vital role in environmental and physiological processes. H2O2 is a common
disinfectant [1] and a strong oxidizing agent [2]. It is used in oxidation reactions for
breaking down organic compounds. Due to its disinfecting properties, it is widely used in
pharmaceutical industries for sanitizing surfaces, medical equipment, and in wound care.
In industries such as textile manufacturing, pulp, and paper production, H2O2 serves as
a bleaching agent. H2O2 is being used as an antioxidant in food industries; in this case,
acting as an effective reductant. H2O2 is classified as a reactive oxygen species (ROS) at the
cellular level, playing a crucial role in several biological processes such as cell proliferation,
immune response, root development, and programmed cell death (apoptosis) [3–7].

While H2O2 has numerous beneficial uses, it can also cause harmful effects, espe-
cially when used in high concentrations. For instance, inhaling H2O2 vapors beyond safe
exposure levels can irritate the respiratory system, resulting in symptoms like coughing,
difficulty breathing, chest discomfort, and throat irritation [8]. Direct exposure to concen-
trated H2O2 can cause skin and eye irritation and chemical burns. An increased level of
H2O2 due to increased production can adversely affect the human body by damaging the
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normal cells and causing cancer [9]. In recent years, various traditional methods have been
employed for H2O2 detection, including enzymatic assays [2,10,11], titrimetry [12], fluores-
cence [13], colorimetry [14], chromatography [15], and electrochemistry [10,16–20].Among
these, electrochemical sensing has gained much attention as it offers several advantages,
including high sensitivity, rapid response, and the ability to perform real-time measure-
ments [20]. Hence, accurate, and sensitive detection of H2O2 is vital for understanding
its biological roles, ensuring product safety, protecting the environment, and optimizing
industrial processes.

Recently, Bi2O2Se, a bismuth-based oxychalcogenide, has been gaining much attention
in electronic and optoelectronic applications [21–29]. In this material, positively charged
[Bi2O2]2+ and negatively charged Se2− layers are alternatively stacked together to form a
tetragonal structure [30]. This material not only offers high carrier mobility (>20,000 cm2

V−1 s−1 at 2 K) [24,26,31–33], but it also has a bandgap of 0.8 eV and remarkable thermal
and chemical stability. Some of the studies have already discussed its selectivity towards
H2O2 detection [16,34]. As doping alters the electronic properties of a semiconductor, we
hypothesize that doping this material with tungsten, which is one of the catalytically impor-
tant transition metals, will alter and improve the sensing capability. Herein, we synthesized
2, 4, and 6 mol% W-doped bismuth oxyselenide nanosheets at room temperature using a
modified synthesis method developed by Chitara et al. [16] for electrochemical sensing of
H2O2. Recently, in our group, we discovered that a composite Bi2O3/Bi2O2Se (or Bi2OxSey)
shows better H2O2 sensing than pristine Bi2O2Se [34]. Therefore, in this work, we use a sim-
ilar sample and study the influence of W-doping on the detection capabilities. This study
provides valuable mechanistic insights into the electrochemical detection of H2O2 using
bismuth oxide and bismuth oxyselenide (Bi2OxSey) composites, particularly examining the
impact of W-doping. We observed significant transformations in morphology and phase,
with W-doping leading to the formation of spherical nanoparticles and amorphization of
the bismuth oxyselenide phase. Electrochemical analysis using CV and DPV revealed a
complex interplay of redox reactions.

2. Material and Methods

2.1. Materials and Reagents

For the experiments, the following materials were used: Bismuth nitrate pentahydrate
(Bi(NO3)3·5H2O) (Thermo Scientific, Fair Lawn, NJ, USA), sodium tungstate dihydrate
(Thermo Scientific, Fair Lawn, NJ, USA), Se powder (Alfa Aesar), KOH (Fischer Scientific,
Pittsburgh, PA, USA), NaOH (Fischer Scientific, Pittsburgh, PA, USA), ethylenediaminete-
traacetic acid (EDTA, Across Organics, Waltham, MA, USA), hydrazine hydrate (N2H4·H2O,
64%) (Thermo Scientific, Fair Lawn, NJ, USA), Nafion solution (5% in small alcohols, Sigma
Aldrich, St. Louis, MO, USA), isopropyl alcohol (Merck, St. Louis, MO, USA), and deion-
ized water (DI water, <18 Ω). Hydrogen peroxide (30%, Fischer Scientific, Pittsburgh, PA,
USA) was employed as the analyte, while phosphate-buffered saline (PBS, pH 7.4, 1X
molarity) served as the electrolyte.

2.2. Synthesis of W-Doped Bi2OxSey

Bi2OxSey nanosheets with tungsten doping levels of 2, 4, and 6 mol% were prepared
using a solution-phase method, with the mol% calculated relative to bismuth. The pro-
cedure for synthesizing the undoped sample, previously detailed in earlier research [34],
involved dissolving 1 g of Bi(NO3)3·5H2O in 200 mL of deionized water, followed by
30 min of sonication. A solution of Se powder (80 mg) in 10 mL of N2H4·H2O was then
added to the mixture under constant stirring, along with 3 g of EDTA. Subsequently, 1.2 g
of KOH and 3.2 g of NaOH were added, leading to the formation of Bi2OxSey nanosheets,
as indicated by the black coloration. The mixture was stirred for 18 h, allowed to rest,
and the resulting dark brown precipitate was centrifuged at 5000 rpm, washed with water
and ethanol, and dried at 80 ◦C. For the W-doped samples, stoichiometric amounts of
Bi(NO3)3·5H2O and sodium tungstate were used, keeping all the other parameters same.
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2.3. Material Characterization

Powder X-ray Diffraction (XRD) data were obtained using an XRDynamic 500 diffrac-
tometer (Anton Paar), which was equipped with a Cu source and operated at 45 keV and
40 kW. The morphology and elemental composition were analyzed using a FEI XL30 SEM-
FEG Scanning Electron Microscope, along with an Energy Dispersive X-ray (EDX) analysis
for elemental mapping. The X-ray Photoelectron Spectroscopy (XPS) analyses in the study
utilized a Physical Electronics VersaProbe III instrument with a monochromatic Al Kα X-ray
source for surface characterization. The charge neutralization was achieved through low-
energy electrons and argon ions, with binding energy calibration referencing copper and
gold standards. This setup allowed for the identification of bismuth compounds, focusing
on Bi3+. For homogeneous samples, major elements (>5 atom%) typically showed standard
deviations of less than 3%, while minor elements had significantly higher deviations. The
analysis area was approximately 200 µm in diameter. UV-Visible-Near Infrared Spectra
(UV-Vis-NIR) were recorded on a Shimadzu UV-Visible-NIR spectrometer equipped with
a Harrick Praying Mantis Diffuse Reflection Accessory. Spectra were referenced to a KBr
background. All electrochemical characterizations were carried out on a Waverider-200
Bipotentiostat (Pine Research).

2.4. Fabrication of Working Electrode

The glassy carbon electrode (GCE) with a circular area of 0.07 cm2 was used for
electrochemical analysis. Before fabrication, the electrode was polished using different
particle sizes of alumina powder. It was then washed with DI and ethanol and dried in an
oven. For the electrochemical tests, nanocomposite dispersions were prepared by mixing
5 mg of the samples in a 9:1 ratio of isopropanol (IPA)/DI water (i.e., 900 µL of IPA and
100 µL of DI water), with the addition of 100 µL of Nafion solution. A 2.5 µL portion of this
dispersion was drop-cast onto the polished GCE.

2.5. Electrochemical Sensing Characteristics

For electrochemical measurements, a three-electrode system was used to detect H2O2.
The setup consisted of a GCE, a coiled Pt wire, and anAg/AgCl reference electrode. All
electrodes were purchased from BAS Inc. CV and DPV were conducted in PBS, with stirring
and argon gas purging for enhanced detection precision.

The electrochemical measurements were conducted in a voltammetric cell containing
15 mL of PBS, which was purged with argon for 30 min and stirred at 400 rpm. Stirring
and purging were paused during CV and DPV scans. The potential window ranged from
0.8 V to −0.9 V versus Ag/AgCl at a scan rate of 10 mV/s, starting at 0 V. The initial scan
direction was positive. In DPV, the pulse parameters were 50 mV in height, 0.01 s in width,
0.1 s step period, and 10 mV potential increment, scanning from 0.8 V to −0.9 V without
inversion during sweeps.

To evaluate the sensing, 150 µL of a 2 µM H2O2 stock solution was initially introduced,
diluting the concentration by a factor of 100. Purging and stirring were repeated for 5 min
after each H2O2 addition. Stock solutions of 2, 20, 200, 1000, and 10,000 µM were prepared,
with sensitivity (S) calculations based on the effective concentrations at each stage.

3. Results and Discussion

3.1. Structural, Morphological and Optical Characterization

The powder XRD patterns are presented in Figure 1, along with standard data from the
Inorganic Crystal Structure Database (ICSD) for comparison. The pristine sample prepared
without W-doping showed a composite structure that resembles α-Bi2O3 (ICSD code: 2374)
and Bi2O2Se (ICSD code: 2903). Upon W-doping, the peaks from Bi2O2Se seem to disappear
and a broad amorphous peak appears (2θ≈ 22–32◦). Ghosh et al. [33] and Chitara et al. [16]
have also observed similar broad peaks for amorphous-type as-synthesized Bi2O2Se with
short synthesis times. The intensity of the amorphous peak increases with W-doping
(Figure 1b). It can be rationalized that tungsten preferably coordinates with Se2- and forms



Electrochem 2024, 5 458

the amorphous W-doped bismuth oxyselenide component. The XRD patterns for all doped
samples show a dominant Bi2O3 phase with the absence of any crystalline Bi2O2Se.

α
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Figure 1. (a) XRD patterns of undoped, 2, 4, and 6 mol% W-doped Bi2OxSey samples. (b) A zoomed-in

view of the XRD patterns highlights the amorphous phase and structural transformation.

The SEM analyses (Figure 2a–d) reveal nanosheet formation in all samples. The EDX
spectrum of the representative 4 mol% W-doped Bi2OxSey sample confirms the presence
of Bi, W, O, and Se. For the SEM-EDX measurements, the powder sample was sprinkled
onto an Ir-coated silicon wafer, which was stuck onto an aluminum stub using carbon tape.
The additional peaks of C and Ir observed in the EDX originate from these and not from
the material.

The XPS analyses (Figures 3 and S1, Supporting Information, ESI) confirms the pres-
ence of Bi, Se, W, and O in the sample. Although accurate quantification for W could not
be estimated with confidence, the presence of both W and Se is qualitatively confirmed.
Furthermore, in the Se 3d spectrum, 3 sub-peaks can be observed. The peaks around 54
and 55.5 eV belong to 3d 5/2 and 3d 3/2, respectively, corresponding to the metal selenide
phase. This suggests that Se is coordinated with Bi as well as with W, within the Bi2O2Se
component. The peak at 59 eV is from the Se–O bond. The UV-Vis-NIR DRS and corre-
sponding Tauc plots are presented in Figure S2 (ESI). The band gap increase as a function
of doping indicates the formation of relatively more oxide phase. As can be observed in
the case of the undoped sample, there are two linear regimes in Figure S2b, which can
result from the two-component phases (Bi2O2Se and Bi2O3). With 6 mol% W-doping, the
absorption coefficient (y-axis) is quite low, and this indicates more amorphization of the
sample. Furthermore, the area under the curve below 2.3 eV in the Tauc plots is highest for
4 mol% W-doped Bi2OxSey. This region signifies the ‘density of defects’ and can serve as
an indication for optimal electronic transition.
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Figure 2. SEM images for (a) undoped, (b) 2, (c) 4, and (d) 6 mol% W-doped Bi2OxSey samples.

(e) EDX spectrum for 4 mol% W-doped Bi2OxSey sample.
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Figure 3. High resolution XPS for (a) Bi, (b) O, (c) W, and (d) Se, for 4 mol% W-Bi2OxSey sample. In

(d) the red line is the cumulative fit, while other colour lines are the fits for the sub-peaks.
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3.2. Electrochemical Sensing Performance

Electrochemical sensitivity to H2O2 was evaluated using CV and DPV. For both
techniques, a potential range between 0.8 to −0.9 V was set against the Ag/AgCl electrode.
Sensitivity towards H2O2 was obtained by plotting the CV and DPV peak current versus
effective concentration of the analyte, and evaluated as per the equation: S = k/A, [17],
where k is the slope of the calibration plot and A is the area of the GCE in cm2. Scheme 1
depicts the protocol used in the modification of the GCE.
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Scheme 1. Protocol for estimating the electrochemical sensing on GCE using a three-electrode setup.

3.3. CV Analyses

Figure 4a depicts the selective CV scans in the blank electrolyte (50 cycles) with a scan
rate of 10 mV/s. In the first cycle, there is no reduction peak and only one oxidation peak
(around +0.15 V) is observed. In subsequent cycles, new peaks emerge and this oxidation
peak also shifts towards the right. At the end of the 50th cycle, we observe three prominent
oxidation peaks and two prominent reduction peaks (Table S1, ESI). The reduction peak
at −0.57 V is observable only for the first few cycles and a clear transformation and
intensification of the reduction peaks at −0.64 and −0.7 V is observed. However, the
oxidation peak around 0 V intensifies and does not shift. Figure 4b shows the CV scans
at different scan rates (after 50 cycles at 10 mV/s). The electrode diffusion kinetics are
estimated for the prominent oxidation (0 V) and reduction (most intense) peaks, by plotting
the current vs. square root of the scan rate. It is clear from the slopes in Figure 4c that
the reduction kinetics occur faster than oxidation. It becomes clear that the material
undergoes phase transformation during consecutive electrochemical cycling even in the
blank electrolyte.

Figure 4d depicts the CV scans (10 mV/s) with increasing concentrations of H2O2,
which was sequentially added to the electrolyte. The H2O2 concentrations were varied
in the range of 0.02 to 410 µM (stock concentration: 2–10,000 µM). The oxidation peak at
0 V and the reduction peak at −0.7 V show an increasing trend, whereas the oxidation
peak (~0.28 V) first increases and then decreases in intensity with high H2O2 amounts. For
evaluation of the sensitivity, both oxidation and reduction peaks are considered (Figure 4e,f)
and the results are presented in Table 1. The linear range over which the electrode is
sensitive is 0–15 µM. The CV scans for H2O2 addition without prior stabilization show
significant peak shifting, making the analysis tricky and less consistent (Figure S3, ESI).
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Figure 4. CV analyses for Bi2OxSey: (a) CV in blank electrolyte run for 50 cycles at 10 mV/s.

(b) CV in blank electrolyte at different scan rates after stabilization. (c) Plot of CV peak current vs.

square root of scan rate. (d) CV with increasing concentration of H2O2, incrementally added post

stabilization. (e) Plot of reduction peak current vs. concentration. (f) Plot of oxidation peak current vs.

concentration. The black squares represent the peak current, the solid red lines represent the linear

fits, and the dotted red lines indicate the non-sensitive regime.
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Table 1. Sensitivity values were calculated from CV and DPV data. The negative slope of the linear

fit indicates an inverse relationship between current and H2O2 concentration.

Sample
Sensitivity (CV)

(µA µM−1 cm−2)
Sensitivity (DPV)
(µA µM−1 cm−2)

(−0.73 V)Reduction Peak
(−0.7 V)

Oxidation Peak
(~0 V)

Bi2OxSey −161 83 57
2 mol% W-Bi2OxSey −56 16 −1.4
4 mol% W-Bi2OxSey −27 3.1 −28

The CV scans for the doped samples (after stabilization for 50 cycles) with increasing
H2O2 concentrations are plotted in Figure 5. Although multiple redox peaks are observed
in undoped Bi2OxSey sample, possibly originating from different chemical environments of
Bi-O and Bi-Se, the oxidation peak around +0.3 V and the reduction peak around −0.57 V
are completely absent in the doped samples. Most probably, this set of redox peaks probably
belongs to the semi-crystalline Bi2O2Se component. The sensitives for both oxidation and
reduction peaks are evaluated in the same manner as aforementioned. It is clear from
the slope values that the sensitivity towards H2O2 falls upon W-doping. This can be due
to the transformation of composite nanosheets to Bi2O3 dominant spherical particles. In
our earlier work, we had a similar observation where Bi2O3 nanomaterial showed poor
sensitivity than undoped composite Bi2OxSey [34]. It can also be seen from Figure 5g–i that
the 6 mol% W-Bi2OxSey is completely insensitive to H2O2. Therefore, no attempt is made
to fit the data points.

We hypothesize that the observed redox peaks are associated with the metal oxide
and metal selenide components. Across all samples, the first cycle of cyclic voltammetry
(CV) shows no reduction peak, while oxidation peaks are present from the initial cycle. In
subsequent cycles, a distinct reduction peak appears, which becomes more pronounced
with the addition of H2O2. This indicates that chemical reactions are likely occurring
between the electrolyte and the electrode material. The redox peaks most likely originate
from the metal oxide/selenide composite rather than solely from the electroreduction of
H2O2. In the presence of H2O2, preferential oxidation of the selenide may enhance the peak
intensity for the oxide component.

Based on these observations, a reaction mechanism is proposed, as below.

Bi2OxSey + aH2O ´ Bi2O(x+a)Sey + a
(

2H+
)

(Partially oxidized) (1)

Bi2O(x+a)Sey + bH2O2 ´ Bi2O(x+a+2b)Sey + b
(

2H+
)

(More oxidized) (2)

To evaluate the reusability of the electrode, we conducted three separate CV experi-
ments using the same electrode (undoped) with fresh electrolytes for each trial (Figure S4,
ESI). Before each experiment, the electrode was gently rinsed with DI water and allowed
to dry at 80 ◦C. The results consistently exhibited similar behavior across all trials. In
every measurement, an increasing trend in current response was observed as the H2O2

concentration increased.
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Figure 5. Left panel: CV scans for (a) 2, (d) 4, and (g) 6 mol% tungsten-doped Bi2OxSey samples.

Middle panel: Linear fits of the CV reduction peak current (at approximately −0.7 V) with respect

to H2O2 concentration of (b) 2, (e) 4, and (h) 6 mol% W-doped Bi2OxSey samples to determine the

sensitivity. Right panel: linear fits of the CV oxidation peak current (at approximately 0 V) with

respect to H2O2 concentration of (c) 2, (f) 4, and (i) 6 mol% W-doped Bi2OxSey samples to determine

the sensitivity. The black squares represent the peak current, the solid red lines represent the linear

fits, and the dotted red lines indicate the non-sensitive regime.

3.4. DPV Analyses

The DPV scans (Figure 6) show a single peak per scan for all samples. The trend in the
DPV peak current value appears slightly different from that observed for the reduction peak
in CV. Since 6 mol% W-Bi2OxSey is completely insensitive to H2O2, as seen in CV, we do not
evaluate it further. For obtaining a good coefficient of determination (R2), we have used the
entire range of studied H2O2 concentrations yielding a greater number of data points. As
can be seen in Figure 6, the data can be clubbed into two distinct regions. Region 1 (0–15 µM)
shows much higher sensitivity although in a much smaller concentration range. This plot
represents the average results from three independent experiments, each conducted with
new electrode-electrolyte setups. The sensitivity is evaluated considering the slope values
of the linear fit in the first region which shows a high slope. The values are given in Table 1.
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Figure 6. Left panel: DPV scans of (a) undoped, (c) 2, and (e) 4 mol% W-doped Bi2OxSey samples.

Right panel: Linear fits of the DPV peak current (at approximately −0.7 V) with respect to H2O2

concentration of (b) undoped, (d) 2, and (f) 4 mol% W-doped Bi2OxSey samples to determine the

sensitivity. The black squares represent the average data of three fresh experiments, the solid red

lines represent the linear fits, and the standard errors are presented as green color lines. The dotted

red lines indicate the non-sensitive regime.

An interesting observation is the change in slope characteristics in region 1, with the
increase in W-doping. With 2 mol% W-doping the slope reverses and decreases drastically
with respect to the undoped sample. The slope value further lowers with 4 mol% W-doping.
This suggests that the reaction kinetics (and probably the mechanism) change upon W-
doping; 4 mol% W-doping probably stabilizes the composite structure to a greater degree
compared to 2 mol% W-doping.

Considering the CV and DPV results together, we observe that the sensitivity values
are quite different in both techniques. The DPV technique is relatively faster and simpler to
analyze. However, in these materials, the CV reduction peak and DPV peak can show a
significant shift. It is only the oxidation peak at ~0 V that appears invariant. We propose that
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the CV analyses of this oxidation peak can be a better tool to evaluate the H2O2 sensitivity
in such complex situations. Table 2 presents a comparison of the sensing performance with
selected published literature.

Table 2. Comparative electrochemical sensing performance with published literature.

Sensing Material
CV/DPV

Peak
Sensitivity

Detection
Range

Limit of Detection
(LoD)

pH Reference

Bi2O3/MnO2 0.8 V 0.914 µA µM−1 cm−2 0.2–290 µM 0.05 µM 7.2 [35]
NF/HRP/Bi2O3–WCNT/GCE −0.3 V 26.54 µA mM−1 cm−2 8.34–28.88 mM - 7 [36]
Bi2Se3–Hb–Nf/GCE −0.3 V - 2.0–100 µM 0.63 µM 7 [18]
Bi2S3/g-C3N4 0.26 V 1011 µA µM−1 cm2 0.5–950 µM 0.078 µM 12 [19]
BOSe-6 h −0.7 V 75.7 µA µM−1 cm−2 0–15 µM - 7.4 [34]
Bi2O2Se nanosheets −0.68 V 100 µA µM−1 cm−2 50–500 µM 7.4 [16]
Bi2OxSey 0 V 83 µA µM−1 cm−2 0–15 µM - 7.4 This Work

3.5. Real Sample Analyses

Furthermore, for practical applications of these materials as H2O2 sensors, we tested
the fabricated electrodes (undoped and 4 mol% W-doped Bi2OxSey) using rainwater col-
lected during a thunderstorm (hurricane Helene passing over Durham, North Carolina,
dated 27 September 2024) and real urine (from a diabetic individual). The DPV technique
was used as it is faster (a few seconds) compared to CV (a few minutes). In both cases, we
first added 150 µL of the real sample in 15 mL of 1X PBS, followed by 300 µL of sequential
addition. Argon gas purging and stirring were maintained during each addition. For the
assessment of the rainwater sample, 30 readings were recorded, while we measured 10 read-
ings in the case of urine samples. We only present a few DPV scans for data clarity. The
slopes of the calibration curves (Figure 6b,f) were used to estimate the range of H2O2 in both
the real samples. In case of both rainwater and urine, the DPV scans (Figure 7a,b,e,f) show
an ‘inhibitive’ character for both electrodes. The box charts are presented in Figure 7c,d,g,h.

The estimated range for H2O2 in rainwater is 5–15 µM. The median value is ~11 µM.
The value obtained with the undoped sample can be considered more accurate as the
measurement was carried out immediately after collection. The measurement with 4 mol%
W-doped Bi2OxSey was conducted after a few days, which could have led to some loss of
H2O2 during storage.

In the case of urine samples, both electrodes yield a similar range for measurements
carried out within a timeframe of a few hrs. The estimated range for H2O2 in the urine was
similar for both electrodes, i.e., 3–11 µM. The median value is ~9 µM. The observation of
identifiable peaks suggests that these materials can be utilized in non-invasive analysis for
H2O2 sensing in biological specimens as well as environmental monitoring.
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Figure 7. DPV scans for rainwater collected during a thunderstorm using (a) undoped and (b) 4 mol%

W-doped Bi2OxSey samples. (c,d) Corresponding box charts showing the estimated range of H2O2 in

the rainwater samples. DPV scans for real urine using (e) undoped and (f) 4 mol% W-doped Bi2OxSey

samples. (g,h) Corresponding box charts showing the estimated range of H2O2 in the urine samples.

4. Conclusions

In summary, we synthesized W-doped Bi2OxSey with varying doping amounts using
a one-pot solution-phase method. The SEM analyses indicate the nanosheet to nanoparticle
transformation with W-doping. XRD, EDX, and XPS analyses suggest that W may co-
ordinate with Se and form an amorphous phase of bismuth oxyselenide and lead to a
dominant bismuth oxide phase. This study provides valuable mechanistic insights into the
electrochemical detection of H2O2 using Bi2OxSey composites and highlights the complex
role of W-doping on their electrochemical behavior. The synthesis of undoped and W-doped
Bi2OxSey nanostructures revealed a significant influence of W-doping on both material
morphology and electrochemical sensitivity towards H2O2. While undoped Bi2OxSey

exhibited the highest sensitivity, 6 mol% W-doping led to complete insensitivity. These
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contrasting results, observed through CV and DPV, highlight the complex interplay between
composition and electrochemical performance. Moreover, the successful application of
these materials in real-world samples, such as rainwater and urine, demonstrates their
potential for practical sensing applications.

Supplementary Materials: The following supporting information can be downloaded at: https:

//www.mdpi.com/article/10.3390/electrochem5040030/s1, Figure S1: Wide XPS of 4 mol% W-

doped Bi2OxSey sample; Figure S2: (a) UV-Vis-NIR DRS for the samples. Tauc plots for (b) undoped,

(c) 2 mol% W-doped, (d) 4 mol% W-doped, and (e) 6 mol% W-doped Bi2OxSey; Figure S3: (a) CV

scans for the Bi2OxSey with varying H2O2 concentrations (without stabilization). Linear fits for the

(b) reduction peak and (c) oxidation peaks. # represents the change in the peak position from −0.66 V

to −0.73 V (at 13.1 µM effective H2O2 concentration); Figure S4: DPV scans for accessing repeatability

of the representative Bi2OxSey electrode: (a) first run, (b) second run, (a) third run; Figure S5: (a) CV

and (b) DPV of 4 mol% W-Bi2OxSey with different analytes (a) CA response of 4 mol% W- Bi2OxSey.

Table S1. Oxidation and reduction peaks observed in the CV scan in the blank electrolyte (after

50 cycles).
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