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Hydrogen peroxide (H205) plays a critical role in various biological, environmental, and industrial processes.
However, its excessive accumulation poses significant health and ecological risks. This study presents the syn-
thesis of Sr-modified ZnS quantum dots (Sr@ZnS QDs) via a thermal decomposition method and their application
as an innovative sensing material for the electrochemical detection of HyO,. The synthesized Sr@ZnS QDs exhibit
nanoscale uniformity, high crystallinity, and abundant catalytic active sites, making them ideal candidates for
sensor applications. The Sr@ZnS QDs were integrated into screen-printed carbon electrodes, resulting in sensors
with exceptional performance. Electrochemical analyses, including cyclic voltammetry, differential pulse vol-
tammetry and chronoamperometry, demonstrated a broad linear detection range (1-80 mM), high sensitivity
(12.68 pA-mM-cm™), and a low detection limit (75.9 pM) at neutral pH. The Sr@ZnS QDs sensor showed
excellent selectivity, effectively discriminating HoO» from common interfering species such as NaCl, glucose, and
hexane. Furthermore, the proposed catalytic mechanism revealed that the interaction of Sr** and Zn** ions with
H,0; plays a pivotal role in enhancing the redox reactions. This work introduces Sr@ZnS QDs as a promising
material for the development of cost-effective, portable, and high-performance electrochemical sensors. The
findings not only advance the field of H,O, sensing but also open new possibilities for the broader application of
Sr@ZnS QDs in environmental monitoring, clinical diagnostics, and industrial process control.

1. Introduction Alzheimer’s [16], cancer [17] and acute myocardial infarction [18].

Therefore, the accurate, highly sensitive, and rapid detection of HO5 is

Hydrogen peroxide (H202) is an inorganic volatile compound and a
naturally occurring reactive oxygen species (ROS) in plants [1,2]. It
plays a crucial role in various physiological and biochemical processes.
Additionally, Hy05 is widely used in industrial and clinical applications
as a disinfectant [3], bleaching agent [4], water treatment [5], food
processing [6] and chemical synthesis [7]. It also serves as a biomarker
for evaluating oxidative stress [8,9], cancer biomarkers in early diag-
nosis [10] and functions as a molecule involved in cellular signaling and
the body’s defense mechanisms [11,12]. However, excessive accumu-
lation of Hy0, can pose serious risks to human health leading to cellular
damage [13], atherosclerosis [14], Parkinson’s disease [15],
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of great importance and remains a widely studied topic.

Several analytical methods have been reported for the detection and
quantification of HyO5 such as high-performance liquid chromatography
(HPLC) [19], titrimetry [20], colorimetric [21], amperometric [22],
chemiluminescence [23], photoelectrochemical [24] and fluorescence
[25]. Although these methods provide high accuracy in quantifying
H»0,, they are often hindered by technical limitations such as the need
for expert operation, long analysis times, and the high cost of equipment
and reagents. Electrochemical sensors have emerged as an excellent
alternative for the selective and sensitive detection of HyO,. These
sensors provide advantages such as rapid response times, simple
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instrumentation, low-cost, portability for field applications, and high
sensitivity and selectivity. For examples, Surbhi Sharma et al. [26]
fabricated electrochemical sensors for the detection of HoO5 in milk and
mixed-fruit samples. Irena Mihailova et al. [27] developed an electro-
chemical sensor based on nanostructured CuO and Co304 to detect H,O4
in Rye sample. Raja Saad Alruwais et al. [28] showed excellent perfor-
mance of Cu-based MOFs H,0, sensors. Leila Naderi et al. [29]
demonstrated non-enzymatic sensor based on a composition of CuCo204
and Cos3S4 for the electrochemical sensing of HoO5 and glucose in human
serum. Additionally, electrochemical techniques are highly efficient to
acquire more about the dynamic release mechanism of HyOs.

Metal nanomaterials such as Zn, Cu, Fe, and their oxides and sulfides
have attracted considerable interest as electrochemical sensors and
biosensors due to their excellent catalytic properties, remarkable
nonenzymatic sensing activities and enhanced stability [30-37]. Zinc
sulfide (ZnS) is emerging as a new class of materials for electrochemical
sensors due to its wide bandgap, excellent optical and electronic con-
ductivity, non-toxicity, environmental friendliness, and low cost [38,
39]. ZnS can be synthesized in various sizes and structures using inex-
pensive starting materials making it suitable for diverse catalysis and
sensing applications [40]. However, ZnS alone suffers from a high
electron and hole recombination rate which limits its efficiency. To
overcome this limitation, the incorporation of other materials to form a
heterostructure has gained considerable attention. In recent years,
composite materials have become a major research focus due to their
ability to synergize the beneficial properties of different components
leading to enhanced performance for specific applications. In particular,
the doping of strontium (Sr) has attracted growing interest because of its
ability to enhance catalytic and biological activities [41,42]. Inspired by
previous studies, doping of Sr into ZnS is expected to improve charge
transport properties, enhance sensitivity and enable faster response
times making them ideal candidate of sensing applications.

In this work, we present a thermal decomposition technique to
synthesize Sr-modified ZnS quantum dots (Sr@ZnS QDs) which are
utilized as an electrochemical platform for the detection of HyO». To the
best of our knowledge, this is the first report demonstrating the synthesis
and application of Sr@ZnS QDs for H,O, sensing. To enhance the per-
formance of electrochemical sensors, multiple electrodes modified with
varying ratios of Sr@ZnS were employed. The developed electro-
chemical sensors are based on the screen-printed carbon electrodes
(SPEs) modified with Sr@ZnS QDs. The sensor’s performance was sys-
tematically evaluated using cyclic voltammetry (CV), differential pulse
voltammetry (DPV) and chronoamperometry (CA) techniques which
collectively enabled a comprehensive analysis of its electrochemical
behavior. The outstanding performance of the Sr@ZnS QDs sensor can
be attributed to its excellent electronic transfer capability. Nyquist
impedance measurements confirm that Sr@ZnS QDs exhibit low resis-
tance ensuring rapid electron transfer. Moreover, the sensor has
demonstrated ultrasensitive detection of HyO2 with a fast response and a
low detection limit. This study provides a promising approach for the
development of cost-effective, sensitive, and selective electrochemical
sensors for H20: detection at room temperature with the advantage of
portability for field applications.

2. Materials and methods
2.1. Chemical reagents

The following chemical reagents were used in this study: zinc acetate
(Zn(CH3CO00),-2H50, 99.5 %, Q REC), strontium acetate (C4HgO4)ST,
99.95 %, Sigma-Aldrich), thioacetamide (98 %, Sigma-Aldrich), 1-octa-
decene (ODE, technical grade 90 %, Sigma-Aldrich), oleylamine (OLA,
technical grade 70 %, Sigma-Aldrich), oleic acid (OA, technical grade 90
%, Sigma-Aldrich), trioctylphosphine (TOP, technical grade 90 %,
Sigma-Aldrich) and ethylene glycol (EG). All chemicals were used
without further purification.
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2.2. Synthesis of the Sr@ZnS QDs

The rapid synthesis of bimetallic sulfides with a narrow particle size
distribution remains a challenge for electrochemical sensing, as it is
crucial for ensuring a higher number of active sites. In this work,
Sr@ZnS QDs were synthesized using a thermal decomposition method
without any template precursors as shown in Fig. 1a. The chemical
formula SrsZn;sS was used as the model for synthesis. Four different
molar compositions were prepared with the specific amounts of each
element detailed in Table S1 of the Supporting Information. Briefly, a
mixture of Zn (CH3CO0),-2H50 and (C4HgO4)Sr was dissolved in a
mixed solution of oleylamine (4.5 mL), 1-octadecene (4.5 mL) and oleic
acid (1 mL) in three-necked flask at a temperature of 290 °C under Ny
atmosphere for 30 min. After stirring for 30 min, another solution with a
thioacetamide (1 mol) dissolved in 3 mL of TOP was injected into a
previously prepared solution. The reaction mixture in the flask was
stirred continuously for 15 min. After that, the mixture was cooled down
at room temperature. Then, the colloidal Sr@ZnS QDs were centrifuged
and washed with ethanol several times. The obtained Sr@ZnS QDs were
dried at 60 °C for 1 h. and stored in an incubator for further use.

2.3. Fabrication of the Sr@ZnS QDs electrochemical sensors

The SPEs were modified with Sr@ZnS QDs and configured with
carbon as the working electrode (WE), silver/silver chloride (Ag/AgCl)
as the reference electrode (RE), and carbon as the counter electrode
(CE). The preparation process for the Sr@ZnS QDs-modified SPE is
illustrated in Fig. 1b 10 mg of Sr@ZnS QDs were dissolved in 1 mL of
ethylene glycol. The resulting suspension was ultrasonicated for 15 min
to ensure uniform dispersion of the particles. Subsequently, 2.5 pL of
Sr@ZnS QDs suspension was dropped on the surface of the SPE WE. The
modified SPE electrode was heated at 80 °C for 10 min to evaporate the
solvent and enhance the adhesion of Sr@ZnS QDs as a sensing film on
the WE [33]. The prepared electrode was then stored at room temper-
ature for further use. The photograph of the finished sensor is displayed
in Figure S1 of the Supporting Information.

2.4. Characterizations

The size and shape of the as-prepared Sr@ZnS QDs were examined at
the nanoscale using a field-emission transmission electron microscopy
(FE-TEM, JEOL/JEM-3100F, Tokyo, Japan). The morphology and
chemical composition of the as-prepared Sr@ZnS QDs were character-
ized using a scanning electron microscope (SEM) and an energy
dispersion spectroscopy (EDS) (FEI Quanta 450, Brno, Czech) to observe
the morphology and element composition of the samples. The crystal
phase composition and crystallinity of the samples were analyzed using
X-ray diffractometer (XRD, model: Bruker D8 advance, Karlsruhe, Ger-
many). To determine the surface chemical composition of the Sr@ZnS
QDs, X-ray photoelectron spectroscopy (XPS) (AXIS ULTRADLD, Kratos
analytical, Manchester UK) was used.

2.5. Electrochemical measurements

The electrochemical performance of the Sr@ZnS QDs SPEs sensor
was determined using cyclic voltammetry (CV), differential pulse vol-
tammetry (DPV), chronoamperometry (CA) and electrochemical
impedance spectroscopy (EIS) via a Sensit Smart potentiostat (EmStat
Pico module) from PalmSens Bv, Netherlands. The measurements were
controlled by a PSTrace Software. All experiments were analyzed by
using the electrolytic solution as phosphate-buffered saline (PBS) at pH
7.4 based on screen printed electrode (three electrode system) and
connected to a potentiostat under room temperature. The electrical
potential (voltage) range was set between 0.9 V and —0.5 V at various
scan rates. The volume of solution (HyO5, PBS and interferences solu-
tion) used for testing was 70 pL.
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Fig. 2. (a) FE-TEM image, (b) Lattice fringe image, (c) Size distribution, and (d) EDS analysis of synthesized Sr@ZnS QDs.
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3. Results and discussion
3.1. Characterization of the Sr@ZnS QDs

The nanoscale size and morphology of Sr@ZnS QDs were charac-
terized using FE-TEM as shown in Fig. 2a and Figure S2 of Supporting
Information. The Sr@ZnS QDs exhibit a spherical shape with particle
diameters ranging from 2 to 6 nm. The average particle size is 3.59 +
0.95 nm. It demonstrates high uniformity and precise size control ach-
ieved through our proposed method. The d-spacing of the lattice was
measured as 0.33 nm which corresponds to the (111) diffraction plane of
the ZnS as shown in Fig. 2b Additionally, EDS analysis (Fig. 2d) confirms
the presence of main elements including Zn, Sr, and S with weight
percentages of 43.03 %, 36.01 %, and 14.95 %, respectively. Elemental
mapping (Figure S3 in the Supporting Information) further demon-
strates the homogeneous distribution of Zn, Sr, and S within the sample.

The crystalline structures of the synthesized materials were evalu-
ated by XRD analysis. The XRD patterns (Fig. 3) reveal narrow diffrac-
tion peaks indicative of a highly crystalline sample. The characteristic
diffraction peaks of ZnS are located at 28.7, 47.5 and 56.5° corre-
sponding to the (017), (111) and (207) crystal planes of wurtzite ZnS
(JCPDS No 01-089-2136) [43], respectively. The peaks of SrZny were
identified at 34.4, 36.5, 56.5 and 62.7° corresponding to the (103),
(112), (213) and (205) crystal planes of hexagonal SrZn, (JCPDS No
01-077-4431), respectively. At low Sr doping levels such as
Sr@ZnS0.05, no Sr peak is observed suggesting that Sr?* ions are
incorporated into the crystallographic sites of Zn** ions consistent with
previous work [44]. However, at higher Sr doping levels, a distinct Sr
peak becomes evident. Notably, Sr@ZnS0.25 represents the threshold
where a clear Sr peak begins to appear indicating a potential for use as a
promising sensing material. This composition may enhance the detec-
tion capabilities due to the induced structural modifications within the
crystal lattice.

The chemical state and elemental composition of the synthesized
Sr@ZnS QDs were examined using XPS as shown in Fig. 4. The wide
spectra (Fig. 4a) reveal the presence of C15s,01s, Zn 2p, Sr 3d and S 2p
peaks confirming the incorporation of the expected elements. It should
be noted that C 1 s and O 1 s peaks do not correspond to the elements of
Sr@ZnS QDs but are commonly observed in XPS analysis. These peaks
likely arise from the unavoidable exposure of the material’s surface to
ambient air and environmental gases containing trace hydrocarbons and
oxygen. Such contaminants can adhere to the surface leading to carbon

Sr@2nS0.05
Sr@2zns0.10
—— Sr@2nS0.25
Sr@2nS0.50

Intensity (a.u.)

20 30 40 50 60 70 80
2Theta (degree)

Fig. 3. XRD patterns of the Sr@ZnS QDs with different ratios (e = ZnS phase, %
= SrZn, phase).
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and oxygen signals in the XPS spectra. The high-resolution XPS spectrum
of Zn 2p is shown in Fig. 4b revealing two distinct spin-orbit components
corresponding to Zn 2ps3,, and Zn 2p; /2 [45,46]. The Zn 2p3 /2 core level
spectra can be divided into two peaks with the binding energies at
1021.1 and 1022.2 eV which are attributed to Zn?>" and the hydroxyl
group (Zn-OH), respectively [47,48]. Similarly, the Zn 2p, /2 spectrum
exhibits two separate peaks at 1043.7 and 1045.2 eV corresponding to
Zn" valence state [49]. The binding energy difference between the Zn
2ps3,2 and Zn 2p, /5 are 23.0 eV which aligns closely with the standard
reference values for Zn in ZnS. The deconvoluted peaks of S 2p (Fig. 4¢)
were located at the binding energies of 161.7 and 162.9 eV which can be
assigned as S 2ps,2 and 2pj /2, respectively [50]. These result indicate the
presence of S exists as S~ oxidation state within the sample. Fig. 4d
shows the high-resolution spectrum of Sr 3d with peaks located at
binding energies of 133.5 and 135.2 eV which correspond to Sr 3ds,2
and Sr 3ds,», respectively, indicating the presence of the Sr>" state [51].
The XPS analysis can verify the successful synthesis of Sr@ZnS QDs and
confirm the incorporation of Sr?*, Zn*, and S*" ions which are crucial for
facilitating interaction with Hy0,.

The formation of Sr@ZnS QDs through our thermal decomposition
synthesis involves the breakdown of a precursor compound at high
temperatures. In this work, zinc acetate, thioacetamide, and strontium
acetate are used as Zn, S, and Sr precursors, respectively. These pre-
cursors are dissolved in a mixture of organic solvents (oleylamine, 1-
octadecene, and oleic acid) which serve a dual purpose acting as reac-
tion media and stabilizing agents to prevent particle agglomeration
during synthesis. During the heating process at 290 °C, the metal-
organic precursor undergoes thermal decomposition. The thermal en-
ergy causes the breakdown of the Zn and Sr precursors releasing Zn**
and Sr?" into the solvent. As the temperature rises, the sulfur source
decomposes, releasing S atoms into the reaction medium. The sulfur
atoms then react with the Zn?* ions to initiate the nucleation of ZnS. The
incorporation of Sr** ions into the ZnS lattice occurs during this stage
and is influenced by their ionic radius (1.18 f\) which is larger than that
of Zn** jons (0.74 A). At low Sr doping levels, Sr2* ions are incorporated
into the crystallographic sites of Zn** within the ZnS lattice. However, at
higher doping levels, the Sr?* ions tend to form secondary phases as
evidenced by the XRD analysis. This observation suggests that the extent
of Sr doping significantly impacts the structural properties of the
resulting Sr@ZnS QDs. The growth of Sr@ZnS QDs is governed by a
diffusion-controlled process involving Zn?**, Sr**, and S atoms. Our
controlled reaction conditions ensure the formation of high-quality
Sr@ZnS QDs with consistent particle size and crystallinity.

3.2. Electrochemical characterizations

3.2.1. Electrochemical impedance spectroscopy (EIS)-based studies

To determine the optimal SrsZn; S ratio, the electrochemical ac-
tivity of both unmodified and Sr@ZnS-modified electrodes at varying
ratios was evaluated using electrochemical impedance spectroscopy
(EIS) in a solution containing 5 mM [Fe(CN)6]3’/ 4~ in 0.1 M KCl with a
frequency range of 5 Hz to 100 kHz (Fig. 5a). It should be noted that KCI
was used with [Fe(CN)6]3’/ 4= as the electrolyte to enhance conductivity
leading to reliable impedance measurements and stable charge transfer
[52,53]. For the unmodified sensor, The EIS plot shows a pronounced
tail in the low-frequency region with a zoomed view of the
high-frequency region in the inset. Notably, the high-frequency tail in
the Nyquist plot decreases upon adding Sr@ZnS to the bare SPE indi-
cating a reduction in resistance and suggesting enhanced conductivity of
the Sr@ZnS-modified sensors. This suggests that Sr@ZnS contributes to
improve electron conduction. The EIS data were fitted to the Randle
equivalent circuit for each electrode configuration as illustrated in
Figs. 5b-f. In the equivalent circuits, Ry, R, and R¢ represent the series
resistance, charge transfer resistance, and interfacial layer resistance,
respectively. Cq) denotes the double-layer capacitance, W corresponds to
the Warburg resistance, and the constant phase element (CPE)
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Fig. 4. XPS spectra of the as-prepared Sr@ZnS QDs:

represents the capacitance associated with a rough surface. The
impedance of the CPE described by Eq. (1) is given as:

Z CPE = 1T(jw) (€]

where T is related to the capacitance of the CPE. The unit of T is Siemens
57! to the power ¢. In this study, the constant phase exponent ¢ provides
insight into the capacitive behavior of the electrodes. When ¢=1, the
electrode behaves as an ideal capacitor [54]. However, for this experi-
ment, ¢ values were observed as 0.464 for the bare electrode, and 0.868,
0.834, 0.863, and 0.853 for the Sr@ZnS-modified sensors with ratios of
0.05, 0.1, 0.25, and 0.5, respectively. While Sr@ZnS0.25 shows a
slightly lower ¢ compared to Sr@ZnS0.05, the Sr@ZnS0.25 exhibits the
highest Cq; of 3308 nF as shown in Table S2 of the Supporting Infor-
mation. It suggests that Sr@ZnS0.25 exhibits higher capacitance per-
formance and conductive properties than the other modified electrodes.
The R, values of unmodified and modified electrodes provide a basis for
comparing electrode performance. As shown in Table S2 of the Sup-
porting Information, the R, of the modified electrode decreases signif-
icantly from 11,000 Q for the bare CSPE to 87.87 Q for the
Sr@ZnS0.25-modified electrode. This reduction in R, along with an
increase in Cq;, suggests an expanded electrochemically active surface
area for the modified electrode. These enhancements contribute to
increased sensitivity for HoO detection.

3.2.2. Electrochemical sensing for H,O2 detection

The electrochemical performance at the surface of sensor was
investigated using cyclic voltammetry (CV) technique with the applied
potential 0.9 to —0.5 V at the scan rate of 0.1 V-s'\. Fig. 6a shows
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(a) wide spectra, (b) Zn 2p, (c) S 2p, (d) Sr 3d.

comparative investigation of sensors in 10 mM H»0, under PBS solution
(pH 7.4). Fig. 6b, the CV curves of sensors shows the irreversible
oxidation of HyOy process. The bare SPE exhibits the lowest oxidation
peak current response. After modifying the surface electrode with the
Sr@ZnS, the current intensity increases significantly due to its excellent
electrical conductivity properties. The highest oxidation peak current
response is observed for the Sr@ZnS0.25 at I, = 33 pA. Moreover, the
potential response at approximately 0.665 V on the Sr@ZnS sensors
corresponds to the oxidation of HyO5 [55-57]. The enhanced current
response of Sr@ZnS0.25 can be attributed to the synergy of bimetallic
sulfides and increased dispersion due to zinc strontium sulfide QDs. The
FE-TEM image of the Sr@ZnS0.25 nanostructure (as seen in Fig. 2a)
indicates the accessible sites that promote electron transfer during the
electro-oxidation of HyO3 [58]. The EDS mapping (Figure S3 of Sup-
porting Information) of the Sr@ZnS nanocomposite demonstrates the
uniform dispersion of Sr and Zn elements throughout the nanostructure.
This dispersion increases the number of potential active sites and im-
proves electrolytic distribution, thereby enhancing the electrochemical
oxidation of HyO2. The Zn?*/Sr**-mediated irreversible electrochemical
oxidation reaction in the electrolyte can be summarized as follows:

2M?" (M =Sr or Zn) + H,0, & M?** + 2.0H + M** (2)

The Hy0s-sensing mechanism relies on the remarkable electro-
chemical response of the sensor which arises from the interaction be-
tween Hy04, molecules and the Sr@ZnS nanostructures on the electrode
surface. The synthesized Sr@ZnS acts as an efficient nanozyme offering
abundant catalytic active sites that serve dual purposes: providing
sample surface sites for HoOy adsorption and facilitating numerous
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Fig. 5. (a) Nyquist plots of bare SPE, Sr@ZnS0.05, Sr@ZnS0.10, Sr@ZnS0.25 and Sr@ZnS0.50-based sensors in a solution of 5 mM of [Fe(CN)6]® 74~ in 0.1 M KCL.
The EIS plots and the fitted spectra with a corresponding equivalent circuit of (b) the bare CSPE, (c) the Sr@ZnS0.05 (d) the Sr@ZnS0.10, (e) the Sr@ZnS0.25 and (f)

the Sr@ZnS0.50 modified on SPE.

electroactive sites for the redox reactions of HyO,. These synergistic
properties significantly enhance the sensor’s performance. The electro-
catalytic reduction of Hy0y is governed by two critical processes:
adsorption and electron transfer. The proposed catalytic mechanism of
Sr@ZnS nanozymes is illustrated in Fig. 7. In essence, in solution, the
HO-OH bond of H»0, is cleaved on the surface of the nanozymes by
surface-bound Sr** and Zn** ions, generating adsorbed hydroxyl radicals
(eOH ads) as described in Eq. (3)- Eq (7). This mechanism underscores
the efficiency of Sr@ZnS nanozymes in accelerating the redox reaction
of HpO», offering a promising approach for advanced sensor applications.
Absorption process:

Sr@ZnS + H,0, < Sr@ZnS-H,0, 3)

or

2M*" (M = Sr or Zn) 4 H,0, <> M*"--OHHO--M*" @)
Dissociation process:

M?*--OHHO--M?" & M*"---OHHO--M** (5)

M**---OHHO---M** & 2M3* + 20H" (6)

Overall reaction : H,O, + 2™ < 20H™ 7)
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Fig. 6. Cyclic voltammetry curves of (a) the unmodified, Sr@ZnS0.05, Sr@ZnS0.10, Sr@ZnS0.25 and Sr@ZnS0.50 sensors for 10 mM H,0, at potential 0.9 to —0.5 V

and (b) zoom in range from 0.5 to 0.9 V.

H,0, Solution

Fig. 7. Hy0, sensing mechanism of the Sr@ZnS modified electrode.

3.2.3. Effect of scan rate

The optimum Sr@ZnS0.25 sensors were further used at different scan
rate ranging from 0.05 to 0.10 V-s~! with 10 mM H,0, in PBS solution
(pH 7.4) as shown in Figure S4(a) of the Supporting Information. It was
found that a changing of the scan rate causes two key phenomena:

(i) The current response (I(¢A)) increases linearly with the scan rate
as shown in Figure S4(b) of the Supporting Information. The
corresponding linear regression equation for the oxidation pro-
cess can be expressed in Eq. (8).

Oxidation : I =121.18 V2 — 7.2505 (R*=0.933) (®

(i) A shifting of potentials is also observed. These observations
suggest that the reaction is a diffusion-controlled process [59].

In order to consider the electron-transfer kinetics of H,O, oxidation
behaviour at the surface of the Sr@ZnS0.25 sensors, the effect of scan
rates was studied using the standard supporting electrolyte solution of
[Fe(CN)S]B’/ 4 Figure S4(c) in Supporting Information represent the
influence of scan rates in ranging from 0.03 t0 0.10 V-s ! to 10 mM H0,
in 5 mM [Fe(CN)6]3_/ 4~ From the CV curves, it can be observed that a
well-defined redox peaks are present and the current intensity increases
with increasing scan rate according to the previous results [60,61]. The
linear plot of redox current response (I(uA)) and square root of scan rate
(Vl/ 2) is shown in Figure S4(d) of the Supporting Information. The linear
regression equations for the oxidation and reduction processes demon-
strate a strong correlation with correlation coefficient of 0.995 and
0.991, respectively. The linear regression equation for oxidation and

reduction process are obtained as follow Eq. (9) and Eq. (10).

Oxidation reaction : I = 74.7906 V'/? + 8.89567 9

Reduction reaction : I = —93.7576 V/? —5.73211 (10)

Furthermore, the slope at oxidation process from linear regression
equation can be used to calculate the electrochemical active surface area
of 0.020 cm? using the Randles—Sevcik formula as shown in Eq. (11).

3 1 1
Ip = (2.69 x10°)n2AD2Cv2 an

Where I (A) represents the highest oxidation peak current, n represents
the number of electrons transferred in the redox reaction, A (cm?)

represents the electrochemically active surface area, F (C-molfl) rep-
resents the Faraday constant as 96485.3321, D (cm?-s~!) represents the
diffusion coefficient of [Fe(CN)g]> /*"as 7.6 x 108, C (mol-cm™3) rep-
resents the concentration of [Fe(CN)6]3’/ v (V-s71) represents the
scan rate, R <J~K’1~mol*1> represents the gas constant as 8.314462
and T (K) is the temperature as 298.15 K.

3.2.4. Sensitivity

Differential pulse voltammetry (DPV) is one of the precision tech-
niques for determining sensor performance due to its advantage of low
capacitive current, which enhances the sensitivity of the voltammetric
procedure. Therefore, DPV is used to analyze the sensitivity of the
sensor. The sensing performance of Sr@ZnS0.25 sensors was tested at
various concentrations of HoO5 from 1-80 mM in PBS buffer (pH 7.4) by
using DPV technique at scan rate 0.05 V-s~! as shown in Fig. 8a. It was
clearly observed that the current intensity response increases propor-
tionally with the concentration of HyO,. Fig. 8b shows the calibration
curve between concentration (Cy202(mM)) and current response (I(¢A))
with a high correlation coefficient of 0.9929. The linear regression
equation from DPV curve is expressed in Eq. (12).

I=0.88218 Cy,o, + 33.8423 12)

From the linear regression equation, the sensitivity of the sensor (S)
is calculated to be 12.68 uA-mM~!.cm~? which is according to Eq. (13).

S= m/A 13)

where m (uA-mM~1) represents the slope of the linear regression
equation and A (cm?) represents a geometric surface area of the bare
SPE as 0.07065 cm?.

The limit of detection (LOD) can calculated to be 75.9 pM as
following in Eq. (14).
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Fig. 8. (a) Differential pulse voltammetry responses of the Sr@ZnS QDs sensors at various HO, concentrations (PBS buffer pH 7, scan rate 50 mV-s1). (b) Calibration

plot between cathodic peak currents and H>O, concentrations.

LOD = 3SD/m a4

where SD represents the standard deviation of blank and m represents
the slope of the linear regression equation. The obtained results were
compared with those of other sensing nanomaterials demonstrating
superior performance as summarized in Table 1.

3.3. Selectivity

Chronoamperometry (CA) technique was selected for the measure-
ment. This technique applies a constant pulse potential to the working
electrode enabling confirmation of the sensor’s selectivity toward HaO5.
As shown in Fig. 9a, the Sr@ZnS0.25 sensor selectivity was tested using
H»0; and potential interfering solutions including NaCl, glucose, hexane
and Mg(NO3), at a constant potential of 0.77 V. All sample solutions
were prepared at a concentration of 10 mM and each interfering sub-
stance was added every 60 s. The CA demonstrates that HoO5 exhibits a
significantly higher response than other interfering solutions. Fig. 9b
present the histogram of recovery ( %) NaCl, glucose, hexane and Mg
(NO3); in the range of 85.7 %—95.6 %. Therefore, it confirm the high

Table 1
Comparison of the analytical performance of electrochemical H;O, sensors.
Sensing material Linear range Sensitivity LOD Ref
(mM) (nA-mM™-cm™?) (uM)
o-Fex03 0.1-5.5 7.16 10 [62]
microsnowflake
Ag-Au/Cu0 0-1.4 4.16 1.3 [63]
Ag/UTPNSs 0.0193-90 4.477 0.57 [64]
SisN4-FET 10-100 - 10,000 [65]
FET 0.1-10 - 100 [66]
Pt/OMC/Au - 6.83 42 [67]
NiFe,/OMC 0.06-42.7 4.29 0.24 [68]
Fe;03/GC 10-150 2.5 7 [69]
Au-PANI nanowires 5-40 - 5000 [70]
MWCNTPANI 1-20 - 1000 [71]
nanowires
Ag-Cu nanoalloys 0.152-0.19 - 152 [72]
Metal doped CNT 0.3-0.75 - 430 [731
Sr@ZnS QDs 1-80 12.68 75.9 This
work

Notes;.

Ag/UTPNSs = ultra-thin polypyrrole nanosheets with Ag nanoparticles.

FET = field-effect transistor.

OMC = ordered mesoporous carbon.

PANI = polyaniline.

MWCNTPANI nanowires = multi-walled carbon nanotube polyaniline
nanowires.

selectivity and productivity of Sr@ZnS0.25 sensors toward HyO5, For the
recovery ( %) can be calculated using Eq. (15).

I -1
% Recovery = (1_U> x 100% 15)
S

Where I; (uA) is current response for HoO5 solution detection, Iy (¢A) is
current response for interfering solution detection.

4. Conclusion

In summary, Sr@ZnS QDs were successfully synthesized using a
thermal decomposition method and applied as an electrochemical
sensing material for HyO2 detection. The synthesized Sr@ZnS QDs
demonstrates remarkable structural and electrochemical properties
including uniform particle size, high crystallinity, and a rich density of
catalytically active sites which contribute to their superior sensing ca-
pabilities. Our proposed thermal decomposition method also provides a
scalable, reproducible, and cost-effective route for producing Sr@ZnS
QDs which can facilitate large-scale manufacturing for industrial sensor
applications. The Sr@ZnS QDs-modified screen-printed electrode ex-
hibits a high sensitivity of 12.68 pA-mM™'-.cm2 with a low LOD of 75.9
uM. The EIS and CA analyses reveal superior electron transfer kinetics
and exceptional selectivity toward H20,, even in the presence of com-
mon interfering substances such as NaCl, glucose, and hexane. The
proposed electrocatalytic mechanism demonstrates that the synergy
between Sr** and Zn?* ions played a vital role in cleaving the HO-OH
bond of H20: and facilitating the redox process. These findings establish
Sr@ZnS QDs as a promising material for developing cost-effective,
portable, and high-performance electrochemical sensors suitable for
real-time HoOy monitoring in environmental, industrial, and biomedical
applications. Future research can explore further optimization of
Sr@ZnS QDs by integrating them with flexible and wearable sensor
platforms, enhancing their applicability in smart sensing technologies.
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