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The ternary Ag-Eu203-SrCOs; nanomaterials (NMs) were developed using a facile co—
precipitation process. XRD, SEM, EDS, FTIR, PL, and Raman spectroscopy were used to
characterize the NMs. The XRD pattern showed an average particle size of 53.62 nm and good
crystallinity. The photocatalytic activity of the Crystal Violet (CV) dye was assessed using
several variables, including pH, reusability, and varying concentrations of NMs in visible light.
The NMs dose of 0.06 g in basic medium had the best dye removal efficiency of 97.7%. Both
Gram—positive and Gram—negative pathogenic bacteria were suppressed by the NMs. This
paper reports on the fabrication of an efficient and sensitive nitrite sensor in aqueous phase
using Ag:-Eux03-SrCO3 NMs, and a constructed glassy carbon electrode (GCE) using 5%
Nafion. The fabricated nitrite sensor had a linear relationship between the oxidation peak
current and nitrite concentration between the large concentration ranges of 0.15 and 50.0 uM
as a linear dynamic range (LDR). The detection limit (LOD) and sensitivity were calculated as
0.61 uM (S/N=3) and 27.4261 pApM 'cm > respectively. The detection of nitrite was not
affected by common interfering ions. Ag:Eux0O3-SrCOs3/Nafion/GCE sensor was able to
identify the nitrite in natural samples. The newly reconfigured Nafion/GCE that used
Ag-Eu03-SrCO3; NMs exhibited a high repeatability, reproducibility, selectivity, sensitivity,
and long—term stability to nitrite. It introduced a new ternary nanostructure material for the

efficient detection of environmental contaminants, as well as functioning as an efficient

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

photocatalyst for the safety of environmental and ecological fields on a broad scale.
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Introduction

The release of organic dye pollution into natural water sources has made it very difficult to
provide clean water to a large percentage of the population. As the population increases,
subterranean water will not be enough to meet everyone's water needs [1]. Different types of
dyes are used for different purposes, such as coloring agents in food industries, cosmetics and
personal care, pharmaceutical industries, biological research, paint and paper industries,
photography industries, indicators and sensors, and, most widely, the textile industries for

coloring the fabrics [2—8]. The textile processing industry frequently uses one of the dyes, CV,
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an organic chloride salt, and triphenylmethane dye, which is also utilized as a biomgdical.§t4ifi
and disinfectant. Despite its widespread use, CV is carcinogenic to humans and remains in
industrial effluent for a long time [9]. As a result, scientists from all over the world have
concentrated on creating and enhancing new technologies and a more efficient approach to
wastewater treatment. An environmentally acceptable and sustainable answer to energy and
environmental issues is provided by nano—photocatalytic technology [10]. Semiconductor
metal oxide photocatalysis is one such technique that has received a lot of attention lately

because of its potential uses in environmental cleanup [11,12].

The usage of nano mixed metal oxides in data storage devices is supported by their strong
ferromagnetic characteristics and high Curie temperature. When it comes to detecting and
identifying dangerous and explosive gases, semiconductor metal oxides' optical, electrical, and
thermal characteristics truly stand out. There are two types of semiconductor metal oxides: n—
type and p—type. Metal oxides can form semiconductors because of their broad band gaps [13].
Due to their large surface area, silver nanoparticles (NPs) exhibit a variety of characteristics

and uses.

The surface plasmon resonance (SPR) of Ag NPs increases the photoabsorption capacity in
Ag@ZnO [14]. Furthermore, Ag NPs increase absorption, help produce reactive oxygen
species (ROS), and inhibit the recombination of photoinduced electron—hole pairs by trapping
electrons in Ag—Ti102/Porous glass (PG), all of which contribute to the composite's exceptional
photocatalytic activity [15]. The broad—spectrum and strong antibacterial capabilities of Ag

NPs make them a promising solution to this problem [16].

Eu205 has a wide band gap 0of 4.3 +£ 0.2 eV [17]. Eu20;3 will raise lattice stress and cause crystal
defects to occur if a dopant or second metal is added, turning the material into an excellent
semiconductor. It is an effective insulator when it is pure Eu2Os. It serves as a metal-insulator—
metal (MIM) capacitor [18]. The transesterification process is catalyzed by Eu,03/AlLO3[19].
The unoccupied 4f state of Eu and the availability of valence electrons in Eu2O3 can show
excellent photocatalytic activity in doped, binary, and ternary heterojunction metal oxide

nanocomposites [20-22].

SrCO;, with a wide band gap of 3.17 eV, is useful as a capping agent for NPs. It also serves as
a nanocarrier for drug delivery and targeted cancer therapy [23,24]. When SrCO3 is combined

with  other semiconductors, its photocatalytic activity increases [25]. ZnO-
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SrCOs semiconductor—based composites degraded methylene blue (MB) under both, UV aid s orss
visible light irradiation [26].

An antimicrobial agent either eliminates or inhibits the growth of microorganisms such as
bacteria, fungi, and protozoa. In several industries, including water sanitization, materials,
packaging, development, pharmaceuticals, and food, antimicrobial agents are essential. Metal
oxide NMs are superior in antimicrobial applications. Different kinds of bacterial death
mechanisms have been identified. However, the production of ROS is linked to the majority of
the bacterial killing activity. Additionally, metal oxide NMs' physicochemical characteristics,
such as compound production, particle size, surface, shape, dissolvability, and ROS generation,
help them exhibit excellent antibacterial activity [27]. Also, ROS can degrade dye during
photocatalysis. The semiconductor metal oxides can generate *O;", and *OH radicals during
photoexcitation from oxygen and H2O, respectively. These ROS are responsible for both dye
degradation and bacterial killing ability [28].

We developed a unique metal oxide nanocomposite, Ag:EuxO3-SrCOs, for multifunctional
applications addressed in the current study because of the several significant applications of
Ag, Eux03, and SrCO3 NPs described above. In this study, we synthesized Ag:EuxO3-SrCO;
NDMs using a simple co—precipitation method to investigate their photocatalytic characteristics
using CV as a model dye, and antibacterial activities. Several techniques were used to examine

the structural and morphological properties of the Ag-Eu,0O3-SrCO3 NMs. The Photo-catalytic

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

activity of Ag:-Euy03-SrCO3 NMs was evaluated in a neutral, basic, or acidic medium.

Furthermore, the antibacterial activity of the NMs was studied to look at how they affected

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

both gram—positive and gram—negative bacteria.
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Nitrite (NO2") is an inorganic nitrogenous ion that is used in the nitrogen cycle, which is an
important biogeochemical process that is essential in supporting life. It is a compound that is
present in the environment and is currently used in numerous applications, specifically in the
food industry and in the medical sector [29]. As a food preservative, NO>" is used in several
products, especially in specific fish and meat products, naturally found in fruits and vegetables,
and as a medication [30]. It is worth noting that nitrite is an important intermediate in
generating nitrosamines, as well as in the biological production of nitric oxide (NO), which is
a strong vasodilator and used as cardiac or kidney medicine [31]. Nitrite has a high solubility,
and thus, it easily dissolves, permeates the soil, where it may be absorbed by plants and

consumed by animals, hence entering the food chain and thus potentially causing risks to
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human and ecological health [32]. Moreover, the extensive use of nitrogen—based fertilizers 55

contributes to pollution of the environment, specifically in the aquatic environment, where
nitrite can contaminate groundwater and lower the quality of water [33]. There is a strong
relationship between such contamination and serious health risks to humans, with endocrine
disruption [34], esophagitis, and even gastric cancer [35], associated with the changes that
nitrite can be converted into N—nitrosamines in the stomach [36]. Moreover, Nitrite can react
with haemolytic protein, hemoglobin, and cause a disorder to its capacity to carry oxygen in
blood [37-39]. Therefore, the regulatory authorities have set strict levels of nitrite in the
drinking water. The recommended upper limit of concentration of 3 mg L™! by the World
Health Organization (WHO) to protect the environmental and human health against its adverse
effects is about 3 mg L' [40]. Considering these dangers, it has become a pressing requirement

to monitor nitrite concentration in the samples of water regularly [41].

This is because checking the nitrite content of food and drinking water is pivotal in protecting
human health as well as environmental conservation. Rapid, accurate, and reliable methods of
detecting nitrite must be developed. Existing detection techniques are chemiluminescence [42],
chromatography [43], and spectrophotometry [44]. Nevertheless, these methods may also be
characterized by significant limitations, including the utilization of dangerous substances and
reagents, costly and complicated equipment, a high intensity of sample preparation, low

selectivity, or the inability to conduct monitoring in the field.

Electrochemical sensors represent a potential solution since they are fast, sensitive,
economical, and may be miniaturized [45—49]. These sensors can be fabricated in the form of
a portable device, and hence non—experts can carry out on—site nitrite analysis. Regardless of
their merits, there are still some problems in improving the sensitivity and the general

performance of the electrochemical sensor.

Ag-Euz03-SrCO; NMs—modified glassy carbon electrode (GCE) is a superior method of
sensing nitrite using linear sweeping voltammetry (LSV). Addition of silver (Ag), europium
(Eu), and strontium (Sr) oxides improves the electrocatalytic characteristics of the electrode,
which promotes better transfer of electrons and reduces the oxidation potential of the nitrite
ions on the electrode surface. This change is a significant enhancement in sensitivity and
selectivity for nitrite and could be a viable candidate for environmental and food safety
monitoring. Over the last couple of years, it has been proven that a metal oxide—based

composite is an effective electrochemical sensor for nitrite [50].
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The utilization of an electrochemical sensor, which uses Ag, Eu, and Sr oxides, offers,a sutiple o ss
means of nitrite concentration in the sample of water. Electrocatalytic behavior of
Ag'Eux03-SrCO3/GCE in the oxidation of nitrite was studied by employing both the cyclic
voltammetry and linear sweep voltammetry methods. This paper will compare the
functionalization of the newly synthesized nanocomposite to that of the individual NMs and
will also optimize pH conditions and determine the variations in oxidation potential. To
determine the reliability and consistency of the sensor, the sensor performance was also tested

on interference, repeatability, and reproducibility to test its consistency.

Experimental Section

Materials

Silver nitrate, AgNOsz (Smart-Lab, Indonesia), europium (III) acetate hydrate,
Eu(CH3CO2)3.xH20 (Sigma—Aldrich), strontium chloride hexahydrate, CloSr.6H>O (Sigma—
Aldrich), and sodium carbonate, Na,CO3; (Smart—Lab, Indonesia) were used for synthesizing
NMs. For studying the photocatalytic activity, Crystal violet (CV), C2sH30N3Cl (Smart—Lab,
Indonesia) dye was chosen. The hydroxyl radical was detected during photocatalysis by using
sodium hydroxide, NaOH (Merck, Germany), and terephthalic acid, CsHsO4 (Tokyo Chemical
Industry CO., Ltd., >99.0%). Buffer capsules (pH 4, 7, and 9.2) (Smart—Lab, Indonesia) were
used for the pH effect study.

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Characterization Techniques

The identification of composition, bulk crystal phase, and other relevant structural evidence of

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

the materials studied in this work was characterized by X-ray diffraction (XRD, Bruker D8

(cc)

Advance diffractometer, equipped with a graphite monochromator). The diffraction patterns
were registered in the step scan method at 0.05 steps and at a measurement rate of 10 s/step.
The diffraction patterns were recorded within the 26 angle ranging from 20° to 80°. Scanning
electron microscopy (SEM, JEOL JSM—7100F) was used for the morphology observation. The
elemental analysis was obtained by X—ray energy dispersive spectrometer (EDS) equipped with
(Oxford Instrument) with the HF— 5000. On a Renishaw inVia Raman Microscope with a 785
nm laser, 20x objective, and 100x objective, Raman spectroscopy was carried out. To guarantee
that the exhibited spectra were typical, five measurements were taken for each sample. Peak
fitting and background correction were performed using Renishaw Wire 5.0 software. Double
beam UV—visible spectrophotometer (UV—1800 Series, UV—Vis spectrophotometer, Shimadzu
Corporation, Kyoto, Japan), pH meter (model HI210 pH Meter, Hanna instruments, Romania),
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centrifuge machine (IEC SPINETTE centrifuge. DAMON/IEC Division), magnetic, stttes .55

A00143B

(Stuart Scientific), FTIR spectrophotometer (Shimadzu, IRPrestige-21),
spectrofluorophotometer (Shimadzu Crop. Model RF-5301), electric muffle furnace
(Gallenkamp, Korea), sonicator (GT SONIC-P2), and four digits electronics balance

(Shimadzu) were used in this work.
Preparation of Ag-Eu203-SrCO3 NMs

Standard co—precipitation of corresponding carbonates from the aqueous solution of the metal
salts produced the NMs, Ag-Eu,03:SrCOs. First, distilled water (DW) was used to prepare
solutions of (0.25 M, 10.0 mL) AgNOs (0.4267 g), Eu(CH3CO,)3-xH>0 (0.8242 g), and
SrCl2-6H20 (0.6692 g), respectively, as well as a solution of NaxCO; (1.00 M, 20.0 mL)
(2.1208 g). AgNO3, Eu(CH3CO2)3-xH20, and Cl,Sr-6H>0 solutions were then combined in a
1:1:1 ratio in a beaker and rapidly agitated for five minutes at room temperature. The next step
involved gradually adding the 1.00 M Na,COj3 solution to the mixture above while stirring to
ensure that all of the metal salts' carbonates had precipitated. The finished mixture was
continuously swirled for four hours at 55 to 60 °C. Then, the precipitation of white metal
carbonate was filtered and repeatedly washed with DW. Following filtration, the precipitate
was dried in an oven set at 120 °C for two hours. The resulting dry precipitate was calcined for
five hours at 600 °C in a muffle furnace to make NMs. A NMs was created as a result of the
calcination procedure (Scheme 1). Strontium carbonate did not break down into its oxide
because strontium oxide requires a temperature greater than 900 °C to produce oxide [51]. The

reaction of the NMs is as follows:

Precipitation steps,

(2Ag" +2NOs) + (2Na" + CO3*) ——» AgCOs +2(Na* + NO;3)

2(Eu®" + 3CH3CO2) + 3(2Na" + CO3*) —>  Eua(CO3)s + 6(Na" + CH3CO,)
(Sr** +2CI") + (2Na" + CO3*) —> SrCOs;+2(Na'" + CI")

Calcination steps,

calcination
AgrCO3 > 2Ag+CO»
calcination
Eux(COs3)3 » Eux03 + CO2
calcination

SrCOs » SrCOs3
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AgNO, | + | Eu(CH,CO,),.xH,0 | + | C1,Sr.6H,0

ﬂ Ag. Na,CO,

— 55-60 °C -
Mixing and > Precipitation ]% Agitation
r

continuous agitating

600 °C 120 °C

Calcination K::I ?:':::tiir;gt?:: <:I<%I

5hr

Ag " EuZ03'SrC03

Scheme 1. Synthesis of Ag-Eu,03-SrCO3 NMs by co—precipitation method
Dye removal study

CV dye was used to examine the photocatalytic activity of Ag-EuxO3-SrCO3; NMs in ambient
conditions. Different volumes of catalyst were put into a cylindrical Pyrex beaker with a
diameter of 5 cm, which contained the dye solution (100 ml, initial concentration 5.0 ppm).
Before the irradiation, the solution was stirred for approximately an hour in the dark to ensure
adsorption/desorption equilibrium. Two 200 W, 220-240 volt tungsten filament light bulbs
were used as a visible light. The experimental dye solution and the light source were separated
by 25 cm. Before analysis, dye solutions were centrifuged to extract them from the
photocatalyst after 4 mL of the solutions were periodically collected. A Shimadzu—1800
double-beam UV—Vis spectrophotometer was used to quantify the change in dye solution
concentration spectrophotometrically. A range of catalyst doses was examined. The following

formula was used to determine the catalytic efficiency of dye degradation

Co— C Ay — A
Efficiency (%) = % x 100 = % x 100 (D)
0 0

where C;and A4, stand for the concentration and absorbance of the dye solution after irradiation,
and Cy and Ay for the concentration and absorbance of the dye solution before irradiation,

respectively.
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Also, the first—order reaction kinetics can be represented by the following equation{(2) ;zo/bemacoi45s

In(4,) = In(4,) — kt )

where k (min™!) is the reaction rate constant, which can be calculated from the slope —In (4;) vs
time (7). We can also calculate the required time for degrading half (¢12, half-life) from its initial

value by using the following equations (3—6)

(A2 = (Ao)/2 (3)
Ae 4)

In (75) = —kt
In2 = kty/, = 0.693 (5)
0.693 (6)

ti2 = %

Using CV dye at various NMs concentrations and pH values, the adsorption capacity of the
NMs was assessed. The sample solution was centrifuged following an hour of stirring in the
dark to achieve adsorption—desorption equilibrium. The initial and equilibrium concentrations
of CV dye were measured using a UV—Vis spectrophotometer. Using equation (7), the
adsorbent's ability to absorb dye in the dark was determined.

(Ci _C Ceq) % 100 = (Ai - Aeq)

i i

Adsoption (%) = x 100 (7

here, C; and A; stand for the concentration and absorbance of the initial dye solution, and Ce,
and 4., stand for the concentration and absorbance of the dye solution after being adsorbed by

the catalyst in the absence of light (equilibrium point), respectively.

The adsorption capacity of the NMs was calculated using the following equation (8)

(CO — Ceq) (8)

Adsorption capacity (Q,) = "

where Q. (mg/g) is the adsorption capacity at equilibrium, Cy (mg/L) and Ce; (mg/L) are the
initial and equilibrium point concentrations of CV dye, respectively, V' (L) is the volume of CV

dye solution, and m (g) is the amount of adsorbent (catalyst).

Detection of hydroxyl radical
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During photocatalysis, the hydroxyl radical («OH) was detected using sodium hydroXide:sose
(NaOH) and terephthalic acid (TA) in the Ag-EuxO3-SrCO3; NMs. Initially, 100 mL of DW and
8.6 mg of TA were taken and added to a beaker. After that, NaOH was added until all of the
TA had interacted with it. For the sodium terephthalate salt to adequately develop, agitate the
solution for one to two hours [52]. To measure the amount of *OH produced by the
Ag-Euy03-SrCO3; NMs, TA was employed as a probe molecule. Three pH conditions (acidic,
neutral, and basic) were used to measure the generation of *OH radicals in synthesized NMs.
Initially, a predetermined amount of NMs was combined with the freshly made sodium
terephthalate salt solution. Stir the mixture in a dark chamber for one hour. The solution was
then exposed to visible light using two 200 W, 220-240 volt tungsten filament light bulbs.
Sodium terephthalate and *OH combine easily to form sodium 2-hydroxyterephthalate, a
highly luminous chemical. A Shimadzu Crop. The Model RF—5301 spectrofluorophotometer
was used to measure the amount of sodium 2-hydroxyterephthalate generated following
centrifugation. When stimulated at a wavelength of 315 nm, this acid exhibits a fluorescence

peak at around 425 nm, facilitating the detection of *OH by the fluorescent technique [53].
Fabrication of GCE with Ag:Eu203-SrCO3 NMs

The working electrode, which is an important element of the proposed sensor, was
manufactured by GCE with an Ag-EuxO;-SrCO; NMs. In this process, a thin coat of
Ag-Eu203-SrCO3; NMs slurry was prepared with ethanol and applied on the already cleaned

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

GCE surface using the drop—cast method, followed by drying under ambient laboratory

conditions. To increase stability and prolong the life of the electrode, a SuLL amount of 5%

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

Nafion solution was added to the NMs layer using the drop—cast method. The electrode was

(cc)

then left to dry at room temperature. An Autolab Potentiostat, Metrohm, in three-electrode
mode, was used to carry out electrochemical measurements. Here, the GCE was the working
electrode, the reference electrode was an Ag/AgCl (Saturated KCl) electrode, and the counter

electrode was a platinum (Pt) electrode.
Results and discussions
Structural characterization of Ag-Eu203-SrCO3 NMs

The XRD of Ag-Eux03-SrCO3 NMs was performed for structural characterization and to know
the composition and phases of the NMs, as shown in Fig. 1. The XRD data analysis of NMs
was carried out using MDI Jade software. The synthesized NMs have matching peaks at 26
angles of 38.11° (1 1 1), 44.31° (2 0 0), 64.44° (2 2 0), and 77.41° (3 1 1). The peak search
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results matched the obtained pattern for the structure of silver 3C NPs, Ag (matching BDF#8 T o ss

0597, intensity matching 85%), indicating a cubic shape. It showed the space group of the Ag,
Fm-3m(225), cell dimension (a) 4.0862 A, and angle (o)) 90°. The unit cell volume of Ag is
68.2 A3. The presence of EuxOj3 was predicted by the matching peaks at 20 values of 28.43° (2
22),32.94° (4 00), 38.84° (33 2),40.64° (42 2),42.38° (1 34),45.68°(521),47.27° (4 4
0), 48.82° (4 3 3),51.81° (2 3 5), 53.26° (0 2 6), 54.69° (1 4 5), 56.08° (6 2 2), 57.46° (1 3 6),
58.82° (4 4 4), 60.15° (5 4 3), 62.77° (6 3 3), 64.06° (6 4 2), and 67.84° (1 5 6) (matching
PDF#43-1008, intensity matching 37%), which is cubic in shape. The space group of EuxO3 is
1a3(206) with cell dimensions: (a) 10.8683 A and angle (o)) 90° and a unit cell volume of 1283.8
A®. Finally, the matching peaks of SrCOs at 20 value of 25.19° (1 1 1), 25.84° (0 2 1), 35.14°
(200),36.57°(130),41.36°(220),44.13° (03 2),45.71° (04 1), 47.76° (1 3 2),49.97° (1
13),51.71° (22 2),53.65° (1 2 3),56.32° (14 2),57.28°(311),58.93°(241),59.9°(151),
62.64° (0 14),72.07° (3 32),and 77.38° (1 6 2) (matching PDF#84—1778, intensity matching
38%). The shape of SrCOj; is orthorhombic, having Pmcn(62) space group; with cell
dimensions (a) 5.1039 A, (b) 8.4022 A, (c) 6.022 A, and angle (o) 90°, and the unit cell volume
258.3 A3, Scherrer's formula was used to analyze the average particle size from the XRD data.

The equation was:
Tavg = KA/ B cos 0 )

Where A is the X—ray wavelength (0.1506 nm), B is the line broadening at half the maximum
intensity (FWHM), 0 is the Bragg angle, and t is the mean size. K is a dimensionless form
factor with a value of 0.94. The average particle size was 53.62 nm. The dislocation density
(n) and lattice strain (&) were also calculated by following equations [54,55], the values were
3.5x10"* nm2 and 9.4x107*, respectively. The good crystallinity of the Ag-Eu>03-SrCO3 NMs

is confirmed by the small values of ) and € obtained in this study.
n=1/Tag (10)

e=PcosO/4 (11)
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Figure 1. XRD pattern of Ag:Euz03-SrCO3; NMs

The Reference Intensity Ratio (RIR) approach was used to determine the phase % of NMs. The
following equation was utilized to do the quantitative analysis of XRD patterns using MDI

Jade 6.5:

W, = ——— %100 (12)

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Where Wi; is the weight fraction (weight percent, wt%) of phase I, I; is the integrated intensity

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

(area) of one of the primary peaks of phase I, and RIR; is the associated RIR value [56]. Table

(cc)

S1 included information on the components' [; and RIR; values. Ag, EuxO3, and SrCO; weight
percentages in Ag-EuxO3-SrCO3 NMs were determined to be 30.35, 27.96, and 41.69%,

respectively.

Surface analysis of Ag-Eu203-SrCO3 NMs


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00143b

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

(cc)

Materials Advances Page 14 of 44

The morphology of Ag:Euz03-SrCOs; NMs was revealed by the SEM imagesat diffefgnt o ss
magnifications (Fig. 2). The Ag-Eux0O3-SrCO3 NMs in the matrix exhibit flake—like and
spherical formations with varying size distributions. The small spheres are attached to the

surface of flakes (Fig. 2d).

Figure 2. SEM images of Ag-Eu,03-SrCO3; NMs at different magnificent
EDS analysis of Ag:Eu203-SrCO3 NMs

The EDS spectrum of Ag-Eu03-SrCO3; NMs is exhibited in Fig. 3. The presence of four atoms
(Ag, Eu, Sr, O) was confirmed by the EDS spectrum. Additionally, the EDS mapping showed

that the elements were dispersed across the matrix (Fig. S1).
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Figure 3. EDS spectrum of Ag:-Eu03-SrCO3 NMs
FTIR spectroscopy of Ag-Eu203-SrCO3 NMs

The FTIR spectrum of the Ag-Eu203-SrCO3 NMs is shown in Fig. 4. The low-frequency bands
of the M—O and O—M-O vibration modes (where M = Ag, Eu, and Sr) are found in the 400
1100 cm ! region. The band of Ag—O vibration was observed at 432.05 cm™!. Two peaks for
Eu-O were detected; their respective frequencies were 532.35 and 640.37 cm™!. Eu-O bending
was ascribed to 532.35 cm™!, indicating the generation of Eu,0s [57]. SrCO; (COs* has Dsh
symmetry) exhibits absorption bands at 400—1800 cm™! for CO3?". The strong absorption bands

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

for CO3*™ have centers at approximately 1072.46 and 1465.9 cm ™!, designated as the v2 mode

and the asymmetric stretching vibration, respectively. Strong, narrow absorption bands for

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

SrCOs are attributed to in—plane and out—of—plane bending vibrations, respectively, at 856.39

(cc)

and 702.09 cm™!, as reported in a previous study [58,59]. The hydroxyl group, O-H stretching
mode, is what causes the broad absorption band at 3465.15 cm™!. The water H-O-H bending
vibration may be the cause of the band at 1635.63 cm™! [60]. Therefore, Ag-O (432.05 cm™),
Eu-O (532.35 and 640.37 cm™!), and SrCO;3 (856.39 and 702.09 cm™!) all displayed different
characteristic peaks of the Ag:Euz03-SrCO; FTIR spectra.
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Figure 4. FTIR spectrum of Ag:EuxO3-SrCO3; NMs
Photoluminescence Property of Ag-Eu203-SrCO3 NMs

The PL excitation and emission spectra of Ag-Eu203-SrCO3 NMs were shown in Fig. 5 and
Table S2. At different monitored wavelengths, the synthesized NMs showed PL excitation. A
single peak was observed at 386 nm for the 450 nm monitor and at 390 nm for the 500 nm
monitor. Additionally, two excitation peaks were found at 386 and 465 nm, and 388 and 468
nm, respectively, at the monitored wavelengths of 550 and 600 nm (Fig. 5(a)).

Different PL emission spectra were observed when the Ag-Eu203-SrCO3; NMs were excited at
different wavelengths (Fig. 5(b)). Two emission peaks were noted at 386 and 471 nm
wavelengths for both 220 and 250 nm excitation. Near Band Edge (NBE) at 386 nm may be
arising from Ag NPs, and emission at 471 nm due to 5Do—7F transitions of Eu** ions. At 300
nm excitation, 2 peaks were exhibited (403 and 462 nm). Higher energy 403 nm peak may be
from Ag NPs, and 462 nm peak may be from Ag’ or 5D¢— 7F transitions of Eu** ions or both.
At 350 nm excitation, 3 peaks were observed at 399, 426, and 460 nm. Among them, the 399
nm peak may be assigned to the Eu—O 4f—4f transitions, and the 426 and 460 nm bands may
originate from 5Do—7F transitions of Eu®" or from ionized oxygen vacancies or both [61].
The 426 nm blue PL peak may also arise from SrCOs3. For 400 and 450 nm excitation, the
emission peaks were noted at 473 and 509 nm, respectively. At 509 nm, green PL emission
observed was from Eu®" ions, specifically corresponding to the °Di—’F; transitions. The
emission peak observed at 473 may be assigned to the 5D¢—7F, transitions of Eu*" in

Ag-Eux03-SrCOs. The characteristic emission peak of Eu** in Euz03 is frequently observed in
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the 610-615 nm range, for the >Do—"F; transitions, which is absent in Ag-Eu203:SrCO3.[62]: 5 o
Herein, the 610—615 nm peak is absent due to PL quenching by the nearby metal oxides through
excited-state energy transfer. SrCOj; exhibited a wide range of PL emissions in the UV to
visible regions. The UV region emission, also known as NBE, would be recognized for defects
such as intrinsic electronic transitions, and the visible region, also known as deep—level
emission (DPE), is due to localized defects in the crystal structure that produce new energy
levels in the band gap, like interstitials or oxygen vacancies [23]. In the visible spectrum, the
emission band between 420 and 470 nm denotes a blue band. The valence band's ionized
oxygen vacancies could be the cause of the blue—band emission. The photogenerated holes may
have undergone radiative recombination with electrons occupying the oxygen vacancies,
leading to the detection of a blue emission. Ag:EuxO3-SrCOs3 exhibits excitation—wavelength—
dependent photoluminescence features, which can be attributed to the ground-state molecular
distribution differing in energy and a low rate of excited-state relaxation processes, indicating
a violation of Kasha’s rule [63]. “Anti-Kasha" behavior occurs when higher excited states emit
directly or relax slowly. Finally, emissions observed from Ag, SrCOs, and Eu,0s are either in
overlapping or matching energy levels, indicating high possibilities of energy transfer, and
different color emissions observed are suitable for multicolor phosphor materials. Excitation
wavelength-dependent flexible electronic and PL behavior could be suitable for transistor or

display applications, revealing promising PL properties of Ag:Eu,O3-SrCOs.

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.
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Figure 5. PL (a) excitation spectra when monitored at various wavelengths and (b) emission

spectra at various wavelengths of excitation of Ag:-EuxO3-SrCO3 NMs
Raman spectrum of Ag-Eu203-SrCO3 NMs

The Raman spectrum of Ag-EuyO3-SrCOs3 is shown in Fig. 6. The Raman bands for Eu—O are
located at 102 and 246 cm™!, and exhibit the F, and E;+F, symmetry, respectively, for C—type
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(cubic) Euwx03 [61]. Peaks for SrCO3; were found at 147 and 1073 cm™'. Raman lines, 315147
cm ! control the spectra and are ascribed to angular oscillations of 4, modes. The symmetric
stretching mode (,1—CO3%") of the carbonate group (COs?") is responsible for the peak at 1073
cm ! [64]. The OH stretching vibration was measured at 3298 cm™! [65].
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Figure 6. Raman spectrum of Ag-Eu203-SrCO3; NMs

Evaluation of Photocatalytic Activity

The effective dose of Ag-Eu03-SrCO3; NMs for dye removal when subjected to visible light
irradiation was ascertained using a variety of doses, as shown in Fig. 7(a) and S2. To develop
different solutions for this experiment, photocatalyst doses ranging from 0.05 g to 0.07 g were
used. For 0.05 g, 0.06 g, and 0.07 g, respectively, the observed greatest percentage of CV
elimination was 0.06 g with 97.46%, 97.7%, and 97.45%. As the amount of photocatalyst was
increased, the percentage of CV elimination increased continuously. However, efficiency

began to fall after reaching its highest peak for the advised dosage of 0.06 g.

Fig. 7(b—d) demonstrates the gradual dye elimination in the presence of Ag:EuxO3'SrCO;
photocatalyst at pH 9.2, 7, and 4. The elimination efficiencies were determined to be 97.7%,
97.48%, and 3.14% at pH 9.2, 7, and 4, respectively, after 150 minutes of visible light
irradiation. The percentage of dye removal yield was determined to be outstanding at basic
medium (pH 9.2), moderate at neutral medium (pH 7), and poor at acidic medium (pH 4), due
to the generation of hydroxyl radicals at pH 9.2. The photocatalytic effectiveness of different
catalysts in the degradation of CV dye is compared to a synthesized NMs, Ag-Eu203-SrCOs3,

Page 18 of 44
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in Table 1. Each entry in the table includes details about the photocatalyst, dye congentratidl s oruss

irradiation source, catalyst dose, degradation time, efficiency, and matching reference.

For different pH values, the plot of (—In [CV]) vs. time displays a straight line with slope £ (Fig.
7(e)). The experimental results were well described by the first—order assumption. Table S3
lists the calculated dye degradation rate constants (k) and r—squared (+?) values. The
corresponding 72 values for pH 4, pH 7, and pH 9.2 were 0.8444, 0.772, and 0.9648. Half-life
of the dye degradation at different pH levels could be calculated by using equation (6). For pH
4,7, and 9.2, the 12 values were 101.911, 29.615, and 25.955 min, respectively. This showed
that, in contrast to acidic medium, basic and neutral medium produced more ROS, which

accelerated the elimination of half of the dye concentration.

Recycling assays were used to determine the stability of the Ag-EuxO3-SrCOs catalyst at pH
9.2; the results are displayed in Fig. 7(f-m). Reclamation and reuse are crucial to the
photocatalytic process because they reduce the system's cost for wastewater treatment and other
processes. An uncomplicated procedure was used to replenish the photocatalyst. The solution
was allowed to stand for 24 hours after the initial photocatalytic dye degradation reaction was
finished, and then the supernatant was separated. The catalyst was then thoroughly rinsed
several times with DW and acetone. After that, the catalyst was dried at 120 °C for two hours.
To evaluate the photocatalytic efficacy of the recycled catalyst, a series of tests was carried out

employing 0.06 g of catalyst under visible light at pH 9.2 using CV dye solution. The catalyst

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

was used once more for the degradation of a fresh CV solution under the same conditions for

each new cycle following the separation and drying of the photocatalyst samples (Fig. 6(f—)).

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

The dye degradation over time in each cycle is depicted in Fig. 6(k). The percentage of CV dye

(cc)

degradation efficiency for each cycle is displayed in Fig. 6(1, m). In the presence of the
Ag-Euz03-SrCO;s catalyst at pH 9.2, the degradation percentages of the CV solution for five
cycles of use were 97.7%, 98.87%, 95.73%, 95.18%, and 86.67%, respectively, following 2.5
hours of exposure to visible light. However, 86.67% of the CV was successfully degraded after
the fourth photocatalyst reuse, resulting in a total efficiency loss of 11.03% during the five

cycles. This implies that dye can be successfully removed by the catalyst.
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Figure 7. Photocatalytic activity of Ag:Eu2O3-SrCO3; NMs using CV dye (5 ppm) under visible

light irradiation for 150 minutes, (a) dose effect, (b—d) pH effect, (e) kinetics study, and (f~m)

catalytic stability
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Dye .. . .
Catalyst cone. Irradiation | Catalyst Tu-ne Efficiency Ref.
source dose (min) (%)
(ppm)
Tungsten .
Ag Eu203:5rC0; 5 filament (200 | 0.06 g/L | 150 97.7 This
NMs work
W)
C-MIL-
53(Fe)@BiOI 10 LED(5W) | 0.55¢g/L 38 96.8 [66]
heterojunction
Sr=ZnO/AC 20 Uv 100mg | 120 98.92 [67]
nanoneedles
MWC/ZnO - Visible - 180 94.4 [68]
composite
uv 98.1
TiO2@C composite 20 0.025 g 300 [69]
Visible 95.9
IONPs 10 Sunlight I mg/mL | 210 99.23 [70]
MgO NPs 02¢g 99.19
— 10 uv 130 [71]
MgO-Ben 0.15¢g 83.38
nanocomposite
. Mercury lamp
NiFe;0O4 NPs 10 0.05 g/L 120 75.5 [72]
(6 W)
MoS2-NiO—-CuO Halogen (500
nanohybrid 20 W) 0.02¢g 80 94 [73]

Effect of the amount of adsorbent and pH on the removal of CV dye in the dark
For determining the adsorption efficiency of the synthesized NMs, CV dye was used. Fig. 8(a)

represents the absorbance of CV dye at the initial and with different amounts of adsorbent (at
the equilibrium point, pH 9.2). Here it was observed that the absorbance of CV dye decreases
with increasing the amount of adsorbent. In Fig. 8(b) and Table S4, the adsorption percentage
and capacity were displayed. For 0.05 g of adsorbent, the adsorption percentage and capacity
were 1.99% and 34.8 mg/g, respectively. And for 0.06 g and 0.07 g, the adsorption percentages

were 13.433% and 21.891%, respectively. Also, the adsorption capacity increased to 112 mg/g
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and 156.429 mg/g, respectively. More active binding sites and a larger sorption syrface.ated s orss

are the reasons for the rising percentage of adsorption and adsorption capacity with increased

adsorbent dose [74].

In Fig. 8(c), the CV dye absorbance was compared with different pH levels (4, 7, and 9.2) but
the same adsorbent (0.06 g). Here, it is observed that at the equilibrium point, the absorbance
of CV dye was increased in acidic (pH 4) and neutral (pH 7) medium. For this reason, the
adsorption percentage and capacity exhibited a negative value (Fig. 8(d) and Table S4). But for
basic medium (pH 9.2), the absorbance, adsorption percentage, and capacity showed positive
results. The reason behind it is that the electrostatic interaction with the ions' adsorption surface
in the reaction mixture often determines the impact of a solution's pH. Both the chemistry of
the solution and the adsorbents' surface binding sites can be impacted by the pH of the solution
[75]. In the basic media, the cationic dye CV performs better. Because the cationic charges in
the dye ensure that they are drawn to the adsorbent's negative surface charge, the adsorption
capacity and removal of basic dyes have increased when the pH of the solution is high. As a
result, the adsorbents and sorbates in the solution are certainly attracted to each other
electrostatically [76]. The adsorbent and the CV dye repel each other electrostatically at lower
pH because the surface is more positively charged. Conversely, increasing pH causes the
adsorbent's surface to become negatively charged, which increases the electrostatic attraction
between the surface and the positively charged CV dye molecules and increases adsorption

[77].
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Figure 8. CV dye absorbance, adsorption percentage and adsorption capacity in dark at (a—b)
different doses of Ag-Eux03-SrCO3; NMs (0.05 g, 0.06 g and 0.07 g) and (c—d) different pH (4,

7,9.2) of 0.06 g amount of NMs

Hydroxyl radical (¢*OH) generation during photocatalysis of Ag-Eu203-SrCO3 NMs at

different pH under Visible Light

The generation of *OH radical during photocatalysis of Ag:-EuxO3-SrCO3 NMs at different pH

levels was detected by using sodium terephthalate solution (Fig. 9). Here, we observed that

radical generation of synthesized NMs was higher at basic medium (pH 9.2) rather than neutral

(pH 7) and acidic medium (pH 4). The result indicated that the synthesized NMs would be a

good catalyst for dye removal in a basic medium, which also supports and matches the

photocatalytic CV dye removal data at different conditions (Fig. 7(b—d)).
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Figure 9. Hydroxyl radical (*OH) generation during photocatalysis of Ag:-EuxO3-SrCO3; NMs
at different pH (a) pH 4, (b) pH 7, (c) pH 9.2, and (d) time—dependent intensity observation at
425 nm (under Visible Light)

Mechanism of CV dye degradation using Ag-Eu203-SrCOs photocatalyst

Driven by visible light and ROS, the photocatalytic activity of Ag:EuxO3-SrCO3; NMs showed
outstanding performance through the destruction of the CV dye. Ag-Eu203-SrCOs is a reusable

and stable photocatalyst that could be used to remediate industrial wastewater.

From the previous works, we found that Ag NPs size has a major impact on localized surface
plasmon resonance (SPR) and electron—hole separation efficiency. Additionally, the SPR of
Ag is crucial for harvesting visible-light and triggering the adequate release of photoinduced
electrons rather than recombination with photogenerated holes, which should contribute to the
production of ROS [15,78]. Shawky et al. reported that, for the Ag@CuO/Ti02 nanocomposite,
the SPR of Ag NPs enhances visible-light harvesting and increases photocatalytic activity,

while the difference in CB levels between CuO and TiO, makes it easier to separate
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photogenerated electrons and holes [79]. The electrostatic interaction between the carbofidte: o ss
created by the hydrolysis of SrCOs and the cationic chromogenic groups of CV dye (N7) is the
primary adsorption mechanism of n—type semiconductor SrCO; [25]. The high affinity of
SrCO; or SrCO3-based composites for CV dyes (cationic dye) is mostly due to the electrostatic
attraction. The surface of SrCO3 develops a negative charge in an aqueous system due to the
COs, which attracts the positively charged chromogenic groups of CV dye. Moreover, the
photocatalyst's Eu** content most likely introduces sublevels below the conduction band,
thereby improving its visible-light sensitivity [11,80]. Mohamed and Abu—Dief reported that
Euz03 NPs act as an "energy reservoir" in Euz0O3—ZnO mixed oxide NPs, first absorbing energy
and then transferring it to ZnO. Under UV irradiation, electron excitations between the
lanthanide electronic structure of 4f*5d¥ are encouraged by the proximity of the ground and
excited energy states of Eu**ions in EuxO3[21]. In the present study, photoexcitation generated
electrons and energy that are transferred from SrCOs to Euz0O3, which harvests electrons and
energy for transferring to nearby dissolved Oz molecules to produce *O>" radicals, and
generated holes in VB react with H>O to form *OH radicals. Finally, these ROS degrade dye

molecules to enhance photocatalysis.

A potential mechanism for the increased photocatalytic performance of Ag-Eu,Os3-SrCO3
photocatalyst upon visible light irradiation is suggested and schematically represented in Fig.
10 based on the experimental results and review of previous literature. This mechanism

demonstrates how NMs degrade CV dye by producing ROS. When Ag-EuxO3-SrCO3; NMs are

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

exposed to visible light with a photon energy greater than or equal to the Ag, EuxO3, and SrCOs

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

band gaps, the electrons in the valence bands (VB) may be stimulated to the conduction bands

(cc)

(CB). Here, Eux0O3 is a p—type and SrCOs is an n—type semiconductor, whose band gaps are 4.3
and 3.17 eV, respectively [17,23]. In n—type semiconductors (where the majority of charge
transporters are electrons), the energy distortion, also referred to as the Schottky Barrier (SB)
height, manifests as a potential energy barrier that results in fixing behavior between the metal
and the n—type semiconductor for electronic transport across the metal semiconductor (MS)
interface and the essential elements of electron—hole separation and charge buildup at the
surface of p—type semiconductors (where the majority of charge transporters are holes) are the
SB and charge spatial distribution [81-83]. During photoexcitation, the electrons in the VB of
Eux03 and SrCO3 would be excited and migrate to the CB. An equal number of holes would
be made in VB at the same time. The electron moved from SrCOs3 to Euz0;3 at this point (During

photoexcitation, an electron is moved from a lower energy CB to a higher energy CB), and the
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hole moved from Eu0; to SrCOs3 through carrier diffusion between the SrCO3 and EuaQs. dititil oo ss

A00143B

the system reached an equilibrium. During light emissions, the processes of electron and hole
transfer were reversed. Ag NPs served as an electron conduction bridge between SrCO3 and
Eu203, allowing electrons to move from SrCO3 to Eu03 continuously while also preventing
electron—hole recombination [84]. As evidenced by XRD data, Eu,O3 primary peak (260, 29)
shifted to 28.43 and secondary peaks (20, 33, 47) shifted to 32.94 and 47.27. Further, the SrCO3
major peak (20, 25.2) slightly shifted to 25.19. This indicates the formation of Schottky
contacts, Eu»03-Ag-SrCO3, demonstrating Ag bringing, which accelerate photo-induced
charge separation process, augments the redox capacity of semiconductor surfaces, acts as a
sink for photogenerated electrons, and facilitates inhibition of electron-hole recombination and
generation of ROS [85]. The PL data showed that Eu»O3 had a significant, most intense
emission peak at 509 nm (green emission), as shown in Fig. 5. The main charge-trapping
locations in the energy reservoir, EuxOs, are singly ionized oxygen vacancies, which are
represented by this 509 nm signal. Furthermore, the simultaneous quenching of the intrinsic
emission (intrinsic NIR emission of Eu,O3 was not observed in EuxO3-Ag-SrCO3) alongside
the emergence of the 509 nm peak confirms an efficient energy transfer pathway from the host
lattice to the EuxO3, indicating it as an energy reservoir in Euz03-Ag-SrCO3; NMs [86]. During
photoexcitation, the generated hole in VB reacts with H>O and forms *OH radicals.
Simultaneously, electrons in CB reacted with absorbed O and generated *O,  radicals. The
CV dye was degraded by these generated radicals. *OH radicals were identified by using the
non—fluorescent sodium terephthalate solution. When sodium terephthalate reacted with *OH
radicals, it produced sodium 2-hydroxyterephthalate, which was fluorescently active. When
the solution was excited at 315 nm wavelength, it exhibited an emission peak at 425 nm.
Reactions shown in (13)—(18) demonstrate how the electron—hole pairs created on the
photocatalyst provide an energy source, and react to produce ROS from the water splitting
reaction (*OH, *O;"). These procedures are necessary for ROS in addition to a reaction with

the chemisorbed CV dye for its degradation [10].
Photoexcitation and electron—hole pair generation

Ag-Eu03-SrCOs + Visible light (hv) —» Ag-Eu203-SrCO;3 (ecs” + hys") (13)
¢ +h" —» Energy (14)
Formation of *OH radicals

h" +H,O —» H' + «OH (15)

Formation of *O, radicals
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Figure 10. An illustration of photocatalytic degradation of CV dyes by Ag:EuxO3-SrCO3; NMs

Antibacterial Activity of Ag-Eu203-SrCO3 NMs

Several variables, such as size, shape, and crystal growth behavior, make NMs extremely

hazardous to bacteria [87]. In nutrient broth media, the pathogenic bacterial isolates were

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

precultured at 37 °C and agitated at 120 rpm for the duration of the night. 1, 2, and 3 mg/mL

amounts of NMs were used to prepare the samples. To cultivate the pure cultures of the

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

organisms, Mueller—Hinton agar nutrients were utilized. The agar medium was used to make a

(cc)

well that was about 6 mm in diameter and 4 mm deep. Using a micropipette, roughly 60 mL of
solution was added to each well of the constructed NMs solutions, with gentamicin (CN 10)
serving as a control. After incubating the plates for 24 hours at 37 °C, the different degrees of

zone inhibition were assessed.

Using the agar well diffusion method, the antibacterial properties of the NMs Ag-Eu,03-SrCO3
were evaluated against a number of harmful bacteria, such as Staphylococcus aureus,
Klebsiella pneumoniae, Pseudomonas aeruginosa, and Proteus mirabilis. The outcomes are
displayed in Fig. 11. When exposed to the produced NMs, they demonstrated comparable
bacterial killing ability for both Gram—positive and Gram—negative bacteria. Gram—positive
Staphylococcus aureus bacteria were eliminated with a 3.33 ratio using 3 mg/mL of NMs.

Likewise, gram—negative bacteria Klebsiella pneumoniae, Pseudomonas aeruginosa, and
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Proteus mirabilis were inhibited with a 3.33, 3.17, and 3.17 ratio for 3 mg/mL (Table S5)seTHE s So1nss
production of ROS improved the killing of bacteria via the ROS mechanism. The toxicity of

metal oxide is often ascribed to ROS generation. The bacterial cell walls may be significantly

damaged as a result of the NMs' efficacy [88,89].

Figure 11. Antibacterial activities of Ag-Eu203-SrCO3 NMs with different concentrations of
solutions, as (1) 1 mg/mL, (2) 2 mg/mL, and (3) 3 mg/mL in the presence of (a) Staphylococcus
aureus, (b) Klebsiella pneumonia, (c) Pseudomonas aeruginosa, and (d) Proteus mirabilis.

(middle spot is for the control, CN 10)

Nitrite Sensor Development Using Ag-Eu203-SrCO3 NMs
Detection of Nitrite by LSV Study
Concentration Variation, pH Optimization and Scan Rate Effects

Figure 12(a) shows a concentration—dependent behavior of the Ag:EuxO3-SrCO3/GCE sensor

towards detecting nitrite, as a Figure of Linear Sweep Voltammetry (LSV). The existing
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responses have been depicted as a set of voltammograms at different concentrations of niftite: 5o ss
(between 0.15 and 50 uM). With further increase in concentration, the response level gradually
increases, and the highest point of the current is at its highest concentration (50 pM), which
shows that there is a direct correlation between the electrochemical current and the
concentration of nitrite. This finding can indicate that Ag-Eu>O3-SrCO3/GCE sensor has a
sensitive and measurable response to the rise of nitrite concentration in the range of

measurements.

The results of Fig. 12(a) are used to construct the calibration curve in Fig. 12(b), where the x—
axis is the nitrite concentration (in uM), and the y—axis is the peak current (uA). The linearity
between the response of nitrite and current is seen as the equation of the line was (y = 8.7147x
+ 80.114), and the correlation coefficient (1?) was also found to be high (0.975), thus
establishing that the relationship between nitrite and current is linear. This calibration curve is
another indication of the capability of the Ag:Eu03-SrCO3/GCE sensor to offer a valid and
quantitative determination of the concentration of nitrite within the concentration range under

test.

The findings of the pH experiment carried out to measure the effects of different pH levels on
the electrochemical sensing of nitrite with a Ag-Eu,03-SrCO3/GCE sensor are presented in Fig.
12(c). Phosphate buffer solutions were used at pH levels of between 5.7 and 8.0. pH of the

medium is important in determining the electrochemical behavior of nitrite and the

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

performance of the sensor. The findings indicate that pH 7.5 gave the highest current, implying

that this pH is the best when it comes to detecting nitrite through the electrochemical technique.

Open Access Article. Published on 16 April 2026. Downloaded on 4/17/2026 11:36:59 AM.

The current response at lower pH (e.g., 5.7) was lower, probably because the nitrite was

(cc)

protonated or the electrode surface was protonated in the presence of higher levels of protons
and thus interfered with the electrochemical reaction. Correspondingly, an increase in the PH
value also resulted in a change where the current response declined, which could be explained
by the inefficiency of oxidation of nitrite under alkaline conditions. As such, pH 7.5 is
determined as the best pH to conduct later electrochemical measurements to obtain the highest

sensitivity.

The bar graph in Fig. 12(d) represents the response of the Ag-Eu203-SrCO3/GCE sensor to
detect nitrite by using LSV in the phosphate buffer of pH between 5.7 and 8.0. The maximum
value of the current appears at pH = 7.5, which means that the best pH to use in the nitrite

electrochemical detection is 7.5. Reduced responses are observed at pH 5.7 and pH 8.0,
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indicating that these pH values are not the best to use in efficient detection. The responses afscoriss

pH 6.5 and pH 7.0, although significant, remain lower than the response at pH 7.5, which once

again confirms that pH 7.5 gives maximum electrochemical performance on nitrite response.

As shown in Fig. 12(e), the procedure of LSV showed a change in the electrochemical response
of the Ag-Eu,03-SrCO3/GCE sensor to nitrite detection with respect to the scan rate, that is,
the linear voltage between 10 mV/s and 500 mV/s. The higher the scan rate, the greater the
current response, and the maximum current was reached at higher scan rates, which was 500
m V/s. This trend implies that the electrochemical reaction is scan rate—dependent and implies
that higher scan rates can improve the current response of the sensor to nitrite. The trend in the
voltammograms indicates the dynamic nature of the electrochemical system, with increasing
scan rates indicating the presence of sharper peaks at the increasing scan rate, which represents

the rapidity of the kinetics of the nitrite oxidation process.

The plotted regression curve in Fig. 12(f) indicates the following relationship with the peak
current as well as the square root of the scan rate: y = 0.621 + 0.000607x. The equation (y =
20.972x + 58.052) proves that the relationship is linear and the correlation coefficient is very
high (R? = 0.98), which means the relationship is linear. This implies that the electrochemical
mechanism of detecting nitrite is diffusion-controlled in nature, with the current proportional
to the square root of the scan rate. The linearity also confirms the appropriateness of
Ag-Eu203-SrCOs3/GCE to stable and repeatable electrochemical detection of nitrite at different

scan rates.
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Figure 12. Electrochemical performance of Ag-Eu,O3*SrCO3;/GCE (a) Concentration variation
response towards nitrite detection by LSV measurements (b) Calibration curve showing the
linear relationship between peak current and nitrite concentration; (c) pH optimization study
using PBS ranging from 5.7-8.0; (d) pH bar diagram showing the highest LSV response at pH
7.5; (e) Scan rate effect from 10-500 mV/s; (f) Scan rate regression line demonstrating high

value of regression coefficient i.e 0.98.
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Interference, Selectivity, Repeatability and Reproducibility Tests
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Fig. 13(a) shows the reaction of the Ag-Eu,03-SrCO3;/GCE electrode to the various ions, such

(cc)

as nitrite (analyte) and other possible interfering species. A graph is drawn between current
(nA) versus potential (V) between 0.4 and 0.9 V. The highest value of about 0.7 V is mainly
due to the presence of nitrite, which has the greatest current response as compared to other
ions. The various ions that are tested, including Ca**, Ba**, SO.*, HCOs", and K*, have a
different extent of interference, as indicated by the reduced peaks. These findings indicate that
although it is possible to be sure of detecting nitrite by this sensor, there is the possibility of
interference by other ions, particularly in the higher concentration ranges. The selectivity of
the sensor in detecting nitrite is essential in obtaining the correct measurements of complex

samples.

Fig. 13(b) gives further understanding of the specificity of the Ag:-Eu,O3-SrCO3/GCE electrode

in the detection of nitrite with respect to the current response of other compounds (glucose,
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histamine, nitrate, xanthene, and melamine, and creatinine, among others) at the sage potetitials o ss

window (0.2—1.0 V). As indicated in the graph, the maximum current generated by nitrite (in
red) is much higher than that of the other substances at the electrode, so the electrode has a
great selectivity to nitrite ions. The other compounds, i.e., glucose, histamine, and dopamine,
give minimal current signals, implying little interference in the presence of these species. This
selectivity is necessary for the practical use of this sensor so that the detection of nitrite can be

true even in complex biological or environmental samples where other substances may occur.

Fig. 13(c) demonstrates the test of repeatability of Ag-EuxO3-SrCOs;/ GCE sensor in the
detection of nitrite through the LSV scan rate at 100 mV/s. The graph shows a couple of
voltammograms (R1 to R7), and each curve represents a successive measurement with the same
experimental conditions. The results show that the present response of the sensor is very
reproducible among repeated usage, and the maximum current has a small variation, which
proves that the Ag-Eu,03-SrCO3/GCE sensor is reproducible in the detection of nitrite. This
consistency implies that the sensor will be consistent in giving similar results when the
measurements are repeated, so that the performance of the nitrite electrochemical detector is

stable.

Fig. 13(d) shows the reproducibility experiment of newly prepared Ag-Eu,O3-SrCO3/GCE
electrodes to detect nitrite. The voltammograms of five different electrodes (Electrode 1 to
Electrode 5) depict comparable currents and potential profiles at the peaks, which means that
the newly prepared electrodes demonstrate the similarity in the electrochemical behavior of
different samples. The consistency and stability of the fabrication process, indicated by the
high degree of similarity in the present responses, can be attributed to the reproducibility of
sensor performance, which indicates that the Ag:-Eu>O3-SrCO3/GCE sensor can be recreated at

similar levels of success in detecting nitrite.
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Figure 13. Electrochemical Characterization of Ag-Eu,03-SrCO3/GCE (a) Interference study
in a nitrite concentration of 50.0 pM, nitrite oxidation anodic current was determined with 500—
500—fold increase of interfering species. (b) LSV selectivity illustrates the electrode’s ability
to selectively detect the nitrite in the presence of other species. (c) Find the LSV response using
the same electrode over the course of seven repeated measurements. (d) Response of five

prepared electrodes to LSV.
Electrochemical characterization of NMs fabricated electrode by CV
Conc. Variation, Control Experiment, Stability, and Scan Rate Effects

Fig. 14(a) shows the change in the concentration of nitrite during the detection process through
cyclic voltammetry (CV) with Ag:EuxO3-SrCO3/GCE electrode. Cyclic voltammograms were
obtained in diverse concentrations of nitrite, of 0.15 pM to 50 uM. The current response is
increased significantly with an increase in the concentration of nitrite. The applied potential is

plotted on the x—axis and the current measured is plotted on the y—axis in pA. This data shows

A00143B
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that there is a definite tendency, as the present response is directly proportipnal .t the o ss

concentration of nitrite, which means that the electrochemical signal is linearly dependent on
the concentration of nitrite. The behavior shows that the electrode has the potential of detecting
nitrite over a broad concentration range, and the lower limit of detection is low. The improved
current response is an indication of higher electrochemical activity brought about by the
interaction between the electrode and the nitrite ions, indicating that the sensor is very sensitive

and can be used to detect nitrite quantitatively.

Fig. 14(b) shows a control experiment, the electrochemical activities of Bare/GCE as well as
Coated Ag-Eux03-SrCO3/GCE electrodes in the presence and absence of nitrite as measured
by cyclic voltammetry. The cyclic voltammograms indicate that the unmodified Bare/GCE
electrode has a normal response and that in the uncoated GCE (Ag'Eux03-SrCO; coated
without nitrite) the redox peak shifts, which indicates that there was a better electrochemical
interface because of the coating. Inclusion of nitrite leads to a very high response of current
when it is introduced (Coated with nitrite), and this indicates the high affinity between the ions
of nitrite and the Ag-EuxO3-SrCOs coating. Such an improvement in current indicates that the
Ag-Eu203-SrCOs/GCE electrode is very sensitive to nitrite, and it can be used to selectively
and sensitively detect nitrite. The comparison has brought to the fore the use of the coating in
improving the electrochemical characteristics of the electrode in the detection of nitrite. High
surface area from the morphology of EuxO3/SrCQOs3, the specific catalytic activity of EuxOs (Eu20s

provides oxygen vacancies that contribute to adsorption and activation of nitrite), and the high

conductivity of Ag all contributed to the nitrite oxidation synergistically.

The cyclic voltammogram (CV) in Fig. 14(c) is the stability test of the Ag-Eu,03-SrCO3/GCE
electrode, which was tested at 50 cycles of 100 mV/s scan rate. On the plot, the current (in 4A)
is given as a potential (in V) response of Ag-EuxO3-SrCO3; NMs modified GCE. This cyclic
nature is observed with the typical peaks, which are associated with the electrochemical
functionality of the Ag-Eu,03-SrCO3/GCE electrode. The fact that no substantial alterations
are observed in the shape and location of the peaks once the 50 cycles are completed shows
that the electrode can be considered stable and electrochemically active. This is an indication
that the Ag-Eu203-SrCO3/GCE electrode is well cyclically stable in the given experimental
conditions, and thus it may be used in the long run when used in electrochemical sensing.
Electrochemical response is unaffected, and there is no visible decomposition of the substance

or any change in the electrochemical characteristics of the substance during cycling.
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The scan rate variation study of the Ag-Eu203-SrCO3/GCE electrode is shown in Eig., 14¢d)ifixcoss
which cyclic voltammetry of the electrode was conducted across a scan rate of 10 mV/s to 500
mV/s. The graph shows the relationship between current (LA) and potential (V) at the various
scan rates, indicating that the current of action rises as the scan rates rise. This current growth
is associated with the accelerated electrochemical activity and improved charge transfer in high
scan rates. The trend observed indicates that the electrochemical properties of the

Ag:Eux03-SrCO3/GCE electrode are scan rate—dependent and the electrode has a distinct peak

current which is directly proportional to the variation in the scan rate.

Fig. 14(e) shows the scan rate variation data, and Fig. 14(d) shows the regression. The current
(LA) Vs the square root of scan rate (mV/s) plot indicates a linear relationship that is typical of
a diffusion—controlled electrochemical process. The linear dependence is also supported by the
large coefficient of correlation (R? = 0.99) of both anodic and cathodic currents, which means
that the electrochemical reaction at the Ag:EuxO3;-SrCO;/GCE electrode is governed by
diffusion. Such an outcome shows the consistency of the electrode in nitrite detection and
indicates the consistency of the electrochemical behavior at varying scan rates. The analysis of
regression gives a quantitative foundation to the analysis of the mechanism of electrochemical

reaction and diffusion taking place.
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Figure 14. (a) CV demonstrating concentration variations from 0.15 to 50 pM, representing
sensitivity as well as detection ability of Ag-EuxO3-SrCO3/GCE towards nitrite; (b) Control
experiment for comparison of Bare/GCE and Coated Ag:EuxO3:SrCO3/GCE response; (c)
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Stability test of Ag-Eux03-SrCO3/GCE at 100 mV/s scan rate for 50 cycles; (d) Scan Rafe: 55
Analysis (10- to 500 mV/s), providing understandings the kinetics of the electrochemical

process; and (e) Regression Line for scan rate data.

Table 2. Comparative evaluation of the new Ag:EuxO3-SrCO3/GCE sensor against previous

Nitrite sensors.

. . LOD Linear Sensitivity
Modified Electrodes Technique (M) range | (MAM™' cm?) References
224 | 0.74-1.09
GO@Fe203/Y203 NCs LSV M M 7.383 [90]
CS-NMO/GCE SWV 0.19 0'96;1\1[080 — [31]
Y/BaO—MWCNT/GCE DPV 0.297 I nM = 9.30 [91]
: ' 129 mM '
CB-PLA DPV 1.8 | 5.0-500.0 — [29]
PANI/AC@Ag3PO4/GCE LSV 0.21 1-15 7.595 [92]
0.15-50 .
Ag'Eu203-SrCO3/GCE LSV 0.61 M 27.4261 This Work

Validation of sensor with real sample Analysis

The nitrite level was determined in three waters of the region, and the fact that no trace of nitrite
was present, or the amount of the level was lower than the detection limit, probably led to the
fact that no measurements of nitrite were obtained at the first steps of the experiment. The
traditional method of addition was used to determine the quantity of nitrite accurately. The
findings can show that Ag-Eu03-SrCO;/GCE sensors are sensitive and selective, which are
able to detect nitrite in different water matrices. The sensor is very sensitive and is therefore
effective in environmental monitoring applications. Table 3 reflects the result of the actual
analysis of the real sample, which was conducted based on LSV. The recovery rates were
between 97% and 98, indicating high accuracy and reliability of the method. The results specify
that this approach is effective and reliable in the determination of nitrite in environmental
samples. Also, the analysis ensured that there was very little interference with other substances
that were found in the water samples, hence supporting the strength of the method in real—

world applications.

Table 3. Analysis of Spiked real samples for nitrite detection using the Ag-EuxO3-SrCO3/GCE

electrochemical sensor.
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Real Sample Added Determination of Nitrite Conc. By | Average o OI}OSB%D/S i
Nitrite Ag-Eu203-SrCO3/GCE (uM) Recovery | (%
M =
(M) Rl | R2 R3 (n=3)
Sea water 50 50.0 48.5 49.0 98.3 1.55
Tap water 50 49.8 47.0 49.5 97.5 3.15
Industrial 50 497|500 48.0 98.5 2.19
water
Conclusion

Finally, the Ag-EuxO;-SrCOs; NMs were synthesized using a facile, inexpensive, co—
precipitation approach. The NMs were characterized using XRD, SEM, EDS, FTIR, Raman,
and PL. By degrading CV dye, we examined the photocatalytic activity of the NMs using a
variety of factors, including contact time, pH influence, catalyst reusability, and catalytic doses.
Between 0.05 to 0.07 g of NMs, 0.06 g performed better degradation at pH 9.2 (97.7%; dye
removal efficiency) and eliminated half of the dye within 26 min. Furthermore, the NMs
showed high photocatalytic activity at pH 9.2 rather than pH 4 or 7. The produced NMs also
showed outstanding reusability, losing only 11.03% of their effectiveness after four reuses.
Additionally, after an hour of stirring in the dark, 0.06 g of adsorbent showed good dye
adsorption ability in a basic solution (13.433% of dye adsorbed with an adsorption capacity of
112 mg/g). During photocatalysis, we detected hydroxyl radicals (*OH), which are responsible
for dye degradation. Exposure to visible light boosted the generation of the *OH radical over
time. The higher generation of radicals in a basic medium, as compared to an acidic or neutral
one, supported the enhanced photocatalytic activity. Furthermore, it was shown that the NMs
were capable of inhibiting both gram-—positive and gram—negative bacteria. Finally, an
electrochemical sensor that efficiently detected nitrite with good sensitivity was developed
using Ag-Eu03:SrCO3 NMs modified GCE using 5% nafion by means of the drop—cast
method. The NMs possess very high electrical conductivity, so agglomeration is undesired, and
a uniform electrode interface is formed. Ag-Eu2O3-SrCO3/GCE sensor has a linear response to
the detection of nitrite in the concentration range between 0.15 and 50 uM, and the detection
limit is 0.61 uM. In addition, the sensor exhibited high anti—interference characteristics. It was
observed that the NMs—fabricated sensor was practically valid by LSV in the detection of nitrite

in water samples collected from different sources.
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