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Abstract
In the present study, an environmentally friendly method was used to synthesize Dy3+, Tb3+, Dy3+/Tb3+ doped and undoped 
SnO2 nanoparticles using Laurus nobilis L. extract as a reducing agent. The X-ray diffractograms confirmed that the 
detected planes correspond to the tetragonal-rutile phase and the absence of additional phases confirmed that it was 
obtained in a pure form. PL intensity decreased due to non-radiative transitions caused by increases in thermal energy 
and vibrational states as the temperature was raised from 10 K to room temperature. However, this decrease slowed down 
after 150 K. It is anticipated that these samples, as they approach a thermally stable state, may be considered potential 
candidates for optoelectronic applications. CIE diagrams of the nanostructures, for undoped SnO₂, the single-doped and 
co-doped samples shifted toward the white coordinate. Antibacterial tests conducted on synthesized nanoparticles showed 
that they exhibit good activity against both Gram-negative and Gram-positive bacteria.
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1  Introduction

Tin dioxide (SnO2) is a wide band gap semiconductor (3.6–
3.8 eV) distinguished by its excellent thermal stability, high 
optical transparency, and remarkable chemical durability. In 
addition, its mechanical robustness and ability to operate at 
relatively low temperatures further enhance its applicabil-
ity. Owing to these properties, SnO2 has been extensively 
employed in diverse fields, including photocatalysis, opto-
electronic devices, solar cells, fluorescence-based sensors, 
and particularly gas-sensing technologies [1–7].

Beyond its well-established technological applications, 
nanosized SnO2 has also garnered significant attention in 
the biomedical field due to its reported antibacterial efficacy 
against both Gram-positive and Gram-negative bacterial 
strains. The antimicrobial mechanism of SnO2 nanoparticles 
is primarily attributed to the generation of reactive oxygen 
species (ROS) and the presence of oxygen vacancies, which 
collectively disrupt bacterial membranes and impair vital 
metabolic processes. Moreover, the development of SnO2-
based mixed ligand systems has been investigated to further 
enhance and broaden their antibacterial performance [8, 9].
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SnO2 is also regarded as an ideal host matrix for the 
incorporation of trivalent rare earth ions (RE3+), such as 
Sm3+, Dy3+, and Eu3+. This preference arises from its natu-
ral abundance, outstanding thermal and chemical stability, 
and its capability to sustain high fluorescence efficiency, 
thereby rendering it highly suitable for the fabrication of 
nanocrystalline phosphor materials [10–13]. Among these 
dopants, Dy3+ ions exhibit two dominant emission bands: 
a yellow emission at ~ 575 nm (4F9/2 → 6H13/2) and a blue 
emission at ~ 480 nm (4F9/2 → 6H15/2) [13]. In contrast, Tb3+ 
ions are well known for their intense green emission cen-
tered at ~ 544 nm (5D4 → 7F5) [14]. Previous investigations 
have demonstrated that the co-doping of SnO2 with Dy3+ 
and Tb3+ ions enables multi-color emission through the 
complementary spectral contributions of both dopants. This 
synergistic effect significantly enhances the optical perfor-
mance of SnO2-based nanophosphors, thereby broadening 
their potential applications in solid-state lighting and bioim-
aging technologies.

Parallel to these advances, increasing attention has 
been directed toward environmentally benign synthesis 
strategies for nanoparticles (NPs). Conventional chemical 
approaches—including hydrothermal, sol-gel, co-precipita-
tion, electrospinning, spray pyrolysis, chemical vapor depo-
sition, and combustion techniques—are often favored due to 
their relative simplicity, low cost, and mild reaction condi-
tions [2, 4, 11, 13]. Nevertheless, these methods typically 
require high processing temperatures and involve toxic 
reagents, raising significant concerns regarding environ-
mental sustainability [1]. To address these limitations, green 
synthesis methods have emerged as eco-friendly and facile 
alternatives. Plant-derived extracts from diverse biological 
sources, including leaves, fruit juices, seeds, stems, peels, 
barks, and roots, act simultaneously as natural reducing, 
capping, and stabilizing agents. Such biogenic strategies 
minimize reliance on hazardous chemicals, while aligning 
with the principles of the circular economy and directly con-
tributing to the United Nations Sustainable Development 
Goals (SDGs) outlined in the 2030 Agenda [15–18].

Among the various plant-derived sources, Laurus nobi-
lis L. holds particular significance. Owing to its richness in 
phenolic compounds, flavonoids, and essential oils, Laurus 
nobilis has been widely reported to exhibit potent antibacte-
rial and antioxidant properties [19–22]. Extracts of Laurus 
nobilis have demonstrated inhibitory activity against sev-
eral pathogenic microorganisms, including Staphylococcus 
aureus, Escherichia coli, Enterococcus faecalis, Klebsiella 
pneumoniae, and Pseudomonas aeruginosa [19, 21, 22]. 
Furthermore, previous studies have highlighted its ability 
to modulate oxidative stress and promote wound-healing 
processes, thereby reinforcing its biomedical significance 
[20]. The phytochemicals present in Laurus nobilis extract, 

particularly phenolic compounds and flavonoids, act as 
electron donors, facilitating the reduction of metal ions into 
nanoparticles. In addition, these biomolecules adsorb onto 
the nanoparticle surface, serving as capping and stabilizing 
agents that prevent aggregation and control particle growth.

Building on these considerations, the present study 
investigates the green synthesis of Dy3+ and Tb3+ co-doped 
SnO2 nanoparticles using Laurus nobilis L. extract. This 
approach uniquely combines the luminescent benefits of 
RE3+ doping with the antimicrobial and eco-friendly attri-
butes of plant-mediated synthesis. Dy3+ and Tb3+ ions are 
expected to generate strong and tunable photoluminescence 
across the visible spectrum, while the phytochemical-rich 
surface chemistry derived from Laurus nobilis contributes 
to enhanced antibacterial efficacy. To the best of our knowl-
edge, this is among the first attempts to integrate rare-earth 
doping of SnO2 with Laurus nobilis-assisted synthesis, 
resulting in a dual-functional nanomaterial with promising 
potential for applications in sustainable optoelectronics, 
bioimaging, and biomedical fields.

2  Experimental Details

2.1  Preparation of Laurus nobilis L. Extract

Laurus nobilis L. were freshly harvested from the moun-
tains of Balikesir, Turkiye, and washed several times with 
distilled water to remove any contamination and remove 
dust, then dried in sunlight. Then, 50 g of dried leaves were 
heated in 500 mL of deionized water (DW) at 80  °C for 
120 min. The acidic extraction solution (pH 5–6) was then 
filtered three times to remove any remaining residues or 
impurities. The obtained green synthesis extract was stored 
at + 4 °C for the synthesis of the host and its dopants.

2.2  Green Synthesis of Undoped SnO2 and 
(Dy3+:Tb3+)-doped SnO2 Nanoparticles Using Laurus 
nobilis L. Extract

NPs were synthesized by using the green synthesis-assisted 
co-precipitation method. For the synthesis of doping-free 
SnO2 NPs, tin(IV) chloride pentahydrate was used as the 
raw material. A 0.1 M SnCl4·5H2O solution was mixed with 
an equal volume of 100 mL Laurus nobilis L. extract and 
heated at 80 °C for 2 h under magnetic stirring. The result-
ing mixture was then centrifuged for 10  min and washed 
three times with DW and EtOH. Finally, the synthesized 
SnO₂ NPs were dried in a drying oven at 100 °C overnight 
and calcined at 600 °C for 2 h, resulting in pure SnO₂ NP 
powder. Dy3+, Tb3+, and Dy3+ and Tb3+ co-doped SnO2 NPs 
were synthesized using Dy(III) chloride hexahydrate and 
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Tb(III) chloride hexahydrate as raw materials.The synthe-
sis of SnO₂ NPs doped with Dy³⁺ (5wt.%), Tb³⁺ (5wt.%), 
and Dy³⁺ (2.5 wt%):Tb3+ (2.5 wt%) was carried out using a 
systematic methodology similar to that employed for SnO₂ 
synthesis. Dy³⁺ and Tb³⁺ doping levels are expressed as 
molar substitution fractions (x) in Sn1−xDy(Tb)xO2, where 
Dy³⁺ and Tb³⁺ ions replace Sn4⁺ sites. For clarity, x = 2.5 
and x = 5 correspond to 2.5 and 5 wt% relative to the total 
rare-earth cation content. This convention is used consis-
tently throughout the manuscript. The raw materials Dy³⁺ 
and Tb³⁺ were prepared at the specified weight percentages, 
and tin(IV) chloride pentahydrate (0.1 M) was added to 100 
mL of Laurus nobilis L. extract to form aliquots. The sub-
sequent steps were carried out in systematic agreement with 
the synthesis of SnO₂ NPs based on the green synthesis-
assisted precipitation methodology.

2.3  Characterization

XRD spectra of undoped SnO2 and doped Tb3+ and Dy3+ 
samples were obtained at 2θ scanning between 20o and 80o 
using Philips PW-1710/00 diffractometer with Cu-Kα radia-
tion source (λ = 1.5418 Å). Thermogravimetric analysis of 
samples was performed using PerkinElmer Diamond simul-
taneous DT/TGA with a heating rate of 20 °C min− 1 under 
a controlled nitrogen atmosphere in the temperature range 
from 30 °C to 600 °C. Surface morphology analyzes were 
performed using Zeiss EVO LS 10–55 Scanning Electron 
Microscope (SEM). The PL measurements were carried out 
on powders placed in closed-cycle cryostat in the tempera-
ture range of 10–300 K. In PL measurements, the samples 
were excited with a 349  nm frequency triple Nd: YLFQ 
switched pulse laser, dispersed with a 500 mm spectrometer 
using 1200 lines/mm grating, and detected with Intensified 
Charge Coupled Device (ICCD) camera.

2.4  Antibacterial Efficiency of the Sample

The antibacterial properties of the samples were evaluated 
against Escherichia coli and Staphylococcus aureus using 
the agar diffusion method, with bacterial strains obtained 
from the Culture Collection of the Department of Veteri-
nary, Kepsut Vocational School, Balikesir University. Both 
bacteria were incubated in Nutrient Broth (Merck, Ger-
many) at 37 °C for 24 h. After incubation, E. coli was cul-
tured on MacConkey Agar (Merck, Germany) and S. aureus 
on Baird-Parker Agar, followed by incubation at 37 °C for 
24 h.

After incubation, colonies were subjected to Gram stain-
ing, oxidase, catalase, and coagulase tests, growth in TSI 
agar, and assessment of colony characteristics on the agar 
media to confirm purity [23]. Pure cultures of E. coli and S. 

aureus were then adjusted to 0.5 McFarland turbidity stan-
dard. The turbidity was verified using a spectrophotometer 
at 620 nm wavelength.

The well diffusion method was used to measure the 
bacterial efficacy of the synthesized nanoparticles. In the 
Mueller-Hinton agar, wells were prepared by placing sterile 
5 mm glass beads into the Petri dish using sterile forceps 
before pouring the agar. After the agar was poured, the glass 
beads were removed with sterile forceps, creating the wells. 
To evaluate the antibacterial properties of the samples, 
each bacterium was separately inoculated onto the surface 
of Mueller Hinton Agar (Merck, Germany) using a sterile 
swab. The samples were then placed separately in wells of 
the Mueller Hinton Agar and incubated at 37 °C for 24 h 
under aerobic conditions [24, 25].

The formation of a clear zone around the samples, indi-
cating inhibition of bacterial growth, demonstrated the anti-
bacterial activity of the samples. Samples that did not form 
an inhibition zone were considered to have no antibacterial 
effect against the tested bacteria [24].

The antibacterial activity of the synthesized samples 
was evaluated using the agar well diffusion method against 
Escherichia coli and Staphylococcus aureus. Following 
incubation, antibacterial efficacy was assessed by measur-
ing the diameters of inhibition zones (mm) formed around 
each well. The diameters of inhibition zones were measured 
in millimeters using a calibrated ruler, including the diam-
eter of the well. All measurements were recorded under 
identical experimental conditions for both bacterial species 
to enable direct comparison. As the assays were conducted 
as preliminary screening experiments, no statistical analy-
sis (e.g., standard deviation or significance testing) was 
performed. Therefore, the results were interpreted using a 
descriptive and comparative approach based on inhibition 
zone diameters. This limitation should be carefully consid-
ered when interpreting the antibacterial performance of the 
tested formulations.

3  Results and Discussion

3.1  XRD Analysis

The X-ray diffraction (XRD) measurements of SnO2 
and Dy3+ (5wt.%), Tb3+ (5wt.%), as well as Dy3+(2.5 
wt%):Tb3+(2.5wt.%) co-doped SnO2 nanoparticles were 
carried out at room temperature over the 2θ range of 
20–80⁰, employing a scanning rate of 2⁰/min. As illus-
trated in Fig. 1, the diffraction peaks are clearly observed at 
26.41⁰, 33.75⁰, 37.81⁰, 51.74⁰, 54.56⁰, 57.73⁰, 61.74⁰, 64.64⁰, 
65.87⁰, 71.26⁰ and 78.76⁰, which can be assigned to the 
(110), (101), (200), (211), (220), (002), (310), (112), (301), 
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(202), and (321) lattice planes of the tetragonal rutile-type 
SnO2 structure (JCPDS card no. 00–003-1114). The excel-
lent agreement between the experimental reflections and 
the reference standard corroborates the successful forma-
tion of the rutile SnO2 phase without the emergence of any 
impurity-related peaks, such as those of Dy2O3 or Tb2O3. 
The preservation of sharp and intense reflections further 
underscores the high crystallinity and structural integrity 
of the synthesized nanoparticles, thereby confirming that 
the rare-earth dopants were incorporated into the SnO2 lat-
tice without disrupting its long-range order. The crystallite 
size and lattice disorder of SnO₂ nanoparticles co-doped 
with Dy³⁺ and Tb³⁺ were systematically evaluated using the 
multi-line broadening approach (Debye–Scherrer), which 
allows for the reliable separation of size- and strain-induced 
contributions, similar to in-situ XRD peak profiling stud-
ies conducted on the nanoparticles. The average crystallite 
sizes and lattice distortions of the samples were determined 
as follows: for SnO₂ (D = 28.288 nm and δ = 1.249 nm−2), 
for SnO2:Dy3+(5 wt%) (D = 32.805 nm and δ = 0.929 nm−2), 
SnO2:Tb3+(5 wt%) (D = 34.881  nm and δ = 0.821  nm−2), 
and SnO2:Dy3+(2.5 wt%):Tb3+(2.5 wt%) (D = 33.089  nm 
and δ = 0.913  nm−2), respectively. The average crystallite 
sizes indicate that doping promotes grain growth. Notably, 

doping further promotes grain growth; the Tb³⁺-doped sam-
ple exhibits the largest average crystallite size, consistent 
with reduced lattice disorder.

3.2  Thermogravimetric Analysis

Thermogravimetric analysis serves as a method that eluci-
dates the thermal stability characteristics of materials. Fig-
ure 2 indicates the thermogravimetric (TG) profiles of the 
examined samples. The weight reduction of the samples 
from which TG profiles are derived can be scrutinized in 
two distinct phases. The initial weight losses recorded 
within the temperature range of 30 °C to 80 °C are presum-
ably attributable to the desorption of moisture present due 
to the conditions of growth and drying. The observed weight 
reductions occur at varying rates: 0.35% for pure SnO2, 
0.92% for SnO2:Dy3+(5wt%), 1.3% for SnO2:Tb3+(5%wt), 
and 1.1% for SnO2:Dy3+(2.5 wt%):Tb3+(2.5 wt%). The ini-
tial rates of weight loss for the doped samples were signifi-
cantly more rapid than those for pure SnO2. It can be posited 
that dopant atoms, particularly terbium (Tb3+), retain a 
greater quantity of moisture during the growth phase. A 
comparatively gradual decline in weight loss was recorded 
within the temperature spectrum of 80 °C to 600 °C for all 

Fig. 1  XRD pattern for pure 
SnO2, Tb3+, Dy3+ and Dy3+:Tb3+ 
doped SnO2 nanoparticles
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samples. The percentage variations within this temperature 
range were computed to be approximately 1.2% for pure 
SnO2, 1.4% for Dy3+-doped samples, 1.7% for Tb-doped 
samples, and 1.6% for Dy3+/Tb3+ co-doped samples, respec-
tively. The slight weight loss observed above 100 °C can be 
associated with the removal of adsorbed and weakly bound 
water molecules present on the surface of the nanoparticles, 
as well as surface hydroxyl groups. The weight loss rate 
was noted to be comparatively elevated in the Tb3+-doped 
samples, as evidenced by observations in the preceding 
temperature range. Nevertheless, given that the total weight 
loss recorded across all samples remains confined within the 
range of 1.5–3%, it can be asserted that all samples exhibit 
commendable structural and thermal stability.

3.3  SEM Analysis

The surface morphology of NPs was examined utilizing 
the scanning electron microscopy (SEM) technique. Fig-
ure 3 illustrates the SEM images alongside energy disper-
sive spectroscopy (EDS) analysis of the specimens. As 
evidenced by the SEM images, the surface morphology of 
pristine SnO2 is predominantly characterized by irregularly 
shaped, agglomerated, and dispersed particles generally 
measuring less than one micron in size. Additionally, larger 

agglomerated particles are also observed in certain regions 
of the surface. Conversely, in the Dy3+ and Tb3+ ion-doped 
samples, there is a notable coalescence of smaller particles, 
resulting in smoother surfaces adorned with micron-sized 
particles. The particle dimensions appear significantly 
larger in the Tb3+-doped samples compared to those in the 
Dy3+-doped samples. The average diameter and size dis-
tribution of the nanoparticles were determined from SEM 
images using ImageJ software. Based on the ImageJ analy-
sis, which averaged measurements from 100 individual par-
ticles, the average particle sizes of the nanoparticles were 
approximately 0.317 ± 0.306 μm for SnO2, 0.444 ± 0.425 μm 
for SnO2:Dy3+(5 wt%), 0.624 ± 0.452 μm for SnO2:Tb3+(5 
wt%), and for SnO2:Dy3+(2.5 wt%):Tb3+(2.5 wt%) 
0.561 ± 0.444, respectively. In the Dy3+/Tb3+ co-doped 
sample, the degree of agglomeration increased once more, 
causing the surface morphology to begin resembling that of 
pure SnO2.

EDS was employed to ascertain the elemental compo-
sition of the synthesized samples. The values representing 
both weight and atomic percentages for each element are 
depicted in Fig.  3. These observed percentage values are 
approximately congruent with the intended values. The 
spectral peaks corresponding to Sn, O, Dy, and Tb elements 
identified in the EDS spectra furnish compelling evidence 

Fig. 2  TG curve of pure SnO2, 
Tb3+, Dy3+ and Dy3+:Tb3+ doped 
SnO2 NPs
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regarding their compositional presence within the matrix. 
The EDS spectra obtained corroborate the findings from 
XRD analysis, indicating the successful incorporation of 
Dy3+ and Tb3+ ions into the SnO2 matrix. Furthermore, ele-
mental mapping reveals that the doping process is executed 
uniformly across the surface.

3.4  PL Analysis

RE3+ luminescent materials are widely used in many fields 
and have become one of the most important areas of RE 
applications. Therefore, the PL characteristics of RE3+ lumi-
nescent materials contain important information for many 
applications [26]. To analyze the mechanism of Dy³⁺ ion 
doping on the luminescence intensity of the samples in more 
detail, the emission spectra were tested at a wavelength of 
349  nm under Dy³⁺, Tb³⁺, and Dy³⁺/Tb³⁺ ion character-
istic excitation. Figure 4a and b show the room temperature 
emission spectrum of the Dy3+, Tb3+, and Dy3+/Tb3+ doped 
SnO2 structure and the energy level diagrams of the pos-
sible radiative transitions of Dy3+ and Tb3+ RE ions, respec-
tively. In Fig.  4a, two emission peaks belonging to Dy3+ 

were detected when the Dy3+ doped sample was excited, 
namely 4F9/2→6H15/2 (480 nm) and 4F9/2→6H13/2 (574 nm). 
These characteristic PL bands are in agreement with those 
observed in some Dy3+ and Tb3+ doped luminescent materi-
als found in the literature [27–30]. When the Tb3+ doped 
sample was excited, four emission peaks belonging to 
Tb3+ were detected, namely 5F4→7F6 (492  nm), 5F4→7F5 
(543 nm), 5F4→7F4 (583 nm), and 5F4→7F3 (619 nm) [31]. 
However, there was a Tb³⁺ emission peak with high peak 
intensity, indicating an energy transfer process between 
Dy³⁺ and Tb³⁺ ions. Due to cross-relaxation between Tb³⁺ 
and Dy³⁺ ions, when Tb³⁺ and Dy³⁺ are co-doped into the 
structure, radiation energy transfer cannot occur at the exci-
tation wavelength, indicating that Tb³⁺ ions are sensitized 
by Dy³⁺ ions. The emission intensity of Dy³⁺ (as the sen-
sitizer) decreased when it transitioned from the excited state 
to a lower level. The energy was transferred to Tb³⁺ for the 
5D₄→7FJ level transition, which significantly improved the 
green emission of 5D₄→7F₅ [32].

Low-temperature luminescence highlights radiative pro-
cesses that compete with non-radiative decay activated by 
temperature; this emphasizes quantum-coherent spectral 

Fig. 3  The SEM images with EDS and Elemental mapping of (a) pure SnO2, (b) SnO2:Tb3+, (c) SnO2:Dy3+ and (d) SnO2:Dy3+:Tb3+ nanoparticles
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features that emerge when fluorescence (fast singlet decay), 
phosphorescence (inter-system transitions to long-lived trip-
lets), and phonon coupling decrease. Understanding these 
mechanisms explains why low temperatures give rise to weak 
emission states and prolong the lifetime of triplet-mediated 
emission. Low temperature alters both spectral shapes and 
kinetics by reducing phonon coupling, slowing thermally 
activated quenching, and modifying carrier trap dynamics 
via energy transfer; these changes are directly observable in 
steady-state spectra and time-resolved decay measurements. 
Examples in organic and inorganic systems show that when 
cooled to cryogenic temperatures, phosphorescence lifetimes 

increase, new emissions emerge, and mode separation occurs. 
Low-temperature luminescence forms the basis for analytical 
thermometry, material characterization, biosensor prototypes, 
and optoelectronic research; recent trends promote ultra-long 
organic phosphorescence supported by advanced analy-
sis, limited metal cluster engineering, and multi-parameter 
luminescence thermometry [33, 34]. For an in-depth exami-
nation of the influence of temperature on the luminescence 
mechanism, the temperature-dependent photoluminescence 
(PL) spectrum and isometric plot for the SnO₂:(2.5wt%)
Dy³⁺:(2.5wt%)Tb³⁺ NPs within the temperature spectrum 
of 10 to 300 K are illustrated in Fig. 4c and d. Initially, it is 

Fig. 4  (a) PL emission spectra of SnO2 doped with terbium (Tb3+), 
dysprosium (Dy3+), and co-doped with both Dy3 + and Tb3 + nanopar-
ticles at ambient temperature, (b) Diagrammatic representation of the 
energy level structure and energy transitions of Dy3+ and Tb3+. (c) 3D 

PL emission spectra of SnO2:Dy3+:Tb3+ with temperature increments 
of 25 K across the range of 10–300 K, (d) Isometric graph of photolu-
minescence (PL) intensity as a function of wavelength and temperature 
for SnO₂:Dy³⁺:Tb³⁺ in the temperature range of 10 to 300 K
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imperative to highlight that the distributions and morpholo-
gies of the peak positions are analogous across the samples. 
Moreover, no novel spectral emission bands or pronounced 
splitting were observed. It is well-established that substan-
tial line broadening, diminished transition intensities, and 
the occurrence of unresolved peaks at elevated temperatures 
complicate the characterization of luminescence. Exami-
nation of Fig.  4c and d reveals notable intensity variances 
between the temperatures of 300  K and 10  K. As hypoth-
esized, the gradual elevation of temperature corresponds to 
a progressive decline in PL intensity, attributable to thermal 
quenching (TQ) and non-radiative losses [35, 36]. We pro-
pose that the analysis of thermal quenching mechanisms 
is predicated on the following rationale. As temperature 
ascends, the interaction of photons intensifies, and free elec-
trons residing in the lowest excited state transition back to the 
ground state through non-radiative processes at the juncture 
where the excited and ground states converge, thus resulting 
in energy dissipation from the photon energy. Further eleva-
tion of temperature engenders an increase in thermal energy. 
Correspondingly, with the augmentation of thermal energy, 
a greater frequency of non-radiative transitions is observed, 
culminating in a marked reduction in emission intensity [37]. 
As depicted in Fig.  4c, the transition of temperature from 
10 K to 150 K induced a dramatic reduction in PL intensity 
due to thermal quenching. Conversely, when the temperature 
was incrementally raised beyond 150 K, the rate of decrease 
became considerably attenuated. This observation suggests 
that luminescent materials may achieve thermal stability at 
high temperatures, making them an intriguing candidate for 
optoelectronic devices applicability.

CIE color coordinates and correlated color temperature 
(CCT) values are important parameters for determining the 
performance of industrial products/equipment and solid-
state lighting systems. Lighting characteristics comply with 
the 1931 CIE color coordinates, and the color of any light 
source can be marked and represented at its (x, y) coordi-
nates in this color space; this can be used to measure and 
represent the light color level of luminous materials [38, 
39]. In general, color temperature (CCT) can be obtained 
from the following formula data [40].

CCT = −437n3 + 3601n2−
6861n + 5524.31

n = x − 0.3320
y − 0.1858

 where n represents the parameter, and x and y represent 
the chroma coordinates. CCT values were calculated at 
excitation wavelengths with different dopant types and 
concentrations.

Following the PL spectra presented in Fig.  4a and c, 
and 4d, the luminescent materials excited at 349 nm were 
evaluated, and the corresponding two-dimensional CIE 
diagram is shown in Fig. 5a and b. The CIE (x, y) values 
calculated based on room temperature and temperature are 
listed in Tables 1 and 2. Compared to undoped SnO₂, the 
(x) and (y) color coordinates of the Dy³⁺, Tb³⁺, and Dy³⁺/
Tb³⁺ nano-phosphors at the 349 nm excitation wavelength 
are (0.311, 0.316), (0.308, 0.319), and (0.312, 0.329), rep-
resenting neutral white light emission. Furthermore, low-
temperature measurements cause a noticeable change in the 
CIE coordinates. Temperature-dependent CIE coordinates 
were determined for the equally doped sample. Due to the 
significant ET between Tb3 + and Dy3+, the emission color 
of the equally doped nano-phosphor (2.5%wt Dy3+/2.5%wt 
Tb3+) shifts from the white spectral region (0.312,0.329) at 
room temperature to the yellowish-green spectral region 
(0.310, 0.368) as the temperature decreases towards 10 K. 
In phosphor structures doped with both Tb³⁺ and Dy³⁺, the 
overall emission colors can be shifted from warm white to 
the yellowish-green spectral region, offering more applica-
tion options [41].

3.5  Antibacterial Efficiency of Structures

Metal and metal oxide nanoparticles derived from plant 
extracts exhibit excellent stability over extended periods 
[42]. All tested SnO₂-based samples incorporating Laurus 
nobilis extract exhibited measurable antibacterial activity 
against both Escherichia coli and Staphylococcus aureus, as 
indicated by the formation of inhibition zones. A compara-
tive evaluation of inhibition zone diameters revealed distinct 
response patterns between the two bacterial species. Against 
E. coli, inhibition zones varied between 6 and 10  mm, 
indicating differential antibacterial performance among 
the tested samples. The SnO₂:2.5 Dy3+:2.5 Tb3+ formula-
tion exhibited the largest inhibition zone (10  mm), while 
undoped SnO₂ showed the lowest activity (6 mm), and the 
remaining doped samples demonstrated intermediate effects 
(8 mm). These findings suggest a modest variation in anti-
bacterial activity depending on nanoparticle composition. 
In contrast, all samples produced identical inhibition zone 
diameters (10 mm) against S. aureus, indicating a uniform 
antibacterial response irrespective of compositional differ-
ences. This lack of variation suggests that, under the applied 
experimental conditions, nanoparticle modification did not 
result in a measurable differentiation in activity against this 
organism.

When both bacterial species are directly compared, S. 
aureus appears to exhibit relatively higher susceptibility 
under the tested conditions, as reflected by uniform and rela-
tively larger inhibition zones compared to the more variable 
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and, in some cases, smaller zones observed for E. coli. This 
difference may be attributed to fundamental structural dis-
tinctions between Gram-positive and Gram-negative bacte-
ria, particularly the presence of an outer membrane in E. 
coli, which can act as a permeability barrier to antimicrobial 
agents. Therefore, the present findings should be considered 
preliminary and primarily indicative of comparative anti-
bacterial tendencies under the tested conditions.

It should be noted that the observed differences in inhi-
bition zone diameters are relatively limited in magnitude. 
Furthermore, as the measurements were obtained from pre-
liminary screening experiments, the results should be inter-
preted as indicative of general trends rather than statistically 
validated differences. Additional studies incorporating repli-
cate experiments and quantitative statistical analysis would 
be required to confirm and further substantiate these obser-
vations. Also all compounds has the same zone diameter 
against S. aureus. The inhibition zone diameters produced 
by SnO2 and Laurus nobilis L. extract compounds against 
both bacterial strains are summarized in Table 3, while rep-
resentative images of the zones are illustrated in Fig. 6.

The antibacterial activity of SnO2 NPs can be explained 
by several mechanisms as follows. The antimicrobial activ-
ity of SnO₂ NPs is attributed to the presence of superox-
ide and hydroxyl radicals, which lead to the formation of 
H₂O₂. The hydrogen peroxide penetrates the cell, disrupt-
ing the composition of the cytoplasm, ultimately inhibiting 

Table 1  The CIE coordinates and CCT values of pure SnO2, 
SnO2:Tb3+(5%wt.), SnO2:Dy3+(5%wt.) and SnO2:Dy3+(2.5%wt.):Tb3

+(2.5%wt.) luminecent materials at room temperature
Sample CIE chromaticity coordi-

nates (x, y)
CCT 
value 
(K)

SnO2 0.264 0.309 6164
SnO2:Tb3+(5wt.%) 0.308 0.319 6718
SnO2:Dy3+(5 wt%) 0.311 0.316 6869
SnO2:Dy3+(2.5 wt%): Tb3+(2.5 
wt%)

0.312 0.329 6542

Table 2  The CIE coordinates and CCT values of SnO2:Dy3+(2.5wt.%): 
Tb3+(2.5wt.%) nanoparticles from 300 K to 10 K
Temperature (K) CIE chromaticity coordinates 

(x, y)
CCT value (K)

300 0.312 0.329 6542
275 0.312 0.330 6490
250 0.312 0.329 6498
225 0.313 0.330 6472
200 0.313 0.332 6461
175 0.314 0.336 6385
150 0.314 0.340 6347
125 0.315 0.342 6300
100 0.315 0.348 6228
75 0.316 0.356 6177
50 0.316 0.363 6147
25 0.316 0.368 6134
10 0.31 0.368 6134

Fig. 5  (a) CIE coordinate diagram of all samples at room temperature, (b) Temperature dependent CIE coordinate diagram of SnO2:Dy3+(2.5%wt.): 
Tb3+(2.5%wt.)
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the survival of the microorganism [43, 44]. Another pro-
posed mechanism involves SnO₂ NPs inducing damage 
to bacterial cell membranes, thereby increasing membrane 
permeability and facilitating the leakage of intracellular 
constituents. This disruption can result in structural mem-
brane damage and the formation of pores, ultimately com-
promising cellular integrity and leading to bacterial cell 
death [44]. Compared to the zone diameters reported by 
Gopal et al. [45] against E. coli and S. aureus, the results of 
this study were found to be similar for E. coli, but showed a 
larger zone diameter against S. aureus than that reported by 
Gopal et al. [45]. In the study conducted by Muhammed et 
al. [44], it was reported that the material was most effective 
against E. coli. In contrast, the findings of the present study, 
based on the measured zone diameters, indicate greater 
effectiveness against S. aureus. The antibacterial activity 
of the SnO2 molecule against Staphylococcus aureus and 
Escherichia coli, as reported by Pandimurugan and Sanka-
ranarayanan [46], aligns with the findings observed in the 
present study. According to the zone diameters against E. 
coli and S. aureus reported in the study by Haq et al. [43], 
this study demonstrated larger zones of inhibition in mil-
limeters for both bacteria. John et al. [47] reported the anti-
bacterial activity of SnO2 nanoparticles against E. coli and 

S. aureus by measuring inhibition zone diameters. When 
compared to their study, similar results were observed for 
E. coli, whereas in the present study, a stronger antibacterial 
effect was noted against S. aureus.

Laurus nobilis is known to possess antimicrobial, cyto-
toxic, and immunomodulatory properties. Its essential oil 
contains compounds such as eucalyptol, α-terpinyl acetate, 
linalool, methyl eugenol, sabinene, and carvacrol. The 
composition and properties of the essential oil can vary 
depending on factors such as the country of harvest, alti-
tude, duration of sunlight exposure, and harvesting condi-
tions. These essential oil components of L. nobilis exhibit 
strong antibacterial activity against both Gram-negative 
and Gram-positive foodborne pathogens (such as Salmo-
nella, Staphylococcus aureus, Escherichia coli, and Listeria 
monocytogenes), as well as spoilage bacteria (Pseudomonas 
aeruginosa) and also demonstrate antifungal effects [48].

One of the important properties of essential oils and their 
components is their hydrophobicity, which enables them to 
interact with the lipid components of bacterial cell mem-
branes and mitochondria. This interaction disrupts the cell 
structures, increasing their permeability. The antimicrobial 
activity of essential oils depends not only on their chemi-
cal composition but also on their lipophilic properties, the 

Fig. 6  (A) SnO2, (B) 
SnO2:5wt%Dy3+, (C) 
SnO2:5wt%Tb3+, and (D) 
SnO2:2.5wt%Dy3+:2.5wtTb3+ 
nanoparticles showing inhibition 
zones against E. Coli (left) and S. 
Aureus (right) with antibacterial 
activity

 

SnO and Laurus nobilis L. extract 
compounds

Codes of SnO and Laurus 
nobilis L. extract com-
pounds in study

Zone diameters 
against E. coli 
(mm)

Zone diam-
eters against 
S. aureus 
(mm)

SnO2 A 6 10
SnO2:5wt.%Dy3+ B 8 10
SnO2:5wt.%Tb3+ C 8 10
SnO2:2.5wt.%Dy3+:2.5wt.Tb3+ D 10 10

Table 3  Zone diameters of SnO2 
and Laurus nobilis L. extract 
compounds against E. coli and S. 
aureus
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strength of functional groups, and their aqueous solubility. 
A mixture of compounds with different biochemical proper-
ties can enhance the overall effectiveness of essential oils 
[48].

Phytochemicals are employed for the reduction and 
stabilization of nanoparticles. These phytochemicals may 
enhance the antibacterial activity of the nanoparticles by 
initiating or accelerating a series of events, including the 
generation of reactive oxygen species (ROS), disruption of 
biofilm formation, compromise of cell membrane integrity, 
enzyme inhibition, and protein denaturation [48]. The larger 
zone of inhibition against S. aureus observed in this study, 
compared to the studies referenced, supports this finding. 
This can be explained by the fact that the composition and 
properties of the essential oil may vary depending on factors 
such as the country of harvest, altitude, duration of sunlight 
exposure, and harvesting conditions.

4  Conclusion

As a result, undoped and Dysprosium (Dy3+), Terbium 
(Tb3+) doped Tin Oxide (SnO2) NPs were synthesized using 
a green synthesis-supported co-precipitation approach and 
subsequently characterized employing X-ray Diffraction 
(XRD), Thermogravimetric Analysis (TGA), Scanning 
Electron Microscopy (SEM), Energy Dispersive Spectros-
copy (EDS), and Photoluminescence (PL) measurements. 
The XRD and EDS analyses substantiated the successful 
integration of Dy3+ and Tb3+ elements within the SnO2 host 
matrix. TGA analyses, wherein only a weight loss of 1–3% 
was recorded within the 30–600  °C temperature interval, 
validated the elevated thermal stability of the synthesized 
samples. The PL spectra for both Dy3+/Tb3+-doped samples 
exhibited distinct sharp peaks that corresponded to the tran-
sitions from excited states to ground states of Dy3+ and Tb3+ 
ions. It was noted that the PL intensities associated with the 
transitions of the Dy3+/Tb3+ ion in co-doped SnO2 mark-
edly increased in comparison to those of the singly doped 
samples. This observation indicates a more efficient energy 
transfer mechanism occurring from Dy3+ to Tb3+. The tem-
perature-dependent behavior of the emission characteristics 
of co-doped SnO2 was further investigated. From the color 
coordinates, it was determined that the emission color of the 
doped SnO2 samples resides within the white spectral region 
at room temperature, while shifting toward the yellowish-
green region at cryogenic temperatures (10 K), suggesting 
promising color tuning potential for low-temperature opto-
electronic applications. The findings of this study clearly 
demonstrate the color tunability of the synthesized samples 
and show that they exhibit promising color tuning potential 
suitable for yellowish-green light-emitting diodes (LEDs) 

at cryogenic temperatures. Additionally, NPs containing 
SnO2 and Laurus nobilis L. extract exhibited effective levels 
of antibacterial activity against E. coli and S. aureus at all 
concentrations; however, the antibacterial activity of these 
compounds was observed to be more effective against S. 
aureus than against E. coli.
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