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Abstract

Calcium aluminate phosphor nanomaterials co-doped with europium and dysprosium, (CaAl,Os:
Eu?*, Dy*") were prepared using a facile solution combustion technique. The structural and optical
properties were investigated. The X-ray diffraction (XRD) results confirmed the presence of the
monoclinic phase in all the samples. The Fourier-transform infrared analysis gave the expected chemical
combustion results of the final product with few traces of Ca3Al,Os impurities at low and very high
Potential of Hydrogen (pH). The XRD patterns showed the presence of an impurity phase at low pH. This
impurity phase was caused by preferential precipitation in the starting mixture due to a lack of
homogeneity in the precursor mixture between the urea and metallic ions hence poor combustion. The
diffraction angles of the major peaks shifted to lower 20 for all the samples except for the sample
synthesized at pH = 3.4 which shifted to higher 20. The crystallite sizes of the as-prepared samples were
determined using the Debye-Scherrer equation. It was noted that there was variation in the crystallite
sizes with a change in pH. The effect of pH was also observed in the Ultraviolet-Visible (UV-Vis)
studies. It was also noted that the band gap increased with an increase in pH from 2.9 to 4.5. Scanning
electron microscope (SEM) micrographs showed that all samples were agglomerated and had irregular
shapes with pores and cracks. The study provides a simple route to synthesize CaAl,O4: Eu?*, Dy*"
phosphors with the optimum synthesis pH producing the most crystalline sample for application in
lighting devices.
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Introduction

Phosphors are solid-state materials that exhibit the phenomenon of luminescence, whereby they
emit light upon excitation. These materials can exist as finely divided powders or as thin films.
Luminescence occurs when phosphors absorb energy in the form of ultraviolet (UV) radiation, visible
light or thermal radiation, subsequently re-emitting this energy within the visible spectrum [1]. The
luminescent properties of phosphors are governed by their composition, which typically includes a host
lattice doped with specific activator ions. The host lattice is often composed of alkaline earth metal
aluminates such as calcium aluminate (CaAl;Os), barium aluminate (BaAl,O4) and strontium aluminate
(SrAL,O4) [2]. The activator ions, which are responsible for the luminescence, are commonly rare earth
elements, including europium (Eu), dysprosium (Dy) and neodymium (Nd). These dopants introduce
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electronic energy levels within the bandgap of the host lattice, facilitating the absorption and subsequent
emission of light. Phosphors are crucial in technology and industry due to their luminescent properties,
converting energy into visible light. Their emission wavelengths can be tailored, ensuring optimal
visibility. Phosphors exhibit high durability and stability against environmental factors, maintaining
performance in various conditions. Additionally, their versatility allows integration into different
materials [3]. They are essential in display screens, LEDs, and fluorescent lamps, enhancing visual
technology and lighting efficiency. In medical imaging and radiation detection, phosphors enable precise
diagnostics by emitting light in response to X-rays or radiation [4]. Additionally, they play a vital role in
security, environmental monitoring, and scientific research through their ability to detect and measure
various phenomena. In recent years, researchers have focused on phosphors because of their suitability in
many industrial applications including emergency guidance during intentional blackouts, in light emitting
devices, fluorescence lamps, watches, demarcation of loads and radiation dosimeter [5,6]. pH
optimization enhances their performance by improving crystallinity and phase purity, leading to higher
luminescence efficiency and controlling particle size and morphology for consistent optical properties.

Intense broad-band emission from the deep blue to red region of the electromagnetic spectrum is
typically displayed by phosphors doped with Eu?* and Dy** [7]. The allowed transition between the 4d°5f!
excited state to 4d” ground state of Eu?* is responsible for the luminescent emission observed. Eu?* forms
shallow trap below the conduction band and when electrons are excited, they are promoted to the
conduction band then trapped in the shallow traps [8]. Adding Dy>* as a co-dopant, will lead to formation
of intermediate traps and deeper traps which can capture more electrons and hence leading to longer
afterglow of the phosphor [9]. CaAl,O4 is said to have a dominant hexagonal structure that remains
unchanged even after doping from rare earth metal/lanthanide, Europium ion (Eu?")[10]. The long-time
used Sulphide phosphors are inferior to aluminate (Al,O4) phosphors doped with Eu?* dopant [11]. Zinc
Sulphides phosphors (ZnS; Cu) have been used as luminescent materials but due to their very short decay
time, they are doped with radioactive isotopes to improve luminescence, which makes them harmful. This
made the use of this type of phosphor prohibited hence there was a need to replace them [12]. The dopant
emits a broadband spectrum since the dopant undergoes electron transition from 4f° 5d! to 4f”. This is
because the excited Eu?" ion is very unstable in a changed lattice structure [11].

Alkaline-earth aluminate phosphors exhibit long photoluminescence intensity for a long period and
are chemically stable [13], hence our interest in CaAl,O4:Eu?" phosphor. It emits maximum spectra, blue
in color, at 490 - 495 nm as Eu?" undergoes electron transition. However, co-doping done using other ions
of the rare earth metal group leads to emission spectra within the green region at a maximum wavelength
of 500 nm [14]. The co-doping of CaAlOs: Eu*" phosphor with other ions of the rare earth metal group
generates deeper traps, hence longer afterglow phosphorescence [14].

Researchers have come up with many methods for the synthesis of phosphor materials. These
methods include microwave-assisted chemical precipitation method for the synthesis of CaAl,O4: Eu?",
Nd** [15], Sol-gel method which was adopted in the synthesis of Ba,SiO4: Sm** [16], hydrothermal
synthesis method used in the synthesis of BisGe3O12: Eu** phosphors [17] and solid -Sate reaction method
[18]. In this study, the solution combustion technique was utilized as the method of choice for the
synthesis of CaAl,O4: Eu?*, Dy*". Compared to other methods, the combustion method helps to control
the amount of each component, gives a uniform mixture, needs low synthesis temperature and takes a
short time [11].

The host matrix and synthesis conditions affect the structural and optical properties of phosphors.
pH significantly affects the structural properties of CaALOs: Eu?*, Dy’'nanoparticles by influencing
crystallinity, particle size and morphology through its control of nucleation and growth processes. pH
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affects the preferential precipitation of the phosphor at low pH for example, there is no complete
combustion, and hence the Ca and Al will not be completely precipitated giving rise to poorly developed
crystal impurity alongside the pure crystal. In a research done by Shafia e al. [19], on SrALOs: Eu®’,
Dy?** phosphor, it was noted that at pH around the 3 - 5, there was complete combustion and pure crystal
was formed. At very high pH, there was preferential precipitation of aluminum oxohydroxide in the
precursors solution owing to the formation of impurities. It is worth noting that at neutral pH aluminum
trihydroxide (Al (OH); starts to precipitate and at certain conditions, water molecule was also lost from
aliminium trihyroxide forming AIO(OH) leading to poor homogeneity and formation of suitable complex
at high pH. The luminescence properties of phosphors are greatly influenced by pH. pH significantly
impacts the optical properties of CaAl,O4: Eu?*, Dy* nanoparticles by affecting defect concentration,
which influences luminescence efficiency, and altering the local environment of dopant ions, modifying
emission intensity and wavelength. The excitation intensity slowly increases with an increase in pH [20].
pH variation to a great extent affects the morphology of the sample which in turn affects the luminescence
properties hence affecting the application suitability in different fields [21]. Although the
phosphorescence of CaAl,O4: Eu?" is known, information about the effect of different dopants and other
synthesis conditions is paucity of information. This study seeks to investigate the influence of pH on the
structure and optical properties of CaAl,O4: Eu?", Dy*" nanoparticles. Investigating the effects of pH on
the structural and optical properties of CaAl,Os: Eu**, Dy*" nanoparticles is of significant novelty and
importance. Understanding pH’s impact on these nanoparticles can lead to optimized synthesis
conditions, enhancing their luminescent efficiency and stability. This research can reveal crucial insights
into the tunability of their properties for various applications, such as advanced lighting, display
technologies and bio-imaging. By exploring this relationship, we can potentially develop superior
phosphor materials with tailored characteristics for specific industrial and technological needs.

Experimental procedure

Eu?" doped and Dy** co-doped, calcium aluminate phosphor was synthesized using the combustion
method with slight modification[23-26]. The starting materials consisted of the analytical pure grade of
AI(NOy)2-9H,0, Ca(NO,),, Dy(NO3);3, Eu(NO3)3-5H,0 and urea (CO(NH>),) as the fuel all obtained from
MERCK in analytical purity of 99.9 % and used as received. The precursors were prepared with ratios of
Ca(NOy); and AI(NO,)'9H,O kept constant at 1:2 mol%. The doping concentrations of Eu?*
and Dy>* were also kept constant at 0.2 mol%. To investigate the effects of pH, ammonium carbonate
(NH4).COj3; was added in different amounts to vary the pH of the solution.

Five samples were prepared with pH of 2.9, 3.0, 3.4, 3.9 and 4.5. The doping concentrations of both
Eu?', Dy*" was also kept constant at optimum concentration and synthesized at a constant muffle furnace
temperature of 500 °C. Using a magnetic stirrer, the precursors were mixed for 15 min at room
temperature to obtain a homogeneous solution. The solution was then poured into crucibles and placed in
a muffle furnace preheated at 500 °C. The solution boiled then evaporated, and decomposed with the
release of gases (oxides of nitrogen, carbon and ammonia) smoke and fumes. Spontaneous ignition then
occurred followed by combustion with vast swelling and white foam was produced. The foam produced
was cooled to room temperature and milled to form the final product.

To study the effects of pH on the structural and optical properties of CaAl,Os: Eu?*, Dy**
nanoparticles, several experimental techniques are essential. The samples were further characterized using
various analytical techniques. JEOL JSM-7500F field emission scanning electron microscope (FE-SEM)
was used to investigate the product particles’ morphologies. Perkin-Elmer Lambda 750S UV-Vis
spectrometer was used to record the UV-Vis absorption spectra of the phosphor material. The crystallinity
and phase of the samples were investigated using an X Pert PRO PANalytical XRD diffractometer with
CuKa at A = 0.15405 nm to obtain the samples’ X-ray diffraction (XRD) patterns. The consistency of the
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sample components and the type of bonds present was investigated using an FT-IR360 infrared
spectrometer using KBr pellets in the region of 4,000 - 400 cm™'.

Results and discussion

Fourier Transform Infra-Red (FTIR) analysis

Figures 1(a) - 1(d) shows the FTIR patterns of CaAl,O4: Eu?’, Dy** synthesized at pH of 2.9, 3.0,
3.9 and 4.5, respectively. In the region 462 to 579 cm ™!, traces of Ca3Al,Os phase are detected [27]. From
Figure 1, a strong band at 1,428.79 cm™ for pH = 2.9 in Figure 1(a), 1,432.58 cm™! for pH = 3.0, in
Figure 1(b), 1,430.09 cm™! for pH = 3.9 in Figure 1(c) and 1,421.65 cm™! for pH = 4.5 in Figure 1(d).
These bands are attributed to nitrate (NOs") vibrations usually observed between 1,250 to 1,650 cm™' [28].
The stretching vibration of AlO4 is observed at 827.69, 810.17, 818.23 and 781.81 cm™! for pH 2.9 in
Figure 1(a), 3.0 in Figure 1(b), 3.9 in Figure 1(c) and 4.5 in Figure 1(d), respectively while the
stretching vibrations of the metal oxides of Al-O, Ca-O and Ca-O-Al bonds are seen at 573.63 cm™! for
pH = 2.9 in Figure 1(a), 579.09 cm™! for pH = 3.0 in Figure 1(b), 462.66 and 571.18 cm™! for pH = 3.9
in Figure 1 and 571.76 cm™! for pH = 4.5. The absorption bands of AlO4 are seen in the region between
680 - 500 cm ™! [29]. Absorption bands of 3,704.39 cm™' (Figure 1(¢)) and 3,679.44 cm™! (Figure 1(d))
are associated with symmetric stretching vibration of water vapor absorbed by the samples from the
atmosphere.

X-Ray Diffraction (XRD) analysis

To get information about the crystal structure of as-prepared CaAl,O4: Eu?*, Dy3", x-ray diffraction
(XRD) measurements were determined. The XRD patterns of CaAl,O4: Eu?*, Dy** synthesized at pH of
2.9, 3.0, 3.4, 3.9 and 4.5 are shown in Figure 2. The powders’ XRD patterns are dominated by the
monoclinic phase diffraction peaks of CaAl,O4 and all the peaks can be indexed to the typical monoclinic
CaAl,O4 phase matching with the ICDD data file no. 069 - 0033 for orthorhombic structure.
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Figure 1 FTIR spectra of CaAl,O4: Eu?*, Dy*" synthesized at pH of (a) 2.9, (b)3.0, (c)3.9, (d) 4.5 and (e)

for combined.
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Figure 2 XRD patterns for CaAl,O4: Eu?**, Dy*" phosphor synthesized at different pH values.

From Figure 2, the XRD patterns showed the presence of a few impurity phases (shown by red
inverted v) at low pH (pH < 3.9). This impurity phase is caused by preferential precipitation in the
starting mixture due to a lack of homogeneity in the precursor mixture between the urea and metallic ions
hence poor combustion. A similar observation was also noted by Hsu and Lu [30] in their work on the
influence of pH on the formation and luminescence properties of sol-gel derived SrAL,O4: Eu?', Dy*"
phosphor. They reported the presence of impurity phases in samples prepared at low pH levels (below 3),
but these impurity phases diminished as the pH increased [31]. The diffraction angles of the major peaks
shift to lower 28 for all the samples except for the sample synthesized at pH = 3.4 which shifts to higher
20 as shown in Figure 2 and Table 1. Shifting the diffraction angle to a higher 26 shows the presence of
compressive stress while shifting to a lower 20 shows the presence of tensile stress in the samples [22].
The sample synthesized at pH = 3.0 had the highest intensity of 143 cps deg. as shown in Table 1.

Table 1 Summary of full width at half maximum (FWHM) intensity and 20 values of the highest
diffraction peaks for CaAl,O4: Eu?’, Dy** phosphor synthesized at different pH.

pH 20 (deg) Intensity (cps deg) FWHM(deg)
2.9 33.686 140 0.147
3.0 33.604 143 0.18
34 33.811 128 0.170
3.9 33.702 130 0.276

4.5 33.701 133 0.152
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The crystallite size (D) of the product obtained was determined using Debye-Scherrer’s equation

(Eq. (1))

_ Ka
- BcosHO

(M

where D is the Crystallite size, A is the wavelength of CuKa radiation (0.154 nm), f is the full width at
half maximum (FWHM) broadening, 0 is the Bragg’s diffraction angle and K is shape factor (0.9) [1].

Table 2 Summary of calculated values using equation (1) for CaAl,O4: Eu?*, Dy*" phosphor synthesized
at different pH.

B (rad) 0 (rad) Average (nm)
pH P (deg) 26 (deg) 0 (deg)
(Bx<11/180) (0xI1/180)
0.147 0.002565634 33.686 16.843 0.293965806
2.9 0.197 0.003438299 18.431 9.2155 0.160840817 46.1313751
0.200 0.003490659 30.070 15.035 0.262410253
0.180 0.003141593 33.604 16.802 0.293250221
3.0 0.187 0.003263766 18.373 9.1865 0.160334672 40.66355469
0.250 0.004363323 30.028 15.014 0.262043734
0.170 0.00296706 33.811 16.9055 0.295056637
34 0.188 0.003281219 18.531 9.2655 0.161713482 50.12199899
0.140 0.002443461 30.150 15.075 0.263108385
0.276 0.004817109 33.702 16.851 0.294105432
3.9 0.231 0.004031711 18.427 9.2135 0.160805911 31.78077088
0.270 0.004712389 30.040 15.02 0.262148454
0.421 0.007347836 33.702 16.851 0.294105432
4.5 0.152 0.0026529 18.412 9.206 0.160675011 29.58692634
0.510 0.008901179 30.136 15.068 0.262986212

The estimated crystalline size and other calculated values of most 3 intense peaks using Eq. (1) are
shown in Table 2. The average estimated crystalline size of the obtained phosphors was, 46.13, 40.66,
50.12, 31.78 and 29.57 nm for CaAlL,O4: Eu?", Dy*" synthesized at pH of 2.9, 3.0, 3.4, 3.9 and 4.5,
respectively. The analysis of the data reveals that the estimated crystallite size of the samples synthesized
at lower pH values (specifically, pH < 3.9) is significantly larger compared to those synthesized at higher
pH values (pH > 3.9). The large crystal size means that the crystal has very low strain and dissolution
while the small crystal size means that the crystal has high strain and dissolution which could be
attributed to preferential precipitation of starting material in the product due to poor ignition at low and
high pH [32]. The sample synthesized at a pH equal to 4.5 had the smallest crystalline size and hence pH
= 4.5 peaked as the best synthesis pH.

UV-Vis analysis
The optical properties of the as-prepared CaAl,O4: Eu?*, Dy*" synthesized at pH of 2.9, 3.9 and 4.5
were determined for the aliquots drawn from the freshly prepared sample using UV-Vis
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spectrophotometer with excitation wavelengths ranging from 200 to 500 nm. The data obtained was used
to plot the graphs in Figure 3.

235nm ——pH=29
—pH=3.9
pH=4.5
El
S
8
c
§ 226 nm
® 240 nm
0054 \—
0-00 T T T T T 1 L 1 bl 1 .
200 250 300 350 400 450 500
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Figure 3 Absorption edges for representative samples of CaAl,O4: Eu?*, Dy3* phosphor synthesized at
different pH values.

From the graph, it can be seen that the sharp absorption edges shift with a change in pH. From pH
2.9 to 3.9, the absorption edge shifts to a lower wavelength while the absorption edge from pH 3.9 to pH
4.5 shifts to a longer wavelength. The shifting of the absorption edge to a lower or longer wavelength
may be caused by a change in pH hence slight lattice expansion ([33]). To calculate the optical band gap
energy of the as-prepare CaAl,O4: Eu?', Dy*" material, Tauc and Daviss-Mott relation (Eq. (2)) [34] and
Tauc plot (Figure 4) was used.

(ahv)" = K(hv = Eg) (2)

where « is absorption coefficient, hv is incident photon energy, K is energy-independent constant and

Eg is the optical band gap energy of the material. In the above equation, the exponent: “n” represent the
nature of the transition [35]. For direct band gap n = 2 and for indirectn = % In the Tauc plot, the band

gap energy was estimated by plotting (ahv)™ against hv. Wavelength from the UV-Vis spectroscopy was
converted to energy and the absorbance coefficient (o) was calculated from absorbance data. To get
(ahv)™ plotted in the y-axis, hv was taken as incident photon energy and alpha (o) calculated from
absorbance data using Beer-Lambert law (Eq. (3)).

[ =Jloe™™ 3)
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where I is the intensity of transmitted light, lo is the intensity of incident light, ot is the absorbance
coefficient and t is the path length of the light in which absorbance took place. A tangent line on the curve
where a = 0 was then drawn and the point where it touches the x-axis is taken as the optical band gap of

the material.
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Figure 4 Tauc plot for CaAl,O4: Eu?*, Dy*" phosphor synthesized at different pH.

Table 3 A summary of Absorption edge and calculated values of Bandgap using Eq. (2) for CaAl,Os:
Eu?', Dy** phosphor synthesized at different pH.

pH Absorption edge (nm) Band gap (eV)
2.9 240 3.8
3.9 226 5.0
4.5 235 5.4

From Table 3 and Figure 4, it is noted that the band gap increases with the increase in pH from pH
= 2.9 (3.8) to pH = 4.5 (5.4). The increase in the band gap shows that there is less delocalization and
defects in the samples’ structural system [36]. The sample synthesized at pH = 3.9 had a band gap of 5.0
(bulk band gap). Similar observations were reported by Kumar et al. [37] in their work on the adsorption
of hazardous methylene blue from an aqueous solution using combustion-derived CaAl,O4: Eu*" [37]. It
should be noted that the band gap of the sample synthesized at pH = 4.5 had the largest band gap of 5.4
and hence admirable.

Scanning electron microscope analysis

The SEM images of the as-synthesized CaAl,O4: Eu?’, Dy**are shown in Figure 5. Figure 5(a)
shows the SEM image for CaAl,O4: Eu?", Dy*" phosphor synthesized at pH = 4.5 while Figure 5(b)
shows the SEM image for CaAl,O4: Eu?", Dy*" phosphor synthesized at pH = 3.9. The SEM micrographs
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(Figure 5) showed that the sample synthesized at pH = 4.5 has a much smaller particle size, is less
agglomerated, and has more cracks and poles compared to the sample synthesized at pH = 3.9.

/

. ” L -
SM: RESOLUTION = SEM MAG: 50.0 kx MIRA3 TESCAN SM: RESOLUTION = SEM MAG: 50.0 kx L

SEM HV: 5.0 kV WD: 8.14 mm 1pm SEM HV: 5.0 kV WD: 8.09 mm 1pm
Det: In-Beam SE  Date(m/dly): 09/29/23 Electron Microscope Unit Det: In-Beam SE  Date(m/dly): 09/29/23 Electron Microscope Unit

Figure 5 Representative SEM images for CaAL,O4: Eu?*, Dy*" phosphor synthesized at (a) pH = 4.5 and
(b) pH=3.9.

The micrographs also show that the particle shape changed from hexagonal-like to flower like with
increase in pH. This observation can be attributed to an increase in crystallinity while pH is increased.
The cracks and poles may be caused by the escaping gases during combustion which help in the
formation of nano-crystallite material as the sintering of the phosphor is avoided as a result of the
dispersion of heat by escaping gases [38]. More cracks and poles are seen in the phosphor synthesized at
pH = 4.5 indicating that there was complete combustion due to a high degree of ignition in the muffle
furnace leading to more exothermic reaction causing high temperature and more volume of produced
gases. The agglomerates have non-uniform sizes and shapes due to irregular mass flow and non-uniform
distribution of temperature during synthesis. This confirmed that the sample synthesized at pH = 4.5
obtained better combustion than that synthesized at pH = 3.9 and hence better morphology.

Figure 6 shows the EDS results and a point spectrum for CaAl,O4: Eu?*, Dy>* phosphor synthesized
at pH = 4.5. The EDS results shown in Figure 6 indicate that the elements of the phosphor for all samples
are components of O, Al and Ca indicating that the phase of the final product was made of calcium

aluminate.
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Figure 6 Representative EDS results from a point spectrum for CaAlLOs: Eu?’, Dy** phosphor
synthesized at pH = 4.5.

Photoluminescence of CaAl:Q4: Eu?*, Dy** phosphors

To enhance the photoluminescence (PL) properties, and long afterglow of CaAl,O4, Eu?* and Dy>*
ions are used [39]. To explain the cause of these properties, trap and hole mechanisms have been adopted.
In the trap mechanism, the allowed transition between the 4{°5d' excited state to 4f” ground state of Eu?*
is responsible for the luminescent emission observed. Eu?’ forms a shallow trap below the conduction
band and when electrons are excited, they are promoted to the conduction band and then trapped in the
shallow traps [8] as depicted in Figure 7. The host material can also have intrinsic traps which can
sometimes trap electrons [40]. These intrinsic traps are formed during the synthesis as gases escape. Ca*
ions can be substituted by Eu*" and Dy>" ions because they have similar ionic radii. This substitution leads
to the disruption of the charge balance causing the formation of cationic vacancies where electrons are
captured to maintain the charge neutrality [9]. Introducing the Eu®"ions as a dopant in the host material
will lead to the formation of shallow traps below the conduction band where electrons can be trapped and
re-trapped increasing the luminescence persistence. Adding Dy>" as a co-dopant will lead to the formation
of intermediate traps and deeper traps which can capture more electrons and hence lead to a longer
afterglow of the phosphor.
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Figure 7 A schematic representation of PL mechanism in Eu?'doped and Dy*'co-doped CaAl,O4
phosphor.

Conclusions

The synthesis of CaAlLOs: Eu?", Dy*" phosphor using the combustion method was successfully
conducted, and the structural and optical properties of the samples synthesized at varying pH levels were
analyzed using FTIR, XRD and UV-V is spectroscopy. Scanning electron microscopy was also employed
to examine the morphology of the samples. The study shows that CaAl,Os: Eu?', Dy*" phosphor
synthesized at pH of 4.5 gave optimum synthesis pH producing the most crystalline sample for use in
lighting devices. By meticulously controlling the pH levels during synthesis, researchers can finely tune
the crystalline structure and luminescent properties of these nanoparticles. This precision enables
optimization of their performance in optoelectronic devices, including light-emitting diodes and displays,
by tailoring emission characteristics such as color purity and brightness. Furthermore, the ability to
modulate pH facilitates the enhancement of luminescence efficiency, thus rendering these phosphors
promising candidates for applications in biomedical imaging, security features and energy technologies.
This study underscores the pivotal role of synthesis conditions, particularly pH, in dictating the properties
of phosphors, exemplified by CaAl,O4: Eu?**, Dy*" nanoparticles. By systematically varying the pH
during synthesis, researchers demonstrated pronounced alterations in the structural and optical
characteristics of the resulting nanoparticles. This observation highlights the sensitivity of phosphor
properties to subtle changes in synthesis parameters, underscoring the importance of precise control over
synthesis conditions to tailor the properties of phosphors for specific applications.
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