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Abstract

Recently, there has been extensive research on the synthesis of luminescent particles, as these
materials show great potential for various industrial uses. Multiple matrices have been formulated, with the
SrALO4:Eu?", Dy’ matrix being the most extensively studied due to its superior optical and structural
properties. In this work, the objective of synthesizing SrAl,O4:Eu**, Dy*" particles were achieved by using
a combustion approach. By optimizing the synthesis process and studying the impact of Dy**concentrations
on the structural and optical features, it has proven feasible to regulate the reaction and attain exceptional
optical characteristics. The importance of this investigation is in assessing the practical feasibility of using
such a material. This study examines a phosphor composed of strontium aluminate (SrAlOs) that is
activated using various amounts of Dy**(ranging from 0.1 to 0.8 mol %). The study’s findings of XRD
showed that the SrALLOs:Eu*", Dy**'samples had a monoclinic phase of space group P»;. Increase in the
dopant concentration, the size of the crystallites in StALLOs:Eu?", Dy>" samples decreased, as determined
by Scherer's formula and the Williamson-Hall plot. The bandgap energy of doped SrAlOs:Eu?*, Dy**
nanoparticles was estimated using a Tauc plot based on data collected from an ultraviolet visible
spectrophotometer. The results showed that the bandgap energy decreased from 6.5 to 5.5 eV as the level
Dy**rose from 0.1 to 0.8 mol %. FT-IR spectroscopy revealed a prominent vibrational stretching at 570 cm’
!, which is likely due to the Al-O bond, and another stretching at 1049 cm!, related to the Sr-O bonds of
SrAl,O4:Eu?*, Dy*" NPs.
Keywords: Long afterglow, Strontium aluminate, Lattice strain, Dislocation density, Energy bandgap,
Crystallite Size, Co-dopant.

Introduction

Long-lasting phosphors (LLPs) have been a focal point for study for a long time due to their essential
role in our day-to-day activities [1]. Luminescent nanomaterials have been extensively utilized in various
fields, including decorative goods, luminous timepieces, evacuation corridor lighting, escape symbols,
roadway markings, biosensing, military usage, and in vitro imaging [2]. LLPs have significant potential for
uses like textiles, solar, Vacuum fluorescent displays (VFDs), Field emission displays (FEDs) [3] etc.
Copper-doped zinc sulfide was previously the most often used long-lasting phosphorescent material, known
for its high sensitivity to high humidity and short afterglow [4]. Alkaline earth aluminate LLPs doped
incorporating rare earth ions, like strontium aluminate, have been prepared for their extended

phosphorescence properties and excellent quantum efficiency. Matsuzawa et al. [5] achieved the first
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practical synthesis of SrAl,O4:Eu?’, Dy**, a compound with rare earth ions commonly used for doping in
alkaline earth aluminates. Some scientists have since focused on enhancing the luminous intensity and
longevity of the durable strontium aluminate-based phosphor [6,7]. The process of afterglow still needs to
be completed. The new study focuses on modifying the brilliant features of phosphors. The key
characteristics of the nanophosphor in monitors and luminescence, like light intensity and colour emission
are influenced by factors like morphology, and surface qualities, imperfections and co-activator
concentrations [8,9]. Varying the concentration of dysprosium can modify the related structure, physical,
mechanical, electronic, and mobility of ceramics by depositing extreme energy in the substance [10]. When
co-dopants interact with the phosphor material, it leads to electronic excitation or ionization, causing a rise
in temperature along the ion beam’s trajectory. The increase in temperature creates a pressure wave that
spreads heat widely within the intended area, leading to decreased crystallinity of the materials [4]. When
dealing with insulators or luminescent nanomaterials, co-dopants can alter the material characteristics by
inducing dislocations , forming novel colour centres, and rearranging trapping or luminous centres [11,12].
Zhang et al. [13] documented an increase in afterglow in BaAl,O4:Eu** when co-doped with Nd3*. There
are scanty publications regarding the alteration of Dy**concentrationin strontium aluminate nanoparticles.

The combustion approach shows potential as a viable method for producing various types NPs. This
method is very adaptable, efficient, that it operates at low temperatures. It enables homogeneous doping in
just one procedure and does not require a reduced atmosphere for powder preparation. Particles that are
produced through conventional combustion procedures have a nanoscale size limit. These particles tend to
agglomerate, but they are less dense and more sintered compared to particles produced through other
techniques.

In this study, we propose a simple approach to develop SrAlO4:Eu?", Dy*" nanostructured powders
with varying concentration of Dy** ratios. Analyzing the effects of an increase in co-dopant concentrations
in strontium aluminate doped with europium is valuable due to the generation and rearrangement of colour

centres during synthesis, which can alter the phosphor's luminous properties [14].

Materials and methods

Solution combustion technique was used to prepare SrAl,Os:Eu?", Dy*" phosphors. All starting
materials were of analytical grades from Kobian scientific (Kenya). The starting chemicals Sr(NOs), 98.9
% , AI(NO3)3-9H>0 99.9 % , Eu(NO3)3-6H,0 99.9 % Dy(NO3)3-5H,0 > 98.9 % were used alongside urea
NH,CONH: >99.9 % 20 g as the fuel. The metal nitrates were weighed in Sr(NO3),:AL(NO3)3 1:2 mol %
and Eu(NOs)sheld constant at 1 mol % as Dy(NOs)s was varied from 0.1 to 0.8 mol % were mixed then
dissolved in 10 mL of deionized water while stirring on a magnetic stirrer until a transparent solution was
created. A dense mixture was transferred to the crucible and placed in a preheated muffle furnace at 700 °C
for 5 min. The gel-like substance was first heated, then dried, and ultimately broken down, releasing a
significant amount of gasses namely carbon dioxide and nitrogen. The formed froth was cooled at around
25 °C and then finely ground using a pestle and mortar.SrAl,O4:Eu?*,Dy**nanophosphors characterization
was conducted using a Rigaku Miniflex XRD, with CuKa (0.15406 nm) radiation, spanning the angle range
of 20 (10°-70°), to analyse the phases present, lattice parameters, crystallite size and stress of the phosphors.
The sample diffractogram was analyzed using the PCPDFWIN software for phase identification. (UV-Vis)
Perkin Elmer, Lambda 950 was used to investigate the material's optical energy band gap. Fourier transform
infrared spectrometer (FTIR) equipment was utilized to examine the functional group (1400 - 4000 cm™!)
of the as-prepared nanomaterial.
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Results and discussion

Structural studies

Figure 1 shows diffraction profiles of SrAl,O4:Eu?" nanophosphors co-doped with Dy**with the
standard data file (JCPDS No. 34-0379). The peaks of diffraction detected were characterized by their
sharpness and broadened, indicating that the synthesized samples were completely nanocrystalline and
polycrystalline. They were a good match alongside the standard JCPDS data file (No. 34-0379) [15,16] for
the SrAl,Osmonoclinic phase with space group P»i1. However, there were no peak-linked dopant ions. This
suggests that the dopant ions were spread out evenly in the host material (Sr). As the Dy>" concentration was
raised, no new peaks corresponding to other phases were seen. This suggests that the structure of the

SrAl,O4 nanomaterial is very stable[17].
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Figure 1 XRD profile of SrAl,O4:Eu**with varying concentration of Dy>".

As the Dy** content went up, the diffraction peaks got less intense, but they didn't move much in
terms of where they were. It’s possible that the changes in the peak intensity were caused by defects
appearing as the Dy>" concentration rose. It has also been seen that as the Dy** content increases, the peak
broadens (FWHM) as seen in Figure 2. These facts show that as the quantity of the co-dopant rises, the
material loses crystallinity. The well-known Debye-Scherer [18] Eq. (1) was used to determine the
crystallite size D of the SrAl,O4:Eu?*, Dy>* phosphor.

KA
~ Bcose (1

The crystallite sizes were estimated to be 32.23, 31.69, 30.99, 30.75, and 29.77 nm as the Dy**
concentration increased. An increase in Dy**concentration leads to a broadening of XRD peaks, suggesting
a reduction in the crystallite size of the StALO4:Eu?",Dy** [19]. Both the lattice strain (¢) and crystallite
size D were determined. This strain may have developed as a result of the existence of Dy** dopant [20] in
the host matrix. The predicted strain rose as the dopant levels rose, as seen in Table 1. The discrepancy in
crystallite size obtained from the Debye-Scherer (Figure 2) and Williamson-Hall(Figure 4) is due to that
Williamson-Hall accounts for broadening produced by tensile strain factors [21]. All approaches’ outcomes

showed that a rise in strain as the doping concentration increased from 0.1 to 0.8 % led to a reduction in
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crystal size. Various studies have revealed a consistent pattern of crystal size alteration in Dy*" doped
SrAl,O4 nanoparticles [5]. The decrease in SrAl,O4 crystal size is observed as the SrAl:Os doping
concentration rises, indicating that the growth was hindered by introducing Dy*" ions into the Sr site [22].
This is due to the incorporation of the ions of Dy*" into the host lattice., which generates additional
nucleation sites, leading to increased lattice strain and slowing down crystal formation [23,24]. Due to
microstructural strain and other defects, the dislocation density, § rises with higher levels of Dy*" doping
in the host lattice [25] (Figure 3).
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Figure 2 Crystallite size and FWHM analysis of SrAl,O4:Eu*",Dy** with changing Dy** concentration.
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Figure 3 Relationship between dislocation density and strain as a function of crystallite size.
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Figure 4 W-H plots (Bcos@ against 4 sin  )of co-doped SrAl,O4:Eu?’, Dy** at different concentrations
of Dy**molar ratios.

Table 1 The structural parameters and optical bandgap of co-doped strontium aluminate nanoparticles.

Doping Scherrer’s method Dislocation density W-H method Strai Lattice Energy
rain
concentration D (nm) x10' lines/m? D (nm) parameter  Band energy eV
0.1 32.23 9.626 33.19 6.15x1072 0.84470 6.5
0.2 31.69 9.958 32.56 6.25%1072 0.84465 6.3
0.4 30.99 10.413 31.38 6.40x1072 0.84380 6.0
0.6 30.75 10.576 30.72 6.45x1072 0.84360 5.7
0.8 29.77 11.128 29.81 6.67x1072 0.8420 5.5
FTIR Analysis

Figure 5 displays the IR spectrum of the host containing (0.1 < x < 0.8 mol %) of Dy>" used to analyze
the functional compounds and vibrational frequencies in the produced NPs. The vibration seen at 570 cm™!
is probably attributed to the Al-O bond vibrations [7]. The absorption band at 770 cm™! and the strong
stretching band at 1260 cm™ [7] are likely connected with the stretching of the Sr-O bonds [7]. The
prominent peaks at 2882 and 2964 cm™' [26,27]are probably due to the C=0 bond found in carbon II oxide
from the environment[28]. The spectrum observed at 3500 cm™' may be due to physically adsorbed water
and O-H groups[9] on a solid surface. FTIR spectrum with varying concentrations of Dy, exhibiting
identical absorption peaks as seen in Figure 5. Research suggests that altering Dy>" content by doping does

not influence the vibrational frequency of the nanopowders produced.
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Figure 5 The FTIR spectra of SrAl,O4: Eu?*,Dy*'prepared at varying Dy>" concentration.

UV-Visible analysis

UV-visible spectra of SrALO4:Eu?*, Dy*' activated were measured within the 200-800 nm
wavelength region. The generated SrAl,O4:Eu?*, Dy**doped samples offer valuable data on the
energy bandgap. A shift of absorption edges and bands to longer wavelengths was observed (Figure 6)
(when molar ratios were increased from 0.1 to 0.8 mol %. The red shift of the absorption peaks demonstrates
the growth of the nanocrystals [29]. It could be attributed as a result of the movement of charges across the
valence band towards the conduction band of SrAl,O4:Eu®’, Dy** nanoparticles. Optical energy bandgap

(Eg) of the produced materials was calculated using Tauc’s related equations[13].
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Figure 6 UV-Vis spectra showing absorbance versus wavelength
To determine the bandgap, we extrapolate the straight line section of the ahv against the hv graph to

zero, with hv [30] as shown in Figure 8. The bandgap magnitude reduced from 6.5 to 5.5 eV when the

amount of Dy*" dopant raises from 0.1 to 0.8 mol % (Table 1). Prior studies have also documented a
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reduction in the bandgap when doping SrAl,O4:Eu?" with Dy3" [31]. The absorption edge shifts towards
longer wavelengths as the concentration of Dy*"ions in the strontium aluminate lattice increases. Doping
generates impurities band intensities within strontium aluminate co-dopant contaminants in the
SrALO4:Eu*" formation may result in a reduction in bandgap energy, causing the formation of novel
interaction centers with lower emitting potential. With a rise in the quantity of Dy**, a greater number of
electron traps are formed, Dysprosium (Dy) are added to modify the SrAl,O4:Eu?, Dy*". As the same time,
additional hole traps are created in the host material to maintain the charges balance (Figure 7). Increasing
the overall of trapped electron and hole traps has a favorable effect on the optical properties of as-prepared
material [3,30].
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Figure 7 An analytical framework for interpreting the optical properties that vary with the concentration
of dopants [32,33].
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Figure 8 Tauc plot (ahv)? against phonon energy.
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Conclusions

The NPs of SrALO4:Eu?*, Dy*" were effectively synthesized using a solution combustion method,
with different amounts of Dy**. The XRD tests showed the existence of nanocrystalline nanoparticles in a
monoclinic phase. The crystallite sizes of the prepared SrALO4:Eu?*, Dy*" phosphor decreased as the
concentration of Dy** calculated based on the Debye—Scherrer equation and W-H plot. The discrepancy in
crystallite size obtained from the methods is due to the Williamson and Hall accounting for broadened
produced by tensile strain factors. The UV-Vis analysis displayed the temperature-dependent properties of
the synthesized SrAl,O4:Eu?*, Dy3'sample. Optical analysis showed that introducing Dy** into the
SrALO4:Eu?", Dy*" structure decreased the bandgap energy from 6.5 to 5.5 eV. The red shift seen in the
bandgap was caused by the incorporation of Dy>" ions into the host lattice, resulting in the creation of
additional energy levels within the bandgap. As the Dy** concentration increased, the absorption edges (300
- 400 nm) showed a redshift. When the level of Dy?" ions in the strontium aluminate lattice goes up, the
absorption edge changes towards longer wavelengths. Doping generates impurities band intensities within
strontium aluminate co-dopant contaminants in the SrAl,O4:Eu?*, Dy** formation may result in a reduction
in bandgap energy, causing the formation of novel interaction centers with lower-emitting potential. The
Dy?*" concentration is essential for producing SrAl,O4:Eu?*, Dy>* nanoparticles with the best structural and
optical properties. The SrAl,Os:Eu?**, Dy*'nanoparticles, prepared at 0.4 mol %, displayed desirable

properties for making a glowing sign for occupational safety applications.
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