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Article Info Abstract
This study presents a comprehensive investigation into the synthesis, structural modulation, and

luminescence enhancement of AI** co-doped La (PosVo.s) O4:2 at. %Tm3* phosphors, fabricated

ISSN (online): 2582-7138 via a high-temperature solid-state reaction method and subjected to calcination at 1000 °C for 5
Volume: 06 hours. These phosphors exhibit prominent blue light emission, with an intense and uniform
Issue: 02 luminescence peak centered at approximately 459 nm when excited at 359 nm. The observed
March-April 2025 emission originates predominantly from the characteristic 'Ds—3Hs electronic transition of

. h Tm?3* ions, implying their preferential occupancy in highly symmetric sites within the host
Received: 10-02-2025 lattice, optimizing their radiative transition efficiency. To systematically enhance the
Accepted: 05-03-2025 luminescent performance of La (PosVos) Os:2 at. %Tm3*, we explored the Al3* doping impact
Page No: 774-783 on the crystallographic structure and optical properties. The experimental results reveal that AI®*
incorporation induces a substantial increase in emission intensity, which follows a
concentration-dependent trend initially strengthening with increasing AI®* content before
reaching an optimum level and subsequently declining. The maximum luminescence
enhancement was achieved at an AI®* doping ratio of x = 0.02 in Lao.ss(Pos5Vos5)Alo.0204:2
at.%Tm3*, where the emission intensity was elevated by a factor of 2.05 compared to the
undoped La(PosVos)O4:2 at.%Tm?3* counterpart. Furthermore, these phosphors exhibit highly
favorable Commission Internationale de I’Eclairage (CIE) chromaticity coordinates, well-
balanced colorimetric parameters, and superior color purity, making them competitive with
other reported blue-emitting rare-earth (RE)-doped phosphors. The findings highlight the
potential of these phosphors for advanced applications in white light-emitting diodes (WLEDSs)
and next-generation optoelectronic devices, particularly in enhancing the rendering of blue-hued
images in display technologies.
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1. Introduction

As a burgeoning class within the domain of white light-emitting diodes (WLEDSs), solid-state lighting (SSL) technology
encompasses a multitude of compelling advantages, including exceptional luminous efficacy, prolonged operational longevity,
outstanding chromatic rendering attributes, ecological sustainability, and diminished energy expenditure [*:2 3.4, Owing to these
intrinsic merits, SSL is esteemed as an exceedingly promising frontier for next-generation illumination solutions and has
stimulated extensive scholarly investigation alongside rapid technological advancements & 8 71 At present, three principal
methodologies are employed for the fabrication of WLEDs.
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The foremost approach exploits a YAG: Ce phosphor
stimulated by a blue LED chip, generating yellow
luminescence, which subsequently amalgamates with the
residual blue emission at an optimized intensity proportion to
yield white light. Nevertheless, this technique is hindered by
an inherent paucity of red spectral constituents, culminating
in an elevated correlated color temperature (CCT) and a
diminished color rendering index (CRI), thereby adversely
affecting the comprehensive quality of illumination &, The
second approach involves the integration of discrete red,
green, and blue (RGB) LED chips, with their respective
luminous intensities finely tuned to achieve white light
emission. Despite its feasibility, this method presents
significant drawbacks, including high fabrication costs due to
the necessity of multiple chips and inconsistent chromatic
stability caused by the varying quantum efficiencies of the
different LEDs 1%, The third strategy employs ultraviolet
(UV) LED excitation to stimulate blue, red, and green
phosphors, enabling white light generation through precise
control of the emission intensities of the three phosphors 41,
Compared to the first two methodologies, this approach
offers an enhanced CRI for full-spectrum lighting and is more
cost-effective. However, luminescent materials exposed to
UV excitation are prone to photodegradation, compromising
their longevity and stability. Consequently, to overcome
these limitations, there is an urgent need to develop novel
phosphor materials that exhibit efficient red, green, and blue
emissions under near-UV LED excitation, ensuring both
high-performance  WLEDs and long-term operational
stability.

Rare-earth (RE) ion-doped phosphates have garnered
significant attention as promising phosphor materials due to
their outstanding thermal and chemical stability, cost-
effectiveness, and low phonon energy 12 3 141, Their unique
4f electronic configuration enables diverse and intense
emission characteristics, making them widely applicable in
luminescent materials with tunable color properties. Among
commercially available blue phosphors, BaMgAl1,017 doped
with Eu?* remains the predominant choice > 61, However,
alumina-based phosphors suffer from structural instability,
leading to suboptimal luminous efficiency. Additionally,
conventional high-temperature synthesis processes often
oxide Eu®* to Eu®*, further compromising luminescence
performance. Consequently, developing blue-light-emitting
phosphors that exhibit high stability, efficient UV LED
excitation, and enhanced luminous properties remains an
important research direction. Among RE-based phosphors,
Tm3* is widely recognized as a viable blue-light-emitting
activator due to its characteristic !G4 — °He transition, albeit
with relatively weak emission intensity. As a result, Tm3* has
been incorporated into various host matrices, including
vanadates, fluorides, tungstates, and silicates, to optimize its
emission efficiency (7 1819, 201,

In parallel, RE vanadates have emerged as highly promising
phosphor hosts owing to their superior luminescence
efficiency, high quantum vyield, and the capacity to
accommodate high RE ion doping concentrations 22122, The
VO.* tetrahedral groups provide an ideal crystal field
environment for dopant ions, exhibiting strong UV

www.allmultidisciplinaryjournal.com

absorption and efficiently transferring the absorbed energy to
RE activators > 22 In a prior study, we systematically
investigated the impact of VO,% and PO4* group substitution
on the structural, luminescent, and chromatic purity
properties of vanadate-based phosphors, leading to an
optimized host matrix 24, Building upon these findings, this
study explores the role of AI®* substitution in modulating the
photoluminescence (PL) characteristics of La (PosVos) Os:2
at. % Tm3* phosphors. Integrating metal ions into the host
lattice significantly improves PL properties. Here, AI®* is
introduced in trace amounts as a sensitizer to improve energy
absorption and transfer to Tm®* activators, thereby
optimizing luminescence efficiency ™ 2 2%, The impact of
AI¥* concentration on the PL behavior and microstructural
attributes of Laggsx (Po,sVo,s) AlO4:2 at. % Tm3* (00<x<
0.04) phosphors were systematically evaluated. The resulting
phosphor material is promising as a blue-emitting candidate
for use in white light-emitting diodes (WLEDs), photovoltaic
devices, and other next-generation optoelectronic
technologies 24 23],

2. Experimental procedure

2.1 Synthesis

A series of blue-emitting phosphors, activated by Tm®*, was
successfully synthesized through the high-temperature solid-
state reaction method, labeled as Lao gs-x (PosVos) AlxO4:2 at.
%Tms*, with x ranging from 0.0 to 0.04. The synthesis
utilized high-purity lanthanum oxide (La;Os), aluminum
oxide (AlOs), and diammonium hydrogen phosphate
((NH4)2HPO.) with a chemical purity of 99.99% as the
fundamental precursor materials. Thulium oxide (Tm203),
with an identical chemical purity of 99.99%, was introduced
as a dopant at a fixed concentration of 2 mol%.
Comprehensive details regarding the compositional
parameters and precursor materials are systematically
outlined in Table 1. Initially, accurately determined
stoichiometric proportions of La»Os, Al.Oz, and TmyOs
powders were entirely solubilized within a diluted nitric acid
(HNOs) solution to attain a uniformly dispersed and optically
transparent mixture. The resultant solution was then
transferred into an ample volume of distilled water and
subjected to preheating at 85 °C to promote the formation of
precursor species. In the ensuing stage, (NH4):HPO4 was
incrementally introduced into the solution through a
meticulously regulated dropwise addition technique,
ensuring stringent control over the pH within a precisely
maintained range of 7-9, as monitored via a precisely
calibrated pH meter. Simultaneously, the solution was
subjected to continuous and vigorous stirring at 450 rpm for
one hour, ensuring homogeneity and thorough mixing. The
resulting precursor precipitates were extensively rinsed using
distilled water to eliminate any remaining residue impurities
before being separated through centrifugation. The final
phosphor materials were obtained by transferring the well-
homogenized precursor mixture into a platinum crucible,
followed by calcination at an elevated temperature of 1000
°C for 5 hours in a muffle furnace, completing the synthesis
process.
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Table 1: Precursor ratios for synthesizing Tm3*activated phosphors and label for each sample.

Sample composition Label La203 () Al20s3 (g) Tm20z3 (g)
Lao.gs(PosVos) Qs Tm3* PO 3.1982 0.00 0.0786
Lao.o7(PosVos) Alo.o104: Tm3* P1 3.1882 0.01 0.0786
Lao.os(PosVos) Alo.o204: Tm3* P2 3.1782 0.02 0.0786
Lao.os(PosVos) Alo.oz0s: Tm3* P3 3.1682 0.03 0.0786
Lao.94(Po.sPos) Alo.0sOs: Tm3* P4 3.1582 0.04 0.0786
NHO3 = 25 ml, (NHa)2HPO4 = 90ml

2.2 Techniques of Characterization

The phase purity and crystallographic attributes of the
synthesized phosphors were meticulously assessed through
X-ray diffraction (XRD) analysis utilizing a Bruker D8
Advance diffractometer integrated with Cu Ko radiation (A =
0.15406 nm). The diffraction profiles were recorded at a
scanning velocity of 3°/min over a 28 angular span ranging
from 10° to 70°. The resultant phosphors' surface topology
and microstructural configurations were scrutinized via
scanning electron microscopy (SEM) using a high-resolution
JSM-7800F microscope. Identifying functional groups within
the synthesized phosphors was conducted through Fourier-
transform infrared (FT-IR) spectroscopy employing a
PerkinElmer FT-IR-100 spectrometer. The optical attributes,
including photoluminescence (PL) emission spectra and
excitation dynamics at ambient temperature, were
comprehensively examined using an F-4600 fluorescence
spectrophotometer. The elemental composition of the
phosphors was precisely determined via inductively coupled
plasma-optical emission spectroscopy (ICP-OES) using a
PerkinElmer Optima 8000 spectrometer. For precise
quantitative analysis, an accurately weighed 0.1 g portion of
the phosphor sample was dissolved in 10 mL of concentrated
hydrochloric acid (37%) and subjected to thermal digestion
at 120°C for 180 minutes. Upon completion of the digestion
process, the resultant solution was systematically diluted, and
the concentrations of La3* and AI®* ions were precisely
quantified.

3. Results and discussion

3.1 XRD and phase identification

The synthesized phosphors' phase integrity and crystalline
nature were rigorously examined through X-ray diffraction
(XRD) analysis. The diffraction profiles illustrated in Fig.
1(a) correspond to the Laogsx (PosVos) AlxO4:2 at. % Tm3*
(x=0.0,0.01, 0.02, 0.03, and 0.04) phosphor specimens. The
XRD findings unequivocally validate the formation of a pure
monoclinic phase across all synthesized compositions. As
delineated in Fig. 1(a), the diffraction patterns of the
phosphor samples exhibit remarkable agreement with the
reference LaVOs phase (JCPDS No. 70-0216), with no
discernible evidence of secondary or impurity phases. The
crystallographic characteristics of the Laossx (PosVos)
AlxO4: Tm3* powders closely parallel those of the AIP* free
La (PosVos) AlxO4: Tm?* signifying that the incorporation of
AI* jons transpires through substitution at La®* lattice
positions. This ionic substitution engenders a stable solid
solution without inducing a substantial alteration in the
fundamental crystal framework. With an increasing
concentration of AI®*, a systematic shift in the XRD peaks
toward higher diffraction angles is observed, signifying a
contraction in the lattice parameters. This phenomenon arises
due to the comparatively smaller ionic radius of AI** (0.535
A) relative to La®* (1.06 A). Under Bragg’s equation, 2dsin®
= n), a diminution in interplanar spacing (d) is expected when
nA remains invariant, thereby leading to an elevation in the
diffraction angle (0). Consequently, the subtle displacement
of the diffraction peaks substantiates the successful
incorporation of AI®* ions into the La®* sites within the
crystalline matrix [26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36].
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Fig 1: (a) XRD patterns of Lao.gsx (PosVos) AlxOs: Tm3* (x = 0.0, 0.01, 0.02, 0.03, 0.04) and (b) enlarged patterns in the 20 range 26°-29°.

3.2 Fourier transforms infrared spectroscopy
Fig. 2 displays the Fourier-transform infrared (FT-IR)
spectrum of Lag.gsx (PosVos) AlxOs: 2 at. %Tms* phosphors.

The spectral profile reveals that the predominant absorption
peaks are at approximately 531 cm™, 614 cm™, and 988 cm ™.
Significantly, the absorption band around 988 cm™
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corresponds to the asymmetric stretching vibration (vs) of the
PO,* group. Moreover, the phosphors exhibit distinct
absorption features near 743 cm™ and 432 cm™!, ascribed to
the bending vibration of the O—V-0 bond and the stretching
vibration of the La—O bond, which correlates with the v.
vibrational mode of the PO,% group, respectively * %7, In La
(PosVos) O4:2 at. % Tm3* phosphors, the manifestation of two
separate absorption peak sets corresponding to PO.* and
VO4* substantiates the successful incorporation of VO,*
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groups into the LaPO4 crystalline matrix. The synthesized
phosphors demonstrate exceptional phase purity, validated
by the absence of extraneous absorption bands associated
with other functional groups. Additionally, as depicted in Fig.
2, variations in AI** concentration do not induce a discernible
shift in the positions of the absorption bands, further
affirming the high structural purity of the synthesized
samples.
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Fig 2: FT-IR spectra of Lao.gsx (Po.sVos) AlxOs: Tm3*(x = 0.0, 0.01, 0.02, 0.03 and 0.04) phosphors series.

3.3 Field emission scanning electron microscopy

The field emission scanning electron microscopy (FE-SEM)
images of the annealed Laoosx(PosVos)AlkOs:2 at.%Tms*
phosphor powders, subjected to thermal treatment at 1000 °C,
are depicted in Fig. 3 for varying Al®*concentrations (x = 0.0,
0.01, 0.02, 0.03, 0.04). The obtained micrographs reveal that
the high-temperature annealing process induces pronounced
particle agglomeration within the synthesized samples. SEM
imaging was conducted on the optimized phosphor samples
to systematically Explore the impact of AI®* ion
concentration on the morphological characteristics of the
material. Fig. 2(a, b) presents the SEM images of AI®*
substituted La (PosVos) O4:2 at. %Tm3* phosphors at varying

20kV  X1,800 = 10pm 0750 09 30 SEI

doping levels, elucidating their respective morphological
features. A significant fraction of the phosphor particles
exhibits a truncated trapezoidal crystalline grain structure.
Furthermore, grain size and particle diameter irregularities
are observed, indicating morphological inconsistencies.
Significantly, the phosphors treated at 1000 °C display
unique surface topographies, measuring about 5 pum in
average length and width. As the concentration of AI* ions
increase, the particle size of the annealed Lao.gs-x (PosVos)
AlxOs: Tm** phosphor powders show slight variations.
Consequently, the size evolution of La (PosVos) Os Tm®*
phosphors follows a comparable trend to that observed for
Lao.ea(Po.sVos) AloosPOs: TmP*phosphor powders.

20kv  X1,800 10pm 0755 09 30 SEI

Fig 3: FE-SEM images of (a) La (PosVo.s) O4: Tm®* and (b) Lao.ss(Po.sVos) Alo.o204: Tm3* phosphors.
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3.4 Characteristics of photoluminescent spectroscopy

The PL excitation spectra of Lagesx (PosVos) AlxO4:2 at. %
Tm® (x = 0.00, 0.01, 0.02, 0.03, and 0.04) phosphors,
synthesized for emission in the near-ultraviolet (NUV)
spectral region, manifest a broad excitation profile with a
distinct peak centered at approximately 355 nm. This
prominent peak arises due to the electronic transition 3Hs —
1D, within Tm*" ions, as depicted in Fig. 4. Additionally, a
comparatively weaker peak emerges near 360 nm, likely
attributed to non-radiative energy transfer mechanisms. The
transition 3Hg — 'D, denotes the direct excitation of Tm3*
ions from their fundamental state to an energetically elevated
state [, Notably, the observed excitation wavelength
optimizes with NUV LED chips, underscoring its potential
for practical photonic applications. The pronounced *Hs —
D, transition at 355 nm has been systematically utilized as
the excitation source for acquiring the corresponding
emission spectra % 401 Furthermore, the PL excitation
spectra of the synthesized phosphors exhibit a broad spectral
range, signifying proficient energy absorption and
subsequent transfer. The luminescence mechanism is
fundamentally governed by the charge transfer (CT)
transition occurring within the VO.,* moiety, wherein
electron transitions from the oxygen 2p (O-2p) orbitals to the
vanadium 3d (V-3d) orbitals take place. This mechanism
remains consistent with previously reported vanadium-based
phosphors [ The electronic configuration of V°* ions,
characterized by tetrahedral (Tq) symmetry, comprises a
fundamental *A; ground state and multiple excited states,
including Ty, 1T, 3Ty, and 3T, as illustrated in Fig. 6. Within
the PL excitation spectra, absorption bands correspond to
charge transfer transitions from the A; ground state to the
excited T, and 3T, states within the VO, framework 11,
Upon excitation of the VO3 group, the resultant charge
transfer from the O% ligand to the V" center induces
extensive broadband absorption, followed by energy
migration to Tm3* ions [*2, Initially, the host matrix absorbs
energy and transfers it to the dopant ions, facilitating
photoluminescent behavior. For the synthesized LaPOs
phosphors, which crystallize in a monoclinic lattice system,
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La®* ions are coordinated by nine oxygen atoms, with an
average La—O bond length of 0.2611 nm. This coordination
state contrasts with the hexagonal lattice arrangement,
wherein  La** ions exhibit eight-fold coordination,
characterized by a reduced La—O bond length of 0.2497 nm
143,441 Consequently, a subtle blue shift in the charge transfer
band is discernible. Moreover, as illustrated in Fig. 4, the PL
excitation spectra display a broad excitation band arising
from the charge transfer transition 0>~ — Tm3*. This
phenomenon occurs as electrons populate the partially filled
2p orbital of O and the 4f orbital of Tm3*, thereby
modulating the luminescence characteristics of the phosphor
material.

Incorporating Al ions into the La (PosVos) Oq4: 2at. % Tm3*
phosphor does not induce any discernible shift in the
positions of the excitation peaks. Nevertheless, it markedly
amplifies the intensity of the Tm® excitation peaks,
signifying its potential to enhance the luminescent
characteristics of the material. In the ultraviolet excitation
spectra of Laggsx (PosVos) AlxO4: 2 at. % Tm?* phosphors,
particularly within the 355 nm region, this intensification is
attributed to the charge transfer transition from O* to Tm?".
This phenomenon transpires as valence electrons from
oxygen ligands are transferred to the unoccupied orbitals of
the metal cations * “%1. The introduction of additional metal
ions significantly enhances both the absorption capability of
the host lattice and the charge transfer transition from O* to
Tm?". These metal ions act as mediators, facilitating the
efficient excitation energy transfer from the host lattice to the
Tm?* activator 61, Consequently, this mechanism leads to a
pronounced increase in emission intensity. Comparable
enhancements in luminescence have been observed in Tm?**
and metal (M)-co-doped Ca(Yi1xyMxEuy) BOs (where M
represents Zn, La, and Al) phosphors at specific compositions
of (X = 0.0, 0.1; y= 0.04, 0.13). Notably, C&(Yo,glsMo,stUo,oe)
BO. phosphors (with M being Zn, La, and Al) exhibited
substantially higher emission intensities than their
counterparts doped solely with Eu*, specifically
Ca(Yo0.94EUo.06) BO4 phosphors 7],
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Fig 4: PL excitation spectra of Lao.ss-x(Po.5Vos)AlxOs: Tm3* (x = 0.0, 0.01, 0.02, 0.03, 0.04) phosphors series.

Upon excitation at 355 nm, the PL spectrum reveals a
dominant emission peak at 459 nm, signifying the
characteristic blue luminescence of Tm?**, which originates
from the electronic transition ‘D, — 3F4. A relatively weaker

emission peak appears around 476 nm, corresponding to the
D, — 3F4 transition of Tm?*. The emission at 476 nm arises
due to residual multi-phonon-assisted non-radiative
relaxation from the D, — 3F4 level. The observed emission
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peaks fall within the blue spectral region, affirming that the
synthesized phosphor powder exhibits prominent blue
luminescence. Moreover, a distinct spectral band emerges
near 430 nm, likely attributable to electronic transitions
within the VO4*~ group. This assignment is substantiated by
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its proximity to the characteristic transitions 3T, — A; (411
nm) and 3T; — A; (432 nm). The underlying energy transfer
mechanisms governing these luminescent processes are
depicted in Fig. 6 [,

Intensity (a.u.)

Intensity (a.u.)

Aex = 355

—— x=0.02
—— x=003

A

a50 460
Wavelangth (nm)

a40 a70 ai

T T
400 450 500

T
550

Wavelength (nm)

T T
600 650 700

Fig 5: PL emission spectra of Lao.gs-x(Po.5Vos)AlxOs: Tm3* (x = 0.0, 0.01, 0.02, 0.03, 0.04) under 355 nm excitation.

For La (PosVos) Oa:2 at. % Tm?®* phosphors, the intensity of both
PL excitation and emission experiences a substantial
enhancement with increasing AI®* concentration, while the
spectral profile remains largely unchanged. However, the
emission intensity continues to exhibit an upward trend. At an
AP concentration of x = 0.02 mol%, the phosphors show a
significant rise in excitation and emission intensities. This
enhancement can be attributed to efficient energy transfer
between activator ions, facilitated by the presence of the VO,*
group M. Notably, the emission intensity of Laggs(PosVos)
Alo204:2 at. % Tm** phosphors is approximately 16 and 2.2
times higher than La (PosVos) Os2 at. % Tm3* phosphors,
respectively (5051,

Integrating AI®* into the host lattice boosts the charge transfer
band intensity of 0> — Tm®* due to the notably smaller ionic
radius of AIR* (0.535 A). This phenomenon enhances the
charge transfer interactions between O? ions doped with AI%*
and Tm?3*ions. The reduced ionic radius of AI®*, in contrast
to La%*, induces localized structural distortions upon
substitution for the larger La®* ions. Despite these distortions,
the overall unit cell dimensions remain unaffected. The
resultant structural asymmetry around Tm3* ions amplifies
the D, — °3F4 blue emission at 459 nm, a feature

characteristic of asymmetric environments. However, beyond
a critical AI®* concentration, a decline in emission intensity is
observed. This attenuation is attributed to excessive energy
transfer among Tm3* ions, dissipating via non-radiative
transitions rather than contributing to visible light emission. The
prevalence of non-radiative transitions at elevated AI®*
concentrations is crucial for comprehending the fundamental
excitation mechanisms and optimizing material performance for
technological applications 1“1, The underlying causes of this
non-radiative energy dissipation at high AP levels can be
ascribed to: (1) the creation of AI** clusters that serve as energy
sinks because of decreased interionic spacing; (2) the reduced
efficiency of energy transfer from AI®* to Tm** compared to
AlP*to AIP* energy transfer; and (3) the diminished ability of
A" ions to sensitize Tm3®* emission bands 2 %31, Analogous
phenomena have been documented in GdVO.: Bi**, Eu®* and
CaWOa.: Bi®**, Eu®* systems, where Eus*emission intensity
demonstrated a sharp increase with Bi®* concentration up to
0.05-0.2 mol% before declining at higher Bi®* levels.
Furthermore, in GdVO,: Bi®*, Eu®*, emission intensity rose
significantly until reaching 0.5 mol%, after which it
stabilized. The highest emission intensity occurred at a Bi®*
concentration of 0.5 mol%. 154 551,
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Fig 6: Energy level diagram and energy transfer processes of La (PosVos) O4: Tm3* and Al3*,
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3.5 CIE chromaticity coordinates and purity

The chromaticity coordinates established by the Commission
Internationale de I’Eclairage (CIE) are essential for assessing
the optical characteristics of synthesized phosphors. The
precise CIE chromaticity coordinates for Lao.gs-
«(PosVos)AlO4:2 at.% Tm®* (x = 0.0, 0.01, 0.02, 0.03, 0.04)
were meticulously extracted from the PL emission spectra
under excitation at 355 nm. The derived chromaticity data are
systematically illustrated in Fig. 7 and Table 2. A detailed
examination of the chromaticity diagram unequivocally
establishes that the synthesized phosphors’ (x;, i)
coordinates are firmly within the blue spectral domain. To
elucidate the influence of AI®* substitution on the luminescent
characteristics of the phosphors, the color purity of the
emitted blue light was rigorously quantified through the

[ international Journal of Multidisciplinary Research and Growth Evaluation
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following mathematical formulation 561,

— \/(xs_xee)z—O’s_yee)z x 100

COIor purlty \/(xd_xee)2+ (J’d_J’ee)z

Where (x,, y5) correspond to the chromaticity coordinates of
the synthesized phosphors, (x.., y..) represent the equal-
energy white point (0.3101, 0.3162) under Illuminant C, and
(x4, Ya) denote the dominant wavelength coordinates. By
employing this equation, the computed color purity values for
the synthesized phosphors are systematically compiled in
Table 2. Notably, the findings reveal that the phosphors
exhibit an exceptionally high color purity, peaking at 95.66%
when x = 0.02.

Table 2: CIE coordinates and color purity of Laogsx (Po.sVos) AlxOa:2 at. % TmS3* phosphors.

Samples CIE Coordinates Color purity (%)
Xs Ys
PO 0.1434 0.0331 78.42
P1 0.1466 0.0566 79.51
P2 0.1583 0.0597 95.66
P3 0.1611 0.1562 92.29
P4 0.1601 0.1328 80.94

Furthermore, the meticulously calculated CIE chromaticity
coordinates, color purity values, and dominant wavelengths
for each phosphor composition have been comprehensively
documented. The results unequivocally confirm that the AI®*
doped La (PosVos) Os:2 at. % Tm®* phosphor emits within
the blue spectral region, with a dominant wavelength of 459
nm. The remarkably high color purity (~95.66%) powerfully
underscores its potential as a viable candidate for commercial
blue phosphor applications, positioning it as a compelling

alternative to well-established BaMgAl:,07:Eu?* phosphors
and previously reported NaSrBO3: Ce®* and KMgBOs: Tm®*
blue phosphors [ 7 57. 581 Additionally, the synthesized
phosphors exhibit high spectral similarity to NaSrPO,4: Tm?3*
and Gd (Po1Vog) Os:1 at. %Tm?3* phosphors have recently
garnered considerable research attention @ 57 591 These
compelling findings substantiate the immense potential of the
developed phosphors as next-generation blue-emitting
materials for light-emitting diode (LED) applications [+ 4 58],
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0.25794
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0.140 0.145 0.150

CIE x
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Fig 7: CIE chromaticity diagram of the Lao.ss-x (PosVos) AlxO4: Tm3* phosphors excitation at 355 nm.

4. Conclusion

In summary, Al ions are incorporated into La (PosVos) O4:2
at. % Tm®* phosphors significantly enhance their luminescent
properties. The optimal AI** concentration is x = 0.02 mol%,
resulting in a 16-fold increase in emission intensity compared
to the undoped phosphor. This enhancement is attributed to
the efficient energy transfer from the VO, group to the Tm3*
ions, facilitated by the smaller ionic radius of AI**. However,
excessive AI®* concentration leads to decreased emission
intensity due to the forming of AI3* aggregates and reduced

energy transfer efficiency. This study's findings offer
important insights for designing and optimizing phosphors
suitable for solid-state lighting and display technologies.
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