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Abstract:In this study, the photoluminescence properties of rare-earth doped phosphate-based nanophosphors were investigated,
focusing on Ce*", Eu*", and Dy** ions incorporated into MgsP-0s, CasP>0O-, and SrsP20O- host lattices. Photoluminescence spectra
revealed sharp excitation and emission peaks corresponding to the characteristic f—f and f-d transitions of rare-earth ions.
MgP:07:Eu** and SrsP07:Eu®* exhibited strong red emissions around 615 nm and 612 nm, respectively, under near-UV
excitation. Ce** doped systems displayed intense green luminescence, while Dy** doped SrsP-0O- phosphors showed a combination
of blue, yellow, and red emissions, suggesting their potential for white-light emission. Optimal doping concentrations were
identified for maximum emission intensity, beyond which concentration quenching was observed. These findings highlight the
tunable optical properties of rare-earth doped pyrophosphate phosphors and their suitability for solid-state lighting and display
technologies.
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l. INTRODUCTION

In recent decades, the development of efficient and stable luminescent materials has garnered immense attention due to their
widespread applications in solid-state lighting, display technologies, biological imaging, and optical thermometry. Among the
various luminescent materials, rare-earth doped phosphors have emerged as a prominent class of compounds owing to their sharp
emission lines, excellent thermal and chemical stability, and high quantum efficiency. Europium (Eu*"), in particular, has gained
considerable interest as a red-emitting activator ion due to its intense and characteristic Do — F; (J = 0—4) electronic transitions,
making it highly desirable for applications in red-emitting phosphors[1-5].

Magnesium pyrophosphate (Mg+P-0-) has recently attracted attention as a promising host lattice for rare-earth doping due to its
desirable properties such as high thermal stability, low phonon energy, and good chemical durability. The pyrophosphate (P-0-*)
anion consists of a dimeric structure formed by two POs tetrahedra sharing one oxygen atom, which provides a robust three-
dimensional network capable of incorporating various rare-earth ions without significantly distorting the host lattice.
Additionally, Mg?" ions can be partially substituted with trivalent Eu*" ions due to their comparable ionic radii, allowing for
effective energy transfer and luminescence generation[6-10].

The choice of MgiP-0- as a host is further justified by its favorable band structure and the ability to form a crystalline phase at
relatively lower temperatures compared to other phosphate-based matrices. The rigid lattice of pyrophosphate also helps suppress
non-radiative relaxation processes, thereby enhancing the luminescent efficiency of the doped system. Despite these advantages,
studies on Eu*"-activated MgsP»O- phosphors are relatively limited, and systematic investigations into the structural, vibrational,
and luminescent properties of these materials are still needed[11-15].

Therefore, in this study, we report the synthesis of Eu*"-doped MgsP-O- phosphors using a high-temperature solid-state reaction
method. The structural and morphological characteristics of the prepared samples were thoroughly analyzed using X-ray
diffraction (XRD), SEM, TEM, TGA and Fourier transform infrared (FT-IR) spectroscopy. Photoluminescence (PL) studies,
including excitation and emission spectra, were carried out to evaluate the optical behavior of the Eu* activator in the host lattice.
The effect of dopant concentration and calcination temperature on the crystallinity and luminescence properties was also
explored. The results presented herein aim to provide valuable insight into the design of efficient red-emitting phosphors based on
pyrophosphate hosts for potential use in advanced photonic applications.
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11. Photoluminance properties

Photoluminance of MgsP207:Eu*®

The photoluminescence properties of MgsP-0-:Eu®" phosphor were evaluated through both excitation and emission spectra,
providing insights into its optical behavior. The excitation spectrum (Figurela), monitored at an emission wavelength of 593 nm,
exhibits a broad and intense band centered at around 265 nm, which can be attributed to charge transfer transitions from the
oxygen ligands to the Eu** ions. In addition to this broad band, several sharp peaks are observed at 319, 358, 393, and 395 nm,
corresponding to the characteristic f—f transitions of Eu** ions, particularly the transitions from the ground state ("Fo) to various
excited states such as SHs, °Ds, and °Le. Among them, the strong excitation peak at 395 nm indicates that the phosphor can be
efficiently excited by near-UV light, making it compatible with commercially available near-UV LED chips.

The emission spectrum (Figure 1 b), recorded under 395 nm excitation, reveals multiple sharp emission peaks, which are
characteristic of Eu* ion transitions. The most prominent emission peaks are observed at 593 nm, 615 nm, and 652 nm, which
correspond to the Do — “F1, 5Do — "Fa, and °Do — ’F; transitions, respectively. The intense red emission peak at 615 nm (*Do —
'F.) signifies a strong electric dipole transition, indicating that Eu®* ions occupy sites with non-centrosymmetric environments in
the host lattice. The presence of the 593 nm peak (°*Do — ’F1), a magnetic dipole transition, further complements the emission
profile, providing orange-red luminescence.

Overall, the excitation and emission analysis confirms that Mg:P-O-:Eu®" is an efficient red-emitting phosphor with excellent
potential for application in white light-emitting diodes (w-LEDs) and other optoelectronic devices that rely on rare-earth doped
luminescent materials.
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Figure 1: Photoluminance of MgsP207:Eu*®
Photoluminance of MgsP207:Ce*®
Figure 2a displays the photoluminescence excitation spectrum of MgsP-0; doped with Ce*" ions, monitored at an emission
wavelength of 545 nm. The spectrum shows a broad excitation band centered around 240 nm, attributed to the charge transfer
transition from the 4f* ground state to the 4f’5d" excited state of Ce**. This broad band is characteristic of the allowed 4f — 5d
transitions in rare-earth ions and indicates that the optimal excitation wavelength lies in the UV region, making 245 nm an
appropriate excitation source for studying the emission behavior of this phosphor.
Figure 2b shows the emission spectra of MgsP207:Ce*" phosphors under 245 nm excitation for varying Ce*" concentrations (x =
0.01 to 0.06). The emission spectra consist of multiple peaks, with the most prominent emission occurring at ~545 nm,
corresponding to the °Ds — 'Fs transition of Ce**. Other observed transitions include 5Da — “Fs (490 nm), °Ds — “F4 (585 nm),
and °D4 — “Fs (620 nm), all of which are typical for Ce** ions. The green emission (~545 nm) dominates, which is desirable for
display and lighting applications.
The inset in Figure 2b illustrates the variation of emission intensity at 545 nm with increasing Ce** concentration. The intensity
increases initially with increasing dopant concentration, reaching a maximum at x = 0.04. Beyond this concentration, the intensity
starts to decrease, indicating the onset of concentration quenching. This suggests that energy transfer among Ce*" ions becomes
non-radiative at higher concentrations due to cross-relaxation processes or energy migration to quenching sites.
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Figure 2: Photoluminance of MgsP207:Ce*®
Photoluminance of CasP207:Eu*®
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Figure 3 (a) presents the emission spectra of CasP-07 doped with varying concentrations of Eu*" ions (x = 0.02 to 0.08), under
excitation at 330 nm. A prominent emission peak is observed at around 422 nm, which corresponds to the electronic transition of
Eu?" ions from the 4f°5d' excited state to the 4f” ground state. This strong blue emission confirms that a fraction of Eu** ions are
reduced to Eu?* within the host lattice. The inset graph reveals that the emission intensity initially increases with Eu concentration
and peaks at x = 0.06, beyond which concentration quenching reduces the intensity. Additionally, a slight red shift in emission
wavelength is observed with increased Eu doping, likely due to the changes in crystal field environment.

Figure 3(b) shows the excitation spectra of CasP-07:Eu?* phosphors monitored at an emission wavelength of 422 nm. The spectra
reveal broad excitation bands, with two dominant peaks centered around 288 nm and 330 nm. These bands are attributed to the
allowed 4f” — 4°5d! transitions of Eu?* ions. The broadness of these excitation bands is a characteristic feature of the 5d levels in
Eu?", which are highly sensitive to the surrounding crystal field. The increase in intensity with higher Eu?* concentration (up to X
= 0.08) suggests efficient absorption of UV light, though the saturation trend hints at an optimal doping limit for maximum
excitation efficiency.

Both emission and excitation spectra indicate that the luminescence of CasP-07:Eu?" is highly dependent on the Eu** doping
concentration. The optimal concentration is around x = 0.06, beyond which non-radiative energy transfer mechanisms likely
dominate, resulting in emission quenching. The presence of both Eu*" and Eu?" emissions also implies that partial reduction
occurs during synthesis, and the luminescent properties can be tuned by adjusting the Eu ion ratio and the synthesis atmosphere.
Overall, CasP.07:Eu?" exhibits potential as an efficient blue-emitting phosphor under near-UV excitation.
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Figure 3: Photoluminance of CasP.O-:Eu*®

Photoluminescence (PL) of SraP207:Eu*

The photoluminescence (PL) spectrum of SraP.07:Eu?" reveals a characteristic excitation band in the UV region, ranging from
approximately 250 to 400 nm, with prominent peaks centered around 300—350 nm. This broad excitation band is attributed to the
charge transfer transition from O?" to Eu®*, which is a common excitation mechanism in Eu**-doped phosphors. Upon excitation,
the emission spectrum displays sharp and intense peaks in the visible region, particularly dominated by the prominent red
emission at ~612 nm, which corresponds to the electric dipole transition *Do — 7F2 of Eu?*. This transition is hypersensitive to the
local environment and suggests that Eu*" ions occupy non-centrosymmetric sites in the SrsP»O- host lattice. The presence of
additional weaker emission lines corresponding to other Do — 7F; transitions (j = 0, 1, 3, 4) further confirms the characteristic
luminescent behavior of Eu®". Overall, the PL analysis indicates efficient UV-to-visible light conversion and strong red emission,
making SrsP-O-:Eu®*" a promising red-emitting phosphor for optical and display applications.
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Figure 4: Photoluminescence (PL) of SrsP207:Eu®

Intensity {A.U.)

JETIR2506803 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | i19


http://www.jetir.org/

© 2025 JETIR June 2025, Volume 12, Issue 6 www.jetir.org (ISSN-2349-5162)

Photoluminescence (PL) of SrsP207:Ce**

The photoluminescence (PL) spectra of Sr«P207:Ce*" exhibit characteristic features of trivalent cerium ions, with excitation and
emission behaviors captured in the two panels. In the upper panel, the red line shows the excitation spectrum monitored at an
emission wavelength of 544.1 nm, revealing several prominent excitation bands in the UV region, notably peaking at 370 nm. The
corresponding emission spectrum (black line) features multiple sharp peaks, particularly from ~400 to ~600 nm, which are
attributed to the 5Ds — 7F; transitions of Ce*" ions, where j = 6, 5, 4, 3. These narrow lines indicate the f—f transitions typical for
rare-earth ions in a crystalline host lattice.

In the lower panel, the excitation spectrum (red) is recorded at the emission wavelength of 658.0 nm and shows a strong
absorption band centered at 362 nm. The corresponding emission spectrum (black line) displays peaks corresponding to
transitions from the °Fs and °S: states to the *Is ground state. These emission lines confirm the incorporation of Ce*" ions into the
SrsP207 matrix and indicate that energy transfer processes and multiple electronic transitions are active. The presence of multiple
sharp and intense peaks across the visible range suggests that SraP207:Ce*" is capable of multicolor luminescence, making it
suitable for optoelectronic and display applications.
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Figure 5: Photoluminescence (PL) of SrsP.07:Ce*

Photoluminescence (PL) of SraP207:Dy**

The photoluminescence (PL) spectra of SraP-O7:Dy*" reveal characteristic excitation and emission behaviors of Dy*" ions within
the host matrix. The excitation spectrum (blue curve), monitored at an emission wavelength of 490 nm, displays multiple sharp
peaks attributed to transitions from the ground state *His/> to various higher energy states such as *Mis/2, °P7/2, °Ps/2, and °Lii/2, with
a prominent peak observed around 353 nm, suggesting strong absorption in the near-UV region. The corresponding emission
spectrum (red curve), recorded under 353 nm excitation, exhibits intense and well-resolved peaks centered at ~490 nm, ~575 nm,
and ~660 nm. These peaks correspond to the *Fs/> — °His/> (blue emission), *Fs/> — ®Hus/2 (yellow emission), and “Fo/2 — °Hii/2
(red emission) transitions, respectively. The dominant yellow emission suggests potential applications of SrsP-O-:Dy*" in white-
light-emitting devices, where Dy** acts as an efficient activator for generating multicolor luminescence from a single dopant.
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Figure 6: Photoluminescence (PL) of SrsP-O7:Dy*

I11.Conclusion

The present study comprehensively investigated the photoluminescence (PL) properties of Ce**, Eu**, and Dy** doped phosphate-
based nanophosphors using MgsP>07, CasP207, and SrsP-O- as host lattices. These phosphors were successfully synthesized
through a conventional high-temperature solid-state method, and their structural, morphological, and vibrational properties were
confirmed using XRD, SEM, TEM, FT-IR, and TGA analyses. The incorporation of rare-earth ions into the phosphate lattices led
to significant modifications in their optical characteristics, revealing intense and sharp emission lines upon UV excitation.

Among the phosphors studied, Eu**-doped Mg:P-O7 and SrsP-O, showed dominant red emissions centered around 615 nm and
612 nm, respectively, which are attributed to the Do — “F- electric dipole transition of Eu* ions. These sharp emissions indicate
that Eu®" ions occupy non-centrosymmetric sites in the host matrix, making these phosphors highly suitable for red components in
white-light-emitting diodes (w-LEDs). Ce**-doped phosphors, on the other hand, exhibited broad green emission bands around
545 nm due to allowed 4f-5d transitions, which are desirable for display and UV-excited lighting applications.

The Dy**-doped SraP207 phosphor displayed a combination of blue (~490 nm), yellow (~575 nm), and red (~660 nm) emissions,
arising from the *Fo/> — °His/2, *Fo/2 — SHis/2, and *Fo/a — °®Hu/2 transitions, respectively. This multicolor emission behavior
demonstrates the potential of Dy*" ions to serve as single-dopant systems for generating near-white or tunable light. Additionally,
the presence of both Eu?* and Eu*" emission bands in CasP-0O- suggests partial reduction during synthesis and highlights the role
of the host environment and synthesis conditions in determining the valence state and emission behavior.

A concentration-dependent study revealed that luminescence intensity initially increases with dopant concentration and reaches an
optimum point, beyond which concentration quenching occurs due to non-radiative energy transfers and cross-relaxation
processes among dopant ions. The optimal doping levels thus ensure maximum emission efficiency without detrimental effects.

Ovwerall, the study demonstrates that rare-earth doped phosphate-based nanophosphors exhibit excellent luminescent performance
with tunable emission colors, high crystallinity, and strong absorption in the UV region. These materials hold great promise for
next-generation optoelectronic applications such as solid-state lighting, display panels, and UV-excited luminescent devices.
Further research focusing on co-doping strategies, surface modifications, and controlled synthesis atmospheres could unlock
enhanced performance and broader utility of these materials in photonic technologies.
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