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escence of Tb3+ and Pr3+ ions in
Sr2Y(MoO4)4 for high-resolution optical
thermometry

Yosra Bahrouni,ab Ikhlas Kachou,a Kamel Saidi ac and Mohamed Dammak *a

Phosphors of the SrY2(MoO4)4 series co-doped with Pr3+ and Tb3+ ions were synthesized and investigated

for optical temperature sensing applications. Their structure, morphology, and photoluminescent

properties were thoroughly characterized using X-ray diffraction (XRD), field emission scanning electron

microscopy (FESEM), UV-vis absorption spectroscopy, and photoluminescence (PL) analysis. The intense

dual-mode color-tunable emission revealed prominent transition bands corresponding to 5D4 / 7Fj (j =

6, 5, 4, 3) for Tb3+ and 3P0 / 3H6 and 3P0 / 3F2 for Pr3+ ions under UV excitation at 450 nm.

Chromaticity parameters for both doped and co-doped phosphors were also investigated,

demonstrating emissions concentrated in the green and white regions. These properties highlight their

potential for applications in solid-state lighting. The synthesized phosphors were further evaluated for

their potential in optical temperature sensing based on the fluorescence intensity ratio (FIR) principle.

The SrY2(MoO4)4: 0.1 Pr3+/0.4 Tb3+ phosphors demonstrated strong red emission with a color purity of

85% and achieved a high relative sensitivity of 1.9% K−1 for the 488 nm and 648 nm emission ratio,

exceeding several reported molybdate-based thermometers, confirming their potential as

multifunctional materials for efficient red component generation in solid-state lighting and precise, non-

contact optical temperature sensing.
Introduction

Temperature is a fundamental physical parameter crucial for
assessing heat and cold, signicantly impacting many scientic
and commercial applications.1,2 In recent years, there has been
an increasing interest in the development of more precise, easy,
and economical temperature measuring methods. Conven-
tional techniques are oen classied into contact and non-
contact procedures. Contact methods necessitate physical
touch between the sensor and the item, resulting in possible
delays and difficulties in high-temperature settings, whereas
non-contact approaches mitigate these constraints and are
progressively favored in many domains.3,4

For non-contact techniques, optical thermometry has
garnered signicant attention due to its high precision, low
error margin, and cost efficiency.5 Methods such as emission
intensity, uorescence intensity ratio (FIR), decay lifetime, and
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emission band shi have been extensively investigated.6–8 FIR
technology, in particular, has emerged as the most popular due
to its robust anti-interference capability, accuracy, and opera-
tional simplicity.9,10 This method typically requires two lumi-
nescent centers with distinct temperature-dependent
responses.11 As such, phosphors doped with lanthanide ions
and transition metals are frequently used in optical tempera-
ture sensing, leveraging the impact of temperature variations on
their luminescence properties.

Optical temperature sensing using FIR generally involves
thermally coupled levels (TCL).12,13 By employing FIR-based
sensors, dependence on external conditions is minimized,
enhancing accuracy and resolution. For this purpose, lantha-
nide ions such as Tb3+, Pr3+, and Ho3+ have been widely studied.
Selecting a suitable host material is also critical; low phonon
energy is preferred to reduce non-radiative transitions.14,15

Molybdate-based matrices have been widely used owing to their
exceptional properties, including high chemical stability, bril-
liance, high melting point, low toxicity, and long persistence
without radioactive radiation.16–18 In this study, the focus is on
SrY2 (MoO4)4: 0.1 Pr3+/0.4 Tb3+ (SYMO: 0.1 Pr3+/0.4 Tb3+) phos-
phors, synthesized using the solid-state method. Pr3+ and Tb3+

are well-known for their efficient luminescent properties, with
Pr3+ emitting green-blue and red light from its 3P0 and 1D2

energy levels to the ground state, and Tb3+ predominantly
emitting green light from the 5D4 /

7Fx transitions (x = 3, 4, 5,
RSC Adv., 2025, 15, 35677–35686 | 35677
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6).19,20 The luminescence properties of the 3P0 and 1D2 excited
states, which decay to the 3H4 ground state, are strongly affected
by host lattice parameters such as phonon energy and crystal
structure. In certain compounds, however, the 3P0 emission can
be entirely suppressed.21–23

This study introduces a novel approach to enhance the
luminescence efficiency of Sr2Y(MoO4)4 (SYMO) phosphors via
co-doping with Pr3+ and Tb3+ ions. For the rst time, this co-
doped system exhibits tunable emissions spanning the green
to near-white spectral regions, paving the way for advanced
color modulation in photonic materials. Structural and optical
characterizations conrm the successful integration of both
activator ions into the SYMO host lattice, resulting in efficient
and thermally stable luminescence. The optimized SYMO: 0.1
Pr3+/0.4 Tb3+ composition demonstrates promising dual-
functionality in photoluminescence and high-resolution
optical thermometry, positioning it as a strong candidate for
applications in smart lighting, white LEDs, and non-contact
temperature sensing technologies.
Experimental section
Sample preparation

The Pr3+/Tb3+ codoped SYMO phosphors were prepared through
a traditional solid state method. First, high purity SrCO3, MoO3,
Y2O3, Pr6O11 and Tb4O7 were thoroughly grounded in an agate
mortar and placed into an alumina crucible. The mixture was
pre-calcined at 550 °C for 5 hours to remove volatiles and
initiate the reaction. The samples were sintered at 1000 °C for 5
hours in a owing CO2 atmosphere. This atmosphere was
chosen to help control the oxidation states of Pr3+ and Tb3+ ions.
Although CO2 is generally considered mildly oxidizing, at high
temperatures it can also act in a slightly reducing manner,
which helps stabilize the desired oxidation states during the
sintering process.
Characterization

Thematerials were characterized by the use of chosen analytical
techniques. The phase purity and crystal structure of samples
were identied through powder X-ray diffraction (XRD) patterns
on PANalytical X'Pert Pro diffractometer in the Bragg–Brentano
geometry. The sample morphologies were examined using
a scanning electron microscope (JEOL, JSM 6510LV). Excitation
and emission spectra were acquired using a Jobin Yvon
Fluoromax-4 spectrouorometer (Horiba) equipped with
a 150 W xenon lamp as the excitation source. To investigate the
temperature dependence, photoluminescence spectra were
collected with a Horiba Jobin Yvon HR 320 spectrometer, with
the sample mounted inside a cryostat.
Results and discussion
Structural study and morphology

Fig. S1 presents the XRD pattern of the synthesized SYMO
sample together with the reference data from the JCPDS card
no. 82-2369. The observed diffraction peaks match well with
35678 | RSC Adv., 2025, 15, 35677–35686
those of the pure SYMO phase, conrming good agreement with
the standard pattern (JCPDS no. 82-2369).24 All observed
diffraction peaks can be indexed to the tetragonal scheelite-type
structure of Sr2Y(MoO4)4, As show in Fig. S1, which has
a scheelite-type structure in space group I41/a, indicating that
no other impurities are included in the as-obtained sample.
Moreover, a Rietveld renement analysis was performed on the
Pr3+/Tb3+ doped SYMO samples to improve the clarity of the
crystal structure. Fig. 1a shows the results of the renement.
The observed and calculated proles are in remarkable agree-
ment, indicating the renement's high accuracy. A compre-
hensive summary of the structural properties of the samples is
given in Table S1. From the gure, we observed that the
difference prole of the SYMO was almost at, indicating a very
good t between observed and calculated proles. The reli-
ability factor was less than 2, indicating good tting results and
further conrming the phase purity.

Fig. 1b illustrates the morphology of SYMO: 0.1 Pr3+/0.4 Tb3+

phosphors, revealing a rod-like one-dimensional structure
indicative of anisotropic crystal growth. The rods exhibit an
average diameter of about 10 mm and axial lengths extending to
several hundred micrometers. These observations suggest that
the Pr3+/Tb3+ co-doping concentration has little effect on the
crystal growth behavior.
Optical characterization

UV-visible. Based on the UV-vis reectance, the observed
emission features may be attributed to the presence of energy
levels introduced by Pr3+ and Tb3+ ions within the host band
gap, which facilitate radiative transitions under excitation.25,26

The reectance spectra of pure SYMO, SYMO: 0.4 Tb3+,
SYMO: 0.1 Pr3+, and SYMO: 0.1 Pr3+/0.4 Tb3+ samples, recorded
over the 200–900 nm range, are shown in Fig. 2.

A pronounced absorption band appears in the UV region
(200–330 nm), which originates from the Mo–O charge transfer
transition, corresponding to electron excitation from the O 2p
states to the Mo 4d levels.27 Moreover, the appearance of bands
centered at 446, 487 and 495 nm is monitored and is attributed
to the appearance of the transitions: 3H4 /

3P2,
3H4 /

3P1 and
3H4 /

3P0 which related to the Pr3+ ions.
In the case of Pr3+, the introduction of 4f states near the

valence band can lead to the formation of localized defect
levels, effectively narrowing the optical band gap. Additionally,
Pr3+ can introduce slight lattice distortions due to its ionic
radius, which perturbs the Mo–O bonding environment and
modies the electronic band structure. Conversely, Tb3+

doping may slightly widen the band gap due to its higher
electronegativity and relatively lower interaction with the host
valence band states, leading to a modest blue-shi in the
absorption edge. These effects reect the different roles of 4f
orbitals and local structural inuences introduced by each
dopant.

To evaluate the band gap energy, the reectance spectra were
transformed using the Kubelka–Munk function (eqn (1)).
Subsequently, the F(R) values were analyzed with the Tauc
relation (eqn (2)) in order to estimate the energy separation
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 (a) Rietveld refinement of XRD patterns. (b) SEM images for SYMO codoped 0.1 Pr3+/0.4 Tb3+ sample.

Fig. 2 UV-vis diffuse reflectance spectra of SYMO, SYMO: 0.1 Pr3+,
SYMO: 0.4 Tb3+ and SYMO: 0.1 Pr3+/0.4 Tb3+.
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between the valence band and the conduction band of the
synthesized samples, as expressed below:28,29

FðRÞ ¼ ð1� RÞ2
2R

¼ K

S
(1)

(F(R)hn)n = A(hn − Eg) (2)

The estimated band gap (Eg) values of the samples in this
study are 3.5 eV for SYMO, 3.6 eV for SYMO: 0.4 Tb3+, 3.3 eV for
SYMO: 0.1 Pr3+, and 3.4 eV for SYMO: 0.1 Pr3+/0.4 Tb3+, as
determined by extrapolating the linear region of the plots
© 2025 The Author(s). Published by the Royal Society of Chemistry
shown in Fig. S3. These values are consistent with those re-
ported in the literature.30

Photoluminescence properties. Fig. 3a displays the PL exci-
tation spectra of the SYMO: 0.4 Tb3+ monitored at an emission
wavelength of 534 nm. The spectrum shows that the broad band
around a wavelength of about 296 nm is attributed to the ligand-
to-metal transfer band, which corresponds to the ligand trans-
fer from the O2− ion to the Mo6+ ion in the [MoO4]2− groups,
and the sharp peaks at 351 nm (7F6/

5D2), 359 nm (7F6/
5G5),

369 nm (7F6 / 5G6), 378 nm (7F6 /
5D3) and 486 nm (7F6 /

5D5) are attributed to the transitions of Tb3+ ions.1,31 Upon
excitation at 375 nm, as shown in Fig. 3b in the range of 420–
520 nm, four PL components (488, 543, 584 and 624 nm) come
from the electronic transitions of Tb3+ between a excited state
(5D4) and ground states (7F3,

7F4,
7F5 and

7F6, respectively).32,33

Fig. 3c presents the PL excitation spectrum of the SYMO host
monitored at an emission wavelength of 620 nm. A wide exci-
tation band is observed between 250 and 320 nm, together with
several sharp peaks in the 450–490 nm region. The broad
feature centered at 285 nm is attributed to charge transfer from
O2− to Mo6+ ions.34,35 Moreover the sharp peaks are ascribed to
3H4 /

3P2 (451 nm), 3H4 /
3P1 (472 nm) and 3H4 /

3P0 (487
nm).36,37 Upon 450 nm excitation, the studied material shows
numerous sharp lines in the 460−760 nm range, the PL spec-
trum reveals, the emissions peaking at 530 nm, 556 nm,
625 nm, 649 nm corresponding to the 3P0/

3H4,
3P1/

3H5,
3P0

/ 3H6 and 3P0 / 3F2 respectively, while two emissions at
619 nm and 687 nm are attributed to the 1D2 /

3H4 and
1D2 /

3H5 transitions of Pr3+ ions.38,39 In particular, the blue and
orange-red emissions at 556 and 625 nm originate from two
thermally coupled levels of 3P0 and

3P1 as shown in Fig. 3b.
Investigation of luminescence in SYMO: 0.1 Pr3+/0.4 Tb3+

phosphors. Fig. 4a depicts the excitation spectrum of SYMO: 0.1
Pr3+/0.4 Tb3+ microcrystals recorded at 534 nm emission. Strong
RSC Adv., 2025, 15, 35677–35686 | 35679
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Fig. 3 Excitation and emission spectra (a and b), of the SYMO: 0.4 Tb3+ phosphor monitored at 534 nm, and excited at 375 nm, respectively. (c
and d), of SYMO: 0.1 Pr3+ phosphor monitored at 620 nm, and excited at 450 nm, respectively.

Fig. 4 Excitation and emission spectra of the SYMO: 0.1 Pr3+/0.4 Tb3+ phosphors monitored at lem = 534 nm, and lex = 450 nm respectively.
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and broad excitation bands appear in the 230–355 nm region,
which are assigned to charge–transfer transitions arising from
electron transfer between the O2− 2p orbitals and the Mo6+ 5d
35680 | RSC Adv., 2025, 15, 35677–35686
orbitals in the MoO4 units of the host lattice. In all spectra
shown in Fig. 4a, sharp peaks centred at 355 nm (7F6 / 5D2:
Tb3+), 375 nm (7F6 /

5D3: Tb
3+), 472 nm (3H4 /

3P1: Pr
3+) and
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 CIE 1931 chromaticity diagram of SYMO phosphors codoped with (a) 0.4 Tb3+, (b) 0.1 Pr3+ and (c) 0.1 Pr3+/0.4 Tb3+ excited at lex =
450 nm.
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486 nm (7F6 /
5D5: Tb

3+, 3H4 /
3P0: Pr

3+) are observed, which
were in accordance with those of the doped-only samples.
Under 450 nm excitation, Fig. 4b presents the photo-
luminescence (PL) spectra of SYMO co-doped with Pr3+ and Tb3+

ions at room temperature. The material exhibits several sharp
emission lines corresponding to bands centered at 488 nm
(Pr3+, Tb3+), 530 nm (Pr3+), 544 nm (Tb3+), 620 nm (Tb3+, Pr3+),
648 nm (Pr3+) and 689 nm (Pr3+), within the 460–760 nm
range.40–42

CIE chromaticity coordinates. The CIE chromaticity coordi-
nates (x, y) of the synthesized phosphors under 450 nm UV
excitation were calculated and are presented in the CIE chro-
maticity diagram shown in Fig. 5.43 The color coordinates and
corresponding correlated color temperature (CCT) values of the
phosphors are summarized in Table S2. The CCT values were
determined from the CIE coordinates using McCamy's
formula:14,44

CCT = −437n3 + 3601n2 − 6861n + 5514.3 (3)

n ¼ ðx� xeÞ
ðy� yeÞ
© 2025 The Author(s). Published by the Royal Society of Chemistry
Here, xe = 0.3320 and ye = 0.1858 represent the epicenter
coordinates of the color.

All samples exhibit CCT values under 3200 K, indicating
a warm appearance, as values above 3200 K are usually classi-
ed as cool light sources.45 Fig. 5a shows that the CIE coordi-
nates of SYMO: 0.1Pr3+ phosphors fall within the red region. In
Fig. 5b, under 375 nm excitation, the CIE coordinates of SYMO:
0.4 Tb3+ phosphors are located in the green region. Fig. 5c
illustrates that the CIE coordinates of SYMO: 0.1 Pr3+/0.4 Tb3+

phosphors lie in the blue region. These coordinates provide
a key measure of how the emitted light is perceived and are
essential for evaluating the overall emission characteristics of
the phosphors.

Thermal stability. Thermal stability is a crucial property for
lighting applications, particularly for phosphors used in white
LEDs (w-LEDs).46High-power LED chips can reach temperatures
up to 380 K, at which point luminescence intensity typically
decreases signicantly. To evaluate the thermal stability of
SYMO: 0.1 Pr3+/0.4 Tb3+, PL spectra were recorded under 450 nm
excitation at different temperatures, as shown in Fig. S4a. The
PL emission prole remains largely unchanged with increasing
temperature; however, the intensity of the transitions gradually
decreases from 300 K to 380 K due to thermal quenching.
Notably, the temperature response differs between the
RSC Adv., 2025, 15, 35677–35686 | 35681
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Fig. 6 Temperature-dependent PL spectra of the SYMO phosphor
codoped 0.1 Pr3+/0.4 Tb3+ excited at 450 nm.
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(MoO4)
4− band and the Pr3+/Tb3+ bands: the (MoO4)

4− band
shows a sharp drop in intensity, whereas the Pr3+/Tb3+ emis-
sions decrease more gradually, as illustrated in the histogram of
Fig. 7 FIR vs. temperature variations for SYMO: 0.1 Pr3+/0.4 Tb3+ corr
648 nm, and (c) 531/688 nm.

35682 | RSC Adv., 2025, 15, 35677–35686
Fig. S4b. Even at 380 K, the luminescence intensity retains 45%
of its initial value.

Thermal quenching is primarily caused by non-radiative
relaxation, with the number of excited electrons increasing as
the temperature rises. This thermal activation process can be
quantitatively described using the Arrhenius equation.

IðTÞ ¼ I0

0
B@1þ C � e

�DE
KBT

1
CA

�1

(4)

In the equation, I0 represents the luminescence intensity at
room temperature, I is the intensity at elevated temperatures, K
denotes the Boltzmann constant, and CCC is a constant.
Fig. S4c shows the plot of (I0/I − 1) versus 1/KBT, which follows
a linear relationship with a slope corresponding to the activa-
tion energy, DE. From this tting, the thermal activation energy
of SYMO: 0.1 Pr3+/0.4 Tb3+ is estimated to be 0.4 eV, conrming
the high thermal stability of this phosphor. This value is notably
higher than those reported for other phosphors, such as
Lu2Mo3O12: Tb3+ (0.29 eV),47 and CaYAlO4: Tb3+ (0.39 eV)48

further indicating the superior thermal stability of SYMO: 0.1
Pr3+/0.4 Tb3+.
esponding to the transition intensity ratios: (a) 488/688 nm, (b) 544/

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Temperature sensing properties

In further evaluation of the potential of the investigated mate-
rials for optical temperature sensing, the high-temperature PL
spectra of SYMO: 0.1 Pr3+/0.4 Tb3+ weremeasured. It can be seen
from Fig. 7 that the total luminescence intensity gradually
decreases with the increase of the sample temperature under
the excitation of 450 nm, in the range of 215–498 K, indicating
that a temperature-dependent luminescence quenching takes
place which related to the enhancement probability of the non-
radiative processes.49 Interestingly, the 3P0 and 1D2 related
emissions of Pr3+ show different temperature responses.50,51

The differing temperature responses of Tb3+ and Pr3+ ions
suggest that these phosphors could be used in optical ther-
mometry, with the FIR method serving to assess their perfor-
mance in real temperature measurements. As illustrated in
Fig. 6, the temperature-dependent luminescence property of
Pr3+/Tb3+ ions in SYMO can be well interpreted by the above
kinetic, process since the measured plots of FIR versus T are well
tted by equation:52,53

FIR ¼ A� exp

��DE
KT

�
þ B (5)

where A and B are tting constants, DE is the effective energy
difference, and K is the Boltzmann constant. Notably, the
SYMO: 0.1 Pr3+/0.4 Tb3+ phosphor is suitable for thermal
sensing within the temperature range of 215–400 K. The
Fig. 8 Variation of temperature sensitivity parameters (absolute and rela
Tb3+ sample, corresponding to the transition intensity ratios: (a) 488/68

© 2025 The Author(s). Published by the Royal Society of Chemistry
uorescence intensity ratio (FIR) of the 3P0 / 3H4 transition
(544 nm) to the 3P0 /

3F2 transition (648 nm) can be used for
temperature calibration, as these two levels are exclusively
associated with Pr3+ transitions. Additionally, the FIR of the 5D3

/ 7F3 transition (Tb3+) to the 3P0 /
3F2 transition (Pr3+) is also

evaluated. The integrated intensities for FIR values: FIR = I544
nm/I648 nm, FIR = I488 nm/I648 nm, and FIR = I531 nm/
I648 nm as a function of temperature are illustrated in Fig. 7.

In all cases, the experimental data were tted using the
exponential function in eqn (5), indicating that the temperature
dependence of the FIR follows the Boltzmann distribution. All
evaluated FIRs are suitable for thermal sensing, with one
particular FIR exhibiting the highest thermometric
performance.

Additionally, the absolute sensitivity (Sa) and relative sensi-
tivity (Sr) are key parameters for evaluating the performance of
optical thermometers and can be calculated using the following
equations:54,55

Sa ¼
����dFIRdT

���� Sr ¼ 1

FIR

����dFIRdT

���� (6)

By plotting Sr against temperature, we observed that
a doping concentration of 40% Tb3+ combined with 10% Pr3+

optimizes thermometric performance. This conguration ach-
ieved a maximum Sr at approximately room temperature (RT) in
tive sensitivity) as a function of temperature for the SYMO: 0.1 Pr3+/0.4
8 nm, (b) 544/648 nm, and (c) 531/688 nm.
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the SYMO crystal, as shown in Fig. 8c corresponding to the FIR
(488/648).

The variation in the intensity ratio between emissions at
544 nm and 648 nm yields a sensitivity Sr of 1.5% K−1.
Considering the emissions at 488 nm and 648 nm, the Sr
increases to 1.9% K−1, while for the lines at 531 nm and 648 nm,
the Sr reaches 1.8% K−1, all evaluated at 328 K. The enhanced
thermometric performance observed with these intensity ratios
is attributed to the greater energy difference between the ther-
mally coupled states.

Besides Sr, temperature resolution dT is one of the most
important parameters for FIR thermometry and is denoted as:56,57

dT ¼ 1

SR

dFIR

FIR
(7)

where dFIR and dFIR/FIR represent the uncertainty and the
relative uncertainty of the FIR, respectively. In order to assess
the dT of the PL lines at 215 K and 450 K, the FIRs between the
integrated intensities of the FIR (544/648), FIR (531/648) and
FIR (488/648) emission lines were calculated on the basis of the
results. Fig. S5 displays the measured values of the uncer-
tainties at different temperatures for the SYMO sample, and
from the graph it is obvious that they are in the range of 0.25–
0.5 K, which is an impressive result. A comparison of the
sensitivity parameters with previously reported optical ther-
mometry results is presented in Table 1. This analysis high-
lights the potential of the prepared sample for use in non-
contact optical temperature sensing applications.

To evaluate the accuracy of the temperature measurement
method, the thermometric parameters (FIR values) were
repeatedly measured while cycling the sample between low and
high temperatures, as shown in Fig. S6. The repeatability (R)
was calculated using the following equation:58,59

Rpð100%Þ ¼
�
1� max

��MiðTÞc �MðTÞc
��

FIRc

� 100

�
(8)

Here, Mi(T)c_represents the measurement parameter (FIR or
band centroid) for the i-th cycle, and M(T)c is the average value
of M(T) over seven cycles. The FIR values exhibit reversible
Table 1 Temperature measurement range, maximum value of Sr of
different temperature indicators

Phosphors Temperature (K) Sr (% K−1) Reference

SrMoO4:0.01 Pr3+ 298–498 0.98 60
YVO4:0.005 Pr3+ 303–324 1.14 61
SrLu2O4: Pr

3+ 78–490 1.63 62
LaMg0.4Nb0.5O3: Pr

3+ 298–523 0.83 63
La2ZnTiO6: Tb

3+ 293–573 0.734 64
CaWO4: Tb

3+ 343–783 1.21 65
CaNb2O6:0.01Tb

3+/0.5%Bi3+ 298–448 1.39 66
KBaY(MoO4)3: Tb

3+/Eu3+ 303–503 1.10 67
SrY2(MoO4)4: Tb

3+/Sm3+ 290–440 0.93 68
NaLu(WO4)2: Tb

3+/Pr3+ 583–783 1.45 69
LuNbO4: Pr

3+/Tb3+ 283–493 1.26 70
Y2Mo4O15: Pr

3+/Yb3+ 298–508 1.24 71
SrY2(MoO4)2: Pr

3+/Tb3+ 215–400 1.9 This work

35684 | RSC Adv., 2025, 15, 35677–35686
changes with temperature, and all measured FIRs exceeded
97% across the tested temperature range, conrming the
excellent repeatability and reliability of the employed thermo-
metric methods.
Conclusion

In conclusion, the SYMO: 0.1 Pr3+/0.4 Tb3+ phosphor series was
successfully synthesized via the solid-state method. X-ray
diffraction conrmed the formation of phase-pure microcrys-
tals with a scheelite-like tetragonal structure. The materials
exhibited a wide optical band gap of 3.7 eV, which is consistent
with strong host lattice absorption in the UV region and supports
efficient excitation of the rare-earth ions under near-UV or blue
light (450 nm). These Pr3+ activated SYMO phosphors exhibit
excellent structural and optical properties, making them prom-
ising candidates for optical thermometry. The photo-
luminescence (PL) spectra revealed a strong contribution from
the host matrix under 450 nm excitation, characterized by
a broadband prole likely arising from overlapping emissions.
Chromatic coordinates derived from the PL spectra place the
emissions predominantly in the green and white regions, high-
lighting their suitability for luminescent applications.

Thermometric characterization, conducted within the 215–
400 K range using uorescence intensity ratio (FIR) techniques,
demonstrated the material's effectiveness for precise tempera-
ture sensing. Among the various emission pairs analyzed (488/
648 nm, 544/648 nm, and 531/648 nm), the I488/I648 nm ratio,
involving both Tb3+ and Pr3+ ions, exhibited the best thermo-
metric performance. This pair achieved a maximum sensitivity
(Sr) of 1.9% K−1 near room temperature (RT), underscoring the
material's potential for practical applications in non-contact
optical thermometry. Overall, the structural, optical, and ther-
mometric enhancements observed in the SYMO: 0.1 Pr3+/0.4
Tb3+ phosphor makes it an excellent candidate for advanced
optoelectronic applications, including precise temperature
sensing across a wide range of environments. These ndings
underscore the signicant potential of this material for prac-
tical use in cutting-edge technologies.
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