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ometric efficiency: a wavelength
excitation analysis in LiSrGdW3O12:Tb

3+ for
superior single band ratiometric (SBR) thermometry

Fadwa Ayachi,a Kamel Saidi, a Mohamed Dammak, *a Joan Josep Carvajal b

and Maria Cinta Pujolb

This study delves into the Single Band Ratiometric (SBR) method for luminescence thermometry,

specifically employing Tb3+-doped LiSrGdW3O12 (LSGW) as a novel phosphor. The prepared samples

crystallize with the tetragonal scheelite structure, with the optimal Tb3+ concentration pinpointed at

0.3Tb3+ ions. When stimulated at diverse wavelengths exhibit luminescence characterized by varying

heat dependencies. By utilizing two Fluorescence Intensity Ratio (FIR) parameters for the 544 nm green

emission, firstly excited at 405 nm and 488 nm, and then at 405 nm and 379 nm, the Sr relative thermal

sensitivity of the luminescent thermometer peaks at 3.56% K−1 and 4.21% K−1, respectively, within the

temperature range of 290–440 K. The temperature resolution (dT) of the luminescent thermometer is

calculated to be dT1 = 0.68 K and dT2 = 0.75 K for T = 290 K, respectively. These outcomes underscore

the applicability of Tb3+ ions for SBR thermometry, emphasizing the impact of the excitation wavelength

on the thermal sensitivity. The study lays the groundwork for developing highly sensitive temperature

probes by elucidating the interplay of material properties and physical processes.
1. Introduction

It has been observed that research devoted to optimizing
luminescent thermometry and charting new development
avenues has grown in popularity as this technology provides
a remote temperature readout with high resolution and
sensitivity.1–3 A single-band ratiometric (SBR) thermometer is
one of the new approaches in luminescent thermometry that
has recently received a lot of attention. It uses a single optically
active center that is excited in two different ways, resulting in
emission signals with opposite temperature dependences.4–7

One of the major benets of SBR luminescence thermometry is
that the emission is only gathered in the selected spectral
region. This allows us to prevent the negative impacts of
selective absorption of a tested medium, which can change the
shape of the emission spectrum and hence the reliability of the
temperature readout. To achieve opposite thermal mono-
tonicity of a single emission band, two primary excitation
processes are utilized, namely edge excitation and excited state
absorption. Because the latter allows for more extensive
adjustment of the phosphor's thermographic characteristics, it
is used more frequently. Lanthanide ions are the most ideal
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kind of optically active centers to employ for this purpose
because of their unique energy level distribution, which gives
numerous options for selecting the right excitation wavelengths
for SBR.7–10 The intensity of the emission from these ions shows
quenching as the temperature rises when they are activated at
a resonant wavelength that matches the ground state absorp-
tion (GSA). However, when the excitation is matched to the
excited state absorption (ESA), they also show a thermally driven
rise in emission intensity under the right circumstances. The
potential relative thermal sensitivity (Sr) of this kind of lumi-
nescent thermometer is greatly increased by the uctuation of
GSA and ESA stimulated emission intensity. Results that were
recently published demonstrated how the kind of doping ion,
the nature of the host material, and the interionic energy
transfer affect the thermally induced ESA process.4,5 Nonethe-
less, up to now, the focus has been on process improvement
that results in the thermal enhancement of the ESA process.

The selection of an appropriate host material is pivotal in the
design of high-efficiency luminescent materials and high-
performance luminescent sensors. Inorganic luminescent
materials play a critical role in contemporary photonics tech-
nologies. Among these, binary alkaline earth tungstates, rep-
resented by the formula MLn2(WO4)4 (where M denotes an
alkaline earth bivalent metal ion, and Ln represents trivalent
rare-earth ions), are classied as scheelite-structured
compounds. The scheelite structure is prevalent in binary
molybdates and tungstates, and noteworthy reports underscore
their exceptional upconversion (UC) photoluminescence
© 2024 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d4ra00626g&domain=pdf&date_stamp=2024-04-24
http://orcid.org/0000-0002-0098-7904
http://orcid.org/0000-0001-8190-2150
http://orcid.org/0000-0002-4389-7298
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra00626g
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA014019


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
A

pr
il 

20
24

. D
ow

nl
oa

de
d 

on
 1

/3
1/

20
26

 7
:5

8:
40

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
properties.11,12 Tungstate compounds are widely recognized as
essential inorganic functional materials with a rich history of
practical applications in scintillation detectors, solid-state
lasers, and stimulated Raman scattering (SRS). For instance,
crystals like PbWO4 and CdWO4 exhibit excellent scintillation
properties.6 Additionally, KGd(WO4)2:Nd (KGW:Nd) and
KY(WO4)2:Nd (KYW:Nd) crystals have demonstrated competi-
tive properties with commercial Nd:YAG crystals in quasi-CW
and Q-switched lasers due to their short storage time and
large emission cross-sections.7 Furthermore, certain tungstate
crystals, such as KGW and BaWO4,15,16 showcase signicant
third-order nonlinearities and have been explored as promising
Raman shiers. On the ip side, ternary tungstates with
a general composition of NaMLn(WO4)3 (M = Ca3+, Sr3+, and
Ba3+; Ln = La3+, Gd3+, and Y3+), which crystallize in the mono-
clinic crystallographic system with the C2/c space group, have
been documented. Specically, NaSrLa1−x(WO4)3,9 and
KBaGd(WO4)3 have been identied as noteworthy instances,
with the latter emerging as a novel host material for solid-state
lasers.18,19

To date, SBR thermometry, relying on the emission of
various lanthanide ions, has been successfully demonstrated,
with predominant attention given to lanthanides such as Tb3+,
Eu3+, or Nd3+.20–30 These ions, owing to their well-dened and
intricate energy-level congurations, prove effective in con-
ducting temperature measurements using the SBR approach.
This involves excitations matched to both ground-state
absorption (GSA) and excited-state absorption (ESA). The exist-
ing literature on SBR luminescent thermometers predomi-
nantly focuses on near-infrared (NIR) emissions, exemplied by
Nd3+,28,29 or green-emitting phosphors, such as Tb3+.21,22,24,27,30

Additionally, investigations have extended to the red and yellow
spectral ranges utilizing Eu3+-doped phosphors.20,23,25,26

For optimal performance employing the SBR strategy to
develop a high-performance luminescent sensor, this study
places emphasis on evaluating the impact of the excitation
wavelength on the thermometric parameters. In this article,
Tb3+-doped LSGW phosphors were synthesized through the
conventional solid-state reaction method. Our focus is on the
LiSrGdW3O12 (LSGW) host, chosen for its cost-effectiveness and
ease of preparation. The results obtained indicate a promising
direction for enhancing temperature sensing precision and
sensitivity.
Fig. 1 XRPD patterns of the obtained products, x% Tb3+:LiSrGd (WO4)3
being x = 10, 20, 30, 40 and 50. Inset: Angle shift related to the Tb
concentration.
2. Equipment, synthesis and
characterization

A series of terbium doped LSGW microcrystals LiSrGd1−xTbx(-
WO4)3 (x = 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6) were prepared by solid
state reaction. Li2CO3 (99.99%), SrCO3 (99.99%), Gd2O3

(99.99%), WO3 (99.99%) and Tb4O7 (99.99%) were used as
starting materials.

The stoichiometric coefficient of Li2CO3, SrCO3, Gd2O3, WO3

and Tb4O7 were taken and ground using an agate mortar and
pestle and calcined at 600 °C for 16 h and then reground, and
annealed at 800 °C for 12 h. Finally, the collected phosphors
© 2024 The Author(s). Published by the Royal Society of Chemistry
were ground again to produce a ne powder and were kept in
the container for further analysis.

The X-ray powder diffraction (XRPD) of all synthesized
phosphors was recorded using a SIEMENS D8-q/2q with a Cu Ka
X-ray source (l= 0.15418 nm). The SEM images were taken with
a Quanta 600 environmental scanning electron microscope
(ESEM) from FEI. Diffuse reection spectra were measured
between 250 and 1100 nm with a scanning UV-Vis spectropho-
tometer (PerkinElmer). The photoluminescence spectra (exci-
tation and emission) were recorded using a Horiba Fluoromax
4P spectrometer equipped with a Xenon lamp as the excitation
source at room temperature. The sample temperature was
controlled to be in the 300–440 K range by using a helium
closed-cycle cryostat and a Lake Shore 321 temperature
controller. The CIE colour coordinates were calculated from the
emission spectral data of the synthesised phosphors using
a chromaticity calculator program developed by ourselves.
3. Results and discussions
3.1 Crystalline and morphological characterization of the
obtained products

Fig. 1a displays the XRPD patterns of the obtained products,
denoted as LiSrGd (WO4)3:x%Tb3+ (where x= 10, 20, 30, 40, and
50). The predominant peak at 2q = 28.5° is accompanied by
other peaks at 31°, 34°, 39°, 47°, 49°, 54°, 58°, 59°, and 76°,
which closely match the reference pattern card JCPD S25-0829.11

Table 1 presents the unit cell parameters corresponding to
various Tb concentrations. The samples exhibit a crystalline
structure consistent with orthorhombic scheelite, characterized
by the space group I41/a (no. 88).11

A maximum shi of q z 18° was found for the lowest angle
region, shown in the inset of Fig. 1, when theTb3+ concentration
increased. Table 1 summarizes the unit cell parameters rened
by using the Le Bail methodology using the TOPAS soware.
RSC Adv., 2024, 14, 13494–13504 | 13495
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Table 1 Evolution of the unit cell parameters as a function of the
doping level. Rexp equals to expected R value and Rwp equals to the
weighted-profile R-value. Values of Rwp/Rexp close to 1 indicates the
good quality of the Le Bail fitting12

% Tb a (Å) c (Å) Volume (Å3) Rexp/Rwp

10 5.28349(8) 11.5189(2) 321.553(12) 4.51/7.49
20 5.28165(10) 11.5138(2) 321.189(14) 4.60/6.96
30 5.27709(13) 11.5007(3) 320.269(18) 6.01/7.88
40 5.28214(11) 11.5145(3) 321.268(16) 5.18/7.99
50 5.28121(14) 11.5146(3) 321.154(19) 5.73/8.06

Fig. 3 Diffuse reflectance spectra of LSGW:xTb3+ (x= 0.1, 0.2, 0.3, 0.4,
0.5 and 0.6).
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The introduction of Tb3+ into the crystalline structure results
in a reduction of the unit cell parameters. This phenomenon
can be attributed to the disorder arising from the Gd3+ / Tb3+

substitution. The incorporation of Tb3+ ions into the LSGW
lattice induces a local distortion of the crystal structure. The
anticipated compression during the substitution of Gd3+ by
Tb3+ is attributed to the difference in ionic radii, specically, the
coordination 8 radii of Gd3+ (1.053 Å) and Tb3+ (1.040 Å).

The SEM photographs presented in Fig. 2 illustrate the
shape, size and distribution of the particles in the samples. SEM
images showed that the particles are micrometric in size,
without signicant changes in morphology when the concen-
tration of Tb3+ increased.

3.2 Optical characterizations

3.2.1 UV-vis absorption. The diffuse reectance spectra
(Fig. 3) of LSGW:xTb3+ phosphors (x = 0.1, 0.2, 0.3, 0.4, and 0.6)
over the range 200–1100 nm are shown in Fig. 3.

In this spectra, the electronic transitions corresponding to
the group (WO4)

2− are the origin of a wide band with the highest
intensity in the 240–370 nm range.13 The optical band gaps (Eg)
of the prepared phosphors have been calculated from the
diffuse reection spectra, which may be determined by using
the Kubelka–Munk (KM) and the Tauc equation.14 Fig. 4
displays the plot of (F(R)hn)2 versus (hn), in which F(R) is the
reection function measured. The LSGW:xTb3+ energy gap
values were calculated to be: (a) Eg = 3.02, (b) Eg = 3.00, (c) Eg =
2.98, (d) Eg = 2.97, (e) Eg = 2.95 and (f) Eg = 2.93 eV for x = 0.1,
0.2, 0.3, 0.4, 0.5 and 0.6 respectively. These values are lower than
the ones obtained for LiGd (WO4)2, in which the direct optical
Fig. 2 Scanning electron microscopy images of LSGW doped (a) 0.1Tb3

13496 | RSC Adv., 2024, 14, 13494–13504
band gap observed was 3.607 eV. Therefore, the introduction of
Tb in the crystalline structure reduces the band gap. Besides,
the energy gap decreases from 3.02 to 2.93 eV as the doping
content increases.

3.2.2 Photoluminescence properties. Fig. 5a presents the
excitation spectrum (PLE) of LSGW:0.3Tb3+ microcrystals, which
was measured by monitoring the emission at 544 nm. The PLE
shows a broad band located in the range of 250–305 nm and
centered at 270 nm, which is attributed to the O2−–WO4

2−

charge transfer band (CTB) and f–d transition of Tb3+, indicating
the energy transfer from the matrix state (host) to Tb3+ in
LSGW:Tb3+ phosphor.15,16 A pronounced PLE band at 285 nm is
observed for the 8S7/2/

6IJ intra-f–f transitions of Gd
3+, along with

a less prominent band at 312 nm for the 8S7/2/
6PJ transitions.17

These ndings suggest that energy transfer from Gd3+ to Tb3+ is
occurring. In the spectral range 330–500 nm, various excitation
bands are seen which are allocated to intrinsic f–f transitions of
Tb3+ ions. Those peaks situated at about 352 nm, 359 nm,
369 nm, 379 nm and 486 nm correspond to the electronic
transitions 7F6 /

5D2,
7F6 /

5G5 +
5L9,

7F6 /
5L10,

7F6 /
5D3 +

5G6, and
7F6 /

5D4, respectively.18 Fig. 5b displays the emission
spectrum (PL) at room temperature of LSGW:0.3Tb3+ under
+, (b) 0.3Tb3+, and (c) 0.5Tb3+.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Plot of [F(R)hn]2 versus (hn) of LSGW doped with (a) 0.1, (b) 0.2, (c) 0.3, (d) 0.4, (e) 0.5 and (f) 0.6 Tb3+, respectively.

Fig. 5 Room temperature (a) PLE and (b) PL spectra of LSGW:0.3Tb3+.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
A

pr
il 

20
24

. D
ow

nl
oa

de
d 

on
 1

/3
1/

20
26

 7
:5

8:
40

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
379 nm excitation in the spectral range 450–750 nm. This spec-
trum showed a number of peaks at 489, 545, 588, 622 and
653 nm, which correspond to Tb3+:5D4/

7FJ transitions (J= 6, 5,
4, 3)1,2 respectively. The energy diagram of the (WO4)

2− and Tb3+

ions are presented in Fig. 6 to illustrate the photoluminescence
and excitation processes in these materials.

In most cases, the emission intensity of lanthanide ion
doped materials is mostly dened by the concentration of
dopants. The emission spectra of LSGW doped with various
concentrations of Tb3+ ions (x= 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6) are
presented in Fig. 7a. All the emission spectra exhibit the same
form with a change in their intensities with an increase in the
© 2024 The Author(s). Published by the Royal Society of Chemistry
Tb3+ concentration. It is clear from the box that as the content of
Tb3+ ions increase, the emission intensity of Tb3+ progressively
increases and attains a maximum at x = 0.3. With higher Tb3+

concentrations, the emission intensity decreases owing to the
concentration quenching. It can be assigned to a non-radiative
energy transfer between Tb3+ ions. The nonradiative energy
transfer could either be caused by a multipole–multipole
interaction or an exchange interaction. In addition, the energy
transfer between Tb3+–Tb3+ ions can be inuenced mainly by
the distances between the activator ions in the host matrix. The
critical transfer distance Rc calculated by Blasse's equation can
be found by using the following expression (eqn (1)).19,20
RSC Adv., 2024, 14, 13494–13504 | 13497
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Fig. 6 Energy diagram of LSGW:0.3Tb3+.

Fig. 8 CIE chromaticity diagram at different concentration of
LSGW:xTb3+ (x= 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6) phosphor. As we use the
same symbol, it cannot be seen the change of the CIE coordinates with
the Tb concentration.
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Rc ¼ 2

�
3V

4pNXc

�1=3

(1)

wherein V is the unit cell volume, N the number of cation sites
for the dopant in a unit cell and Xc is the critical concentration
for the activator ion. In this case, V= 320, 44 cm−1, N= 4 and Xc

= 0.3, Therefore, the critical distance (Rc) was calculated to be
around 8 Å, which is above 5 Å. Based on the Dexter theory,21 the
mechanism of energy transfer can be controlled by a multipole–
multipole interaction. Van Uitert's theory suggests that
concentration quenching occurs due to interactions between
the luminescent centers at high concentrations. The basic
relationship between luminescence intensity and concentration
can be expressed as:

1

X
¼ K

�
1þ bðX Þq

3

��1
(2)

q represents the multipole interaction constant equivalent to
6, 8 or 10 corresponding to dipole–dipole (D–D), dipole–
Fig. 7 (a) PL spectra of LSGW:xTb3+ (x = 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6) e

13498 | RSC Adv., 2024, 14, 13494–13504
quadrupole (D–Q) and quadrupole–quadrupole (Q–Q) interac-
tions, respectively. K and b are constants for each interaction
upon the same excitation. Eqn (2) can be expanded as follows:

log
I

X
¼ � q

3
logðX Þ þ A (3)

in which A is a constant.
The straight-line relationship between log X and log(I/X)

values of xTb3+ (x = 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6) doped phos-
phors is illustrated in Fig. 7b. The “q” value is near 6, indicating
that the quenching phenomenon between the Tb3+ ions in our
LSGW compound corresponds to dipole–dipole (D–D)
interactions.22

To estimate the luminous colour of the phosphor material,
the CIE chromaticity coordinates, which are relevant for the
xcited at 379 nm. (b) Linear fitting of log(I/X) in terms of log(X).

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 2 CIE 1931 chromaticity index for LiSrGdW3O12:xTb
3+ (x = 0.1–

0.6) phosphors

Samples CIE (x, y)

x = 0.1 (0.30; 0.60)
x = 0.2 (0.30; 0.59)
x = 0.3 (0.32; 0.61)
x = 0.4 (0.30; 0.60)
x = 0.5 (0.31; 0.59)
x = 0.6 (0.31; 0.58)
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performance of the phosphors, were determined from emission
spectra (see Fig. 8) The values that were calculated are given in
Table 1. It is apparent that the colour coordinates of the
LSGW:xTb3+ phosphors are in the red region of the CIE
diagram. These results indicated that Tb3+ doped LSGW phos-
phors could be a potential candidate for green LED application
(Table 2).
4. Single-band ratiometric (SBR)
approach thermometry

To investigate the optical thermal sensing behaviour of the as-
prepared LSGW:Tb3+ MCs, the emission spectra upon ESA and
GSA were recorded at different temperatures. With its
Fig. 9 Emission spectra of the LSGW:0.3Tb3+ phosphor at different tem
(GSA).

© 2024 The Author(s). Published by the Royal Society of Chemistry
wavelength-dependent thermal behaviour, Tb3+ luminescence
offers a great opportunity for SBR thermometry. As a result, the
wavelengths of 379 nm and 486 nm were selected as GSA and
405 nm as ESA for the SBR model. Accordingly, the lumines-
cence arising from the 5D4–

7F5 transition can be used as
a sensitive thermometric parameter, since it depends on the
thermal properties of the excitation under GSA (in this case
379 nm and 486 nm) and ESA (in this case 405 nm) matched
conditions.23,24 Therefore, all the processes described above are
temperature-dependent in the 290–440 range, and it can be
concluded that the 5D4 population decreases when the
temperature increases under the two excitation wavelengths
that matches to GSA (lex = 379 nm and lex = 486 nm) as shown
in Fig. 9b and c, respectively. In contrast, when the excitation
matches to ESA (lex = 405 nm), the 5D4 population increases
with temperature as depicted in Fig. 9a. The opposing thermal
dependence of the 5D4–

7F5 transition under GSA and ESA exci-
tation wavelengths supported our hypothesis that the FIR of
those signals in a single emission band can be calibrated with
temperature for SBR thermometry. The FIR is dened as follows
(eqn (4)):

FIR ¼ IðESAÞ
IðGSAÞ (4)

wherein I represent the intensity ratio of the green emission of
Tb3+ which corresponds to the transition 5D4 / 7F5.
peratures at: (a) 405 nm excitation (ESA), (b) 379 nm (GSA), (c) 486 nm

RSC Adv., 2024, 14, 13494–13504 | 13499
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Specically, for both FIR1 (Iex(405)/Iex(379 nm)) and FIR2
(Iex(405)/Iex(486 nm)) the value of FIR increased rapidly from
0.02 to 0.6 when the temperature increased from 290 to 440 K as
depicted in Fig. 10. In order to quantify the thermal sensing
performance, the absolute (eqn (5)) and relative (eqn (6))
thermal sensitivities were calculated using the following
equations:25,26

Sa ¼ dFIR

dT
(5)

Sr ¼ 1

FIR

dFIR

dT
(6)

where dFIR is the change in the FIR value as a result of
a temperature change dT. Fig. 11a shows Sa1 and Sa2 as
a function of temperature. (Sa1) and (Sa2) reached their
maximum value of about 0.0089 K−1 and 0.011 K−1, respec-
tively, at 440 K. Notably, the computed Sr1 and Sr2 achieved the
Fig. 11 (a) Absolute and, (b) relative thermal sensitivities obtained for th

Fig. 10 Luminescence intensity ratio (FIR) of the
LSGW:0.3Tb3+phosphor in the 290–440 K temperature range for FIR1
(405/379), and FIR2 (405/486).

13500 | RSC Adv., 2024, 14, 13494–13504
maximum values of around 3.56% K−1 and 4.21% K−1 at 290 K,
respectively (see Fig. 11b). These results show that the thermal
sensitivities when the sample is excited at 488 nm are higher
than those obtained when the sample was excited at 375 nm. It
is important to note that by changing the excitation wave-
length it has an impact on SBR thermometry. The
LSGW:0.3Tb3+ phosphor has a positive impact on the ther-
mometric performance of the SBR-based luminescence ther-
mometry, according to all of these results from the two GSA
excitations (379 and 486 nm). We obtained a Sr value that is
among the greatest values obtained for lanthanide ions
utilizing the SBR approach. Table 3 provides a number of
typical FIR-based temperature sensors based in SBR ther-
mometry technique that have been doped with various Ln3+. In
addition, the measurement error called also temperature
resolution (dT) of the optical thermometer, which is relevant in
practical applications, was determined using the following
equation (eqn (7)):27,28

dT ¼ 1

Sr

dFIR

FIR
(7)

wherein dFIR is the resolution limit of the thermometric
parameter, which is the minimum change in ratio that may be
imposed experimentally. The limit of resolution depends on
the performance of the thermometer, but is also affected by
the setup of the experiment.29,30 In order to enhance the
resolution limit, it may be necessary to use better acquisition
methods as well as improve measurement performance, such
as extending integration time and using the average of
successive measurements to reduce the experimental noise.
Tb3+ doped LSGW was measured 20 times under similar
conditions at room temperature, and the results are shown in
Fig. 12a and b. FIR uncertainty (dFIR) was calculated as the
statistical distribution's standard deviation, which were 0.025
and 0.0316 for FIR1 (405/379) and FIR2 (405/486). Using eqn
(5), Fig. 12c show that dT1= 0.68 K and dT2= 0.75 K for T= 290
K. When the temperature increases to 440 K, the temperature
resolution increases to 1.6 K and 1.7 K for FIR1 and FIR2,
respectively.
e LSGW:0.3Tb3+ phosphor in the 290–440 K temperature range.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Comparison of relative thermal sensitivity using the SBR strategy in various hosts and doped phosphors

Host material
Emission wavelength
(nm)

1st lexc
[nm]

2nd lexc
[nm] Sr max [% K−1] Ref.

KLaP4O12:Tb
3+ 544 377 413 3.2 31

Oxyuorotellurite glass:Tb3+ 543 377 413 2.05 24
KGdW4O8:Tb

3+ 543 377 413 1.63 32
CaWO4:Tb

3+ 544 300 380 1.28 33
CaWO4:Tb

3+ 544 310 378 1.6 34
YVO4:Er

3+ 552 350 379 2.34 35
YVO4:Er

3+ 552 350 489 2.61 35
LiLaP4O12:Eu

3+ 590 450 620 2.17 36
LiLaP4O12:Eu

3+ 590 450 650 2.31 36
LiLaP4O12:Eu

3+ 590 450 690 1.9 36
Lu2O3:Eu

3+ 590 586.5 611 0.93 37
LaPO4:Nd

3+ 890 808 1064 4.35 38
LaPO4:Nd

3+ 890 808 1064 3.04 38
LaPO4:Nd

3+ 890 808 1064 7.19 38
LSGW:Tb3+ 545 405 486 4.2 This work
LSGW:Tb3+ 545 405 379 3.56 This work
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To verify the precision of the employed temperature sensing
methods, the determined thermometric parameters (FIR values)
were meticulously measured through successive cycles of the
Fig. 12 Standard deviations at RT for (a) FIR1 and (b) FIR2 obtained after
(dT1) and FIR2 (dT2).

© 2024 The Author(s). Published by the Royal Society of Chemistry
sample between ambient temperature (290 K) and elevated
temperatures (440 K), as illustrated in Fig. 13. The calculation
used to ascertain the repeatability (R) was as follows:39,40
20 measurements at 300 K. (c) Temperature resolution values for FIR1

RSC Adv., 2024, 14, 13494–13504 | 13501
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Fig. 13 Repeatability assessment (R) (a) 405/486 (b) 405/379 for LSGW:0.3Tb3+ phosphors.
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Rpð100%Þ ¼
�

1� max
��MiðTÞc �MðTÞc

��
FIRc

�
� 100

whereMi(T)c represents the measured parameter (FIR) in the ith

cycle and M(T)c over 10 cycles. The determined FIR values
exhibit reversible changes with temperature, with the FIR values
for 405/486 and 405/379 being 98% and 97%, respectively,
within the measured temperature range. This conrms the
excellent repeatability and reliability of the employed thermo-
metric methods.

5. Conclusions

The XRD and Rietveld renement analyses reveal
that LSGW:Tb3+ crystallizes in the tetragonal system with the
I41/a space group. SEM examination was employed to assess
the phosphors' morphology, indicating a particle size of
30 mm. Absorption measurements conrm the formation of
the tungstate host, with the distinct WO4

2− groups' absorption
bands observed in the visible spectrum. By employing
two Fluorescence Intensity Ratio (FIR) parameters for the
544 nm green emission, excited rstly at 405 nm, and 379 nm,
and then at 405 nm, and 488 nm, for both ground state
absorption (GSA) and excited state absorption (ESA), the Sr
relative thermal sensitivity of the luminescent thermometer
peaks at 3.56% K−1 and 4.21% K−1, respectively, at 290 K
within the temperature range of 290–440 K. We evaluated their
suitability for single-band ratiometric (SBR) luminescent
thermometry. Notably, the modulation of relative sensitivity
in this thermometry through a simple change in excitation
wavelength was demonstrated. The highest relative
sensitivities, were achieved for 405 nm and 488 nm excitations.
The temperature resolution (dT) of the luminescent
thermometer is calculated to be dT1 = 0.68 K and dT2 = 0.75 K
for T = 290 K, respectively. Our study contributes to
the understanding of LSGW:Tb3+ as a promising candidate
for precise temperature measurements and opens
avenues for further exploration in luminescent sensing
applications.
13502 | RSC Adv., 2024, 14, 13494–13504
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