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Optical thermometry as an important local temperature-sensing technique, has received increasing atten-
tion in scientific and industrial areas. However, it is still a big challenge to develop luminescent materi-
als with self-activated dual-wavelength emissions toward high-sensitivity optical thermometers. Herein,
a novel ratiometric thermometric strategy of Bi**-activated dual-wavelength emission band was real-
ized in the same lattice position with two local electronic states of LazSb;_TaxO7:Bi3*(0<x < 1.0) ma-
terials based on the different temperature-dependent emission behaviors, benefiting from the highly-
sensitive and regulable emission to the coordination environment of Bi3*. The structural and spectral
results demonstrate that the emission tremendously shifted from green to blue with 68 nm and the in-
tensity was enhanced 2.6 times. Especially, the visual dual-wavelength emitting from two emission cen-
ters was presented by increasing the Ta>*substitution concentration to 20% or 25%, mainly originating
from the two local electronic states around the Bi3* emission center. Significantly, the dual-wavelength
with different thermal-quenching performance provided high-temperature sensitivity and good discrim-
ination signals for optical thermometry in the range between 303 and 493 K. The maximum rela-
tive sensitivity reached 2.64%/K (La3SbggTag,07:0.04Bi3+@383 K) and 1.91%/K (La3Sbg75Tag2507:0.04Bi3+
@388 K). This work reveals a rational design strategy of different local electronic states around the single-
doping multiple emission centers towards practical applications, such as luminescence thermometry and

white LED lighting.
© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.
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light source to enhance accuracy and repeatability [13,14]. In
general, the relative emission peaks are managed by co-doping

With the development of science and technology, temperature
detection accuracy is highly demanded [1,2]. Luminescence ther-

mometry possesses obvious advantages, such as non-contact, rapid
response, noninvasive operation, excellent spatial and tempera-
ture resolution [3]. Importantly, this technology can be applied
in a complex environment, micro/nano system, and strong elec-
tronic/magnetic field [4-7]. Fluorescence intensity ratio (FIR), lu-
minescence lifetime, and emission peak/bandwidth are the main
three paradigms of luminescence thermometry [8-11]. In FIR, the
calibration curve is determined by the relative ratio of emis-
sion peaks or integrated intensity at a certain temperature [12],
which is not easily disturbed by non-temperature parameters. The
method of the relative ratio of the emission intensities can re-
duce the systemic error from the fluctuation of the excitation
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temperature-sensitive transition metal (TM) and thermally-stable
rare earth ions [15]. Besides, the thermal quenching can be tuned
by changing the TM crystal field. However, the two-type ions have
different excitation wavelengths, weakening the efficiency of tem-
perature detection. To date, it is desired to explore single-doped
based dual-wavelength emission phosphor for effective lumines-
cence thermometry [16].

Bismuth (Bi), an important TM element, has attracted increas-
ing attention due to the flexible optical properties of the inti-
mate interaction with the coordination environment [17,18]. Mean-
while, the outside electrons of Bi ([Xe]4f145d196s26p3) are sensitive
to the crystal structure and local electronic states [19,20]. Thus,
the emission of Bi**-doped phosphors has wide-range color en-
gineering from ultraviolet (UV) to blue, green, yellow, and even
red, by managing the hosts or ligands [21-23]. The PL spectra tun-
ability of Bi3* ions in a single host can be realized through the
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following two strategies, cationic substitution to regulate the crys-
tal structure and co-doping activator ions to form the energy
transfer [24,25]. However, co-doping is usually complex. And the
cationic substitution can manage the crystal field strength of the
host to change the luminescence properties [3,26]. In fact, the lo-
cal electronic states around the luminescent center are affected by
the crystal field strength and further influence the emission perfor-
mance of Bi3* ions. Therefore, the local electronic state modulation
around the different emission centers may realize the single-doped
Bi3* dual-emitting [27,28].

In this work, an alternative strategy is designed for lumi-
nescence thermometry via dual-emitting of a single Bi3t vi-
tal activator-doped La3Sb;4TaxO; (0 <x<1.0) matrix. By manag-
ing the substitution concentration as 20% and 25%, the Bi3*-
doped La3Sbq_4TaxO, phosphors have obvious two emission peaks
at 452 nm and 530 nm under the 303 nm excitation, due to
the two emission centers from the corresponding local elec-
tronic states. The thermal quenching behaviors can be indicated in
the temperature-dependence PL spectra operating from 303 K to
493 K. Based on the fluorescence intensity ratio, the maximum S;
are determined as 2.64%/K (La3SbggTag,07:0.04Bi3+@383 K) and
1.91%/K (La3Sbg75Tag2507:0.04Bi3t @388 K), respectively, which il-
lustrate the potential for luminescence temperature measurement.

Series of La3Sb05:yBi3*+(0.02 <y <0.12) and
La;Sb;_4Tax0,:0.04Bi3* (0<x<1.0) phosphors were synthe-
sized by a conventional solid-state reaction method. The raw
materials of La;03 (99.99%), Sb,05 (99.5%), Tay0s5 (99.99%) and
Bi, 03 (99.99%) were weighed according to the designed stoichio-
metric ratio, mixed thoroughly in an agate mortar by grounding,
and then sintered in a furnace at 1450 °C for 4 h with a heating
rate of 5 °C/min in air. After the reaction was cooled to room
temperature naturally, the as-prepared phosphors were crushed
into tiny powders.

The crystal structure and composition of the phosphors were
characterized by X-ray diffraction (XRD) on a Bruker D8 Advance
diffractometer (40 kV, 30 mA). Rietveld refinement was performed
by the Maud 2.94 program. The morphology and elemental map-
ping were conducted by scanning electron microscope (SEM, FEI
ApreoHiVac) equipped with an energy-dispersive X-ray spectrom-
eter (EDX). The photoluminescence (PL), and photoluminescence
excitation (PLE) spectra were characterized using a fluorescence
spectrometer (Edinburgh Instrument FS5) with a 150 W continu-
ous xenon lamp. The decay curves were measured by another flu-
orescence spectrometer (Horiba Fluorolog-3 with a 340 nm laser
device). Temperature-dependent PL spectra were measured using
an FS5 spectrometer equipped with a homemade temperature con-
troller from 303 K to 493 K. The diffuse reflectance was performed
by a UV-3600 spectrophotometer (Shimadzu Corporation, Tokyo,
Japan), using the BaSO,4 standard reference. X-ray photoelectronic
spectroscopy (XPS) spectra were performed on Thermo Scientific
K-Alpha.

The fluorite-related structure of the compound (La3SbO-,
La3Sby_4Tax0O7) belongs to the orthorhombic crystal. There are two
sites of La3t with coordinates of [LalOg] and [La20,] (Fig. 1).
Based on the same coordination number and similar radius of Bi3*
(r = 117 A) and La3*(r = 1.16 A), Bi3*+ is supposed to replace the
site of [La10g] rather than the sites of [La20;] and [SbOg], because
Bi ions cannot be doped into structures with seven coordination
number. [29] The similar crystal structure of La3Sb0O; and LazTaO;
makes the possibility of Ta/Sb cationic substitution. In general, the
ion terms spilled into several sub-levels with large energy differ-
ences due to the nephelauxetic effect of doping Bi3* ions into the
host lattice. And the cationic substitution greatly affects the crys-
tal field (CF) splitting of Bi>*+ ions to adjust the luminescence per-
formance of Bi3*. As the Ta’* (r = 0.64 A) substitutes for Sbo+
(r = 0.60 A) in [MOg]7-, the lattice can expanse due to the bigger
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Fig. 1. Crystal-structural of LazSbO;:Bi**. (a) Unit cell structures of La3SbO; and
La3TaO;. (b) Schematic diagram of Bi** doping in Lal position. (c) Schematic dia-
gram of the substitution process.

ionic radius of Ta>*. Meanwhile, the modulation of the crystal field
and nephelauxetic effect can change the peak position and inten-
sity in the PL spectra.

To verify the phase and crystal structure of La3SbO;:yBi3*
(0.02<y< 0.12) and La3Sb;Tax07:0.04Bi3* (0<x<1.0) phos-
phors, XRD and Rietveld refinements are demonstrated in Figs. 2a
and b. All the diffraction peaks of the obtained Bi3*-doped phos-
phors are consistent well with the standard cards of La3SbO;
(PDF#23-1138) or La3TaO; (PDF#38-1418) without any impurity
phases. As presented in Fig. 2b, the diffraction pattern gradually
shifts from the crystal structure of La3SbO; to La3TaO; one with
increasing the substitution in La3Sb;.4Tax07:0.04Bi3* (0 <x<1.0).
Meanwhile, the substitution process produces no other phases or
impurities. Besides, the diffraction peaks gradually shift to a lower
degree with increasing Ta>t substitution, due to the lattice expan-
sion from the different ionic sizes (Sbo+: 0.60 A, Ta%*: 0.64 A).
Moreover, XRD rietveld refinements elucidate the detailed crys-
tal structure data of La3Sb;_,Tax07:0.04Bi3* (0 <x < 1.0) (Figs. 2c-f,
Figs. S1-S4 and Table S1 in Supporting information). Following Ve-
gard’s law, the crystal structural parameters present a linear incre-
mental with Ta>* substitution increasing, agreeing with the lattice
expansion.

The SEM image and related elemental mapping diagrams of
La3Sbg 75Tag2507:0.04Bi3+ phosphors are demonstrated in Fig. 2g.
The mean particle size is about 5 wm. The elemental mapping fur-
ther confirms the element La, Sb, Ta, O and Bi are homogeneously
scattered in the selected region. All the coherent elements are dis-
played in the EDX spectrum (Fig. S5 in Supporting information),
and the element mass proportion in accordance with the chemical
formula, further proves the uniform distribution of Ta>* ions as the
partial substitution for Sb>* ions.

Diffuse reflection spectra are evaluated in Fig. 3a. Notably,
the Bi3*-doped samples have obvious absorption peaks between
290 nm and 380 nm, in good agreement with the excitation peak
of PLE spectra. In addition, the bandgaps can be estimated through
the Kubelka-Munk functions [30]:

F(R) = (1 -R)?*/2R (M

[F(R) x hv]* = A(hv — Eg) (2)

where F(R) is the absorption, R is the reflectance (%), hv is the
photon energy, and Eg is the bandgap. The Eg values of LazSbOs,
LasSbg75Tag»507 and LasTaO, are calculated as 4.86, 4.92 and
5.03 eV, respectively, stemming from the linear part of the ab-
sorption curve (Fig. S6 in Supporting information). Obviously, the
bandgaps gradually enhanced with increasing substitution of Ta>*
in LazSbO, host. Bismuth cations could easily exist with different
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Fig. 2. Crystal phase of La3SbO;:Bi3*. (a, b) XRD patterns of La3SbO;:yBi3* (0.02<y<0.12) and La3Sb;Tax0;:0.04Bi3* (0<x<10). (c-e) XRD Rietveld refinements
of LazSb07:0.04Bi>* and La3Ta07:0.04Bi** and La3Sbg75Tag507:0.04Bi3*. (f) Summary of cell parameters. (g) SEM and corresponding elemental mapping images of

La3Sbg 75Tag 2507:0.04Bi>+.

valence states in solid compounds, which greatly affect the lumi-
nescent properties. The X-ray photoelectron spectroscopy confirms
the Bi3* state in LazSb05:0.04Bi3*, La3Sbg75Tag2507:0.04Bi3+ and
La3Ta07:0.04Bi3*, The two characteristic peaks of Bi3* at 164 eV
and 159 eV come from the respective 4fs, and 4f, of Bi3* in the
phosphors (Fig. 3b). Additionally, the peak of the 4f orbit shifts to
lower energy, with the same trend as the characteristic peak of
the O 1s orbital (Figs. 3b and c). The peak shift can be ascribed to
the transformation of the local electronic state, resulting from the
cationic substitution [31,32].

To explore the doping concentration on the luminescence prop-
erties, PL spectra are demonstrated in Fig. 3d. According to the
emission spectrum and intensity integration, the optimum concen-
tration of Bi3* can be estimated as 0.04. The emission intensity
decreases as increasing of Bi3* concentration due to the concentra-
tion quenching, which is mainly originated from the shortened dis-
tance between Bi3* ions to increase the possibility of non-radiative
energy transfer. The emission spectra of La3Ta0;:0.04Bi3* and
La;Sb05:0.04Bi3* exhibits a profile of broadband, while their exci-
tation spectra are slightly different (Fig. 3e). By replacing Sb>t with
Ta>*t, the PL spectra have an obvious blue shift from 530 nm to
462 nm. Interestingly, the emission intensity of La;Ta0:0.04Bi3+
has increased about 2.6 times than that of LazSb07:0.04Bi3*. As
shown in Fig. 3g, the emission intensity slightly decreased ini-
tially and then rapidly increased with increasing Ta®t concen-
tration. The peak position showed a rapid blue shift trend fol-
lowed by a slow redshift, which approaches the peak position of
La;Ta07:0.04Bi3*. From Fig. 3f, the designed phosphors will ap-
pear dual-emission only as the substitution of Ta>* range from 10%
to 25%. When the substitution of Ta>* is 20% or 25%, the emis-
sion spectra present obvious bimodal emission (Fig. S8 in Sup-
porting information). Besides, the emission intensity locates in the
blue-light area demonstrates an increased tendency, as shown in

Fig. 3h, which further confirms the effect of Ta>* ions on the
local electronic states. Furthermore, the tunable emission of the
La3Sb;_4Tax07:0.04Bi3*+ sample can be realized by modulating the
Ta>t content. Fig. 3i displays the CIE chromaticity coordinate dia-
gram of La3Sby_4Tax07:0.04Bi3* samples under 303 nm excitation.
The CIE coordinate of the La3Sb;,Tax07:0.04Bi3* samples shift
from (0.2927, 0.5488) to (0.16619, 0.18315) with the value of x in-
crease from O to 1.0. The corresponding luminescence photographs
are also presented, which evidently presents the emission color
tuning.

Furthermore, the two-wavelength emission may be attributed
to two aspects, including the same Bi3* emission center with two
radiative decay channels of the excited state and from two Bi3*
centers with different local electronic states, which can be further
clarified by the PL decay kinetic process. The luminescence lifetime
curves of LazSb05:yBi3+ (0.02 <y <0.12) with different Bi3* con-
tents are measured at room temperature, as displayed in Fig. 4a,
which can be fitted with a bi-exponential equation [33]:

—t —t
It)y=h+A 1exp<ﬁ) + A, exp (772)

And the average lifetime can be calculated as the following
equation:

3)

A 1T12+A 21'22
A1 +A T

Tavg. = (4)
where Iy and I represent the emission intensity at initial t; and
time t, A; and A, denote pre-exponential factors, T; and t,
are lifetime components, respectively. As summarized in Table S2
(Supporting information), the average lifetimes of La;Sb0O5:yBi3*
monotonously decreased from 296.02 ns to 151.38 ns with increas-
ing y from 0.02 to 0.12.
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From the Gaussian fitting of emission spectra, the
broad emission band of LajSbggTag,0,:0.04Bi3+  and
La3Sbg 75Tag2507:0.04Bi3+ are both exactly deconvoluted into
two peaks at 444 and 535 nm, and at 445 and 530 nm, respec-
tively. Obviously, the PL patterns have changed and the position
of the PL peak appears blue-shifted with the substitution of
Ta>t ion increased. In general, luminescence lifetime decay is
also influenced by the local environment of the emission cen-
ter. Thus, the luminescence decay curves monitored at 530 and
462 nm with different concentrations of Ta>t ions are presented
in Fig. 4d. As the substitution concentration of Ta>* is 20%, the
lifetime is calculated to be 41.79 and 182.24 ns monitored at 462
and 530 nm, respectively (Table S3 in Supporting information).
While the concentration of Ta®t is 25%, the lifetime is 55.09 and
17214 ns. These results can be explained by the different local
environments of the Bi3* emission centers. From the lifetimes
based on different Ta’>t concentrations, the substitution of Ta®*
for Sb>* enhanced the blue-light emission and weaken the green
light emission, which further certifies that the substitution of Ta>*
ion can affect the local electronic state around the emission center.
In order to confirm the above speculation, two emission peaks
with response to different excitation wavelengths are displayed in
Figs. 4e and f. As seen from the 3D contour maps of two samples,
the long-wavelength emission intensity has a better response to
low energy excitation than that of short-wavelength emission
intensity with the increase of the excitation wavelength from
290 nm to 380 nm, which is attributed to the different local
electronic states around the emission centers.

In general, the PL spectrum of the s-p (Bi3*) transition is re-
lated to the crystal field strength, depending on the crystal struc-
ture of the host. A new solid solution is created by the substitution
of Ta®* to Sb>+ with bigger electronegativity and a smaller formal
charge, leading to lower polarizability and weaker covalence. That
produces a slighter nephelauxetic effect and a weaker crystal field
for Bi3*+ activators. Compared to the original host, the weakening
of energy level splitting results in the increase of emission energy,
which appears as a blue shift in the spectrum. The crystal field
splitting refers to the energy difference between the highest and
lowest energy levels, which strongly depends on the coordination
situation of activator ions. There is a great influence on the crystal
field strength from the bond lengths between activator ions and
ligands, the molecular overlap and covalent degree between an ac-
tivator and its ligands, the coordination environment, and the sym-
metry of activator-ion sites. In general, the crystal field strength
(Dq) in the host can be evaluated by the expression [34]:

1,
qugZe 3
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where Z is the valence of the anion, e is the electron charge, r is
the wave-function radius, and R is the bond length between the
central cation and ligands. As the expression shows, the Dq value
is proportional to 1/R%, Dq decreases with the increase of R value
or polyhedral volume and thus resulting in the emission blue-shift
becoming larger. Any change in the composition of the host will
change the strength of Dq, which in turn affects the luminescence
efficiency, emission peak position, emission color, and PL inten-
sity. These properties provide ideas and schemes for the regulation
of Bi3* ions, which makes it possible to tune the emission wave-
length by changing the host lattice composition and designing the
structure. In the series hosts of LazSbg75Tag,507:0.04Bi3*, the ho-
mogeneously scattered Ta>t ions have a great influence on the lo-
cal electronic states, especially around the emission centers. From
the specific analysis of fluorescence properties and XPS spectra of
Bi3* and 0%, it can be concluded that the substituted Ta>* ion has
changed the local electronic states of emission centers, resulting in
dual-wavelength emission.

The two emission centers have a great influence on ther-
mal quenching behaviors. Thus, the luminescence spectra of
Lagst.sTao_207ZO.04Bi3+ and La3Sb0_75Ta0_25O7:0.04Bi3+ with the
temperature-dependent from 303 K to 493 K under the 303 nm
excitation are studied and illustrated in Figs. 6a-d. The emission in-
tensities from the two emission centers decrease with the temper-
ature rising, owing to the gradually stronger non-radiative effects.
Both the blue-light and green-light emissions display decreased in-
tensity with increasing temperature; thus, no obvious correlation
is observed between the temperature-dependent behavior of the
two emissions. On the contrary, the two emissions display different
thermal stability. The thermal stability of green-light emission is
obviously better than that of blue-light emission, which further ev-
idences the two emissions from different emission centers. Due to
the lower emission intensity and the poorer thermal stability, the
blue-light emission of La3SbggTag,07:0.04Bi3* completely disap-
pears when the temperature reaches 443 K. Meanwhile, because of
the higher emission intensity, LazSbggTag,07:0.04Bi3* could hold
on to higher temperature (Figs. 6e and f). The thermal quenching
mechanism of Bi3* with two local electronic states is illustrated
and presented in Figs. 6g and h. The thermal quenching of Bi* ion
occurs through the energy level cross-relaxation (ELCR) between
1S, and 3P, states. With increasing the temperature, the electron-
phonon coupling is enhanced, and some electrons relax to the in-
tersection of 1Sy and 3P; states to return to the ground state with-
out radiative transition. The thermal activation energy (E,) is the
difference between the minimum energy of the 3P; and the in-
tersection [35,36]. The E, value of blue-light emitting is 0.42 eV,
which is smaller than that of green-light emitting. Because Ta"*-
substituted influences the energy levels to change the intersection
of the two corresponding levels, leading to the two types of ther-
mal quenching behavior. Besides, compared to the blue-light emis-
sion center surrounded by bigger [TaOg], the green-light emission
center surrounded by smaller [SbOg] has tighter cell packing and
fewer lattice defects, resulting in higher thermal stability.

Through the peak fitting analysis of the temperature-
dependence PL spectra (Figs. S9 and S10 in Supporting infor-
mation), it is appropriate to adopt a ratio of the integrated
emission intensities of the blue-light and green-light energy
emission peaks, which can be calculated using as following:

700
I - / 1(%, T)dA 6
green/blue 100 ( ) (6)

where Ipe and Igeen represent the integrated emission intensi-
ties of the two emission peaks, respectively. The integration range
is the data after Gaussian fitting analysis. As shown in Figs. 6¢
and f, the trend of the integrated intensity of the emission peak
and good discrimination dual-wavelengths illustrate the possibil-
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Fig. 6. Temperature-dependent characteristics of La3SbggTag;07:0.04Bi>* and LasSbg75Tag507:0.04Bi3+. (a, b) PL spectra from 303 K to 493 K, and (c, d) the corresponding
two-dimension images. (e, f) Normalized emission intensity. (g, h) The quenching mechanism for the Bi3* activator with blue-light and green-light emitting.

ity for optical temperature sensing based on FIR strategy. Herein,
the visual dual-wavelength emitting La3SbggTag,07:0.04Bi3* and
La3Sbg 75Tag 2507:0.04Bi3+ materials are chosen to further test the
temperature-dependent property. A ratiometric fluorescence sensor
can detect temperature based on the dual wavelength with differ-
ent thermal-quenching performances.

The relationship of the FIR (Iyjye/lgreen) and temperature can be
described as follows [37]:
FIR(T) = IIblue

green

=A/(1 + Bexp(-C/T)) (7)

where T refers to the absolute temperature; A, B and C denote
the related constant parameters. In the field of luminescence ther-
mometry, the absolute sensitivity (S;) and relative sensitivity (S;)
are requisite parameters to measure the temperature performance,
which can be calculated by the following equations:

dFIR C
Sa= ‘E)T' = ABexp(—C/T) x 2 (8)
. 1 OFIR
Sy = 100% x FIR 9T
— 100% x ABexp(—C/T) C 9)

A/(1+ Bexp(—C/T)) * T2

As presented in Fig. 7a, the relation between FIR and tempera-
ture of La3SbggTag,07:0.04Bi3* can be expressed by the following
formula:

FIR = 0.286/(1 + 884431.7)exp(—4612.8/T) (10)

Furthermore, as displayed in Fig. 7c, in the sample of
La3Sbg 75Tag2507:0.04Bi3+, the relation can between FIR and tem-
perature is expressed by the following formula:

FIR = 0.445/(1 + 43956.02)exp(—3645.5/T) (11)

As demonstrated in Figs. 6b and d, the value of S, and
S; increase initially and then reduce with the temperature
increasing from 303 to 493 K. The maximum S, value of
La3Sbg gTag,07:0.04Bi3+ reaches 0.00297 K-! at 330 K, while the
Sy is 2.64%/K at 383 K. In contrast, the maximum S, value of
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——fitted —S,
2
—~ 03 3
§02 FIR=0.286/(1+884431.Texp(-4612.8T)) - ~
[ ] ) 20 ‘
) L 02 :
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< < 5
Z o1 o S
= 0.1
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Fig. 7. Temperature measurement performance. (a) FIR  (Ipje/lgreen) Of

La3SbogTag,07:0.04Bi3between 303 K and 443 K. (b) The corresponding S,
and S; values. (c) FIR (Ipjye/lgreen) Of La3Sbo75Tag2507:0.04Bi*+ between 303 K and
483 K. (d) The corresponding S, and S; values are calculated between 303 K and
483 K.

La3Sbg 75Tag2507:0.04Bi3+ achieves 0.00361 K at 330 K, and the
S; reaches the maximum of 1.91%/K at 388 K. Based on the anal-
ysis of temperature performance and thermal stability, the de-
signed La;SbggTag,07:0.04Bi3* phosphor has a higher S;, but a
narrower temperature measurement interval, compared with that
of Laj Sb0.75Ta0.2507:0.04Bi3+.

Moreover, the temperature resolution (§7) is a thermometric
parameter to evaluate the accuracy of the designed phosphors,
which can be calculated by the following formula [38,39]:

1 8FIR
S; FIR
where 8pg is determined to be the standard deviation for 30 cir-
culations at room temperature, and Sgg/pg refers to the relative er-
ror in the determination of the thermometric parameter (Figs. S11
and S12 in Supporting information). Results demonstrate that both
temperature resolution of the developed LasSbggTag,07:0.04Bi3*

8T = (12)
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and La3Sbg75Tag»507:0.04Bi3+ samples are below 0.005 K in the
temperature range from 273 K to 383 K, and the maximum resolu-
tion is up to 0.023 K and 0.0119 K, respectively.

The emission spectral of the LajSbggTag,07:0.04Bi3+ covered
the blue-and-green area, which matches the demand of w-LED
(white light-emitting diode). Therefore, we constructed a w-LED
device using commercial red phosphors on an n-UV LED chip
to evaluate the potential application [40,41]. A continuous broad
emission from blue to red and emit warm lights can be obtained
(Fig. S13 in Supporting information). The CCT and CRI of the fabri-
cated w-LED are found to be 3482 K and 87.8, respectively. The
photoelectric performance reveals the designed phosphors have
potential application towards w-LED.

In  summary, a series of blue-green color-tunable
La;Sb; 4Tax07:Bi3* (0<x<1.0) phosphors were designed by
the cationic substitution strategy. With the replacement of Ta>*
to Sb>*, the emission tremendously shifted from green to blue
with 68 nm and the intensity was enhanced 2.6 times. Besides,
as the Ta>* substation concentration at 20% or 25% a novel
dual-wavelength emitting phosphor was achieved for optical
temperature sensing based on the two emission centers with two
local electronic states from Bi3t-doped Las;Sby4TaxO; (0<x<1.0)
solid solution. The two local electronic states corresponding
to the emission centers were managed via cationic substitu-
tion for realizing the dual-wavelength emitting of Bi3* ions in
the single host. The two emission peaks from their emission
centers have distinguished thermal-quenching behaviors, which
were further applied in the FIR optical temperature sensing. The
dual-wavelength emitting peaks of La;SbggTag;0;:0.04Bi3+ and
La3Sbg 75Tag2507:0.04Bi3+ phosphors have different temperature-
dependent emission characteristics, where the S; and S; were both
discussed in the temperature range from 303 K to 483 K. The max-
imum values of S; reach 2.64%/K (Laz3SbggTag,07:0.04Bi3+@383 K)
and 1.91%/K (La3Sbg75Tag>507:0.04Bi3+@388 K), relatively. The
design of local electronic state modulation will provide a new
strategy for developing novel multifunctional phosphors.
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