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Abstract

Non-contact real-time temperature monitoring is of great significance in numerous fields; however,
existing thermometers have limitations in terms of resolution and response speed. In this study,
mixed-valence Eu?*/Eu3* co-doped Sro.sCao2BPOs phosphors were synthesized via a self-reduction
method. Leveraging the characteristic of dual emission peaks of these phosphors, self-referenced
fluorescence thermometry was achieved. Within the temperature range of 303 Kto 570 K, the relative
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sensitivity and absolute sensitivity of this temperature sensor reached as high as 4.63% K- and
0.00189 K-1, respectively, while exhibiting high resolution and rapid response features. These results
validate the potential application value of this phosphor in the field of non-contact temperature
sensing.
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Figure 1. (a) XRD patterns of Sro.sxCao2BPOs:xEu?"/Eu®" samples (0 <x <0.04); (b) FTIR spectrum of Sro.sCao2BPO5:0.04Eu?*/
Eu’* sample; (c) Crystal structure diagram of Sro.sCa02BPOs:0.04Eu?"/Eu’*, showing [SrO10] polyhedra, as well as [PO4] and
[BO4] tetrahedra
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Figure 2. (a) TEM image of Sro.76Ca0.2BPO5:4%Eu?*/Eu**; (b) HRTEM image; (c) SAED image; (d) SEM image; (k) EDS
image; (e)~(j) SEM/EDS mapping images of Sr, Ca, B, P, O, and Eu elements
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Figure 3. (a) UV-Vis diffuse reflectance spectrum of Sro.76Cao2BPOs:0.04Eu?*/Eu’*; (b) Direct bandgap; (¢) XPS spectrum of
the sample; (d) XPS spectrum of the Eu 3d core level
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Figure 4. (a) Excitation spectra of sample monitored at 388 nm and 699 nm; (b) Emission spectrum of sample; (c) Emission
spectra at different concentrations; (d) Emission intensity of sample in the temperature range of 300 K to 570 K; (e) Bar chart
of the intensity changes of Eu?" and Eu’" in the temperature range of 300 K to 570 K; (f) Changes in FIR over three cycles
4.(2) PRI 388 nm 5 699 nm THIFLKIE; (b) LHHIE; (o) FTRIRERZSHEHE; (d) % 300K~570K
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Figure 5. (a) Relationship between the fluorescence intensity ratio (FIR, I3ss/Ie99) and temperature T for phosphor; (b) Rela-
tionship between the values of Sa, Sr and temperature T for sample; (c) Sa and Sr during multiple cycles
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Table 1. Comparison of FIR-based rare earth ion materials for temperature sensing

F 1. ET FR ARG EEFRTRE SRV IR

g Sa (K™) Sr (%K) T
Cai4Al10Zn6035:Bi**/Mn** 0.0014 121 303~563
LiSra(BO3)3:Ce**/Eu** 0.057 / 280~480
Sc203:Eu?*/Eu’* / 3.06 77~267
LaAlOs:Eu*/Eu?* 0.014 1.193 293~473
Sr4Al14025:Eu?*/Eu’* 0.015 1.10 298~523
Ca2A1,SiO7:Eu*/Eu’ 0.024 2.46 303~443
Sro.8Co2BPOs:Eu*/Eu* 0.00189 4.633 303~573
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