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Abstract: Developing luminescent materials for dual-mode optical thermometry is emerging as a rapidly growing re-
search focus, with the key challenge being the simultaneous realization of mutually independent temperature-sensi-
tive fluorescence parameters. Herein, a spatial separation strategy is proposed by fabricating Tm*/Cr** co-doped du-
al-phase glass ceramics containing LaF3;/Ga,05 nanocrystals. Structural and spectroscopic analyses reveal that Tm™
and Cr’ ions are selectively incorporated into the Lal'y and Ga,05 crystalline phases, respectively. Consequently, ef-
ficient near-infrared (NIR) emission in the range of 1300-1700 nm is achieved from Tm* upon 808 nm laser diode
(LD) excitation, while Cr'* exhibits a prolonged fluorescence lifetime at 720 nm under 567 nm excitation. Benefiting
from this spatial separation, the energy transfer process between Tm™ and Cr’"is suppressed, enabling two indepen-
dent temperature-sensing channels based on the fluorescence intensity ratio (FIR) of thermally non-coupled energy

levels of Tm*" and the fluorescence lifetime of Cr’". Maximum relative sensitivities of 0. 85% K™ at 308 K and 0. 89%

K"'at 458 K are realized, respectively. These findings demonstrate that dual-phase glass ceramics can serve as an
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ideal host to accommodate multiple activators, providing a new reference for the design of near-infrared dual-mode

optical thermometric materials.

Keywords: glass ceramics; Tm® and Cr”* ions; near-infrared emission; spatial separation; optical thermometry
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Fig. 1 (a) XRD patterns of Tm*/Cr’** co-doped PG and GC

samples heat-treated at different temperatures.
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Fig. 2

(a) Low-magnification TEM image (scale bar: 500 nm) , (b) high-magnification TEM image of the selected region

(scale bar: 100 nm), and (¢) HRTEM image of the 1.5Tm/0.2Cr-GC890 sample.
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Fig.3  Absorption spectra of Tm*/Cr"* co-doped PG and GC

samples, with insets showing the corresponding trans-

mittance spectra and sample photos.
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Fig.4 (a) Emission spectra and (b) fluorescence decay
curves (monitored at 1456 nm) of Tm® in PG and

GCs under an 808 nm LD excitation.
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(a) Excitation, (b) emission spectra, and (¢) fluorescence decay curves (monitored at 720 nm) of Cr’" in PG and GC
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(a) Temperature-dependent emission spectra of Tm
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cence intensity ratio (I;4;0//1456) as a function of temperature; (c) Absolute sensitivity (S,) and relative sensitivity (S,)

curves in the temperature range of 308-518 K.
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Tab. 1 Temperature sensing performance of Cr’* and Tm™ in different materials
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