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Upconversion Luminescence and Temperature Sensing Properties of
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Abstract: The sensitivity of optical temperature sensing based on the conventional rare-earth ion doped upconversion
(UC) materials is limited by the energy gap between thermally coupled levels (TCLs) of rare-earth ions. Therefore, it is
of great theoretical and technical interest to explore UC luminescent materials for optical temperature sensing with ul-
tra-sensitive temperature characteristic. In this work, the UC luminescence properties and temperature sensing charac-
teristics were studied for Er’* single-doped BiOCI excited by 1550 nm laser. Under near-infrared (NIR) excitation,
BiOCL:Er’" exhibits strong red emission at 670 nm, weak green emissions at 525 and 542 nm, extremely weak violet
emission at 406 nm, and near-infrared emission at 983 nm. Red and green emissions of the UC system exhibit strong
temperature dependence, and in the temperature range of 300-563 K, the maximum absolute sensitivity (S,) obtained
by employing the non-thermally coupled levels (NTCLs, *Fo/*S5)is 95.3x10° K, which is 21 times more than that
obtained by employing the thermally coupled levels (TCLs,”H,;2/*S5), and the maximum relative sensitivity (Sg) is as

high as 1.19% K. The results show that the intense red UC luminescence and temperature sensing with ultra-high
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sensitivity in BiOCI:Er’* under 1550 nm excitation may have potential application prospect in display and optical

temperature sensing.

Key words: upconversion luminescence; temperature sensing; BiOCI; 1550 nm excitation
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Fig. 1 XRD patternsof BiOClI with different Er’" concentrations (a), effect of Er*" concentration on the main diffraction
peak near 26 = 32°-34.5° (b), SEM image of BiOCI:Er**(c), and the structure modelof BiOCI crystal (d)
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Fig. 2 UC spectra (a) of BiOCI with different Er’* concentrations (from 1mol% to 5mol%) under 1550 nm
excitation and the dependence of /;eq//green ON Er** concentrations (b)
Insets in (a) are the enlarged spectra in the violet region and photograph of BiOCl:4mol%Er**
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Fig. 3 Dependence of the UC emission on power (a), energy-level diagram of Er’* and possible
up-conversion mechanism of BiOCI:Er*" under 1550 nm excitation (b)

Solid lines show absorption and emission, while dashed lines represent nonradiative relaxation
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Fig. 4 Normalized up-conversion emission spectra of BiOCl:4mol%Er*" under 1550 nm excitation at
various temperatures (300-560 K) (a), relative intensities of 525, 542 and 670 nm emissions as a

function of temperature (b), and the dependence of /;¢4/yrecn ON temperature (c)
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Table 1 Maximum temperature sensitivity for several Er** doped UC materials

UC materials R Temperature range/K Sa/(x107, K™ Sp/(%, K71 Reference
NaYF,:Er*/Yb*"/Li* Iszs/ls4 300-453 5.9 1.46 [11]
KMnF;: Yb*/Er** Ted/ Ieen 303-390 11.3 5.7 [2]
YWO4:0.1Yb>*/0.02Er*" Tssallgrs 303-563 2.2 1.2 (8]
Ba,In,05:Yb*/Er** ITsss/Lsao 303-563 480 — [10]

BiOCIL:Er*" Isys/1s4 300-560 4.23 1.15 This work

BiOCL:Er*" Tsro/Is4 300-560 95.3 1.19 This work
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Fig. 6 FT-IR (a) and EPR (b) spectra for BiOCL:Er** powders

#2 ARERE Er'#8Z BiOCI NBEXEERSE
Table 2 Maximum temperature sensitivity for BiOCI with different Er** concentrations

Er’" concentration R Sa/(x107, K™ Sp/(%, K1)
4mol% 1670/1542:188.526Xp(—1070.58/T) 95.3 1.19
5mol% Ig70/1547=231.85exp(—994.74/T) 126.2 1.11
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