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23 Fig. S1. XRD patterns of CaF2: x%Tb3+ GCs（x = 0.1, 0.3, 0.5, 0.7, 0.9）.
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25 Fig. S2. CaF2: 0.7%Tb3+ GCs (a)TEM image. (b)HAADF-STEM image. (c)the 

26 corresponding FFT image.
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28 Fig. S3. SEM and EDS Mapping images of CaF2: 0.7%Tb3+ GCs.
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30 Fig. S4. (a)Transmissivity spectra, (b) PL and PLE spectra, (c) Series PL spectra, (d) 

31 Series of PL photos under 365 nm UV light of CaF2: x%Tb3+ GCs（x = 0.1, 0.3, 0.5, 

32 0.7, 0.9).

33 The optical properties of CaF2: x%Tb3+ GCs (x = 0.1, 0.3, 0.5, 0.7, 0.9) are characterized 

34 in Fig. S4. Fig. S4(a). shows the transmittance spectra of CaF2 doping with different 

35 concentrations of Tb3+ ions, and it can be seen that all samples have a high transparency 

36 of more than 80%. Fig. S4(b) shows its optimal PLE and PL spectra, and it can be 

37 observed that the optimal excitation wavelength is 230 nm and the emission wavelength 

38 is 545 nm, thus monitoring the measured 200 -700 nm PLE-PL spectra, the sample 

39 consists of four emission bands, belong to 494, 545, 586, 621 nm, corresponding to the 

40 energy level transitions of 5D4 - 7F6, 5D4 - 7F5, 5D4 - 7F4, 5D4 - 7F3, PL spectrum of samples 

41 with different doping concentrations of Tb3+ is shown in Fig. S4(c), it can be seen that 

42 the Tb3+ doping concentration of 0.7% PL intensity reaches its maximum and then 

43 decreases due to the concentration quenching effect, while PL photos under 365 nm 

44 UV light are given in Fig. S4(d).
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48 Fig. S5. (a) ML spectra of the CaF2: Tb3+ GCs under different loads. (b) ML spectra 

49 of the CaF2: Tb3+ GCs under different loading rates. (c) The relationship between ML 

50 intensity of CaF2: Tb3+ GCs and applied rates.

51

52 Fig. S6. CaF2: x%Tb3+ GCs（x = 0.1, 0.3, 0.5, 0.7, 0.9）after X-Ray pre-irradiated 

53 for 15 min (a) TL curves. (b) ML spectra under X-Ray irradiation filling condition. (c) 

54 TL curves at different pre-irradiated times. (d) ML spectra at different pre-irradiated 

55 times.
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57 Fig. S7. (a) TL curves of CaF2: 0.7%Tb3+ GCs placed at RT for different days. (b) 

58 The relationship of placed days and TL intensity. (c) Temperature-dependent TL 

59 curves after 15 min of X-Ray irradiation. (d) Temperature-dependent ML spectra after 

60 15 min of X-Ray irradiation. (e) Temperature-dependent TL photos of the CaF2: Tb3+ 

61 GCs.
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63 Fig. S8. CaF2: 0.7%Tb3+ GCs (a) Stability of alcohol for 24 hours. (b) Stability in the 

64 air for 24 hours. (c) Stability in water for 24 hours. (d) ML intensity of 10 consecutive 

65 friction cycles after 15 minutes of X-Ray irradiation.

66
67 Fig. S9. ML spectra of CaF2: Tb3+ GCs powder in different mediums.


