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Figure S1 (a) the octahedral cones with edge length d. (b) traditional sphere with

radius r.
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Figure S2 Diffuse reflectance spectrum and band gap calculation.
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Figure S3 Calculated total DOS and atom-resolved PDOS of LiYF,: (a) total; (b) Li; (c) Y;
(d) F.
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Figure S4 The XRD patterns of a-NaYF, (a) and B-NaYF, (b).
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Figure S5 FTIR spectra of LiYF4, a-NaYF, and B-NaYF,.
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Figure S6 The relationship between In(l) and In(P) for LiYF4:1%Er3* under 980 nm (a)

and 808 nm (b) excitation in the visible region and near infrared regions (c).
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Figure S7 Diffuse reflectance spectrum of LiYF, host (a) and LiYF4:1%Er (b).

a
18%Yb 5% Er
- 18%Yb 4% Er
= l ) Lol A
&
> | 18%Yb 3% Er
= = | | b 2K
g
: l : 18%Yb 2% Er
= | L A I,
-
‘ | 18%Yhb 1% Er
) s i
l LiYF4-PDF#81-1940
L | I A

10 ZIIJ 3I0 4I0 SIIJ 6.0 7IIJ 80
20 (degree)

=2

— 18% Yb 1% Er
— 18% Yb 2% Er
— 18% Yb 3% Er
— 18% Yb 4% Er
18% Yb 5% Er

— 18% Yb 1% Er
18% Yb 2% Er
18% Yb 3% Er
— 18% Yb 4% Er

18% Yb 5% Er

Normalized intensity (a.u.) ¢

Normalized intensity (a.u.)

| - =
500 525 550 575 G600 625 650 675 700 1400 1450 1500 1550 1600 1650 1700
Wavelength (nm) Wavelength (nm)

Figure S8 (a) The XRD patterns of LiYF;:18%Yb3*, x%Er3* (x=1, 2, 3, 4, 5) with the

standard XRD data of LiYF4 (DPF 81-1940). (b) Visible PL spectra and (c) NIR PL

spectra of the LiYF;:18%Yb3*, x%Er3* (x=1, 2, 3, 4, 5) under 980 nm excitation.
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Figure S9 (a) The XRD patterns of LiYF,: 18%Yb3*, 3%Er3*, x%Ce3* (x=1, 2, 3, 4) with

the standard XRD data of tetragonal phase LiYF, (DPF 81-1940). (b) The XRD patterns

of LiYFs: 18%Yb3*, 3%Er3*, x%Ho3* (x=0.2, 0.4, 0.6, 0.8, 1.0) with the standard XRD

data of tetragonal phase LiYF, (DPF 81-1940).
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Figure S10 The PL spectra for the LiYF;: 18%Yb3*, 3%Er3*, 2%Ce3* (a) and LiYF,:

18%Yb3*, 3%Er3*, 1%Ho3* (b) with different depths of chicken breast.
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Figure S11 (a) The XRD patterns of LiYF;:18%Yb3*, 3%Er3*, LiYF,:18%Yb3*, 3%Er3*,
1%Ho3* and LiYF,;:18%Yb3*, 3%Er3*, 2%Ce3* with the standard XRD data of tetragonal
phase LiYF,(DPF 81-1940). SEM image of LiYF;:18%Yb3*, 3%Er3*(b), LiYF,:18%Yb3*,

3%Er3*, 1%Ho3" (c) and LiYF,:18%Yb3*, 3%Er3*, 2%Ce3* (d).
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Figure S12 The integrated intensity summarizing of NIR-llb (region 1.2.3) emission in
LiYF4:18%Yb3*, 3%Er3* (a), LiYF4:18%Yb3*, 3%Er3*, 0.2%Ho3* (b) and LiYF4:18%Yb3*,

3%Er3*, 2%Ce3* (c) at different temperature;
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Figure S13 Temperature-dependent NIR-Ilb emission spectra of LiYF;:18% Yb3*,

3%Er3* (a), LiYF,:18%Yb3*, 3%Er3*, 0.2%Ho3* (b) and LiYF,:18%Yb3*, 3%Er3*, 2%Ce3* (c)
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Figure S14 (a) LIR repeatability in 5 heating-cooling cycles. (b) LIR values were

measured 50 times continuously at 333 K.
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Figure S15 Schematic diagram of the experimental equipment for temperature

sensing measurements.

Table S1:

The decomposition of each J in the C, point group (It is the irreducible

representation of Df—',(ri+rj) represents two one-dimensional irreducible

representations):

D¢* I
DZi rl+ 2l—~2+(r3 + F4)

D3 '+ 2052(Ts +T4)

D4 31+ 2r,2(T3 + Ta)
Ds* 30+ 203 (T3 + 1)
D" 30+ 4ry+3(T3 + 1)
D7* 30+ 4ry+4((3 + 1)
Dy* 5T+ 4r,+4(T3 T Ta)

D" (Ts +Ty)




(Ts +T6) (T7 + Tp)

Dsp* (F's +T6) (7 + Tg)
Dyp* 2(Ts +Tg),»(T7 +Tp)
Dypp* 3(Ts +T¢),»(T7 +Tp)
Diip 3(I's +T6) 3 (T7 + )
Disp 3(Ts +Tg), 4(T7 +Tp)
Disp 4(Ts +T6) 4(T7 +Tg)
Di7p 5(Ts +T¢), 4(T7 +Tp)
Compatibility relationship between group Cy, and group Cy:
Co | I/ | T | Tt | Ty | Ty | Ty | Ty | Ty | It | T | T | It | Is | Te | I'7 | Ty
C, |, |, |y |y | Ty ‘ I, |3 [Ty |Ts |Te |, |Tg | Ts [T | Ty | Ty
Number of energy level splits of J energy levels in the point group:
J 0 1‘2 3‘4‘5‘6‘7‘8‘1/2‘3/2‘5/2‘7/2‘9/2‘11/2‘13/2‘15/2‘17/2
Cy
11245781011 ]13] 1 2 3 4 5 6 7 8 9
Can




