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Figure S1. Experimental powder X-ray diffraction pattern of NaBiF4:Yb,Er NPs in comparison 

with the crystalline reference pattern of hexagonal (β) phase NaBiF4 (JCPDS no. 41-0796). The 

XRD peak at 50.16° comes from a silicon sample holder. 

 

Figure S2. Emission images of NaBiF4:Yb,Er NPs under 980 nm, 5 W/cm2 excitation power 

density (a) and under experimental conditions used in high pressure measurements (b). 
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Figure S3.Yb-Er energy level diagram and proposed energy transfer mechanisms under 980 nm 

CW laser diode excitation. 

 

Figure S4. Log-log plots of integrated emission intensity of visible range (a) and infrared (b) 

electronic transitions as a function of 980 nm CW laser excitation power. (1-R2) values: 6.6×10-4, 

520 nm band; 2.4×10-4, 540 nm band; 1.8×10-4, 660 nm band; 3.8×10-3, 1550 nm band. 
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Figure S5. Room temperature infrared thermal image (taken with a Seek Thermal Compact 

microbolometer camera) showing laser-induced sample heating under conditions set for 

temperature-dependent experiments with 100 mW laser beam. 

 

Figure S6. Temperature-dependent infrared emission from the Er3+ 4I13/2→
4I15/2 transition (a) 

along with determined integrated band emission intensity and broadening (b). 
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Figure S7. Schematic diagram for high-pressure luminescence measurements of NaBiF4:Yb,Er 

NPs in the diamond anvil cell. 

 

Table S1. The relative sensitivity and reliable operation temperature range of optical temperature 

sensors based on LIR (I520/I540) ytterbium (III) and erbium (III) doped nano/microcrystals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Optical 

temperature sensor 

Temperature range 

(K) 

Maximal value of 

relative sensitivity 

SR (K-1) 

Ref. 

NaY(WO4)2:Yb,Er 293 -503 1.2% at 293 K 1 

NaYF4:Yb,Er 293 - 753 1.3% at 293 K 2 

NaYF4:Yb,Er 303 - 328 1.35% at 303 K 3 

CaF2:Yb,Er 295 - 723 1.4% at 300 K 4 

NaGdF4:Yb3+:Er3+@

SiO2–Eu(tta)3 

293-323 1.48% at 303 K 5 

NaBiF4:Yb,Er 303 - 483 1.24% at 303 K 6 

NaBiF4:Yb,Er 303 - 523 1.07% at 303 K This work 
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Table S2. Fitted formulas for pressure-induced sublevel shift of Er3+ emission bands. 

Emission 

band 

Peak 

designation 

Fitted formula 

(x: Pressure in GPa) 

Fit 

quality 

(1-R2) 

2H11/2→4I15/2 

A 516.955 (−0.0383 nm/GPa)x 0.013 

B 520.002 (+0.0316 nm/GPa)x (−0.00157 nm/GPa2)x2 0.042 

C 522.559 (+0.0925 nm/GPa)x 0.012 

4S3/2→4I15/2 

D 539.231 (−0.0199 nm/GPa)x (−0.000969 nm/GPa2)x2 0.021 

E 541.865 (+0.0277 nm/GPa)x 0.017 

F 544.449 (+0.107 nm/GPa)x 0.013 

G 549.086 (+0.167 nm/GPa)x 0.016 

H 555.520 (+0.106 nm/GPa)x 0.022 

4F9/2→4I15/2 
I 653.474 (−0.0367 nm/GPa)x (+0.00335 nm/GPa2)x2 0.156 

J 660.593 (+0.226 nm/GPa)x 0.014 

4I13/2→4I15/2 

K 1503.28 (−0.780  nm/GPa)x 0.016 

L 1521.71 (−0.398  nm/GPa)x 0.018 

M 1542.99 (+0.934  nm/GPa)x (-0.0378 nm/GPa2)x2 0.055 

 

Table S3. Fitted formulas for pressure-induced emission bands broadening. 

Emission band 
Fitted formula 

(x: Pressure in GPa) 
Fit quality (1-R2) 

2H11/2→4I15/2 10.109 (+0.139 nm/GPa)x 0.425 
4S3/2→4I15/2 6.893 (+0.068 nm/GPa)x 0.124 
4F9/2→4I15/2 14.663 (+0.330 nm/GPa)x 0.077 
4I13/2→4I15/2 63.122 (+1.359 nm/GPa)x 0.018 
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