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1. Photoluminescence quantum yield (PLQY):

The absolute PLQY value is defined as the ratio of the number of photons emitted to

the number of photons absorbed, which can be expressed in the following formula:

where [Eg represents the integral area of the excitation spectrum of BaSOy in the
integrating sphere, |Eg represents the integral area of the excitation spectrum of the
sample in the integrating sphere, and |Lg represents the integral area of the emission
spectrum.

Table S1 Absolute PLQY of Y,M040,5:40%Yb?*,2%Ho3" under excitation of different

power densities



Power density (W/cm?) PLQY (%)

5 0.21
20 0.52
50 0.65
100 0.71

2. Camera parameters

The photos in Fig.2, S2, S3 and S6 were taken with a microscope, and the microscope
camera setting are as follows: The exposure time and ISO are 0.46 s and 3500, 0.28 s
and 3200, 0.20 s and 2900, 0.18 s and 2500, 0.11 s and 2200, 0.07 s and 1900 in the
insets photographs from Fig.2a to 2f, respectively. The exposure time and ISO are 0.43
s and 5800, 0.39 s and 3700, 0.36 s and 4000, 0.34 s and 3200, 0.31 s and 2700, 0.29 s
and 2300 in the insets photographs from Fig.S2a to S2f, respectively. The exposure
time and ISO are 0.38 s and 4700, 0.36 s and 4200, 0.33 s and 4000, 0.29 s and 3400,
0.25 s and 2900, 0.22 s and 2600 in the insets photographs from Fig.S3a to S3f,
respectively. The exposure time and ISO are 0.40 s and 4900, 0.37 s and 4500, 0.35 s
and 4200 in the insets photographs from Fig.S6a to Sé6c, respectively. Besides, we took
other photos (Fig. 3,5) using iPhone 13. As the power density of 980 nm c.w. laser
increased from 0.7 to 93 W/cm?, the exposure time and ISO are 0.50 s and 3200, 0.15
s and 1700, 0.03 s and 500, respectively (Fig. 3). As the pulse width of the 980 nm
pulsed laser decreased from 10 to 0.1 ms, the exposure time and ISO are 0.02s and 320,
0.18sand 2100, 0.48 and 3000, respectively (Fig. 5). And all of the photos are automatic

white balance.
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Fig. S1 Optimization of lanthanide ion doping concentration in Y,Mo040,5 material.
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Fig. S2 Upconversion emission spectra of Y,Mo040,5:40%Yb*",2%Er** microcrystals
under different excitation power densities. From a to f, the excitation power densities
of 980 nm are 0.5, 2.0, 5.0, 20, 50, 100 W/cm?, respectively. The corresponding

microfluorescence photographs are illustrated in the inset.
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Fig. S3 Upconversion emission spectra of Y,Mo040,5:40%YDb3",2%Tm>" microcrystals
under different excitation power densities. From a to f, the excitation power densities
of 980 nm are 0.5, 2.0, 5.0, 20, 50, 100 W/cm?, respectively. The corresponding

microfluorescence photographs are illustrated in the inset.
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Fig. S4 Upconversion emission spectra of NaYF;:40%YDb**,2%Ho*" microcrystals

under different excitation power densities. From a to f, the excitation power densities

of 980 nm are 0.5, 2.0, 5.0, 20, 50, 100 W/cm?, respectively.
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Fig. S5 R/G ratio of NaYF,;:40%Yb**,2%Ho’" microcrystals under different excitation

power densities.
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Fig. S6 Upconversion emission spectra of NaYF,;:Yb3" ,Ho’" microcrystals under
different pulse width excitation. The pulse width of 980 nm laser from left to right is
10, 0.5 and 0.1 ms, respectively. The corresponding microfluorescence photographs are

llustrated in the inset.
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Fig. S7 The measured lifetime of the °I¢ state in NaYF, and Y,Mo0,0;5 under the

excitation of 640 nm.
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Fig. S8 Upconversion photoluminescence (PL) decay curves of green emission and red
emission in a) Y,M040,5:Yb3",Ho3" and b) NaYF,:Yb**,Ho**, respectively. The rising
and decay times of red emission in Y,Mo040;5:Yb3",Ho*" is longer than the green one.
However, the rising and decay times of both red and green emission in

NaYF,:Yb*",Ho3" are almost the same



Table S2 Comparison of the phonon energy for different materials

Materials phonon energy (cm') Ref.
KPb,Brs 138 1
RbPb,Br; 141 2
BaCl, 200 3
Cs,AgBiClg 280 4
Cs,AglInClg 300 5
KLaF, 262 6
NaYF, 360 7
BaF, 385 8
CaF, 400 9
YOF 482 10
Y,0; 582 11
YAIO; 570 12
YNbO, 700 13
Y3AlL501, 857 14

Y;Mo40;5 1039 This work
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