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Table S1 The corresponding values of output currents and powers in the 980 nm

semiconductor solid laser

Output Currents (A) Output Powers (W)
1.0 0.66
1.5 1.13
2.0 1.64
2.5 2.07
3.0 2.58
0
Phase W%
03 Cawoy, 36.6

YbF, 254

(CapgYbp)Foo | 38.0

Intensity (a.u.)
Q

20 30 40 50 60 70
2 Theta (deg.)

Fig. S1 XRD pattern of ETY-CC and weight fractions of each phase.
As shown in Figure S1, the main diffraction peaks at 18.62°, 28.76°, 31.53°, 34.18°,

and 47.18° are assigned to the (101), (112), (004), (200), and (204) planes of CaWO,
(PDF-#72-1624). The diffraction peaks at 23.98°, 24.62°, and 36.28° are indexed to
the (011), (101), and (020) planes of YbF; (PDF-#74-2178), respectively. The phase
compositions of ETY-CC are calculated by MDI’s Jade software,! and the weight

fractions of CaWOQOy,, YbF3, and (CaggYbg,)F,, are about 36.6%, 25.4%, and 38.0%,
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respectively (Fig. S1). Usually, the phase ratio of CaWO,, YbFs, and (CagYbg,)F;,
in the ETY-CTC system is similar to that in ETY-CC, since the introduction of TiO,

will not affect the structure greatly under the same preparation conditions.

Table S2 Average crystal sizes and optics properties of the samples.

Average crystal sizes (nm) P Band
ore
BET . gap  Absorption
Samples . size
TiO, CaWO,; YbF; (CaggYby,)F,, (m%/g) (om) energy edge (nm)
nm
(eV)
ETY-CC - 45.69 37.23 26.04 - - -
ETY-CT 1349 4529 - - 70 7.53 2.96 419
ETY-CTC 1235 4556 38.05 28.02 19 15.20 2.92 425
b( (b) T
Ca
Ti
3 3|y
2 =
% O é Yb)|
E Ti £ F Ca
i R N S
J ET:n E W

0 1 2 3 4 5 6 7 8 9100 1 2 3 4 5 6 7 8 9 10
Energy (keV) Energy (keV)
Fig. S2 EDS spectra of (a) ETY-CT and (b) ETY-CTC.
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Table S3 Chemical element contents of the samples obtained from EDS and XPS.

Element contents (Atomic %) from EDS

Samples -
Ti Ca Yb Er Tm W F (0)
ETY-CT 10.50 8.33 3.83 0.25 0.25 10.45 - 66.38
ETY-CTC 16.08 3.88 2.27 0.17 0.20 4.01 14.46 58.92

Element contents (Atomic % from XPS)

ETY-CTC  Ti:Ca: F: W: Yb=133.41:4.06: 5.43: 9.84: 2.57 (Ca: F: W: Yb =1: 1.34:2.42: 0.63)

ETY-CC Ca: F: W: Yb=23.30: 38.52: 6.31: 5.92 (Ca: F: W: Yb=1:1.65: 0.27: 0.25)

Fig. S3 HRTEM image of CaWO, nanocrystal with the size of about 45 nm, and the
inset shows the lattice fringe spacing of 0.31 nm, which is closed to the (112) planes
of CaWO,.
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Fig. S4 (a) TEM and (b) HRTEM images of ETY-CC nanocrystals.
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Fig. S5 (a) Survey-scan XPS spectra of (A) ETY-CTC and (B) ETY-CC. XPS spectra
of ETY-CTC: (b) Yb 4d.
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Fig. S6 Upconversion luminescence spectra of (a) ETY-CC and (b) ETY-CTC under
980 nm NIR excitation with different output currents (1.0-3.0 A).
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Fig. S7 (a) UV-vis-NIR diffuse reflectance spectra and (b) the plots of the (ahv)!?
versus photon energy (hv) for ETY-CT and ETY-CTC. From the UV-vis-NIR
absorption spectrum (Fig. S5a), the light absorption properties of ETY-CT and ETY-
CTC exhibit little difference, and their band gap energies are calculated from the
(ohv)!2 versus photon energy (hv) plots (Fig. S5b) to be 2.96 (419 nm) and 2.92 eV
(425 nm), respectively (Table S1).
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Fig. S8 Upconversion luminescence spectra of (a) ETY-CC@T, (b) ETY-C, (¢) ETY-
CT, (d) ETY-CC, and (e) ETY-CTC under 980 nm light excitation (output current =
3.0A).

S7



Absorbance (a.u.
o
N

o
he

°
it

200 300 400 500 600 200 300 400 500 600
Wavelength (nm) Wavelength (nm)
Fig. S9 Time-dependent absorption spectra of MO for ETY-CTC under (a) 980 nm

(output current = 2.0 A) and (b) NIR (A > 780 nm) light (provided by high pressure
mercury lamp) irradiations.
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Fig. S10 C/C,, conversion plots of MO for TiO, and CaWO, under NIR light (A > 780
nm) irradiation.
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Fig. S11 C/C,, conversion plots of MO for ETY-CT and ETY-CTC under UV-vis-NIR
irradiation.
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Fig. S12 C/C,, conversion plots of MO for ETY-CC@T under 980 nm (output current
=2.0 A), NIR (A > 780 nm) and UV-vis-NIR light irradiations.
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(CHs)zNON = NOSOSNa

Fig. S13 Structure of MO molecule.
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Fig. S14 EEM fluorescence spectra of MO for ETY-CTC under UV-vis-NIR
irradiation: (a) 0 min, (a) 30 min, (a) 120 min, and (a) 180 min.
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Fig. S15 EEM fluorescence spectrum of the distilled water used in this study.
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Fig. S16 Time-dependent fluorescence spectra of the terephthalic acid solution over

the photocatalysts of (a) ETY-CT and (b) ETY-CTC under 980 nm light irradiation

(output current = 2.0 A). The PL intensities of 2-hydroxyterephthalic acid at about

423 nm increase gradually as the irradiation time extended.
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Fig. S17 Time-dependent absorption spectra of NBT for (a) ETY-CT and (b) ETY-
CTC under 980 nm light irradiation (output current = 2.0 A). The UV-vis absorption
spectra of NBT are decreased at different time.
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