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Figure S1. Indexing of the diffraction peaks of NaLuW,05-2H,0 in the 20 ranges of 5-50° (a) and 50-90° (b).

Table S1. Main bond lengths (A) and angles (°) of NaLuW,0g-2H,0. Symmetry codes: (i) x, y, z+1; (ii) -x, -
y+l1, -z; (iii) x, y, z-1.

coordinates condition bond length (A) Coordinates condition Angle (°)
Lu—O3 2.316 (9) 03—Lu—O03" 103 (4)
Lu—O5 2.012 (16) 03—Lu—O05 90
wW—02 1.8161 (2) 02—W—03 90.6 (5)
W—O03 2.125 (8) 02—W—O04 89.3 (6)
W—04 1.623 (16) 03—W—03" 64.3 (4)
Na—Ol 2.350 (5) 03—W—04 147.9 (4)
Na—O04 2370 (14) Ol—Na—O1™" 101.2 (2)
05—H 0.9733 O1—Na—O04 91.4 (4)

Table S2. 2Theta (°), d-spacing (A) and corresponding 4, k, [ derived from Rietveld refinement of the XRD
pattern of NaLuW,05-2H,0.

2Theta (°) d-spacing (A) h k l
8.159 10.8276 2 0 0
16.36 54138 4 0 0

17.737 4.9966 1 1 0
21.216 4.1844 3 1 0
24.489 3.632 0 0 1
24.646 3.6092 6 0 0
25.853 3.4434 2 0 1
26.908 3.3107 5 1 0
29.594 3.0161 4 0 1
30.401 2.9379 1 1 1
32.62 2.7429 3 1 1
33.066 2.7069 8 0 0
33.799 2.6499 7 1 0
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85.292 1.137 5 1 3
85.564 1.1341 13 3 1
87.624 1.1127 19 1 0
88.272 1.1062 3 2
88.373 1.1052 8 0 3
88.393 1.105 4 1
88.458 1.1043 10 4 0
88.524 1.1037 15 1 2
88.534 1.1036 15 3 0
88.777 1.1012 7 1 3
89.408 1.095 0 2 3
89.988 1.0895 2 2 3
89.996 1.0894 18 2 0
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Figure S2. XRD patterns of NaLuW,0g-2H,0 (a) and the NaLu(WO,), calcined at 600 °C for 2 hours in air (b).
The standard diffractions of NaLu(WQ,), are included as bars for comparison (c). The main diffractions of
NaLuW,05-2H,0 are indicated in (a) according to the indexing of the diffraction peaks in Figure S1.



obtained by calcining Na(Lug g7Hog ¢3Ybg 1)W,05-2H,0 at 600 °C for 2 h (b).

Table S3. Cell parameters for the synthesized Na(Luy g7L.ng 03 Ybg.1)(WO,), (Ln=Ho, Er and Tm) and NaLu(WO,),.
The data from JCPDS File No. 00-027-0729 for NaLu(WOQ,), are listed at the bottom for comparison.

Sample a,b (R) c(A) V(A%
Na(Lug.s7H00,03Ybo 1)(WO4), 517162 (8) 11.1878(2)  299.22 (1)
Na(Lug s7Er0.03Ybo. )(WOy), 5.17119(7) 11.1871(2)  299.16 (1)
Na(Luos7Tmo 03 Ybo. )(WO.), 5.17056 (9) 11.1859(2)  299.05 (1)

NaLu(WOy), 5.16899 (9) 11.1840(2) 298.82 (1)
PDF No. 00-027-0729 5.166 11.174 298.21
299.21
™ o
< 299.0-
< .
298.81
1.117 1.118 1.119

Average IR(Lu/Yb/Ho/Er/Tm),A

Figure S4. Cell volume V per average ion radii (Lu/Yb/Ho/Er/Tm) of Na(Lu/Yb/Ho/Er/Tm)(WOy),

compounds



Table S4. CIE chromaticity coordinates (x, y) for the upconversion Iuminescence of
Na(Lugg7L.ng03Ybg 1)(WOy), under varying excitation power.

E);c;:i]lgon Ho Er Tm

0.6 W (0.50, 0.49) (0.33,0.62) (0.25,0.31)
0.8 W (0.49, 0.50) (0.28, 0.70) (0.32,0.35)
I (0.49, 0.50) (0.27,0.71) (0.29,0.31)
1.2W (0.48,0.51) (0.26,0.72) (0.26, 0.29)
14W (0.47,0.52) (0.26, 0.72) (0.24,0.24)
1.6 W (0.47,0.52) (0.26, 0.72) (0.22, 0.22)
1.8 W (0.47,0.52) (0.25,0.72) (0.20, 0.20)
2W (0.47,0.53) (0.25,0.73) (0.18,0.18)

Table S5. 1650/1544, 1531/1657 and 1553/16575 and 1476/1650 intensity ratios for the Na(Lu0A87H00A03Yb0A1)(WO4)2,
Na(Luyg g7E10.03Ybg.1)(WOys),, and Na(Lug g, Tmg g3Ybg 1 )(WO,), phosphors under varying excitation power.

Excitation Ho Er Tm
power Tsso/Isaa Is31/Iss7 Iss3/lgs7 Lu76/1650
0.6 W 3.93 3.88 7.19 1.02
0.8 W 3.56 7.61 13.79 1.19

W 3.42 9.88 16.46 1.81
12W 2.97 12.19 18.35 2.56
14 W 271 13.55 19.26 3.26
1.6 W 2.61 15.16 19.91 3.78
1.8 W 2.53 16.56 20.32 4.92

2W 2.52 18.05 20.85 5.57




Figure S5. CIE chromaticity diagram showing the emission colors of Na(Luyg g;Lng o3 Ybg 1)(WO,), (Ln=Ho,
Er and Tm) under varying excitation power.
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Figure S6. Excitation and emission spectra of NaLu(WOQOy),.




