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Table S1. The cell parameters, refinement factors, and bond distances of the LMTO: 0.4 mol%Mn4+ and 

LMTO: 0.4 mol%Mn4+, 0.2 mol%Ca2+ phosphors.

Formula
LMTO:0.4 

mol%Mn4+

LMTO:0.4 mol%Mn4+, 

0.2mol%Ca2+

crystal system Monoclinic Monoclinic

space group I2/m (12) I2/m (12)

a (Å) 5.6377 5.6342

B (Å) 5.6293 5.6255

C (Å) 7.9564 7.9486

V (Å3) 252.51 251.93

α=γ (°) 90 90

β (°) 89.9999 90.0112

Rwp (%) 7.47 8.09

Rp (%) 5.78 6.38

χ2 1.95 2.32

bond distance Ta1-O1 (Å) 

(2)
2.072 2.069

bond distance Ta1-O2 (Å) 

(4)
2.129 2.128

bond distance Ta1-Ta1 (Å) 5.6293(3) 5.6255(2)
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Table S2. The atomic coordinates, Wyckoff position, and occupancy of the LMTO: 0.4 mol%Mn4+ sample.

fractional coordinates
atom

Wyckof

f

position x y z

occupancy

(×100%)
Uiso

La 4i 0.5026 0 0.2530 0.833 0.005

Mg 2a 0 0 0 1.00 0

Ta 2d 0.5 0.5 0 0.996 0

O1 4i 0.0809 0 0.2460 1.00 0

O2 8j 0.2395 0.2298 -0.0321 1.00 0

Mn1 2d 0.5 0.5 0 0.004 0.006

Table S3. Atomic ratios of the LMTO: 3.0 mol%Mn4+ samples for theoretical and measured values.

Element (LMTO: 3.0 

mol%Mn4+)

La Mg Ta O Mn

Atomic ratio (%) 19.51 10.93 9.92 57.78 1.86

Theoretical ratio (%) 17.24 10.34 10.03 62.07 0.31

Table S4. The atomic coordinates, Wyckoff position, and occupancy of the LMTO: 0.4 mol%Mn4+, 0.2 

mol%Ca2+ sample.

fractional coordinates
atom

Wyckoff

position x y z

occupancy

(×100%)
Uiso

La 4i 0.5026 0 0.2530 0.831 0

Mg 2a 0 0 0 1.00 0.002

Ta 2d 0.5 0.5 0 0.996 0

O1 4i 0.0809 0 0.2460 1.00 0

O2 8j 0.2395 0.2298 -0.0321 1.00 0.002

Mn1 2d 0.5 0.5 0 0.004 0

Ca1 4i 0.5026 0 0.2530 0.002 0.01

Table S5 Internal quantum efficiency and thermal stability of representative Mn4+-activated matrix materials 

reported in the last three years.

Num. Matrices material Internal quantum efficiency (%) IPL420K/IPL273K (%) Ref.

La1.67MgTaO6 72.65 57.23 This work

1 Ba2LaTaO6 26.8 5.5 1

2 Sr2InTaO6 10.15 2.4 2

3 Sr2GdTaO6 15.27 31.17 3

4 Ba2GdNbO6 29.7 ~35 4

5 BaSrGdNbO6 33.6 ~42 4

6 BaSrYNbO6 34.6 ~47 4

7 Ca14Ga10Zn6O35 38.0 41.2 5

8 Ca2YSbO6 62.6 40 6

9 Sr2InSbO6 22.67 48 7

10 CaMg2La2W2O12 44 35 8
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11 Ba2YTaO6 41.5 37 9

12 Li4AlSbO6 54.8 - 10

13 Ca3Al4ZnO10 30 38 11

14 Sr3NaSbO6 56.2 39.84 12

15 Li3Mg2TaO6 23 - 13

16 KLaMgWO6 43 - 14

17 Cs2NbOF5 81.7 ~18 15

18 K2NaGaF6 61 71.9 16

19 Cs2KGaF6 80.2 ~45 17

20  Cs2SiF6 69 70 18

21  K2TiF6 93 30 18

22 Na2SiF6 70 70 18

Table S6. The CIE chromaticity coordinates, CRI, and CCT of the warm wLEDs are prepared by different 

phosphor ratios.

Ratio Coordinate CRI CCT

Y:R=1:0 (0.2944,0.3264) 76.5 7595 K

Y:R=1:5 (0.3101,0.3305) 80.6 6395 K

Y:R=1:10 (0.3266,0.3313) 84.5 5775 K

Y:R=1:15 (0.3552,0.3582) 86.1 4658 K

Table S7 Lumen efficiency (lm/W) of the wLEDs devices prepared with different ratios. of phosphors at 

different driving currents.

Ratio 10 mA 20 mA 40 mA 60 mA 100 mA

Y:R=1:0

Y:R=1:5

Y:R=1:10

Y:R=1:15

140.42

109.99

85.06

72.66

129.25

92.47

69.06

57.92

122.22

80.85

55.70

47.30

119.42

74.72

51.59

41.00

112.40

68.29

45.01

36.66

Fig. S1 Absorption spectra of perfect LMTO samples and samples with different Mn4+ doping concentrations.
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Fig. S2 Diffuse reflectance spectra of perfect LMTO samples and samples with different Mn4+ doping 

concentrations.

Fig. S3. Histogram of the integrated emission intensity for the LMTO phosphor with different Mn4+ ion 

concentrations.
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Fig. S4. The Rietveld refined XRD pattern of the sample co-doped with Li+ ions.

Fig. S5. The PL spectra of the samples doped and without doped Li+ ions.
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Fig. S6. The XRD curves of samples after co-doping with Ca2+ or Sr2+ ions and the LMTO compound 

standard PDF card.

Fig. S7. Histogram of the integrated emission intensity for the samples after co-doping with Ca2+ or Sr2+ 

ions.
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Fig. S8. The XRD pattern after Rietveld refinement of the LMTO: 0.4 mol%Mn4+, 0.2 mol%Ca2+ sample.

Fig. S9 Absorption spectra of samples with and without Ca2+ ions doping.
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Fig. S10. The IQE of the LMTO: 0.4 mol%Mn4+ sample.

Fig. S11. The IQE of the LMTO: 0.4 mol%Mn4+, 0.2 mol%Ca2+ sample.
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Fig. S12. The two-dimensional contour plot of the PL spectra with temperature for the LMTO: 0.4 

mol%Mn4+ sample.

Fig. S13. The two-dimensional contour plot of the PL spectra with temperature for the LMTO: 0.4 

mol%Mn4+
, 0.2 mol%Ca2+ sample.
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Fig. S14. Histogram of integrated emission intensity at different temperatures for the samples with and 

without co-doped Ca2+ ions.
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