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Figure S1. Unit cell of LaZnAl;;019 and the illustrated polyhedrons.
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Figure S2. (a-b) Powder XRD patterns of LaM_,Al;;.,019:xMn*",yMn*" (M = Mg, Zn). Rietveld
refinement XRD data of the representative (¢) LaZnAl;;0;9:0.04Mn?*,0.03Mn*", (d)
LaMgAl;;019:0.04Mn?*,0.04Mn**, (e-f) Powder XRD patterns of representative LaM;_Al;;.
1,019:0.04Mn?* ,yMn** (M = Mg, Zn) in the range of 50~200 °C.
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Figure S3. Temperature-dependent Raman spectra of LaZnAl;;019 in the 20-200 °C range.
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Figure S4. The La 3d, Zn 2p, Al 2p, O 1s, Mn 2p/3p and C 1s XPS spectra of
LaZnAh 10 1 91Ml’12+,Ml’l4+.
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Figure S5. PL spectra of LaZnAl;;0;9 phosphors single-doped with (a) Mn?" (A, = 365 nm), (b)

Mn*" (Aex = 365 nm). PL spectra of LaMgAl;;0,9 phosphors single-doped with (¢) Mn?" (Ae, =
365 nm), (d) Mn*" (A, = 365 nm).
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Figure S6. PLE of (a) LZAO:0.04Mn?*,0.03Mn*" and (b) LMAO:0.04Mn?*,0.04Mn**sample (A, =
677 nm).
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Figure S7. Decay curves of Mn?* in (a-b) LaZnAl;;09:xMn?" and (c-d) LaMgAl;;09:xMn2*" (A
= 460 nm, Ay = 514 nm). PL decay curves of Mn*" in (e-f) LaZnAl;;O;9:;yMn*" and (g-h)
LaMgAl; ;019 yMn*t (Ao = 365 nm, Ay, = 677 nm).
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Figure S8. Decay curves of Mn*" in (a-b) LaZnAl;;09:0.04Mn?",yMn*" and (c-d)
LaMgAl;;019:0.04Mn?" yMn**(Aex = 365 nm, Ae, = 677 nm). Decay curves of Mn?* in (e-f)
LaZnAl;;019:0.04Mn?*,yMn*" and (g-h) LaMgAl;;0,9:0.04Mn?* yMn**(Aex = 365 nm, Ae, = 514

nm).
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Figure S9. (a-b) Dependence of energy transfer efficiencies () on Mn*" concentration in LaM;_
Alj1,019:0.04Mn** yMn** (M = Mg, Zn) phosphors.
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Figure S10. (a-b) Dependence of Isp/Is of Mn?** on C3, C¥3 and C!'°3 in LaM,, Al
14019:0.04Mn** yMn*" (M = Mg, Zn).
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Figure S11. (a) Decay curves of LaMgAl;;019:0.04Mn?*,0.04Mn*" in -50~200 °C. (b) Changing
tendency of the fitted decay lifetimes with temperature. (c) Correlation between 1/t vs 1/T and the
exponential fitting line. (d) Calculated S, LaMgAl;;09:0.04Mn?*,0.04Mn*" temperature probe

derived from lifetime readout in -50~200 °C.



Table S1. Refined crystallographic data and reliability factor for
LaMAl;;019:0.04Mn?*,0.03Mn**/0.04Mn*" (M = Mg, Zn).

formula symmetry Space group a=b/A c/A VIA Z Ry (%) R, (%)

LaZnAl; 049 Hexagonal P63/mmc 5.59 21.96 5943 2 7.4 8.6
LaMgAl;,0y9 Hexagonal P63/mmc 5.57 2193 5892 2 6.9 7.5




Table S2. The CIE coordinates of the LaMAl;;0;9:0.04Mn?*,0.03Mn**/0.04Mn*" (M = Mg, Zn) at
different temperatures.

Temperature (°C) LaZnAl;;0,9:0.04Mn%",0.03Mn** LaMgAl;;049:0.04Mn?",0.04Mn*"
x Y x y

-175 0.46 0.45 0.43 0.45

-100 0.40 0.50 0.40 0.47

-50 0.37 0.51 0.38 0.50

0 0.34 0.55 0.37 0.52

50 0.30 0.58 0.35 0.55

100 0.28 0.60 0.32 0.57

150 0.25 0.62 0.29 0.60

200 0.21 0.64 0.25 0.65

250 0.16 0.67 0.19 0.70




