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Figure S1 Results of the Rietveld analysis of the NMP:0.025Eu-arc phosphor.

Table S1 Details of the Rietveld refinement of the olivine-type NMP:0.025Eu-arc phosphor.
Atom Wyckoff Occ.a x y z Uiso.

b ( )Å2 BVSc

Na1/Eu1 4a 1 0 0 0 0.5(1) 1.41(6)
Mg1 4c 1 0.2820(4) 0.25 0.9933(9) 0.1(1) 1.83(6)
P1 4c 1 0.1093(4) 0.25 0.4439(7) 0.3(1) 4.9(1)
O1 4c 1 0.1202(8) 0.25 0.750(1) 0.407 2.2(2)
O2 4c 1 0.4642(8) 0.25 0.154(1) 0.4(2) 2.20(4)
O3 8d 1 0.1747(6) 0.0542(7) 0.3039(10) 0.6(2) 2.14(4)
a Occ. means atomic occupancy; b isotropic temperature factors; c bond valence sum
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Figure S2 Schematic illustration of the experimental procedure for the humidity resistance test.

Figure S3 (left) XRD patterns of the NMP:0.030Eu2+ phosphors synthesized by the conventional 
solid-state reaction method via a normal cooling process using alumina and carbon boats and via a 
molten-phase quenching route using an alumina boat. (right) Photographs of these phosphors 
irradiated by 365 nm black light.
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Figure S4 (A) TG and (B) all-range DTA curves measured under the same conditions as in Figure 
1A for the preheated precursor of the NMP:Eu2+ phosphor.

Table S2 Details of the Rietveld refinement of the olivine-type NMP:xEu2+-MPQ (x=0-0.100) 
phosphors.

x Rwp (%) Rp (%) Re (%) S
0 17.419 10.874 3.679 4.7343
0.01 11.311 7.848 3.492 3.2388
0.02 10.918 7.314 3.406 3.2057
0.025 10.675 6.826 3.333 3.2024
0.03 10.212 6.247 3.225 3.1666
0.04 10.377 6.353 3.086 3.3625
0.05 13.104 8.123 3.027 4.3285
0.06 14.381 8.966 2.927 4.9136
0.08 15.285 8.84 2.831 5.3984
0.1 15.205 9.253 2.739 5.5503
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Figure S5 Lattice constants, (A) a, (B) b and (C) c, and (D) volume of the olivine-type NMP:xEu2+-
MPQ (x=0-0.100) phosphors.

Figure S6 Dependence of the BVS values of the Na (4a) and Mg (4c) sites on the Eu2+ concentration 
in the olivine-type NMP:Eu2+-MPQ phosphor.
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Table S3 Mean bond length of the NMP:0.030Eu-MPQ phosphor.
Cation Anion Bond length ( )Å
Na1 O1×2 2.341(6)

O2×2 2.332(5)
O3×2 2.371(5)

Average 2.348
Mg1 O1 2.026(9)

O2 2.003(9)
O3×2 2.238(6)
O3×2 2.150(5)

Average 2.134
P1 O1 1.544(7)

O2 1.593(9)
O3×2 1.535(5)

Average 1.552

Figure S7 XPS spectra for (a) NMP:0.030Eu2+-MPQ and (b) NMP:Eu0.025-arc phosphors: survey, Na1s, 
Mg2p, P2p and O1s.
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Table S4 Chemical analysis based on the XPS results for the NMP:0.030Eu2+-MPQ and NMP:0.025Eu-
arc phosphors.

Atomic concentration (%)Elements Level NMP:0.030Eu-MPQ NMP:0.025Eu-arc
Na 1s 18.89 15.74
Eu 3d 0.55 0.30
Mg 2p 13.59 14.76
P 2p 14.83 16.55
O 1s 52.14 52.65

Figure S8 FE-SEM image of the olivine-type NMP:0.025Eu-arc phosphor.
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Figure S9 Plot of the Kubelka-Munk function for the NMP host.

Figure S10 Photographs of the non-excited NMP:xEu2+-MPQ (x=0.010-0.050) and NMP:0.025Eu-arc 
phosphors (under fluorescent lamps).
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Figure S11 (A) PL and PLE spectra and (B) plot of the PL intensity for the NMP:xEu2+-MPQ (x=0.010-
0.050) phosphors.

Figure S12 PL decay curves for the NMP:0.030Eu2+-MPQ phosphors before and after the humidity 
test.


