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Figure S1 The PLE and PL spectra of un-doped MAO samples and PL spectra of Dy3+ 

doped MAO samples in the air and reducing atmosphere.

Figure S2 The Dy 4d XPS spectrum of the MAO: 0.18Dy3+ sample synthesized in the 

reducing atmosphere. 
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In Figure S1, the broad band centered at 425 nm is dominantly caused by the oxygen 

vacancies of the MAO host. The assumptions mainly base on the reasons as follows:

1) In figure S1, the un-doped MAO sample synthesized in the air shows a broad band 

emission centered at about 425 nm under the excitation of 325 nm. The Dy3+-doped 

MAO samples present the strong characteristic emission of Dy3+ and a weak broad 

band centered at about 425 nm. The shape of broad band is very similar with that of 

un-doped MAO sample. The phenomenon implies that the broad band may originate 

from the MAO host.

2) As we known, the materials could easily produce the oxygen vacancies during the 

sintering process at a high temperature and the sintering atmospheres could seriously 

influence the concentration of oxygen vacancies of the products. Generally, the 

reducing atmosphere is conducive to the formation of oxygen vacancies. Therefore, 

we synthesized a serious of MAO: xDy3+ (0≤x≤0.18) samples in the reducing 

atmosphere. In Figure S1, under the excitation of 325 nm, the un-doped MAO sample 

synthesized in the reducing atmosphere also shows the broad emission band (425 nm) 

with the similar shape compared with that of un-doped MAO sample synthesized in 

the air, but the intensity of broad band emission is sharply enhanced. Meanwhile, the 

samples synthesized in the air and reducing atmospheres is both single phase. Thereby, 

the broad band is likely caused by the oxygen vacancies of the MAO host. Further, 

the blue broad emission band of the MAO: Dy3+ samples synthesized in the reducing 

atmosphere also shows the similar shape with that of the un-doped MAO, which 

further prove the above assumptions.

3) Generally, Dy3+ is difficult to be reduced to Dy2+ in the process of synthesis and 

many researchers have reported that the Dy ion can be stabilized in the state of 

trivalence in many materials synthesized in the reducing atmosphere, such as Sr(4-x-

y)CaxBayAl14O25: Eu2+, Dy3+, SrAl2O4: Eu2+, Dy3+, Sr3MgSi2O8: Eu2+, Dy3+.S1-S7

4) The X-ray photoelectron spectroscopy (XPS) of MAO: 0.18Dy3+ synthesized in the 

reducing atmosphere are measured and shown in Figure S2. A symmetrical peak at 

153.80 eV with the full width at half maximum 2.42 eV is observed and well matches 
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with the Dy3+ 4d5/2 peak reported by ref.S8 (The XPS data of Dy2+ are presently not 

available). The result further supports that the Dy ion in the MAO: 0.18Dy3+ 

synthesized in the reducing atmosphere exists only in the state of trivalence. 

Based on the above analysis, we demonstrate that the broad band centered at 425 nm 

is caused by the oxygen vacancies of the MAO host.
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