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1. Phase identification
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Figure S1  X-ray diffraction pattern for the powder after ammonolysis with various
ammonia flow rate. Sample IDs are show in main text. Crystalline phase, cristobalite,
was formed in the P020 powder prepared by ammonolysis under small ammonia flow
rate (20cm®/min).



II. Atmosphere in the furnace during ammonolysis

= 10p
2 f NH; - N,
S +02 +H20
:‘%
a 1F
£ F
Q
[&]
w
(]
@
0.1k

[ 1 | 1 1 1
100 200 300 400 500
NHj; flow rate (cm3/min)

Figure S2  Composition of the exhaust gas from the furnace during ammonolysis.
With smaller ammonia flow rate, actual ammonia concentration in the furnace was
relatively low due to decomposition and the residual oxygen gas concentration due to
out-gas from the furnace was relatively high. With very high flow rate, relatively high
ammonia concentration was achieved.
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Chemical composition analysis

Typical results of XRF analyses

Table S1 Result of Xray fluorescence analysis for PwO powder (prepared by firing
in the air). Charge compensation in the powder was considered by assuming formal
charge (Q) of each element. Particularly, formal charge of europium was assumed to be
divalent. The summation of charge indicates slight excess of anion, likely presence of
protons for compensation.

Element Mol% (M) Formal charge (Q) Charge (QxM)
N 0.0 -3 0.0
o 62.9 -2 -125.8
Al 4.2 3 12.6
Si 24.5 4 98.2
Sr 2.8 2 5.6
Eu 0.8 2 1.7

Sum. charge -7.8

Table S2 Result of Xray fluorescence analysis for PSOOSR powder (prepared by
ammonolysis in ammonia flow rate at 500 ml/min). Charge compensation in the powder
was considered by assuming formal charge (Q) of each element. Particularly, formal
charge of europium was assumed to be divalent. The obvious excess of negative charge
is an indication for the presence of proton in the powder.

Element Mol% (M) Formal charge (Q) Charge (QxM)
N 26.4 -3 -79.3
o 42.8 -2 -85.6
Al 4.1 3 124
Si 231 4 92.3
Sr 2.8 2 5.5
Eu 0.8 2 1.7
Sum. charge -53.1




B. Nerdetermined by XPS measurements
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Figure S3  Effective nitrogen concentration (N.) in the obtained powder as a function
of ammonia flow rate on ammonolysis. In this figure, the results of X-ray photoemission
(XPS) analyses are superimposed on the results of X-ray fluorescence (XRF) analyses
show in the main text. The definition of N.rand sample IDs are also shown in main text.
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IV. Microstructures

A. Microstructure of the gel before ammonolysis
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Figure S4  Secondary electron microscope image of the gel powder begore
ammonolysis.

B. Microstructures of the powder after ammonolysis
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Figure S5  Secondary electron microscope image of the gel powder after ammonolysis
at the ammonia flow rate of 300 cm*/min (P300) and 500 cm*/min (P500).
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