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Supplementary Information

Figure S1. X-ray diffraction patterns of products obtained by the same solid-state synthesis 

conditions with varied contents of CaO and Ca(OH)2 in the precursors. Calculated Bragg reflection 

positions of Ca1.5Ba0.5Si5O3N6 are shown by green vertical tick marks. Peaks in the grey band 

regions are from impurities and those marked with asterisks are identified as CaSi2O2N2. 
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Figure S2. X-ray diffraction patterns of solid-state synthesis products when using different ball 

mill materials: stainless steel (black), zirconia (red), tungsten carbide (blue). Calculated Bragg 

positions of Ca1.5Ba0.5Si5O3N6 are shown by green vertical tick marks. Peak in the grey band 

regions is from the impurity Fe (BCC polymorph) and those in pink regions are from ZrN. 
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Figure S3. Rietveld refinement of time-of-flight neutron powder diffraction patterns of (a) Bank 

2, (b) Bank 4, (c) Bank 5, (d) Bank 6 at 290 K. Calculated positions of Bragg reflections of CBSON 

are shown by green vertical tick marks.
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Figure S4. Rietveld refinement of neutron powder diffraction pattern for CBSON at (a) 475 K, 

(b) 3 K. The experimental data are shown as black circles, the red line denotes the calculated 

pattern, and the difference profile is shown in blue underneath. Calculated positions of Bragg 

reflections are shown by green vertical tick marks. The two peaks marked with asterisk are from 

the impurity Fe (BCC polymorph) due to the use of stainless steel as ball mill media in the synthesis 

of this batch. The impurity regions are excluded in the refinement.

Figure S5. Nuclear density iso-surface plot from MEM analysis of NPD at 475 K through the 

<010> direction at (a) Si-N layer; (b) Ba layer (surface threshold, 0.03 fm/Å3). The Si, N and Ba 

atoms are represented by blue, grey and green balls, respectively. It indicates that the nuclear 

densities around Ba, Si and N atoms are highly localized.
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Figure S6. Full chemical potential triangle for CBSON used to determine the range of chemical 

potentials over which to evaluate defect formation (Figure 3b). The green region indicates the 

range of chemical potentials where CBSON is thermodynamically stable.

Figure S7. Log-log plots of MSD vs. time. The dotted black line indicates a slope of unity.
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Figure S8. Arrhenius plots fit to AIMD-calculated diffusivities at 900, 1200, 1500 K. 

Figure S9. Ca-ion probability density of CBSON with one static vacancy from AIMD simulation 

at 1500 K down the [010] direction. Isosurface thresholds are: (a) 0.01 eV/ Å3; (b) 0.001 eV/ Å3; 

(c) 0.0001 eV/ Å3. (d) Ca-ion probability density of Ca layer without static vacancy (isosurface 

threshold is 0.0001 eV/ Å3).
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Table S1. Weight percentages of Ca, Ba and Si as obtained by ICP-OES elemental analysis on the 

as-synthesized CBSON powder. The analysis was done twice by the same vendor, yielding wt%-

1 and wt%-2. The atomic ratios of cations are obtained by averaging the two measurement results 

and are normalized by setting Si to 5.

Element wt% - 1 wt% - 2 Atomic ratio
Ca 15.63 15.45 1.553
Ba 16.66 16.48 0.483
Si 35.22 34.88 5

Table S2. Crystallographic data of Ca1.5Ba0.5Si5O3N6 as obtained from Rietveld refinement of 

neutron powder diffraction at 475K.

Space Group a (Å) b (Å) c (Å)  () V (Å3)
C1m1 7.0723(10) 23.9453(29) 4.8288(7) 109.4818(65) 770.94(18)

Atom site x y z Uiso (Å2) Occupancy
Ba1 2a 0.917(4) 0.0000 0.069(5) 0.037(8) 1
Ca1 4b 0.5965 0.7732 0.5203 0.050(6) 0.5
Ca2 4b 0.4402 0.2529 0.1912 0.050(6) 0.5
Ca3 4b 0.7831 0.7256 0.8609 0.050(6) 0.5
Si1 4b 0.1800 0.1303 0.2663 0.0072(6) 1
Si2 4b 0.9429 0.1404 0.6481 0.0072(6) 1
Si3 4b 0.7018 0.1306 0.0313 0.0072(6) 1
Si4 4b 0.3147 0.0638 0.8351 0.0072(6) 1
Si5 4b 0.5669 0.9357 0.4624 0.0072(6) 1
N1 4b 0.7287(13) 0.1116(4) 0.675(2) 0.0072(6) 1
N2 2a 0.217(2) 0.0000 0.847(3) 0.0072(6) 1
N3 4b 0.1502(13) 0.1110(4) 0.910(2) 0.0072(6) 1
N4 4b 0.5558(12) 0.0768(5) 0.0858(19) 0.0072(6) 1
N5 4b 0.9368(16) 0.1217(2) 0.284(3) 0.0072(6) 1
N6 4b 0.3307(14) 0.0807(5) 0.482(3) 0.0072(6) 1
N7 2a 0.645(3) 0.0000 0.552(3) 0.0072(6) 1
O1 4b 0.623(3) 0.1976(5) 0.007(3) 0.0072(6) 1
O2 4b 0.932(3) 0.2040(4) 0.676(3) 0.0072(6) 1
O3 4b 0.256(3) 0.1904(6) 0.334(4) 0.0072(6) 1

Rwp = 6.127%, Rp = 4.530%, RB = 1.953%
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Table S3. Crystallographic data of Ca1.5Ba0.5Si5O3N6 as obtained from Rietveld refinement of 

neutron powder diffraction at 3K.

Space Group a (Å) b (Å) c (Å)  () V (Å3)
C1m1 7.0614(10) 23.9213(28) 4.8226 (7) 109.4862 (66) 767.96(18)

Atom site x y z Uiso (Å2) Occupancy
Ba1 2a 0.917(4) 0.0000 0.066(5) 0.040(8) 1
Ca1 4b 0.5965 0.7732 0.5203 0.037(5) 0.5
Ca2 4b 0.4402 0.2529 0.1912 0.037(5) 0.5
Ca3 4b 0.7831 0.7256 0.8609 0.037(5) 0.5
Si1 4b 0.1800 0.1303 0.2663 0.0049(6) 1
Si2 4b 0.9429 0.1404 0.6481 0.0049(6) 1
Si3 4b 0.7018 0.1306 0.0313 0.0049(6) 1
Si4 4b 0.3147 0.0638 0.8351 0.0049(6) 1
Si5 4b 0.5669 0.9357 0.4624 0.0049(6) 1
N1 4b 0.7279(13) 0.1118(4) 0.6695(19) 0.0049(6) 1
N2 2a 0.2093(19) 0.0000 0.847(3) 0.0049(6) 1
N3 4b 0.1499(14) 0.1120(4) 0.906(2) 0.0049(6) 1
N4 4b 0.5531(13) 0.0750(4) 0.0785(18) 0.0049(6) 1
N5 4b 0.9352(16) 0.1219(2) 0.283(3) 0.0049(6) 1
N6 4b 0.3261(14) 0.0813(4) 0.477(3) 0.0049(6) 1
N7 2a 0.644(2) 0.0000 0.549(3) 0.0049(6) 1
O1 4b 0.619(3) 0.1984(5) -0.003(3) 0.0049(6) 1
O2 4b 0.927(3) 0.2043(4) 0.677(3) 0.0049(6) 1
O3 4b 0.254(3) 0.1909(6) 0.327(3) 0.0049(6) 1

Rwp = 6.351%, Rp = 4.656%, RB = 2.061%


