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Figure S1. Raman spectra of the CaNa-RnKp, Ca-RnKp (A), CxNy (B) and B15Nay (C) series. The 

spectra were normalized to the highest intensity after baseline correction between the 300 – 1700 cm-1 
area. 

 

 



 
Figure S2. XPS spectra of the B15Nay (A), Ca-RnKp (B) and CaNa-RnKp (C) series. The 

spectra were normalized to the highest intensity after baseline correction between the 540 – 
528 eV area. 

  



 
Figure S3. K-edge FT-EXAFS spectra in R-space of the Ca-RnKp (A) and CaNa-RnKp (B) 

series. 

 



 
Figure S4. 23Na NMR spectra of CaNa-RnKp (A), CxNy (B) and B15Nay (C) glass series 

(dashed line indicate the evolution of 23Na isotropic chemical shift. The spectra were 
normalized to the highest intensity after baseline correction between the 50 - -100 ppm. 

 



 
Figure S5. 27Al NMR spectra of Ca-RnKp (A), CaNa-RnKp (B), CxNy (C) and B15Nay (D) 
glass series (dashed line indicate the evolution of 27Al isotropic chemical shift. The spectra 

were normalized to the highest intensity after baseline correction between the 100 - -50 ppm. 

  



 
Figure. S6. 27Al 3Q-MAS spectra of Ca-R2K1 (A) and Ca-R3K2 (B), including its MAS 

projection (top of the map, blue), 1D MAS spectrum (top of the map, orange) and isotropic 
projection (right of the map). [5]Al and [6]Al species are separated in the spectra. 

 

  



 
Figure S7. 11B NMR spectra of Ca-RnKp (a), CaNa-RnKp (b), CxNy (c) and B15Nay (d) 

glass. The spectra were normalized to the highest intensity after baseline correction between 
the 30 - -20 ppm.  

  



 
Figure S8. 11B 3Q-MAS ([3]B part) spectra of B15N10 (A) and CaNa-R2K1 (B), including its 
fits (green dashed lines), MAS projection (top of the map), and isotropic projection (right of 
the map), and isotropic projections of 11B 3Q-MAS ([3]B part) maps of B15Nay glass series 
(C), (dashed lines represent the decomposition spectra of [3]B#1 and [3]B#2 species using 

Gaussian peaks). 

 

 



 
Figure S9.  (A) 11B DQ-SQ spectrum of CaNa-R2K1 glass, including the SQ projection (top 

of the map) and the DQ projection (right of the map). (B) Demonstration of use of SQ and DQ 
projections. (C) and (D) Examples of 11B NMR spectra curve fitting process: SQ projection of 
DQ-SQ maps, SE spectra with different echo times and 11B MAS-NMR spectra of B15Na10 
(C) and CaNa-R2K1 (D) glasses (dashed lines represent the decomposition spectra using 

Amorphous model for [3]B species and Gaussian peaks for [4]B species).  



Table S1. Previous Raman spectroscopic studies of (boro)silicate glasses and melts. 

Literature Frequency (cm-1) 
Q1 Q2 Q3 Q4 [3]B-O-[4]B [3]B-O-[3]B 

B. O. Mysen et al., 1980 [1] 900-
920 950-980 1050-

1100 1060, 1190   
B. O. Mysen et al., 1982 [2] 900 950 1100 1150, 1200   
D. W. Matson et al., 1983 [3]  950 1100    

P. McMillan, 1984 [4] 900 950-
1000 

1050-
1100 1060, 1200   

J. D. Frantz et al., 1995 [5]  800-900 1050 1100   
R. Akagi et al., 2001 [6]     1380 1490 

L. Cormier et al., 2006 [7]     1410 1500 
V.P. Zakaznova-Herzog et al., 2007 

[8]  930-
1090 1100 1100-1150   

M. Lenoir et al., 2008 [9]  900-950 1050-
1100 1100-1200 1410 1490 

D. Manara et al., 2009 [10] 900-
920 950-980 1050-

1100 1120-1190 1410 1480 

F. Angeli et al., 2012 [11] 900 950 1050 1150   
D. R. Neuville et al., 2014 [12] 950 1050 1100 1150-1200 1410 1490 

C. Le Losq et al., 2014 [13]  960 1090 1140, 1170   
B. J.A. Moulton et al., 2021 [14] 850 940 1070    

H.W. Nesbitt et al., 2021 [15] 860 950 1000-
1100    

 

 



Table S2. Fit parameters deduced from Raman spectra: frequency (Freq., ±10 cm-1), full width at half maximum (w., ±10 cm-1) of frequency 
distribution and proportion of peak area (%A, ±3 %). 

Glass ID 

Raman spectra (silicate region) deconvolution Raman spectra (borate region) 
deconvolution 

S1 S2 S3 S4 S5 B1 B2 
Freq./w. 
(cm-1) 

%A 
(%) 

Freq./w. 
(cm-1) 

%A 
(%) 

Freq./w. 
(cm-1) 

%A 
(%) 

Freq./w. 
(cm-1) 

%A 
(%) 

Freq./w. 
(cm-1) 

%A 
(%) 

Freq./w. 
(cm-1) 

%A 
(%) 

Freq./w. 
(cm-1) 

%A 
(%) 

CaNa-RnKp               
CaNa-R2K1 857.9/28.3 2.9 932.1/66.5 43.9 983.8/56.0 30.7 1038.3/64.2 21.9 1190.7/79.9 9.0 1404.7/79.7 44.8 1473.0/83.6 55.2 
CaNa-R2K2 856.8/45.4 0.7 947.6/70.0 27.5 1017.2/67.8 43.9 1073.1/69.2 38.8 1181.2/73.4 2.9 1415.2/73.3 39.5 1469.5/73.2 60.5 
CaNa-R2K3 868.1/70.2 1.4 954.1/72.2 18.3 1035.5/72.2 43.2 1091.0/70.1 39.2 1171.0/62.1 4.6 1419.9/81.5 42.3 1474.2/79.9 57.7 
CaNa-R3K2 861.4/30.5 2.5 943.0/69.9 42.2 1000.5/63.6 28.6 1054.7/66.8 25.1 1183.7/76.8 6.5 1412.5/76.5 45.3 1474.0/79.2 54.7 
CaNa-R3K3 863.9/25.9 0.8 949.0/68.0 29.9 1018.5/65.3 37.7 1073.5/68.8 41.1 1186.7/66.5 2.8 1424.0/76.6 51.0 1480.5/79.9 49.0 
CaNa-R3K4 864.1/24.6 0.3 951.4/70.7 21.9 1031.5/71.9 33.9 1084.4/68.0 43.9 1175.8/68.1 3.3 1427.8/75.5 50.4 1476.5/76.9 49.6 

               
Ca-RnKp               
Ca-R2K1 872.6/31.1 2.2 929.4/71.8 39.2 987.4/71.8 22.3 1045.9/71.4 22.7 1212.7/74.8 5.2 1401.0/80.0 44.5 1468.1/81.0 55.5 
Ca-R2K2 893.3/37.6 1.2 950.8/73.9 28.1 1028.6/75.1 30.1 1085.9/76.1 21.3 1183.6/89.8 5.5 1410.9/78.3 43.6 1468.2/78.4 56.4 
Ca-R2K3 - - 948.4/74.9 26.0 1029.1/75.0 36.6 1082.3/75.0 22.8 1177.9/87.0 8.0 1409.7/83.3 42.2 1466.6/83.7 57.8 
Ca-R3K2 877.8/43.9 5.1 943.1/70.4 38.2 1009.7/68.5 23.6 1064.5/68.6 22.1 1195.2/92.1 6.0 1403.4/81.6 43.7 1468.6/83.8 56.3 
Ca-R3K3 887.4/47.6 3.0 947.2/66.0 26.8 1023.0/72.8 25.4 1076.5/69.3 25.3 1169.2/94.1 7.2 1416.0/82.6 49.3 1471.1/85.0 50.7 
Ca-R3K4   946.9/73.8 27.7 1023.7/73.6 30.6 1072.7/72.3 30.9 1168.2/88.4 7.5 1411.3/78.2 42.7 1464.6/85.0 57.3 

               
CxNy               

C35N0 - - 948.3/77.5 27.9 1022.5/79.1 47.0 1087.4/79.0 21.8 1223.4/87.1 3.4 1436.1/80.1 62.5 1495.6/82.9 37.5 
C30N5 - - 954.2/88.7 28.2 1021.5//81.8 43.3 1089.1/85.2 26.6 1183.4/73.0 1.9 1433.2/71.0 51.6 1483.6/70.1 48.4 
C20N15 - - 951.2/86.7 22.3 1022.6/90.4 46.7 1087.1/79.0 25.2 1184.2/118.4 5.8 1435.8/79.7 60.0 1491.8/76.4 40.0 
C10N25 - - 947.0/79.7 21.1 1011.0/77.9 34.2 1073.7/74.2 37.3 1157.7/87.5 7.3 1432.0/78.4 44.5 1484.5/73.7 55.5 
C0N35 - - 932.4/79.5 15.9 997.0/73.2 31.2 1068.4/71.1 44.9 1153.9/82.2 8.1 1435.4/78.1 43.9 1490.1/74.5 56.1 

               
B15Nay               

B15Na10 - - 948.4/99.3 8.6 1039.9/90.1 36.9 1107.9/65.7 27.5 1166.5/68.8 26.9 1397.6/92.1 50.0 1463.5/74.4 50.0 
B15Na10 892.2/38.4 2.3 965.7/68.9 14.7 1044.0/71.0 32.6 1098.3/78.1 42.9 1167.7/71.6 7.5 1369.1/114.1 28.1 1472.3/86.9 71.9 
B15Na30 864.8/25.8 0.3 961.4/90.1 23.7 1045.9/73.4 34.9 1088.9/65.6 36.9 1156.1/61.7 4.2 1407.6/97.1 26.1 1472.0/78.6 73.9 
B15Na40 861.7/32.7 1.1 943.2/65.3 38.0 1004.4/54.9 20.7 1064.1/65.5 36.7 1165.3/62.5 3.5 1423.0/72.4 45.5 1478.3/73.9 54.5 



Table S3. Previous XPS spectroscopic studies of silicate glasses and melts. 

Literature 
BO NBO 

B.E. (eV) w. (eV) B.E. 
(eV) w. (eV) 

D. Sprenger et al., 1990 [16] 532  530  
P. W. Wang et al., 1996 [17] 532  530  
A. Mekki et al., 1996 [18] 532  530 1.4  
S. Matsumoto et al., 1998 [19] 531 – 

532 
1.5 – 
1.6 

529 – 
530 

1.4 – 
1.7 

G. M. Bancroft et al., 2009 [20] (SiO2 glass) 533.2 1.25   
H. W. Nesbitt et al., 2011 [21]. 2015 [22]. 2017 
[57,72] 

531 – 
533 

1.2 – 
1.5 

529 – 
530 

1.2 – 
1.6 

R. Sawyer et al., 2012 [25]. 2015 [26] 532 – 
533 

1.4 – 
1.5 

529 – 
530 

1.2 – 
1.5 

J. Banerjee et al., 2016 [27] 532.5  531  
B. Roy et al., 2023 [28] 532 1.5 530 1.4 

 

  



Table S4. Fit parameters deduced from XPS spectra: band energy (B.E., ±0.2 eV), full width 
at half maximum (w., ±0.1 eV) of band energy distribution and proportion of peak area (%A, 

±5 %). 

Glass ID 

O 1s XPS spectra deconvolution Si 2p XPS spectra 
deconvolution 

BO#1 BO#1 BO NBO#1 NBO#2 NBO Si 
2p1/2 

Si 
2p3/2 w. 

(eV) B.E. 
(eV) 

%A 
(%) 

B.E. 
(eV) 

%A 
(%) 

w. 
(eV) 

B.E. 
(eV) 

%A 
(%) 

B.E. 
(eV) 

%A 
(%) 

w. 
(eV) 

B.E. 
(eV) 

B.E. 
(eV) 

CaNa-
RnKp              

CaNa-
R2K1 533.5 5.1 531.8 52.4 1.8 531.2 40.8 529.6 1.7 1.4 102.1 102.7 1.5 

CaNa-
R2K2 533.4 5.3 531.8 62.6 1.8 531.1 27.9 530.0 4.2 1.5 102.1 102.7 1.6 
CaNa-
R2K3 533.9 3.0 532.1 74.4 1.8 531.2 16.7 530.1 5.9 1.5 102.4 103.0 1.6 
CaNa-
R3K2 533.4 7.2 532.0 47.4 1.7 531.2 39.6 530.2 5.8 1.5 102.2 102.8 1.6 

CaNa-
R3K3 533.5 4.0 532.2 54.1 1.7 531.3 35.4 530.2 6.6 1.5 102.4 103.0 1.6 

CaNa-
R3K4 533.5 25.2 532.0 49.1 1.6 531.5 18.1 530.3 7.6 1.6 101.9 102.5 1.5 

              
Ca-RnKp              
Ca-R2K1 533.6 2.3 532.0 49.5 1.9 531.1 33.7 530.2 14.5 1.6 102.0 102.6 1.7 
Ca-R2K2 534.2 2.2 532.4 50.4 1.7 531.5 33.7 530.4 13.7 1.7 102.5 103.1 1.8 
Ca-R2K3 534.4 1.8 532.4 61.0 1.8 531.5 27.3 530.4 9.9 1.8 102.6 103.2 2.0 
Ca-R3K2 - - 532.5 25.9 1.9 531.6 45.1 530.5 29.0 1.7 102.2 102.8 1.9 
Ca-R3K3 - - 532.5 44.1 1.8 531.7 33.4 530.5 22.6 1.6 102.5 103.1 1.9 
Ca-R3K4 - - 532.6 97.0 1.8 - - 530.2 3.0 1.6 103.2 103.8 1.7 

              
CxNy              

C35N0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
C30N5 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
C20N15 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
C10N25 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
C0N35 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

              
B15Nay              

B15Na10 532.4 68.5 531.5 29.7 1.7 - - 529.8 1.8 1.2 102.8 103.4 1.6 
B15Na10 532.4 23.8 531.6 73.3 1.7 - - 529.7 2.9 1.2 102.4 103.0 1.5 
B15Na30 532.3 15.2 531.8 50.7 1.9 531.2 32.1 529.8 2.0 1.4 102.4 103.0 1.5 
B15Na40 532.7 7.6 531.5 44.0 1.5 531.0 47.2 529.6 1.2 1.2 102.4 103.0 1.6 



Table S5. Fit parameters deduced from EXAFS spectra in Ca-O shell: k-range (k), R-range (R), average distance between Ca and O atoms 
(Avg. rCa-O), Debye-Waller factor (σ), coordination number of neighboring O atoms of Ca (CNCa-O), average distance between Ca and Si atoms 

(Avg. rCa-Si) and coordination number of neighboring Si atoms of Ca (CNCa-Si). The error bars are reported in between brackets and were 
estimated from fit software. 

Glass ID Pre-edge 
(eV) 

Edge 
(eV) 

k  
(Å-1) 

R  
(Å) Ca-O#1 Ca-O#2 Ca-O#3 Avg. rCa-O 

(Å) CNCa-O Avg. rCa-Si 
(Å) 

σ  
(Å) CNCa-Si 

min max min max r 
(Å) 

σ  
(Å) 

r 
(Å) 

σ  
(Å) 

r 
(Å) 

σ  
(Å) 

CaNa-RnKp                  

CaNa-R2K1 4040.4 4043.6 3.0 10.0 1.15 3.15 2.85  
(0.02) 

0.015 
(0.003) 

2.50  
(0.02) 

0.022 
(0.003) 

2.30 
(0.01) 

0.011 
(0.001) 

2.55  
(0.28) 

5.8 
(0.3) 

3.40 
(0.05) 

0.018 
(0.009) 

1.9  
(0.8) 

CaNa-R2K2 4040.4 4043.6 3.0 10.0 1.15 3.15 2.95  
(0.04) 

0.029  
(0.008) 

2.73  
(0.06) 

0.035 
(0.010) 

2.31 
(0.01) 

0.009 
(0.001) 

2.66  
(0.32) 

5.8 
(0.4) 

3.44 
(0.14) 

0.023 
(0.018) 

1.8 
(1.4) 

CaNa-R2K3 4040.4 4043.6 3.0 10.0 1.15 3.15 2.95  
(0.05) 

0.026  
(0.011) 

2.75  
(0.05) 

0.027 
(0.010) 

2.32 
(0.01) 

0.010 
(0.002) 

2.67 
(0.32) 

6.4 
(0.6) 

3.42 
(0.10) 

0.010 
(0.016) 

1.5 
(1.2) 

CaNa-R3K2 4040.4 4043.6 3.0 10.0 1.15 3.15 2.84  
(0.01) 

0.011  
(0.002) 

2.51  
(0.01) 

0.014 
(0.002) 

2.28 
(0.01) 

0.009 
(0.001) 

2.54 
(0.28) 

5.7 
(0.3) 

3.39 
(0.02) 

0.011 
(0.004) 

2.6 
(0.5) 

CaNa-R3K3 4040.4 4043.6 3.0 10.0 1.15 3.15 2.89  
(0.06) 

0.017  
(0.008) 

2.61 
 (0.14) 

0.041 
(0.021) 

2.31 
(0.01) 

0.012 
(0.003) 

2.60  
(0.29) 

5.7 
(0.5) 

3.45 
(0.08) 

0.016 
(0.011) 

2.5 
(1.4) 

CaNa-R3K4 4040.4 4043.6 3.0 10.0 1.15 3.15 2.88  
(0.08) 

0.034  
(0.015) 

2.79  
(0.42) 

0.059 
(0.023) 

2.31 
(0.01) 

0.010 
(0.001) 

2.66  
(0.31) 

6.0 
(0.4) 

3.41 
(0.37) 

0.041 
(0.016) 

3.8 
(3.4) 

                  
Ca-RnKp                  

Ca-R2K1 4040.4 4043.6 3.0 10.0 1.15 3.15 2.87  
(0.02) 

0.019  
(0.004) 

2.57 
(0.03) 

0.028 
(0.005) 

2.32 
(0.01) 

0.012 
(0.001) 

2.59  
(0.28) 

5.9 
(0.2) 

3.42 
(0.02) 

0.011 
(0.003) 

2.1 
(0.4) 

Ca-R2K2 4040.4 4043.6 3.0 10.0 1.15 3.15 2.87  
(0.01) 

0.024  
(0.002) 

2.73  
(0.10) 

0.076 
(0.022) 

2.34 
(0.01) 

0.015 
(0.001) 

2.65 
 (0.27) 

5.9 
(0.2) 

3.49 
(0.04) 

0.015 
(0.006) 

1.9 
(0.4) 

Ca-R2K3 4040.4 4043.6 3.0 10.0 1.15 3.15 2.87  
(0.03) 

0.029  
(0.009) 

2.82 
(0.10) 

0.056 
(0.029) 

2.34 
(0.01) 

0.014 
(0.002) 

2.68  
(0.30) 

6.0 
(0.2) 

3.51 
(0.05) 

0.016 
(0.008) 

2.0 
(0.6) 

Ca-R3K2 4040.4 4043.6 3.0 10.0 1.15 3.15 2.82  
(0.02) 

0.015  
(0.003) 

2.48 
(0.02) 

0.025 
(0.004) 

2.30 
(0.01) 

0.014 
(0.001) 

2.54  
(0.26) 

5.6 
(0.3) 

3.38 
(0.03) 

0.012 
(0.005) 

2.1 
(0.6) 

Ca-R3K3 4040.4 4043.6 3.0 10.0 1.15 3.15 2.86  
(0.02) 

0.015  
(0.003) 

2.54 
(0.03) 

0.036 
(0.006) 

2.31 
(0.01) 

0.016 
(0.001) 

2.57  
(0.28) 

5.7 
(0.2) 

3.45 
(0.03) 

0.009 
(0.004) 

2.0 
(0.4) 

Ca-R3K4 4040.5 4043.6 3.0 10.0 1.15 3.15 2.90  
(0.02) 

0.030 
 (0.004) 

2.75 
(0.03) 

0.038  
(0.006) 

2.33 
(0.01) 

0.013 
(0.001) 

2.66  
(0.30) 

5.9 
(0.2) 

3.48 
(0.04) 

0.016 
(0.007) 

2.1 
(0.5) 

 



Table S6. 23Na, 27Al and 11B NMR parameters deduced from the fits of 1D MAS-NMR spectra: isotropic chemical shift (δNa/Al/B, ±1.0 ppm), full 
width at half maximum (FWHM. ± 0.3 ppm) of isotropic chemical shift distribution, quadrupolar coupling constant (CQNa/Al/B, ±0.2 MHz) and 

proportion (Prop., ±3 %).  Czsimple and Amorphous are the models implemented in the dmfit program for (i.e. Na, Al and [3]B) and the G/L is 
the Gaussian/Lorentzian proportion of the peaks, where full Gaussian peak (G/L = 1) was used for fitting [4]B species. 

Glass ID 

23Na NMR 27Al ([4]Al) NMR 11B NMR 

Czsimple Czsimple [3]B_I (Amorphous) [3]B_II (Amorphous) [4]B_3Si (G/L) [4]B_4Si (G/L) 

δNa  
(ppm) 

FWHM  
 (ppm) 

CQNa  
(MHz) 

δ[4]Al  
(ppm) 

FWHM   
(ppm) 

CQ[4]Al  
(MHz) 

Prop.  
(%) 

δB  
(ppm) 

FWHM  
 (ppm) 

CQB  
(MHz) 

Prop.  
(%) 

δB  
(ppm) 

FWHM  
 (ppm) 

CQB  
(MHz) 

Prop.  
(%) 

δB  
(ppm) 

FWHM  
 (ppm) 

Prop.  
(%) 

δB  
(ppm) 

FWHM  
 (ppm) 

Prop.  
(%) 

CaNa-
RnKp                      

CaNa-
R2K1 6.5 20.4 3.2 67.3 11.1 5.0 100.0 19.5 3.4 2.6 59.4 15.5 4.0 2.3 23.7 0.7 2.5 16.9    

CaNa-
R2K2 1.0 19.8 3.2 64.8 11.8 5.1 100.0 18.5 3.4 2.5 41.9 14.4 4.0 2.3 17.4 0.4 2.6 33.4 -0.9 2.0 7.2 

CaNa-
R2K3 -3.2 20.3 3.0 63.0 11.3 5.3 100.0 17.8 3.4 2.5 35.6 13.5 4.0 2.3 12.1 -0.3 2.7 47.2 -1.6 2.0 5.1 

CaNa-
R3K2 6.0 20.1 3.3 66.7 11.0 4.9 100.0 19.2 3.4 2.5 52.2 15.2 4.0 2.3 25.4 0.5 2.7 22.4    

CaNa-
R3K3 2.6 20.5 3.3 65.2 11.7 5.1 100.0 18.4 3.4 2.5 45.3 14.4 4.0 2.3 16.0 0.1 2.4 32.5 -1.2 1.9 6.2 

CaNa-
R3K4 -0.5 20.4 3.2 63.7 11.0 5.1 100.0 17.8 3.4 2.5 37.5 13.9 4.0 2.3 11.6 -0.2 2.7 44.4 -1.6 2.0 6.6 

                      
Ca-RnKp                      
Ca-R2K1 - - - 66.3 13.5 6.6 80.9 18.8 4.0 2.6 53.1 15.5 5.0 2.5 25.8 0.4 2.9 21.1    
Ca-R2K2 - - - 63.4 14.0 6.9 89.2 18.1 4.0 2.6 38.9 15.0 5.0 2.6 34.4 -0.1 2.8 23.7 -1.4 2.4 3.1 
Ca-R2K3 - - - 62.7 14.0 6.9 90.0 18.2 4.0 2.6 34.6 14.4 5.0 2.6 41.1 0.0 2.7 18.4 -1.4 2.4 6.0 
Ca-R3K2 - - - 65.9 13.5 6.6 83.4 18.8 4.0 2.6 44.6 15.4 5.0 2.5 31.5 0.0 2.8 23.9    
Ca-R3K3 - - - 63.9 14.0 6.8 89.6 18.2 4.0 2.6 40.0 14.7 5.0 2.5 34.1 -0.2 2.8 22.4 -1.4 2.4 3.5 
Ca-R3K4 - - - 63.1 13.0 6.8 89.4 18.2 4.0 2.6 39.0 5.0 5.0 2.5 37.5 -0.1 2.7 16.6 -1.4 2.4 6.9 

                      
CxNy                      

C35N0 - - - 62.8 - 6.1  18.3 4.0 2.6 48.7 14.6 5.0 2.5 18.6 0.8 2.9 21.8 -0.4 2.7 10.9 
C30N5 -7.7 - 2.6 62.9 - 5.7  18.3 4.0 2.6 47.4 14.7 5.0 2.5 17.3 1.0 2.9 22.2 -0.4 2.7 13.1 

C20N15 -3.6 - 2.9 63.9 - 4.9  18.2 4.0 2.5 48.9 13.8 5.0 2.4 10.5 0.8 2.9 29.1 -0.4 2.7 11.5 
C10N25 -0.6 - 3.1 64.6 - 4.8  18.9 3.0 2.5 36.3 15.6 5.0 2.4 19.5 0.7 2.9 39.2 -0.4 2.7 5.0 
C0N35 1.3 - 3.2 64.9 - 4.6  18.9 3.0 2.5 40.8 14.5 5.0 2.4 12.4 0.8 2.9 46.2 -0.4 2.7 0.7 

                      
BxNy                      

B15Na10 -12.4 18.6 2.5 59.2 12.2 5.1 100.0 17.1 4.5 2.7 37.2 13.4 4.0 2.6 27.1 -0.6 2.4 25.9 -2.2 1.8 9.8 
B15Na10 -6.5 22.2 2.8 61.8 11.4 5.2 100.0 17.1 4.0 2.5 27.9 12.6 4.0 2.6 7.4 -0.6 2.7 51.4 -2.0 1.8 13.3 
B15Na30 -0.5 23.0 2.9 63.7 10.4 5.0 100.0 18.3 2.9 2.6 27.5 14.3 3.0 2.2 11.2 0.0 2.7 52.3 -1.3 2.2 9.0 
B15Na40 3.4 22.4 2.7 65.8 10.7 4.5 100.0 18.5 4.0 2.4 42.6 14.0 4.0 2.3 20.5 0.6 2.4 32.7 -0.6 1.8 4.2 

 

 



Table S7. 11B NMR parameters of CaNa-R2K1 and B15Na10 glasses deduced from the 11B DQ-SQ SQ projections, 11B SE spectra and 11B 
MAS-NMR spectra decomposition: chemical shift (δB, ±0.3 ppm), full width at half maximum (FWHM, ±0.3 ppm) of chemical shift distribution 

and proportion (Prop., ±3 %). 

 

Table S8. 11B NMR parameters of CaNa-RnKp glass series deduced from the 11B DQ-SQ DQ projections decomposition: chemical shift (δB, 
±0.3 ppm), full width at half maximum (FWHM, ±0.3 ppm) of chemical shift distribution and proportion (Prop., ±3 %). 

Glass ID 
[3]B-O-[3]B_I [3]B-O-[3]B_II [3]B-O-[4]B_I [3]B-O-[4]B_II 

δB 
(ppm) 

FWHM   
(ppm) 

Prop. 
(%) 

δB 
(ppm) 

FWHM   
(ppm) 

Prop. 
(%) 

δB 
(ppm) 

FWHM   
(ppm) 

Prop. 
(%) 

δB 
(ppm) 

FWHM  
 (ppm) 

Prop. 
(%) 

CaNa-R2K1 29.0 8.0 42.5 22.3 8.9 41.5 15.1 3.8 5.4 11.5 5.9 10.9 
CaNa-R2K2 28.5 6.8 30.0 21.5 8.5 34.0 14.7 4.3 14.7 10.4 6.5 22.4 
CaNa-R2K3 27.6 6.7 23.6 20.8 8.6 28.1 14.2 4.1 22.0 9.1 5.8 26.3 
CaNa-R3K2 29.1 7.5 39.0 22.1 8.5 42.4 15.4 3.4 6.0 11.1 5.8 12.6 
CaNa-R3K3 27.8 6.8 27.5 21.5 8.5 36.1 14.7 3.4 14.5 10.4 5.8 22.0 
CaNa-R3K4 27.8 6.8 23.6 21.3 8.5 29.9 14.2 3.4 18.0 10.1 5.8 28.6 

NMR techniques 
[4]B(3Si,1B) [4]B(4Si,0B) 

δB 
(ppm) 

FWHM   
(ppm) 

Prop. 
(%) 

δB 
(ppm) 

FWHM   
(ppm) 

Prop. 
(%) 

CaNa-R2K1 
DQ proj. 0.9 2.4 100    

SE (75 ms) 0.6 2.4 100    
SE (25 ms) 0.6 2.3 100    

SE (0.05 ms) 0.7 2.7 100    
MAS-NMR 0.7 2.5 100    

 
B15Na10 

DQ proj. -0.4 2.4 100    
SE (75 ms) -0.8 2.4 48.5 -2.5 1.8 51.5 
SE (25 ms) -0.7 2.4 55.2 -2.4 1.8 44.8 

SE (0.05 ms) -0.5 2.6 76.7 -2.2 1.8 23.3 
MAS-NMR -0.6 2.4 72.5 -2.2 1.8 27.5 
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