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Fig. 1 Ols photoelectron spectra of XNa,O - (1-x)SiO,
glasses.
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Table 1 Chemical bonding character of silicate crystals
(a) bond overlap population, BOP
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Table 2 Inter-atomic distance in silicate crystals

(a) a-cristobalite SiO,

crystal / overlap population

bond bonding anti-bonding BOP

Si0,* /

Si— BO1 x4 0.633 —0.001 0.632

Na28i205*/

Si— BO1 x1 0.654 —0.019 0.635
BO2 x2 0.623 —0.028 0.595
NBO x1 0.851 —0.007 0.844

Na— BO2 x1 0.052 —0.020 0.032
NBO x4 0.062 —0.005 0.057

Na28i03/

Si—- BO2 x2 0.574 —0.065 0.510
NBO x2 0.860 —0.002 0.859

Na— BO2 x1 0.064 —0.009 0.055
NBO x4 0.090 —0.003 0.086

atomic pair  distance/A atomic pair  distance/A
Si— 0] 1.59x2 O- Si 1.59x1
0] 1.60x2 Si 1.60x1

(£SiOSi= 148.9°)

(b) a-Na,Si,05  (O(1): BO1, O(2): BO2, O(3): NBO)

(b) total overlap population, TOP and net charge, Q,

8102* Nazsi205* Nazsi03

TOP Q, TOP Q, TOP Q,

Si 2.54 2.14 2.83 1.94 3.00 1.80
BO1 1.27  -1.03 135 -1.08

BO2 1.37 -1.07 144 -1.09
BOave 127 -1.03 1.36 -1.07 1.44 -1.09
NBO .12 -1.10 1.23 -1.06
Na 0.34 0.76 045 0.71

*a-cristobalite Si0,, a-Na,Si,05

atomic pair  distance/A atomic pair  distance/A
Na-  O(2) 2.39x1 Oo(l)- Si 1.61x2
0(3) 2.29x1 (£SiOSi= 160.0°)
0B) 234xl 3y Na 2291
Si— O(1) 1.61x1 Na  2.60x1
O(2) 1.64x2 Si 1.58x1
O(3) 1.58x1
(c) Na,SiO; (O(1): NBO, O(2): BO2)
atomic pair  distance/A atomic pair  distance/A
Na-  O(1) 2.26x1 O(1)- Na  2.26x1
O(1) 2.29x1 Na  2.29x1
O(1) 2.45x2 Na  2.45x2
0(2) 2.40x1 Si 1.57x1
Si— O(1) 1.57x2 O(2)- Na  2.40x2
O(2) 1.68x1 Si 1.68x1
0(2) 1.67x1 Si 1.67x1

(£Si0Si= 137.5°)
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XPS Ols binding energy and a mathematical
expression of optical basicity A,
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Table 3 Estimated group basicity and Ols binding
energy of the individual oxygen in the various
structural groups.

sructua group £ PO binding
B3-O-B3* 0.42 533.2
Si—-O-B3 0.45 5329
Si—O-Si 0.48 532.5
B3-O-B4 0.49 5323
Si—-O-B4 0.52 532.0
Al4-0=Al4x2  0.54 531.7
B4-O-B4 0.57 5314
Si—-O-Al4 0.59 531.1
Al4-O-Al4 0.69 529.7
B3-NBO 0.71 529.5
Si-NBO 0.74 529.2
B4-NBO 0.78 528.6
Si—-NBO-Na 0.81 528.2
Al4-NBO 0.85 527.7

* Bn, Aln: n-fold coordinated boron or aluminum
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Fig. 4 Correlation between Ols binding energies,
Eg(Ols) obtained from experiment and estimation.
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Fig. 5 Ols photoelectron spectra for (1 — X)Na,O -

XAl,O3 - 2 SiO, glasses (Series I).
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1 e
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-----  inletelediieletelelel lntelelelat teleioiele - aieielelel ST
529 0.50 0.60 0.70
Calculated optical basicity,A., / —
> (b) Nals
’Hu? - m  Nals(Na-Si) .
© [ Nals(1)
Z 1073 ] Nals(2) —
LIJm i ] Nals(3) |
3
E 1072 -
o | - u O 4
< R
S 1071 Om m —
o |
2 | i
—
0.50 0.60 0.70

Calculated optical basicity,A, / —

Fig. 6 Experimental XPS binding energies of Ols and
Nals in Na,0-AL,O5—SiO, glasses as a function of
optical basicity.
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6. HEHYIC
Table 4 Inter-atomic distance in Nepheline,
KNa3Al4(SiO4)4.

atomic pair  distance/A atomic pair  distance/A

K- 0Q2) 304 Na— _ O(1) 252
0(2) 3.04 0(2) 2.56
0(2) 3.04 03) 262
0(5) 2.89 0(3) 2.90
0(5) 2.89 0(4) 2.65
0(5) 2.89 0(4) 2.65
0(6) 2.90 0(5) 2.56
0(6) 2.90 06) 2.67
0(6) 2.90

o) Na 252 02) K  3.04
Na 285 Na  2.56
Al(1) 1.79 Al(2) 1.69
Si(1) 1.64 Si(2) 1.68
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