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On the Structure and the Extent of Disorder in Non-crystalline Silicates
at High Pressure: 2 Dimensional Solid-state NMR Study
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ABSTRACT : The recent development and advances in 2 dimensional solid-state NMR, particularly,
triple quantum (3Q) MAS NMR yield much improved resolution compared with conventional 1
dimensional MAS NMR, allowing us to study the distributions of cations and anions in the
non-crystalline silicate glasses and melts. Here, we present the recent progress made by 3QMAS
NMR spectra of silicate glasses quenched from melts at pressures up to 10 GPa in a multi-anvil
apparatus, revealing previously unknown details of structures of covalent oxide glasses and melts at
high pressure.
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Fig. 1. Comparison of O MAS (A) and 3Q (triple quantum) MAS NMR spectra (B) for nepheline
composition (NaAlSiO,) glasses (Lee and Stebbins, 2000a; Lee and Stebbins, 2000b). External magnetic
field is 9.4 Tesla. Model aluminosilicate cluster (6-membered ring) that contains WSi-O-MSi, MSi—O-mAl,
and WAI-O-"!Al were optimized using quantum-chemical calculations and presented here (up, right).
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Fig. 2. 7O 3QMAS NMR spectra for Al-free sodium trisilicate glasses (N20-3Si0;). Contour lines are
drawn at 5% intervals from 8% to 88% of relative intensity. The 4% and 6% levels were added to better
show the small intensity features. This figure was modified from Figure 4 of (Lee, 2004b).
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Fig. 3. 'O 3QMAS NMR spectra for sodium aluminosilicate glasses ((Na;0)o75(A1203)0253Si02) at 9.4
Tesla. Contour lines are drawn at 5% intervals from 8% to 88% of relative intensity. The 4% and 6%
levels were added to better show the small intensity features. This figure was modified from Figure 8 of

(Lee, 2004b).
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Fig. 4. Relative fractions of oxygen clusters in
aluminosilicate glasses at high pressure (This figure
was modified from Figure 5 of (Lee er al., 2003b).
Open symbols (with thick and thin solid lines)
denotes the calculations results (see text) and closed
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