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Cation dynamics and premelting in lithium metasilicate (Li2SiO3) and sodium metasilicate
(Na2SiO3): A high-temperature NMR study
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ABSTRACT

Premelting effects are common in silicates and have been mostly observed as significant
heat capacity anomalies beginning 100 to 200 8C below congruent melting points. To assess
the role of cation dynamics in this phenomenon, we collected nuclear magnetic resonance
(NMR) spectra and relaxation time data to within 20 to 50 8C of the melting points of
sodium metasilicate (Na2SiO3), which displays a large premelting effect, and isostructural
lithium metasilicate (Li2SiO3), which displays little premelting. From 7Li NMR, Li1 site
hopping is clearly observed in Li2SiO3 by a partial averaging of the 7Li quadrupolar peak
shape, requiring exchange among a few, ordered orientations of LiO4 tetrahedra. From 23Na
NMR, Na1 site hopping in Na2SiO3appears to involve a more liquid-like behavior, implying
exchange among many sites with different orientations in a disordered fashion. For this
phase, 29Si spectra indicate that in an oxidizing environment, no liquid phase is present at
20 8C below the melting point, well within the calorimetric premelting regime. However,
partial averaging of the low-temperature, biaxial chemical shift powder pattern (typical of
Si sites in chain silicates) occurs, suggesting some kind of extensive, librational motion of
SiO4 tetrahedra that is possibly linked to rapid Na1 diffusion near the melting point. In
contrast to the simple Li1 diffusion in Li2SiO3, this process may require considerable non-
vibrational energy and may thus be related to the heat capacity anomaly just prior to
melting.

INTRODUCTION

As observed for other classes of crystals (Ubbelohde
1978), crystalline silicates often undergo non-quenchable
configurational changes when the melting point is ap-
proached. These changes are most simply revealed by
anomalous increases in heat capacity that begin as much
as 100 to 2008 below the congruent melting point and
account for up to 20% of the reported enthalpies of fusion
(Richet and Fiquet 1991; Richet et al. 1994). Such pre-
melting effects could have practical implications for ther-
modynamic analyses of high-temperature phase equilib-
ria, but their scientific interest lies mainly in that they
reveal dynamical processes in the crystalline state, which
may in part resemble those that take place in melts. How-
ever, the microscopic mechanisms of such premelting ef-
fects are still only poorly known.

Comparisons between lithium (Li2SiO3) and sodium
(Na2SiO3) metasilicates are especially informative (Richet
et al. 1996). Both crystals have orthorhombic symmetry
at room temperature (space group Cmc21) and are made
up of chains of SiO4 tetrahedra along the c axis linked by
either NaO5 trigonal bipyramids (McDonald and Cruick-
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shank 1967) or by LiO4 tetrahedra (Hesse 1977; Völlen-
kle 1981). Although isostructural at room temperature,
these crystals behave differently when heated. Up to its
melting point at 1201 8C, Li2SiO3 expands smoothly,
shows minor changes in Raman spectra (Richet et al.
1996), and displays almost no calorimetric premelting
(Stebbins et al. 1984; Téqui et al. 1992). In contrast,
Na2SiO3 first undergoes a transition at about 577 8C from
orthorhombic Cmc21 symmetry to a lower symmetry
[possibly Pmc21 (Richet et al. 1996)] and then exhibits a
wide premelting range of 160 8C (Naylor 1945; Richet et
al. 1984) before it melts congruently at 1089 8C (Kracek
1930). The onset of premelting near 930 8C corresponds
to temperatures at which extensive deformation of the
silicate chains was hypothesized from similarities in the
Raman spectra of the crystalline and liquid phases. In
addition, some changes in the low-frequency part of the
Raman spectra were interpreted as indicating the onset of
high alkali mobility several hundred degrees below the
melting point in both compounds (Richet et al. 1996).

Nuclear magnetic resonance (NMR) is well suited to
complement the description of the structural and physical
properties of these compounds at high temperatures be-
cause it gives information not only on the local environ-
ment of a given element, but also on its dynamics. Nu-
clear magnetic resonance has already proven to be a


