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Fluoride sites in aluminosilicate glasses: High-resolution 19F NMR results
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ABSTRACT
We present here high-resolution, 19F NMR spectra, collected with sample spinning rates to 25
kHz, for sodium and calcium silicate and aluminosilicate glasses. Several distinct fluoride ion sites
are well resolved and can be assigned to various coordination environments based on clear similarities to crystalline model compounds. In aluminosilicates, fluoride with one Al and several Na or Ca
neighbors predominate, but silicon-fluoride groups may also be significant. Small concentrations of
the latter can also be detected in sodium silicate glasses, suggesting a possible role in reduction of
viscosity. Fluoride sites with no Si neighbors are, however, predominant in Al-free sodium silicates
and probably in Ca silicates as well.

INTRODUCTION
The addition of fluorides to silicate and aluminosilicate melts
in smelting and glass making has long been known to lower
viscosities and melting points, sometimes drastically: the name
“fluoride” stems from the Latin root meaning “to flow.” The
effects of fluoride are also appreciated in petrology: even small
concentrations of fluoride are thought to significantly influence viscosity, diffusivitity, density and phase relations in some
granitic and pegmatitic systems (Manning 1981; Dingwell and
Webb 1992; Dingwell et al. 1993; Dingwell and Hess 1998).
Fluoride also has useful effects on density, refractive index,
and fluorescence in optical glasses (Duncan et al. 1986).
The coordination environment of fluoride ions in glasses is
an obvious starting point for understanding the mechanism by
which bulk liquid properties are affected, keeping in mind the
real possibility that changes with temperature above the glass
transition could significantly complicate matters. A number of
spectroscopic studies of aluminosilicate glasses have contributed to this understanding. In particular, Raman spectra of a
wide variety of F-bearing glasses indicated changes in the aluminosilicate framework that suggested the formation of Al-F
and Na-F bonds when fluoride was substituted for oxide (Mysen
and Virgo 1985b). 27Al MAS NMR of F-bearing sodium aluminosilicates demonstrated that some fivefold- and sixfoldcoordinated Al sites were formed and were associated with F–
(Kohn et al. 1991; Schaller et al. 1992). A more direct view
was obtained from high-resolution 19F NMR, which showed
that much or most of the F– in Na-aluminosilicate glasses produced NMR peaks with chemical shifts near to that of the mineral cryolite (Na3AlF6), in which F is coordinated by one Al
and several Na cations (Schaller et al. 1992). These studies all
pointed to an obvious explanation for the dramatic viscosity
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decreases observed on 2F– for O2– substitution in aluminosilicates (Dingwell et al. 1985; Bagdassarov et al. 1993): that some
network-forming bonds between oxygen anions and Al cations
are replaced by non-network Al-F linkages (see Lange 1994
for review). In contrast, it is clear that large effects of fluoride
on viscosity of otherwise pure silica liquids must involve Si-F
formation and accompanying weakening of the network
(Rabinovich 1983). 19F NMR on such materials has confirmed
this role (Duncan et al. 1986) and Raman spectra on glasses in
the SiO2-NaF binary also suggested Si-F bonding (Mysen and
Virgo 1985a). To a lesser extent, fluoride also lowers viscosity
in Al-free silicate liquids such as CaMgSi 2O 6 (diopside)
(Dingwell 1989), even though limited spectroscopic data has
suggested that most F– is bonded primarily to the low charge
“modifier” cations (e.g., Ca2+, Na+) in such systems (Luth 1988;
Hayakawa et al. 1998). If this is the case, then upon substitution
of two F– for one O2–, the degree of connectivity of the liquid
structure must become greater, not less, making the mechanism for “fluxing” of the system much less obvious than in
aluminosilicates.
Direct NMR observation of F– sites in solid materials has
recently become much more feasible as available rates of magicangle spinning of samples have reached 25 kHz and even higher.
This has eliminated the need for complex “multiple pulse” techniques that were previously required to reduce the strong homonuclear dipolar broadening of NMR peaks in systems that
contain abundant nuclides such as 19F, which have large gyromagnetic ratios and, hence, strong nuclear magnetic interactions. High spinning speeds are also important to reduce
spinning sideband overlap in complex, multi-site materials.
Highly resolved spectra, containing considerable structural information, have recently been published for a variety of crystalline inorganic and organic phases (Miller 1996; Wang and
Grey 1997, 1998). The application of this approach to glasses
has, however, so far been limited (Stebbins and Zeng 2000).
Here we demonstrate that 19F spectra of F-bearing silicate and
aluminosilicate glasses carry a wealth of structural informa-

