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ABSTRACT
Although it has been well accepted that F-Al linkages dominate in F-bearing alkali aluminosilicate glasses, the possibility of F-Si linkages remains unresolved. Recent 19F NMR results have been
interpreted as indicative of not only the presence of the Al-F-Na(n) linkages but also of the presence
of Si-F-Na(n) linkages. High level ab initio NMR calculations were performed to investigate the
nature of possible species contributing to the 19F spectra.
The B3LYP/6-31G* level was used to optimize structures and a scaling technique applied to the
calculation of NMR properties using both HF and B3LYP methods at the 6-311+G(2df,p) level. The
applicability of this scaling method was checked by comparing calculated results against experimental data on several crystalline materials; the results are improved over HF or DFT methods
alone. The calculation results show that none of the F-Al species investigated can produce the –147
ppm peak of Schaller et al. (1992). However, several species in which F is bonded to fourfold-,
fivefold-, and sixfold-coordinated Si produce a 19F chemical shift of approximately –147 ppm. These
results verify the assignments of this peak by Zeng and Stebbins (2000) to tetrahedral Si-F and
NaSiF6-like species, and rule out many other possible species. Several additional species such as a
fivefold coordinated Si-F species may further contribute to the –147 ppm 19F peak.

INTRODUCTION
Fluorine strongly affects the density and viscosity of silicate melts, fluid/melt partition coefficients of trace elements,
mineral/melt equilibria, and cation diffusion rates in melts (e.g.,
Dingwell et al. 1985, 1993; Snow and Kidman 1991; Manning
et al. 1980; Manning 1981). All of these effects arise from the
interaction of F with the silicate melt structure; therefore, full
understanding of the macroscopic properties requires an understanding of the structural role and solubility mechanism of
F in silicate and aluminosilicate melts.
For aluminosilicate systems, it is well accepted that F links
preferentially with Al. Evidence for this comes from many directions. Manning et al. (1980) and Manning (1981), for example, attributed the shift of the thermal minimum in the system
Qz-Ab-Or-H2O toward Ab upon the addition of F to the formation of a Na-bearing AlF63– complex in the melt. Mysen and
Virgo (1985) in their Raman spectroscopic study suggested that
fluorine is electrostatically neutralized with Na+ or Al3+ rather
than Si. Kohn et al. (1991) concluded that the results of their
19
F to 27Al cross-polarization MAS-NMR experiments indicated
the presence of sixfold-, fourfold-, and fivefold-coordinated
F-Al species in aluminosilicate glass. The presence of Al-F linkages was further confirmed by Schaller et al. (1992) through a
multinuclear NMR study. Schaller et al. (1992) suggested that
the major F-bearing species in aluminosilicate glass is a “cryo-
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lite-like” AlF63– octahedron, but Al-F-Al linkages, octahedral
Al coordinated by both O and F, or tetrahedral Al-F complexes
may also exist in minor quantities. Zeng and Stebbins (2000)
also assigned the major peak (at –191 ppm) in their 19F NMR
spectra to Al-F-Na(n) groups.
There is a broad consensus regarding formation of Al-F linkages in aluminosilicate glass. However, less of a consensus has
been reached on the possible existence of Si-F linkages. This
controversy has arisen primarily from potential assignments of
the second large peak in the 19F NMR spectra that is centered at
–147 ppm. Zeng and Stebbins (2000) suggested that this peak
reflects the presence of Si-F bonds. Based on their 19F to 29Si
CP/MAS analysis, however, Schaller et al. (1992) reported that
a relationship between F and Si was unlikely. As was pointed
out by Zeng and Stebbins (2000), the CP/MAS results of
Schaller et al. (1992) do not rule out Si-F bonding if such bonding involves only a small number of Si sites in amorphous systems. Zeng and Stebbins (2000) further noted that the peak
centered at –147 ppm was close to –152 ppm, the position of
Si-F-Na(n) groups in crystalline Na2SiF6. In fact, their 19F NMR
spectra of Al-free F-doped Na-silicate glasses showed a minor
peak at this same position. In view of Duncan et al. (1986)’s
assignment of the –139 ppm peak in F-doped SiO2 glass to
[Si(O3–)F] species with very small amounts of [Si(O2–)F2], Zeng
and Stebbins (2000) suggested that Na2SiF6-like species as well
as fourfold-coordinated Si species may contribute to the peak
at –147ppm, shifting it from –152 ppm slightly toward –139
ppm. Other data exists that are consistent with the formation of
Si-F bonding. For example, its presence can better explain the
effects on viscosity upon the addition of F into Al-free systems

