
American Mineralogist, Volume 86, pages 491–497, 2001

0003-004X/01/0004–491$05.00      491

INTRODUCTION

Fluorine is one of the most abundant volatile compo-
nents in evolved volcanic suites and late-stage granitic sys-
tems with a solubility in excess of 10 wt% at elevated pressures
and natural abundances reaching 5 wt% or higher (Carroll and
Webster 1994; Congdon and Nash 1988). It strongly affects
the density and viscosity of silicate melts, fluid-melt partition
coefficients of trace elements, mineral-melt equilibria, and cat-
ion diffusion rates in melts (e.g., Dingwell et al. 1985; Dingwell
et al. 1993; Snow and Kidman 1991; Manning et al. 1980;
Manning 1981; Burnham and Nekvasil 1986). All of these ef-
fects arise from the interaction of F with the silicate melt struc-
ture; therefore, understanding the macroscopic properties
requires knowledge of the structural role and solubility mecha-
nism of F in silicate melts. Nuclear magnetic resonance stud-
ies have been particularly important in elucidating the structural
role of F in glasses.

27Al MAS-NMR experiments and 19F – 27Al cross-polariza-
tion MAS-NMR experiments on glasses of jadeite + NaF and
jadeite + cryolite compositions synthesized at 3.0–3.5 kbar
(Kohn et al. 1991) show three primary resonances that have
been assigned to Al species coordinated with fluorine. These
peaks have been assigned to [4]Al (at 56 ppm), [5]Al (at 22 ppm),
and [6]Al (at –4 ppm). The narrowness of the three peaks sug-
gested to Kohn et al. (1991) that each of the species has a small
QCC (quadrupolar coupling constant).

The multinuclear NMR and 19F to 29Si cross-polarization

* E-mail: hanna.nekvasil@sunysb.edu

Ab initio studies of possible fluorine-bearing four- and fivefold coordinated Al species in
aluminosilicate glasses

YUN LIU AND HANNA NEKVASIL*

1Center for High Pressure Research and Department of Geosciences, State University of New York, Stony Brook, New York 11794-2100,
U.S.A.

ABSTRACT

Ab initio NMR gauge-including atomic orbital (GIAO) calculations were used to constrain as-
signments of resonances in 27Al NMR spectra of F-bearing alkali aluminosilicate glasses. The effect
of bond angles within the range 126–150° on the chemical shift was investigated using cluster mod-
els of next-nearest atoms that are charge balanced by hydrogen atoms. GIAO calculations used
geometries obtained through optimization at fixed Al-O-Si bond angles. The calculated peak posi-
tions for all of the 4-fold coordinated Al species yielded calculated 27Al NMR peak positions in good
agreement with the experimental data, suggesting that any or all of the species AlF4

–, AlF3O(SiH3)–,
AlF2O2(SiH3)2

–, and AlFO3(SiH3)3
– may be present. Three of the investigated 5-fold coordinated spe-

cies AlF5
2–, AlF3O2(SiH3)2

2–, and AlF2O3(SiH3)3
2– fit the experimental requirements well, whereas the

remaining 5-fold coordinated species that were tested [AlF4O(SiH3)2–, and AlFO4(SiH3)4
2–] did not.

MAS NMR results of Schaller et al. (1992) on jadeite and al-
bite glasses synthesized at ambient pressure with F substitut-
ing for O showed no evidence of F-Si complexing. They instead
suggest the likelihood of Al-F complexing. In spite of the com-
positional differences of the glasses, the 27Al NMR spectra of
Schaller et al. (1992) resemble those of Kohn et al. (1991).
However, the distinct peak at 22 ppm interpreted by Kohn et
al. (1991) as indicative of 5-coordinated Al species was re-
flected in the data of Schaller et al. (1992) only as a shoulder
on the low-frequency side of the 52 ppm resonance. Because
this difference may reflect the poor resolution induced by the
11.7 T magnetic field used, Schaller et al. (1992) accepted the
previous assignment of the [6]Al species to AlF6

3–. Based on their
more recent 19F data on fluoridated albite glass, Zeng and
Stebbins (2000) also assigned the dominant 19F peak (at about
–188 ppm) to Al-F-Na(n) complexes. Although assignment of
species producing this peak is not fully conclusive, upon com-
parison with the 19F spectra of crystalline cryolite, it is likely
that the largest contribution to this peak is from AlF6

3–. Zeng
and Stebbins (2000) have suggested that further contributions
to this peak may arise from F bonded to Al in 4- and 5-fold
coordination.

[4]AL SPECIES

Because of the relatively low F contents of the glasses used
by Kohn et al. (1991) and Schaller et al. (1992), [4]Al species
must be dominated by AlO5

4
– tetrahedra. Kohn et al. (1991) have

suggested that in addition, a small amount of AlF4
– might also

be present. AlF4
–, however, is very rare in crystalline materials

(Herron et al. 1993) and there is only limited evidence for the


