
American Mineralogist, Volume 88, pages 1046–1054, 2003

0003-004X/03/0007–1046$05.00      1046

INTRODUCTION

Fluorine is a minor component in many minerals; examples
include nesosilicates such as topaz and amphiboles like
pargasite. Fluorine is also present in the micas, e.g., lepidolite,
muscovite, biotite, and phlogopite—in lepidolite and phlogo-
pite in major amounts, and in muscovite and biotite in smaller
amounts.

It is obvious that F is always present in these minerals to-
gether with cations in octahedral environments, such as Al3+,
Fe2+/3+, Li+, and Mg2+, coordinating hydroxyl groups. Robert et
al. (1993), Papin et al. (1997), and Boukili et al. (2001) showed
that F exhibits a strong preference for micas with trioctahedral
environments. Moreover, they found that hydroxyl groups with
high OH bond strengths can be easily replaced by F. In con-
trast, if the hydroxyl proton is involved in hydrogen bonds with
O atoms from the adjacent tetrahedral sheet, then the replace-
ment of hydroxyl groups by F is difficult or impossible. In their
IR spectroscopic study, Papin et al. (1997) demonstrated that
the OH/F distribution in Al-rich phlogopite is not statistically

random, but that the F atoms prefer Mg2Al coordination and
the hydroxyl groups prefer Mg3 coordination. This finding is
in agreement with our recent 19F, 1H, and 29Si MAS NMR study
(Fechtelkord et al. 2003).

Many NMR studies of F-containing minerals are focused
on spin one-half nuclei like 19F, 1H, and 29Si (Raudsepp et al.
1987; Circone et al. 1991; Kohn et al. 1991; Schaller et al.
1992; Huve et al. 1992a, 1992b). Considerable information is
derived from their chemical shift values. It is much more diffi-
cult to obtain structural information from quadrupolar nuclei
like 27Al and 25Mg due to their strong quadrupolar interactions
and, in the case of 25Mg, its low magnetogyric ratio and low
natural abundance. By using multi quantum excitation in com-
bination with MAS (MQMAS) and heteronuclear correlation
(HETCOR), enhanced resolution and additional structural in-
formation can be obtained. Structural environments and inter-
nuclear distances can be derived from the heteronuclear dipolar
interaction from rotational echo double resonance (REDOR)
experiments.

The MQMAS technique has had a major impact on the study
of quadrupolar nuclei by solid-state NMR spectroscopy
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ABSTRACT

The influence of F substitution on the local structure of Al in the tetrahedral and octahedral sheets
of synthetic Al-rich phlogopite samples with nominal gel compositions of K(Mg3–xAlx)[Al1+xSi3–xO10]
(OH)y(F)2–y between 0.0 £ x £ 0.8 and 0.5 £ y £ 1.8, was studied by 27Al MAS, MQMAS, {1H/19F} Æ
27Al 2D CPMAS (HETCOR) and {1H/19F} 27Al REDOR solid-state NMR and by IR spectroscopy.
Changes in intensity of the absorption bands in the OH-stretching region of the IR spectra clearly
indicate the incorporation of octahedral Al. Signals from the different phases can be separated in the
27Al MQMAS NMR spectra by generation of an isotropic dimension in F1. The 27Al quadrupolar
parameters of the four phases were estimated from 27Al MAS NMR spectra obtained at 104.26 and
208.42 MHz. The quadrupolar coupling constant and isotropic chemical shift increases with increas-
ing Al content for the IVAl site in phlogopite. The VIAl site shows a clear increase of the asymmetry
parameter and CQ with increasing F content. The estimated 27Al signal areas show the lowest amount
of impurity phases at high OH contents and a stabilization of VIAl sites by hydroxyl groups. The
{1H} Æ 27Al 2D CPMAS (HETCOR) NMR experiment at short contact times provides information
about site neighborhoods of tetrahedral Al sites and Mg3OH as well as Mg2AlOH sites, whereas
magnetization is only transferred to the octahedral Al sites from hydroxyl groups in Mg2AlOH sites.
The {19F} Æ 27Al 2D CPMAS (HETCOR) NMR spectrum is dominated by IVAl sites coupled to the
Mg3F complex in phlogopite. Resonances from Mg2AlF complexes are not observed. Finally, the
{1H/19F} 27Al REDOR experiments support the results of the 2D CPMAS (HETCOR) experiments.


