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ABSTRACT
OH stretching vibration modes for F-rich natural topaz (F-topaz) and for fully hydrated topaz
(topaz-OH) synthesized at high pressure, were observed using IR and Raman spectroscopies at pressures up to 30.4 GPa and 17.3 GPa, respectively. In F-topaz, the pressure derivative of the frequency
of the OH stretching band observed at 3650 cm–1 at ambient pressure was 0.91(3) cm–1/GPa, which
was consistent with the value recently reported by Bradbury and Williams (2003). On the other hand,
in topaz-OH, the pressure derivatives of the bands initially at 3599 and 3522 cm–1 were –5.2(2) and
–2.56(6) cm–1/GPa, respectively. This contrasting behavior between the two forms of topaz at high
pressures suggests that the OH substitution for F in topaz affects the hydrogen-bonding behavior
under high pressure.

INTRODUCTION
Topaz [Al2SiO4(OH,F)2] is a well-known hydrous mineral
abundant in the crust. In near-surface environments, substitution
of F by OH in topaz occurs within a limited range [OH/(OH +
F) < ~30%] (e.g., Ribbe and Rosenberg 1971). The existence of
an upper limit of OH content is rationalized in terms of the distribution of hydrogen over two closely spaced sites (e.g., Parise
et al. 1980; Barton 1982). Based on an accurate determination
of the structure using single crystal neutron diffraction, Parise et
al. (1980) located two sites for hydrogen 1.5 Å apart (Fig. 1a).
These authors noted that this structural model was inconsistent
with full occupancy of both sites and so a hydrogen atom should
only occupy one of the two sites, limiting the OH substitution for
F to 50%. Based on subsequent energy calculations, however,
Abbott (1990) suggested that the OH end-member of topaz
[OH/(OH + F) = 100%] might exist because of the stabilization
by hydrogen bonding.
Wunder et al. (1993) succeeded in synthesizing the OH
end-member of topaz at pressures between 5.5 and 10 GPa
and temperatures up to 1000 °C in the system Al2O3-SiO2-H2O.
They designated this pure hydroxyl end-member as “topaz-OH.”
Northrup et al. (1994) determined the structure of topaz-OH from
single crystal X-ray diffraction data, and showed that hydrogen
atoms were distributed over two non equivalent sites (Fig. 1b).
These sites (H1 and H2) in topaz-OH are statistically occupied
and do not correspond to the one site found in the naturally
occurring ßuorine-containing topaz. Both sites in topaz-OH lie
close to the mirror plane in space group Pbnm, but while full
occupancy of the H2 site results in unreasonably short contacts
of about 1.7 Å, the distance between H1 sites is approximately
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2.7 Å, corresponding to about twice the van-der-Waals radius
(1.2 Å) for hydrogen. At high pressures, compositions with
OH/F > 0.5 clearly require occupation of at least one of the two
H1 sites (Fig. 1b) in order to avoid the unfavorable contacts to
the H2 sites.
It is proposed that both topaz-OH and F-rich natural topaz
possess weak hydrogen bonding at ambient pressure. Belokoneva
et al. (1993) identiÞed the O1 or O2 sites as possible hydrogen
bond acceptors from high-precision single-crystal X-ray diffraction data, and suggested a preference for the O-H2…O2; the OH…O2 angle is about 139° while the O-H…O1 angle is 95°. To
better understand the effects of F for OH substitution on hydrogen
bonding in topaz, it is useful to compare the pressure responses of
hydrogen bonds in F-topaz and topaz-OH. Wunder et al. (1999)
investigated IR spectra of topaz-OH at ambient pressure and
showed that the OH stretching frequencies of topaz-OH were
lower than those of F-topaz, suggesting that the hydrogen bonds
in topaz-OH are stronger than those in F-topaz. In this study, our
attention is focused on comparing the pressure responses of the
weak hydrogen bond of F-topaz to that of the stronger hydrogen
bond of topaz-OH, and how the substitution of OH for F affects
the behavior of hydrogen bonding under high pressure.

EXPERIMENTAL METHODS
Sample preparation
Fluorine-rich natural topaz (F-topaz) and fully hydrated synthesized topaz
(topaz-OH) were investigated in this study. A colorless single crystal of natural topaz
from Gilgit division, Pakistan was used as a sample of F-topaz. The chemical composition of this F-topaz was determined by electron probe micro analyzer (EPMA:
JEOL, JXA-8800M) which produced a chemical formula Al2.01Si1.00O4F1.57(OH)0.43;
the hydroxyl component of the natural topaz was determined from the residual in the
ßuorine component. This sample was the same one used by Komatsu et al. (2003)
for high-pressure and high-temperature single-crystal X-ray diffraction.
Topaz-OH was synthesized at high pressure and high temperature using a 2:
1 mixture of Al(OH)3 and SiO2 glass powders, which provided an excess of H2O
compared to the stoichiometric composition of topaz-OH. These starting materials

