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Abstract
The compression behaviors of δ-AlOOH and δ-AlOOD were investigated under quasi-hydrostatic
conditions at pressures up to 63.5 and 34.9 GPa, respectively, using results from synchrotron X-ray
diffraction experiments conducted at ambient temperature. Because of the geometric isotope effect, at
ambient pressure, the a and b axes of δ-AlOOD, which define the plane in which the hydrogen bond
lies, are longer than those of δ-AOOH. Under increasing pressure, the a and b axes of δ-AlOOH stiffen
at 10 GPa, although the c axis shows no marked change. Identical behavior was found in δ-AlOOD,
but the change in compressibility was observed at a slightly higher pressure of 12 GPa. Axial ratios a/c
and b/c first decrease rapidly with increasing pressure, then begin to increase at pressures >10 GPa in
δ-AlOOH and >12 GPa in δ-AlOOD. At these pressures, the pressure dependence of a/b also changes
from increasing to decreasing. The unit-cell volumes of δ-AlOOH and δ-AlOOD become slightly less
compressible at high pressures. Assuming K0′ = 4, the calculated bulk moduli of δ-AlOOH below and
above 10 GPa are 152(2) and 219(3) GPa, respectively. Those of δ-AlOOD below and above 12 GPa
are 151(1) and 207(2) GPa, respectively.
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Introduction
Α simple hydrous mineral, δ-AlOOH, which is a high-pressure
polymorph of diaspore (α-AlOOH) and boehmite (γ-AlOOH)
(Suzuki et al. 2000), is remarkable for its wide stability field. The
stability field of δ-AlOOH was found to cover the pressure range
from 18 to >130 GPa, and temperatures up to 2300 K, which corresponds to conditions at the bottom of the lower mantle (Ohtani
et al. 2001; Sano et al. 2004, 2008). To date, no other hydrous
mineral has been shown to be stable up to such high pressures.
The structure of δ-AlOOH has been refined from powder X-ray
diffraction data using the Rietveld method (Suzuki et al. 2000),
and using single-crystal refinement methods (Komatsu et al.
2006). It is isostructural with InOOH (space group P21nm) and
resembles distorted rutile-type (CaCl2-type) SiO2. Edge-sharing
AlO6 octahedra form a single chain along the c axis; a hydrogen
bond is formed in the tunnel between the chains. Raman, NMR,
and powder neutron diffraction experiments were conducted to
investigate the hydrogen bond in δ-AlOOH. Results of 1H NMR
studies showed that the hydrogen in δ-AlOOH is highly ordered
(Xue et al. 2006; Xue and Kanzaki 2007). A neutron diffraction experiment on δ-AlOOD at ambient pressure determined
the O–D, D···O, and O···O distances as 1.02, 1.55, and 2.57 Å,
respectively (Vanpeteghem et al. 2007), showing that a strong
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hydrogen bond is formed at ambient pressure. Therefore, this
is a good system for investigation of the response of a strong
hydrogen bond to pressure and the effects it has on the physical
properties.
Compression of a linear O–H···O hydrogen bond results
in symmetrization. This phenomenon is well studied in H2O
ice (e.g., Goncharov et al. 1996; Aoki et al. 1996; Song et al.
1999; Benoit et al. 1998) and its sequence has been described
as follows: The proton potential well has double minima along
the O···O line, and the proton is localized in one of them in a
moderate hydrogen bond at lower pressure. With increasing
pressure, O···O separation decreases and the potential barrier
between two minima is lowered (ice VII). The proton becomes
disordered when it can overcome the barrier by tunneling motion
(disordered ice VII). Further compression leads to symmetrization, in which the proton is centered between the O atoms (ice
X). It is also predicted that the proton will take a unimodal distribution, due to zero-point motion (the proton is dynamically
disordered in ice X), before the proton potential well becomes
a completely single minimum (Benoit et al. 1998). Reports of
previous theoretical and experimental studies have suggested that
upon compression the hydrogen bond strengthens in δ-AlOOH
and ultimately symmetrizes. Using first-principles calculations,
Tsuchiya et al. (2002) first pointed out that a symmetric hydrogen
bond is formed in δ-AlOOH at 28 GPa. The space group changes
from P21nm to Pnnm at the symmetrization transition. Although
some disagreement about the transition pressure exists, results of
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