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Compression mechanism of brucite: An investigation by structural refinement
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ABSTRACT
Synchrotron X-ray powder diffraction study of brucite, Mg(OH)2, was carried out in a diamond
anvil cell with an imaging plate detector from 0.6 to 18.0 GPa at room temperature using the angular-dispersive technique on beamline BL-18C at the Photon Factory, KEK, Japan. Using Rietveld
analysis, unit-cell parameters as well as atomic positions of the O atoms in brucite have been successfully refined, taking into account the effects of preferred orientation. Variation of the c/a ratio
with pressure indicates that the compression mechanism changes around 10 GPa, above which the
compression behavior is isotropic. Based on the changes of the refined atomic positions of the O
atoms with pressure, we conclude that the shortening of the interlayer distance controls compression
below 10 GPa, whereas above this pressure compression of the oxygen sublattice is the dominant
mechanism. Results of the structural refinements also suggest that the MgO6 octahedral regularity
initially approaches a regular configuration with pressure, which then remains unchanged above 10
GPa.

INTRODUCTION
Brucite, Mg(OH)2, has the CdI2-type structure (trigonal,
–
space group P3m1), with layers of MgO6 octahedra stacked
along the c axis. Each O atom is hydrogenated with the O-H
bond along the threefold axis above and below the octahedral
layers.
Many previous studies have discussed the compression behavior through the change of unit-cell parameters under pressure (Fei and Mao 1993; Catti et al. 1995; Duffy et al. 1995a;
Xia et al. 1998). However, a large amount of scatter exists
among the equation of state parameters for brucite derived from
various compression studies because brucite is strongly anisotropic and the compression behavior is often affected by preferred orientation and deviatoric stresses in the sample. Previous
studies suggested a change of compression mechanism at high
pressure, based on the variation of the c/a ratio with pressure
(Fei and Mao 1993; Duffy et al. 1995a; Xia et al. 1998). It has
been reported that the linear compressibilities along the a and
c axes become comparable above about 10 GPa, although the c
axis should be more compressible from the crystallographic
view point (Xia et al. 1998). Catti et al. (1995) reported a discontinuous change in the c/a ratio at 6-7 GPa and interpreted it
as a second-order phase transition, such as the disordering of
the H atoms. In contrast, other diffraction studies did not detected such discontinuity (Fei and Mao 1993; Duffy et al. 1995a;
Xia et al. 1998). The detail of the compression mechanism remains unclear and it is difficult to understand the mechanism
based on the pressure dependency of unit-cell parameters alone.
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Neutron diffraction and spectroscopic studies have indicated
that brucite undergoes pressure-induced disordering of the H
atoms below 10 GPa (Kruger et al. 1990; Parise et al. 1994;
Catti et al. 1995). A recent polarized IR spectroscopic study
suggested the pressure-induced proton transfer in brucite
(Shinoda and Aikawa 1998). No information exists as to
whether the H atoms disordering could influence the configuration of the octahedral layers.
The use of an imaging-plate (IP) area detector has greatly
improved the quality of diffraction data from powder samples
pressurized in a diamond anvil cell (DAC). Its combination
with synchrotron radiation provides a powerful tool in the highpressure diffraction study. The high-quality angular-dispersive
diffraction patterns thus obtained at high pressures allow us to
more accurately determine the unit-cell parameters, and to refine the atomic positions through Rietveld analysis (Shimomura
et al. 1992; Fujihisa et al. 1992), instead of structural refinement by energy-dispersive profile fitting (Yamanaka and Ogata
1991). Based on the results of these reliable refinements, we
discuss the compression mechanism of brucite.

EXPERIMENTAL METHODS
Procedures
Reagent-grade Mg(OH)2 powder samples [a = 3.1425(2) Å,
c = 4.7665(3) Å, V = 40.746(2) Å3] were compressed in a lever-and-spring type DAC. Because brucite dissolves in a conventional 4:1 methanol/ethanol pressure medium under
pressure, silicon oil was used as pressure medium (Andrault
and Poirier 1991; Yano et al. 1994; Petit et al. 1996). A pair of
450 µm culet diamonds and a preindented stainless steel gasket were used. The size of the sample chamber was about 200-

