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Abstract

Synchrotron X‑ray powder diffraction and infrared (IR) spectroscopy studies on natural brucite 
were conducted up to 31 GPa using diamond-anvil cell (DAC) techniques at beamlines X17C and 
U2A of National Synchrotron Light Source (NSLS). The lattice parameters and unit-cell volumes 
were refined in P3m1 space group throughout the experimental pressure range. The anisotropy of 
lattice compression decreases with pressure due to a more compressible c axis and the compression 
becomes nearly isotropic in the pressure range of 10–25 GPa. The unit-cell volumes are fitted to the 
third-order Birch-Murnaghan equation of state, yielding K0 = 39.4(1.3) GPa, K0′ = 8.4(0.4) for the bulk 
modulus and its pressure-derivative, respectively. No phase transition or amorphization was resolved 
from the X‑ray diffraction data up to 29 GPa, however, starting from ~4 GPa, a new infrared vibration 
band (~3638 cm–1) 60 cm–1 below the OH stretching A2u band of brucite was found to coexist with 
the A2u band and its intensity continuously increases with pressure. The new OH stretching band has 
a more pronounced redshift as a function of pressure (–4.7 cm–1/GPa) than the A2u band (–0.7 cm–1/
GPa). Comparison with first-principles calculations suggests that a structural change involving the 
disordered H sublattice is capable of reconciling the observations from X‑ray diffraction and infrared 
spectroscopy studies.
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Introduction

Hydrous minerals have long been considered to be the major 
source for transporting and storing water in the Earth’s mantle. 
Brucite, Mg(OH)2, is of particular interest for the study of hy-
drous minerals because of its simple structure in comparison with 
other hydrous minerals in the Earth’s crust and mantle. It can be 
formed through hydration of olivine in regions where fluid rock 
interactions are present in the upper mantle. Investigations on 
the behavior and physical properties of brucite are important for 
thermodynamic modeling of phase transformations and dehydra-
tion processes related to the dynamics at crust and mantle depths 
(Peacock and Hyndman 1999).

At ambient conditions, brucite crystalizes in CdI2-type 
structure with space group P3m1 (Fig. 1) (a = 3.1468 Å, c = 
4.7568 Å, c/a = 1.5116). The MgO6 layers stack along the c axis 
with an interlayer distance of ~4.71 Å while the H atom resides 
~0.95 Å above the oxygen atom along the c axis with three H 
neighbors from the opposing layer. Much of our understanding 
about its structural behavior and physical properties at high pres-
sure comes from experimental studies using various techniques, 
including shock compression (Duffy and Ahrens 1991), X‑ray 
and neutron diffraction (Fei and Mao 1993; Duffy et al. 1995a; 
Xia et al. 1998; Nagai et al. 2000; Fukui et al. 2003; Parise 

et al. 1994; Catti et al. 1995; Horita et al. 2010), Raman and 
infrared spectroscopy (Duffy et al. 1995b; Kruger et al. 1989), 
and Brillouin scattering measurements (Xia et al. 1998; Jiang et 
al. 2006). Complementary to those from experimental studies, 
important and insightful results have also been obtained by many 
researchers using theoretical approaches at conditions within 
and/or beyond those attained in experiment studies (e.g., Sher-
man 1991; Raugei et al. 1999; Mookherjee and Stixrude 2006; 
Jayachandran and Liu 2006; Hermansson et al. 2008; Mitev et al. 
2009). In brucite, the atomic interactions between MgO6 layers 
along the c axis are believed to be weaker than the strong covalent 
bonds within the layer. This has been demonstrated by data from 
diffraction studies that the crystallographic c axis is much more 
compressible than the a axis up to ~10 GPa (e.g., Fei and Mao 
1993; Xia et al. 1998; Fukui et al. 2003; Duffy et al. 1995a; Nagai 
et al. 2000). Above 10 GPa, however, the H atomic positions and 
the formation of hydrogen bonding become the main dispute, and 
the results of lattice parameters from different studies also seem 
to show noticeable divergence with increasing pressure. Neutron 
diffraction studies on deuterated brucite Mg(OD)2 (e.g., Parise 
et al. 1994; Nagai et al. 2000) and molecular dynamic modeling 
(e.g., Raugei et al. 1999) suggest that there is an increased hy-
drogen bonding within the hydroxide structure at high pressures 
when H atoms occupy three off-axial positions (6i site) instead 
of a single one on the threefold rotation axis parallel to the c axis 
(2d site). Hydrogen bonding is also suggested in previous Raman * E-mail: bli@notes.cc.sunysb.edu


