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abstraCt

Proton diffusion in brucite was investigated by conducting hydrogen-deuterium (H-D) exchange 

experiments using multi-anvil high-pressure apparatuses at pressures from 3 to 15 GPa and tempera-

tures in the range of 750–1050 K. The diffusion couple was composed of a natural proton-dominated 

brucite single crystal surrounded by synthesized D-doped brucite polycrystals. Micro-Raman spec-

troscopy was used to determine the diffusion profiles of the samples. The D/H diffusion profile across 

the boundary between single crystal and polycrystalline D-doped brucite showed an asymmetric 

pattern characterized by faster diffusion in aggregates. The D/H interdiffusion rate determined from 

the analysis of the single crystal side indicates that the interdiffusion rate increases with increasing 

H/D ratio. The H-D interdiffusion rate in the direction perpendicular to the c-axis is about 0.5 orders 

of magnitude higher than that in the direction parallel to the c-axis. At 3 GPa, the H-D interdiffusion 

coefficients [D(m2/s)] along and perpendicular to the c-axis of brucite at compositions of CO
no

D
rm = 

0.2 in the single-crystal region were determined to be 3.30(±1.77) w10�11exp[–48.2(±5.8) (kJ/mol)/

RT] and 1.43(±1.33) w10�9exp[–67.5(±23.2) (kJ/mol)/RT], respectively. The H-D interdiffusion rate 

perpendicular to and along the c-axis increased about one order of magnitude by compression from 

3 to 10 GPa, but the pressure enhancement became weaker above 10 GPa. From 10 to 15 GPa, there 

is almost no pressure dependence of proton diffusion for both directions. As pressure increases up to 

10 GPa, enhancement of the proton migration is strongly correlated with the activation of the atomic 

interaction and decrease of O…2ƍ�GLVWDQFH�LQGXFHG�E\�FRPSUHVVLRQ��7KH�SRVLWLYH�SUHVVXUH�HIIHFW�RQ�
the proton diffusion in brucite suggests that proton diffusion in higher-pressure hydrous phase becomes 

faster because of the shorter O…2ƍ�GLVWDQFH�
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introduCtion

The diffusion of protons plays a key role in numerous behav-

iors in hydrous minerals such as plastic deformation, reaction 

kinetics, and electrical conductivity. The diffusion of protons 

is closely related to the hydrogen bonding, interaction between 

atoms, and the crystal structure of the hydrous minerals. Though 

uncommon in the deep Earth, brucite serves as a useful proto-

type for hydrous and layered minerals at high pressures (e.g., 

dense hydrous magnesium silicates), which are potential hosts 

for water and water-derived species in the mantle (Shieh et al. 

1998; Ohtani et al. 2001). The crystal structure of brucite is in 

trigonal symmetry (Fig. 1), P3m1, with Mg(OH)6 octahedral lay-

ers stacking along the c-axis and the OH dipole orienting parallel 

to the c-axis on a threefold axis (Bragg and Claringbull 1965). A 

study of the proton diffusion of a simple hydroxide will provide 

insights into mechanisms of proton diffusion in other hydrous 

minerals relevant of the Earth’s interior. Previous experimental 

studies revealed that the proton diffusivities in different hydrous 

minerals show large variations (Marion et al. 2001; Noguchi and 

Shinoda 2010; Graham et al. 1987) over more than four orders 

in magnitude. It is important to compare the proton diffusivity 

in brucite with other hydrous minerals. It has been believed 

that the protons in Mg(OH)2 diffuse as only one migration 

mechanism, presumably as ground-level tunneling assisted by 

lattice phonons. Later, proton conductivity in Mg(OH)2 powders 

reported by Freund and Wengeler (1980) indicated two kinds of 

conduction mechanisms: n-type (holes as charge carriers) and 

p-type (electrons as charge carriers). Recently, Noguchi and 

Shinoda (2010) favored the extrinsic vacancy mechanism for 

proton migration in portlandite [Ca(OH)2], another isomorph 

of brucite, in the direction along the proton layer. Therefore, 

proton diffusivity data parallel and perpendicular to the c-axis are 

necessary to understand and quantify the different proton diffu-

sion mechanisms as a function of the crystallographic direction.

Pressure effects on the arrangement of hydrogen in brucite 

was widely investigated by theoretical studies and various experi-

mental techniques. The previous studies focused on whether bru-

cite forms pressure-induced hydrogen bonds between hydroxyls 

on a brucite layer and oxygen atoms on the adjacent layer or not 

(Sherman 1991; D’Arco et al. 1993; Parise et al. 1994; Catti et al. 

1995). The study of Martens and Freund (1976) suggested that 

the potential barrier for proton transfer between two neighboring 

hydrogen atoms in brucite would be reduced by compression. The 

infrared (IR) study of Shinoda and Aikawa (1998) and theoretical 

calibrations by Mookherjee and Stixrude (2006) have both shown 

that the proton transfer across the interlayer might be strongly * E-mail: gxzhuan@misasa.okayama-u.ac.jp


