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INTRODUCTION

Crystallographically bound hydrogen plays an important role 
in the Earth s̓ interior by modifying physical and thermodynamic 
properties and through hydration and dehydration reactions such 
as those associated with ß uid release in subduction zones. Brucite 
Mg(OH)2 serves as a model system for hydrous phases of the 
Earthʼs crust and mantle. Its simple structure provides unique 
insights into the nature of hydrogen bonding at elevated pressure 
and its inß uence on physical properties. 

The structure of brucite prompts two fundamental questions: 
the location of the hydrogen atoms and the role of hydrogen bond-
ing in stabilizing the structure. The sheets of this layered structure 
are composed of planes of Mg ions surrounded by planes of 
hydroxyl ions. Observation of the pressure-induced decrease 
of the hydroxyl stretching frequencies has been interpreted in 
terms of strengthening hydrogen bonding upon compression.  
On the other hand, theoretical studies have argued based on the 
electronic structure that hydrogen bonding is not important in 
brucite (Sherman 1991; Raugei et al. 1999).  Our analysis of the 
inß uence of pressure on the geometry of the hydroxyl bonds sup-
ports the view that point-dipole interactions, rather than hydrogen 
bonding, are the primary binding agents.  

The symmetry of the local environment about the ideal hydro-
gen position leads one to expect proton disorder. Indeed, neutron 

diffraction shows that the average hydrogen position does not 
coincide with the threefold axis at elevated pressure, but is split 
among three symmetrically equivalent off-axis positions (Parise 
et al. 1994). What is the nature of the disorder that underlies this 
observation? One may consider two non-exclusive possibilities: 
(1) dynamic disorder, in which each hydrogen hops from one to 
another of the three symmetrically equivalent sites with some 
Þ nite time scale that is small compared with that of the experi-
mental probe; (2) static disorder, in which each hydrogen atom 
is stationary, occupying for long periods of time one of the three 
symmetrically equivalent positions with a pattern of occupation 
that lacks order on a spatial scale that is small compared with that 
of the experimental probe. We argue that brucite undergoes two 
pressure-induced transitions from nearly ordered, to dominantly 
dynamic disorder, to dominantly static disorder.

Using density functional theory, we studied the properties of 
the ground state structure and the energetics underlying proton 
dynamics. Our investigations are complementary to previous 
Þ rst-principles molecular dynamics simulations at Þ nite tem-
perature (Raugei et al. 1999). We used static calculations to 
our advantage by exploring in detail pressure-induced trends in 
equilibrium structural parameters, by mapping out the energy 
surface that underlies the dynamics of proton disorder, and by 
exploring a much wider pressure range than previous studies. 
Our study further tests the ability of density functional theory 
to capture the relevant physics of strongly anisodesmic systems 
such as brucite and clays with a large range of bond strengths * E-mail: mainak@umich.edu
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ABSTRACT

In this paper we explore the structure and physical properties of brucite over a wide range of pres-
sures with density functional theory using the variable cell-shape plane wave pseudopotential method 
in the local density (LDA) and generalized gradient (GGA) approximations. We probe the energetics 
underlying the structure and dynamics of the proton sub-lattice by performing a series of constrained 
and unconstrained static calculations based on an energetically stable √3×√3×1 super-cell wherein 
proton locations are related to the 6i Wyckoff sites as opposed to the ideal 2d site. The displacement of 
the hydrogen atom from the threefold axis increases with increasing pressure.  This means that even in 
the absence of thermal energy, the protons are frustrated and would be expected to exhibit long-range 
disorder akin to a spin glass.  To shed light on the dynamic nature of the proton hopping between the 
6i-like sites, we determined the activation energy barrier for such jumps. We found that the energy 
barrier increases with compression, possibly indicating a transition from dynamic proton disorder at 
lower pressures to static disorder at higher pressure. We have also investigated the possibility of proton 
jumps across the interlayer, by determining the potential energy well along the O⋅⋅⋅O vector. We infer 
that proton jumps across the interlayer are either severely limited or highly cooperative since we did 
not Þ nd any evidence for a double well along the O⋅⋅⋅O vector.  The absence of a double well along 
the O⋅⋅⋅O vector, the evolution of O-H⋅⋅⋅O distances with compression, and the gradual transition to a 
symmetric O-H⋅⋅⋅O conÞ guration, all argue for weak hydrogen bonding in brucite.
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