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INTRODUCTION

Point defects such as cation and anion vacancies in MgO have 
been subject of extensive theoretical (e.g., Sangster and Rowell 
1981; De Vita et al. 1992a, 1992b; Gibson et al. 1994; Vocaldo et 
al. 1995; Ita and Cohen 1997, 1998; Scorza et al. 1997; Alfe and 
Gillan 2005) and experimental (e.g., Duclot and Departes 1980; 
Sempolinski and Kingery 1980; Yang and Flynn 1994) investiga-
tions because of its importance as a prototype oxide and major 
mantle component. Studies of point defects in silicate minerals 
are also common (e.g., Wright and Catlow 1994; Brodholt 1997; 
Watson et al. 2000; Walker et al. 2003). A detailed knowledge 
about the defect energetics and structural properties, particularly 
at high pressure, is critical to our understanding of mantle rhe-
ology because defects control diffusion and creep processes in 
minerals. The distorted crystal lattice around defects provides 
rapid diffusion pathways within crystals. As such, the dominant 
diffusion mechanism may be vacancy hopping and even the 
dominant deformation mechanism may be diffusion creep or 
diffusion-controlled dislocation climb.

First-principles studies of point defects in solids have been 
increasingly common in recent years due to the possibility of 
simulating systems involving several tens to several hundreds 
of atoms (e.g., De Vita et al. 1992a; Brodholt 1997; Ogut and 
Chelikowsky 2001; Lento et al. 2002; Alfe and Gillan 2005). To 
obtain accurate results for the defect energetics and understand 
the related atomic and electronic structures in detail require 
simulation of a large atomic system, which is now becoming 
feasible. More importantly, previous Þ rst-principles calculations 
were performed only at zero pressure although the simpliÞ ed 
empirical molecular dynamics (Mills et al. 1991) and non-em-
pirical variational-induced breathing model approaches were 

previously performed at high pressures and temperatures (Ita 
and Cohen 1997, 1998). Since MgO is thought to be the second 
most abundant mineral of the Earth�s lower mantle, occurring 
in the form of magnesowusite, (Mg,Fe)O, it is essential to more 
accurately characterize its defect properties at realistic conditions 
of the Earth�s deep interior.

In this paper, we report Þ rst-principles quantum-mechani-
cal investigations of two charged vacancies (Schottky pair) in 
MgO at geophysically relevant pressures using a combination of 
computational and visualization techniques. A well-established 
super cell method involving a few hundred atoms was used to 
calculate the defect-related properties including formation and 
migration energies as a function of pressure. The resulting three-
dimensional data sets were also successfully visualized to gain 
insight onto the atomic and electronic structures of the defects.

METHODOLOGY

Computational technique
Calculations were performed using the parallel code PWscf (Plane-Wave Self-

Consistent Field), which is based on density functional theory within the local 
density approximation (Baroni et al. 1987; Giannozzi et al. 1991; www.pwscf.org). 
The Mg and O pseudopotentials were the same as those, which were successfully 
used in our previous calculations involving MgO (see Karki et al. 2000). A plane 
wave basis set with cutoff of 70 Ry was used to expand the valence electronic 
wave function. Brillouin Zone summations of electronic quantities were performed 
over four special k-points for the equilibrium structure, and higher numbers of 
equivalent points up to 12 points for the defective lattice with migrating ion 
(Monkhorst and Pack 1976). The energy differences were found to converge to 
better than 0.02 eV. 

A super cell of MgO containing 216 atoms was used. The effect of system 
size was also explored by simulating smaller super cells with 32 and 64 atoms. A 
defective super cell contained only one charged defect of given type at a time. A 
cation vacancy was created by removing an Mg core, leaving two valence electrons 
in the system, while an anion vacancy was formed by removing an O core together 
with eight valence electrons. Thus, the net charges of the Mg and O vacancies, 
which are known as V2� and F2+ centers, were �2e and 2e, respectively. The ionic * E-mail: karki@bit.csc.lsu.edu

Vacancy defects in MgO at high pressure

BIJAYA B. KARKI* AND GAURAV KHANDUJA

Department of Computer Science, Louisiana State University, Baton Rouge, Louisiana 70803, U.S.A. 

ABSTRACT

First-principles calculations within the local density and pseudopotential approximations were 
performed to investigate the effects of pressure on the energetics and structural behavior of charged 
vacancy defects in MgO. The simulations were performed for a supercell containing 216 atoms with 
their positions being fully optimized. In particular, the formation and migration energies of cation and 
anion vacancies were shown to substantially increase over the pressure regime of the Earth�s mantle. 
Our results thus suggest that pressure should suppress intrinsic diffusion mediated by ionic vacan-
cies in MgO over the mantle pressure regime. The calculated three-dimensional data sets for atomic 
displacements and electron charge density were explored in detail using an interactive visualization 
system. Although the atomic and electronic structures are highly distorted in the close vicinity of 
the defects (i.e., in the region covering up to the nearest and next-nearest atoms), the effects are not 
negligible at farther distances.
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