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INTRODUCTION

In the Earth�s mantle, the mineral perovskite, MgSiO3, is 
a dominant phase over a great range of (P, T). The perovskite 
structure is a fully three-dimensionally corner-bonded framework 
(Mitchell 2002). The highest possible symmetry of such a frame-
work is cubic Pm3m, in which the Si, at the centers-of-mass of the 
octahedra, sit on the corners of the cubic unit cell, and all the O 
atoms, at the corners of the octahedra, lie along the edges of the 
unit cell, halfway between each Si atom (Mitchell 2002; Howard 
and Stokes 1998, 2002; Glazer 1972, 1975). MgSiO3 perovskite 
crystallizes in an orthorhombic subgroup, Pnma, related to the 
Pm3m group by rotation or tilting of octahedra (Glazer 1972, 
1975; Howard and Stokes 1998, 2002). 

A phase transition from the framework structure of MgSiO3 
perovskite to the structure of what has become known as post-
perovskite (Fig. 1) has been shown both experimentally and by 
simulation to occur at pressures in excess of 120 GPa (Iitaka 
et al. 2004; Oganov et al. 2004; Murakami et al. 2004; Ono et 
al. 2006). The post-perovskite structure is usually described as 
a layer structure with BX6/2 octahedra corner-connected along 
c, vertically edge bonded along a, stacked in layers along b, 
separated by a spacer layer of AX8 trigonal bicapped prisms 
(Mitchell et al. 2004). Recently, a family of intermediate slip 
structures between perovskite and post-perovskite has been 
proposed (Oganov et al. 2005). The operation of a plastic shear 
deformation may be at the origin of the observed orientation of 
the anisotropy of the speed of sound in the D'' layer (Iitaka 2004; 
Oganov and Ono 2004; Oganov et al. 2005). 

The post-perovskite structure is shared by several inorganic 
solids at ambient pressures such as CaIrO3, UFeS3, UMnS3, 
UScS3 (Narducci et al. 1998), UMnSe3, ThMnSe3 (Iijjali et 
al. 2004), and LnYbQ3 (Ln = La, Ce, Pr, Nd, Sm), Q = (S, Se) 
(Mitchell et al. 2004), some of which can also crystallize in the 
Pnma perovskite framework. It is likely that further compounds 
will be found to crystallize into layers with this connectivity 
at low or ambient pressures. The increased mineralogical and 

seismological interest in post-perovskite will probably instill a 
greater interest in such structures. 

Tilt instabilities in frameworks of corner-linked octahedra 
have been a source of research interest for several decades. 
These include the ABX3 true perovskite structures (Glazer 1972, 
1975; Howard and Stokes 1998, 2002), and the corner-bonded 
perovskite-like layer structures ABX4 (Deblieck 1986; Deblieck 
et al. 1985) and A2BX4 (Hatch and Stokes 1985, 1987, 1989). In 
these two layer structures, the octahedra share four out of their 
six corners by being bonded within the layer, leaving two un-
connected corners projecting out of the layer. The latter corners 
are unimportant to the mechanical behavior of the layer, so the 
instabilities in these systems can be approximated to those of a 
layer of rigid corner-connected squares, where there is a potential 
instability at every wavevector (Swainson 2005). 

In a layer composed not of discrete particles, but of rigid 
octahedra, a transverse acoustic mode generates a rotational 
couple on the octahedra, in addition to a translation (Nye 1985). 
If there is no angular term governing the mutual orientation of 
the octahedra, such modes with wavevectors lying in the plane 
will have zero frequency. Figure 2 shows that where the wave-
length of such buckling modes happens to be equal to twice the 
spacing between neighboring octahedra, the centers of mass of 
the octahedra sit on nodes and the displacement eigenvectors 
are a pure rotation of the octahedra, i.e., a tilt mode (Swainson 
2005). As λ increases, (k → 0), the displacement eigenvectors 
take on an increasing component of rigid body displacement 
normal to the layer. 

Edge connectivity increases the density compared to a purely 
corner-connected structure, but it also reduces ß exibility. The 
tilting seen in CaIrO3 increases the density of packing further by 
shortening the spacing along the corner-connected c direction. 
The connecting edges run vertically, sticking slightly above 
and slightly below the plane deÞ ned by the centers of mass of 
the octahedra.

This study examines the effect of vertical edge connectivity 
on the mechanical instabilities of a BX6/2 layer, the possible tilt 
and buckling instabilities in such a layer, and the acoustic anisot-
ropy that might be expected from uncoupled layers of rigid BX6/2 * E-mail: ian.swainson@nrc.gc.ca
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ABSTRACT

The effect of the anisotropic connectivity within the layers of the post-perovskite, CaIrO3, structure 
are examined using a Rigid Unit Mode and group theory approach, and possible commensurate tilt 
structures are given. It is shown that the anisotropic bonding of the sheet may give rise to preferred 
directions of buckling for such structures and anisotropy in the speed of sound. 

Keywords: Post-perovskite, CaIrO3, tilt modes, layer structures, buckling modes, acoustic an-
isotropy


