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abstraCt

Based on numerical results from density-functional perturbation theory calculations, we show that 
the magnetic spin transition in Fe2+-rich MgSiO3�SHURYVNLWH�FDQ�EH�LGHQWL¿HG�DV�FKDQJHV�LQ�WKH�SRZGHU�
X-ray diffraction (XRD) pattern and the vibrational spectra. In particular theory predicts how the sym-
metry breaking and the volume reduction associated with the spin transition affects both structural and 
vibrational properties. The XRD measurements of (Mg0.5Fe0.5)SiO3 perovskite indeed demonstrated that 
the new diffraction peaks and the peak broadening formed during the spin transition can be explained 
by the associated symmetry breaking. We also show computationally that certain vibrational peaks 
exhibit a shift at the transition; the Grüneisen parameters of certain modes are affected by the transi-
tion, thus bearing on the thermodynamical properties. Raman and/or infrared measurements before 
and after the spin transition could identify these changes.
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introduCtion

Fe-bearing perovskite, the major mineral of the Earth’s lower 
mantle, exhibits a magnetic spin transition under compression. 
The transition corresponds roughly to the reduction of the number 
of unpaired d electrons of Fe2+ iron: from 4 unpaired electrons 
for high-spin state to 0 unpaired electrons for the low-spin state. 
For Fe3+ iron, these numbers decrease from 5 to 3 to 1 unpaired 
electrons into, respectively, the high-spin, intermediate-spin, 
and low-spin states. These numbers represent ideal nominal 
molecular-like values; in a solid there are electronic bands and 
the magnetic spin is given per unit cell as the difference between 
the total number of electrons with the two different spins oc-
cupying the bands.

The transition depends on a series of factors, such as pres-
sure and temperature, iron amount, iron-crystallographic site, 
and iron-redox state. The ferrous iron on the Mg site stays in 
high-spin up to large pressures (Bengtson et al. 2009; Hsu et al. 
2010a, 2011) when in relatively low, mantle-like concentrations 
(Bengtson et al. 2008). The ferric iron can be incorporated in 
both the Mg and the Si sites, with the one on the Si site under-
going a spin transition at very low pressures and the one on 
the Mg site remaining in high-spin, until the transformation to 
post-perovskite (e.g., Stackhouse et al. 2007; Irifune et al. 2010; 

Caracas 2010; Hsu et al. 2011).
The high-spin to low-spin transition of ferrous iron has been 

documented experimentally with several in situ measurements 
using nuclear or electronic spectroscopies, like Mössbauer spec-
troscopy (Jackson et al. 2005; McCammon et al. 2008; Grochol-
ski et al. 2009; Lin et al. 2012) or X-ray emission spectroscopy 
(XES) (Badro et al. 2004; Li et al. 2004, 2006). A reduction in the 
local magnetization of the iron atoms is seen either as a change 
in the Mössbauer pattern or as the disappearance of the FeKG 
satellite peak in the XES spectra. Several reviews give some very 
good overlooks of the recent literature on this subject (Hsu et al. 
2010b; Lin et al. 2013).

In parallel with the experimental effort, first-principles 
calculations based on density functional theory show that the 
transition is associated with a structural distortion correspond-
ing to the reduction in size of the Fe atoms (Umemoto et al. 
2010). Such distortion breaks the site symmetry of the iron 
atoms, allowing a lateral displacement that accommodates the 
reduction in volume. The electronic changes connected to the 
magnetic transition have been extensively studied for various iron 
concentration and configuration in a series of papers (Bengtson 
et al. 2009; Hsu et al. 2010a; Umemoto et al. 2010). In recent 
phonon calculations, we identified dynamical instabilities in the 
perovskite structure with orthorhombic symmetry and low-spin 
configuration. Following the unstable vibrational modes, we 
were able to determine, using a strong physical basis, the struc-
tural distortions and the symmetry breaking associated with the 
spin transition (Caracas et al. 2011). 
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