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Lower mantle:
53 vol.% of the Earth!!!
e /5 vol.% - MgSiO,
- perovskite
| e 20% - (Mg,Fe)O
e 5% - CaSiO; perovskite
e Bottom 200 km -MYSTERY!!!
(D layer).
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s Needed?
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| Perturbation

ximation.
(k) and density of states g(w).
erties, e.qg.:

Ol e 1

FT)= E+ j : ng(m}dm+ﬁq§TJ ln[]-e::-;p(——}]g(m]dm
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rves and phonon density of states of MgO: 0 GPa, 400
ov et al., J.Chem.Phys. 118, 10174 (2003))




. Results




B1 vs B2 (not Vitamins!)

Story 1: MgO

Bl

B2

e B1 — structure type NaCl.
e B2 — structure type CsClI.

e Unique stability of the B1
structure!

e |deal as a pressure calibrant.



agram of MgO
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agram of SiO,

Stishovite

e NoO seismic
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structure (210 GPa<P)
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I 1- ab initio (LDA) results )
230 ¢ - Brown's mode | ,
g-Eard spheredmt)del i Y Atoms don t
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so—— T3 ' spheres!
«—CO,

e Non-close-packed
structures far denser!
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and Bonds

toms.
ds, despite (3,-1) critical points.
3.17 (Bader), +4.02 (Born).

|., submitted to PRL (2004).



ital Locator

*Schmider & Becke (2000,2002).
*Own implementation in VASP.




gSi0, perovskite

¢ (Mg, Fe)S10, perovskite ~40
vol.% of the Earth.

Three 1ssues:

¢ Symmetry of perovskite

¢ Decomposition of perovskite
¢ Post-perovskite phase



bic (Pm3m).
» at ambient conditions — Pbnm.
at high P-T ?



skite at 88 GPa and 3500 K
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: decomposition
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e Decomposition a
high-P-T7?

' e Theory: NO!
~ e AS=-5 Jmol-'K-1 (100

GPa, 3000 K).



perovskite phase

Structure of post-perovskite phase of MgSiO,.
(Oganov & Ono, subm. to Nature, 2004).
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ants of Post-

Table 3. Elastic constants of perovskite and post-perovskite at 120 GPa*.

Cut |Cop |Css |Ci |Cis |Cos |Cag |Css [Css | K G
Perovskite [ 907 [ 1157 [ 1104 | 513 | 406 | 431 | 364 | 271 | 333 | 648.0| 310.9
Acoustic velocities: v,=14118. v.=7636, vi;—11026 m/s
Post- 1252 | 929 | 1233 | 414 :_3_1{:_5__[_z};{g_l_z_:;{?_]_g@_ﬁ_]_51_(_)_3__ 647.2 | 327.5

perovskite | A coustic velocities: v,=14158, v.=7783, v#10940 m/s
*GGA results. All elastic constants are m GPa.

calculations using stress-strain

esult using D.R. Hamann’s
ss state is taken into account).

D" mysteries!
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nd Challenges

n — Genetic Algorithms?
nte Carlo?).
systems — (Mg,Fe)O etc.







curacy.

K:
theory/exp.

, 1 atm, 300 K:

theory/exp.




& visualisation

e 120-atom cell.
e PAW, GGA.
e VASP.

e Movie — STM3 (thanks
to M.Valle & J.Favre)

e Compatible with CPMD,
VASP and DL_POLY
formats.

e ABINIT



lasticity under

he definition (strain type,

Most useful definition of elastic constants:
7 = Cija T

Usual definition of strain: ~ aij” = (& + ?}ij)ﬂijn
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