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Quantum chemistry revisited (JV)

Iron in Lower Mantle Minerals (JV)

Fairy-tale I: What are the spin transitions? (CM)

Fairy-tale II: Changes of physical properties in the lower-mantle
minerals? (CM)

Geodynamic story:
Radiative transfer of heat at the bottom of the mantle? (CM)
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A conductivity decrease in the lower mantle? (JV)
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Quantum chemistry revisited (JV)

Hydrogen atom

I time-independent Schrödinger’s equation

Ĥψ(r) = Eψ(r)

Enlms =
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where quantum numbers are:
principal, n = 1, 2, . . .
azimuthal, l = 0, 1, . . . , n − 1 = s, p, d, f , . . .
magnetic, m = −l, . . . , l
spin, ms = ±1
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Quantum chemistry revisited (JV)

Hydrogen atom

http://zoi.utia.cas.cz/files/images/spherical_harmonics.preview.jpg
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Quantum chemistry revisited (JV)

Electron configuration of atoms
I the Schrödinger equation is complicated by mutual interaction of

electrons
I Pauli’s exclusion principle: no two e− can occupy the same

quantum state simultaneously
I Hund’s rule of maximum multiplicity: if two or more orbitals of

equal energy are available, electrons will occupy them singly
before filling them in pairs (eqv. greater total spin makes atom
more stable)

I Madelung-Klechkovsky rule: orbits are filled in the order of
increasing (n + l, n)

http://en.wikipedia.org/wiki/File:Klechkovski_rule.svg
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Quantum chemistry revisited (JV)

Transition metals

I transition-metal ions have incomplete d-subshell:
Fe : [Ar] 3d6 4s2

I during ionization, e− are removed from the valence-shell s-orbitals
before the d-orbitals
Fe2+ : [Ar] 3d6

Fe3+ : [Ar] 3d5

I transition metals usually have two or more oxidation states
differing by 1
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Quantum chemistry revisited (JV)

Crystal Field Theory Assumptions

I focuses on d-orbitals
I ionic bonding due to electrostatic interaction between metal and

ligands (no covalent bond)
I ligands treated as negative point charges
I repulsion between the lone electron pair of the ligand and d-orbital

electrons of the metal
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Quantum chemistry revisited (JV)

Crystal Field Theory for Octahedral Complexes

http://faculty.uml.edu/ndeluca/84.334/topics/topic6.htm

eg: e — 2 orbitals, gerade — central symmetry
t2g: t — 3 orbitals, 2 — asymmetry w.r.t. C2 axis

Matyska & Velı́mský (CUP) Spin transitions in iron Prague 2012 7 / 14

http://faculty.uml.edu/ndeluca/84.334/topics/topic6.htm


Quantum chemistry revisited (JV)

Crystal Field Theory for Tetrahedral Complexes

http://faculty.uml.edu/ndeluca/84.334/topics/topic6.htm,
http://www.webexhibits.org/causesofcolor/6AA.html
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Quantum chemistry revisited (JV)

Crystal Field Theory — Summary

Ganguly (2008)
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Iron in Lower Mantle Minerals (JV)

Iron in Lower Mantle Minerals

Lin & Wheat (2011)
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Geodynamic story: A conductivity decrease in the lower mantle? (JV)

Effect of Spin Transition on Electrical Conductivity
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Geodynamic story: A conductivity decrease in the lower mantle? (JV)

1-D inversion of CHAMP satellite data
Results

4000

5000

6000

r 
(k

m
)

−3 −2 −1 0 1 2 3 4 5

log (σ in S/m)

0

1000

2000

h
 (

k
m

)

−5−4−3−2−10123

log (ρ in Ω.m)

1.8

2.0

2.2

2.4

2.6

2.8

3.0

χ
2

5 6 7 8

log R2
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Geodynamic story: A conductivity decrease in the lower mantle? (JV)

1-D inversion of CHAMP satellite data
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