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 Outline of talk

= Bonding information

= EXELFS

= Core hole

= Magnetism, dichroism, temperature

= Multiplet calculations
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‘ Density Functional Theory
= Good for periodic systems
= Good for regions close to edge onset
= Can be computationally intense
= All-electron and pseudopotential methods

= Examples: WIEN2k, CASTEP




‘ Green’s Function Methods

= Multiple scattering codes

= Good for aperiodic systems

= Good for vacancies and impurities

= Example: FEFF8

‘ Bonding — carbon materials

Diamond vs. Graphite
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‘ Bonding — graphite
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‘ Bonding — C,, and C-,
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‘ Bonding — C4, and C,
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‘ Bonding — Cg,
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‘ Bonding — C4,and C-,
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= Bond lengths
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‘ Bonding — nitrogen
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‘ Bonding — nitrogen
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‘ Bonding — boron

Boron Nitride
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‘ Extended fine structure
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Fig. 1. Al-K XAS and EELS spectra from pure aluminium.
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‘ Extended fine structure

Aluminium metal
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 Core hole — NbB,
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| Core hole — NbB,
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‘ Core hole
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‘ Core hole
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‘ Core hole — summary

= Core hole not always straight forward!
= Always include?
= Always use large supercells

= Need to think very carefully about parameters
to get a balance between an interpretable
calculation and computer time / memory use




‘ Magnetic order
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Figure 1 — Oxygen K-edge ELNES of MgCr0y4. (a) Long range AFM simulation,
(b) paramagnetic simulation. (¢) SRO ‘spin clusters” simulation. (d) experimental spectrum.
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‘ Magnetic circular dichroism
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‘ Temperature

FEFF8 calculation
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‘ Valence state
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‘ Multiplet calculations

= For edges such as the L, ; there can be
strong overlap between the core and valence
wavefunctions

= Final states are found by vector coupling final
and initial states

‘ Multiplet calculations

H Ni calculation with
:H varying charge transfer
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‘ Summary

= Combining core level spectroscopy
experiments and information can be a
powerful way of learning more about a
material

 Things to think about when
simulating spectra




‘ Things to think about when
simulating spectra

= What information do you want?

= Low-loss / core-loss
= ELNES / EXELFS
= Bonding / valence state

 Things to think about when
simulating spectra

= What sort of experiments are possible?

= Energy resolution
= Standards




‘ Things to think about when
simulating spectra

= What sort of structure do you have?

= Periodic / amorphous
= Several possible

 Things to think about when
simulating spectra

= What sort of elements do you have?

= Magnetism
«=K/L/Medge
= f-electrons




‘ Things to think about when
simulating spectra

= What information do you want?
= What experiments are possible?
= What sort of structure do you have?

= What sort of elements do you have?
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