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Review: ChemPhvsChem 11, 951 (2010)

Nature Nanotechnology 5, 538 (2010) & News & Views 5, 480 (2010)

Lipid-coated nanocrystal@silica particles
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STEM-EELS chemical imaging
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STEM-EELS chemical imaging
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Fischer-Tropsch Synthesis

-The Fischer-Tropsch GTL process produces an

extremely clean synthetic fraction of gasoil
- GTL fuel is virtually free of sulphur and aromatics.




STEM-EELS of Mn-doped C
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* UHV * 2 bar flowing gas
* RT * up to 750K
* bulk » 20 nm resolution

Nanoscale chemical imaging of a working catalyst|
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Nanoscale chemical imaging of a
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Why X-ray Absorpti
+ Element specific
» Low concentrations (0.01-0.1 wt%)

» Valence, Spin-state, Crystal field energies
» Hybridization, MO energies / Density of states

« Time: excited states (mainly) in ps range
» Pressure: 1 bar/500 °C flowing gas
* Space: 0.5 nm (STEM), 20 nm (STXM)

| www.anorg.chem uu.nl/peoole/staff/FrankdeGroot/ |

X-ray Absorption Spectroscopy
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Charge Transfer Effects
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Ground state of a transition metal system
3dN at every site
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Charge Transfer Effects
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Hubbard U for a 3d® ground state:
U= E(3d") + E(3d®) — E(3d?) — E(3d8)

Ligand-to-Metal Charge Transfer (LMCT):
A= E(3d°L) — E(3d?)

LDA+DMFT
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Held et al. J. Phys. Cond. Matt. 20, 064202 (2008)

Charge Transfer Effects

Charge Transfer Effects
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Charge Transfer Effects

MnO: Ground state: +
Energy of 3dfL: Charge transfer energy A

Charge Transfer Effects

MnO: Ground state: +
Energy of 3dfL: Charge transfer energy A
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Charge Transfer Effects in XPS
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Charge transfer effects in XAS and XPS

- Transition metal oxide: Ground state: 3d5 + 3dfL
« Energy of 3dSL: Charge transfer energy A

3d6L

XPS XAS

1 A
2p°3d>
3d5
AQ 2E5Sd7l:
Ground State ﬁ A+U-Q=A
2p53d6L 2p°3d®

Charge Transfer Effects

NiO: Ground state:

+ Charge transfer energy A
+ Hubbard U

+ 2A+U

+ Metal-ligand CT Ay cr

nsity (x107)

nsity (x 1071




X-ray Absorption Spectroscopy Charge transfer
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LMCT and MLCT: 7 - bonding

Fe'l: Ground state: 3d° + 3d°L
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with Ed Solomon (Stanford) JACS 125, 12894 (2003),
JACS 128, 10442 (2006), JACS 129, 113 (2007)




LMCT and MLCT: 7 - bonding
Fe!': Ground state: 3d° + 3d°L + 3d“L
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LMCT and MLCT: 7 - bonding
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Polarization of X-rays X-MCD
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Supramolecular control of Fe arrays
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with Pietro Gambardella (Barcelona), Nature Materials 8, 189 (2009)
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Supramolecular control of Fe arrays
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Supramolecular control of Fe arrays
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Resonant Inelastic X-ray Scattering

(RIXS)

RIXS

Resonant Inelastic X-ray Scattering
or
Resonant Inelastic X-ray Spectroscopy
or
Resonant X-ray Emission Spectroscopy (RXES)
or
Resonant X-ray Raman Scattering (RXRS)
or
X-ray Energy Loss Spectroscopy (XELS)

X-ray absorption and X-ray photoemission
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X-ray emission

Resonant X-ray emission spectroscopy
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Resonant Inelastic X-ray Spectroscopy
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Resonant Inelastic X-ray Scattering Resonant Inelastic X-ray Spectroscopy
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Soft x-ray RIXS and magnetism Soft x-ray RIXS and magnetism
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Soft x-ray RIXS and magnetism
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Pre-edges structures in 1s XAS
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Pre-edges structures in 1s XAS
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Pre-edges structures in 1s XAS
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Pre-edges structures in 1s XAS
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Pre-edges structures in 1s XAS
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Pre-edges structures in 1s XAS Pre -edges structures in 1s XAS
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Pre-edges structures in 1s XAS Pre-edges structures in 1s XAS
1s'3dV4p’ edge / 1s'3dV4p’ edge

1. High valence = strong overlap
2. Metal ion neighbours (M-O-M angle)
3. Metal ion has inversion symmetry

1513aN non-local
4p(3d-band) dipole S‘SdN non-local
4p(3d -band)
 ——— S
J. Phys. Cond. Matt. 21, 104207 (2009) J. Phys. Cond. Matt. 21, 104207 (2009)

RIXS RIXS of CoO
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RIXS-MCD at the K pre-edge

L, edges (2p 2 3d)
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RIXS-MCD at the K pre-edge
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RIXS-MCD at the K pre-edge
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