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Data analysis of XAFS
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XAFS data analysis and related software

From XAS to XAFS: data treatment procedures

Training: EXAFES data refinement

Introduction to XANES

Training: XANES data analysis
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XAES data ANALYSIS:

from the experimental data to structural details

XANES
Analysis
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XANES reg%n: EXAFS region: simple analytical formula suited for
data fitting and easy structural refinement
Hard theory ?
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Applications of XANES spectroscopy

systematically increases
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XANES signal is dense of electronic, structural and

magnetic and information

XANES signal is stronger than EXAFS:

- less sensitive to data statistics, sample quality, beam intensity,

- can be measured on less concentrated samples,

- can be measured faster than EXAFS (time resolved experiments),

- can be measured at low energies (i.e. Carbon, Oxygen, Nitrogen K-edges.

Damping of XANES signal due to structural disorder is weak:
- Applications to extreme condition studies: High T, High P, High H....

Electronic structure (DoS) and structural topology:

- XANES features are specially sensitive to the valence state, coordination chemistry,
ligand symmetry of the absorber.

- Can be used as fingerprint for chemical speciation in mixtures and inhomogeneous
systems.

Restricted energy range around the edge:

- Measurements at low energies (i.e. Carbon, Oxygen, Nitrogen K-edges)
- Fast data collection (time resolved XAS)

- XANES Microprobes (mapping) with sub-micrometer resolution

Chemical selective Magnetic information

- X ray Magnetic Circular Dichroism (XMCD) signal is an element specific probe for magnetism

XANES theory
is complex

- Sum rules at L, ; edges allow distinguishing orbital and spin contributions to the magnetic moment of the

photoabsorber

O
5



Deeper insight into the XANES region
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Fe K edges:
representative XANES
Fe in complexes

R. Sarangi, Coord. Chem.
Rev. 257 459-472 (2013)
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Local symmetry and XANES in Ti** compounds
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XANES features originate from the absorber:

electronic nature (valence)
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Origin of the XANES features

Abs. [arb.un.]

Ny /\ Pre-edge

| ( \_ || caused by electronic transitions (mainly dipole
pezedee [ | allowed) to empty bound states near the Fermi
| | K Tii;ilg4 —
| e level.

| ,-j}: Provides information about absorber local
-l'. __I,f geometry and electronic state around the
'/ absorber: number of neighbours, ligand
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defines the onset of continuous states (not the Fermi level !)

Edge (E,) . . o -
E, is a function of the absorber oxidation state & binding
geometry. It may also increase by several eV per oxidation unit

Post-edge (XANES)

multiple scattering features (FMS)

The analysis may provide finest details about local
atomic structure and geometry.
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The Pre-edge region
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caused by electronic
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empty bound states near the

Fermi level.
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K pre-edges 3d metal oxides:
intensity & empty electronic states

MNormalized pre-edge peak height
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Pre-edge features are caused by electronic transitions (mainly

dipole) fo empty states close to the Fermi level.
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Pre-edge features signal the transitions to bound
electronic levels below the continuum threshold

pre—edge
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The XANES of the same ions,

even in the same oxidation state,

may behave differently in
different compounds

... depending on oxidation state

and coordination geometry of
the absorber

Quantitative Models: multiplet theory

Semi-quantitative approaches:

- Comparison with model compounds
- Molecular orbital symmetry

(group theory)




K edge: mainly s -> p transitions

crystalline field splitting of d
atomic orbitals
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p-d mixing and sensitivity to local
symmetry of TiOg units

ADpsorption

Off centre displacement and stretching of the

octahedron decreases the local symmetry (non-
centro-symmetric) allowing some degree of p-d
mixing, this affect the pre-edge peaks intensity
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Example: hydrostatic pressure reduces TiOg distortions in BaTiO,
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and suppress ferroelectricity
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The decrease of B peak intensity signals
the reduction of Ti atom displacement.

Above 10 GPa Ti must be at the center of
a regular oxygen octahedron,

the hybridization of the Ti 3d electronic
states with the 2p electronic states of the
surrounding oxygen is at the minimum
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Selection of normalized pre-edge features
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The Iron case: the average valence and coordination

chemistry from the pre-edge peak shape/position
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The case of Fe in metallo-proteins:
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Ibuprofen/warfarin induce V to VI Fe coordination transition in HSA
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2. Analysis of mixtures: Linear Combination Analysis
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XANES - LCA for Catalysis
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Advanced materials: looking for magneto-electric coupling

BaTiOg 5

(a) Cubic: a=b=c

doping with magnetic

») ions (Fe) may provide

o some magnetoelectric
coupling and stabilize

the ferroelectric phase

BaTiO; is
ferroelectric: off center
displacement of Ti** ions

produces a permanent
electric dipole in TiOg
molecules
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Large Oxygen vacancies causes the Fe
ions segregating as metallic Fe® phase,
the sample is no more homogeneous at
the short range scale, wrong magneto-
electric understanding
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Advanced materials: looking for magneto-electric coupling

Ferromagnetism: a property of certain materials which
possess a spontaneous magnetic polarization

Ferroelectricity: a property of certain materials which
possess a spontaneous electric polarization

Magneto-electric coupling: magnetic control of
ferroelectricity and/or electric control of
ferromagnetism may open the way to new
devices
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Analysis of mixtures: Linear Combination Analysis
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