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Seme Important Terms & Definitions

Alserption coefficient (1)

It descrilbes the extent ter Which the Intensity: off ani energy: beam! IS reduced
as It passes; threugh a specific material

Albsorption edge

It 1S/ a sharp discontinuity, Inl the: anserption: Spectrum ofi X-rays by an
element that ocecurs When the energy. of the photon corresponds to the
energy. of a shell of the atom.




Recall: X-ray.

X-rays like any other electromagnetic radiation, can be treated either a particle or a
wave. This characterization of a light is defined by Einstein relation:

E=hio=hic/ A @b
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X-ray Absorption Fine Structure

In the interaction of X-rays with matter, there are three main processes:

1) absorption
2) inelastic scattering : non-conservative energy for the incident particle
3) elastic- scattering : conservative energy for the incident particle

The absorption can be characterised by the following equation:

I=leexp(-1 X)

The main parameter
that we measure in
XAS is g

Incident x-ray (1) transmitted x-ray (1°)

)




What happens When the x-rays are
apsorbed by the sample?

\What IS alasorption; ?

The photen Is abserhed When Its energy: consume: fior
excltation of an electron;, Se the energy’ should be
greater that bending energy. off an electroen.




WHAT IS XAS?

X-ray Absorption Fine-Structure (XAES) Is the modulation of the x-ray abserption
coefficient at energies near and above an x-ray absorption edge. XAES is alse referred
to as X-ray Absorption Spectroscopy (XAS) and is broken into 2 regimes:

XANES X-rayEXAES Extended X-ray Absoerption Fine-Structure which contain related, but slightly
different information about an element’s local coordination and chemical state.
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What Is EXAES?77

EXAES IS a region of XAS spectrum which Is started approximately from 50
eV up te 1000 e V aheve theralnsorption edge.
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In condensed matter or (multi-atomic gas molecules)
the ejected photo-electron wave will be scattered by
neighbouring atoms.

It is the interference between the outgoing electron
and the back-scattered ones which leads to
oscillations visible in the absorption

spectrum above the edge. These can extend to up to
1000 eV past the edge. These oscillations are the
EXAFS.




Interference shown
for two distances D,
and D, with D, <D,

Courtesy E. Welter




WHY EXAES??7?

TThe number off neighboring atoms.

The nature off neighboring atems (their approximate atomic number)

Distances between central and neighbering atems.
It is not just limited to crystals.




Dealing with data

Stepsi il traditionall EXAES, data analysis:
1)) conrection for instrumental effects

2) normalization te unit edge step

3) Interpolation to k-space

4) hackgreund subtraction

5) Fourier transfiorm




X-ray Absorption Measurements

Fluorescence

1
X—-ray source X Incident I:|I_|__’ Transmitted
1, /

O

Monochromator Sample

XAS measures the energy dependence of the x-ray absorption coefficient ;«( E) at and
above the absorption edge of a selected element. ;+( E) can be measured two ways:

Transmission: The absorption is measured directly by measuring what
is transmitted through the sample:

I _ Ioe—F(E)t

p(E)xt = In(I/Xo)

Fluorescence: The re-filling the deep core hole, is detected. Typically
the fluorescent x-ray is measured.

pn(E) ~ Iy/Io




Dealing with data

Raw data

1) Conyvert expernmental
Varables: in terexpenmental
spectrum

WEX=In(e/N)




normalization

Normalised XAFS spectrum of pressed powder tablet
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Fourier Transterm of y (k)

Distance
Number

Type
Structural diserder

It Is easier to analyze
XAES Ini terms ofi photo electron wave(k)




The EXAFS Equation

To model the EXAFS, we use the EXAFS Equation:

N.f;(k)e 2"} |
k) = . sin[2kR: + d:(k
where (k) and d;(k ) are scattering properties of the neighboring atom.

Knowing these, we can determine:

R distance to neighboring atom.

N  coordination number of neighboring atom.

o’ mean-square disorder of neighbor distance.

The scattering amplitude f (k) and phase-shift (k) depend on atomic num-
ber Z of the scattering atom.




Manufacturing Requirements

Set up:

1.X-ray: source( Highi intensity beam is needed)
2.A moenochrematic crystal

3. Incident beam detector

4.Sample

S5.transmission; detector

6.Elourescence

From the x-ray source, the beam of x-rays
are directed towards a sample,
monechrematic crystal, which
redirects the beam toward the sample.
TThe beam intensity must be measured
prior to entering the sample, so an
Incident detector is in-line before the
sample. After the sample, another
detector is used to determine the
transmission intensity. Generally there
Is also a fluorescence detector to the
side of the sample, for fluorescence
studies.




EXAES /XANES & THIN FILM

Surface structure and thermall vilbrations ofi Nit and! Cul thin films studied by,
extended x-ray alserption fine: structure:

Investigations of dynamical properties ofi the surface metal-metall hends
Steps:

HOPG ( Highly Ordered Pyrolytic Graphite) substrate was cleaved
wWith tape in ultrahigh vacuum chamber

Annealing at 1200K to remove all contaminations on surface

Cooeling dewn, NI OR Cul was deposited (deposition rate was
measured by guartz crystal meniitor)

XAES spectrum was measured at hard x-ray deuble crystal
monechromator stations




XANES & THIN FILM

Some information can obtained
from XANES spectrum:

Compare to Cu foil spectrum,
absence off

2 peaks in 120 k shows that this film
doesnrt

have a goed crystallization.

ntensity (arb.

After annealing in other temperature

you can see the characteristic peaks
appear. 8970 8980 8990 9000 9010 9020

Photon Energ
“change of Cu k-edge XANES spectrum™




EXAES & THIN FILM

The Fourier transform for the Cu thin
il

The deminant peaks at 2 A° are
ascribed to the (NN) metal-metal
coordination.

Prastic change at 120K spectium.

Smaller EXAES, amplitude siiews
smaller coordination numer and
larger diserder ofi the! film.

The absence of higher shells
means the film deesn’t crystallized

Distance R Gpmmpletely




Summary.

Theoretical standards allow the
EXAFS experimentalist to
quantitatively analyze problems

of significant complexity. With
theoretical standards higher
shells, multiple scattering

contributions, mixed shells,
polarization and many other
effects can be treated rigorously.

Using the theory is easy and
accessible. Many current analysis
programs make excellent

use of existing theory.
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What happens When the X-rays are
alsorbed by the sample?

Wihenian x-ray: photoniis ansorbhed! by an aten, It enters an excitedi state for an
extremely short perod off time.

Wihen the atom de-excites It willlemit an electron frem near thne core ofi the
atem. This will"enly happen i the: energy: of the x-ray Is; higher than the
eneray level that Is binding that electrons te the cere ofi the atom.

Ihat electron wave leaving the orginating atom comes In| contact Wit etner
atoms that are near it ,causing themi to become: excited and the Process
repeats itself.

This electron ‘interference’ can be detected and measured and! yields
Information about the location and distance between atoms Within a
molecule.




“EXAFS Equation”

Scattering intensity
of the jth atom

Number of
atoms \




