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Introduction

X-ray absorption spectroscopy
-brief description



What is spectroscopy?

The study of molecular structure and dynamics through
the absorption, emission, and scattering of light

Astronomers used the “spectroscope”, to observe atomic spectra.
Norman Lockyer found helium in the solar spectrum in 1868.
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-+ X-ray aborption spectroscopy
-schematic presentation
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-+ Power of Synchrotron radiation I.
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-+ Fluorescence-XAS probing a dilute system
A. Dilute system , Fluorescence x-ray
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-+ Local structur%and spin states in MbOH
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Synchrotron radiation

Donuts proliferating the world
What are they?



-+ Synchrotron radiation

3'd generation (3G) synchrotron radiation facilities

Started from a “mega” facility ALBA -
Now proliferating as a “compact” machine '
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4+ Wavelength and object size
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<+ Synchrotron radiation —relativistic radiation

Normal radiation (b {¥}0) and relativistic radiation (b {¥}1)
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As electron velocity approaches c (that of light), radiation becomes highly
directional, providing a bright white x-ray beam (synchrotron radiation)



<+ Undulator and wiggler
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N-pole wiggler radiation enhances brilliance by N
Produces white x-ray but high heat load

Quasi-monochromatic high brilliance beam
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<= Brilliance
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-+ Moore’s law in Synchrotron Radiation
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Omittedtopics

VUV beamline
Soft x-ray beamline

Beamline

Monochromators and mirrors



4+ XAS measurement —-fundamental setup
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<+ Storage ring and beam transport (beamline)
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<+ X-ray Absorption Spectroscopy
-how to measure

XANES, EXAFS, ...

Most fundamental technique is a transmission mode

o Sample
lonization chamber
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t You measure attenuated beam intensity,
that” exponentially” decreases

Sample .
g mt (E)=F /i,
X
You measure emitted beam intensity
Energy resolving detector Which “linearly” proportional to conc.

Dilute system
Impurities, surfaces, thin films



<4+ Example
- Crystalline and glassy GeO
Okuno et al.
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-+ Fourier Transform -example

FT magnitude function for crystalline and glass GeO, Okuno et al.
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Short range order is close to the hexagonal crystal
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<4 X-ray absorption
—atom and shell specific phenomena
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<= Monhochromator
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<4+ Monochromator —energy range |l
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-+ Example of XANES — why resolution? |I
i \ A3
| hexagon (z=4)

GeO: (Glass)

/ GeO; (Hexagonal) |
GeO; (Tetragonal) .

Absorptance (arbitrary units)
]

L | 1 1 1 1

1 | I
0 100 200 300
Energy Above Threshold (eV)

Nelson et al., Phys. Rev. 127, 2025 (1962).
1 week for one spectrum, tube x-ray source + diffractometer

Short range in glass sample is close to that of hexagonal crystal



Rocking Curve
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-+ Energy resolution 107

Energy resolution DE/E = J(dqg)2+(dqw)2 cot qg
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<+ Evidence for high energy resolution

-bromine gas K-edge
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<= Monochromator -mechanism

Rotating a double crystal results in beam height change

How to correct the beam height variation

X-translation stage

. . eflected
Fixed beam height or  beam
Correction by stage stepping
motor

Y-translation

stepping
motor

1st crystal
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——
o
T

rotating table

Constant beam-height
double crystal monochromator

Nucl. Instrum. Methods A246, 377 (1986)
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-+ Beamline optics -strategy
Wiggler@2G Strategy: 1:1 mirror focusing or 3:1 sagittal focusing
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<4 Optics of BL10XU (U032V) beamline@Spring-8

5-30 keV energy range
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