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X-Ray Interactions with Atoms
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X-RAY based ANALYTICAL TOOLS

ANALYTICAL REVOLUTION Ill: METHODS

Phase retrieval and a
differential phase- Loy e
contrast imaging

Pfeiffer, Weitkamp, Bunk, David s
Nature Physics, 2, 2006 b -

Figure 1: Talbot-Lau type interferometer. a,b,
Principle: the source grating (G) creates an array
of individually coherent, but mutually incoherent
sources. A phase object causes a refraction, which
is proportional to the local differential phase
gradient of the object. This small angular deviation

Figure 2: X-ray images of a small fish. Data
recorded with a standard x-ray  tube. a,

results in changes of the locally d
intensity through the combination of gratings G,

A standard x-ray imaging detector is used
10 record the final images

C Xeray ission image. b,
Differential phase contrast image. c-h, Two-times
magnified and contrast optimized parts of the
transmission (c.e,g) and the differential phase

contrast image (d f.h).
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Figure 1: Talbot-Lau type interferometer. a,b,
Principle: the source grating (G,) creates an array
of individually coherent, but mutually incoherent
sources. A phase object causes a refraction, which
is proportional to the local differential phase
gradient of the object. This small angular deviation

Figure 2: X-ray images of a small fish. Data
recorded with a  standard  x-ray ~ wbe. a,

results in changes of the locally
intensity through the combination of gratings G,
and G>. A standard x-ray imaging detector is used
to record the final images

y I X-ray image. b,
Differential phase contrast image. c-h, Two-times
magnified and contrast optimized parts of the
transmission (c,e.g) and the differential phase
contrast image (d.fh).
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XANES, EXAFS, GI-XAFS, etc.
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‘specific’ (Mn Oxide)
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TERNARY COMPLEXES

X-Ray Absorption Spectroscopy

z e LIGAND PRESENT
E—() 10 L © LIGANDABSENT
g d
=
— °® )
L ®
o £ .
3 2
O E 05 T e,
W= °
(@] °
g °
['4 °
8 0 o oo PZC OF ALl:MINA
3 5 7 9
pH

J. Fitts et al., 1999, J. Colloid Interface Sci.

INTERFACIAL CHEMISTRY
Synchrotron

based
Techniques

MOLECULES | EXAFS applied to
Environmental
Science

Daniel Grolimund

EXAFS

SR TECHNIQUES
and EXAMPLES

X-ray absorption

‘wFTIR

+
/Aydroxide/ /)

PAUL SCHERRER INSTITUT

INTERFACIAL REACTIVITY

SINGLE CRYSTAL SURFACES

C-CUT SURFACE (0001)

a-Al,0, SURFACES

R-CUT SURFACE (1102)

DOUBLY COORDINATED ®

® OXYGENS

SINGLY COORDINATED
OXYGENS

TRIPLY COORDINATED
OXYGENS

Synchrotron
based
Techniques

applied to

Environmental
Science

Daniel Grolimund

SR TECHNIQUES
and EXAMPLES

X-ray absorption

PAUL SCHERRER INSTITUT

INTERFACIAL REACTIVITY

GRAZING-INCIDENCE XAFS

Advantages:

e ENHANCED SURFACE SENSITIVITY
(SMALL PENETRATION DEPTH)

e |IMPROVED DETECTION LIMIT

e POLARIZATION DEPENDENCE

e ORIENTED SINGLE CRYSTAL SUBSTRATES

INVISIBLE'
NEIGHBOR /

SLN 2 S

Synchrotron
based
Techniques

(X'A|203 SURFACES applied to
Environmental
Science

CRITICALANGLE

Daniel Grolimund

FLUORESCENCE YIELD
ENHANCEMENT

0 02 04 06 08 10
THETA (0)

SR TECHNIQUES
and EXAMPLES

X-ray absorption

ABSORBER

'VISIBLE'
NEIGHBOR

BACKSCATTERING ATOMS

PAUL SCHERRER INSTITUT

INTERFACIAL REACTIVITY

Well Defined Surface Sites

a-Al,0, (0001) SURFACE

SINGLE CRYSTL SURFACES

a-Al,0, SURFACES

MONODENTATE

COMPLEX '

BIDENTATE

COMPLEX |

TRIDENTATE

COMPLEX l

Synchrotron
based
Techniques

applied to

Environmental
Science

Daniel Grolimund

SR TECHNIQUES
and EXAMPLES

X-ray absorption

PAUL SCHERRER INSTITUT




INTERFACIAL REACTIVITY

Interfacial Cr(lll) Species
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X-RAY SCATTERING

X-Ray Diffraction
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CHEMICAL IMAGING
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CHEMICAL IMAGING

Exposure to Nano-Particles
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X-Ray Tomography

) [~
Planar Fan Beam Canfiguration .

Samphe
S
. ~ Tusrrabie
Xty point scasce

Cone Beam Configuration

Parallel Beam Configuration

Sample.

I il
oy e
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CHEMICAL IMAGING

X-Ray Tomography

Arad, A., Mahdadi, M., Christy, A.G., Sheppard, A.P., Averdunk, H., Knackstedt, M.A., 2010, Petrophysics (in press).
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Confocal Microscopy

confocal 3
region
///

4+ use microXAS
microprobe
4+ bulk samples

+ no projections
4+ ’'no’ reconstruction

+ single voxel analysis
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- spatial resolution

SLN o

Synchrotron
based
Techniques

applied to

Environmental
Science

Daniel Grolimund

a) Video j Fluorescence
Camera Detectar
;
Pal ill,
ML sl i Bs U e et
1 -
. . z - — .
: 1 {1 y‘iamplo

Monocapillary

Sample scan

direction
SSCIENT BEAM FRCM
v

LA

Fig 1: Schematic illustrations of the confocal X-ray fuorescence geometry. (a)
shows the experimental setup, indicating the multilayer optics (ML), slit, ion
chamber (IC), beamstop (BS), focusing and collecting optics, and the detector.
(b) shows a 3D view of how the confocal active volume is formed from the
focal regions of the two optics. (c) indicates, in cross-section, how the sample
is scanned through the confocal volume, so that fuorescence from individual
layers is resolved.
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microXRF | microXRD

Chemical micro-Tomography

W. deNolf, University Antwerp @ microXAS
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CHEMICAL IMAGING

Chemical micro-Tomography

MgiRh Al )0,
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W. deNolf, University Antwerp @ microXAS
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SUMMARY

Env. Sci.: Need for Mechanistic, Molecular-level Information

® |IDENTIFICATION OF CHEMICAL SPECIES INVOLVED
® DEVELOPMENT OF CHEMICAL CONCEPTS

® ENHANCED PREDICTIVE CAPABILITIES

N

& EXTRAPOLATION
& DESIGN (!) OF REACTIVE INTERFACES
INDUSTRIAL/ENVIRONMENTAL (DE)CONTAMINANTION

® NATURAL SYSTEMS ARE ‘N-DIMENSIONAL’

N

® KINETICS

N

COMPETITION
HETEROGENEITY

PROCESS IDENTIFICATION | VALIDATION
UP-SCALING ‘LAB - FIELD’ (SPACE + TIME)
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SUMMARY

Crucial Mechanistic Information in Interfacial Chemistry

® STRUCTURE OF INTERFACE DIFFRACTION, CTR, SPECTROSCOPY,

STANDING WAVE TECHNIQUES

® REACTIVE SURFACE GROUPS
® [INTERFACIAL SPECIES SPECTROSCOPY
® DISTRIBUTION OF SPECIES STANDING WAVE TECHNIQUES
® REACTION PATHWAYS TIME RESOLVED SPECTROSCOPY

® SPACIAL HETEROGENEITY MICRO ANALYSIS

(SURFACE SENSITIVE) SPECTROSCOPY
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SUMMARY

Imaging Chemistry (and Physics) with X-rays

chemical sensitivity

atomic/molecular-level
information

® CHEMISTRY

microscopic (nanoscopic)
spatial resolution

® SPACE

penetration power
(—3D)

‘non-destructive’
‘fast’

® TIME

VY OV OV vy
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SUMMARY

® Chemical micro-Imaging is fundamental to understand
structure and chemical reactivity of complex systems

—J ... evolution, degradation, toxicity, bioavailability,
metabolism, ...

® Synchrotron-based X-rays have a pronounced
imaging and spectroscopic ‘power’
—) ... suite of techniques: XRF, XAS, XRD, cSAXS, ..

—P ... enormous potential: spatial and temporal
resolution, 3D, 4D, quantification, ...

® Complementary Approach:

... different microscopic & (micro)-spectroscopic tools
& macroscopic & theoretical tools

—» Quantitative Chemical (and Physical) Imaging
of Environmental Systems in Space and Time
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