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Chemical Speciation determines:
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Materials Properties
Chemical Toxicity
Bioavailability
Ecological/technical Fugacity
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Figure 1: Talbot-Lau type interferometer. a,b,

Principle: the source grating (G0) 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

results in changes of the locally transmitted

intensity through the combination of gratings G1

. A standard x-ray imaging detector is used

to record the final images

Figure 2: X-ray images of a small fish. Data

recorded with a standard x-ray tube. a,

Conventional X-ray transmission 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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Principle: the source grating (G0) 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

results in changes of the locally transmitted

intensity through the combination of gratings G1

and G2. A standard x-ray imaging detector is used

to record the final images

Figure 2: X-ray images of a small fish. Data

recorded with a standard x-ray tube. a,

Conventional X-ray transmission 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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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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SPACIAL HETEROGENEITY

INTERFACIAL SPECIES

REACTIVE SURFACE GROUPS

STRUCTURE OF INTERFACE

MICRO ANALYSIS

SPECTROSCOPY

(SURFACE SENSITIVE) SPECTROSCOPY

DIFFRACTION, CTR,
STANDING WAVE TECHNIQUES

SPECTROSCOPY,

REACTION PATHWAYS TIME RESOLVED SPECTROSCOPY

DISTRIBUTION OF SPECIES STANDING WAVE TECHNIQUES

SUMMARY

SUMMARY

Crucial Mechanistic Information in Interfacial Chemistry
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structural analysis
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... with X-rays

X-ray absorption

CHEMISTRY chemical sensitivity

atomic/molecular-level
information

SPACE microscopic (nanoscopic)
spatial resolution

TIME ‘non-destructive’

penetration power
( 3D)

‘fast’
SUMMARY

SUMMARY

Imaging Chemistry (and Physics) with X-rays
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Synchrotron
based

Techniques

Environmental
Science

... with X-rays
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Chemical micro-Imaging
chemical reactivity

is fundamental to understand
structure and of complex systems

... evolution, degradation, toxicity, bioavailability,
metabolism, ...

Synchrotron-based have a pronounced
imaging and spectroscopic ‘power’

X-rays

Complementary Approach:

SUMMARY

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

... suite of techniques: XRF, , XRD, , ..XAS cSAXS

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

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


