Lecture 5.
Spatially and temporally resolved XAS

X-ray microprobe provides
spatial resolution — defined by
beam size
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Focusing x-rays

» Total external reflection: Bent mirrors,
capillaries

» Bragg reflection from bent single crystals.

» Diffractive focusing elements: Fresnel
zone plates

» Refractive focusing elements: Compound
refractive lenses

Chromatic aberration

Important for zone plates and compound
refractive lenses — make XANES, and
especially EXAFS hard

Sagittal focusing

J. Appl. Cryst. (2001). 34, 504-509

Kirkpatrick-Baez mirrors

~1 um focus but no chromatic aberration
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Zone plate optics — circular
diffraction grating
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Zone plate trade-offs

« Thicker zones — higher energy, but harder to
construct (high aspect ratio)
» Smaller outer zone — better focus, but smaller
working distance (Rayleigh limit=1.22 AR,)
« Larger OD — longer working distance but
harder to fabricate
Typical values (hard x-ray):
AR,=100 nm; OD=300 um; T=1.6 um
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Compound refractive lenses
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& Focal length ~1m

- Spot size ~ 1um
ﬁg Transmission 1-40%

Tapered capillaries
Based on total external reflection

X-ray

Polycapillary concentrator

short working distance, large dispersion after focus
Straight

3 - /

460 ym
/

N N S I
1] 2 4 ] -] 10 12 14 16

Length jemj

Information from imaging

« Distribution
» Concentration
* Speciation

Species mapping

X-ray Fluorescence of RBCs
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Scatter plot: Fe vs Zn

ROls in scatter plot

Fe {ugfcmz)

Feva Znin sl infected cels

1 10 10
Fe juglem?)

Chromate uptake by living cells
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Reduced to Cr(I11) in the cell e

Harris et al., J Biol Inorg Chem 2005 10,105-118 T

XANES mapping

Multiple images at
different excitation
energies

Mormalized Absorbance

Pickering et al, PNAS 2000 97, 10717-10722
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Computer tomography — 3D images

Flawr dlintin Procissi daky

,?-‘_‘\ﬁ
A7) @ Q
e idenl :
Heaybeam  bulk sample 34 delechr Prejection radingragha 34 velrme daba
for eveny mngle on the inberior of the sampie

X-ray fluorescence microtomography
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http://www.institut2b.physik.rwth-aachen.de/

Time-resolved XAS

« Rapid scanning monochromator (“QEXAFS”)
Dispersive XAS

Continuous flow

Rapid freeze quench

Can TR EXAFS be used to determine
structure of transition state?
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If intermediate builds up to significant
concentration, can be studied by XAS
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QEXAFS

Piezoelectric tilt for
rapid energy
scanning (0.1-10 Hz)

J. Synchrotron Rad. (2001). 8, 354+356
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Good time resolution (if recyclable or concentrated)
Compatible with any (fast) detection method

\I,,

|
V)
| e

http://schulzeundschultze.anphy.uni-duesseldorf.de/~frahm/QEXAFS/piezo.html

QEXAFS L
investigation of 3
oxidation of EtOH 7
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Conventional XAS geometry
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Fluorescence synchrotron beam
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Dispersive XAS geometry

High energy

O« Low energy

Position “White”

sensitive detector synchrotron beam

Great time resolution
Only works in transmission mode

Dispersive XAS of Ge solidification

EXAFS - 520 ms/spectrum ? _
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Turbo XAS
Added slit

J. Synchrotron Rad. (1999). 6, 1044-1050 :f;," \
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Modest time resolution
Better stability than QEXAFS?
Compatible with fluorescence mode




Flow system can be used for time
resolved measurements

Sampling bem s—

Solution |

Mixer Solution 2

l Increasing reaction time

Requirements (for reasonable sample volumes):
*Rapid scanning
*Small sample (i.e., small beam)

Oxidation of Mn(II.I.)hmpab by oxone
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Reaction appears to be first order in Mn and oxone
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Rapid freeze quench is (the best?)
solution to time-resolved EXAFS
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Hwang et al, Science, 2000, 287, 122

X-ray photoreduction of photosynthetic
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