Lecture 4.

Advanced methods in x-ray spectroscopies

 Ultrafast XAS
» Multiple Excitation

o Diffraction anomalous fine structure — site
specific EXAFS

» X-ray magnetic circular dichroism
— Magnetic imaging

» High-resolution x-ray emission (inelastic x-
ray scattering)

» X-ray Raman scattering

L

"[Ru"(bpy ™)

D, —
Ultrafast

|.‘.

[Ru"(bpy )(bpy),

XAS e
300 ns
D, —_—
i Ru'( bpy) "
Saes et al., PRL, 2003, 90, 047403-1
(@ 7w (o h
‘\ ,/"/'-/7-/ - -\i‘msec
': /-/lﬂopsec ™
H == 2 nsec
I |‘[\|I:'_“ —
T AN — J
(@ i, N

" ”l"l‘"'-('l'll Hz) : \
¢ ¢ l BoxCar
- PC
'l el mr'"p -
Laser (1 kHz) © =3

o /




2.9

Static Absorption

[ (a) '
2.8

!
(Thisexp.)

S
o
§ 0.0
O |
<
£ 0.00#
2 &,
2 i
E-001 Y
2.9
2.8
é 2.7
=
s |
2 26
< |
2.5
R 1 1 1 1 ]
2835 2840 2845 2850 285
Photon Energy / eV
1.0
1.04- 1 SSﬁ 1s5p,5s
0.8 |1s4s CS(g)
Kr(9)
& 1.02
041 1s3d
1 1s4d | 1s3p
|
024 1.00
1 0 400 800 1200
0'0 A 1 T T 1 T T T L]
-200 0 200 400 600 800 1000 1200
E-E,(eV)

Padeznik GomilSek, Phys Rev. A 2003, 68, 042505




Br, EXAFS
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Anomalous scattering
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Site-selective XAS
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Magnetic Circular Dichroism
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X-ray Natural CD
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Edge “sharpening”
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“minority spin” “majority spin”
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Prussian Blue
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X-ray emission spectroscopy (XES)

probes filled orbitals
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Zn0O XES
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Carbonic Anhydrase
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CA shows the same pH dependence as the models
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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

Kirkpatrick-Baez mirrors

~1 um focus but no chromatic aberration

17



Zone plate optics — circular
diffraction grating

Zone Plate

www.xradia.com

Information from imaging

 Distribution
e Concentration
 Speciation

Species mapping
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X-ray Fluorescence of RBCs

infected cell (top)
uninfected cell (bottom)
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Chromate uptake by living cells
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Intermediate
leaves

Conc. selenate

Effective thickness Conc. organoselenium

Optical micrograph

Computer tomography — 3D images

Experiment Rawr data Processed data

incident
H¥ray beam  bulk sample 2-d detector

Projection radiographs 3-d volume data

for every angle on the interior ofthe sample
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X-ray fluorescence microtomography

(a) Fluorescence microtomograms (b) Phase contrast tomogram
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Time-resolved XAS

Dispersive XAS
Continuous flow
Rapid freeze quench

Rapid scanning monochromator (“QEXAFS”)
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Can TR EXAFS be used to determine
structure of transition state?
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QEXAFS NS
investigation of :
oxidation of EtOH ‘
by Ce(IV)

‘5700 5710 5720 5730 5740 5750 5760 5770 578C

normalized absorption

Energy / eV

t=5 sec e
[Ce]=0.1 M >

normalized absorption

. E=5738eV

J.PhyS. Chem.A2005, 109, 320-329 ‘50 250 500 750 1000 1250 1500 1750 2000

t/s

Conventional XAS geometry

Sample
Monochromatic ./ \ Monochromator
beam
I “White”
Fluorescence synchrotron beam

Detector

25



Dispersive XAS geometry

High energy

) «—— 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

XANES - 120 ms/spectrum

Absorption

(b)
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Rapid freeze quench is (the best?)
solution to time-resolved EXAFS
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