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High resolution?

= Energy resolution of the order of core-
hole lifetime broadening
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High resolution?

= Energy resolution of the order of core-
hole lifetime broadening

= EDS detector
= AE = 125 > 250 eV
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High resolution?

= Energy resolution of the order of core-
hole lifetime broadening

= EDS detector
= AE = 125 > 250 eV

= How to do better?
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High resolution?

= Energy resolution of the order of core-
hole lifetime broadening

= EDS detector
= AE = 125 > 250 eV

= How to do better?
= Bragg diffraction from perfect crystals
= AE = eV
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High resolution?

= Energy resolution of the order of core-
hole lifetime broadening

= EDS detector

= AE = 125 > 250 eV

= How to do better?
= Bragg diffraction from perfect crystals

= AE = eV

Why lifetime in eV?

. AEAt=1
2

* t=101° seconds
e h=6.5821x%x101%¢eVs

Helsenberg Uncertainty Principle
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Point-to-point Rowland circle geometry
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Point-to-point Rowland circle geometry
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spectroMEX

0.5 m Rowland circle diameter

5 x crystals
100 mm diameter
spherically bent
0.5 m bending radius

Johann-type
Mechanics by Huber
Single element Ketek SDD

XGLab Dante DPP




spectroMEX

0.5 m Rowland circle diameter

5 x crystals
= 100 mm diameter
= spherically bent
= 0.5 m bending radius
= Johann-type

Mechanics by Huber
Single element Ketek SDD
XGLab Dante DPP




Why high resolution?

= Increased sensitivity

= New techniques

= HERFD XANES
» High Energy Resolution Fluorescence Detected XANES

= XES
» (non-resonant) X-ray Emission Spectroscopy

= RIXS/RXES

» Resonant Inelastic X-ray Scattering/Resonant X-ray Emission Spectroscopy

= XRS
» X-ray Raman Spectroscopy




Why high resolution?

= Increased sensitivity

= New techniques

= HERFD XANES
» High Energy Resolution Fluorescence Detected XANES

= XES
» (non-resonant) X-ray Emission Spectroscopy

=RIXS/RXES

*XRS
>—X-ray-Raman-Spectroscopy
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Increased sensitivity
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Llorens, I. et al. (2012). High energy resolution five-crystal spectrometer for high quality
fluorescence and absorption measurements on an x-ray absorption spectroscopy
beamline. Review of Scientific Instruments 83, 063104.




Increased sensitivity

Emission intensity (arb. unit.)
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Llorens, I. et al. (2012). High energy resolution five-crystal spectrometer for high quality
fluorescence and absorption measurements on an x-ray absorption spectroscopy
beamline. Review of Scientific Instruments 83, 063104.
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Increased sensitivity ‘

As K edge
TFY spectra
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normalised p(E)

HERFD XANES: spectral sharpening
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Proux, O. et al. (2017). High-Energy Resolution Fluorescence Detected X-Ray Absorption
Spectroscopy: A Powerful New Structural Tool in Environmental Biogeochemistry
Sciences. Journal of Environmental Quality 46, 1146-1157.
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HERFD XANES: pre-edge sharpening

Intensity (arb. units)

Normalised Intensity (a.u.)
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Zeolites. The Journal of Physical Chemistry B 108, 10002—10011.
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Normalized absorption (a.u.)

HERFD XANES: spectral sharpening
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Reflections on hard X-ray photon-in/photon-out spectroscopy for electronic structure studies. Journal of
Electron Spectroscopy and Related Phenomena 188, 17-25.




‘range-extended’ EXAFS
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Lafuerza, S., Garcia, J., Subias, G., Blasco, J. & Glatzel, P. (2016). High-resolution Mn $KS-edge x-ray emission
and absorption spectroscopy study of the electronic and local structure of the three different phases in
Nd0.55r0.5Mn03 Physical Review B. American Physical Society 93, 205108.

= Avoiding unwanted edges by
combining HERFD and TFY

= Mn K-edge HERFD shows drop
in intensity at Nd L, edge

= Nd L,-edge feature is not high
resolution

= Weighted sum of HERFD and
TFY to remove Nd L, signal




Beam damage

—#1

= Background rejection can

STy Lo, HERFE}.‘-"}

R 3 = Shaper spectral features means
$ ——#a | g o N radiation damage is more
5 : e obvious
2 o e conventiond = Lower efficiency of HERFD can
3 o w mean longer exposure...
g
2

HERFD

mean shorter éxposure time...

= Background rejection means
more dilute samples can be
measured...

= Even more dilute samples take
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longer...

Proux, O. et al. (2017). High-Energy Resolution Fluorescence Detected X-Ray Absorption
Spectroscopy: A Powerful New Structural Tool in Environmental Biogeochemistry
Sciences. Journal of Environmental Quality 46, 1146-1157.




X-ray Emission Spectroscopy
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Intensity

X-ray Emission Spectroscopy
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Norm. intensity (arb. units)
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MEX1 energy range
= 3500 — 13400 eV

spectroMEX bragg range
= 65-90 degrees

Best performance
= 80-88 degrees

MEX budget
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What emission lines can I measure?

= Si[1,1,1]
= Si[2,2,0]
= Si[4,0,0]
= Si[4,2,2]
= Si[3,3,1]
= Si[6,2,0]
= Si[5,3,1]

X X X X X X X

N T = T = Y ¢

spectroMEX crystals

Jeremy Wykes jeremyw@ansto.gov.au
2021.07.13

The MEX crystal spectrometer has a library comprising the following crystals:

. SiAIx5
- si20)x1
- Si4.00]x 1
+ Si422]x1
- SiB3AIx1
- Sil620x 1
EESICER IR

This document provides tables outlining which emission lines are accessible via which bragg
reflection of which cut. The document has two sections, the first comprises tables for each
crystal cut; the second comprises tables for each element.

Fe
line
Fe Ka3
Fe_Ka2
Fe Kal
Fe Kb3
Fe Kb1
Fe Kb3
Fe Kb1
Fe_KbS
Fe _KbS

Co
line
Co Ka3
Co_Ka3
Co_Ka2
Co_Ka2
Co_Kal
Co Kal
Co_Kb1
Co Kb3
Co_Kb5

Cu
line
Cu_Ka3
Cu Ka2
Cu Kal

Zn

Zn Ka3
Zn Ka2
Zn Kal
Zn Kb3
Zn Kb1
Zn KbS

energy/eV
62674
6392.1
6405.2
7059.3
7059.3
70593
70593
71100
71100

energy/eV
6783.9
67839
69158
6915.8
69309
6930.9
7649.1
7650.1
7706.0

energy/eV
73244
73244
7463.0
74803
8265.0
8266.8
83290

energy/eV
78823
8026.7
80463

energy/eV
84628
8614.1
86372
9567.6
95704
96488

cut
111
111
111
531
531
220
220
531
220

531
220
220
531
531
220
620
6,20
620

cut
62,0
531
620
62,0
111
111
111

cut
620
111
111

cut

111
111
111
400
400
400

bragg reflection
333
333
333
531
531
440
440
St
440

bragg reflection
531
440
44,0
531
531
440
620
6,20
6.2.0

bragg reflection
620
531
620
62,0
444
444
444

bragg reflection
620
444
444

bragg reflection
444
444
444
800
800
80,0

bragg angle
71.15
68.11
67.82
73.06
73.06
66.16
66.16
71.76
6525

bragg angle
84.52
7214
69.01
77.54
76.99
68.69
70.70
70.68
69.52

bragg angle
80.27
67.22
7531
7482
73.10
73.06
nn

bragg angle
66.33
80.14
7937

bragg angle
69.14
66.64
66.29
72.64
7258
7.5

https://www.ansto.gov.au/medium-energy-x-ray-absorption-spectroscopy-beamline
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MEX2 '‘Brimstone’ spectrometer

= Dispersive Rowland Refocusing
= DRR
= Large beam, off circle

= All areas of the sample contribute at
all energies

= Position sensitive detector
» Energy = position




MEX2 '‘Brimstone’ spectrometer

REVIEW OF SCIENTIFIC INSTRUMENTS 88, 073904 (2017)

GaP - PKa
A compact dispersive refocusing Rowland circle X-ray emission 500 % Photons
spectrometer for laboratory, synchrotron, and XFEL applications . S€C : : Detected

William M. Holden,! Oliver R. Hoidn," Alexander S. Ditter,! Gerald T. Seidler,'2 7
Joshua Kas," Jennifer L. Stein,? Brandi M. Cossairt,? Stosh A. Kozimor,® Jinghua Guo,*
Yifan Ye,* Matthew A. Marcus,* and Sirine Fakra*

! Physics Department, University of Washington, Seattle, Washington 98195-1560, USA

2Chemistry Department, University of Washington, Seattle, Washington 98195-1560, USA

3Los Alamos National Laboratories, Los Alamos, New Mexico 87544, USA

*Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA

(Received 25 April 2017; accepted 6 July 2017; published online 27 July 2017)
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100 mm bending radius 4
cylindrically bent Si[1,1,1]
Different Rowland Circles 3
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MEX2 '‘Brimstone’ spectrometer

Intensity (arb.)
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High resolution x-ray spectroscopy

XAS

(UNOCCUPIED LEVELS)

XES
(OCCUPIED LEVELS)

| XANES

EXAFS

Ka

* Metal oxidation state
e Site symmetry

* Coordination number
* Covalency

Type of ligands

Distance to neighbouring
ligands

Bond angle information
(in some cases)

L ke

|« axp ||

KB,s & KB” |

High-resolution XAS
L-edge like data

(final state = L2 and L3
absorption final state)

* Spin state
* Oxidation state
* Covalency

Ligand identity

Ligand ionisation state
Ligand protonation state
Metal-ligand bond
lengths

Kowalska, J. & DeBeer, S. (2015). The role of X-ray spectroscopy in understanding the
geometric and electronic structure of nitrogenase. Biochimica et Biophysica Acta (BBA)
- Molecular Cell Research 1853, 1406—-1415.

Non-resonant XES not sensitive to self-absorption




Questions?

Nehzati, S., Dolgova, N. V., James, A. K., Cotelesage, J. J. H., Sokaras, D., Kroll, T., George, G. N. & Pickering,
I. J. (2021). High Energy Resolution Fluorescence Detected X-ray Absorption Spectroscopy: An Analytical Method
for Selenium Speciation. Analytical Chemistry. American Chemical Society 93, 9235-9243.

Castillo, R. G., Hahn, A. W., Van Kuiken, B. E., Henthorn, J. T., McGale, J. & DeBeer, S. (2021). Probing Physical
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