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(={J=» Virtual Experiment
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()= Virtual Experiment — What to measure?

What do you want to learn
about your sample?

)
“Electronic” Information “Structural” information
Excited state energy levels? Valence Large-scale molecular motion?
\%2 orbital dynamics? Photofragmentation?
Spin states? Solute-solvent interactions?
&2 XANES XDS

XES (Core-to-core, VtC) EXAFS
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Virtual Experiment — Where to measure?

What X-ray source do
you need?

How fast is the
process | want to
probe?

Ultrafast (<100 ps) A bit slower (> 100 ps)

X-ray FEL Synchrotron
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((HJ=» Virtual Experiment — X-ray Sources
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((HJ=» Virtual Experiment — X-ray Sources

Ra

European XFEL
Schenefeld + Hamburg | DE

A PAL-XFEL

PAL, Poh KR
FLASH | FLASH II ohang |
DESY, Hamburg | DE

Ra

LCLS LCLS-II
SLAC, Menlo Park | US

SACLA

SCSS
RIKEN, Harima | JP

SwissFEL ®
PSI, Villigen | CH

FERMI
Elettra Sincrotrone Trieste,
Trieste | IT

SXFEL
SINAP, Shanghai | CN

. Hard XFEL
B soft xFEL

Under construction/in development
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()= Virtual Experiment - Instrumentation

Choose a beamline that has the right
instrumentation you need

https://lightsources.org/lightsources-of-the-world/

Sample delivery
Sample environment
Detectors
Spectrometers
Pump Laser

X-ray properties

Time Resolution


https://lightsources.org/lightsources-of-the-world/
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(J= Scientific Case #1: Cytochrome C

Cytochrome C: responsible for electron transfer in the transport chain in the
mitochondria, which is the pathway for the synthesis of ATP

Heme structure: Porphyrin ring with center Fe ion

Heme group binds to histidine (His18) and methionine (Met80) residues

Fe can be ferrous (Fe?*) or ferric (Fe3*) oxidation state

Iron can be in or out of the heme plane depending on coordination and spin state
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)= Oxidation State Matters!

Fe(II) systems (I PP SO S Cyt C - Fe(I1I)
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e No dissociation in Fe(lll) systems
e Relaxation suggested to be mostly thermal

* Some evidence that the relaxation involves a
cascade through transient electronic states
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Negrerie et al., J. Phys. Chem. B, 110, (2006) Levantino et al., Structural Dynamics, 2, (2015)
Mara et al, Science 356 (2017) Silatani et al, PNAS, 112,42 (2015)

O. Brim et al. J. Phys. Chem. B, 115, (2011)
C. Consani et al. Chemical Physics 396 (2012)
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Ferrous Cytochrome C
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)= Ferrous Cytochrome C
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What is the relaxation mechanism in ferric systems?

Does it relate at all to its biological function?
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[=J=» Experimental Setup
Liquid Jet

Von Hamos
Spectrometer

Jungfrau4.5 M

400 450
Wavelenght / nm

PIPs diode

4 mM
Fe3+ Cyt C

SwissFEL /

EuXFEL
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«(-I5{}» Doming in Ferric Cytochrome C
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C. Bacellar et al, PNAS 117(36), (2020)
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«(-I5{}» Doming in Ferric Cytochrome C
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(=J» Doming in Ferric Cytochrome C
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(={}=» Spin Cascade in Ferric Cytochrome C
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* Photoexcited ferric Cyt C exhibits

Ferric Cytochrome C - Photocycle

* Relaxation goes through a high spin—=> low
spin cascade through the metal centered

. : : e Game
doming despite lack of dissociation states back to the ground state
Bacellar et al, Faraday Discuss, 228, (2021) *,
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(={}=» Scientific Case #2: C-H Activation

"/if"

Oxidative addition
H H

© - ¢ —|og| — %

e Breaking C-H bonds is hard (bond dissociation
energies ~100 kcal/mol), but extremely
important to synthetic chemistry

e Ability to turn alkenes (including CH,) into
functionalized groups

e Oxidative addition is one of the mechanisms
that leads to CH activation
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BS C-H Activation

Cyclopentadienyl Rhodium
Carbonyl Complex
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Philippe Wernet
Jay et al., Science, 380, 955-960 (2023)
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C-H Activation
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(HJ» C-H Activation
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(I J=» Future Perspectives

Pushing to Faster and Faster Time Scales... ...And to More Challenging Experiments

o o o - - - - - — — — — - - — - — — — - e e e e e e e e e e e e e e e e e e e e e e Ee e e e e e e e e e

e Photon-hungry techniques such as RIXS, VtC,
X-Ray Raman as well as non-linear processes
such as transient grating, four wave mixing.

e More complex samples (low concentration,
low sample volumes, short-lived species)

e Special machine modes (attosecond, large
bandwidth, two color X-ray experiment)

Diode

T. Barends et al, Science 350, 445 (2015)

lih;se grating
e Access to fast wavepacket dynamics,

transitions through conical intersections and
initial relaxation processes in chemical and
biological systems
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