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Transformation of light energy to other energies
occur (ultra)fast.

Chemical bond change
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Light excitation couples to electrons.
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Electrons couple to nuclel.
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Nuclel couple to electrons.
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Two sides of the problem:

Electronic structure

Asturiol et al.,
J. Phys. Chem. A,113,
Hudock et al.,
J. Phys. Chem. A,111, 85 (2007)

10211 (2009)

Nuclear geometry

Barrier ?,

s

Grund-
zustand

.\V

Reaction coordinate



Many observables depend on both.
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Few picosecond lifetime of trmr* Reaction coordinate



The more different observables, the easier it is to find
something out about a molecule.

Valence electrons

Core electrons

From the book cover of:
,Godel, Escher, Bach® by R. Hofstadter
20th anniversary edition, Perseus Books 1999




Core energies

and localization 0
T A

binding energy

~10pm
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Advantages of TR-XAS
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Previous work: McFarland et al., Nature Comm. 5, 4235 (2014)



Thels to n absorption iIs strong.

binding energy




Focusing
Optics

Monochromator
Spectral jitter - filtering by monochromator 0.5 eV FWHM

Temporal jitter — single shot pulse correlator
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VUV probing of Nucleobase dynamics
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Nuclel couple to electrons and their spin.
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Advantages of XPS
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Ground state relaxation within 200 fs

Mayer et al., arXiv:2102.13431 (2021)
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https://arxiv.org/abs/2102.13431

Coherent electronic dynamics in 2-tUra

Difference signal (arb. units)
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https://arxiv.org/abs/2102.13431

The electornic state determines most of the binding
energy change

charge on the S atom [e]

0.5

0.4 -

0.3

0.2 1

0.1 1

0.0 -

b

%E geometries
C’SO,min ﬁstmin ﬂ‘82, min
r"T1 , min DTE, min <>TS, min
8 81, min v 82, min a4 . min Mayer, Lever, Picconi ...MG

arxiv:2102.13431

168

169

170 171 172 173 174
electron binding energy [eV] 29


https://arxiv.org/abs/2102.13431

Challenge for the near future: Deduce valence charge
changes at many sites

Charge density change

23
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URSA-PQ Instrument at FLASH

Main chamber
adheres to CAMP
standard

Bundesministerium
fiir Bildung
und Forschung

User workshop at DESY 2017
This Is a user instrument now!

Metje, Lever, Mayer et al., Applied Sciences 10, 7882 (2020)



You can use that instrument a FLASH

_ Jan Metje
Dennis Mayer
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Potsdam, FLASH Feb. 21st 2019
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The electornic state determines most of the binding
energy change

charge on the S atom [e]
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https://arxiv.org/abs/2102.13431

Photoredox catalysis — new opportunities

Photoredox catalysis for Organocatalyzed atom-transfer

aromatic substitutions -
(c) PCF-*

Majek, Jacobi von Wangelin,
Acc. Chem. Res. 49, 2316 (2016) Orr-Ewing, Struct. Dyn. 6, 010901 (2019)

‘Further advances in transient spectroscopy, for
example, using emerging techniques such as
ultrafast X-ray absorption spectroscopy, ... may
offer additional dynamical insights...

All these outcomes will go some considerable way
to bridging the divide between the structural
dynamics and synthetic organic chemistry
communities.’
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The machinery of life is complex.

Heat

Less than 1% probability for lesion formation

Lesion formation competes with ultrafast
electronic relaxation

ghreier et al., Ann. Rev. Phys. Chem. 66, 497
0015)

Middelton et al., Ann. Rev. Phys. Chem. 60, 217
(2009)

Cyclopyrimidine dimer induced by UV irradiation in
DNA (source: http://pdb101.rcsb.org/motm/91)



Getting at complexity with x-rays
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Fransson et al.,
Biochemistry 57,
4629 (2018)

Shevela and Messinger, front. Plant sci. 4, 473 (20033)



Electrospray sources and ion waveguides

RF funnel f :
p~10"1 mbar !

TOF system
p~10~8 mbar

3D RF trap
p~10~7 mbar

RF 4-pole mass filter
p~107% mbar

RF 8-pole
p~10~* mbar

soft X-ray

Rapacioli...Schlatholter photons

PCCP 20, 22427 (20015)

lon yield related
related to site of
lonization

m/z 0 50 284 Z%z\oton energy (eV)
Doérner...Bari., J. Am. Soc. Mass Spectrom 32, 670 (2021)



The machinery of life is complex.

Cyclopyrimidine dimer induced by UV irradiation in
DNA (source: http://pdb101.rcsb.org/motm/91)



