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Photosynthesis
Vision

Vitamin D,

Mutation

from: WIKIART.org, V. van Gogh, The Sower, Rijksmuseum Kröller-Müller

Conference on ultrafast imaging of matter 2024

At DESY in Hamburg

For for further information and registration use:

https://indico.desy.de/event/43918/
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Vision

from: WIKIART.org, V. van Gogh, The Sower, Rijksmuseum Kröller-Müller

Vision

PDB 1F88

Rhodopsin

Chromophore

Retinal

Femtosecond changes in the structure

X-ray femtosecond pulses are needed
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Mutation

from: WIKIART.org, V. van Gogh, The Sower, Rijksmuseum Kröller-Müller

Chromophore

Nucleobase

DNA

Photodamage



6DESY. ELISS 04.09.2024 | Markus Gühr

Outline

Molecular

Photoenergy

Conversion

Electronic

Movie

Geometry

Movie

X-ray

Probing

Experimental

Setting



7DESY. ELISS 04.09.2024 | Markus Gühr

Light couples to electrons

n

π

π*



8DESY. ELISS 04.09.2024 | Markus Gühr

Light couples to electrons

n

π

π*

1pp*



9DESY. ELISS 04.09.2024 | Markus Gühr

Electrons couple to nuclei
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Electrons couple to nuclei
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Nuclei couple to electrons
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Nuclei couple to electrons and their spin
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X-rays allow element and site spefific electronic probing

N OC

K L M

P S
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X-ray data – useful help

http://xdb.lbl.gov/

https://vuo.elettra.eu/services/elements/WebElements.html
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X-rays allow element and site spefific electronic probing

K L M

Probe here via core ionization

Resonance into valence states

Photoelectron spectroscopy



17DESY. ELISS 04.09.2024 | Markus Gühr

X-ray photoemission (XPS)
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A. Einstein
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A deeper look: Site selectivity - chemical shift

Gelius et al, J. Electr. Spectr. Rel. Phen. 2, 405 (1974)

K. Siegbahn
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Chemical shift and local charge
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Chemical shift and local charge
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Site sensitivity – chemical shift

Electronegativity:

F > O > Cl > N > Br > I > S > C > H
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Site sensitivity – chemical shift
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Electronegativity:

F > O > Cl > N > Br > I > S > C > H
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FLASH allows element and site spefific electronic probing

K L M
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The electronic molecular movie

Sulfur XPS

Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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The electronic molecular movie

Sulfur XPSCarbon XPS

Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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nπ*

nπ*

less nπ*

1nπ* population

Simulations:

Mai, Marquetand, González, J. Phys. Chem. Lett. 7, 1978–1983 (2016)

Mai et al. J. Chem. Phys. 147, 184109 (2017)

Oscillations exhibit coherent molecular dynamics

Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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Coupling of electrons and nuclei determines photochemistry
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Nature Comm. 13, 198 (2022)
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Nature Comm. 13, 198 (2022)

More x-ray time-resolved photoelectron

spectroscopy:

Leitner et al. JCP 149, 044307 (2018) 

Brausse et al. PRA 97, 043429 (2018)

Gabalski et al. JPC Lett. 14, 7126 (2022)
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FLASH AMO science

1.26 fs pulse duration

• Correlation using the split-and-delay setup at FLASH 2 

delivers 1.26 fs pulse length at 5 nm wavelength

• Collaboration of FLASH with University of Münster

Schneidmiller et al., Photonics 10, 653 (2023)
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FLASH AMO science

Broadband EUV probing

Magunia et al., Sci. Adv. 9, eadk1482 (2023)

Courtesy: Christina Papadopoulou

ErUm funded in collaboration

with Uni Hannover
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FLASH Science
Electronic dynamics in glycine

D. Schwickert, …,J. Marangos, T. Laarmann, Science Advances, 2022

X-ray pump probe study on an aminoacid

Excitation pulse leaves molecule in an electronic 

superposition

Local probing at C K-edge shows the charge migration and 

its coupling to nuclear vibrations 
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Free electron laser FLASH at DESY in Hamburg

Google Maps
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FLASH

Electron source

Superconducting accelerator Undulator

https://vtour.desy.de/desytour/index_de.html#node5

Photon diagnostics and instruments
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Working principle of a Free Electron Laser

Electron source

https://vtour.desy.de/desytour/index_de.html#node5
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Working principle of a Free Electron Laser

https://vtour.desy.de/desytour/index_de.html#node5

Superconducting accelerator
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Working principle of a Free Electron Laser

Undulator

https://science.hzbblog.de/what-is-an-undulator
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Working principle of a Free Electron Laser

Undulator

https://www.youtube.com/watch?v=RG-PYmeq2XE
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Experiment in the URSA instrument at FLASH

Dt

Dennis Mayer Fabiano Lever Jan Metje
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Looking at the same dynamics via nuclear geometry

44
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Coulomb Explosion Imaging
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For more information on x-ray Coulomb Explosion Imaging:

Boll et al., Nature Phys. 18, 423 (2022)



47DESY. ELISS 04.09.2024 | Markus Gühr
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Jahnke et al. https://arxiv.org/pdf/2405.15367 (2024)

https://arxiv.org/pdf/2405.15367
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First the ring is puckering to go through
the conical intersection…

Courtesy

Till Jahnke
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….then the sulfur points up with a delay
of 60 fs

Courtesy

Till Jahnke
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H11

Imaging deplanariztion with CEI

H9

Jahnke et al. https://arxiv.org/pdf/2405.15367 (2024)
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Nuclei couple to electrons and their spin
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Further reading

Basics: Coupled electronic and nuclar dynamics in 

molecules

- Jensen, Introduction to Computational Chemistry, 3rd

edition, Wiley (2017)

X-ray matter interaction

- Stöhr, NEXAFS, Springer (1992)

- Santra, PhD tutorial J. Phys. B: At. Mol. Opt. Phys. 

42 (2009) 023001 (16pp)

- Wolf, Gühr in X-ray free electron lasers, editors: 

Bergmann, Yachandra, Yano

- Gühr in Structural Dynamics with X-ray and Electron

scattering, editors: Amini, Rouzee, Vrakking

- D. Mayer, F. Lever, and M. Gühr, Photochemistry and 

Photobiology 100, 275 (2024) 
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Thanks for your attention

Thanks to the team at FLASH

Thanks for your attention!


