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Why time resolved RIXS?

Governing Principles of Matter and Functionality:
e Driven states of matter, emergence, control, efficient switching
e Limiting steps that control rate and selectivity in chemistry

e Convert and store energy



Time scales in chemistry span from the ultrafast to every day life
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Time scales in chemistry span from the ultrafast to every day life
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Excited State Proton Transfer (ESPT) is important process in
Photoprotection
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ESPT in the thione — thiol system
2-Thiopyridone (2-TP)/2-Mercaptopyridine (2-MP)
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Start with N-site deprotonation
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Protonation and Deprotonation as a function of k = [2-TP]/[KOH]

2-TP in pure water as a function of concentration
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Protonation and Deprotonation as a function of k = [2-TP]/[KOH]
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TD-DFT computation of Near Edge X-ray Absorption Fine Structure of
the N K-edge of 2-TP/2-MP in different (de)-protonation states
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N 1s Resonant Inelastic X-ray Scattering Signatures of Protonated

and Deprotonation States
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What do we see?
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What do we see?

— protonated Deprotonation
. . . — deprotonated fingerprint
Equivalent core approximation of X-ray = ﬂ
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N1ls core excited state dynamics in different models
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Dynamics during 4 fs N1s core hole life (scattering duration) time!
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Dynamics during 4 fs N1s core hole life (scattering duration) time!
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Now photoinduced deprotonation probed with femtosecond time
resolved RIXS at the Nitrogen atoms of 2- MP (aq)
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Optical excitation drives N-H coordinate,
X-ray excitation the N-C coordinate
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T1 Population as the Driver of Excited-State Proton-Transfer in
2-Thiopyridone
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Static and Dynamics at the transform limit
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Multi centre dynamics between atomic moities
Non-linear soft X-ray spectroscopy: 4 wave mixing
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Projected Day-1 Operation
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= Baseline mono operation: 50 |/mm grating
= MCP/DLD spatial resolution: 30 pum
= Single pulse discrimination (MCP/DLD)

for pump-probe experiments



Conclusion

= QOptical excitation drives N-H bond breaking in 2-Mercaptopyridine

= Nitrogen K-edge excitation streches N-C bond (which came to us as a
surprise!)

= T1 Population as the Driver of Excited-State Proton-Transfer in 2-
Thiopyridone (Rate Model derived)

= Upcoming ideal photochemistry and driven states of matter
capabilities through hRIXS Infrastructure at European XFEL,
matched by METRIXS and PEAXIS at BESSY Il



Thank You
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