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Dynamic surfaces and interfaces in batteries

Understanding the dynamic properties of surfaces and interfaces is foundational to many scientific disciplines.
In electrochemistry, charge transfer occurs at the solid-liquid interface between electrode and electrolyte. For
almost all systems and under most conditions, these interfaces are dynamic and evolve with time. This is
particularly prominent for the surface electrochemistry in ion batteries because these are operated outside
the electrochemical stability window of typical aprotic electrolytes leading to the formation and evolution of
the so-called solid electrolyte interphase (SEI) [1,2]. Via its electron-blocking and ion-conduction properties,
the SEI governs battery cell lifetime and kinetics [1].

In the first part of the talk, the particular usefulness of X-ray methods for studying electrochemical systems in
general and the surface electrochemistry of ion batteries in particular will be introduced. Le., X-ray methods
can be performed in operando modality, and they provide quantitative information on an absolute scale (“X-
ray Coulomb counting”).

The second part of the talk will focus on several examples in which we utilized surface X-ray scattering
to understand the surface electrochemistry of ion batteries using model electrodes. The examples include
the growth and evolution of the SEI on Si anodes and the respective correlation between SEI structure and
electrochemical performance [3]. Moreover, the origin of LiF in the SEI will be addressed. Towards this
end, we sought out a multimodal operando (synchrotron X-ray-based) experimental and theoretical approach
[4]. Our results reveal that LiF nucleates via the electrocatalytic reduction of HF followed by significant PF6-
anion reduction. Furthermore, X-ray chemistry-X-ray probe experiments of super-concentrated “water-in-
salt” electrolytes will be discussed, in which we observed interfacial speciation-dependent surface-reduction
of anions [5].

The final part of the talk will be devoted to future science-driven opportunities for surface X-ray scattering
at DLRs and XFELs under the mottos “Surface X-ray scattering goes fast”, “Surface X-ray scattering goes
ultrafast”, and “Surface X-ray scattering goes small”.
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