Composition-Reactivity Correlations of Solid Electrolyte Interphases from Identical Location Experiments with SECM and XPS
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Understanding the relationship between local composition and local reactivity at highly reactive interfaces, such as lithium electrodes, is at the core of improving energy storage systems and a model case for application in a wider range of electrochemical systems. Scanning electrochemical microscopy (SECM) can provide local in situ reactivity information. When comparing sequentially recorded images of the same region, the evolution of local reactivity as function of process conditions can be deduced [1]. By principle, compositional information is not accessible from SECM and must be obtained by complementary surface sensitive spectroscopic techniques from the same region analyzed by SECM. Different combinations of SECM with compositionally sensitive methods have been described [2-5]. Often the repositioning in the other instrument is based on locating an easy identifiable structure (“landing mark” or prominent sample feature) in different instruments and to analyze the area around it. 
Here, identical location experiments are presented with multiple local techniques without landing marks for Li metal electrodes after different numbers of deposition-dissolution cycles in battery electrolytes [6]. This mitigates the risk of changing the behavior of the surface layer beyond the landing mark. The new method requires two instruments with an absolute positioning system, i.e., systems that allows to approach the same position after a restart and exchange of the sample. In our example, this is satisfied by an X-ray photoelectron (XP) spectrometer with motorized sample stage (ESCALAB 250 Xi) with small area capability (spot diameter 100 µm) and an in house constructed SECM with a closed-loop positioning system (mechOnics) in combination with an SECM cell construction into which a sample holder for XPS can be tightly fitted in an exactly defined geometric arrangement. This is complemented by provisions for inert transfer between the glovebox of the SECM system and the glovebox at the XPS instrument. Next, a test sample with a clearly discernable landing mark is studied by SECM and XPS imaging. The images of the landing mark are used to establish the parameters of a coordinate transform between the coordinate systems of the two positioning systems with an exchange of x-, and y-axes, positional offsets, and a rotation of the image (caused by the magnetic lens in the XP spectrometer). 
	Once the coordinate transform is established, it can also be used to correlate images that appear featureless in the optical observation. The Li metal electrodes showed a clear evolution of the solid electrolyte interface (SEI), where regions with different degree of passivation could be identified by feedback imaging or feedback approach curves in SECM. Small-area XP spectra can be spatially correlated to approach curves by the established coordinate transform and showed a relatively larger content of organic SEI components on regions with better suppression of electron transfer reactions by the SEI. Such analysis can be refined by chemometric tools. We also studied the sample investigated by XPS after back transfer to the SECM cell to elucidate how strong the impact of rinsing, exposure to ultra-high vacuum and possible radiation damage is on the protecting properties of the SEI. While there is a clearly detectable change in SEI properties after transfer to the XPS instrument, this effect is significantly smaller than the disturbance inflicted on the SEI during one deposition-dissolution cycle. The principle can be transferred to other combinations of ex situ correlated imaging, such as SECM and Raman imaging, or SECM and IR microscopy.
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