Disclosing the Electronic Properties of the Native Solid Electrolyte
Interface in Mg-ion batteries by means of Scanning Electrochemical
Microscopy
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In the last years, lithium-ion batteries (LIBs) have had a considerable impact on our  ,*™ geeyg o
society due to their long-lasting lifetime and energy density, thus becoming a widely
used battery system. However, since LIBs contain flammable solvents and toxic or
scarce raw materials, the development of more environmentally friendly and safer
battery systems is pivotal.l! Amongst the most promising beyond-Li technologies are
the Na-ion (NIB) and multivalent-ion batteries (e.g. Mg?*, AIF*).[2l Among those,
magnesium-ion batteries (MIBs) are of high interest due to their higher volumetric
energy density of 3833 mAh cm™ in contrast to 2046 mAh cm™ for Li and 800 mAh
cm™2 for graphitet®l. One of the challenges in developing MIBs is the spontaneous
formation of a native solid electrolyte interphase (n-SEI), which might prevent the
reversible Mg?* plating and MgP stripping.

The SEI plays a key role in the stability of the batteries as it prevents the continuous
degradation of the electrolyte at the anode. Ideally, the SEI needs to be an insulating Figure 1. Illustration of FB
layer for electron transfer reactions (low electronic conductivity), and in parallel still -SECM working principle,
allowing ion flux (high ionic conductivity). Hence, studying the electrochemical ‘Where the redox mediator
properties of the n-SEI is required 23, The ionic properties of the SEI can be inves- [¢""0cene (FC) is dissolved
. . . . in the Mg-chemistry elec-
tigated using electrochemical impedance spectroscopy (EIS). However, only few trolyte.

techniques are employed to quantify the protecting characteristic of the SEI. Advanced

techniques such as scanning electrochemical microscopy (SECM) are capable methods of uncovering interfacial
electrochemical properties of active materials for LIBM, NIBP! and potassium-ion (KIB)E! battery systems.
Specifially, the feedback mode (FB-SECM) is able to interrogate the SEI properties due to its capability to electro-
chemically convert a redox mediator present in the electrolyte.l¥! The working principle of the FB-SECM s
illustrated in Figure 1. As the SECM methodology was not explored before in the framework of MIBs, potential
experimental parameters are unknown and we had to find a suitable reference electrode system as well as free-
diffusing redox mediator for the used solvents. Mg discs were soaked in a variety of electrolytes to form the n-
SEls, and the samples were transferred to the SECM setup inside an Ar-filled glovebox for the feedback mode
experiments. We then quantified the electronic properties of the formed n-SEI in MIBs. The SECM results suggest
substantial protecting properties of the formed n-SEls.
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