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Lithium-ion batteries (LIBs) power most of today’s portable electronics, electric vehicles (EVs) and many
other devices.!”! In order to prevail in this superior position, however, LIBs will have to be continuously
improved. The state-of-the-art material for the anode side is graphite, which exhibits a relatively high
specific capacity and a low de-/lithiation potential.[?l However, customer expectations in, for instance, the
EV market are high, and the low volumetric capacity and the incapability for fast charging of graphite
anodes call for alternative anode active materials.

Alloying and conversion materials typically offer both higher capacities and better rate capability than
graphite and are, therefore, suitable candidates for next-generation LIBs.B*l However, both classes also
suffer from distinct intrinsic challenges: Alloying materials undergo substantial volume variations upon
electrochemical de-/lithiation, which eventually results in material exfoliation, whereas the wide
de-/lithiation potentials and large voltage hysteresis of conversion materials limits the overall energy
density and efficiency. The combination of both mechanisms in one active material — so-called
conversion/alloying materials (CAMs) — allows for the mitigation of the aforementioned drawbacks by
synergistically exploiting the advantages of each individual class.®) When partially replacing the alloying
metal in zinc or tin oxide with a transition metal (TM), for instance, the resulting active materials exhibit
higher reversible capacities and lower de-/lithiation potentials when compared to their non-doped
counterparts. Nevertheless, the precise role of these TM dopants and how they affect the de-/lithiation
mechanism on the local atomic scale and the solid electrolyte interphase (SEI) formation remains
unresolved.

Herein, we tackle these uncertainties by a comprehensive and exemplary analysis of TM-doped zinc oxide
and germanium oxide via — among other techniques — X-ray absorption spectroscopy (XAS). The
combination of XAS in the soft and hard X-ray regime, i.e., complementary surface and bulk sensitive
modes, allowed us to (i) gather insights into the impact of the transition metal doping, in terms of both
concentration and chemical nature, concerning the de-/lithiation mechanism at the local atomic scale, -8
(ii) elucidate the effect of the TM location in the structure and the application of a carbon coating on the
electrochemical performance,® and (iii) unravel the influence of different TMs on the SEI formation.[*%
These results do not only shed light on the herein investigated materials, but bear insights on commonly
overlooked parameters that are affecting the performance of metal oxides in general; thus, rendering them
of great significance for the development of alternative anode materials for LIBs in the future.
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