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Fig. (a) Activation energies for Li- and Mg-ion diffusion in a MogSg host with the Chevrel
structure computed by the nudged elastic band method. (b) Schematic figure illustrating the
minimum energy diffusion path of a Mg ion in a LiM0gSg host.
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B Fast Diffusion of Multivalent lons Facilitated by Concerted Interactions in
Dual-lon Battery Systems

Minimum energy paths of Li- and Mg-ion diffusion in a MogSg host with the Chevrel
structure were calculated by the nudged elastic band (NEB) method in combination
with VASP. (a) Activation energies computed for the diffusion processes of (orange) a
Mg ion in a pristine MogSg host, (green) a Li ion in a pristine MogSg host and (blue) a Mg
ion in a LiMogSg host, where a Li ion has been precedingly inserted. A schematic figure
illustrating single Li- or Mg-ion diffusion in a MogSg host is shown in the right side above
the energy curves. The activation energy for Mg hopping in the LiMogSg host is reduced
remarkably in Li-Mg dual-cation systems compared to that for Mg or Li hopping in the
pristine MogSg host, owing to the “concerted” motion of following Mg and leading Li ions
with the Li-Mg distance being kept almost constant in the range of 3.5-4 A during the
diffusion process as indicated by the gray dotted curve. (b) Schematic figure illustrating
the diffusion process of a Mg ion in a LiMogSg host. Mg and Li ions are colored orange
and green, respectively. (i) and (v) show the initial and final states of the NEB calculation,
respectively. Atomic arrangements of the inserted ions in several important configurations
are illustrated as (ii)-(iv). The present results prove that dual-ion battery systems are a
promising way to construct novel high-performance rechargeable batteries employing

multivalent ions with an enhanced diffusion rate.

[J Hongyi Li, Norihiko L. Okamoto, Takuya Hatakeyama, Yu Kumagai, Fumiyasu Oba and
Tetsu Ichitsubo, Adv. Energy Mater., 8, 1801475 (2018). DOI: 10.1002/aenm.201801475
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