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Towards Mg Batteries Through Control of Size and Crystal Structure

Linhua Hu*?ll 1an D. Johnson3ll, Soojeong Kim2#4, Gene M. Nolis!2, John W. Freeland®,
Hyun Deog Yoo, Tim T. Fister?4, Anna R. Ploszajski®, Liam McCafferty?, Thomas E.
Ashton?, Jawwad A. Darr3, Jordi Cabana'?
!Department of Chemistry, University of Illinois at Chicago, Chicago, IL 60607, USA.
2Joint Center for Energy Storage Research, Argonne National Laboratory, Argonne, IL
60439, USA.
3 Department of Chemistry, University College London, London, UK.
“Chemical Sciences and Engineering Division, Argonne National Laboratory, Argonne, 1L
60439, USA.
SX-ray Sciences Division, Argonne National Laboratory, Argonne, IL 60439, USA.
®Department of Chemistry and Chemical Institute for Functional Materials, Pusan National
University, Busan 46241, Republic of Korea.
E-mail: ian.johnson.13@ucl.ac.uk

MgCr,04 spinel has been predicted to be a promising Mg?* intercalation cathode material for
Mg batteries, due to its 3D network of Mg diffusion channels (Figure 1a), and the predicted
high electrochemical potential (~3.5 V) of Cr¥*/Cr** vs. Mg/Mg?*.! <5 nm MgCr.04 was
synthesised via two different methods to produce a regular cubic structure and a
highly-defective structure (Figure 1b). The cubic nanocrystals only displayed surface
reactivity, whereas the highly-defective nanocrystals achieved reversible deintercalation of
Mg from the bulk phase. This was evidenced by post-mortem powder X-ray Diffraction
(XRD) and both soft and hard X-ray Absorption Spectroscopy (XAS) analyses. As such, this
study represents a breakthrough in the understanding and design of Cr-based spinel cathode
materials for Mg-based energy storage.
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Figure 1: a) The MgCr,0;, structure, highlighting the 3D network of Mg diffusion channels.
b) A TEM image of a representative highly-defective MgCr,Q, particle cluster.
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