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Mo0, gFg 2/M002 4F( g heterostructures for high-rate magnesium-ion
battery cathodes

/e He and Michael De Volder*

Rechargeable  magnesium  batteries  behavior of the Mg anode. Nonetheless, ~ Therefore, exploration for advanced
(RMBs) hold great promise for ‘beyond  the strong electrostatic interactions be-  cathode materials to achieve efficient
Li-ion’ batteries owing to their low cost,  tween the highly polarized magnesium  Mg”* storage is an important bottleneck.
high volumetric capacity (3833 mA h  ionsand the host lattice result in sluggish ~ Molybdenum-based oxides are interest-
cm™?) and the dendrite-free deposition  electrochemical reaction kinetics [1]. ing RMB cathodes but their practical
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Figure 1. (a) Scanning electron microscopy image and transmission electron microscopy image, (b) selected area electron diffraction pattern and
(c) high-angle annular dark-field scanning transmission electron microscopy image of o—¢ Mo0, gFg2/M00, 4Fqs heterostructures. (d) X-ray diffraction
patterns, (e) Raman spectra and (f) Mo 3d X-ray photoelectron spectroscopy spectra of 0-Mo0;gFg2, c-Mo0;4Fgs and 0—¢ MoO; 4Fg6/Mo0Q, gFq, het-
erostructures. (g) Cycling performances and (h) rate capabilities of the Mo0,gFg2, Mo0O, 4Fgs and Mo0Q,gF2/Mo0, 4Fy 5 electrodes. Reproduced with
permission from [5].

© The Author(s) 2024. Published by Oxford University Press on behalf of China Science Publishing & Media Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original
work is properly cited.


https://doi.org/10.1093/nsr/nwae390
https://creativecommons.org/licenses/by/4.0/

application is limited due to poor elec-
trical conductivity and sluggish Mg*"
diftusivity. To date, significant efforts
have been made to address these limita-
tions by using a range of methods such as
an increase in the interlayer spacing and
pre-intercalation [2-4]. Although these
strategies are encouraging, they have not
achieved the performance enhancements
that are needed to commercialize RMBs.

In a recent study that was published in
National Science Review [ 5], Prof. Ligiang
Mai’s group at Wuhan University of Tech-
nology modified MoQOg cathodes by re-
placing the oxygen partially with fluo-
rine and they found that the difference in
the electronegativity and valence electron
configuration of fluorine led to a dual-
phase orthorhombic phase MoO,sFy,
and cubic phase MoO, 4F¢. This is ev-
idenced in the paper by the use of elec-
tron microscopy and material characteri-
zation methods (see Fig. 1a—f) as well as
simulations.
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The authors propose that the or-
thorhombic  MoO,3F,
molybdenum vacancies that unlock the

introduces

inactive basal plane of the layered crystal
structure while the cubic MoO,4Fgg
increases the diffusion channel size,
enhancing the ion diffusion coefficient
in the material and resulting in im-
proved rate performance. In addition,
the dual-phase MoO,gFo,/Mo0O;4Fqs
heterostructure increases the elec-
tron transport in the material, result-
ing in an overall improvement in the
MoO,3Fy,/M00,4Fps cathode rate
performance (see Fig. 1h). These ma-
terials achieved 303.8 mAh g ! at
0.1 Ag ' and maintained 154.1 mAh g~
at 2 A g ! (see Fig. 1h). Together with
the very low capacity loss that was ob-
served over 100 cycles (Fig. 1g) and the
use of relatively abundant materials, this
paper demonstrates an interesting path
for the creation of new RMB cathodes.
Further, their proposed methodology

to design and characterize a dual-phase
heterostructure offers a strategy for
improving the kinetics of other battery
systems.
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