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Mg-ion rechargeable batteries, where Mg?*ions act as the charge carrier, are promising
viable alternatives for various large-scale storage devices that could couple with renewable
energy sources for load-levelling the electric grid. Nevertheless, the energy density of
magnesium rechargeable batteries is low, suffering from the generally low working voltage
and small magnesium-occlusion capacity, which is mainly limited by the cathode material.
Therefore, alternative cathode material candidates are highly desirable for commercial
deployment of rechargeable Mg batteries. Herein, we demonstrate a new MgMnPO,F
polyanion cathode material, derived from the broad Wagnerite mineral phases. This material
shows a high voltage (~3 V versus Mg) , which places it as a high-energy-density cathode
material contender for the Mg-ion battery systems.
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Figure 2 Rietveld refinement of pristine MgMnPO,F synthesised at 650C. Inset depicts the crystal
structure of MgMnPO , F with a selective partitioning of Mg and Mn in M 1 and M 2
crystallograpically different sites. The wavelength was set at 1.54051 A. The observed and
calculated peaks are indicated in red and black, respectively. The difference between the
observed and calculated intensity is indicated in blue, while black ticks indicate the position of the
Bragg peaks of the phase.

Table 1 Refined atomic coordinates of MgMnPO,F synthesised at 800C, showing a selective partitioning
of Mg and Mn atoms at two crystallographically different M 1 and M 2 sites. Refinement was done
in the space group I2;/a (monoclinic) with lattice constants @ = 12.0196 (2) A, b=9.9252 (2) A,
¢=6.4332 (1) A, and f=106.83 (0)°.

Atom g X y z U

0.511/0.489(9) 0.1953(3) 0.1926(4) 0.9905(13) 0.0091
0.586/0.414(10) 0.0939(5) 0.4518(6) 0.1385(10) 0.0075
0.0756(1) 0.3816(1) 0.6546(2) 0.0045
0.0563(1) 0.4806(2) 0.8317(4) 0.0053
0.9582(2) 0.2666(3) 0.6050(4) 0.0132
0.1709(3) 0.3103(3) 0.7113(3) 0.0020
0.1207(1) 0.4748(2) 0.4623(4) 0.0009
0.2672(1) 0.3730(2) 0.1350(4) 0.0543

— ke e

* g and Ui, denote the occupancy and isotropic thermal factor, respectively. The atomic positions and
isotropic thermal factors (Us,) of atoms were refined based on the values we reported for MgFePO,F [3].
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Figure 3 SEM picture of the MgMnPO,F powders (a) and the SEM-EDX spectrum of the powders (b) .
A brightfield TEM image of the majority particles (c¢) and the corresponding SAED pattern
along [010] zone axis. Simulation of the electron diffraction pattern is provided in (e).
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Figure 4 Charge / discharge profiles of MgMnPO,F in three-electrode Mg cells using Ag/Ag* electrode
as reference electrode and 0.5 M Mg (TFSI) , in acetonitrile as electrolyte at a current density

of C/20 at 50C.
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Figure 5 Voltage-Capacity plots of MgMnPO,F compared with other reported cathode materials for
Mg-ion rechargeable batteries.
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