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The tremendous industrial demand resulting from the market penetration of electric
vehicles has significantly raised the requirement for rechargeable batteries with higher energy
density. One research focus is the development of higher energy positive electrode.
Quantitatively, in the conventional charge-compensation regime which relies on the
redox capability of transition metals, the theoretical capacity is maximized for the chemical
composition of AMO2 (A: alkali metal; M: transition metal). However, recent studies have
shown that A-excess transition-metal oxides, A1+xM1−xO2, can deliver large extra capacities
exceeding the theoretical limit of the M-redox reaction via additional redox of nonbonding
oxygen 2p orbital. Therefore, exploiting additional oxygen redox would significantly contribute
to surpassing the current energy-density limit of batteries.
In this work, we propose introducing transition metal vacancies (e.g., Ax[yM1−y]O2,
: transition metal vacancy) as a possible approach for stable oxygen-redox reactions. The
damaging M migration would be suppressed if the ionic radii of A and M differ largely. In this
regard, sodium shows larger contrast in ionic radii with 3d transition metals and its compounds
look promising. Therefore, we investigate the reversible oxygen-redox capacity of a layered
sodium manganese oxide Na2Mn3O7 (Na4/7[1/7Mn4+6/7]O2 in conventional NaxMO2 notation,
Figure 1a). Considering the inherent manganese vacancies in the [1/7Mn4+6/7]O2 layers, we
expect the oxygens neighboring  to have nonbonding 2p orbitals, leading to an oxygen-redox
capacity upon Na+ extraction. In this study, we show that Na2−xMn3O7 can operate as a highly
reversible 4.1 V oxygen-redox cathode (Figure 1b).
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Figure 1. a) Strcuture of Na2Mn3O7 showing the existence of Mn vacancies and b) galvanostatic
charge/discharge curves of Na2Mn3O7 recorded between 3.0 and 4.7 V vs. Na/Na+.
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