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e Transition metal redox: p, 3+ € [3.25up, 4.1up|, py,2+ € [41up, 5.0up]
e Oxygen redox: piy2— € [Oup, 0.5upg], po- € [0.5up, 1.0up]

(2) Sparse regression model for lattice cluster expansion [2]
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(3) Charge-balanced sampling in semigrand canonical MC [3]
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An illustration of charge-balanced semigrand canonical Monte Carlo for DRX systems
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We combined the sparse lattice cluster expansion, charge-balanced MC sampling, and ensemble-average method to generate the
equilibrium voltage profile of DRX |4, 5].

APS March Meeting 2023, Las Vegas

0.4 0.7 1.0 1.3
X in LixMng 4Nbg 301 6F0.4

Calc-noChg
Calc-withChg

! <--- Linear fit
0.4 0.7 1.0 1.3
X in LixMng 4Nbg 301 6F0.4

Conclusion & Outlook

e DRX cathode design benefits from the abundance of redox-active transition
metals such as Cr, V, Mn, Fe, etc. Curse of dimensionality (CoD) is a major
simulation obstacle due to the complex multi-component and multi-redox
nature of DRX materials

e Proposed workflow for DRX voltage profiles: (1) Training set: different fully
ithiated structures + different Li/vacancy orderings; (2) meta-GGA func-
fional (?SCAN) for DFT calculations; (3) construct a charge-decorated CE
Hamiltonian using the sparse regression; and (4) run semigrand canonical
MC in an ensemble of SRO structures under charge balances.

e Modern machine-learning interatomic potential (MLIP) methods provide
new opportunities to accelerate the training structure generation process,
especially the charge-informed MLIP enables the detailed study of redox-
related phenomena in cathode materials [6].
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