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Abstract

The accelerating demand for high-performance, safe, and sustainable energy storage systems has positioned solid-state batteries as a transformative technology.[1] Within these systems, halide solid electrolytes such as Li2ZrCl6 exhibit promising ionic conductivity and stability.[2] However, the complex chemical and structural dynamics at solid electrolyte (SE) and electrode interfaces remain poorly understood, limiting the ability to optimize interfacial properties for enhanced performance. Machine Learning Force Fields (MLFFs) offer a paradigm shift by enabling accurate and computationally efficient modeling of interfacial systems, bridging the gap between quantum-level accuracy and atomistic-scale simulations.

This work presents a systematic framework to develop and apply MLFFs for exploring the structural and dynamic interactions at cathode/SE/anode interfaces. The force field training begins with a simple periodic model of Li2ZrCl6, allowing for the initial tuning of density functional theory (DFT) parameters and the optimization of the MLFF framework. To improve the generalization and predictive capabilities of the MLFF, the training dataset is progressively expanded to include systems of increasing complexity. These steps include simulations of doped SE structures and larger supercells, incorporating diverse atomic environments and configurations. Finally, the MLFF is extended to model the intricate cathode/SE/anode interfaces, capturing the interplay of ionic transport and interfacial stability.
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Figure 1. graphical abstract
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