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Abstract 

 
Developing and optimizing advanced energy storage devices, particularly lithium-ion 
batteries (LIBs) and all-solid-state batteries (ASSBs), has become critical in addressing the 
growing demand for high-performance and safe energy storage solutions. However, 
challenges at the positive electrode-electrolyte interface, including chemical/electrochemical 
instability and high charge-transfer resistance, continue to impede overall battery efficiency 
and longevity. To address these critical issues, this research investigates promising halide 
electrolyte and functional coating materials, lithium niobates, and lithium tantalates. We first 
uncover the role of stacking faults in facilitating Li-ion transport within Li3YCl6 by lowering the 
migration barriers and generating additional interlayer channels. Subsequently, through a 
comprehensive study of chemical and electrochemical stability, defect analysis, and modeling 
of Li-ion transport, we reveal the multiphasic nature of crystalline lithium niobates and lithium 
tantalates. Notably, we underscore the critical role of defect complexes in phase stabilization 
and facilitating Li-ion transport. Contrary to the previously conceived LiNbO3 and LiTaO3, we 
find that secondary phases, such as Li3NbO4 and Li3TaO4, also play crucial functional roles 
within the coating layer. To optimize these coating materials, we further investigate the 
mixing of Nb and Ta in the Li-Nb-Ta-O system. Combining first-principles calculations with 
statistical mechanics approaches, we predict the temperature-composition phase diagram for 
Li-Nb-Ta-O in conjunction with Monte Carlo simulations, providing valuable insights for 
tailoring coating properties. 
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