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Abstract

The development of new energy vehicles has imposed higher requirements for lithium-ion batteries in 

terms of energy density and cycle life. However, the unclear failure mechanisms of current battery 

materials have introduced significant uncertainties into material design and modification. In the 

development of next-generation high-specific-energy cathode materials, we systematically investigated 

the performance failure mechanisms of layered cathode materials by combining multiple advanced 

synchrotron radiation characterization techniques. We revealed the intrinsic correlation between stress-

strain and lattice microcracks in layered cathode materials, elucidating that localized stress and strain 

during lithium intercalation and deintercalation are the root causes of structural distortion and 

performance degradation. This breakthrough has resolved a long-standing global challenge that has 

puzzled researchers for years, establishing a novel strategy for structural stress regulation. Through 

innovative material structural design at the lattice scale, we have effectively mitigated this intrinsic 

defect and achieved the development of ultra-low strain layered cathode materials.
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