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Li-excess metal oxide, in which anion redox occurs for the charge compensation 
during charge/discharge processes, has been expected to realize higher energy density in 
lithium-ion batteries. Several lithium-excess positive electrode materials have been studied 
extensively in order to use effectively the charge compensation of oxide ions.[1-5] In 4d and 
5d metal oxides Li2RuO3-based systems[1] and Li2IrO3,[2] high covalent bond between 4d 
orbital of transition-metal and 2p orbital of oxygen enables charge compensation by the 
oxidation of oxide ions to peroxo-like dimer. On the other hand, in a 3d transition-metal oxide, 
Li1.2Ni0.13Co0.13Mn0.54O2 exhibits formation of isolated holes on oxide ions because highly 
ionized 3d transition-metal ions stabilize the isolated holes on the oxide ions surrounded by 
lithium ions. [3, 4] Other 3d transition-metal oxides such as Li1.2Ti0.4Mn0.4O2, also exhibit 
stable oxide ions redox.[5] 
  According to the previous studies, covalent character or ionic character between 
transition-metal ions and oxide ions in Li-excess metal oxides is a key factor to stabilize oxide 
ions redox. However, behavior of oxide ions redox in Li-excess positive electrode materials 
with different covalent character or ionic character has not been systematically examined. 
Moreover, for understanding essentially the mechanism of oxide ions redox, it is important to 
observe electronic states of oxide ions in these materials under battery operating condition. In 
this study, we focus on four different Li-excess positive electrode materials, Li2MeO3 (Me = 
Mn and Ru) and Li1.2Ti0.4Me0.4O2 (Me = Mn and Fe), as models with different covalent 
character or ionic character. Developing a new operando soft X-ray absorption spectroscopy, 
we observed directly the electronic state of the oxide ions in these materials during charge 
process via the technique.[6] 
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