Synthesis and investigation of Li-rich layered oxides based on Li2MoO3 and Li5OsO6
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Nowadays, Li-rich NMCs Li1+xM1-xO2 (M – Mn, Co, Ni) are considered to be the most promising cathode materials for Li-ion batteries due to its high electrochemical capacity enhancing 250 mAh/g. This outstanding electrochemical properties are provided by participation of oxygen sublattice in redox processes (O2n-/2O2-, 3>n>1) upon Li (de)intercalation at high potentials (> 4.5V vs. Li/Li+) [1]. However, oxygen redox activity may lead to gaseous O2 evolution as well as results in some significant drawbacks as sluggish kinetics, voltage hysteresis and voltage decay during prolonged cycling. Moreover, conventional Li-rich NMCs are most susceptible to all mentioned drawbacks, so searching for other systems is required to overcome these issues. In addition, the nature of anionic redox chemistry hasn`t been established yet, which is raised from the complexity of Li-rich NMCs crystal and electronic structure.

The present work includes two approaches to investigating the nature of both the mentioned disadvantages and anionic redox activity. The first approach implies synthesis and characterization of layered Li2MoO3, in which all Li ions can be extracted due to the participation of only the cationic sublattice (Mo4+/Mo6+). Li2MoO3 is generally believed to crystallize in rhombohedral structure with R[image: image2.png]


m space group [2]. Within this work, we have found that conventional perceptions of Li2MoO3 crystal structure are not completely reliable. Actually, the chemical composition of this material may be expressed as Li2+xMo1-xO3 and its structure demonstrates extra ordering which is temperature-dependent. Powder XRD (PXRD) patterns of all samples demonstrated the splitting of reflections indicating the monoclinic distortion which is originated from the arrangement of Mo into chains with shortened Mo-Mo distance. In addition, the appearance of extra superlattice reflections was revealed by electron diffraction for some samples, which are apparently associated with different types of Mo atoms clustering. 

The second approach is based on investigation of anionic redox activity in Li5OsO6 model system, which is of particular interest due to enhanced concentration of O-Li-O linear fragments responsible for anionic redox. Li5OsO6 samples were obtained according to the method presented in the literature. The PXRD and HAADF-STEM studies for the Li5OsO6 samples proved the formation of a structure with an inverted "honeycomb" arrangement. The oxidation state of Os and, as a consequence, the degree of oxygen redox activity, can be varied by replacing a part of lithium with magnesium. A monoclinic modification of Li4MgOsO6 has been also obtained. Subsequent PXRD analysis has proved the substitution of lithium by magnesium. The study of redox chemistry in these systems will be continued.
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