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A facile synthesis approach of Li2S nanoparticles was discovered by reacting elemental sulfur with lithium 
triethylborohydride in THF. Exposure of the surface of Li2S nanoparticles with P2S5 results in a core-shell 
structure of Li2S@Li3PS4, which is a superionic conductor, LSS. The high ionic conductivity and reduced 
particle size of LSS impart an excellent cyclability and rate capability to all-solid Li-S batteries. The ionic 
conductivity of cathode materials is identified as the key parameter for all-solid Li-S batteries. Although 
advances have been reported in systems using Li2S in conventional Li-S batteries with liquid electrolytes, 
significant challenges still remain such as the migration of sulfur through polysulfide shuttle and the safety 
concerns of cycling metallic lithium in flammable liquid electrolytes. With a paradigm shift from a 
conventional battery configuration to all-solid batteries, the above challenges with liquid electrolytes are 
completely eliminated. However, the all-solid batteries face new challenges of low ionic conductivity and 
high interfacial resistance. This research introduces the approach of solving these problems through 
innovative nanostructured materials with enhanced ionic conductivity and reduced interfacial resistance. 
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