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Lithium-ion batteries (LIBs) have been highlighted to replace the current oil-driven vehicles in order to 

reduce the usage of oil resources and generation of CO2 gases, dominating the current worldwide 

rechargeable battery market due to their outstanding energy and power capability. With rising demand 

leading to increasing cost of LIBs, sodium-ion batteries (SIBs) play a significant role in sharing the 

responsibility with LIBs. Recently, although successful reports on SIB cathode materials have shown 

performance comparable to their LIBs counterparts, the major scientific challenge is to develop a new 

anode material.Phosphorus reacts electrochemically with both lithium and sodium to form Li3P and Na3P 

for an anode material and with a high theoretical specific capacity of 2596 mAh/g, which significantly 

exceeds that of any other sodium-ion battery anode presently available. Moreover, phosphorus has a better 

electronic conductivity and smaller energy barrier for Li+ diffusion than silicon. Phosphorus has been 

investigated previously as an anode material for both lithium-ion and sodium-ion batteries, but its huge 

volumetric expansion results in a modest cycle life and rate performance. It is therefore important to 

investigate the mechanism in order to optimize the performance of phosphorus. However, the 

lithiation/sodiation mechanism in phosphorus has been rarely reported in the literature. Here, we 

investigated the lithiation/sodiation mechanism in two allotropes of black and red phosphorus. The 

microscopic topology of phosphorus were prepared and used as anodes for lithium and sodium ion batteries. 

We also studied the relationship between microscopic topology and electrochemical performance. Based on 

the above findings, the microscopic topology of phosphorus/carbon were designed to confine the 

volumetric expansion in an atomic-scale space, leading to a stable structure and good electrochemical 

performance for lithium/sodium-ion batteries, including a long life, high energy density and power density. 


