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In situ lithiation is conducted on the synthesized carbon-coated SnO2 nanowires (SnO2@C NWs), 

carbon-coated silicon nanoparticles (Si@C NPs) and yolk-shell carbon-coated silicon nanoparticles 

(Si@void@C NPs). The experimental results show that the fracture of the above nanostructures is 

dependent on the geometrical dimensions, such as the thickness of the shell, the diameter of the core 

and the interspace between the core and the shell. Moreover, it is found that the carbon coating may 

expedite the fracture of the Si@C NPs during lithiation even though the diameter of Si core is much 

smaller than 150 nm, which has been verified as the size threshold of safety for pure Si NP. 

Theoretical modeling and finite element simulation are carried out to analyze the fracture of the 

above electrode materials, coming up with optimal design guidelines for the materials. For instance, 

the diffusion process of lithium ions in the SnO2@C NWs is calculated and finite element analysis is 

conducted to account for carbon coating thickness-dependent fracture of the NWs. For the Si@C 

NPs, finite element analysis reveals that the crack in the carbon coating, upon further lithiation, can 

immediately propagate into the Si core, leading to the fracture of the Si@C NPs. Further simulation 

results show that the fracture can be avoided by controlling the thickness of carbon coating and the 

diameter of Si core. For the Si@void@C NPs, the fracture is additionally relied on the size of 

interspace between the core and the shell. Theoretical modeling is conducted to propose an optimal 

design guideline to ensure the structural integrity and maximize the capacity for the Si@void@C 

NPs electrode materials. These results should be of practical value to the design and application of 
the core-shell and yolk-shell nanostructured anode materials for lithium ion batteries. 
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