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Constitutive equations are developed for the viscoplastic response of a host medium and diffusion of 
guest atoms under an arbitrary three-dimensional deformation with finite strains. The model is based 
on the following assumptions:  (i) Two states of a guest atom are distinguished: mobile and 
immobilized (due to alloying with a host material). Upon insertion, a mobile atom diffuses through 
the host medium until an instant of its adsorption. Afterwards, the guest atom remains immobilized, 
and its free energy is conveyed to the matrix. The rate of alloying is proportional to concentrations of 
mobile atoms and available sites for adsorption. (ii) The host matrix is treated as a viscoplastic 
medium whose irreversible deformation is driven by alloying of host and guest atoms. The rate of 
plastic flow is proportional to the rate of immobilization of guest atoms. (iii) Volume expansion of 
the host matrix is described by an extension of Vegard's law that involves two contributions 
accounting for the effect of mobile and immobilized atoms.  

The governing equations are applied to the analysis of stresses in an amorphous silicon nanolayer 
under electrochemical lithiation. It is demonstrated that the model describes formation of a sharp 
interphase between Li-rich and Li-poor domains and predicts quantitatively evolution of thicknesses 
of lithiated and non-lithiated layers and volume growth of the lithiated domain. 

The following conclusions are drawn: (i) Elastic strains under lithiation remain below the critical 
strain found by matching results of molecular dynamics simulation under uniaxial and biaxial 
deformations. (ii) Intercalation of a layer with lithium leads to development of negative (tensile) 
pressure in the unlitiated domain and time-dependent distribution of stresses in the lithiated domain. 
Stress at the interface between an electrode particle and electrolyte changes its sign from tension at 
the initial stage to compression at the final stage of lithiation. (iii) Anomalous growth of the lithiated 
domain (whose thickness increases with time faster than volume) can be predicted within an 
isotropic model by assuming coefficient of volume expansion to decay with concentration of mobile 
atoms. 
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