
Highlight Narrative Text
Electrochemical processes associated with significant changes in material structure, 
lattice connectivity or composition typically proceed through the stage of new phase 
nucleation with subsequent growth of nuclei. A first step towards understanding and 
controlling reactions by currents is the elucidation and eventual control of the 
nucleation mechanism. Despite some recent progress, factors controlling nucleation 
kinetics, including the interplay between local mechanical conditions, microstructure 
and local ionic profile remained inaccessible. Furthermore, the tendency of the current 
probing techniques to interfere with the original microstructure prevents a systematic 
evaluation of the correlation between the microstructure and local electrochemical 
reactivity. In this work, spatial variability of the irreversible nucleation process of Li on a 
Li-ion conductive glass-ceramics surface, studied with sub-30 nm resolution, has been 
demonstrated. An increased nucleation rate at the boundaries between the crystalline 
AlPO4 phase and amorphous matrix is observed and attributed to Li segregation at the 
interfaces. These studies open a pathway for probing mechanisms of electrochemical 
reactions in solids at the level of single structural defects and direct elucidation of 
electrochemical activities in nanoscale volumes. 

Fig. 1 Current compliance approach principle for controlling nanoparticle formation 
was used. The image represents AFM topology map of nucleated 100 Li particles on Li-ion 
conducting glass (LiCGC) with general composition of (Li2O-Al2O3-SiO2-P2O5-TiO2-GeO2).
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Each white dot is Li nanoparticle (20nm) size 
Fig. 2  Correlation between the number of Li atoms plated and electrons transferred during the 
reduction 
Fig. 3 Numerical modeling of electric field distribution in xz-plane under the tip apex δx = 150 
nm at the interface between Li-ion conducting glass (LiCGC) with a hemispherical AlPO4
inclusion. The presence of the inclusion with a lower dielectric constant(AlPO4)  has no 
effect on the electric field in LiCGC at distances δx > 30 nm away from the inclusion. 
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