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One of the largest challenges for scanning probe microscopy (SPM) is exploiting its superior 

nanoscale to atomic resolution and SPM ability work in vacuum, air and liquid environments 

beyond the immediate surface of the sample. 

A particular challenge is to study the soft matter surfaces (such as living cells or bacteria, polymer 

brushes or electrolyte-electrode interfaces in batteries) where the interfaces are not well defined 

and structures are truly three-dimensional. Here, we report novel 3D nano-rheology microscopy 

(3D-NRM) that uses a tiny (sub-nm to few nm) lateral dithering of the sharp SPM tip at kHz 

frequencies to probe the minute sample reaction forces. By mapping the increments of the real 

and imaginary components of these forces, while penetrating the soft interfacial layers, we obtain 

the true 3D nanoscale structure of sub–m thick layers [1]. 

By combining 3D-NRM with the surface force-distance spectroscopy [2] (Fig 1d) in the operando 

electrochemical environment, we observed for the first time in real space the nanoscale dynamics 

of formation of the key solid electrolyte interphase (SEI) layer in Li-ion batteries starting from a 

few 0.1 nm thick electrical double layer to the full 3D nanostructured SEI (Fig 1e). We therefore 

were able to elucidate the key role of solvents in such formation and predict the conditions for 

building SEI for robust, safe and efficient Li-ion batteries. 

The new 3D-NRM can provide unique opportunity for studies inorganic catalytic and separation 

processes, to explore biological interfaces probing bacterial and cell surfaces, and functional 

coating in the real space and appropriate operational environment. 

Figure1. a, b) Results of force-distance spectrocopy c) of the different electrolytes on the HOPG 
surface. e) 3D-NRM of the formed SEI in the Li-ion battery. 
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