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[bookmark: _GoBack]Prussian blue is a widely used cathode material in sodium-ion batteries due to its open framework and simple synthesis. Many studies on Prussian blue and its analogues focus only on the charging and discharging processes to gain information about ion exchange and the material’s structure using Raman spectroscopy or XRD. However, only a few groups investigate the highly sensitive operando mass change monitoring during the electrochemistry process via an electrochemical quartz crystal microbalance with dissipation (EQCM-D) [1]. EQCM-D is an operando technique for detecting intercalation-dominated changes in mass, volume and viscosity with a high sensitivity at the mesoscopic scale. By combining the quartz crystal microbalance with galvanostatic charging and discharging measurements, both electrochemical (voltage and current) and acoustical (resonance frequency and resonance bandwidths) signals can be obtained simultaneously. The final analysis of the data requires a comprehensive combination of the structural parameter and viscoelastic properties of the thin film with the physical properties of the electrolyte solution.
In this talk, the powerful analytical technique EQCM-D will be applied to Prussian blue as a cathode material for future sodium-ion batteries. Considering the relationship between the frequency and the cell potential from the EQCM-D data, the sodium-ion exchange in Prussian blue is a reversible process. Furthermore, by calculation of the mass per electron (mpe), it is obvious that the ions accompanying in the exchange process are mainly unsolvated sodium-ions (or sodium-ions only solvated by water molecules stemming from the crystal-water of the Prussian blue). With the EQCM-D data, it is also possible to elucidate that the inserted ions are rearranged within the cubic structure of Prussian blue, along the electrolyte uptake by the porous film. This suggests that the evolution of the film during cycling is governed not solely by mass effects but also by variations in viscoelastic properties. Accordingly, the transformation of the conductive film throughout the charge-discharge process indicates that it transitions from a soft to a more rigid state and then back to a soft state. In such a case, other models, instead of only the Sauerbrey equation have to be selected. Finally, a uniform porous layer model is utilized to determine the physical parameters of the coated Prussian blue film, such as the effective thickness and the porous region. It turns out that during the whole process, the thin film is “breathing”. The thickness of the cathode layer is changing regularly with the change of the cell potential, while the thickness shift remains stable when it changes to a more rigid condition. Additionally, the porosity analysis shows that the porous channels also exhibit a structural rearrangement during cycling, accompanied by the soft-rigid-soft transformation of the film.
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