Establishing an Operando Electrochemical Quartz Crystal Microbalance with Dissipation Monitoring (EQCM-D) Methodology for Quantifying Solvent Co-Intercalation Reactions
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Solvent co-intercalation in batteries has attracted increasing attention due to the insertion of solvated ions into electrode materials, which can enable enhanced charge transfer kinetics and altered electrochemical behavior1. Unlike conventional intercalation, where desolvated ions insert into the host structure, solvent co-intercalation involves the insertion of ions together with a partially preserved solvation sheath. Although this phenomenon has been identified using several operando and ex situ characterization techniques, a quantitative understanding of the underlying mechanisms remains limited2. Electrochemical Quartz Crystal Microbalance with Dissipation Monitoring (EQCM-D) is a powerful operando technique capable of simultaneously probing mass changes and interfacial mechanical properties during electrochemical cycling, enabling quantitative investigation of intercalated species. In particular, dissipation monitoring provides insight into viscoelastic, hydrodynamic, and morphological changes at the electrode/electrolyte interface, which are critical for distinguishing true gravimetric responses from mechanical artifacts3. Recent studies have demonstrated that binder and particle size of active material can strongly influence EQCM-D responses due to changes in viscoelastic and hydrodynamic behavior4, highlighting the importance of careful electrode design for reliable operando analysis. 
In this work, EQCM-D is employed to investigate ion intercalation and solvent co-intercalation phenomena in layered MoS2-based electrodes. A systematic study was conducted using two MoS2 particle-size ranges (few-micrometer-scale and tens-of-micrometers-scale) combined with two different binders, polyvinylidene fluoride (PVDF) and sodium carboxymethyl cellulose (NaCMC), to evaluate their influence on the EQCM-D response. Furthermore, carbonate- and ether-based electrolytes were compared to differentiate conventional ion intercalation from solvent co-intercalation processes. This work discusses strategies for achieving reliable operando EQCM-D measurements to enable accurate gravimetric analysis during (de)intercalation processes and to establish new guidelines for probing solvent co-intercalation phenomena in battery materials.
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