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The high theoretical energy density of anode-free Lithium batteries (400 Wh kg-1) makes them highly desirable alternatives to traditional Lithium-ion batteries. However, the absence of a Lithium reservoir makes them prone to rapidly degrading capacity. This is the consequence of reactions involved in the formation of the solid-electrolyte interphase (SEI) as well as the formation of ‘dead’ Lithium. Therefore, understanding the processes involved in the SEI formation and the impact of different electrolyte chemistries is key to being able to address these issues.[1]  
Electrochemical quartz crystal microbalance with dissipation monitoring (EQCM-D) harness the intrinsic piezoelectric property of quartz to provide accurate mass changes on its surface with nano-gram resolution. By utilizing the top electrode as a battery anode, mass changes at the surface can be correlated with electrochemical reactions. Simultaneously, the rate of decay of the harmonic oscillations indicates the viscoelastic properties at the electrode-electrolyte interface. EQCM-D is thus a powerful and non-invasive tool for observing the growth, thickness and porosity the SEI as well as subsequent plated Lithium.[2-3]
In this study, an EQCM-D sensor was implemented within a battery half-cell, enabling operando monitoring of mass and viscoelastic properties at the electrode surface, as illustrated in Figure 1. This has allowed for two key stages of SEI formation to be identified as well as providing qualitative details of the stability and passivation properties of the formed interphase. Additionally, the technique allows for mass−per−electron (MPE) values to be calculated providing insight into the species present within the interphase. 
Finally, post-mortem X-ray Photoelectron Spectroscopy (XPS) was used as a complementary technique to characterise the elemental composition and thus help identify the species present within the SEI. This presentation will explore how operando EQCM-D and post-mortem XPS can be combined to rigorously investigate the complex processes involved in SEI formation within anode-free battery systems. 
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Figure 1: Changes in frequency and dissipation upon cycling potential within an EQCM-D half-cell.
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