Polyarenes as Co-intercalation Hosts for Sodium-Ion Batteries
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Faced with the growing demand for efficient and cost-effective energy storage systems, scientists are searching for alternatives to the widely used lithium-ion batteries. One option is sodium-ion batteries (SIBs), with the main advantage being the high availability of sodium in nature, which could translate into lower production costs. Apart from cost, the chemistry of sodium differs from that of lithium, creating new possibilities and challenges. A phenomenon actively studied for SIBs is the co-intercalation - process associated with the simultaneous introduction of sodium cations and solvent molecules into the structure of the electrode material [1], which enables storage of sodium ions in layered structures. Co-intercalation can exhibit facile kinetics, enabling fast charge-discharge, as in the case of Na+-glyme co-intercalation in graphite [2].

The aim of this work was to synthesize polyarenes via a catalytic coupling reaction, evaluate them as negative electrode materials for sodium-ion batteries, and analyze the electrochemical mechanism of these systems using in situ spectroscopic methods. Poly(p-phenylene) and several analogs containing
conjugated aromatic systems were shown to undergo reversible reduction and oxidation in glyme-based Na+-electrolyte solutions. The distinct solvent-dependent behavior pointed to sodium-glyme
co-intercalation.

The electrochemical (de)sodiation was characterized using electrochemical and spectroscopic methods. Using in situ electron paramagnetic resonance (EPR), the accumulation and depletion of radical states within polymer chains were studied. Additionally, in situ Raman spectroscopy enabled tracking of structural changes in the π-electron systems upon reversible (de)sodiation. The combination of in situ EPR, in situ Raman spectroscopy, XRD, and electrochemical methods allowed us to demonstrate and characterize reversible co-intercalation in polyarenes, which can contribute to the development of new Na-ion power sources.
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