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Structural insights into NaDCC solvates with glymes and crown ethers: snapshot-driven structural design of novel solid polymer electrolytes
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The rapid growth of lithium-ion battery (LIB) and post-lithium battery technologies is driving the development of novel components for energy storage systems. Among the battery elements, electrolytes play a key role by enabling efficient ionic transport between 
the cathode and anode while simultaneously acting as electronic insulators. Typically, a “two-dimensional” design strategy 
is employed for electrolytes, focusing on the selection of a conducting salt and appropriate solvent, followed by concentration optimization to achieve high ionic conductivity. However, this approach often overlooks the “third dimension” of electrolyte design – the coordination structure – which can be leveraged to tune the electrochemical properties of the conducting system.[1]
This perspective has led to the emergence of new functional electrolyte classes with enhanced electrochemical performance, 
such as high-concentration and localized high-concentration electrolytes (HCEs and LHCEs), water-in-salt electrolytes (WISEs), 
and weakly solvating electrolytes (WSEs). The Polymer Ionic Research Group at Warsaw University of Technology has extensively investigated polymer-based HCEs with Hückel-type salts, particularly lithium 4,5-dicyano-2-trifluoromethylimidazolate (LiTDI, 
Fig. 1a) in polyethers such as poly(ethylene oxide) (PEO),[2] particularly by capturing snapshots of the local dynamic structure 
of electrolytes via crystal structure determination of polyether solvates. This analysis has led to the discovery of a mechanism responsible for the enhanced electrochemical performance of LiTDI/PEO electrolytes at high concentrations: lithium-cation acid-base disproportionation. This phenomenon results in the differentiation of ion coordination environment, resulting in “free” cations coordinated solely by ether molecules and TDI anions immobilized within a coordinated polymer network, ultimately improving ionic conductivity and yielding high lithium-ion transference numbers. [3-5]
[bookmark: _Hlk197437723]In the presented work, a comprehensive structural analysis of a novel Hückel-type salt – sodium 2-chloro-4,5-dicyanoimidazolate (NaDCC, Fig. 1b) – is reported. The crystal structures of several solvates with glymes and crown ethers are presented, 
along with an examination of coordination polymers and intermolecular interactions. Based on those structural insights, implications for the transport properties of NaDCC in polyether electrolytes are discussed. Additionally, preliminary electrochemical properties 
are investigated to evaluate the applicability in sodium batteries. This work provides a foundation for the development of advanced electrolyte systems for sodium-ion batteries (SIBs), all-solid-state sodium-metal batteries (ASSSMBs), and other sodium-based energy storage technologies.

Figure 1. The molecular structure of anions. a) 4,5-dicyano-2-trifluoromethylimidazolate anion (TDI−). b) 2-chloro-4,5-dicyanoimidazolate anion (DCC−).
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