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For several decades, electrolyte chemistry in batteries has followed a fundamental

Fangling Lan sufficiently strong dipole-ion interactions to dissolve large amounts of lithium salt.
As a consequence, molecules containing oxygen and nitrogen donor atoms have
dominated electrolyte solvent design, ranging from carbonates in traditional
lithium-ion batteries to ethers in many emerging systems'"?’. Unfortunately, this
prevailing approach involves an inherent trade-off. Strong coordination between
these donor atoms (N, O) and Li* facilitates salt dissociation in the solvent. However,
it also hinders the release of Li* from the inner solvation shell at the electrode surface.
Even worse, this desolvation process is particularly challenging at low temperatures
[Figure 1].

Recently, Wu et al.” from Nankai University proposed a new class of alternative
electrolyte solvents: hydrofluorocarbons. Fluorine has historically been regarded as a
weak ligand for dissolving lithium salts. Here, the authors innovatively employ
fluorine as the sole coordinating atom. Their research demonstrates that carefully
B S designed monofluorinated alkanes can dissolve lithium salts at practical
concentrations exceeding 2 M while maintaining weak Li" F interactions, thereby
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Figure 1. Comparison of desolvation barriers between conventional oxygen-/nitrogen-based solvents and fluoroalkanes.

facilitating interfacial charge transfer. This study challenges the traditional view in electrolyte coordination
chemistry that high ionic conductivity requires strong solvation.

The main conceptual breakthrough is the achievement of molecular equilibrium. Fluorinated solvents have
traditionally received limited attention due to their weak donor capacity, which restricts salt solubility.
Wu et al.®’ address this limitation by tuning the electron density and steric environment around fluorine
atoms, thereby allowing lithium bis(fluorosulfonyl)imide (LiFSI) to dissolve at concentrations above 2 M in
selected hydrofluorocarbons. Among the candidates tested, 1,3-difluoropropane (DFP) stands out. DFP
combines high salt solubility with very low viscosity, improved oxidative stability, and sufficient ionic
conductivity even at temperatures nearing -70 °C. Moreover, DFP exhibits a low density (0.995 g cm™),
enabling batteries to achieve ultrahigh energy density under lean electrolyte conditions.

This novel electrolyte design is worthy of attention because traditional designs often involve compromises.
Lower viscosity is conductive to mass transport but may decrease electrochemical stability or ion
dissociation. Similarly, weak coordination can facilitate desolvation but might also downgrade electrolyte
conductivity. Encouragingly, DFP seems to strike a favorable balance. Solvation structure analysis via Raman
spectroscopy and molecular dynamics simulations shows that the DFP-based electrolyte is mainly composed
of ion-pair aggregates rather than solvent-separated ion pairs, unlike conventional oxygen-based solvents.

This insight is important for lithium-metal batteries, which offer significantly higher energy density than
today's graphite-based cells but are limited by unstable interfaces, low Coulombic efficiency, and severe
performance degradation at low temperatures. In the new study by Wu et al.l”), lithium plating and stripping
in DFP-based electrolytes achieve Coulombic efficiencies of up to 99.7%, and the exchange current density at
-50 °C is more than an order of magnitude higher than that of oxygen-coordinated analogs. Importantly,
these findings extend beyond coin-cell studies. Lean-electrolyte lithium-metal pouch cells deliver energy
densities exceeding 700 Wh kg™ at room temperature and still reach nearly 400 Wh kg at -50 °C. These
results represent a significant step toward future lithium metal batteries that operate effectively across
different climates without sacrificing energy density.

The research further highlights that the primary solvation shell is not merely a structural feature but a critical
determinant of overall battery performance. Recent research has increasingly focused on localized
high-concentration electrolytes, anion-rich solvation structures, and interphase engineering. Wu et al.””
suggest an alternative design approach: replacing conventional oxygen- or nitrogen-donor coordination with
intentionally weak fluorine coordination, thereby achieving performance balance through molecular
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engineering rather than relying solely on strong polarity. This shifts electrolyte design from simply
maximizing ion dissociation to optimizing the entire electrochemical process, including bulk transport and
interfacial charge transfer.

Nevertheless, the study should not be seen as a universal endorsement of all fluorinated solvents. Molecular
engineering remains complicated. Extending carbon chains or altering fluorine substitution patterns can
increase boiling points and broaden the operating temperature window, but not all hydrofluorocarbons are
stable against lithium metal. The authors address this issue by developing 1,3,5-trifluoropentane,
demonstrating that compatibility can be recovered. Notably, its boiling point increases to 120~130 °C,
compared with 43 °C for DFP. This highlights an important message: fluorine coordination offers
opportunities, but only carefully designed molecular structures can effectively utilize them.

Wu et al.'s contribution® is of great importance because it broadens the conceptual framework of electrolyte
chemistry in battery research. Traditionally, electrolyte development has relied on modifying existing
solvents through additives, diluents, or concentration adjustments. In contrast, Wu et al.”’ reexamine the
donor atom itself. Their hydrofluorocarbon electrolytes suggest that improved battery performance might
not stem from strengthening lithium binding but from facilitating its release. This subtle shift in perspective
offers a promising route toward energy-dense batteries with reliable performance under low-temperature
conditions.
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