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Abstract: As the core component of solid-state batteries, the electrolyte serves as the
medium for lithium-ion transport between the cathode and anode, participates in the formation
of protective interfacial films on the electrodes, and plays a crucial role in determining battery
energy density, cycle life, safety, and high- and low-temperature performance. Although the
monomer and solvent constitute only a minor fraction of the in situ solidified electrolyte,
accurately measuring and controlling their concentrations is critical for optimizing battery
performance, reducing cost, and enhancing safety. However, existing analytical methods face
considerable challenges in quantifying trace-level additives such as bis(fluoroethylene
carbonate) (DFEC). Trace DFEC and its structural analog, methyl trifluoroethyl carbonate
(FEMC), exhibit similar chromatographic retention behavior, making baseline separation
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difficult. Moreover, the signal of trace DFEC is readily masked in complex matrices, leading to
technical bottlenecks including high detection limits and poor precision. To address the
challenge of separating structurally similar compounds via gas chromatography-mass
spectrometry, this study uses trace DFEC as a model analyte to establish a standardized
analytical method. Through systematic screening of extraction solvents and optimization of
instrumental parameters, accurate detection of trace DFEC and its effective separation from
FEMC were achieved. The optimized method showed excellent linearity (R*>>0.999) over the
concentration range of 0.8—160 ug/mL. The limit of detection was 0.25 pg/mL, recoveries
ranged from 95.1% to 105.7%, and the method demonstrated good precision, with relative
standard deviations of <2%. The established method provides high accuracy, excellent
repeatability, and reliable technical support for the separation of structurally related
compounds and the detection of trace components in electrolyte systems. It also provides a
robust analytical foundation for the formulation design of in situ solidified electrolytes and for
in-depth investigations of battery mechanisms.

Keywords: solid state battery; in-situ solidification electrolyte; 4,5-difluoro-1,3-dioxolan-2-one;
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gas chromatography mass spectrometry
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solvents and their theoretical prediction for DFEC
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Fig. 5 Variation in recovery of DFEC with ion source
temperature (n=6)
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Table 4 Recovery and precision of method (n=6)
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Fig. 9 DFEC recovery at coded spiking levels (Error
bars indicate relative standard deviation RSD, with
red dashed line representing 100% recovery)
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