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Abstract : Electrolytes are one of the essential components of a lithium-ion battery. They determine the battery’s lifespan and
cell characteristics. The dielectric constant is a key thermophysical property for determining how much salt can be dissociated
and solvated in a solution. Hence, fast and reliable dielectric constant measurement is essential when formulating an electrolyte
solution. This work implemented an open-ended coaxial probe (OECP) station as a quick and reliable tool to measure the complex
permittivity spectra of electrolyte solutions. The capability of the OECP station was tested by measuring the complex permittivity
of propylene carbonate (PC), dimethyl carbonate (DMC), and their mixtures from 0.1 to 8 GHz at 288.15, 298.15, and 308.15 K.
The obtained dielectric spectra were then interpreted based on dielectric relaxation models and thermodynamic theories. The
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measured static dielectric constant data agreed well with the data from previous studies. They were also correlated using the Wang-
Anderko thermodynamic model, showing approximately a 1% deviation from the experimental data. In addition, the relaxation
characteristics, including the relaxation time and the Cole-Davidson exponent, showed that the microstructure of the solution
significantly changes at the propylene carbonate mole fraction of 0.4. These results and methodologies are expected to contribute to
the further understanding of electrolyte solutions and ultimately lead to the optimization of electrolyte formulation for lithium-ion

batteries.

Keywords : Organic electrolytes, Open-ended coaxial probe, Complex permittivity, Microstructural characterization
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Figure 1. A schematic diagram of the open-ended coaxial probe used in this work. (a) Front view and (b) side view. Each part is named as
follows. 1, inner conductor; 2, dielectric-filling material (Teflon); 3, outer conductor; 4, material under test (MUT); 5, incident wave; 6,

reflected wave.
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Figure 2. Diclectric relaxation spectra (€ = €' — i€”) of (a) propylene
carbonate and (b) dimethyl carbonate at 298.15 K.
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Table 1. Dielectric relaxation parameters of propylene carbonate and dimethyl carbonate. The numbers in parentheses denote the

regression uncertainties

Substance T [K] | Model €s €, Ae Tr [ps] s Reference
Propylene carbonate | 298.15 | CD 64.88 4.14 60.74 43.0 0.90 Barthel et al.[28]
Propylene carbonate | 298.15 | D1 64.9 10.8 54.1 46.0 n/a Payne and Theodorou[27]
Propylene carbonate | 298.15 | Dl 64.9 12.5 52.4 44.0 n/a Winsor and Cole[26]
Dimethyl carbonate | 298.15 | DI 3.12 2.35 0.77 7.23 n/a Saar et al.[30]
Propylene carbonate | 288.15 | CD | 66.70 (0.01) | 5.75 (0.03) | 60.95 (0.03) | 48.56 (0.03) | 0.98 (0.00) This Work
Propylene carbonate | 298.15 | CD | 64.82 (0.21) | 5.38 (0.64) | 59.44 (0.64) | 42.99 (0.74) | 0.94 (0.02) This Work
Propylene carbonate | 308.15 | CD | 61.36 (0.26) | 4.63 (0.52) | 56.73 (0.52) | 35.58 (0.00) | 0.97 (0.00) This Work
Dimethyl carbonate | 288.15 | D1 3.42 (0.12) |2.60 (0.27) | 0.82 (0.26) | 7.97 (1.15) n/a This Work
Dimethyl carbonate | 298.15 | D1 3.11 (0.08) |2.42 (0.23) | 0.69 (0.23) | 6.36 (2.04) n/a This Work
Dimethyl carbonate | 308.15 | D1 2.62 (0.15) |2.02 (0.42) | 0.60 (0.42) | 4.15 (0.81) n/a This Work

3] AAJE HEQ} o] L7} 288 KoJlA] 308 KO.& Z713ho|
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Figure 3. (a) Diclectric relaxation spectra (¢ = €' — i€’") and (b)
static dielectric constant (&g) and relaxation time (zy) of
propylene carbonate solutions at 288.15, 298.15, and
308.15 K.
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Figure 4. (a) Real and (b) imaginary parts of the complex permittivity (€ = €' — i€"), (c) excess dielectric constant (e€g), and (d) the relaxation
time (7) and the Cole-Davidson exponent (f) of propylene carbonate (PC)/dimethyl carbonate (DMC) mixtures at 298.15 K and
1 bar. The lines in (a) and (b) denote the regression result.

Table 2. Dielectric relaxation parameters of propylene carbonate (PC)/dimethyl carbonate (DMC) mixtures. The numbers in parentheses

denote the regression uncertainties. All results were obtained by using the single Cole-Davidson (CD1) model

T [K] Xpe Xpmc € €, Ae Tx B

288.15 0.88 0.12 58.76 (0.03) 4.94 (0.23) 53.82 (0.23) 45.23 (0.39) 0.97 (0.01)
288.15 0.67 0.33 43.12 (0.06) 4.29 (0.01) 39.19 (0.01) 41.73 (0.11) 0.93 (0.00)
288.15 0.47 0.53 29.83 (0.06) 3.88 (0.11) 25.95 (0.13) 39.22 (0.00) 0.88 (0.01)
288.15 0.28 0.72 17.74 (0.07) 3.63 (0.10) 14.11 (0.13) 35.91 (0.13) 0.84 (0.02)
288.15 0.09 0.91 7.90 (0.07) 2.99 (0.08) 491 (0.11) 30.56 (0.31) 0.75 (0.06)
298.15 0.88 0.12 57.57 (0.07) 4.52 (0.24) 53.05 (0.24) 39.49 (0.44) 0.95 (0.01)
298.15 0.67 033 41.55 (0.06) 3.80 (0.10) 37.75 (0.13) 34.43 (0.37) 0.95 (0.01)
298.15 0.47 0.53 28.95 (0.07) 3.43 (0.22) 25.51 (0.22) 31.17 (0.42) 0.95 (0.01)
298.15 0.28 0.72 17.07 (0.05) 3.10 (0.10) 13.97 (0.10) 27.48 (0.53) 0.93 (0.01)
298.15 0.09 0.91 7.29 (0.06) 2.58 (0.08) 4.71 (0.10) 21.42 (1.29) 0.89 (0.04)
308.15 0.88 0.12 54.33 (0.04) 4.36 (0.18) 49.97 (0.19) 34.46 (0.30) 0.96 (0.01)
308.15 0.67 0.33 39.37 (0.03) 3.63 (0.11) 35.74 (0.11) 32.00 (0.16) 0.95 (0.01)
308.15 0.47 0.53 26.65 (0.03) 3.09 (0.09) 23.56 (0.10) 29.66 (0.46) 0.89 (0.01)
308.15 0.28 0.72 15.85 (0.03) 2.89 (0.08) 12.97 (0.09) 27.24 (0.62) 0.83 (0.02)
308.15 0.09 0.91 7.04 (0.38) 2.17 (0.09) 4.87 (0.10) 2021 (0.91) 0.76 (0.03)
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Figure 5. (a) Static dielectric constant (€5) and (b) principal
relaxation time (7) of propylene carbonate (PC)/dimethyl
carbonate (DMC) as a function of temperature and
composition. The lines in (a) denote the Wang-Anderko
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