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To develop high—performance lithium—ion batteries, it is essential to precisely analyze the ionic and electronic
properties of battery materials. However, measuring the electrical conductivity is challenging because the main
electrode active materials in lithium—ion batteries are powdery substances containing complex nanostructures.
We apply terahertz (THz) wave spectroscopy to analyze the ion and electron conduction of electrode materials,
acquiring fundamental knowledge to significantly improve battery performance.

We have mixed lithium cobalt oxide (LiCoO2, hereafter LCO) with a conductive agent (carbon black, CB) and
binder (polyvinylidene fluoride, PVDF) and then coated the mixture as a thin film on a high-resistance silicon wafer.
The transmission and reflection spectra were measured using terahertz time—domain spectroscopy (THz-TDS).
The electrical conductivity of the active layer was calculated from the transmission using the Drude model. The
results indicate that the transmission in the low—frequency range (0.1-0.5 THz) depends only on the ratio of CB,
which is considered to be due to the free carrier absorption of electrons in CB. On the other hand, the LCO
component showed significant absorption in the high—frequency range (> 3 THz). This absorption was found to be
attributable to the optical phonon modes in LCO. Although optical phonons contribute very little directly to the
material's electrical conductivity, they can significantly affect carrier mobility as an important scattering
mechanism. The results of this study contribute to a deeper understanding of the electronic conductivity of
battery materials.




