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Abstract — To AC impedance study was performed in this study on the interfacial reaction between organic
electrolyte and amorphous tungsten oxides thin film ,cathodically coloring oxide, prepared by e-beam evaporation
method in the 1 M LiCIO/PC organic solution. The electrochemical reactions at the interface were analyzed by the
transient method and the complex impedance spectroscopy. The impedance spectrums showed that the electro-
chemical intercalation of lithium cations was consisted of the following three steps; the first step, the charge
transfer reaction of lithium cation at the interface between amorphous tungsten oxides thin film and the organic
electrolyte, the second step, the adsorption of lithium atom on the surface of amorphous tungsten oxides thin film,
and then the third step, the absorption and the diffusion of lithium atom into amorphous tungsten oxides thin layer.
The bleaching and the coloring characteristics of amorphous tungsten oxides thin film were explained in terms of
thermodynamic and kinetic variables, the simulated R., C,, D and o, by CNLS fitting method. Especially it was
found that the limiting values of electrochromic reaction were the molar ratio of lithium, y=0.167 and the electrode
potential, E=2.245 V (vs. Li).
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max 0.2%H,0, 106.40 g)= propylene carbonate (Junsei Chemi-
cal, 99.9%) 1 Lo <91 1 M LiCIO+PC €98 A143l% 01, o]
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Fig. 1. Experimental apparatuses for AC impedance spectrum
measuring system associated with glove box system.
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Fig. 2. Coulometric titration curve for WO, thin film prepared
by e-beam evaporation in 1 M LiClO+PC solution with regard
to galvanostatic intermittent transient method which applied to
-10 pA/em’ for 100 seconds (applied total charge density=-0.001
C/emt?, respectively). The solid line represents the fitting curve
calculated by using polynomial regression fitting method.
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Fig. 3. Typical Nyquist obtained from WO, thin film prepared
by e-beam evaporation in 1 M LiClO+PC solution at open
circuit electrode potential.
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Fig. 4. Typical Nyquist plost obtained from WO, thin film pre-
pared by e-beam evaporation in 1 M LiClO.+PC solution at
various electrode potential. (A) —O~—:2.575 V vs. Li, (B) - @—:
2.364 V vs. Li, (C) —=[J—:2.245 V vs. Li, (D) —l—:2.165 V vs.
Li, (E) —@—:2.064 V vs. Li.
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Fig. 5. Equivalent circuit used for analysis of electrochemical
intercalation reaction of lithium cation into WO, thin film pre-
pared by e-beam evaporation in 1 M LiClO/PC solution.
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Fig. 6. Mole fraction y and potential E dependence of charge
transfer resistance R. associated with lithium intercalation
reaction into WO, thin film prepared by e-beam evaporation in 1
M LiCL+PC solution.
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Fig. 7. Mole fraction y and potential E dependence of electric
double layer capacitance C, associated with lithium intercalation
reaction into WO, thin film prepared by e-beam evaporation in 1
M LiCL+PC solution.
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