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Supplementary information 1. Characterizations of the FMO thin film 

 

Fig. S1. (a) Cross sectional SEM image of the FMO thin film. The film thickness was estimated to 

be approximately 100 µm, which was corresponded with the values measured using a stylus 

surface profilometer. (b) X-ray absorption near edge structure (XANES) spectra of the FMO thin 

film before and after lithiation. The XANES measurements were performed by a partial 

fluorescence yield method at the beamline BL37XU, SPring-8, Japan. The observed changes in the 

spectra agreed with the literature1,2. Other analysis results, such as Raman spectroscopy, optical 

microscopy observations, and conventional electrochemical evaluations such as linear sweep 

voltammograms, have been presented in our previous literature3. 
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Supplementary information 2. XRD pattern of the FMO thin film after completing 

all measurements 

 

Fig. S2 XRD patterns of the pristine FMO thin film (blue), that after 1st charge (green) and after 

completing all measurements (red). The exposure time for the XRD measurements of the pristine 

FMO thin film and that after the first charge was 60 seconds, while the exposure time for the XRD 

measurement after all measurements was 10 seconds. The final XRD measurement was 

performed after charging the FMO to half of its theoretical capacity (Fig. 5 in the main text); 

therefore, the FMO peaks after all measurements are generally located between those of the 

pristine and charged states. Due to the shorter exposure time, the signal-to-noise ratio of the 

XRD pattern after all measurements was lower. However, no significant changes were observed 

in the XRD pattern, suggesting that the FMO remained stable after all measurements. 
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Supplementary information 3. XRD patterns of FMO during lithiation/delithiation 

in liquid electrolytes reported in previous works 

 

Fig. S3. XRD patterns of FMO during lithiation/delithiation in liquid electrolytes reported by (a) 

Zhou et al.4 and (b) Yue et al.5, respectively. Fig S3 (a) is adapted with permission from S. Zhou et 

al., Chem. Mater., 2016, 28, 4492–4500, Copyright 2024 American Chemical Society. As indicated 

by the black lines, the two XRD patterns clearly demonstrate that FMO undergoes (de)lithiation 

via a two-phase reaction in liquid electrolytes.  
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Supplementary information 4. (Dis)charge curves of the FMO thin film with the 

voltage referenced against the LCO thin film 

 

 

Fig. S4 (Dis)charge curves of the FMO thin film at various (dis)charging rates with the voltage 

referenced against the LCO thin film.  
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