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X-ray photoelectron spectroscopy (XPS), which can analyze elemental compositions and chemical states of sample
surfaces, has been applied to in situ and operando observations for energy devices including secondary batteries,
especially at synchrotron radiation facilities. This paper reports the results of in sifu observations of solution species and
operando measurements of all-solid-state batteries using a laboratory-based XPS apparatus.
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Fig. 1. (a) Schematic illustration of the environmental cell and configuration of the XPS measurement. (b) Cs 4d photoelectron spectra
of CsCl solutions of various concentrations. Reprinted (adapted) with permission from Ref. [9] Copyright 2019 American Institute
of Physics and Ref. [10] Copyright 2019 The Japan Society of Vacuum and Surface Science. (color online)
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Fig. 2. (Insets) Configuration of Operando electrochemical XPS for the amorphous Si/ LicecLa3sZr1.6Tao 4012 (LLZT)/ Li metal thin-
film battery. Si 2p photoelectron spectra generated during (a) lithiation and (b) delithiation at each time, state-of-charge (SOC), and

x in Li,Si. The galvanostatic lithiation/delithiation potential profiles were measured at 0.05 C (3.0 pA) in the potential ranges of
0.01—1.2 V vs Li*/Li. Reprinted (adapted) with permission from Ref. [13] Copyright 2022 American Chemical Society.
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MEA 3mmAEEDSi v/ &L, BOKE S
H Bopm MWl THHZ EEEBRLELT.

[EFHE 1-2]
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