Supporting Information:

Nano-scale Observation of the Electronic and Local
Structures of LiCoQO, Thin Film Electrode by Depth-

Resolved X-ray Absorption Spectroscopy

Daiko Takamatsu'* Takayuki Nakatsutsumi®, Shinichiro Mori’, Yuki Orikasa®, Masato Mogil, Hisao
Yamashige', Kenji Sato’, Takahiro Fujimoto', Yu Takanashi', Haruno Murayama', Masatsugu Oishi’,

Hajime Tanida', Tomoya Uruga’, Hajime Arai’, Yoshiharu Uchimoto®, Zempachi Ogumi’

! Office of Society-Academia Collaboration for Innovation, Kyoto University, Gokasho, Uji, Kyoto

611-0011, Japan

2 Graduate School of Human and Environmental Studies, Kyoto University, Yoshida-nihonmatsu-cho,

Sakyo-ku, Kyoto 606-8501, Japan
] ASRI/Spring-8, Kouto 1-1-1, Mikaduki-cho, Sayo-gun, Hyogo 679-5148, Japan

*To whom correspondence should be addressed. E-mail: takamatsudik @riging.saci.kyoto-u.ac.jp

S1. Depth resolution of DR-XAS

We estimated the depth resolution of DR-XAS as shown in Figure S1. For this measurement, we
used the LiCoO; thin film (thickness was ca. 50 nm) deposited on Ni substrate. Note that the sample

setting for PILATUS is reverse in this experiment as shown in Fig. S1(a). As a result, large channel
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numbers correspond to low exit angle (only surface information) and the small channel numbers
correspond to high exit angle (include bulk information), respectively. The X-ray absorption of both Co
K-edge detected around 7708 eV and Ni K-edge detected around 8338 eV were observed. The
difference in the channel number in which X-ray absorption was observed for each edge can give the
information on depth resolution. Figure S1(b) shows the plots of X-ray absorption intensity at each
edge as a function of the channel number of the PILATUS. The X-ray absorption was not observed at
the large number channels. With decreasing the channel number, the X-ray absorption intensity at Co
K-edge increased from #185. This channel where X-ray absorption intensity appeared gives the surface
information of the LiCoO; film. The Ni K-edge absorption appeared from the smaller number channel
(#170). It is expected that the LiCoO; film exists between the channels where Co K-edge absorption
intensity appeared and where Ni K-edge absorption intensity appeared. From the results, the number of
the channel difference was 15. Taking into account the thickness of LiCoO, film (ca. 50 nm), the depth

resolution is calculated to be 3.3 nm / channel.
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Figure S1. (a) Schematic illustration for the estimation of depth resolution in DR-XAS. The LiCoO, /
Ni substrate was used. (b) The plots of X-ray absorption intensity at both Co-K and Ni-K edges as a

function of the channel number of the PILATUS.



S2. The EXAFS analytical methods and determined structural parameters

Fourier transformations (FTs) were performed using k° weighting and the structural parameters
were determined by curve-fitting procedures using Rigaku REX2000 data analysis software." The
effective backscattering amplitude f and the total central atom phase shift (k) were calculated using the
multiple-scattering theoretical calculation program, FEFF8.20.> In the curve fitting procedure, we fixed

the coordination numbers (CN) of Co ions as 6. The (k) function was fitted according to the equation:

o) = Z N|f(k,m)| exp(_20i2k2)6x51§;2Ri//1i) sin[2kR; + ¢ (k)]

where N is the number of neighboring atoms, R is the atomic distance to the neighboring atom, o is the
Debye-Waller (DW) factor, and A is the mean free path. The fitting procedure was repeated until the

residue become suitable value as much as possible.

Residue = Z {3 xops (k) — K3 xa (k)}z/z{kg)(obs (k)}?

Here, we explain the fitting procedure of EXAFS obtained at 3.2 V (before charge) as a typical
example. Figure S2(a) shows the K -weighted EXAFS raw spectra of Co-K edge at each channel of
PILATUS around the interface. Figure S2(b) shows the curve fitting of the EXAFS oscillations
examined under fixing the CN as 6. Determined structural parameters: atomic distance (R) and DW
factor (o) of LiCoO; thin film, is summarized in Fig. S2(c). Figure S3(a) shows the results obtained at

4.2 V (after charging) and Fig. S3(c) shows the result obtained at 4.4 V (after overcharge), respectively.
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Figure S2. The fitting procedure of EXAFS obtained at 3.2 V (before charge). (a) The k3—weighted
EXAFS raw spectra of Co-K edge at each channel of PILATUS around the interface. (b) The curve
fitting of the EXAFS oscillations. (c) Determined structural parameters: coordination number (CN),

atomic distance (R) and Debye-Waller factor (o) of LiCoO, thin film.
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Figure S3. Determined structural parameters obtained (a) at 4.2 V (after charge) and (b) at 4.4 V (after

overcharge), respectively.
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