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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 LiCoO2 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 LiCoO2 film.  The Ni K-edge absorption appeared from the smaller number channel 

(#170).  It is expected that the LiCoO2 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 LiCoO2 film (ca. 50 nm), the depth 

resolution is calculated to be 3.3 nm / channel. 

 

 

Figure S1. (a) Schematic illustration for the estimation of depth resolution in DR-XAS.  The LiCoO2 / 

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.   
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S2. The EXAFS analytical methods and determined structural parameters 

Fourier transformations (FTs) were performed using k
3
 weighting and the structural parameters 

were determined by curve-fitting procedures using Rigaku REX2000 data analysis software.
1
  The 

effective backscattering amplitude f and the total central atom phase shift φ(k) were calculated using the 

multiple-scattering theoretical calculation program, FEFF8.20.
2
  In the curve fitting procedure, we fixed 

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

���� = ��|	��, ��| ���−2��2�2����−2�� ��⁄ � ����2��� + �����
��2  

 

where N is the number of neighboring atoms, R is the atomic distance to the neighboring atom, σ is the 

Debye-Waller (DW) factor, and λ is the mean free path.  The fitting procedure was repeated until the 

residue become suitable value as much as possible.   

������� = ���3� !� ��� − �3�"# ���$2 ���3� !� ���$2%  

 

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
3
-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 (σ) of LiCoO2 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 k
3
-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 (σ) of LiCoO2 thin film.  

 

(c) 
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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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