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Number of oxygen atoms in LSCF and GDC interface

The possible oxygen coordination sites are visualized using structural models. The oxygen atoms 
highlighted in yellow indicate the same positions in both (a) and (b). A surface structure in which 
an additional oxygen-only layer is added to the AO plane for LSCF. The number of oxygen atoms 
on the AO-terminated surface of the LSCF phase and on the terminated surface of the GDC phase 
is equivalent.

Fig.　S1  Atomic model of LSCF viewed along the (a) [2-10] and (b) [012] projection directions.

Fig.　S2  Atomic model of GDC viewed along the (a) [100] and (b) [010] projection directions.
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CTM calculation for Fe4+ states 

To explain the Fe L2,3-edge TEY XAS line shape of the nanocomposites, we also performed CTM 

calculation for Fe4+ states. Figure S3 shows two examples (the electronic structure parameters are 

summarized in Table S1) for Fe4+ states, the calculation for the Fe3+ state (ii) determined in the 

text, and the experimental spectrum of the nanocomposite (grown at 750 ∘C). For both cases of 

the Fe4+ states, the main peak positions for the L3 and L2 regions are clearly different from the 

experiment and calculation for the Fe3+ state. Therefore, the Fe L2,3-edge TEY XAS of the 

nanocomposites does not involve Fe4+ states. 

Fig. S3  Examples of CTM calculation for Fe4+ states with the Fe L2,3-edge TEY XAS result of 
the LSCF/GDC nanocomposite (750 ∘C) and CTM calculation for the Fe3+ states in the text. 
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Table S1  Electronic structure parameters used for the Fe4+ calculations (Fig. S3).

Fe4+ HS (iii) Fe4+ HS (iv)

10Dq 1.0 0.5

U 5.0 5.0

Q 6.0 6.0

 2.0 2.0
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Fe L2,3-edge PFY XAS

Fig. S4  Fe L2,3-edge PFY XAS spectra for the LSCF bulk, as-deposited film, and 
nanocomposites. 
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Co L3-edge TEY XAS of LSCF bulk and as-deposited film

Figure S5 shows the magnified Co L3-edge TEY XAS spectra for the LSCF bulk and LSCF as-
deposited film. For the LSCF as-deposited film, the peak-top position shifts to higher energy side 
by ~0.2 eV (as the black arrows indicate), and the shoulder structure centered at ~781 eV is higher 
(as the green arrows) than that for the LSCF bulk. These differences suggest that the LSCF as-
deposited film includes some Co4+ low-spin-state components as discussed in the text. The 
enhancement for 776-779 eV in the spectrum of the LSCF as-deposited film is attributed to Co2+ 
high-spin-state component. 

Fig. S5  Co L3-edge TEY XAS spectra for the LSCF bulk and as-deposited film. The spectra are 
normalized at the peak top. 
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Co L2,3-edge PFY XAS

Fig. S6  Co L2,3-edge PFY XAS spectra for the LSCF bulk, as-deposited film, and 
nanocomposites.
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Ce M4,5-edge TEY XAS

The Ce M4,5-edge (3d-4f absorption) TEY XAS of the nanocomposites were performed to reveal 

the Ce 4f electronic structure of the GDC layers. Figure S4 shows the results with those of GDC 

bulk and GDC film as reference samples. The line shapes of all the spectra are similar to those in 

previous reports of CeO2 series [S1-S4], suggesting that the valence of Ce is close to 4+. Thus, 

the Ce 4f electronic structure is almost unchanged for the nanocomposites. On the other hand, the 

M5/M4 peak-area ratio of the GDC thin film is larger than those of the others. This result indicates 

that the Ce of the GDC thin film is slightly reduced [S1].

Fig. S7  Ce M4,5-edge TEY XAS spectra for the LSCF bulk, as-deposited LSCF film, and 
LSCF/GDC nanocomposites.
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