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Fig. S1. X-ray photoelectron spectra of La 3d, Sr 3d, Co 2p, O 1s core-level spectra of the a) as-grown and
b) annealed films prepared at 500 °C, 300 °C, and R.T. Main and satellite peak positions are indicated in
each plot.



b)

—— R.T, Annealed
300 °C, Annealed
= 500 °C, Annealed

La 4d

La 4d

—— R.T, Annealed
300 °C, Annealed
= 500 °C, Annealed

La 3d

o ] o

il =

= = o

[l @ [a
=i

[+ o ]

- [0 =l

—— R.T, Annealed
300 °C, Annealed
—— 500 °C, Annealed

Co 2p

Col(ll,Ill) sat

Co2py1z
Col(ll) sat.
Co 2psp

785 780

110 108 106 104 102 100 98 860 855 850 845 840 835 830 805 800 795 790 775
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
sr 3d = R.T., Annealed c 15 - R.T., Annealed O 15 = R.T., Annealed
300 °C, Annealed 300 °C, Annealed 300 °C, Annealed
—— 500 °C, Annealed -~ 500 °C, Annealed —— 500 °C, Annealed
= =]
o 3 z
e o q Q ¥ T =
W ] L] o o S S
138 136 134 132 130 128 292 290 288 286 284 282 536 534 532 530 528 526

Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

Fig. S1. X-ray photoelectron spectra of La 3d, Sr 3d, Co 2p, O 1s core-level spectra of the a) as-grown and
b) annealed films prepared at 500 °C, 300 °C, and R.T. Main and satellite peak positions are indicated in
each plot.
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Fig. S2. Typical plan-view SEM images of LSC films deposited at (a) 500 °C, (b) 300 °C, and (c) room
temperature (R.T.), utilized for symmetrical cells after testing at 700 °C for 300 h in air. (d)-(f):
corresponding cross-sectional SEM images.

Fig. S2 shows the typical SEM images of the cells after long-term testing. To obtain the plan-view SEM
images, the current-collector LSC paste was carefully detached in order to observe the surface of the LSC
nanostructure underneath. The cross-sections were obtained by fracturing the cell. Comparing these
images with those of the bare LSC thin films annealed in air (Fig. 2 in the main text), we can observe that
the LSC grains have undergone further sintering, leading to the increased grain sizes as well as increased
pore sizes. For the heated samples, the microstructures have further densified and led to the appearance
of well-crystallized grains on the surface. These results indicate that the porosity remained in the room-
temperature sample, thus suppressing the sintering effect, whereas this is promoted in the heated
samples. This suggests that the presence of initial porosity in the film is beneficial in preventing excessive
sintering and densification. Furthermore, the porosity should be sufficiently distributed across the
thickness of the film in order to prevent the columnar grains from sintering fully. On the other hand, we
note that the LSCF layers for all samples exhibit similar microstructures and no apparent secondary phases
can be observed at the interfaces with either LSC or GDC.



