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Fig. S1 SEM image (a) LSCF and (b) LSCFT before template removal from CSSR-derived 

materials. Each of the sample contains carbon which creates voids after removal via thermal 

treatment. SEM images of the samples prepared via traditional solid-state reaction (c) LSCF, and 

(d) LSCFT 

 

 

 

 

 



 

Fig. S2 (a) TEM images of the as-prepared LSCF, (b) High-resolution TEM of LSCF showing the 

lattice spacing of LSCF. (c) Selected area electron diffraction (SAED) indicating crystal planes of 

LSCF. (d) Energy dispersive X-ray spectroscopy (EDS) for element maps of LSCF, and (e) EDS 

graph of the LSCF showing the composition percentage of each element in the sample. 

 

  



 

Fig. S3 (a) TEM images of LSCFT-1 showing the formation and distribution of excess tantalum 

oxide (TaO). (b) High resolution TEM of LSCFT-1 indicating the lattice spacing of the excessive 

TaO and single phase LSCFT. (c) Selected area electron diffraction (SAED) showing the crystal 

plane of TaO and LSCFT. 

 

 

Fig. S4 Comparison of N2 adsorption/desorption isotherm curves of the CSSR-derived LSCF and 

LSCFT (a) surface area, and (b) pore volume. 

 

Fig. S5 N2 adsorption/desorption isotherm curves of LSCF prepared via traditional solid-state 

reaction (a) surface area, and (b) pore volume.  



 

 

Fig. S6 Schematic illustration of the anode-supported single-cell with LSCFT cathode 



 

Fig. S7 SEM images of cross-sectional part of (a) single-cell with LSCFT cathode electrode, (b) 

LSCFT cathode, (c) single-cell with LSCF cathode electrode, and (d) LSCF cathode electrode. The 

images were taken after electrochemical performance test. 

 

 

 



 

Fig. S8 EIS measurements in the air at 600-800 °C of (a-b) LSCFT and (c-d) LSCF in an anode-

supported single-cell with the configuration of NiO-YSZ|YSZ|GDC|LSCFT and NiO-

YSZ|YSZ|GDC|LSCF respectively 

 

 

 

Fig. S9: (a) Current-voltage-power (I-V-P) curves after and before stability test for the anode-

supported single-cell NiO-YSZ|YSZ|GDC with LSCFT cathode materials, and (b) EIS 



measurements in the air at 650 °C of the anode-supported single-cell NiO-YSZ|YSZ|GDC with 

LSCFT cathode materials before and after stability test. 

  



 

Fig. S10 Comparison of low-resolution XPS peaks of the LSCFT and LSCF. 

  



Table. S1: Comparison of structural properties of LSCF and LSCFT. 

Material Cell parameter(Å) Plane diameter (nm) 

LSCFT-0 a = b = 5.445, c = 13.255 0.180 

LSCFT-1 a=b=5.625 c=13.242 0.187 

LSCFT-2 a=b=5.620 c=13.245 0.189 

LSCF a = b =5.456, c = 13.200 0.184 

  

 

  



Table S2: Comparison of recent electrochemical performance of some of the doped LSCF or its 

composite as cathode material for SOFCs.  

Note: ASR = area specific resistance (Ω·cm2), PPD = peak power density (mW·cm-2), Tmin. = 

minimum temperature of electrochemical testing (oC), Tmax. = maximum temperature of 

electrochemical testing (oC), CGO = Ce0.9Gd0.1O1.95. 

Cathode 

material 

single cell 

composition 

ASR@Tmin ASR@Tmax PPD@Tmin PPD@Tmax. Ref. 

LSCF-

CeO2 

composite 

NiO-

YSZ/YSZ/G

DC/LSCF-

CeO2 

0.154@600 0.031@700 685.1@600 1221.6@700 [1] 

Cerium-

doped 

LSCF 

(La0.54Ce0.0

6Sr0.4Co0.2 

Fe0.8O3) 

La0.54Ce0.06Sr

0.4Co0.2 

Fe0.8O3/GDC/

La0.54Ce0.06Sr

0.4Co0.2 

Fe0.8O3 

0.820@650 0.037@800 - - [2] 

Mo-doped 

LSCF 

(La0.6Sr0.4C

o0.2Fe0.75M

o0.05O3-δ) 

La0.6Sr0.4Co0.2

Fe0.75Mo0.05O

3-

δ/GDC/La0.6S

r0.4Co0.2Fe0.75

Mo0.05O3-δ 

- 0.149@700 - - [3] 

Rh-doped 

LSCF 

NiO-

YSZ/YSZ/G

DC/Rh-

doped LSCF 

0.468@650 0.169@800 600@650 1830@800 [4] 

Pd-doped 

LSCF 

NiO-

YSZ/YSZ/G

DC/Pd-doped 

LSCF 

0.468@650 0.155@650 590@650 1990@800 [4] 

LSCF-

CGO 

composite 

NiO-

CGO/CGO/ 

LSCF-CGO 

- - 121@500 240@600 [5] 

GDC-

LSCF 

composite 

NiO-

YSZ/YSZ/G

DC/ GDC-

LSCF 

- - 410@700 890@800 [6] 

LSCF-

GDC  

NiO-

YSZ/YSZ/ 

LSCF-GDC 

0.036@600 - 1500@650 3300@700 [7] 

LSCF NiO-

YSZ/YSZ/G

DC/LSCF 

2.515@650 0.100@800 86@ 600 1270@800 This 

study 

Ta-doped 

LSCF 

NiO-

YSZ/YSZ/G

DC/Ta-doped 

LSCF 

1.260@600 0.06@800 226@650 1374@800 This 

study 
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