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Fig. S1. The profiles of XRD refinement of a) LSF and b) NaLSF0.20 powders.
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Fig. S2. HR-TEM microscope of LSF powder.



Fig. S3. The SEM of microscope structure of a) LSF, b) NaLF0.10, and ¢) NaLSF0.20 powders.



Fig. S4. Elements’ content obtained by EDX.
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Fig. SS. XPS full survey spectra of all powders.
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Fig. S6. Physical properties of LSF and NaLSF0.10: a) XRD patterns after sintered at 50% CO-CO, atmosphere, b)
XRD patterns of both samples in Figure 4a after successively sintered under air atmosphere for 10 h.
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Fig. S7. Chemical properties of LSF and NaLSF0.10 after sintered at 50% CO-CO, atmosphere and air
atmosphere for 10 h: a) the Fourier infrared spectra, b) Raman spectra.
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Fig. S8. EIS curves of symmetrical cells with a) LSF, b) NaLSF0.10, and ¢) NaLSF0.20 cathodes from 750 °C to
850 °C at 50% CO-CO, atmosphere.
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Fig. S9. DRT curves of symmetrical cells with a) LSF, b) NaLSF0.10, and ¢) NaLSF0.20 cathodes from 750 °C to

850 °C at 50% CO-CO, atmosphere.
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Fig. S10. SEM images of the cross-sectional of SOECs before the test with NaLSF0.10 cathode and LSCF-SDC

anode.
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Fig. S11. 1-V curves of SOECs with a) LSF, b) NaLSF0.10, ¢) NaLSF0.20, and d) NaLSF0.10 (200 pm electrolyte)
cathodes from 700 °C to 850 °C in pure CO, atmosphere.



s R e soec o
—a—800°C —o—3800°C NaLSF0.10
- 0.6 |} ——750°C =k “ 0A4F_, 7s500c
—a—700°C —o—700°C
E 13V E 13V
c: 0.4 . tm})\qfoeéb a d
:: %’a-o' o 2 1::0.2 r
§0.2 : i . r‘,\ﬁ%ﬂ_)n
g - g ) =
0.0 - el
= g 0.0 7
2 3 ']
2 $ g & 3
0.2 % , L1 L " " L — L L
0.0 04 08 12 16 20 24 0.0 0.4 0.8 i 1.2 1.6
(C) Re {Z'}, Q em’ (d) Re {Z'}, Q cm
0.4 — L3
—— hn[lg( pure CO, —a—850°( pure CO,
—o—800°C NaLSF0.2 —a—800°C NaLSF0.10
—a—T750°C —a—750°C 200 pm LSGM
NE —o—700°C NE 0.2 F—o—700°C
3] 13V ) 1.3V
Qu0.2r =]
a5 ~20.1 5°2%%%
"NI ; '?.fnw{u%ﬁ ’NI S u‘%
S 3 —— ;
Eo 0 ' ] i £ 0.0 55
(), y -
HE R 4
ae 9 ? a9
L N 4 s, i -0.1 i . .
0.0 0.4 0.8 1.2 1.6 0.0 0.2 0.4 0.6 0.8 1.0
Re {Z'}, Q cm’ Re {Z'}, Q cm®

Fig. S12. EIS curves of SOECs with a) LSF, b) NaLSF0.10, ¢) NaLSF0.20, and d) NaLSF0.10 (200 pm
electrolyte) cathodes from 700 °C to 850 °C at 1.3 V in pure CO, atmosphere.
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Fig. S13. EIS curves of SOECs with a) LSF, b) NaLSF0.10, ¢) NaLSF0.20, and d) NaLSF0.10 (200 um
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Fig. S14. a) and b) SEM images of the cross-sectional of SOECs with the electrolyte had been polished.



1.81| NaLSF0.10-SDC
1.71] NaLSF0.10
0.99] Ref.17
1.6 Ref.16
1.35| Ref.15
1.4 Ref.14
1.29 Ref.13
1.36| Ref.12
1.87]| Ref.11

0.7 Ref.10

1.03| Ref.9

0.9 Ref.8

1.72 Ref.7
0.77 Ref.6

0.8 Ref.5

2.02 Ref.4
1.1 Ref.3

1.05 Ref.2

1.5 Ref.1

20 15 1.0 05 0.0
Current Density (A/cmz)

Fig. S15. Comparison of performance for the SOECs with NaLSF0.10 cathode in this work with reported various
cathodes at 800 °C and 1.5 V.
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Fig. S16. a) I-V curves, b) EIS at 1.3 and 800 °C.



Fig. S17. SEM images of the cross-sectional of RSOCs after the test with NaLSF0.10-SDC cathode and LSCF-
SDC anode.
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Fig. S18. Comparison of performance for the RSOCs with NaLSF0.10-SDC cathode in this work with reported
various cathodes at 800 °C/850 °C and 1.5 V (SOEC mode) or 800 °C/850 °C and 0.6 V (SOFC mode).



Table S1. Structural Refinement Results for LSF, NaLLSF0.10, and NaL.SF0.20 powders.

LSF NaLSF0.10 NaLSF0.20
a(A) 5.5252 5.5267 5.5302
b (A) 5.5252 5.5267 5.5302
c (A) 13.4409 13.4340 13.4434
V (A3) 355.348 355.359 356.060
wR, (%) 8.31 8.62 8.91
R, (%) 6.62 6.67 7.00

Chi? 2.196 2.389 2.466




Table S2. The composition of lattice oxygen and surface adsorbed oxygen species in LSF,

NaLSF0.10, and NaLSF0.20 samples.

B.E. O Is (GV) Olat Oads+OH/carbonate
Samples Oads+OH/carbonate/ Olat.

Olat Oads OH/carbonate (at‘%) (at-%)

530.03
LSF 528.43 530.08 532.73 50.76 43.65 0.97
529.28
NaLSF0.10 528.13 530.58 531.43 35.08 48.07 1.85
NaLSF0.20 528.08 529.48 531.38 26.08 48.13 2.62

530.73




Table S3. The composition of Fe?*, Fe*, and Fe*" fitting by Fe 2p spectra in LSF, NaL.SF0.10,

and NaLSF(0.20 samples.
Concentration (%) LSF NaLSF0.10 NaLSF0.20
Fe?* 50.25 51.28 53.19
Fe3* 35.17 35.39 36.17

Fe** 14.58 13.33 10.64




Table S4. Comparison of current densities for CO, electrolysis at 800 °C and 1.5 V.

Current densities

Cathodes Electrolytes//anodes References
(A cm?)
SroFe; s Mo 5055 LDC/LSGM//LSCF-SDC 1.50 Adv Energy Mater 2021, 11, 2102845 1
CoFe@Sr,Fe; 35C092Mo0¢ 4506.5-GDC LDC/LSGM//BSCF-GDC 1.05 Adv Mater 2020, 32, 1906193 2
(Lao_2Sr(),8)0,9.5Ti0_65Mn0_3503_5 LDC/LSGM//LSM 0.60 Appl Catal B 2020, 272, 118968 N
(Lag2Sro.8)0.95Tig.55Mng35Cug,1003.5 LDC/LSGM//LSM 1.10
CoFe-Lag 4Stg Cog2Feg Moy 1035 LDC/LSGM//BSCF-GDC 2.02 Angew Chem Int Ed 2020, 59, 15968 4
FeNi@Lag ¢Cag 4FeqgNig,03-5 GDC/YSZ/GDC//LSCF-GDC 0.80 J Mater Chem A 2019, 7, 6395 3
Lag 43Cag37Tig.94Nig 0603.5-Ce LDC/LSGM//LSCF-GDC/LSCF 0.77 J Mater Chem A 2022, 10, 20350 6
Ni@Sr,Fe; sMog 506.5-Ni@GDC LSGM//PBSCF-GDC 1.72 Appl Catal B 2023, 337, 122968 1
SroFe 3Z19,M00 5065 GDC//LSGM//LSCF 0.90 Appl Catal B 2022, 317, 121754 8
Sry 97Fe1 sMog sNig 1 Og-y SDC/LSGM//LSCF-SDC 1.03 ACS Appl Mater. Interfaces 2022, 14, 9138 2
Lag sSrpsFeO;.5-Pd YSZ//LSM-YSZ 0.70 Nano Energy 2020, 71, 104598 10
RuFe@Sr,Fe; 4JRug 1Moy 504.5-GDC LDC/LSGM/BSCF-GDC 1.87 Nat Commun, 2021, 12, 5665 1
SryFe; sMog 506.5F0.1 LDC/LSGM//LSCF-SDC 1.36 Adv Energy Mater 2019, 9,1803156 12
SroFe; 451t 0sM0g s06.5-GDC LDC/LSGM//BSCF-GDC 1.29 Natl Sci Rev 2023, 10, nwad078 =
Sr,FeMoysMg; 3065 LDC/LSGM/LDC//LSCF-SDC 1.40 Nano Energy 2021, 82, 105707 14
LagsSrosFepoTip 1035 LSGM//LSCF-GDC 1.35 Ceram Inter 2022, 48, 4223 15
Lay s55Stg.45Feg sMog 1035 LSGM//LSC 1.60 Chem Eng J 2022, 433, 133632 16
Lag 6.xLixSto 4C00 7Mng 3035 LSGM//LSCF 0.99 Small 2023, 2303305 17
CegoMg 10, infiltrated LSCrF-GDC YSZ//LSM-YSZ 0.60 J Energy Chem 2020, 40, 46 13
(LagSr4)0.9Ti7,Nig 026 YSZ//LSCF 1.20 J Energy Chem 2023, 84, 219 19
Green Chem 2023, DOI:
SryFe; 4Zng 1Moy sO¢-s LSGM/BSCF ~1.50 20
10.1039/D3GC03518B
NaLSFO0.10 LSGM//LSCF-SDC 1.71 .
This work
NaLSF0.10-SDC LSGM//LSCF-SDC 1.81

GDC: Gdy,Ceg0,-5; LDC: Lag 4Cep §0,—5; SDC: Smy,Ce30,-5; LSM: Lag gS19,MnO;.5; LSCF: Lag ¢St 4Cog2Fe 3035, YSZ (8% nickel-yttria stabilized zirconia),
BSCF: Ba()jSr0.5C00AgF60.203_5, PBSCEF: PI'Ba()A5SI'0.5C01A5F60.5O5+5.



Table S5. Comparison of performance of RSOCs for CO-CO, at 800 °C and 1.5 V.

Fuel electrode

Electrolytes//air electrode

Current densities (A cm™2)

SOEC@1.5V SOFC@0.6V

References

Sry 97Fe1 sMog sNig 106,
Ni-YSZ (70% CO-CO,)

COFC-SY2F67/6M00.5CO1/306_5 in 2:1 CO-C02
La0,6Sr0.4FeO,3Ni0,203_5—GDC in 30% CO—C02
Lao'3SI'().7F€0,7Ti0'3O3_5 in 30% CO—C02

FGNi@La().(,SI’0'4F€0'8Ni0.203_5—GDC
SI'2F€1.5M00,50675-YSZ

COFC@PI’OASI‘Q6C00'2F60'7M00'103_5—GDC in

30% CO-CO,

PI'()'4SI'()'6C00'2FC()'7MO().103_5-GDC in 30%

CO-CO;,

CO@Lao_ﬁsr0'4C00.7MH0'3O3 in 30% CO'C02

CoNi@Lao,6Sr0_4C00,5Ni0.2Mn0_3O3
NaLSF0.10-SDC

YSZ//SDC//LSCF

SDC/YSZ//LSM-SDC
YSZ/GDC//LSCF-GDC
SDC/YSZ/SDC//Lag 3Srq 7Feq7Ti303
GDC/YSZ/GDC//LSCF-GDC
YSZ//SFM-YSZ

GDC/YSZ/GDC//LSCF-GDC

GDC/LSGM//LSCF-GDC
GDC/LSGM//LSCF-GDC
LSGM//LSCF-SDC

1.03
0.91
0.76
0.87
0.25
0.60
0.60

0.80 (850°C)
0.65 (850°C)

0.80
0.75
1.59

0.70
0.95
0.43
0.25
0.10
0.50
0.40

0.25 (850°C)
0.14 (850°C)

0.20
0.15
0.48

ACS Appl Mater. Interfaces 2022, 14,
9138

Sci China Mater 2021 64, 1114

J Mater Chem A 2017, 5,2673
Electrochimica Acta 2020, 332, 135464
ACS Catalysis 2016, 6, 6219-6228
Solid State Ionics, 2018, 319 98-104

J Mater Chem A 2016, 5, 2673

Appl Catal B 2019, 272, 147-156
J Mater Chem A 2020, 8, 138
This work

Noted, if not specific statement, the applied fuel electrode gas atmosphere is 50% CO-CO,
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