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Figure S1. XRD patterns of LaxFeO; (x =1.03, 1, and 0.97) oxides.
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Figure S2. SEM images of fresh samples. SEM images of fresh a La103FeOs, b LaFeOs, and ¢

Lao.orFeOs, and d-f the corresponding grain size statistical results.
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Figure S3. O,-TPD profiles for LasFeO; (x = 1.03, 1, and 0.97) of fresh and cycled oxides.
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Figure S4. Stability tests of catalysts. The performance of CHs partial oxidation step for a
La1.03FeOs during 20 cycles, b LaFeO3 during 250 cycles, and ¢ Lagg7FeOs during 50 cycles. Reaction
conditions: 100 mg catalyst treated with 5% CHa/He (15 mL/min) for 8 min during CH4 partial oxidation
step, 5% CO2/He (15 mL/min) for 10 min during CO- regeneration step at 900 °C, and the reactor was

purged with He for 4 min (20 ml/min) between partial oxidation and reoxidation step.
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Figure S5. CO; conversion of regeneration step. Reaction conditions: 100 mg catalyst was treated
with 5% CHai/He (15 mL/min) for 8 min during CHs partial oxidation step, 5% CO2/He (15 mL/min) for
10 min during CO- regeneration step at 900 °C, and the reactor was purged with He for 4 min (20

ml/min) between partial oxidation and reoxidation step.
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Figure S6. CH4-TPR profiles. a LaFeOs, b LaFeOs-3, and ¢ LaFe0O3-20. Reaction conditions: 100

mg catalyst treated with 5% CHa4/He (30 mL/min) from 20 °C to 900 °C with a ramp rate of 10 °C/min.
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Figure S7. XRD patterns of fresh and cycled samples. a La103FeO3, b LaFeOs, and ¢ Lagg7FeOs.



Figure S8. SEM images of fresh and cycled samples. a La103sFeOs3, b La1.03FeOs-20, ¢ LaFeOs, d

LaFeO3-3, e LaFe03-20, f LaFe03-250, g Lagge7FeOs, and h Lage7Fe03-20.
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Figure S9. Variation in the LEIS peak signal of La and Fe atoms with sputtering time.
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Figure $10. XRD and Raman spectra of the catalysts. a XRD pattern of LaFeO3-50, and b Raman

spectra of fresh and cycled LaFeOs.
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Figure S11. XRD patterns of fresh LaFeO;, LaFeO; after CH; reduction and different
regeneration time in CO2 with corresponding magnified view in the range of 28-31° and
44.0-45.5°. (LaFeO3 was reduced by CHs and marked as CH.-Re; the reduced LaFeO3; was oxidized
by CO. for 2 min and recorded as CO2-Ro-2min; and the reduced LaFeO3s was oxidized by CO, for 4

min and recorded as CO2-Ro-4min).
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Figure S12. Surface structures for LaFeOs. Fe-O terminated surface for LaFeOs through a side

view and ¢ top view, and La-O terminated surface for LaFeO3; through b side view and d top view.
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Figure S13. Fe-O terminated surface for LaFeO; Fe-O terminated surface for LaFeO; through a
side view and b top view, and ¢ LaFeOs with single La vacancy, and d LaFeOs with double La

vacancies.
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Figure S14. Theoretical investigations on the effect of subsurface La vacancies. a-c surface
structure changes with Lasuw,.. vacancy concentration for the bottom O, d Charge-transfer energy with
corresponding band centers of unoccupied Fe 3d and occupied O 2p states for different Lasu. vacancy
concentration for the bottom O, and e-g Computational model of oxygen vacancy formation in bulk of
different Lasw. vacancy concentration based on the bottom O. (Lavac. stands for subsurface La vacancy;

Lasub. stands for subsurface La).
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Figure S15. Comparison of energy profile of CHs activation (TS1) over bottom oxygen

coordinated with different number of Lasu,. vacancies. Lavac. stands for subsurface La vacancy.
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Figure S16. Correlation between specific surface area, surface Fe percentage and the

corresponding chemical looping methane conversion performance.
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Figure S17. The LEIS peak signal for La and Fe atoms at the first layer of fresh Lagg7FeO-

oxides.



Table S1. Quantitative results of XPS for LayFeOs (x = 1.03, 1, and 0.97) of fresh and cycled

oxides.
Sample La/lFe? 0% (%)® 02/0 (%)° CO3%/OH (%) ¢ H20 (%) ®
La103FeOs 2.41 34.45 12.30 36.75 16.50
LaFeOs 1.22 35.07 14.86 34.77 15.30
Laoo7FeOs 0.91 46.55 17.78 24.64 11.03
LaiosFeOs-20 2.10 37.93 11.43 38.83 11.81
LaFeOs-20 1.58 35.41 12.20 40.28 12.11
Laoe7Fe0s3-20  1.49 36.70 12.01 39.33 11.96

@ La/Fe ratio.

® Percentage of O% in oxygen species.

¢ Percentage of 0,%/0" in oxygen species.

4 Percentage of CO3%/OH- in oxygen species.

¢ Percentage of H20 in oxygen species.



Table S2. Total energy for different terminated surfaces.

Different terminated surface Total energy (eV)

Fe-O terminated surface -598.59
La-O terminated surface -599.33




Table S3. Total energy for different La vacancies.

Different La vacancies Total energy (eV)
Lalvac -583.15
La3vac -583.14
Latvac and La2yac -567.09

La3vac and Ladyac -567.13




Table S4. Oxygen vacancy formation energy for different La vacancies.

Oxygen vacancy formation energy (eV) Top O Bottom O
0-LaFevac 3.25 4.28
1-LaFevac 1.37 1.82

2-LaFeyac 0.79 1.41




Table S5. Basic parameters for different Lasy, vacancy concentrations from DFT calculations

for the bottom O.

Subsurface La vacancy number 0-Lavac. 1-Lavac. 2-Layac.
Charge transfer energy 4.91eV 4.75 eV 4.37 eV
Bader charge (Fe) 1.67 1.68 1.69
Bader charge (O) -1.22 -1.19 -1.15
Oxygen vacancy formation energy 4.28 eV 1.82 eV 142 eV
Hydrogen atom adsorption energy -1.39 eV -1.77 eV -1.95eV




Table S6. Basic parameters for different Lasy, vacancy concentrations from DFT calculations

for the top O.
Subsurface La vacancy number 0-Lavac. 1-Lavac. 2-Layac.
Charge transfer energy 4.87 eV 4.69 eV 4.31eV
Bader charge (Fe) 1.64 1.66 1.67
Bader charge (O) -1.11 -1.07 -1.02
Oxygen vacancy formation energy 3.25eV 1.37 eV 0.79 eV
Hydrogen atom adsorption energy -1.43 eV -1.88 eV -2.04 eV




Table S7. Energy barrier for methane partial oxidation reaction.

Energy barrier (E.) 0-Lavac. 1-Lavac. 2-Lavac.
TS1 1.88 1.46 1.03
TS2 1.84 1.39 0.99
TS3 1.67 1.22 0.77

TS4 1.82 1.23 0.75




Table S8. The BET specific surface area of LaxFeO: (x = 1.03, 1, 0.97) and cycled LaFeO;

catalyst.

Sample Lai03FeOs LaFeOs LaporFeOs  LaFe03-3  LaFeO3-20
Seer (M?/Qeat) 9.4 5.8 2.2 1.3 1.8




