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Figure 1S. a) Thermogravimetric and b) weight derivative curves of the as-synthesized 

La2(Ce1-xMgx)2O7-δ catalysts.
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Figure 2S. Scanning electron microscopy images of the La2(Ce1-xMgx)2O7-δ catalysts.
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Figure 3S. SEM mapping images of the La2(Ce1-xMgx)2O7-δ catalysts.
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Figure 4S. TPR profiles of the La2(Ce1-xMgx)2O7-δ catalysts.
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Figure 5S. CO2-TPD profiles of the La2(Ce1-xMgx)2O7-δ catalysts.

Table 1S. Binding energies obtained by XPS for the surface elements of the La2(Ce1-

xMgx)2O7-δ catalysts. The integrated areas of the cerium peaks are shown in parentheses.

Catalyst Binding energy 
(eV)
Ce3+

Binding energy (eV)
Ce4+

Binding 
energy 
(eV)
La3+

Binding 
energy 
(eV)
O 1s

Binding 
energy 
(eV)
C 1s

Binding
energy 
(eV)
Mg 2s



La2Ce2O7 881.6 (3594)
885.6 (2732)
896.7 (1040)
900.7 (982)

882.5 (9001)
888.4 (6200)
897.9 (7989)
900.5 (6366)
906.5 (4445)
916.1 (6629)

832.9
835.1
837.9
838.4
849.5
851.7
854.6
855.3

528.8
531.4
532.9

284.6
285.9
288.0
289.3

--------------

La2(Ce0.6Mg0.4)2O7-δ 881.2 (6428)
885.2 (4286)
897.3 (590)
901.3 (393)

882.2 (4864)
888.2 (3242)
897.8 (6864)
900.7 (4184)
906.7 (2789)
916.1 (5349)

833.7
835.2
837.7
839.2
850.3
852.1
854.3
855.7

528.9
531.5
533.1

284.7
286.1
288.2
289.8

88.9

La2(Ce0.4Mg0.6)2O7-δ 881.6 (2385)
885.6 (1684)
897.5 (893)
901.5 (740)

882.5 (5141)
888.5 (3921)
897.8 (5764)
903.7 (5274)
908.7 (3483)
916.1 (3715)

833.6
835.5
838.3
838.4
850.1
851.9
855.1
855.2

529.0
531.5
532.9

284.7
286.0
288.3
289.9

88.7

La2Mg2O5 ------------------------- ------------------------- 835.4
838.8
852.2
855.5

531.6
533.1

284.8
286.2
288.3
289.9

88.9

Table 2S. Analysis of the surface chemical compositions of the La2(Ce1-xMgx)2O7-δ 
catalysts.

Catalyst C (%) O (%) La (%) Ce (%) Mg (%)

La2Ce2O7 63.3 32.5 2.7 1.5 0.0

La2(Ce0.6Mg0.4)2O7-δ 52.4 34.7 3.0 1.1 8.8
La2(Ce0.4Mg0.6)2O7-δ 55.0 32.3 2.5 0.9 9.2
La2Mg2O5 57.4 28.8 1.8 0.0 12.0



Figure 6S. La 3d spectra of the La2(Ce1-xMgx)2O7-δ catalysts. 



Figure 7S. Representation of the disordered defective cubic fluorite phase structure for 

the La2(Ce0.6Mg0.4)2O7-δ catalyst.

Scheme 1S. Major products and reaction pathways involved in the oxidative coupling of 
methane.

𝑆𝐶𝑂𝑥
=

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂 𝑜𝑟 𝐶𝑂2 𝑓𝑜𝑟𝑚𝑒𝑑

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑚𝑒𝑡ℎ𝑎𝑛𝑒 𝑟𝑒𝑎𝑐𝑡𝑒𝑑
𝑥 100 (𝐸𝑞. 2)
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Figure 8S. COx (CO2 + CO), CO2, and CO selectivities in the OCM performed over the 
La2(Ce1-xMgx)2O7-δ catalysts with different Mg contents. Reaction conditions: 200 mg 
catalyst, CH4:O2:N2 = 4:1:4, WHSV = 18,000 mL.h-1.gcat

-1, 800 ºC.

Table 3S. C2 yields, O2 conversions, and C2, C2H4, C2H6, CO2, and CO selectivities for the 
La2O3, MgO, and CeO2 catalysts. Reaction conditions: 60 mL.min−1 of CH4:O2:N2 = 4:1:4, 
WHSV = 18,000 mL.h-1.gcat

-1, 800 ºC.

Catalyst
C2 

yield 
(%)

C2 

selectivity 
(%)

C2H4 
selectivity (%)

C2H6 
selectivity (%)

CO2 selectivity 
(%)

CO 
selectivity 

(%)

O2 conversion 
(%)

La2O3 7.8 55.8 32.5 23.3 36.1 8.2 100
MgO 7.0 46.7 30.3 16.4 27.6 25.7 85
CeO2 0.9 7.0 3.8 3.2 72.7 20.3 100

Table 4S. Performances (conversions and C2 selectivities or yields) and reaction 
conditions for catalysts reported in the literature for the OCM reaction.

Catalyst Reaction condition Conversion (%)
Selectivity (S) 

or yield (Y) 
for C2 (%)

Ref.

MnxOy-Na2WO4/COK-12 
(ordered mesoporous silica) 775 ºC, 100 mg catalyst, CH4/O2 = 4 24 60 (S) [1]

Li/Sm2O3/MgO 700 ºC, 0.4 g catalyst, 2400 h-1, CH4/O2 
= 4 24 64 (S) [2]

Sm2O3/MgO 700 ºC, 0.4 g catalyst, 2400 h-1, CH4/O2 
= 4 22 52 (S) [2]

MnxOy-Na2WO4 supported over 
SBA-15

750 ºC, 50 mg catalyst,
CH4/O2 = 4 14 70 (S) [3]

MnxOy-Na2WO4/La2O3 750 ºC, 50 mg catalyst, CH4/O2 = 4 18 34 (S) [3]
MnxOy-Na2WO4/CaO 750 ºC, 50 mg catalyst, CH4/O2 = 4 18 26 (S) [3]



MnxOy-Na2WO4/SrO 750 ºC, 50 mg catalyst, CH4/O2 = 4 5.4 25 (S) [3]
MnxOy-Na2WO4/Al2O3 750 ºC, 50 mg catalyst, CH4/O2 = 4 13 25 (S) [3]
MnxOy-Na2WO4/ZrO2 750 ºC, 50 mg catalyst, CH4/O2 = 4 10 21 (S) [3]

MnxOy-Na2WO4/Fe2O3 750 ºC, 50 mg catalyst, CH4/O2 = 4 2.3 73 (S) [3]
MnxOy-Na2WO4/Fe3O4 750 ºC, 50 mg catalyst, CH4/O2 = 4 1.6 63 (S) [3]

MnxOy-Na2WO4/TiO2-rutile 750 ºC, 50 mg catalyst, CH4/O2 = 4 3.6 79 (S) [3]
MnxOy-Na2WO4/TiO2- anatase 750 ºC, 50 mg catalyst, CH4/O2 = 4 1.6 63 (S) [3]

Cs/Sr/MgO 794 ºC, 1 g catalyst, CH4/O2 = 3 33 59 (S) [4]
Cs/Ba/MgO 820 ºC, 1 g catalyst, CH4/O2 = 3 32 57 (S) [4]

1 wt.% Li/MgO 800 ºC, 4500 h-1, CH4/O2 = 2 38 35 (S) [5]
CaO/ZnO, Ca/Zn = 1.3 800 ºC, 4500 h-1, CH4/O2 = 2 36 30 (S) [5]

Na2WO4/Mn/SiO2 850 ºC, 10,000 h-1, CH4/O2 = 3.5 32 57 (S) [6]
Na2WO4/Mn/SiO2 modified 

with 16.7 wt.% MgO 850 ºC, 10,000 h-1, CH4/O2 = 2 50 38 (S) [6]

Na2WO4/Mn/SiO2 modified
with 40 wt.% TiO2

850 ºC, 10,000 h-1, CH4/O2 = 2 39 59 (S) [6]

10% Na2WO4-5% Mn/SiO2, 
modified with 5% La

800 ºC, 1 g of catalyst, 10% N2, CH4:O2 
= 32:8, Not reported 24 (Y) [7]

5 wt.% Ba/La2O3
150 ºC, 200 mg catalyst, 18 h-1, (in 

electric field, 3.0 mA, 600 V) 6.3 32.3 (S) [8]

MnxOy-Na2WO4/SIC (porous) 800 ºC, 50 mg catalyst, CH4/O2 = 4 35 10 (S) [9]
La2Ti2O7 800 ºC, 200 mg catalyst, CH4/O2 = 4 ∼18 ∼35 (S) [10]
La2Zr2O7 800 ºC, 200 mg catalyst, CH4/O2 = 4 ∼24 ∼55 (S) [10]
La2Ce2O7 800 ºC, 200 mg catalyst, CH4/O2 = 4 ∼29 ∼59 (S) [10]
LaInO3 800 ºC, 0.7 h-1, CH4/O2 = 5 15 54 (S) [11]

La0.9Ba0.1InO3-δ 800 ºC, 0.7 h-1, CH4/O2 = 5 22 59 (S) [11]
La0.6Ba0.4InO3-δ 800 ºC, 0.7 h-1, CH4/O2 = 5 21 61 (S) [11]
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Figure 9S. COx (CO2+CO), CO2, and CO selectivities in the OCM reaction performed over 
La2(Ce0.6Mg0.4)2O7-δ, varying the CH4/O2 ratio. Reaction conditions: 200 mg catalyst, 
WHSV = 18,000 mL.h-1.gcat

-1, 800 ºC.
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Figure 10S. COx (CO2+CO), CO2, and CO selectivities in the OCM reaction performed over 
La2(Ce0.6Mg0.4)2O7-δ, varying the temperature. Reaction conditions: 200 mg catalyst, 
WHSV = 18,000 mL.h-1.gcat

-1.
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Figure 11S. COx (CO2+CO), CO2, and CO selectivities in the OCM reaction performed over 
the La2(Ce0.6Mg0.4)2O7-δ catalyst (350 mg), varying the WHSV.
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Figure 12S. COx (CO2+CO), CO2, and CO selectivities in the OCM reaction performed over 
the La2(Ce0.6Mg0.4)2O7-δ catalyst, varying the amount of water in the feed of 0 wt.% (4 
CH4: 1 O2: 4 N2), 10 wt.% (4 CH4: 1 O2: 4 N2: 1 H2O) and 20 wt.% (4 CH4: 1 O2: 4 N2: 2.25 
H2O). Reaction conditions: 200 mg catalyst, 800 ºC, WHSV = 18,000 mL.h-1.gcat

-1.


