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Catalyst preparation

La,O3 (High Purity Chemicals, Japan, 99.99%), SiO, (High Purity Chemicals,
99.9%), CaCO; (High Purity Chemicals, 99.99%), Na,CO; (FUJIFILM Wako
Chemicals, 299.8%), Ba,CO3; (FUJIFILM Wako Chemicals, 99.9%), In,O3 (High Purity
Chemicals, 99.99%), Bi,O3 (High Purity Chemicals, 99.9%), Y,O3; (FUJIFILM Wako
Chemicals, 99.99%), SrCO; (FUJIFILM Wako Chemicals, 99.99%), Ga,O3; (High
Purity Chemicals, 99.99%), MgO (FUJIFILM Wako Chemicals, 99.9%), TiO, (High
Purity Chemicals, 99%), Ca(NO3),'4H,O (FUJIFILM Wako Chemicals, 99.9%),
Al(NO3)3-6H,0 (FUJIFILM Wako Chemicals, 99.99%), and citric acid (FUJIFILM Wako
Chemicals, 298.0%) were used as starting materials. The appropriate amounts of raw
materials were mixed in an agate mortar followed by an addition of ethanol to facilitate
homogeneous mixing. The mixture was subsequently fired in a muffle furnace with
intermediate grinding according to the conditions listed in Table S1. LaCaAl;O; was
prepared with a wet chemical route. Each starting material was dissolved in ultra-pure
water (HNO3; was added to La solution). The solutions were mixed in a molar ratio of
La:Ca:Al:citric acid 1:1:3:15, followed by evaporation at 120 °C in an oven. Then, the
resulting solid was heated at 450 °C using a heating mantle. The result was ground

into powder and fired at 900 °C.

Table S1. Conditions for catalyst preparation.

Target Compounds Starting Materials Synthesis Conditions
Lag 33SigOo6 Lay0O3, SiO, Fired at 1300 °C and 1400 °C for 12 h
LagNaSigOo6 La,Os3, SiO,, Na,CO3 Fired at 900 °C and 1350 °C for 6 h
LagCa,SigO2 La,0s, SiO,, CaCO; Fired at 1300 °C and 1400 °C for 12 h
La,SiOs La,0O3, SiO, Fired at 1600 °C for 3 h
BayIn,05 BaCOs3, In,03 Fired at 1000 °C and 1200 °C for 10 h
Bi14Y0603 Bi;O3, Y503 Fired at 1000 °C for 12 h
Lao sS70.2Ga0.sMdo 20255 kﬂa€§83’ SrC0s Gaz0s  ieq at 1000 °C and 1500 “C for 6 h
Y,TioO7 Y-03, TiO, Fired at 1000 °C and 1200 °C for 12 h
La;O3, Ca(NO3),4H,0,
LaCaAl;07 * AI(NO3);3-6H,0, Fired at 900 °C
citric acid

*Wet chemical route



Table S2. Lattice parameters of LSO compared to the reference.

a (&) c (A) V (A3) Ref.
9.700(3) 7.168(6) 584.2 This work
9.719(5) 7.17(2) 586.5 [S1]
Table S3. Detailed results of the catalytic activity test for LSO.
Temperature CH,4 Selectivity (%) Yield (%)
(OC) Conversion (%) H2 CcO C02 C2H4 CQHG H2 CcoO
500 0.9 39.2 58.0 420 0 0 03 0.5
600 6.4 37.0 552 420 0 29 23 35
700 22.1 19.2 340 433 100 128 42 75
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Figure S1. Long-term catalytic test over LSO for 72 h at 700 °C.
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Figure S2. (a) XRD pattern for La,SiOs. (b) Simulated pattern for La,SiOs from
ICSD#157892 [S2].

Table S4. Lattice parameters of La,SiO5s compared to the reference.

a (A) b (A) c (A) V (A3) Ref.
9.329(4) 7.507(4) 7.030(5) 466.4 This work
9.332(0) 7.508(8) 7.033(2) 466.9 [S2]

Table S5. Detailed results of the catalytic activity test for La,SiOs.

Temperature CH, Selectivity (%) Yield (%)
(°C) Conversion (%) H, CO CO, CoHs CyHg H, CcoO
500 0.5 370 671 329 00 0.0 0.2 0.3
600 3.0 370 665 335 00 0.0 1.1 20
700 13.3 229 46.7 383 43 107 3.0 6.2
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Figure S3. (a) XRD patterns for LSO, (b) sodium-substituted LSO (LagNaSigO.g,
LNSO), and (c) calcium-substituted LSO (LagCa,SigO, LCSO).
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Figure S4. Catalytic activity data at 700 °C for LSO (Lag33SigO2), LNSO
(LagNaSiGOZG), and LCSO (LagCazsiGOZG).
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