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1. Preparation of benchmark reverse water—gas shift reaction chemical looping materials

Lag.¢Cao.4Feo4Mng O3 was prepared using the polymerized complex method. La(NO3)3-6H20 (99.9%,
FUJIFILM Wako Chemicals), Ca(NO3)2-4H20 (99%, Sigma-Aldrich), Fe(NOs3)3;-9H20 (99.999%,
Sigma-Aldrich), Mn(NO3)2:6H20 (99.9%, FUJIFILM Wako Chemicals), citric acid (98%, FUJIFILM
Wako Chemicals), and ethylene glycol (99%, FUJIFILM Wako Chemicals) were dissolved in a
minimum amount of deionized water in a molar ratio 0f 0.6:0.4:0.4:0.6:6:6. The prepared solution was
stirred on a hotplate at 90 °C for 7 h; the obtained gel was preheated at 450 °C for 2 h followed by
calcination twice at 950 °C for 5 h in air. Co/In203 was prepared using the wet impregnation method
with In2O3 (99.9%, FUJIFILM Wako Chemicals) and Co(NO3)2-6H>O (99.9%, FUJIFILM Wako

Chemicals) in a molar ratio of In:Co = 2:1, followed by calcination at 500 °C for 5 h in air.
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2. Supplementary figures
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Figure S1. X-ray diffraction (XRD) patterns of LaCoi-+AlyO3 (0 < x < 1) quenched at 500 °C under
5% H2/N> flow.
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Figure S2. XRD patterns of LaCo1-<Al:O3 (0 < x < 1) quenched at 800 °C under 5% H2/N; flow.
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Figure S3. Lattice volumes of LaCoO3 and LaCoo.sAlo.sO3 at room temperature in air, 500 °C in air,

and 500 °C in 100% H: (5 and 30 min) estimated from in situ synchrotron XRD patterns.
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Figure S4. Mass spectra of CO (m/z = 28) and CO» (m/z = 44) in the LaCoo5Alo.s03 outlet gas (40
mg) after switching the flow from 5% Hz/He (100 mL min~") to 5% CO2/He (100 mL min~") at 500 °C.

Pretreatment was conducted for 30 min under 5% Hz/He flow. The CO intensity increased temporarily

after CO; introduction and then decreased, indicating that CO was produced in the RWGS-CL reaction

between LaCoo.5Alos03 and CO», in addition to the fragmentation of unreacted CO».
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Figure S5. CO concentration in the LaCoo.sAlps03 outlet gas (2.00 g) after switching the flow from
50% Ha/He (50 mL min~") to 50% CO2/He (50 mL min~') at 500 °C. Pretreatment was conducted for
30 min under 5% Hz/He flow. The CO concentration was determined by Fourier-transform infrared

(FT-IR) spectroscopy. The maximum concentration of CO was 10.0%. The CO production amount

was 3.31 x 104 CO-mol g™\
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Figure S6. Fraction of reduced Co** ([Co**]/([Co**] + [Co**])) in the isothermal reverse water—gas

shift reaction chemical looping (RWGS-CL) reaction at 500 °C.
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Figure S7. XRD patterns of LaCo1-<Al:O3 (0 < x < 1) after the RWGS-CL reaction at 500 °C.

S8



4 x=1

x=0.75

Kubelka-Munk

1 x=05

x=0.25
x=0
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm ')

Figure S8. Diffuse reflectance infrared Fourier transform spectra of LaCoi—xAliO3 (0 < x < 1) at
500 °C in 5% COg2/Nz2. The spectra collected after the pretreatment at 500 °C for 30 min under 5%

H2/Ns flow are used as background. Peaks at approximately 2300 cm™! are assigned to
the CO2 gas phase.5!
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Figure S9. RWGS-CL stability test for LaCoo.5Alo.503. The red dashed line represents the average CO
production amount (4.54 x 10~* CO-mol g!).
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Figure S10. Temperature dependence of the CO production amount of LaCo1-xAl:O3 estimated from
the weight increase in 5% CO2/N; at 200-500 °C. Pretreatment was carried out for 30 min under 5%
H2/N; flow at the same temperature as that under 5% CO2/N> flow (200-500 °C).

S11



—_—
)]
—
—_
(=)}
=
—_
O
~

0.5 . 25 . 0.7 T
— 06} 4
o 04 4 = 20} . @
=] S5 —~ ‘© L -
X 2, 2 % 0°
= @ T [
o 'c 03F 1 c x 15F -1 o'c 04F -
T E ST 3 E
S _ T2 ps
81 o > 5 o', 03F -
& = o2 4 8 € 10} 1 o
S ie) S
8 oE' a9 E 02} .
S ok 4 © 7 osf - e
= 0.1F -
0 0 0
LaCosAls0;  LCFMO Colln,0, LaCoysAl 505 LCFMO Colln,0, LaCoysAls0;  LCFMO Colln,0,

Figure S11. Comparison of (a) CO production rate, (b) CO production amount, and (c) O release rate
on LaCoo Al s0; in this study and prepared various oxides (Lao.sCao4Feo4Mno 035 and Co/In,055%)

reported in literatures.
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