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Supplementary table

Table S1. Comparison the catalytic performance of the LSy sC catalyst with the reported

catalysts mentioned in the literature.

Samples Reaction conditions Temperature Conversion Ea (kJ Reaction rate References
0) %) fmol)
LaCo0s-149.52 kGy 1000 ppm toluene 280°C 97.08% - - 1
GHSV=20000
ml-(g cat)!-h-1).
Ag/LCO 1000 ppm toluene, 239°C 90% - 4.19x1073(225°C) 2
30,000 cm? -g7! -hl
LCO-20 1000 ppm toluene, 206°C 90% 46 15.3x10¥ mol-g- 3
150000 ml- g7! -h7!. gl
Lag¢Cag ;Co0O5-CA 1000ppm toluene, 202°C 90% 44.1 0.63 pmol s''m?2 4
60 000 mL -g! -h-l.
80Co-20La 500ppm toluene 242 90% - 17.4 mmol 5
h™'m™2)
(220°C)
Lag ¢Sty 4CogoFey 103 1000ppm toluene 245 °C. 100% - - 6
20000 h!.
Lag 75519 25C005-d 500ppm toluene 212 50% 11.6x10°mol s'm- 7
30,000 L-'-kg! -h! 2
900 ppm toluene 300°C 100% - - 8
20 wt.% LaCoO3/1- 12000 L-Kg!-h
Al Os. -1
Lo82S0.15C 600ppm 210 90% 69.1 3.2x107mol-g!-s! This
20000 mL g -h'l. article
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Fig. S1. The pore size distribution of the as-prepared samples.
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Fig. S2. Arrhenius plot of the logarithm of the toluene conversion rate constant and

the reciprocal of the temperature.
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Fig. S3. Linear relationship between redox performance, Tqy and conversion rate.

The in-situ DRIFTS were performed to investigate the catalytic mechanism of
toluene oxidation over pervoskite catalysts. Firstly, we studied the adsorbed behavior
of toluene on two catalysts under helium atmosphere, to eliminate the influence of
oxygen. As shown in Fig. S4, peaks around 1619 and 1495 cm! ® were assigned to the
inplane skeletal vibration of aromatic ring. At the same time, the absorption intensity
of benzaldehyde species (1593 and 1446 cm') and benzoate species (1533 cm!) % 19,
asymmetric vibration (1563 cm) !> 12 and symmetric vibration (1391 ¢m!) 13- 14
infrared peaks attributed to the benzoate species increased with the time increased,
implying that toluene and intermediate product were easily adsorbed on both
Lo.5S0.1sC and LC samples. The peaks at 1619 cm™! was attributed to the alcohol
species (vibration of the C-O bond). All these peaks indicate that toluene adsorbed on
LC and L 4,S,.15C samples and converted into benzyl alcohol species by breaking the

C-H bond.The peak around 3078 cm! was assign to the absorbed of benzene ring. It



is worth noting that the intensity of 3078 cm™! 15 was increased with absorption time.
During the purging process, an interesting phenomenon occurred. The infrared
absorbed peaks attributed to the benzaldehyde species, benzyl alcohol species
benzoate species and toluene are significantly reduced or disappeared. It shows that
the intermediate product is easily removed on the surface of the catalyst. Obvious
changes occurred during the helium purging process. Obviously, the absorption peak
attributed to the benzene ring C-H quickly disappeared, and the peak of the
intermediate product (benzaldehyde species, benzoate species) would also be
significantly reduced. Comparing the two samples of LC and L(,S¢15C, it can be
clearly observed that the latter has more intermediate products. This confirms that
XPS, LS0.13C among higher Co*" content and more surface active oxygen species,

which is more conducive to the catalytic oxidation of toluene.
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Fig. S4. Dynamic change of in-situ DRIFTS with the flow of 600 ppm toluene + He at 180 °C. (a)
Lo.82S0.18C and (b) LC catalyst.

We continue to study the effect of the two samples on the catalytic process of
toluene as the reaction temperature changes, shown in Fig. SSA and Fig. S5B. For

Lo$2S0.1sC sample, the intensity of toluene and intermediate product gradually



increase with increase of temperature (50-150 °C). When the reaction temperature is
300 °C, it is basically difficult to observe the relevant infrared peaks attributable to
the benzoate. As the reaction temperature increases, the peaks at 1619 cm™! were
attributed to the benzyl alcohol species was no obvious change for LC sample.
However, the LSy sC sample has an obvious decreasing trend at 250-400C.
Indicating toluene conversion to benzyl alcohol was the rate-controlling step of the
reaction. As for LC sample, with the rise of temperature, peaks attributed to
intermediate products increased with the reaction temperature. This means that the
Lo£2S0.13C sample was easily to activate toluene molecule, which was beneficial to

improve the catalytic performance.
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Fig. S5. Dynamic change of in-situ DRIFTS over temperature in the flow of 600 ppm toluene + 21



vol.% O, + He, (A) different temperature reaction of L g,S15C sample. (B) different temperature
reaction of LC catalyst. (C) LS. 1sC at 180 °C. (D) LC at 220 °C.

We could reasonable to infer that the 220 °C and 180 °C was the most sense
temperature of LC and L g,So.1sC sample, according to the results of Fig. SSA and
Fig. S5B. Therefore, we conduct the in-situ DRIFTS dynamic reactions of LC and
Lo.§2S0.18C catalysts at 220 °C and 180 °C with the reaction time. As shown in Fig.
SSC, for the L(8,S¢.1sC sample, with the increase of reaction time, the infrared peaks
belong to intermediate species (benzaldehyde species, benzyl alcohol species
benzoate species) were gradually increased, and there was no obvious change after
seven minutes of reaction. It shows that the intermediate product did not on the
surface of the LgSosC sample. For the LC sample, intermediate products
accumulated on the surface of the catalyst, and it gradually increased with reaction
time (seen in Fig. S5D).

Therefore, for the reaction mechanism, it can be reasonably inferred that toluene
is first adsorbed on the surface of the catalyst and oxidized by surface oxygen species
to form benzyl alcohol species, and further oxidized to form benzaldehyde and
benzoic acid species. The benzoic acid species will be oxidized in an oxygen
atmosphere to form formate species, and further oxidized to form carbon dioxide and
water. Toluene conversion to benzyl alcohol was the rate-controlling step of the

reaction.
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