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Catalyst Synthesis

CaCOs and MnCOs were dissolved in a 1.5 M HNOs solution in a 1:1 molar ratio,
followed by the addition of an (NH4).COj3 solution at a (Ca?* + Mn?*)/COs? molar ratio
of 1:2.5. The mixture was stirred for 30 min, then the precipitate was centrifuged and
dried under vacuum at 80 °C for 12 hours. The dried powder was calcined at 900 °C for
5 hours in air flow in a muffle furnace. The sample was denoted CMO.

Catalyst Activity

CO oxidation. Catalytic activity in CO oxidation was evaluated using 50 mg of
catalyst (40—60 mesh) in a fixed-bed quartz tubular microreactor (®=10.0 mm). The
gas composition was 3000 ppm CO + 10 vol % O + balance N», with a total gas flow
rate of approximately 200 mL-min"! and a WHSV of ca. 120,000 mL-h™!-g™!. A gas
chromatography (GC-2014, Shimadzu) was used for online detection of the outlet
concentrations of CO and CO,. The CO conversion (Xco,%) was calculated using Eq.
S1, where Cin and Cou are the CO concentrations corresponding to the inlet and outlet,

respectively.

Xco = % x 100%  (S1)

CO+C3Hs oxidation and CO+C3;Hg+NO oxidation. Catalytic activity was
evaluated using 50 mg of catalyst (40-60 mesh) in a fixed-bed quartz tubular
microreactor (®=10.0 mm). The composition of the experimental reaction gas was 3000
ppm CO + 1000 ppm C3Hs+ 500 ppm NO (when needed) + 10 vol % O+ balance No,

with a total gas flow rate of about 200 mL-min!, and a WHSV of about 120,000

mL-h™!-g™!. The concentrations of products and reactants were monitored online using
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an MKS Multigas 2030 FTIR spectrometer. The conversion rates of NO (Xno, %), CO
(Xco, %) or C3He (Xc3ue, %) were calculated by the following Eq. S2, where Ciy and

Cout are the concentrations of NO, CO, or C3Hg at the inlet and outlet, respectively.

XNO,CO or C3Hg =

Cin—Cout % 100%

Cin

S5
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H, and CMO-6h catalysts. Gas condition: 500 ppm NO, 10 vol % O», and N balance;

200 mL-min! in total.
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97  Figure S2. NO conversion as a function of temperature over the CMO, and Pd/CMO

98  catalysts. Gas condition: 500 ppm NO, 10 vol % O, and N> balance; 200 mL-min~! in
99  total.
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Figure S3. (a) NO and (b) CO conversion as a function of temperature over the CMO-
H, Pd-CMO-H (with 0.2% Pd doping), and 0.5%Pd/CMO-H catalysts. Gas conditions:
(a) 500 ppm NO, 10 vol % O», and N> balance; (b) 3000 ppm CO, 10 vol % O, and N

balance; 200 mL-min! in total.
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110  Figure S4. (a) CO and (b) C3He conversion as a function of temperature for CMO-H,
111  Pd-CMO-H, and 0.5%Pd/CMO-H in CO+C;3Hs co-oxidation. Gas condition: 3000 ppm
112 CO, 1000 ppm C3Hs, 10 vol % O», and balance N»2; 200 mL-min ™! in total.
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Figure S7. (a) CO and (b) C3Hg conversion as a function of temperature for different
CMO catalysts in CO+C3Hg co-oxidation. Gas condition: 3000 ppm CO, 1000 ppm
CsHs, 10 vol % O», and balance Np; 200 mL-min ! in total.
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Figure S10. (a) NO conversion vs. temperature curves, and (b) XP Mn 3s spectra for
Pd/CMO, Pd/CMO-1h and Pd-CMO-H; (¢) correlation between the AOS of surface Mn
and the NO reaction rate at 150 °C for different Pd-loaded perovskites. Gas condition:

(a) 500 ppm NO, 10 vol % O, and balance N»; 200 mL-min ™! in total.

Note:

The 4E values of Pd/CMO, Pd/CMO-1h and Pd-CMO-H were measured to be 5.22 eV,
5.06 eV and 4.93 eV (Figure S12b), corresponding to AOS values of 3.11, 3.30 and

3.45, respectively.
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148  Figure S11. XRD patterns for Pd-CMO-H with 0.2 wt % and 0.5wt % Pd content.
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152 Figure S12. Aberration-corrected HAADF-STEM image with STEM-EDS element

153  mappings for CMO-H.
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Figure S13. XP Ca 2p spectra for CMO-H and Pd-CMO-H.
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Figure S14. Mn L-edge absorption spectra of CMO-H and Pd-CMO-H
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Figure S15. (a) O 1s XPS of 0.5%Pd/CMO-H; (b) EPR results over CMO-H, Pd-
CMO-H, 0.5%Pd/CMO-H.

Note:

Compared to Pd-CMO-H (0.318), the ratio of Oads/O1ast for 0.5%Pd/CMO-H (0.306) has
decreased, indicating a reduced amount of oxygen vacancies. This conclusion is
supported by EPR, which shows that the signal at g=2.003 for oxygen vacancies
decreased more significantly in 0.5%Pd/CMO-H compared to Pd-CMO-H. In summary,
0.5%Pd/CMO-H has fewer oxygen vacancies than Pd-CMO-H, leading to a decline in
its catalytic activity. Furthermore, through EPR results, we also found that Pd-CMO-H
has the highest number of oxygen vacancies, followed by 0.5%Pd/CMO-H, with CMO-
H having the least. This observation is consistent with the activity-oxygen vacancy

correlation revealed in Figure 6d.
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Figure S16. (a) XP O Ls spectra for Pd-CMO-H-dry and Pd-CMO-wet; (b) EPR results
over Pd-CMO-H, Pd-CMO-H-dry and Pd/CMO-wet. Pd-CMO-H-dry refers to the fresh
catalyst after NO oxidation without water vapor; Pd-CMO-H-wet refers to the fresh

catalyst after NO oxidation with water vapor.

Note:

The Oags/Orar ratio for Pd-CMO-H decreased from 0.318 (Table 1) to 0.298 (Figure S18a)
after NO oxidation reaction (Pd-CMO-H-dry), corresponding to a decreased content of
oxygen vacancies. The consumption of oxygen vacancies can be attributed their
involvement in the reaction, presumably as intermediate oxidants.[S1] After NO
oxidation in the presence of water vapor, the Oags/Orare decreased further to 0.268 (Pd-
CMO-H-wet, Figure S15a), likely due to a consumption of oxygen vacancy by H>O
molecules. This assumption was confirmed by EPR studies (Figure S15b). Specifically,
the signal at g=2.003 for oxygen vacancies decreased more significantly after NO
oxidation reaction under wet conditions (Pd-CMO-H-wet) than under dry conditions
(Pd-CMO-H-dry). As a whole, one can conclude that H>O molecules can consume the
oxygen vacancies that are active in oxidation reactions and, consequently, decreased

the catalytic activity in NO oxidation with water vapor.
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Figure S19. Normalized intensities of the IR band at 1020 cm™!' over NO-saturated

catalysts during subsequent O, exposure.
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Figure S20. /n situ DRIFT spectra for (a) CMO-H and (b) Pd-CMO-H during exposure

in a NO+O; mixture at different temperatures.
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Figure S22. XP Pd 3d spectra of Pd-CMO-H and Pd-CMO-H-S.

Note:

There was no change in the binding energy position of Pd 3ds/, between the Pd-CMO-
H and Pd-CMO-H-S catalysts, suggesting that sulfur-poisoning treatment did not
change the Pd valence. The binding energy of Pd° is 335.1-335.4 €V and that of Pd*" is

336.1-337.9 eV.[S2, 3] Therefore, Pd species are present as Pd*" or PdO in the catalysts.
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257  Figure S31. In situ DRIFT spectra during NO oxidation over (a) CMO-H-S, and (b) O

258  addition to the NO-saturated CMO-H-S.
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260  Figure S32. In situ DRIFT spectra during NO oxidation over (a) Pd-CMO-H-S, and

261  (b) O addition to the NO-saturated Pd-CMO-H-S.
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263  Table S1. Comparison of NO oxidation performance of the Pd-CMO-H catalyst with

264  those in literature

Sample Pd content Reaction conditions Max. NO conversion  Ref.
Pd-CMO-H 0.2 wt % 500 ppm NO, 10% O 71% —

Pd/ALO; 1 wt% 500 ppm NO, 8% O» 62% [S4]
Pt-Pd/ALOs  0.32wt% 600 ppm NO, 8% O 60% [S5]

Pd/ALO; 23 wt% 500 ppm NO, 8% O 65% [Sé6]

265
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266 Table S2. Quantitative XPS data of CMO and CMO-H

Sample Ca (wt %) Mn (wt %)
CMO 15.74 14.40
CMO-H 4.52 18.05

267
268
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269 Table S3. Quantitative XPS data of CMO, CMO-1h, CMO-H, and CMO-6h.

Sample Mn*"/Mn** AE AOS

CMO 0.76 4.73 3.69
CMO-1h 0.80 4.67 3.76
CMO-H 1.02 4.62 3.82
CMO-6h 0.89 4.64 3.79

270
271
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272  Table S4. Crystal plane spacings (d values) of CMO-H and Pd-CMO-H by SAED and

273  in the PDF card references

d value by SAED Referenced d value

Sample Crystal plane
(nm) (nm)
(121) 0.277 0.263
(042) 0.160 0.152
CMO-H
(121) 0.278 0.263
(201) 0.276 0.222
(021) 0.325 0.304
(121) 0.286 0.263
Pd-CMO-H
(100) 0.568 0.528
(121) 0.279 0.263

274
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