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1. Experimental section

1.1. Catalyst characterization

All prepared catalysts were characterized using scanning electron microscope (SEM), high
resolution transmission electron microscope (HRTEM), automatic specific surface area and
porosity analyzer (BET), X-ray diffractometer (XRD), X-ray photoelectron spectroscopy (XPS),
Raman spectroscopy (Raman), and H, temperature-programmed reduction (H,-TPR).

The SEM (ZEISS GeminiSEM 300, Germany) was used to observe the morphology of the
sample. An appropriate amount of sample was directly adhered to the conductive adhesive, and
then the sample morphology was photographed. The acceleration voltage was 3 kV when the
morphology was photographed. The HRTEM (FEI Tecnai F20, USA) were used to measure the
morphologies of the catalysts and the distribution of elements on the catalyst surfaces. The
catalyst samples were prepared using a copper mesh, observed in high vacuum conditions at 200
kV. The specific surface and porosity analyzer (Micromeritics ASAP 2460, USA) was used for the
determination of physical properties such as pore size, pore volume and specific surface area
(based on Brunauer—Emmett-Teller (BET) method) of the catalysts. The catalyst sample to be
tested was pretreated by degassing at 300 °C for 8 h. The XRD spectroscopy measurements were
carried out using the X-ray diffractometer (Bruker D2 Phaser, Germany) with Cu Ka radiation
source operated at current 40 mA and voltage 40 kV, angle range 10° to 80° with an angle step of
0.02° (minimum step size 0.0001°). The elemental distribution and valence states of the catalyst
were determined using Thermo Scientific K-Alpha (Thermo Scientific, USA) with Al-Ka X-ray
radiation (hv=1486.6 eV) as the excitation source. The Raman spectroscopy (Thermo Scientific
DXR, USA) was used to measure the molecular vibration and rotation information of the material,
and then the chemical bond and molecular structure of the material are analyzed. The test laser
wavelength is 633, and the test range was 100 — 900 cm!. The H, temperature-programmed
reduction (H,-TPD) was carried out on Micromeritics AutoChem II 2920. The 50-80 mg samples
were placed in a U-shaped quartz tube and dried at 10 °C/min from room temperature to 300 °C.
He gas flow (50 mL min') was purged for 1h and cooled to 50 °C. After the baseline was
stabilized by 10%H,/Ar gas mixture (50 mL min™') for 0.5 h, the sample was desorbed at 800 °C

at a heating rate of 10 °C/min in 10% H,/Ar gas flow, and the reducing gas was detected by TCD.



1.2. Experimental procedures of DRIFTS-MS analysis

All DRIFTS and MS spectra were collected after pretreatment under conditions listed in Table
S1.
Supplementary Table S1. Conditions for DFIFTS-MS experiments.

Experiment Condition

Pretreatment The catalyst (around 100 mg, 40-60 mech) was fed with a 20 mL min~
I gas mixture of 10%0, with Ar balance at 300 °C for 30 min, then
cooled to 25 °C.

CO oxidation in The catalyst was fed with a 25 mL min™! gas mixture of 1%CO,

O,/Ar 10%0,, and Ar (balance) at 25 °C for 20 min, and heated to 400 °C
with a ramp of 10 °C min~'.

CO oxidation in Ar The catalyst was fed with a 25 mL min™! gas mixture of 1%CO
balanced with Ar at 25 °C for 20 min, and heated to 400 °C with a

ramp of 10 °C min!.

1.3. Calculations

The CO conversion x was calculated with Eq. S1:
[CO], - [€O]
=———x100%
[CO],
(S1)
where, [CO], and [CO] are the CO concentrations in inlet and outlet gases from the reactor,
respectively.

The conversion frequency TOF value in pmol (g s) ! was calculated using Eq. S2:

F-[CO)yx
TOF =——— x 100%
m

(82)

where, F and m are the gas flow rate to the reactor in m? s~! and catalyst weight in g, respectively.
The CO oxidation reaction on the catalyst obeys zero order reaction (Eq. S3) based on the

experimental results. The rate constant k& (mol-s™') was calculated using Eq. S4. The apparent

activation energy (£,) was obtained using the Arrhenius relation (Eq. S5).
d[CO]
dt
(83)
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Ea
Ink=-—+1mnA
RT (S5)

where Vy in m3 is the volume of the catalyst layer in the reactor. R represents the gas constant in



J-(mol-K)!. T denotes CO oxidation reaction temperature in K. 4 is pre-exponential factor.
Grain size D of each catalyst was calculated using Sherrer’s Eq. 6:
o« A
Bcosd (S6)

where @ is the Scherrer constant, 4 is the X-ray wavelength, which is 1.54056 A, f is the half-

height width of the diffraction peak of the measured sample, and @ is the Bragg angle.



2. Figures

Fig. S1. SEM images of Mn-MOF-74.
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Fig. S2. (a) N, adsorption/desorption isotherm diagrams of Cug3;Mn, 704, Ceq3Mn; ;04, and
Mn;0y4, (b) corresponding BJH pore size distribution diagrams.

Supplementary Table S2. Specific surface areas, pore volumes, pore sizes, Tsp, Tgp, and E, of

Cug3Mn, 704, Cep3Mn, 704, and Mn;0, catalysts



Catalyst BET Pore Pore Tso(°C) Top(°C) E, (kJ D

Surface ~ Volume Size mol!)  (A)
Area(m?> (cm?gl) (nm)
gh
Cug3Mn, ;04 222.0 0.208 3.7 91 118 16.0 373
Cep3Mn; ;0,4 88.3 0.275 13.2 165 200 30.7 407
Mn;04 96.3 0.278 11.9 148 190 27.73 982
Mn-MOF-74 452.2 0.351 3.18 / / / /
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Fig. S3. E, values of Cuy3Mn, ;04, Cey3Mn, 704, and Mn;0,.
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Fig. S4. (a) CO oxidation on Cuy 15Mn; 504, Cug3Mn, 704, and Cug4sMn; 5504 catalysts. (b)
CO oxidation on Ceg15sMn; g504, Cey3Mnj, 704, and Cep 4sMn; 5504 catalysts.
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Fig. SS5. Influence of various parameters on CO oxidation over Cuy3;Mn,;0, catalyst. (a) The

effect of initial CO concentration at a WHSV of 30 L-g™!-h~!, 10% O,, and a temperature of 118 °C.

(b) Temperature-dependent CO conversion at a WHSV of 30 L-g7'-h™!, 1% CO, and varying O,

concentrations of 5%, 10%, or 20%. (c) CO conversion as a function of temperature at different
WHSVs of 15, 30, or 60 L-g™!-h~!, with 1% CO and a constant 10% O,. (d) Long-term stability test
of CO oxidation at a temperature of 118 °C.

Supplementary Table S3. The experimental conditions and activities of various oxide

catalysts for CO oxidation.

Catalyst Preparation BET Experimental condition Activity References
method (m? g™

Au/NiO Deposition- around 1% CO in air, Tsp= 65 °C, (1
precipitation 130 20Lh ' g! Top=150°C

Ni-CeO, Synchronous 110 1.0% CO, 1.0% O,/He, Ts0= 100 °C, (21
spray- 132 Lh'g! Top=140 C
pyrolysis

Ni_Li,O Sol-gel 9 1% CO, 22% O,/N,, Ts0 =140 °C, (3]

I8Lg'h'! Top=240 C

Mn;0,4/TiO,  urea-assisted 111 1% CO, 20.8% O,/N,, Ts9=125 °C, (4]

deposition 30Lh! g To9 =160 °C




Mn;04/CeO, hydrothermal 99 1% CO/20% Oy/N», Ts)=381°C, (5]

60L h! g_l To= 478 °C
Cup3Mn, ;04 hydrothermal 222 1%CO, 10% O,/N,, To=91 °C This study
30Lh!g! To= 118 °C

fresh Cuy;Mn, 0,
used Cuy;Mn, 0,

Intensity (arb. u.)

3480 3500 3520 3540
Field (G)
Fig. S6. EPR spectra for the Cuy3;Mn, 70, catalyst before and after the stability test.
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