
Enhanced CO oxidation with cobalt-impregnated porous 

single crystal manganese oxides 

Huayu Yu,abc Lei Yi,abc Fukuan Jiang,abc Xin Wang,a* Kui Xie,bc*

a(College of Materials Science and Engineering,  Fuzhou University,  Fuzhou  350108, China)

b(Fujian Science & Technology Innovation Laboratory for Optoelectronic Information of China, 

Fuzhou, Fujian 350108, China)

c(Key Laboratory of Design & Assembly of Functional Nanostructures, Fujian Institute of 

Research on the Structure of Matter,  Chinese Academy of Sciences,  Fuzhou  350002, China)

 Corresponding author. Xin Wang. E-mail: xinxinwx@fzu.edu.cn, 

Kui Xie. E-mail: kxie@fjirsm.ac.cn

Electronic Supplementary Material (ESI) for Catalysis Science & Technology.
This journal is © The Royal Society of Chemistry 2022

mailto:xinxinwx@fzu.edu.cn


Fig. S1 Crystal structure simulation diagram (a) MnCO3, (b) Mn3O4, (c )MnO, (d) Mn2O3



Fig. S2 SAED patterns of (a) Co-Mn2O3, (b) Co-Mn3O4, (c) Co-MnO. (The loading amount of Co: 
Co-Mn2O3, 6% ; Co-Mn3O4, 6% ; Co-MnO, 6%)



Fig. S3 MnCO3 XPS photoelectron spectroscopy (a) the integral XPS spectrum of MnCO3 (b) Mn 
2p (c) C 1s (d) O 1s



Fig. S4. (a, b) The surface specific area and BJH average pore size of MnO and Mn2O3 and Mn3O4 ; 
(c,d,e) N2 adsorption desorption isotherms (c) MnO, (d) Mn2O3, (e) Mn3O4



Fig. S5 EDS mapping images of Co-Mn2O3 and the element analysis of Co-Mn2O3.  (The loading 
amount of Co: Co-Mn2O3, 6%)



Fig. S6 EDS mapping images of Co-Mn3O4 and the element analysis of Co-Mn3O4.  (The loading 
amount of Co: Co-Mn3O4, 6%)



Fig. S7 EDS mapping images of Co-MnO and the element analysis of Co-MnO.  (The loading 
amount of Co: Co-MnO, 6%)



Fig. S8 TGA results of Co-MnO ( after inactvation ) in N2 atmosphere.  (The loading amount of 
Co: Co-MnO, 6%)



Fig. S9 (a-c) In situ FT-IR of CO oxidation with oxygen using Co-doped manganese oxides. (a) 
Co-Mn2O3 (b) Co-Mn3O4 (c) Co-MnO (The loading amount of Co: Co-Mn2O3, 6% ; Co-Mn3O4, 6% ; 
Co-MnO, 6%)



Fig. S10 (a-c) In situ FT-IR of CO oxidation of Co-doped manganese oxides at 200 ° C for 5 
hours. (a) Co-Mn2O3 (b) Co-Mn3O4 (c) Co-MnO (The loading amount of Co: Co-Mn2O3, 6%; Co-
Mn3O4, 6%; Co-MnO, 6%)



Table. S1 The proportions of Mn and Co in various valence states and O species before and after 
reduction. (The loading amount of Co: Co-Mn2O3, 6% ; Co-Mn3O4, 6% ; Co-MnO, 6% )

Before Reduction After Reduction

Mn2+ Mn3+ Co2+ Co3+ Olatt/(Olatt+Oa

ds)

Oads/(Olatt+Oa

ds)

Olatt/(Olatt+Oa

ds)

Oads/(Olatt+Oa

ds)

Co-

Mn2O3
100%

30.34

%

69.65

%
59.52% 40.47% 51.52% 48.47%

Co-

Mn3O4

37.58

%

62.41

%

39.82

%

60.17

%
59.34% 40.66% 57.54% 42.45%

Co-MnO 100% 100% 52.16% 47.84% 41.17% 58.82%



Table. S2 Comparison of CO oxidation performance of different manganese oxides

Catalyst
Load 

content
Reaction gas Flow Rate

Amount of 

catalyst used

Reaction 

temperature
Reference

MnO2 CuO
0.5% CO, 99.5% 

Air

500 

ml/min
1g T90=180℃ [1]

Cu–Mn mixed 

oxides

CO 0.5%–O2 

0.25%

100 

ml/min
50 mg T90=420℃ [2]

MnO2
1% CO 20% O2  

in Ar
50 ml/min 50 mg T50=135℃ [3]

MnOx ZrO2
2.5% CO + 2.5% 

O2 + He

200 

ml/min
100 mg T90=300℃ [4]

OMS-2 Co3O4 1% CO, 10% O2,
100 

ml/min
250 mg T50=165℃ [5]

Mn3O4 Cu
1% CO ,1% O2 

and 98% N2

100 

ml/min
100 mg T90=225℃ [6]

γ-MnO2 1% CO, 10% O2 20 ml/min 160 mg T90=220℃ [7]

MnOx 1% CO 21%O2 50ml/min 100 mg T90=180℃ [8]

Mn2O3 Co3O4 1% CO 21%O2 50ml/min 50mg T90=170℃
This 

work

Mn3O4 Co3O4 1% CO 21%O2 50ml/min 50mg T90=180℃
This 

work

MnO CoO 1% CO 21%O2 50ml/min 50mg T90=220℃
This 

work
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