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Thermogravimetric analysis (TGA) was performed to confirm the degree of Mn-BTC
conversion at a heating rate of 10 °C per minute under an air environment. As shown
in Figure S1, the first step of weight loss starts from room temperature to 200°C. The
corresponding weight loss might be attributed to the removal of physisorbed
moistures and solvent molecules. The 48.3% weight loss around 450°C is referred to
the decomposition of Mn-BTC, and the residues (30.9%) were thermally stable

Mn;03.
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Figure S1. TGA curve of the Mn-BTC at a temperature ramp of 10 °C min!
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Figure S2. The content of Mn2O3 and Mn3O4 in the composite obtained by
semi-quantitative analysis of XRD result.
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Figure S4. (a) Schematic illustration of the preparation of Mn3O4; (b) SEM image of
Mn3Os.
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Figure S5. Mn>03-Mn304: (b)line-scanning profiles of Mn, O, and N along with the

red, green, and yellow line in (a), respectively.
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Figure S6. Refined N 1s XPS spectrum of Mn203-Mn3Os.
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Figure S7. Cyclic voltammetry (CV) curves of Li-CO; batteries with Mn2O3 and
Mn304 cathodes.
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Figure S8. The median voltage of Li-CO; battery based on Mn203-Mn304 cathode
during cycling at the current density of 100 mA g™ within a limited capacity of 1000
mAh g,
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Figure S9. The median voltage of Li-CO> battery based on (a) Mn203 and (b) Mn3O4
cathode during cycling at the current density of 100 mA g™ within a limited capacity
of 1000 mAh g,
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Table S1. The comparisons of electrochemical performances between previous

transition metal/carbon-based cathode catalysts

Current | Discharge | Overpote- | Cycling number/
Cathode density Capacity ntial cycling Ref.
(mAg')| (mAhg') \% time(hours)
Mn05-MnsOs | 100 19024 ~1.24 69/1380h This
work
Mn;05 100 8261 ~1.13 36/720h This
work
Mn304 100 14281 ~1.33 29/580h This
work
Carbon
nanotubes 50 8379 ~1.6 29/1160h 1
(CNTs)
Graphene 50 14722 ~1.5 20/800h 2
Ketjen Black
30 1032 ~1.6 7/467h 3
(KB)
B,N-codoped 16033
' 1000 ~1.75 200/436h 4
holey graphene (0.3Agh
NiO / CNTs 50 9000 ~1.55 42/1680h 5
Ni nanoparticles
/N-doped 100 17625 ~1.75 100/2000h 6
graphene
Cu nanoparticles
/ N-doped 200 14864 ~1.4 50/500h 7
graphene
T‘OZ@%\I(;NTS/ 1 oos 1.95 ~1.4 20/200h 8
NiFe@NC/PPC 0.05% 6.8° - 109/1090h 9
50/500h
M 18022 ~1.4 1
nz(dobdc) 50 80 6 (200 mA g) 0
50/500h
Mn(H 1551 ~1. 1
n(HCOO), 50 5510 50 (200 mA g) 0
50/1000h
a-MnO> /CNTs 50 7134 - (100 mAg™) 11
P-Mn,03 50 9434 ~1.40 50/2000h 12

a Unit: mA cm?

b Unit: mA h cm?
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Figure S10. Nyquist plots of Li-CO» battery with Mn,O3-Mn3O4 cathode at different

charge/discharge states.
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Figure S11. Discharge-charge curves of Li-CO; battery with Mn,03-Mn304 cathode

under Ar atmosphere at 100 mA g! over the voltage window of 2.0-4.5 V.
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Figure S12. The rate capabilities of Li-CO: battery with Mn,03-Mn3O4 cathode at

different current densities.

Figure S13. SEM image of Mn203-Mn3O4 cathode before cycles.
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Figure S14. The high-resolution XPS spectra of Li 1s of the 10th cycle: (a) discharge

and (b) recharge.
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Figure S15. (a) Photographs of a pristine Li plate and a Li anode after the 69th cycle;
(b) XRD spectra of Li anode after the 69th cycle.

The crystal faces of the surface models were chosen from our XRD and TEM results.
XRD pattern (Figure 2a) reveals that the highest peak for Mn2O3 and Mn3Og are (222)
and (211), respectively. The TEM image indicates the exposure of (222) face for
Mn,03 and (101) face for Mn3O4. Therefore, these crystal planes were considered in

this work.

9/12



(b) 00
O Mn
OoC

(d)

Figure S16. Side and top view of the optimized energetically most favorable

structures of (a, b) CO» and (c, d) CO3* adsorbed on Mn,0s (222) surface.
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Figure S17. Side and top view of the optimized energetically most favorable

structures of (a, b) CO> and (c, d) CO3* adsorbed on Mn30O4 (101) surface.

10/12



[+ N o)

(b)

O Mn
ocC

(@)

Figure S18. Side and top view of the optimized energetically most favorable

structures of (a, b) CO> and (c, d) CO3* adsorbed on Mn304(211) surface.
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