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Fig. S1 (a) TEM image of MnO@NC-G and (b) the corresponding SAED pattern.



 Fig. S2 XPS analysis of (a) – (c) MnO@NC-G, (d) – (f) MnO@NC and (g) – (i) MnO@KB.



 Fig. S3 TG curves of (a) MnO@NC-G, (b) MnO@NC and (c) MnO@KB tested under air 

atmosphere with a heating rate of 10 °C min–1.



 Fig. S4 PXRD patterns of the samples after TG test.



 Fig. S5 N2 adsorption isotherms of (a) MnO@NC-G, (b) MnO@NC and (c) MnO@KB at 77 

K and their corresponding pore distributions (d), (e) and (f), respectively.



 Fig. S6 PXRD patterns of Mn(C2H2N3)2 calcined at (a) 450 °C, (a) 550 °C and (b) 800 °C.



Fig. S7 SEM images of Mn(C2H2N3)2 calcined at (a) 450 °C, (b) 550 °C and (c) 800 °C.



Fig. S8 Discharge-charge cycling performance of (a) MnO@NC-550 and (b) MnO@NC-800 

at 100 mA g−1.



Fig. S9 PXRD patterns of Mn(C2H2N3)2@GO (MOF:GO = 5:1 wt/wt) calcined under 450 °C.



Fig. S10 PXRD patterns of KB and MnO@KB.



Fig. S11 Discharge-charge cycling performance of Mn(C2H2N3)2 at (a) 50 mA g−1, (b) 100 mA 

g−1.



Fig. S12 Discharge-charge cycling performance of bulk MnO at (a) 50 mA g−1, (b) 100 mA 

g−1.



Fig. S13 Discharge-charge cycling performance of MnO@KB at (a) 50 mA g−1, (b) 100 mA 

g−1, and (c) 200 mA g−1.



Fig. S14 Discharge-charge cycling performance of MnO@NC at (a) 50 mA g−1, (b) 100 mA 

g−1, and (c) 200 mA g−1.



Fig. S15 SEM images of (a) a fresh and (b) a recharged MnO@NC cathode tested under 100 

mA g−1 and 1000 mA h g−1 for 15 cycles.



Fig. S16 Discharge-charge cycling performance of MnO@NC-G at (a) 100 mA g−1, (b) 200 

mA g−1, (c) 400 mA g−1, (d) 600 mA g−1, and (e) 1000 mA g−1.



Fig. S17 Rate performance of (a) MnO@KB, (b) MnO@NC and (c) MnO@NC-G cathode.



Fig. S18 SEM images of (a, b) a fresh and (c, d) a recharged MnO@NC-G cathode tested under 

100 mA g−1 and 1000 mA h g−1 for 15 cycles.



Fig. S19 (a) PXRD patterns of MnO@NC and its derivatives NC. (b) Discharge-charge curves 

of NC cathodes at different current densities. (c) Rate performance of an NC cathode. 



Fig. S20 XPS analysis of MnO@NC-G electrodes at different states during operation at 100 

mA g–1 (F: fresh electrode; D1-D3: discharge to 200, 500 and 1000 mA h g–1, respectively; C1-

C3: recharged to 200, 500 and 1000 mA h g–1, respectively): (a) Mn 2p and (b) C1s spectra.



Fig. S21 Raman spectra of Au-coated Ni foam before and after discharge (The electrode was 

discharged at 100 mA g–1 with capacity limit of 1000 mA h g–1). 



Fig. S22 (a) Discharge-charge voltage curve of MnO@NC-G electrode. (b-h) SEM images of 

MnO@NC-G electrodes at different states during operation at 100 mA g−1 (F: fresh electrode; 

D1-D3: discharge to 200, 500 and 1000 mA h g−1, respectively; C1-C3: recharged to 200, 500 

and 1000 mA h g−1, respectively).



Fig. S23 Discharge-charge cycling performance of MnO@NC-G at 400 mA g−1 with a capacity 

limit of (a) 3000 mA h g−1 and (b) 5000 mA h g−1. 



Fig. S24 Photographs of (a) a fresh and (b, c) a cycled lithium anode tested under 100 mA g−1 

and 1000 mA h g−1 for (b) 5 and (c) 20 cycles.



Fig. S25 PXRD patterns of a discharged (a) MnO@NC-G cathode and (b) lithium anode after 

tested under 100 mA g−1 and 1000 mA h g−1 for 20 cycles.



Fig. S26 Discharge-charge cycling performance of a cycled MnO@NC-G cathode under 100 

mA g−1 and 1000 mA h g−1 after replacing the lithium anode and electrolyte.



 Table S1. Surface areas and pore volumes of MnO@NC-G, MnO@NC and MnO@KB.

Table S2. Rs and Rct values of fresh Mn(II) cathodes.

SBET (m2 g−1) Vtotal (cm3 g−1) Vmicro (cm3 g−1)

MnO@NC-G 110 0.47 0.013

MnO@NC 201 0.40 0.028

MnO@KB 601 1.81 0.038

CO2 electrodes Rs (Ω) Rct (Ω)

MnO@NC-G 20 192

MnO@NC 20 205

MnO@KB 22 375

Mn(C2H2N3)2 24 418

Bulk MnO 27 485



Table S3. Summary of the electrochemical performance of reported CO2 cathodes 

working in pure CO2 under similar conditions.

CO2 cathode
Full discharge capacity 

(mA h g−1)
Voltage hysteresis (V)[a] Cycle life Ref.

0.88 (50 mA g−1)

1.18 (100 mA g−1)

1.38 (200 mA g−1)

1.52 (400 mA g−1)

1.58 (600 mA g−1)

MnO@NC-G 25021 (50 mA g−1)

1.99 (1000 mA g−1)

206 (1 A g−1)

382 (accumulative)
This work

Ketjen Black 1808 (30 mA g−1) 1.65 (30 mA g−1) 9 (30 mA g−1) 1

High surface 

area carbon
~3000 (0.05 mA cm–2) N/A N/A 2

8379 (50 mA g−1) 1.78 (50 mA g−1)
CNTs

5786 (100 mA g-1) 2.02 (100 mA g−1)
29 (50 mA g−1) 3

14722 (50 mA g−1) 1.50 (50 mA g−1)
Graphene

6600 (100 mA g−1) 1.62 (100 mA g−1)
20 (50 mA g−1) 4

1.04 (100 mA g−1)

1.34 (200 mA g−1)

1.56 (400 mA g−1)

1.75 (600 mA g−1)

2.01 (1000 mA g−1)

2.35 (2000 mA g−1)

B,N-codoped 

holey 

graphene

16033 (300 mA g−1) 200 (1000 mA g−1) 5



1.44 (100 mA g−1)

1.65 (200 mA g−1)Ru@Super P 8229 (100 mA g−1)

1.64 (300 mA g−1)

70 (300 mA g−1) 6

Mo2C/CNT[b] ~360 (~5 mA g−1) 0.8 (~5 mA g−1) 40 (~5 mA g−1) 7

17625 (100 mA g−1) 1.70 (100 mA g−1)
Ni-NG

3900 (200 mA g−1) 1.93 (200 mA g−1)
101 (100 mA g−1) 8

1.61 (50 mA g−1)
NiO-CNT 9000 (100 mA g−1)

1.97 (100 mA g−1)
42 (50 mA g−1) 9

1.14 (200 mA g−1) [c]

Cu-NG 14868 (200 mA g−1)
1.77 (400 mA g−1)

50 (400 mA g−1) 10

1.89 (50 mA g−1)

1.62 (100 mA g−1)Ir/C 21528 (50 mA g−1)

1.90 (200 mA g−1)

45 (50 mA g−1) 11

1.42 (50 mA g−1)

1.44 (100 mA g−1)Mn2(dobdc) 18022 (50 mA g−1)

1.68 (200 mA g−1)

50 (200 mA g−1)

1.56 (50 mA g−1)

1.45 (100 mA g−1)Mn(HCOO)2 15510 (50 mA g−1)

1.59 (200 mA g−1)

50 (200 mA g−1)

12

[a] The voltage hysteresis value is determined as the gap between the terminal discharge and 

charge voltages.

[b] Data for Mo2C@CNT are calculated based on the mass loading of Mo2C@CNT (3.2 mg) 

on the cathode. The capacity limit of Mo2C@CNT is ~30 mA h g−1.

[c] This value is calculated based on the values of the 20th cycle.
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