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Fig. S1 PXRD patterns of different types of MET-2 particles and their PAN composite.



Fig. S2 SEM images of (a) mirco-sized MET-2 and (b) nano-sized MET-2 particles.



Fig. S3 Photos of (a) pristine MET-2/PAN film and (b) its corresponding product after 

calcination at 800 °C.



Fig. S4 XPS spectra of (a) C 1s, (b) N 1s and (c) Mn 2p for MnO@NMCNF.



Fig. S5 SEM images of (a) MnO@NMCNF-600, (b) MnO@NMCNF-700, (c) MnO@NMCNF 

and (d) MnO@NMCNF-900.



Fig. S6 N2-77 K adsorption isotherms of (a) MnO@NMCNF-600, (b) MnO@NMCNF-700 and 

(c) MnO@NMCNF-900 and (d-f) corresponding pore distribution.



Fig. S7 PXRD patterns of MET-2/PAN (with MOF ratio of 60 wt%) fibers calcined at different 

temperatures.



Fig. S8 (a, b) TEM and (c) HRTEM images of MnO@NMCNF-600. Scale bar: 500 nm in (a), 

50 nm in (b), 5 nm in (c).



Fig. S9 (a, b) TEM and (c) HRTEM images of MnO@NMCNF-700. Scale bar: 500 nm in (a), 

50 nm in (b), 5 nm in (c).



Fig. S10 (a, b) TEM and (c) HRTEM images of MnO@NMCNF-900. Scale bar: 500 nm in 

(a), 50 nm in (b), 5 nm in (c).



Fig. S11 Raman spectra of MnO@NMCNF-600, MnO@NMCNF-700, MnO@NMCNF and 

MnO@NMCNF-900.



Fig. S12 PXRD patterns of different Mn-based fibers calcined at 800 °C.



Fig. S13 (a) SEM image of Mn/PAN-800 and (b–e) corresponding elemental mappings of C, 

Mn, O and N. Scale bar: 500 nm in (b–e).



Fig. S14 (a, b) TEM and (c) HRTEM images of Mn/PAN-800. (d–f) STM image of Mn/PAN-

800 and corresponding elemental mappings of Mn and C. Scale bar: 500 nm in (a), 50 nm in 

(b), 5 nm in (c), 400 nm in (e) and (f).



Fig. S15 (a) SEM image of MnTA/PAN-800 and (b–e) corresponding elemental mappings of 

C, Mn, O and N. Scale bar: 2.5 μm in (b–e).



Fig. S16 (a, b) TEM and (c) HRTEM images of MnTA/PAN-800. (d–f) STM image of 

MnTA/PAN-800 and corresponding elemental mappings of Mn and C. Scale bar: 500 nm in 

(a), 50 nm in (b), 5 nm in (c), 250 nm in (e) and (f).



Fig. S17 TG curves of (a) MnO@NMCNF, (b) Mn/PAN-800 and (c) MnTA/PAN-800 tested 

under air atmosphere with a heating rate of 10 °C min−1.

The weight ratio of Mn was calculated according to the PXRD result (Fig. S18) of their 

corresponding product after TG test.



Fig. S18 PXRD patterns of the samples after TG test.



Fig. S19 XPS spectra of (a) C 1s and (b) N 1s for PAN-800.



Fig. S20 XPS analysis of (a–c) Mn/PAN-800 and (d–f) MnTA/PAN-800.



Fig. S21 (a) N2-77 K adsorption isotherms of PAN-800. (b) Pore distribution of PAN-800 (inset 

shows a magnified plot with pore width within 0–5 nm).



Fig. S22 N2-77 K adsorption isotherms of (a) Mn/PAN-800 and (b) MnTA/PAN-800 and (c, d) 

corresponding pore distribution.



Fig. S23 Nyquist plots of Li–CO2 cells with different Mn-based electrode materials before 

cycling (the inset is the equivalent circuit model for fitting the Nyquist plots).



Fig. S24 Discharge-charge voltage curves of (a) MnO@NMCNF-600 and (b) MnO@NMCNF-

700 at different current densities with a cut-off capacity of 0.20 mA h cm−2.



Fig. S25 Discharge-charge voltage curves of (a) Mn/PAN-800 and (b) MnTA/PAN-800 at 

different current densities with a cut-off capacity of 0.20 mA h cm−2.



Fig. S26 Discharge-charge voltage curves of (a) PAN-800 and (b) carbon cloth at different 

current densities with a cut-off capacity of 0.20 mA h cm−2.



Fig. S27 Photos of different electrodes with diameter of 12 mm and their corresponding areal 

mass: (a) MnO@NMCNF, (b) Ni foam, (c) carbon cloth and (d) carbon paper.



Fig. S28 SEM image of the cross-section of MnO@NMCNF.



Fig. S29 Cyclic voltammetry curves of different Li–CO2 cells at a scan rate of 0.1 mV s−1 with 

a voltage range of 2.0–4.5 V. (a) MnO@NMCNF and Mn/PAN-800. (b) PAN-800 and 

MnTA/PAN-800.



Fig. S30 Discharge profiles of MnO@NMCNF-600, MnO@NMCNF-700 and MnO@NMCNF 

cathodes at 0.04 mA cm−2 with a cut-off voltage of 2.0 V.



Fig. S31 Discharge-charge voltage curves of (a) MnO@NMCNF-R50, (b) MnO@NMCNF, (c) 

MnO@NMCNF-R70 and (d) MnO@NMCNF-R80 at different current densities with a cut-off 

capacity of 0.2 mA h cm−2. 



Fig. S32 Discharge profiles of MnO@NMCNF-R50, MnO@NMCNF-R70 and 

MnO@NMCNF-R80 cathodes at 0.04 mA cm−2 with a cut-off voltage of 2.0 V. 



Fig. S33 Discharge-charge voltage curves of MnO@NMCNF, Mn/PAN-800, MnTA/PAN-800 

and PAN-800 at 0.04 mA cm−2 with a cut-off capacity of 1 mA h cm−2.



Fig. S34 Discharge-charge voltage curves of MnO@NMCNF-600, MnO@NMCNF-700 and 

MnO@NMCNF at 0.04 mA cm−2 with a cut-off capacity of 1 mA h cm−2.



Fig. S35 Discharge-charge voltage curves of MnO@NMCNF-R50, MnO@NMCNF, 

MnO@NMCNF-R70 and MnO@NMCNF-R80 at 0.04 mA cm−2 with a cut-off capacity of 1 

mA h cm−2.



Fig. S36 Cycling performance of MnO@NMCNF at 0.04 mA cm−2 with a cut-off capacity of 

1 mA h cm−2.



Fig. S37 XPS analysis of MnO@NMCNF electrodes at different states during operation at 0.04 

mA cm−2 (F: fresh electrode; D1–D3: discharge to 0.2, 0.5 and 1 mA h cm−2, respectively; C1–

C3: recharged to 0.2, 0.5 and 1 mA h cm−2, respectively): (a) C 1s and (b) Mn 2p spectra.



Fig. S38 SEM images of (a) a fresh, (b) a discharged and (c) a recharged PAN-800 cathode 

tested under 0.04 mA cm−2 with a cut-off capacity of 1.0 mA h cm−2.



Fig. S39 SEM images of (a) a fresh, (b) a discharged and (c) a recharged Mn/PAN-800 cathode 

tested under 0.04 mA cm−2 with a cut-off capacity of 1.0 mA h cm−2.



Fig. S40 SEM images of (a) a fresh, (b) a discharged and (c) a recharged MnTA/PAN-800 

cathode tested under 0.04 mA cm−2 with a cut-off capacity of 1.0 mA h cm−2.



Table S1. Surface areas and pore volumes of different electropsun nanofibers.

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

PAN-800 958 0.49 0.10

Mn/PAN-800 39 0.12 0.10

MnTA/PAN-800 133 0.12 0.06

MnO@NMCNF-600 113 0.53 0.48

MnO@NMCNF-700 105 0.53 0.49

MnO@NMCNF 101 0.59 0.55

MnO@NMCNF-900 178 0.87 0.80



Table S2. Rs and Rct values of different fresh Mn(II)-based electrodes.

Rs Rct

MnO@NMCNF-600 31.68 177.8

MnO@NMCNF-700 37.01 145.2

MnO@NMCNF 28.79 55.84

Mn/PAN-800 27.68 471.8

MnTA/PAN-800 26.5 413.7



Table S3. Element contents of different freestanding electrodes using elemental analysis or 

ICP-OES.

Content from elemental analysis 
(wt%)

Content from ICP 
(wt%)

C N Mn

PAN-800 91.2 5.2 N/A

Mn/PAN-800 29.4 3.8 48.9

MnTA/PAN-800 33.6 4.7 41.4

MnO@NMCNF 27.3 7.6 38.5



Table S4. Performance of existing Li–CO2 cells working in pure CO2.

Areal 
capacity 

(mA h cm−2)

Electrode 
capacity 

(mA h g−1) 

[a]

Cut-off 
voltage 

(V)

Cycling performance (cut-
off capacity, mA h 

cm−2/current, mA cm−2/ 
cycle number)

Substrate Ref.

MnO@
NMCNF 19.07 8668 2.0 1/0.08/52 freestanding This work

Graphene 4.7 553 2.2 0.5/0.025/20 carbon paper [1]

CNT 2.68 316 2.2 0.5/0.025/29 carbon paper [2]

B,N-
codoped 

holey 
graphene

4.81 567 2.0 0.3/0.3/200 carbon paper [3]

CQD/hG 1.23 149 2.0 0.05/0.1/235 carbon paper [4]

Ru/Ni foam 1.36 40 2.0 0.15/0.03/100 Ni foam [5]

Ru@Super 
P 2.47 291 2.0 0.3/0.09/70 carbon paper [6]

RuO2/CNT 0.87 102 2.2 0.2/0.02/55 carbon paper [7]

RuO2/LDO 1.36 40 2.5 0.25/0.04/60 Ni foam [8]

Ru-Cu 
NPs/G 3.84 454 2.3 0.28/0.1/100 carbon paper [9]

RuP2/NPCF 2.39 286 2.0 0.2/0.04/200 carbon paper [10]

Ru/ACNFs 4.6 11495 2.0 0.4/0.04/50 freestanding [11]

Ru/CNT/
Wood 11 1.25 2.0 0.28/0.0.05/200 freestanding [12]

Ir/C NF 11.54 N/A 2.0 0.1/0.02/120 freestanding [13]

IrO2/MnO2 2.64 184 2.0 1/0.4/378 carbon cloth [14]



Ir NSs-
CNFs 2.3 272 2.0 0.3/0.15/400 carbon paper [15]

NiFe@NC/
PPC 6.8 518 2.0 0.25/0.05/109 freestanding [16]

P-Mn2O3 7.55 841 2.0 0.8/0.04/50 carbon paper [17]

Mo2C/CNT 0.75 73 2.0 0.06/0.01/40 carbon paper [18]

Ni-NG 5.64 664 2.2 0.32/0.03/101 carbon paper [19]

Ni/rGO 
framework 14.6 8991 2.0 1.62/0.16/100 freestanding [20]

Cu-NG 4.76 560 2.2 0.32/0.12/50 carbon paper [21]

ZnS 
NST/N-

rGO
3.3 389 2.0 0.32/0.13/190 carbon paper [22]

CoPPc 13.6 909 2.0 1/0.05/50 carbon cloth [23]

Mn-MOF 5.77 679 2.0 0.32/0.06/50 carbon paper [24]

MnO@NC-
rGO 8 943 2.0 0.32/0.32/200 carbon paper [25]

[a] Electrode capacity is calculated based on the total mass of substrate and catalyst in the 

cathode side.
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