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Fig. S1. (a) XRD pattern, (b) FTIR spectrum, (c) TEM image and elemental mapping 

images of the CuTCNQ.



Fig. S2. FTIR spectrum of the TCNQ.



Fig. S3. SEM images of CuTCNQ/GDL at different pre-reduction times under a 

constant current density of 50 mA cm-2.



Fig. S4. SEM image of the bare GDL.



Fig. S5. (a) Selected area electron diffraction (SAED) pattern image of the 

reconstructed N-Cu NPs. (b) HRTEM images of the N-Cu NPs (Insets present the the 

grain boundary). 



Fig. S6. XPS spectrum in the (a) Cu 2p and (b) C1s regions for N-Cu NPs and 

CuTCNQ.



Fig. S7. Schematic diagram of the proposed N-Cu NPs evolution.



Fig. S8. Schematic diagram of the flow cell.



Fig. S9. SEM image of N-Cu NPs/GDL after durability test.



 

Fig. S10. (a) XRD pattern and (b) FTIR spectrum of CuO NPs.



Fig. S11. SEM image of CuO NPs/GDL.



Fig. S12. ECOR products distribution of CuO NPs/GDL at each given potential in 1.0 

M KOH.



Fig. S13. (a) H2, (b) CH4, (c) EtOH, (d) C2H4 and (e) AcO FEs of N-Cu NPs/GDL 

and CuO NPs/GDL at each given current density in 1.0 M KOH.



Fig. S14. C2 partial current density for N-Cu NPs/GDL and CuO NPs/GDL at each 

given total current density in 1.0 M KOH.



Fig. S15. CVs of (a) N-Cu NPs/GDL and (b) CuO NPs/GDL with various scan rates 

in the range between 0.2 V and 0.3 V, (c) The capacitive currents at 0.25 V as a 

function of scan rate for N-Cu NPs/GDL and CuO NPs/GDL.

According to the above formula, the calculated ECSA of N-Cu NPs/GDL and CuO 

NPs/GDL are 68.97 and 13.45 , respectively. Additionally, we can determine 𝑐𝑚 2
𝐸𝐶𝑆𝐴

the RFs of N-Cu NPs/GDL and CuO NPs/GDL are 68.97 and 13.45, respectively.



Fig. S16. Nyquist plots of N-Cu NPs/GDL and CuO NPs/GDL.



Fig. S17. ECOR products distribution of (a) Cu NPs/GDL and (b) CuCl/GDL at each 

given current density in 1.0 M KOH.



Fig. S18. C2 FE of the N-Cu NPs/GDL at each given current density under different 

pre-reduction atmospheres. (For example, CO-CO means pre-reduction in a CO 

atmosphere and then a catalytic test in a CO atmosphere.)



Fig. S19. (a) AcO, (b) C2H4 and (c) EtOH FEs of the N-Cu NPs/GDL at each given 

current density in different electrolytes.



Table S1. Comparison of the electrocatalytic CO reduction performance for Cu-based catalysts.

Catalyst Electrolyte
C2+ FE (%) at 

-0.69 V vs. 

RHE

C2+ current density 

at -0.69 V vs. RHE 

(mA cm-2)

Maximum 

C2+ FE (%)

Potential (V vs. RHE, 

corresponding to the 

maximum C2+ FE )

C2+ current density (mA 

cm-2, corresponding to 

the maximum C2+ FE )

Ref.

N-Cu NPs 1.0 M KOH 81.31 162.62 81.31 -0.69 162.62 This work

Polycrystalline Cu 0.1 M KOH ~58 ~1.3 65 -0.63 ~0.9 1

Fragmented Cu 1.0 M KOH - - ~80 -0.66 ~100 2

Spherical Cu 0.1 M KOH ~62 ~5 62 -0.78 100

Dendritic Cu electrodes 0.1 M KOH ~60 ~14 ~75 -0.83 ~80 3

Cu nanocavity 1.0 M KOH ~63 ~40 68.7 -0.36 ~10 4

Cu nanosheets 2.0 M KOH ~62 ~62 70 -0.74 ~155 5

Cu nanowires 0.1 M KOH - - 65 -0.30 0.22 6

OD-Cu 1.0 M KOH ~79 ~800 80 -0.6 212.49 7

Cu–Ag 1.0 M KOH - - 79.2 -0.56 ~26.4 8

Ag2Cu2O3 1.0 M CsHCO3 ~79 ~155 91.7 -0.86 550 9



PTFE-Cu particles 1.0 M KOH ~72.5 ~16 72.5 -0.70 ~16 10

Polycrystalline Cu foil 0.1 M KOH ~39 ~0.9 ~57 -0.6 ~0.5 11

Cu nanoparticles 10 M KOH ~15.9 ~38 17.8 -0.85 50.8 12

Cu nanowire 0.1 M KHCO3 ~12 - 60 -1.1 - 13

Cu single-atom/ Ti3C2Tx 1.0 M KOH 98 (-0.7 V) ~23 98 -0.7 22.1 14

Cu3Ag 1.0 M KOH ~30 - ~60 -1.1 - 15

Small Cu nanocube ~5 <10 ~40 -1.49 ~44

Medium Cu nanocube 0.5 M KHCO3 - - ~60 -2.12 ~240 16

Large Cu nanocube ~6 <10 ~65 -1.88 ~117

Cu45.2/graphdiyne 1.0 M KOH ~87 (-0.7 V) ~156 91.2 -0.8 312 17
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