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Figure S1. Photos of the as-prepared Cu and Cu-PANI electrodes. 
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Figure S2. Schematic diagram of the H-type electrolytic cell.
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Figure S3. Standard curves of (a) HCOOH, (b) CH3COOH, (c) EtOH, and (d) n-PrOH 
components for 1H NMR quantitative analysis.
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Figure S4. Experimental details for the ATR-SEIRAS measurements. (a) Schematic diagram 
of the attenuated total reflection (ATR) infrared spectroscopy and (b) the photo of the in-situ 
electrochemical cell placed inside the sample chamber of the FTIR instrument.
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Figure S5. Electrochemical LSV curves of the Cu and Cu-PANI electrodes recorded during 
the ATR-SEIRAS experiment. The potential scan rate was 5 mV/s.
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Figure S6. The enlarged view of the CV in Figure 1c. A weak reduction process 
corresponding the Cu+/Cu0 conversion can be observed at the potential region of 0.05 to 
-0.40 V. Scan rate = 100 mV/s.
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Figure S7. Cyclic voltammograms of (a) Cu foil and (c) Cu-PANI electrode in N2 saturated 
0.1 M KHCO3 scanned from 0.2~0.4 V vs. RHE at various scan rates in order to estimate the 
double layer capacity; Current density plotted against CV scan rates for (b) Cu foil and (d) 
Cu-PANI electrode.
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Figure S8. Electrochemical CO2RR results on Ti and Ti-PANI electrodes.
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Figure S9. Cu LMM spectra of Cu electrode before and after CO2RR, and the Cu-PANI 
electrode after CO2RR with removal of PANI layer so as to test the underneath Cu.
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Figure S10. (a) Raman spectra of the Cu-PANI electrode before and after CO2RR, and (b) in 
situ Raman spectra of PANI feature at the region of negative potentials.
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Figure S11. Potential-dependent FTIR signal intensity of COL on Cu and Cu-PANI 
electrodes. All potentials were iR corrected.
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Figure S12. Gas adsorption isotherms of PANI powder for N2 and CO2 at 273K.



S14

Figure S13. SEM image of as-prepared Cu-PANI nano-catalyst, scale bar = 100 nm.
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Figure S14. Electrochemical CO2RR performance of commercial Cu NPs. (a) The Faradaic 
efficiency of each product and total geometric current density and (b) The FE of H2, C1 and 
C2+ production for the Cu/PANI catalyst.
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Figure S15. The stability in the FE of C2H4 and the current density of commercial Cu NPs at 
-1.08 VRHE. The electrolyte was CO2 saturated 0.1 M KHCO3 solution, and the electrode 
potentials were iR corrected.
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Table S1. Summary of electrochemical surface area and corresponding surface roughness 
factor for Cu and Cu-PANI electrodes. The geometric surface area for both Cu and Cu-PANI 
electrodes is 0.785cm2. Taking polycrystalline Cu as the reference standard, the roughness 
factor is set to 1, and the double layer capacitance is 29 F/cm2.

Cu foil Cu-PANI
Electrochemical Surface Area (ECSA) 3.71 2.26

Surface Roughness Factor (SRF) 4.73 2.88
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Table S2. Results of the Cu 2p3/2 peak fitting in Figure 3c.

Binding energy / eV
Catalysts

Cu0 / CuI CuII CuII satellite
Cu before CO2RR 932.7 934.7 944.1
Cu after CO2RR 932.6 934.6 944.2

Cu-PANI after CO2RR 932.6 934.6 944.2
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Table S3. Details of the Cu LMM peak fitting in Figure S6.

Binding energy / eV
Catalysts

Cu0 CuI

Cu before CO2RR 568.3 570.1
Cu after CO2RR 568.3 570.1

Cu-PANI after CO2RR 568.2 570.0
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Table S4. Comparison of Cu-based catalysts reported in the literature toward the CO2RR 
performance and stability in aqueous solution.

Catalysts Electrolyte j (geo) / 
mAcm-2

E / V 
vs. 

RHE

C2H4 
FE / %

C2+ 
FE 
/ %

Stability 
/ h Ref

Cu-PANI 
nano-catalyst

0.1 M 
KHCO3

28.3 -1.08 43.8 77.4 20 This 
work

Cu-PANI 
nano-catalyst

0.1 M 
KHCO3

34.7 -1.13 48.8 78.4 \ This 
work

Amino acid 
modified Cu

0.1 M 
KHCO3

10.8 -1.25 13 34.1 12 1

Poly(acrylamide) 
modified Cu

0.1 M 
NaHCO3

60 -0.96 26 \ 2 2

Cu-porphyrin 
complex

0.5 M 
KHCO3

49 -0.976 17 \ 1 3

B-doped Cu 0.1 M KCl 70 -1.1 52±2 79±2 40 4
Hydrophobic Cu 

dendrites
0.1 M 

CsHCO3
30 ~ -1.4 56 74 5 5

Bi-phasic Cu2O-Cu 0.1 M KCl ~7 -1.6 22 58.5 1 6
Cu(100) single 

electrode
0.1 M 

KHCO3
5 -1 40.4 57.8 \ 7

Cu NPs covered Cu 
foil

0.1 M 
KClO4

\ -1.1 36 \ \ 8

Polycrystalline Cu 0.1 M 
KHCO3

~7.5 -1.05 26 40.6 1 9

3 μm thick Cu2O
0.5 M 

NaHCO3
19.6 -0.85 3.9 21.4 \ 10

Cu2O-derived Cu 
NPs

0.1 M 
KHCO3

38.5 -1.1 32.5 34 \ 11

Cu2O film on Cu 
disk

0.1 M 
KHCO3

34.4 -0.99 37.5 54.8 1 12

O2 plasma Cu foil 0.1 M 
KHCO3

12 -0.92 60 \ 5 13

Oxide-derived Cu 
foam

0.5 M 
NaHCO3

~11.5 -0.8 20 55 \ 14

44 nm Cu cubes 0.1 M 
KHCO3

~4 -1.1 41.1 46.4 1 15

Cu nanocubes 0.25 M 
KHCO3

68.1 -0.96 32.5 60.5 2.5 16

Anodized Cu 
nanowire arrays

0.1 M 
KHCO3

19.2 -1.08 38.1 ~60 40 17

Electro-redeposition 
Cu

0.1 M 
KHCO3

57.9 -1.2 38 54 1 18

“\” represents “not available”.
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