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1 Supporting figures and table

Figure S1

Figure S1. XRD pattern of Cu NPs.

Figure S2

Figure S2. Line-scanning intensity profile from the area highlighted with the green rectangle in Figure 1b.
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Figure S3

Figure S3. EDS spectrum of Cu NPs.

Figure S4

Figure S4. EDS spectrum of hemin/Cu-6.
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Figure S5

Figure S5. XPS spectra of the (a) Cu 2p, (b) Cu L3M4,5M4,5 Auger, and (c) Fe 3p regions of hemin, Cu NPs, 

and hemin/Cu-6.

Figure S6

Figure S6. Schematic diagram of the flow cell.
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Figure S7

Figure S7. The FEs and potential measured for CO reduction on hemin.

Figure S8

Figure S8. Electrocatalytic CO reduction product distributions of hemin/Cu-6 under Ar conditions.
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Figure S9

Figure S9. CV curves at different scan rates: (a) hemin/Cu-6 and (b) Cu NPs. (c) The capacitive current 

density differences at -0.15 V vs Ag/AgCl plotted against the scan rates. The ECSA is calculated using the 

following formula: AECSA = Cdl / (29 μF cm−2 per cm2
ECSA). The ECSA determined by the CV method for 

hemin/Cu: AECSA = (1100 μF cm−2) / (29 μF cm−2per cm2
ECSA) = 37.9 cm2

ECSA. The ECSA determined by 

the CV method for Cu NPs: AECSA = (1590 μF cm−2) / (29 μF cm−2 per cm2
ECSA) = 54.8 cm2

ECSA.

Figure S10

Figure S10. The normalized partial current densities towards acetate at different potentials of hemin/Cu-6 

and Cu NPs.
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Figure S11

Figure S11. TEM image of hemin/Cu-6 after electrocatalysis test.
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Figure S12

Figure S12. HAADF-STEM image and corresponding EDS mapping of hemin/Cu-6 catalysts after 

electrocatalysis test.
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Figure S13

Figure S13. EDS spectrum of hemin/Cu-6 catalysts after electrocatalysis test.

Figure S14

Figure S14. UV-vis spectroscopy of dissolved hemin from the fresh and used hemin/Cu-6 modified 

electrodes.
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Figure S15

Figure S15. The product distribution at different current densities over protoporphyrin/Cu electrode.

Figure S16

Figure S16. Optimized structures of heme-CO complex.
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Figure S17

Figure S17. FTIR spectra of Cu, CoPc, and CoPc/Cu-6.

Figure S18

Figure S18. FEs and potentials measured for the electroreduction of CO on (a) CoPc/Cu-20, (b) CoPc/Cu-1.
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Table S1
Comparison of electrochemical CO/CO2-to-acetate performances with state-of-the-art Cu based catalysts.

Catalysts CO/CO2 Electrolyzers Electrolyte FEacetate
(%)

Jacetate
(mA cm-

2)
ref.

hemin/Cu-6 CO Flow cell 1 M KHCO3 45.2 ~152.3 This 
work

Cu nanocube CO Flow cell 0.5 M KHCO3 43 ~200 1
(Cu)n,(Ag)m 
clusters CO2 H cell 0.5 M KHCO3 21.2 N/A 2

0.5 M KOH 18.9 45
1 M KOH 29.6 105OD-Cu CO Flow cell
2 M KOH 31.8 97.92

3

Cu-Au CO Flow cell 1 M KOH 39 217 4
0.5 M KOH 25 25
1 M KOH 33.1 33.1Cu nanosheets CO Flow cell
2 M KOH 48 131

5

ERD-Cu CO2 Flow cell 0.1 M KHCO3 6.7 N/A 6
Cu Foil CO2 Flow cell 0.1 M KHCO3 0.3 7 7
Mesostructure
d Cu CO2 Flow cell 0.1 M KHCO3 2.54 0.66 8

1 M KOH 61OD-Cu CO H cell 0.1 M KOH ~18 N/A 9

Cu45.2/GDY CO Flow cell 1 M KOH ~20 ~42 10
Cu-N-C 
single site 
catalyst

CO Flow cell 1 M KOH 30 48 11

Cu CO Flow cell 1 M KOH 16.3 81.5 12
CuTCPP@Cu
(OH)2

CO2 H cell 0.5 M 
EMIMBF4

26.1 N/A 13
a N/A=Not available from this source.
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