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Fig. S1 The SEM images of (a) Cu2O, (b) Cu2O@SiO2 and (c) Cu2O@SiO2-NH2 catalysts.

(a) (b) (c)
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Fig. S2 Morphological and structural characterizations of Cu2O. (a) TEM image; (b) HR-TEM 

image and (c) EDX mapping.
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Fig. S3 Morphological and structural characterizations of Cu2O@SiO2. (a, b) TEM images; (c) HR-

TEM image; (d) HAADF-STEM image and (e) EDX mapping.
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Fig. S4. (a) N2 adsorption-desorption isotherms and (b) The pore size distribution curves of Cu2O 
and Cu2O@SiO2-NH2 catalysts.
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Fig. S5 XRD patterns of Cu2O, Cu2O@SiO2 and Cu2O@SiO2-NH2 catalysts on the Cu/PTFE 

substrate.
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Fig. S6 The CO2 adsorption isotherms of Cu2O@SiO2-NH2 and Cu2O@SiO2.
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Fig. S7 Electrochemical CO2 reduction reaction system.
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Fig. S8 Gas chromatography for gas products in CO2RR on the Cu2O@SiO2-NH2 catalyst at the 
current density of 280 mA cm-2.
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Fig. S9 (a) 1H NMR spectrum for liquid phase products in CO2RR on Cu2O@SiO2-NH2 catalyst at 
the current density of 280 mA cm-2. (b) is an enlarged view of (a). DMSO is used as internal 
standard.
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Fig. S10 The current densities of CO2RR on Cu2O@SiO2-NH2, Cu2O@SiO2 and Cu2O catalysts.
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Fig. S11 (a) The ratios of C2+/C1 products and the partial current densities of products in CO2RR on 

(b) Cu2O@SiO2-NH2, (c) Cu2O@SiO2 and (d) Cu2O catalysts.
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Fig. S12 The product distributions and partial current densities of CO2RR over the Cu/PTFE 

substrate. (a) Product distributions and (b) Partial current densities.
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Fig. S13 The pH values of the electrolyte during CO2RR.
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Fig. S14 Morphological and structural characterizations of Cu2O@SiO2-NH2 after the CO2RR test. 

(a and b) TEM images; (c and d) HR-TEM images; (e) HAADF-STEM image and (f) EDX mapping.
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Fig. S15 Morphological and structural characterizations of Cu2O@SiO2 after the CO2RR test. (a 

and b) TEM images; (c and d) HR-TEM images; (e) EDX mapping.
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Fig. S16 Morphological and structural characterizations of Cu2O after the CO2RR test. (a and b) 

TEM images; (c) HR-TEM image; (d) HAADF-STEM image and (e) EDX mapping.
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Fig. S17 Si 2p XPS spectra of Cu2O@SiO2 and Cu2O@SiO2-NH2 catalysts after the CO2RR test.



S19

Table S1. Comparison of the FE of C2+ and the partial current density of C2+ with other 

electrocatalysts reported previously.

Catalyst
FE of 

C2+

C2+ partial 

current 

density 

(mA/cm2)

Electrolyte
Electrolyze

r

Publication

Time
Ref.

Cu3N 73.7 810 1 M KOH Flow cell 2022 1

Mg-Cu alloy 80 800 1 M KOH Flow cell 2022 2

Cu2O/Ag2.3% 82.1 656.8 1 M KOH Flow cell 2022 3

K-F-Cu-CO2 77 616 1 M KOH Flow cell 2022 4

Fragmented 

Cu
77.8 233 7 M KOH Flow cell 2022 5

Cu2P2O7 73.6 257 / MEA 2022 6

CuO 

nanoplate 

arrays

85.4 93.5 0.5 M KCl Flow cell 2022 7

Cu2O 

superparticle-

CP3

74.2 30 0.1 M KHCO3 H-cell 2022 8

CuO-nr/CC3 76.1 1293 1 M KOH Flow cell 2022 9

BiCu-SAA 72.6 290 1 M KOH Flow cell 2023 10

Cu-12C 86.1 103.3 1 M KOH Flow cell 2023 11

M-Cu1/CuNP 75.4 289.2 5 M KOH Flow cell 2023 12

25 nm Cu-

coated GDE
73 110

6.33 M 

NaClO4

Flow cell 2023 13

EC-Cu-2 90 180
0.05M 

H2SO4+2.5M 
Flow cell 2023 14
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KCl

Dual-phase 

copper
81 322 3 M KCl Flow-cell 2023 15

Cu2O@SiO2-

NH2

81.7 237 1 M KCl Follow cell
This 

work

Table S2. Cathode CO2RR equations.

CO2 reduction reaction

x CO2 +  n H +  +  n e -  → products +  y H2O

CO2 +  2H +  +  2e -  → HCOOH(aq)

CO2 +  2H +  +  2e - → CO(g) +  H2O

CO2 +  6H +  +  6e -  → CH3OH(aq) +  H2O

CO2 +  8H + +  8e -  → CH4(g) +  2H2O

2CO2 +  8H +  +  8e -  → CH3COOH(aq) +  2H2O

2CO2 +  10H +  +  10e -  → CH3CHO(aq) +  3H2O

2CO2 +  12H +  +  12e -  → C2H5OH(aq) +  3H2O

2CO2 +  12H +  +  12e -  → C2H4(g) +  4H2O

2CO2 +  14H +  +  14e -  → C2H6(g) +  4H2O

3CO2 +  16H +  + 16e -  → C2H5CHO(aq) +  5H2O

3CO2 +  18H +  +  18e -  → C3H7OH(aq) +  5H2O
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