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Figure S1 TEM N-doped reduced graphene oxide.



Figure S2 SEM image of Cu_btc particles (a), SEM (b) and TEM images (c) after Cu_btc

carbonization, insertion presented the size distribution of metallic nanoparticle.



Figure $3 SEM image of Cu_btc/rGO composites (a), SEM (b) and TEM images (c) after Cu_btc/rGO

carbonization, insertion presented the size distribution of metallic nanoparticle.



Intensity (a.u.)

560 565 570 575 580
Binding energy (eV)

Figure S4 Cu LMM Auger spectra of Cu,0/Cu@C, Cu,0/Cu@C/rGO, and Cu,0/Cu@C/NG.
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Figure S5 Higher resolution of XPS N 1s of Cu,0/Cu@C (a) and Cu,0/Cu@C/rGO (b).
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Figure S6 LSV curves for NG, Cu,0/Cu@C, and Cu,0/Cu@C/rGO in N,- and CO,-saturated 0.1 M

KHCOs electrolyte.
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Figure S7 Faradaic efficiency for hydrogen and ethanol of Cu,0/Cu@C, Cu,0/Cu@C/rGO, and

Cu,0/Cu@C/NG.
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Figure S9 Partial current density of formate for Cu,0/Cu@C, Cu,0/Cu@C/rGO, and
Cu,0/Cu@C/NG.
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Figure S10 Cyclic voltammagrams
Cu,0/Cu@C/rGO (b),
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at scan rate range from 10 to 100 mV s for Cu,0/Cu@C (a),

and

Cu,0/Cu@C/NG

(c),

respectively.
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Figure S11 The linear fitting between Cu-N-Cu content and partial current density of formate
obtained by Cu,0/Cu@C, Cu,0/Cu@C/rGO and Cu,0/Cu@C/NG.



Table S1 Atomic concentration (%) of Cu,0/Cu@C, Cu,0/Cu@C/rGO, and Cu,0/Cu@C/NG

Catalysts Cu C N 0]
Cu,0/Cu@C 0.87 90.37 0.74 8.02
Cu,0/Cu@C/rGO 0.37 93.26 1.26 5.11
Cu,0/Cu@C/NG 0.31 88.14 3.97 7.58




Table S2 Atomic concentration (%) of N species in Cu,0/Cu@C, Cu,0/Cu@C/rGO, and

Cu,0/Cu@C/NG
Catalysts pyridinic pyrrolic Cu-N-Cu graphite quatjrnar oxidized
Cu,0/Cu@C 0.13 0.13 0.11 0.15 0.14 0.076
Cu,0/Cu@C/rGO 0.30 0.12 0.20 0.18 0.30 0.16

Cu,0/Cu@C/NG 0.67 0.46 0.65 0.57 1.12 0.50




Table S3 Internal resistance of Cu,0/Cu@C, Cu,0/Cu@C/rGO, and Cu,0/Cu@C/NG

Catalysts Rohm R
Cu,0/Cu@C 4.25 9.91
Cu,0/Cu@C/rGO a4.77 7.64

Cu,0/Cu@C/NG 4.79 3.91




Table S4 Performance comparison of CO, reduction with reported Cu-based MOF materials or metals loaded on graphene-based substrate

Catalyst Electrolyte Potential for FE Product and maximum FE Ref.
HKUST-1 derived Cu/C 0.1M KHCO; —0.3 Vvs. RHE HCOOH: ~10% 1
Cu-NU1000 0.1 M NaClO, —0.82V vs. RHE Formate: 28% 2
Cu rubeanate MOF 0.5 M KHCO; -1.2 Vvs. SHE HCOOH: 30% 3
Cu,0/Cu@NC-800 0.1 M KHCO3 —0.68 V vs. RHE Formate: 70.5 % 4

Cu,0/Cu@C/NG 0.1 M KHCO3 —0.78 V vs. RHE Formate: 82.8% This study

GN/Zn0O/Cu,0 0.5 M NaHCO; —0.9 V vs. Ag/AgCl n-propanol: 30% 5
Sn0,/rGO 0.5 M NaHCO; —0.8 V vs. Ag/AgCl Formate: 89% 6
Bi,05-NGQDs 0.5 M KHCO3 —0.9 V vs. RHE Formate: ~100% 7
Co/SL-NG 0.1 M NaHCO; —0.90 V vs. SCE Methanol: 71.4% 8
Zn—N-G-800 0.5 M KHCO3 -0.5V vs. RHE CO: 91% 9
Cu,0/NRGO 0.1 M KHCO3 -1.4Vvs. RHE CyHa: 19.7% 10




Table S5 Linear fitting between atomic content of Cu-N-Cu (%) in Cu,0/Cu@C, Cu,0/Cu@C/rGO,

and Cu,0/Cu@C/NG and the partial current densities

Potential (V) Linear equation R?
-0.38 y=0.051x+0.089 0.83
-0.48 y=0.93x+0.41 0.96
-0.58 y=2.36x+1.10 0.51
-0.68 y=4.99x+1.20 0.95
-0.78 y=9.03x+2.09 0.91

-0.88 y=7.74x+2.52 0.90
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