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1. Experimental details.

1.1 Materials:

All chemicals and materials were commercially obtained and used without any further
purification. Solvents were dried and distilled for synthesis. Nafion solution (5 wt%)
was purchased from Alfa Aesar. All solutions used in electrochemical experiments
were prepared with Millipore water (18.2 MQ). The purity of both Argon and CO, is
99.999%.

1.2 Synthesis:

The ligands L1, [Co,(OH)L!|(Cl0y);, ZIF-8 were synthesized by literature methods
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L': (L'= (MX)3(TREN);), MX = m-xylyl groups, TREN= tris(2-
aminoethyl)amine) A CH;O0H solution (150 mL) of tris(2-aminoethyl)amine (1.51 g,
0.0103 mol) was added dropwise to a stirred CH;0H solution (300 mL) of benzene-
1,3-dicarboxaldehyde (2.08 g, 0.0155 mol) over 1 h. After further stirred at room
temperature for 24 h, the resulting yellowish solution was concentrated to 100 mL
under reduced pressure. The solution was cooled to 0 °C on an ice bath, and NaBH,
(4.30 g, 0.114 mol) was then added. The suspension was stirred at room temperature
for 2 h, then heated to 50 °C and stirred at this temperature for an additional 20 h to
ensure that the reduction was complete. The solvent was removed under reduced
pressure, and water (50 mL) was added. The product was extracted with toluene. The
organic phase was dried over Na,SO, and filtered. Evaporation of the filtrate under
reduced pressure yielded yellowish oil. It was recrystallized from toluene to give a
white solid (2.16 g, 70%). To obtain the CO,-free ligand, the dry product L! was
dissolved in a small amount of acetone, the solution was kept on an ice-bath, and
excess HC1O, was added dropwise to give a white precipitate. After the mixture was
stirred for 15 min, the precipitate was filtered, washed with a small amount of acetone
and diethyl ether, and then dried under vacuum to give the white solid L'-8HCIO,
[Co2(OH)L'](C10y);: Under an argon atmosphere, an absolute ethanol solution (12
mL) of Co(ClOy),6H,O (2.07 g, 5.67 mmol) was added to an absolute ethanol
solution (250 mL) containing L!-8HCIO4 (3.00 g, 2.14 mmol) and NaOH (0.67 g,
16.80 mmol). The mixture was stirred at room temperature for 15 min. The resulted
gray precipitate was filtered, washed with ethanol and diethyl ether, and dried under
vacuum to give a gray powder (1.74 g, 75%).

Synthesis of ZIF-8: A MeOH solution (25 mL) of Zn(NOs),-6H,0 (950 mg, 5 mmol)

was added slowly to a MeOH solution (25 mL) of 2-methylimidazole (2 g, 24.4 mmol)
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with continuous stirring. The mixture was then kept undisturbed for 24 hours and ZIF-
8 was obtained as precipitate. It was centrifuged and washed with DMF and MeOH

repeatedly, and dried at 70 °C.

Table S1 The contents of Co and Zn in different catalysts measured by inductively

coupled plasma-mass spectroscopy.

Catalysts Co/% Zn/%
5-Co,L@ZIF-8-850 0.1332 14.63
10-Co,L@ZIF-8-850 0.6419 6.051
20-Co,L@ZIF-8-850 1.604 5.712
40-Co,L@ZIF-8-850 2.498 5.192
10-Co,L@ZIF-8-750 0.1965 22.13
10-Co,L@ZIF-8-950 1.096 0.0287

Fig. S1 Scanning electron microscopy (SEM) images (scale bar 2.5 um) and energy-
dispersive X-ray spectroscopy (EDS) elemental mapping of 10-Co,L@ZIF-8-850.
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Fig. S2 (a) High resolution scanning electron microscopy (HRSEM) and (b, ¢)

transmission electron microscopy (TEM) images of ZIF-8-850.
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Fig. S3 N, sorption isotherms for 10-Co,L@ZIF-8-850 at 77 K.
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Fig. 4 CO, adsorption isotherm of 10-Co,L@ZIF-8-850 at 298 K.
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Fig. 5 Raman spectra of 10-Co,L@ZIF-8-850 and ZIF-8-850.
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Fig. S6 Calculated I5/Ip values for 10-Co,L@ZIF-8-850 and ZIF-8-850.
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Fig. S7 C 1s, N Is and Zn 2p high-resolution XPS spectra in 10-Co,L@ZIF-8-850 (a,

b and ¢, respectively), and ZIF-8-850 (d, e and f, respectively).
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Fig. S8 Corresponding EXAFS fitting curves for 10-Co,L@ZIF-8-850 at k space

(Left) and R space (Right), respectively.

Table S2. Co K-edge EXAFS fitting results for 10-Co,L@ZIF-8-850.

Sample

Co-C/N

R(A)

CN

o(A?) AE, (eV)

10-Co,L@ZIF-8-850

1.73£0.01

8.7+1.1

0.012+0.001

7.310.8
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Fig. S9 (a) LSV curves of 10-Co,L@ZIF-8-850 recorded in Ar- and CO,-saturated
0.1 M KHCO;s electrolyte. (b) LSV curves of x-Co,L@ZIF-8-850 recorded in CO,-
saturated 0.1 M KHCO;s electrolyte.
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Fig. S10 (a) Gas chromatography (GC) and (b) 'H NMR spectra of the electrolyte
after electrolysis for 1 h in CO, atmosphere at -1.0 V by 10-Co,L@ZIF-8-850, where
the chemical shift at 4.76 corresponds to the H,O.
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Fig. S11 The productivity (left Y-axis) and FE (right Y-axis) of (a) ZIF-8-850, (b) 5-
Co,L@ZIF-8-850, (¢) 20-Co,L@ZIF-8-850, (d) 40-Co,L@ZIF-8-850) under different

applied potentials, where the red and dark columns represent CO and H,, respectively.
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Fig. S12 The productivity (left Y-axis) and FE (right Y-axis) of (a) 10-Co,L@ZIF-8-
750 and (b) 10-Co,L@ZIF-8-950 under different applied potentials, where the red and

dark columns represent CO and H,, respectively.
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Fig. S13 Powder XRD pattern of 40-Co,L@ZIF-8-850.
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Fig. S14 'H NMR spectra of the electrolyte after electrolysis for 1 h in CO,
atmosphere by ZIF-8-850 and 10-Co,L@ZIF-8-750.
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Fig. S15 The Nyquist plots of (a) x-Co,L@ZIF-8-850 and (b) 10-Co,L@ZIF-8-T,
measured at -0.58 vs RHE.
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Fig. S16 (a) CV curves of 10-Co,L@ZIF-8-850 at different scanning speeds in the
range of 0.55-0.65 V vs. RHE. (b) The capacitive current density Ajy¢v as a function
of scan rate for 10-Co,L@ZIF-8-850. (¢) CV curves of ZIF-8-850 at different
scanning speeds in the range of 0.55-0.65 V vs. RHE. (d) The capacitive current

density Ajoev as a function of scan rate for ZIF-8-850.
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Table S3 Comparison of total current density (j () of various catalysts for CO,

electroreduction to 1:2 CO/H, syngas.

Catalysts j(mA/ecm?)  Potential (V vs. RHE) Electrolyte CO/H, Refs.
10-Co,L@ZIF-8-850 31.7 -1.0 0.1 M KHCO; 1:2: This work
Ag Nanowires <3 -0.8t0—1.3 0.5 M KHCO; li4to1:1 3
0.1 M KH,PO4/K,HPO,
20% wt Ag/g—C;3Ny 4.7~7.6 -1.05to -1.15 1:2 6
buffer
Pd/C 0.15 -0.5 0.5M NaHCO; 1:2 7
Core—shell Cu/Au ~14.0 -0.65 0.5 M KHCO; 1:2 8
1:1
CdSo,nSem 26.5 -1.2 0.1 M KHCO3 12 9
2/3 CuUPD ~20 -0.65 0.5 M KHCO; 1:1 10
<0.25 -0.4 1:2
C0304—CDOtS—C3N4 0.5M KI‘ICO3 1
5.78 —-0.75 1:1
Zn—1 ~26.3 -1.0 0.1 M KHCO;4 1:1 12
CoSA-HNC ~14 -1.0 0.1 M KHCO; 1:2 13
Ag-SnS, 15.5 -1.0 0.5 M KHCO; 1:1 14
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