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Figure S1. (a) SEM images of ZIF8 (b) The XRD of ZIF8 (c) Nitrogen adsorption—
desorption isotherm of ZIF8 (d) Pore size distributions of ZIFS.
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Figure S3. (a-c) SEM images of ZIF8-950, ZIF8-950-Bi, ZIF8-950-2Bi.

S-2



Figure S4. HTEM images of (a-b) ZIF8-950, (c-d) ZIF8-950-Bi, (e-f) ZIF8-950-2Bi.
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Figure S5. The XPS results for N 1s of (a) ZIF8-950, (b) ZIF8-950-Bi, (c¢) ZIF8-950-
2Bi, (d-g) the XPS results for Zn2p of all samples, (h) the XPS results for Bi4f of ZIF8-
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Figure S6. The HTEM of (a) ZIF8-4Bi, (b) ZIF8-250-4Bi, (c) ZIF8-350-4Bi, (d) ZIFS$-
550-4Bi, (¢) ZIF8-750-4Bi, (f) ZIF8-950-4Bi

Figure S7. The SEM of (a) ZIF8-350-4Bi, (b) ZIF8-550-4Bi (c) ZIF8-750-4Bi
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Figure S8. The most stable configurations of (a) Zn-N,4/C and (b) Bi modified Zn-
N4/C. The grey, white, brown and purple spheres are Ni, N, C, and Bi atoms.
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Figure S9. Linear sweep curves in the Ny-and CO,-saturated 0.5 M KHCOj; aqueous
solution of (a) ZIF8-950, (b) ZIF8-950-Bi, (c) ZIF8-950-2Bi, (d) ZIF8-950-4Bi.
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Figure S10. (a-d) Cyclic voltammograms of all samples with the potential range from
0.05 t0 -0.05 V (vs. Exg/agct) in a No-bubbled 0.5 M KHCO; electrolyte, (e) the
ECSA for all samples. () the linear sweep curves of all the samples (normalized by
ECSA).

DFT calculations

Computational methods: DFT calculations were carried out using the Vienna ab initio
simulation package (VASP) ! with the projector-augmented wave (PAW)? method. All
calculations were based on the on the generalized gradient approximation (GGA)?
method with Perdew-Burke-Ernzerhof (PBE)* functional for the exchange-correlation
term. Van der Waals interaction was taken into account at DFT-D3> ¢ with Becke-
Jonson” damping algorithm. The plane wave cutoff was set to 500 eV. The Brillouin
zone integration was carried out with 2x3x1 Gamma point. The convergence thresholds
for energy was set as 107* eV during ion relaxation and 107° eV during vibrational

calculation, and the convergence thresholds for force was set as 0.05 eV « A1,
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Structures optimization: The six types N-doped graphene are optimized before
attaching any molecules. The structural relaxation was performed until all forces were
less than 0.05 eV/A. The ground state structures of *CO and *COOH adsorbed on N-
doped Graphene are determined by searching the lowest energy configurations on all

active sites. The most stable configurations of *COOH is shown as Figure S11

Figure S11 (a-f) The ground state structures *COOH adsorbed on Graphitic N,
Pyridinic N, Pyrrolic N, Pyridinic N adjacent to Zn-Ng4, Zn-N3V and Zn-N,V,, where
V stands for coordination vacancy. The grey, light blue, brown, red and white spheres
are Ni, N, C, O and H atoms.
Free energy calculation: The free energy for each reactant is calculated as:

T

0 . The Eppr is the electronic energy calculated by
DFT, and the Ezpg is the zero point energy estimated within the harmonic

T
CpdT

approximation calculated by DFT. The 0 and TS are heat capacity and entropy

at 298.15 K. The chemical potential of a pair of proton and electron can be calculated

1 2
(H*)su(e) = 2 ¢
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as a function of applied potential: # , according to the



CHE model proposed by Nerskov et. Al%. Due to the PBE functional, the solvent effect
for stabilizing *COOH and *CO was 0.25 and 0.10 eV, respectively. The correction to

gas-phase CO was -0.51 eV®- 10,
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Figure S12. (a-b) SEM images of ZIF8-950-4Bi after electrolytic at -0.6 V vs for 18 h,

(c) Stability of ZIF8-950-4Bi at -0.6 V vs. RHE in CO;-saturated 0.5 M KHCO;

solutions.
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Figure S13. (a-b) the Faradaic efficiencies and current density for CO production at
applied potentials on ZIF8-950-4Bi and ZIF8-950-acid.

Table S1 The ICP of Bi content for all samples.
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Bi (Weight%)  ZIF8-950-Bi  ZIF8-950-2Bi ZIF8-950-4Bi

ICpP

Table S2 The EDS and XPS of Zn content for all samples.

Zn (Atomic%) ZIF8-950 Z1F8-950-Bi  ZIF8-950-2Bi ZIF8-950-4Bi

Table S3 The N content and kinds for all samples.

Type of N Z1F8-950 Z1F8-950-Bi  ZIF8-950-2Bi  ZIF8-950-4Bi

Total N (%) 7.92

7.13 7.33 5.66

DL A 2.24(28%)  1.85(26%) 2.09 (29%) 1.23 (22%)

Pyrrolic N (%) 1.7122%)  1.87(26%) 1.77(24%) 1.61(28%)
LN 2.5031%)  2.39(34%) 2.3331%) 2.11(38%)

Zn-N(%) 1.47(19%)  1.02(14%) 1.14(16%) 0.7(12%)

Table S4 The surface area and porous structure for the materials
Sample S(mz/ g) Smic(mz/ g) Vt(cms/ g) Vmic(cm3/ g)

Z1F8-950

Z1F8-950-Bi

Z1F8-950-2Bi

Z1F8-950-4Bi
ZIF8
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