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1. Density functional theory (DFT) calculations

DFT calculations employed the Vienna Ab initio Simulation Package (VASP) with the
generalized gradient approximation and Perdew-Burke-Ernzerhof (GGA-PBE)
functional and PAW pseudopotentials. A 450 eV plane-wave cutoff and DFT-D3 van
der Waals correction were applied. Geometries were optimized until forces < 0.05
eV/A. A 2x2x1 k-mesh sampled the 4-layer Ag(111) slab, with 2% tensile strain
applied to simulate grain boundary stress. Bottom-layer atoms were fixed, and edge
atoms were constrained to maintain stress.

Reaction step free energies (AG) for CO,RR and HER were calculated using the CHE
model. Potential-dependent AG was calculated as AG (U) = AG (0V) - neU. Gibbs free
energy followed: AG = AE + AEzpg — TAS, where AE, AEzpg, and AS denote DFT

energy, zero-point energy, and entropy changes at 298.15 K, respectively.

2. Electrochemical Measurements

The long-term stability test was conducted in 0.3 M K,SO, (pH = 3) to alleviate the
salting-out effect. The lower electrolyte concentration yields a higher solution
resistance, leading to obvious potential deviation under the same 0.8 x iR

compensation ratio compared with the performance tests performed in 0.5 M K;,SO,.
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Fig. S1 SEM images of the silver sample prepared using D-glucose

agent
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Fig. S2 XRD patterns of Ag-GB and Ag-NP.

Fig. S3 SEM image of Ag-NP

N1s

410 ' 405 ' 400 ' 395
Binding energy (eV)

Fig. S4 the N 1s XPS spectrum of Ag-GB



Fig. S5 The image of the customized flow cell
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Fig. S6 The representative i-t curves on Ag-GB
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Fig. S7 Potential-dependent FEo on Ag-GB (without iR correction)
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Fig. S8 Potential-dependent FE for H, on Ag-GB
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Fig. S9 Current density-dependent FE for CO on Ag-GB
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Fig. S10 LSV curves of Ag-GB under CO, atmosphere (without iR correction)
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S11 Potential-dependent jco on Ag-GB
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Fig. S12 'H-NMR of the electrolyte after the stability test. Note: The spectrum was
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acquired with water peak suppression.

after ~100 h electrocatalysis

Fig. S14 SEM images of Ag-GB before and after stability test.
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Fig. S15 HR-TEM images of Ag-GB after the stability test.
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Fig. S16 XPS spectra of Ag-GB after the stability test. Prior to the analysis, the
sample was cleaned by Ar* ion sputtering to exclude the possible influence of surface

oxidation.
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Fig. S17 CV curves of Ag-NP recorded at various scan rates.
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Fig. S18 CV curves of Ag-GB recorded at various scan rates.

Ag(111) *COOH on Ag(111) *CO on Ag(111) *H on Ag(111)
g g g g
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Fig. S19 (a) Representative surface atom configurations of Ag (111). Optimized
surface slabs with adsorbed (b) *COOH, (c¢) *CO and (d) *H on Ag (111) surfaces.
The light blue, red, gray and white balls represent Ag, O, C and H, respectively.
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Fig. S20 (a) Representative surface atom configurations of strained Ag (111).
Optimized surface slabs with adsorbed (b) *COOH, (c) *CO and (d) *H on Ag (111)-
GB surfaces. The light blue, red, gray and white balls represent Ag, O, C and H,

respectively.
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Table S1. Comparison of recent reported CO,RR catalysts

Catalyst Electrolyte Cell Catalyst Potential iR Jco FE Ref.
type loading (Vs correction (mA/cm?) (%)
(mg/cm?) RHE) (%)
re-AgS, 1 M KOH flow 2 <-0.6 N/A® 750 93 1
cell
AuAgyy 0.1 M MEA 1 3.6° 0 202.2 90.4 2
KHCO;
Ni-N4/C-NH, 1 M KOH flow 3 -1 85 447 89 3
cell
Ni@CC-T 1 M KOH flow 1 -1.3 85 399.2 99.8 4
cell
CeOy/AgNWs 1 M KOH flow 1.5 -1.5 85 251.3 92.1 5
cell
NiNC-PANI 0.1 M MEA 1 ~33 0 200 100 6
KHCO;
plasma-treated 0.01 M MEA 0.27 3a 0 ~350 92 7
Ag CsOH
Ni-N-C-900 1.0 M KOH flow 2 -0.96 N/AP 391 98 8
cell
Ni@NiNCM 1.0M flow 1 N/A N/AP 100 >90 9
KHCO; cell
FNC-SnOF 1.0M flow 1 -0.7 N/AP 141 93.8 10
KHCO; cell
NiPc MDEs 1.0M flow 1 -0.7 100 300 99.5 11
KHCO; cell
ClAg;4(C=CtB 1 M KOH MEA 0.28 2.632 0 400 99 12
u);,+ NCs
Sb1Cu 0.5M flow 1 -1.16 85 452 90.4 13
KHCO; cell
ligand-derived 1 M KOH flow 0.3 3.4 0 298.4 >90 14
Ag cell
CuCo-DSAC 1 M KOH flow 1 -0.66 0 500 98.5 15
cell
Ag-GB 0.5M flow 0.76 -1.58 80 500 98.8 this work
K>SO, cell
Ag-GB 0.5M flow 0.76 -1.96 80 1282 92.4 this work
K>SO, cell
Ag-GB 1 M KOH flow 0.76 -0.8 80 198 98.7 this work
cell
Ag-GB 1 M KOH flow 0.76 -1.63 80 1269.2 90.6 this work
cell

Notes: 2the potential value is related to the full cell volume; the relevant data is not provided in

the literature.
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