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Figure S1. Temperature profile of reagent solution after injection of AgNO3/ Cu(OAc),*H,0 / PVP mixtures.
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Figure S2. Schematic of the online electrochemical gas chromatograph (GC) system and home-made H-type

electrochemical cell utilized in this work.
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Figure S3. X-ray photoelectron survey spectra for Ag NPs, Cu NPs and the series of Ag@Cu bimetallic

nanoparticles prepared at different reaction time.
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Figure S4. XRD patterns (a) and an enlarged XRD pattern (2theta from 35 to 50 degree) (b) of Ag NPs, Cu
NPs and Ag@Cu bimetallic nanoparticles prepared at different reaction time.

X-ray diffraction (XRD) patterns were collected on D/MAX-2500V+/PC diffractometer (Rigaku
Corporation, Japan) equipped with Cu-target X-ray tube and operated at 1800 watts. The data were recorded in

the 260 range between 10° and 95°.
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Figure S5. The CVs (a) and FEs of gaseous products (b) of Ag@Cu-4.5 electrocatalyst in 0.1 M KHCO;

solution as a function of potential.



Table S1. Comparison of various Ag based electrocatalyst for CO or hydrocarbon-selective CO, reduction

catalysts in the literature
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*Note: In terms of the AgCu bimetallic catalysts, we have listed the references concerning the studied alloy and
surface galvanic materials for eCO2RR. Surprisingly, the two opposite points appeared in the reference, that
was the CuAg bulk alloy for synergetic effects and galvanic Cu on Ag for dillution effects between Cu and Ag.
As shown in ref.2, AgCu dendrite electrocatalysts showed the dilution effects in eCO2RR. Agigo nanoparticle
films was at the top of the volcano for CO, to CO, better than any bimetallic dendrite nanomaterials. However,
as the opposite point, the synergistic effect can exist between the AgCu system. As for alloy materials,
Watanabe’s group reported the synergistic effect for CO on the electroplating Cu-Ag alloy film for CO,RR.
There appeared that the synergistic effect on the faradaic efficiency for CO product on the Cu-Ag alloy
containing this large amount of Ag, and there was a maximum efficiency of 26% at -1.2 V (vs.SHE), which was
larger than 8% and 2% on Cu and Ag electrodes, respectively. Nogami et al pointed that the Cu-Ag bulk alloy
to the CO,RR in a pulsed condition and found the selectivity to C, compounds. There also appears the
synergistic effect on the faradaic efficiency for C, production on the Cu-Ag alloy and there is a maximum
efficiency of 12% at -0.55 V (vs. Ag/AgCl) for the Cu/Ag 28/72 electrode. In regard to Ag and other materials
such as In, Co, the FE for CO are 51 and 68%, respectively. However, the Ag bulk or different Ag
nanoparticles in structure, size, morphology, oxidation state et al,® the FE for CO varied and the highest FE
could reach as high as 92% at -0.9 V vs. RHE.

No Ag@Cu bimetallic core-shell structured electrocatalysts can be referred. However, in Monz'o et al’s
work, Au@Cu core-shell nanoparticles with well-defined surface structures were synthesized and evaluated as
catalysts for the eCO2RR in neutral medium. They observed that the Au cubic nanoparticles with 7-8 layers of
copper present higher selectivity toward the formation of ethylene (FE~18%) in PBS (pH = 8) at -0.6 V (vs.

RHE). Compared with Au@Cu catalyst, Ag@Cu electrocatalyst in our case can have ca. 29% ethylene FE.
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Figure S6. Partial current densities jy of H,, CO, CH,4, C,H,4 for the series of the electrocatalysts at -1.06 V (vs.

RHE) in 0.1 M KHCO3;
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Figure S7. Comparison of potential dependent FEs for H, on different electrocatalysts.

Figure S7 summarized the trends of H; in FEs dependent on the applied potentials for different Ag@Cu
electrocatalysts. As what was illustrated, the FEs of H, both increased with more negative applied potentials as
well as copper content in electrocatalysts overall. At the same applied potentials with higher overpotentials, Cu
catalysts produced more H, than Ag catalysts mainly due to its nature in metallic structure. Nearly double times
of H, production was observed for Cu as active center on the surface of the core-shell structured catalysts. It

meant that reactions about H* (aq) +e” + * —H * or *+H (aq)+e —H+* could be easily occured on Cu surface.
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However, at the lower overpotentials, these eight catalysts had the similar FEs for H,, It was probably because

the electron transfer reaction was the limited step at the lower overpotential for H, formation.
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Figure S8. Total current density (left axis) and Faradaic efficiency for each gaseous product(right axis) of
Ag@Cu-7(left column) and Ag@Cu-20 (right column) as a function of time, measured in CO,-saturated 0.1 M

KHCOj3 at —1.06 V (vs. RHE).
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Scheme S1. The possible scheme for CO; electroreduction reaction on surfaces of the electrocatalysts 39
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