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ABSTRACT

Electrochemical carbon dioxide reduction reaction (CO2RR) holds significant potential
to promote carbon neutrality as it can convert CO; to value-added chemicals/fuels with
intermittent renewable electricity. However, the Faradaic efficiency of multi-carbon
products in CO2RR is still too low to meet practical applications. Here we first report
the synthesis of three kinds of Ag-Cu Janus nanostructures with {100} facets (JNS-100)
for highly selective tandem electrocatalytic reduction of CO to multi-carbon products.
By controlling the surfactant and reduction kinetics of Cu precursor, we realize the
confined growth of Cu with {100} facets on only one of the six equal faces of Ag
nanocubes. Compared with Cu nanocubes, Ages-Cuzs JNS-100 demonstrates much
superior selectivity toward both ethylene and multi-carbon products in CO2RR at less
negative potentials. Density functional theory calculations reveal that the compensating
electronic structure and carbon monoxide spillover in Agegs-Cuzs INS-100 contributes
to the enhanced CO2RR performance. This study provides an effective strategy to

design advanced tandem catalysts toward the real application of CO2RR.



INTRODUCTION

Owing to its excellent compatibility with the intermittent renewable electricity,
electrochemical carbon dioxide reduction reaction (CO2RR) is considered as a
promising strategy to reduce the excessively accumulated CO; in earth atmosphere and
promote carbon neutral.!> In CO,RR, CO: can be converted to a series of value-added
chemicals and fuels, including single-carbon (Ci) products (e.g., carbon monoxide
(CO), formate (HCOQO™), methane (CH4) and methanol (CH30H)) and multi-carbon
(Cz+) products (e.g., ethylene (C2H4), ethanol (CoHsOH), ethane (C2Hs) and n-propanol
(n-C3H70H)).%'2 Among these products, Co+ products like C;HsOH and C,H4 have
attracted extraordinary interest since they are either essential fuels with high energy
density or core chemical feedstocks with large economic value. To date, copper (Cu) is
the most distinctive catalyst that can facilitate the reduction of CO; to various Ca+
products with a promising Faradaic efficiency (FE).!*!” However, the FE of Ca:
products on current Cu-based catalysts remains too low to meet the practical

applications.*!®

Very recently, increasing efforts have been made to prepare novel Cu-based CO,RR
catalysts for Co+ products.'®?* Among various strategies, constructing tandem catalysts
is emerging as a feasible approach to further improve the FE of Cz+ products.?*** In the
tandem catalytic system, the first kind of metal (e.g., silver (Ag),?*?63%34 gold (Au),>-!
and palladium (Pd)*+*) is able to convert CO, to CO at lower overpotentials compared
to that on Cu. Then the obtained CO spills over to the nearby Cu sites,*!*® where CO
will be further reduced to Ca+ products via the carbon-carbon (C-C) coupling
process.”*?632 In addition, the facet of the nanoparticle, which can significantly affect

the final products of CO2RR,**° should also be considered in the design of advanced



tandem catalysts. Experimental and theoretical studies suggested that Cu (100) plane
favors the generation of CoHs over the Cu (111) plane because Cu (100) plane possesses
a lower energy barrier for C-C coupling.***> However, although a range of Cu-based
tandem catalysts has been prepared for CO2RR, the Cu domains in those previously
reported heteronanostructure ones usually do not have specific exposed facets

25,26,29,46

especially {100} facets, resulting in a limited C»+ selectivity.

In this work, for the first time, via the rational control of surfactant and reduction
kinetics of Cu precursor, we synthesize three kinds of Ag-Cu Janus nanostructures with
{100} facets (JNS-100). These Ag-Cu JNS-100 are all highly active tandem catalysts
toward the electrochemical reduction of CO; to Ca+ products. In particular, Ages-Cuss
JNS-100 can effectively convert CO; to C2Hs and Co+ products with excellent FE of
54% and 72%, respectively. Density functional theory (DFT) calculations have
unraveled the electronic structure evolution induced by the different Ag/Cu ratios in the
Ag-Cu tandem catalysts. Ages-Cuzs JNS-100 demonstrates the highest selectivity
toward C»+ products due to the suitable electronic structure and the tandem effect

induced by CO spillover.

RESULTS AND DISCUSSION

As shown in Figure 1a, Ag-Cu Janus nanostructures with {100} facets (JNS-100) were
synthesized through the confined growth of Cu on Ag nanocubes (NCs, with a size of
41.8 £ 4.7 nm, Figure S1) by controlling the surfactant and the adding speed of
CuCl>-2H,0 and L-ascorbic acid (see “Supporting Information” for details). By
systematically adjusting the amount and adding speed of Cu precursors, three kinds of
Ag-Cu JNS-100 with different Ag/Cu atomic ratios, including Ages-Cuss, Agso-Cuso

and Ag7s-Cups, were obtained (Figure S2). As a control sample for the catalytic
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performance measurement, pure Cu NCs with an edge length of 42.5 + 5.7 nm were

also synthesized (Figure S3).

Transmission electron microscopy (TEM) images of Agss-Cuss INS-100 reveal that the
Cu domains grow on only one of the six equal faces of Ag NCs (Figure 1b,c and Figure
S4a,b). Figure 1d shows a representative spherical aberration-corrected high-resolution
high-angle annular dark-field scanning TEM (HAADF-STEM) image of the Ag/Cu
interface in Ages-Cuss JNS-100, indicating the epitaxial growth of the Cu domains on
Ag NCs. Selected-area fast Fourier transform (FFT) patterns of the Ag domain, Cu
domain and Ag/Cu interface in Figure 1d all match well with the typical electron
diffraction patterns of face-centered cubic (fcc) phase along the [001]r zone axis (Figure
le-g). This also suggests that the six faces of Agss-Cuss JINS-100 are enclosed by fcc
{100} facets. Figure 1h demonstrates the integrated pixel intensities of the marked Ag
and Cu domains along the directions denoted in Figure 1d. The average interplanar
spacings of Ag and Cu domains were calculated to be 1.96 A and 1.78 A, which are

assigned to the fcc Ag (200) and fcc Cu (200) planes, respectively.

The HAADF-STEM image and corresponding energy-dispersive X-ray spectroscopy
(EDS) elemental mapping of Ages-Cuss JNS-100 further prove that Cu selectively
grows on only one face of Ag NCs, leading to the formation of well-defined Ag-Cu
Janus nanostructures (Figure 1i,j). Moreover, the obtained Agso-Cuso JNS-100 and
Agrs5-Curs INS-100 also exhibit well-defined Janus nanostructures, as determined by
the TEM, HAADF-STEM and EDS mapping (Figure S4c,d, Figure S5a,b, Figure S6a,b
and Figure 1k-n). Spherical aberration-corrected high-resolution STEM images and

corresponding selected-area FFT patterns (Figure S5c-e and Figure S6c¢-¢) identify the



epitaxial growth of Cu on Ag NCs, as well as the exposure of fcc {100} facets for both

Ags0-Cuso JINS-100 and Agrs-Cuyzs INS-100.

X-ray diffraction (XRD) was also used to characterize the structure of as-synthesized
Ag-Cu JNS-100. As shown in Figure 2a, the peak positions of Ag and Cu in the XRD
patterns of three kinds of Ag-Cu JNS-100 are all well consistent with those of pure Ag
NCs and pure Cu NCs, respectively, which further confirms the successful formation
of Ag-Cu Janus nanostructures. Figure S7 shows that both Ag domains and Cu domains
in the obtained Ag-Cu JNS-100 adopt the standard fcc phase, matching well with the
spherical aberration-corrected high-resolution STEM results (Figure 1d-g, Figure S5c-

e and Figure S6c-e).

The surface status of as-synthesized Ag-Cu JNS-100 was analyzed by X-ray
photoelectron spectroscopy (XPS). As shown in Figure 2b, the Ag 3d peaks of Ag
domains shift to higher binding energy after forming the Ag-Cu Janus nanostructures,
suggesting the existence of electron transfer from the Ag domains to the Cu domains
via the Ag/Cu interface.?®**® For the lower Cu content results in the larger binding
energy shift, it might be related to the relative ratio of the Ag/Cu interface to the Cu
content in Ag-Cu JNS-100. For the corresponding XPS spectra of Cu 2p (Figure 2c),
they demonstrate a consistent peak shift with the electron transfer between the Ag
domains and Cu domains. Besides, the appearance of weak satellite peaks in Cu 2p XPS

spectra indicates the slight oxidation of Cu in air.

X-ray absorption spectroscopy (XAS) was further utilized to probe into the electronic
and geometric structures of Ag-Cu JNS-100. In the Cu K edge X-ray absorption near-
edge structure (XANES) (Figure 2d), the white line intensity of Cu NCs, Ages-Cuss

JNS-100 and Agrs-Cuys INS-100 is a slightly higher than that of Cu foil, suggesting the



slight oxidation of surface Cu atoms in Cu NCs and Ag-Cu JNS-100. k*>-weighted R-
space extended X-ray absorption fine structure (EXAFS) was employed to investigate
the local structure of Cu. As shown in Figure 2e, the Cu foil shows a main peak at R of
~ 220 A, which is attributed to Cu-Cu scatterings of the first shell. The Cu-Cu
scattering peaks were also observed in the Cu NCs, Ages-Cuzs INS-100 and Agos-Curs
JNS-100, indicating the formation of Cu-Cu bonds in these samples. As listed in Table
S1, the Cu-Cu coordination numbers of Cu NCs, Ages-Cuzs JINS-100 and Agrs-Cuss
JNS-100 are 9.2, 8.5 and 7.4, respectively, which are lower than that of Cu foil. This
might result from the size effect and the oxidized surface Cu atoms that reduce the
average Cu-Cu coordination numbers.*>° Importantly, the Cu-Cu coordination
numbers in Cu NCs, Ages-Cuss JINS-100 and Agors-Cuzs INS-100 are all significantly
larger than those of Cu-O coordination numbers, revealing that the metallic Cu is the
dominant component. In the Ag L3 edge XANES (Figure 2f), the white line intensity
of both Ages-Cuzs INS-100 and Agrs-Cuzs JNS-100 are higher than that of Ag NCs,
suggesting a higher chemical state of Ag in Ag-Cu JNS-100 samples. This could be
caused by the electron transfer from the Ag domain to the Cu domain within Ag-Cu
JNS-100, which is consistent with the XPS results (Figure 2b). Wavelet transform was
applied to investigate the coordination environment of the Cu species in samples. As
shown in Figure 2g-i, the intensity maxima of Cu NCs, Ages-Cuzs INS-100 and Agos-
Cu7s INS-100 are very close, confirming that the Cu-Cu bonds are dominant in all these

samples, matching well with the R-space EXAFS fitting results (Figure S8).

The CO2RR performance of as-prepared three kinds of Ag-Cu JNS-100 was
investigated in a gas-tight H-type cell under ambient conditions. The CO»-saturated 0.1
M KHCOs3 and glass carbon electrode were used as electrolyte and working electrode

support, respectively. All the applied potentials in this work were recorded without



solution resistance correction (see ‘“Supporting Information” for details). For
comparison, the CO2RR performance of Ag NCs, Cu NCs and the physical mixture of
Ag NCs and Cu NCs (denoted as “Ag+Cu mixture”, Figure S9) was also tested under
the same conditions. As shown in Figure 3a-c, Ages-Cuss, Agso-Cuso and Agors-Curs
JNS-100 all exhibited C2H4 FE over 50% at their optimal potentials, indicating their
excellent catalytic selectivity toward Ca+ products in CO2RR. Note that the three Ag-
Cu Janus nanostructures exhibited similar partial current densities toward the
production of CoH4, as shown in Figure S10. In particular, Ages-Cuzs JINS-100 exhibited
over 50% FE of C2H4 in a wide potential window from -1.0 V to -1.4 V (vs reversible
hydrogen electrode (RHE)). At-1.2 V (vs RHE), Ages-Cuss INS-100 demonstrated the
highest FE of 54% for CoHa. In contrast, at -1.2 V (vs RHE), Cu NCs showed FE of
only 45% for CoH4 (Figure S11a). The main product for Ag NCs and Ag+Cu mixture
was CO at the potentials from -0.8 V to -1.4 V (vs RHE) (Figure S11b,c). Besides CoHa,
other Ca+ products including C2HsOH, acetate, n-C3H7OH, acetaldehyde and acetone
were also observed on the Ag-Cu JNS-100 (Table S2-4). Remarkably, Ages-Cuzs JNS-
100 displayed a FE of 67% for Cz+ products at -1.2 V (vs RHE), which is much higher
than those of Cu NCs (52%) and Ag+Cu mixture (22%) (Figure 3d). At -1.4 V (vs
RHE), Ages-Cuss JNS-100 achieved the highest FE of 72% for Cz+ products (Table S2).
Therefore, in comparison with the previously reported Cu-based catalysts for CO2RR,
the FE of Ages-Cuss JNS-100 is among the best toward ethylene and Cz+ products

(Table S5).

To understand the superior CO2RR performance of Ages-Cuss JINS-100, we compared
the applied potentials for producing CoHs with considerable FE, which is closely related
to the cathode energy efficiency of catalysts,’!? between Ages-Cuss JINS-100 and Cu

NCs (Figure 3e). In the less negative potential range of -0.8 Vto-1.4 V (vs RHE), Ages-



Cuss JNS-100 showed much higher CoH4 FE than Cu NCs. Significantly, the potential
to reach over 50% FE for CoH4 on Ages-Cuszs INS-100 was reduced about 400 mV when
compared with pure Cu NCs, resulting in the much higher cathode energy efficiency on
Ages-Cuzs JNS-100 than that on Cu NCs toward C,Hs production (Figure S12).
Furthermore, the C,+/C; product ratio among Ages-Cuzs JINS-100, Cu NCs and Ag+Cu
mixture was also compared, which is closely related to the C-C coupling process>>>°
(Figure 3f). Ages-Cuss INS-100 exhibited the highest C»+/C product ratios from -1.0 V
to -1.6 V (vs RHE). Impressively, the highest C+/C; product ratio of 4.8 was achieved
on Ages-Cuzs INS-100 at -1.4 V (vs RHE), which is 1.5 and 4.8 times of Cu NCs (3.3)

and Ag+Cu mixture (1.0), respectively. These results reveal that Ages-Cuzs JNS-100

possesses excellent catalytic selectivity toward Ca+ products in CO2RR.

The improved CO2RR performance of Ag-Cu JNS-100 is largely attributed to the
exposed Cu {100} facets, the Janus nanostructure-induced tandem catalysis, and the
electron transfer between Ag and Cu domains. For the Cu {100} facets (Figure 1d-h),
theoretical and experimental works have verified that they can reduce the energy barrier
for the C-C coupling and improve the selectivity toward CoHa.**** As for the Janus
nanostructures of Ag-Cu JNS-100, the Ag domain is able to reduce CO> to CO with
much higher FE than Cu at low potentials, which has been confirmed by comparing the
CO2RR performance of pure Cu NCs and pure Ag NCs (Figure S11a,b). The obtained
CO could spill over from Ag domain to the adjacent Cu domain (will be discussed in
detail later) and be further reduced to Cy+ products, which would account for the
reduced potential of producing considerable CoHs on Ag-Cu JNS-100 (Figure 3e).
Simultaneously, the spillovered CO can change the CO coverage on Cu surface, which
could reduce the energy needed for C-C coupling on Cu (100) plane*-%°% and thus

contribute to the improved C2Hs FE and C»+/C; product ratio. As for the electron



transfer between Ag and Cu in Ag-Cu JNS-100 (Figure 2b,c), its effect on CO2RR
performance will be further discussed later. Taken together, a plausible CO,RR

mechanism on Ag-Cu JNS-100 is schematically illustrated in Figure 3g.

The catalytic stability of Ages-Cuss INS-100 was also evaluated by the long-term CO»
electrolysis at the constant potential. As shown in Figure S13, after electrolysis at -1.2
V (vs RHE) for almost 10 h, the FE of C2Ha4 on Ages-Cuss INS-100 only demonstrated
a slight decrease. Meanwhile, no obvious change in the current density was observed.
TEM image of Agss-Cuss INS-100 after the stability test shows that although some Cu
domains have been partially etched, most of the Aggs-Cuzs INS-100 still well maintain
their morphology and Janus nanostructures (Figure S14), suggesting the good catalytic

durability of Ages-Cuzs INS-100 toward electrocatalytic CO2RR.

To better understand the CO2RR performance of Ag-Cu JNS-100, we have applied the
DFT calculations to investigate the electronic structures and reaction trends. Notably,
the different concentrations of Ag and Cu have significantly modulated the surface
electronic distributions (Figure S15). For the Ages-Cuzs INS-100, we notice that both
Ag and Cu contribute to the bonding orbitals, especially the interface regions have also
been activated (Figure S15a). Similar electronic distributions are also noted in the Agso-
Cuso JINS-100 (Figure S15b). As the content of Cu becomes higher in the Agrs-Curs
JNS-100, the Cu domain dominates the bonding orbitals while the Ag domain mostly
shows the anti-bonding orbitals (Figure S15¢). Then, we further compare the electronic
structures in three Ag-Cu JNS-100 including Ages-Cuss, Agso-Cuso, and Agrs-Cuss. For
the Cu-3d orbitals, we notice that Cu-3d orbitals display a downshifting trend with the
increasing content of the Cu (Figure 4a). In particular, compared to pristine Cu, the Ag-

Cu JNS-100 has shown a slightly lowered dominant peak, which supports the more
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electron-rich feature in Ag-Cu JNS-100. Meanwhile, an opposite trend was found in
Ag (Figure 4b). Compared to pristine Ag, all the Ag-4d orbitals in tandem catalysts
demonstrate a much higher position, which indicates the higher electron valence in the
structure, consistent with the XPS results (Figure 2b). Ag-4d orbitals show the overall
lower position than Cu-3d orbitals, displaying as the electron reservoir during the

CO2RR.

The d-band center has been calculated for different Ag-Cu JNS-100, pristine Ag and
pristine Cu (Figure 4c). Notably, pristine Ag shows a very low d-band center at Ev-5.16
eV (Ev =0 eV), while the introduction of Cu significantly increases the d-band center.
Although the higher d-band center usually leads to high electroactivity, the low
selectivity toward the Ca+ products during CO2RR becomes another challenge. To
guarantee efficient CO2RR to generate desired Cz+ products, an appropriate d-band
center is also important. Thus the median d-band center of Ages-Cuss INS-100 displays
the highest FE for Cz+ products. Compared to the Cu (100) surface, the Cu-3d orbitals
within the Ages-Cuss INS-100 display the gradual upshifting trend from the bulk at Ev-
2.18 eV to the surface at Ev-1.55 eV (Figure 4d). In particular, Cu sites at the surface
interface show a high electroactivity to promote the electron transfer from electron-rich
Ag domains. Meanwhile, the Ag-4d orbitals also exhibit the upshifting trend from the
bulk to the surface (Figure 4¢). This trend facilitates the efficient electron transfer from
Ag to Cu and further toward the adsorbates. For the formation of C2Ha, the projected
density of the states (PDOS) of key intermediates confirm the linear correlation of the

o orbitals in C, O species, leading to the smooth intermediate conversions (Figure 4f).

Then we further investigate the CO>RR performance of Ag-Cu JNS-100 from the

energetic perspective. From the Ag domain to the Cu domain within Ages-Cuss JNS-
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100, the adsorption energy of *CO gradually decreases, indicating that CO tends to
spillover from the Ag surface to the Cu surface (Figure 4g). As a result, the C-C
coupling processes can be promoted on the Cu domain due to CO spillover,**>? leading
to the increased FE of Cy+ products and C;H4 (Figure 3d,e). More importantly, the key
adsorbate *OCCO shows the much stronger adsorptions on the Cu domain, while the
high energy cost of *OCCO leads to the difficult generation of C,+ products on Ag
surface. These results further explain the significant improvements of the Cz+/C;
product ratio on Ages-Cuss JNS-100 compared to pure Cu NCs (Figure 3f). Different
reaction pathways have been compared on Ages-Cuzs JNS-100 (Figure 4h). The
formation of CO from CO; is energetically favourable while the generation of HCOOH
shows an energy barrier of 0.64 eV, explaining the low FE for HCOOH. The further
hydrogenation of *CHCO to *CH>CO shows a high energy barrier of 1.02 eV, while
the conversion from *CHCO to *CHCHO shows a much lower energy barrier of 0.52
eV. The continuous uphill reaction trend from *CHCO to *CH3COOH results in the
low selectivity toward the production of acetic acid (Table S2). Meanwhile, the
conversion from *CHCHO to *CH>CH,OH display the downhill trend, which
demonstrates a high reaction trend. For the final reaction step, the formation of
CH3CH;0OH shows an energy cost of 0.52 eV while the formation of CHs is
spontaneous with a total energy release of -2.52 eV. Therefore, the reaction energy of
CO2RR also reveals the high reaction preference toward specific C+ products on Ages-

Cuss JNS-100.

CONCLUSIONS

In summary, we have successfully synthesized three kinds of Ag-Cu JNS-100 through

the confined growth of Cu on only one of six equal faces of Ag NCs. The obtained Ag-

12



Cu JNS-100 all demonstrate excellent CO2RR performance toward Cz+ products. In
particular, compared with Cu NCs, Ages-Cuzs JINS-100 not only shows superior CoHs
FE of 54% and C»+ product FE of 72 % but also exhibits significantly reduced potential
for producing C2Hs and greatly improved C>+/C; product ratio. DFT calculations have
investigated the CO>RR performance of Ag-Cu JNS-100 from both electronic
structures and reaction energies. Agss-Cuszs JNS-100 has exhibited the most optimized
electronic structures and promoted the CO spillover effect, which guarantees the
highest selectivity and low energy barriers for the generation of Cy+ products. It is
believed that this work will not only offer new opportunities for the controlled synthesis
of well-defined bimetallic Janus nanostructures but also shed light on the rational

design of next-generation CO,RR catalysts.
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Figure 1. Synthesis and structural characterization of Ag-Cu JNS-100. (a)
Schematic illustration for the synthesis of three kinds of Ag-Cu JNS-100 via confined
growth of Cu on only one of the six equal faces of Ag NCs. HDA, 1-hexadecylamine;
ODA, octadecylamine; L-AA, L-ascorbic acid. (b,c) TEM images of Ages-Cuzs JNS-
100. (d) Spherical aberration-corrected high-resolution HAADF-STEM image of
Ag/Cu interface in Ages-Cuss JINS-100. (e-g) FFT patterns of the selected Ag domain
(e), Cu domain (f) and Ag/Cu interface (g) in (d). (h) The integrated pixel intensities of
Cu (orange curve) and Ag (sky-blue curve) along the arrow directions of the selected
areas in (d). The valleys and peaks represent the alternating voids and atoms,
respectively. (i-n) HAADF-STEM images (i,k,m) and EDS elemental mappings (j,1,n)
of Ages-Cuss, Agso-Cuso and Agrs-Curzs INS-100, respectively.
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Figure 2. X-ray spectral analysis of Ag-Cu JNS-100. (a) XRD patterns of Ages-Cuss
JNS-100, Agso-Cuso JINS-100, Agzs-Cuzs JNS-100, Ag NCs and Cu NCs. (b) XPS
spectra of Ag 3d in Ages-Cuss JINS-100, Agso-Cuso JINS-100, Agrs-Cuzs INS-100 and
Ag NCs. (c) XPS spectra of Cu 2p in Ages-Cuss, Agso-Cuso and Agrs-Cuzs INS-100. (d)

Normalized XANES and the enlarged white line (the inset) spectra of Cu K edge in
Agss-Cuzs INS-100, Agzs-Cuzs INS-100, Cu NCs and Cu foil. (e) Cu K edge EXAFS
spectra of Agegs-Cuzs INS-100, Agos-Cuzs INS-100, Cu NCs and Cu foil. (f) Normalized
XANES and the enlarged white line (the inset) spectra of Ag L3 edge in Ages-Cuzs INS-
100, Agrs-Cuzs INS-100 and Ag NCs. (g-1) Wavelet transform of Cu K edge EXAFS
of Ages-Cuss INS-100 (g), Agzs-Curs INS-100 (h) and Cu NCs (i).
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Figure 3. CO2RR performance of Ag-Cu JNS-100. (a-c) FE of major CO»-reduction
products obtained on Ages-Cuzs JNS-100 (a), Agso-Cuso JNS-100 (b) and Agrs-Curs
JNS-100 (c) at different potentials. (d) FE of C»+ products obtained on Ag NCs, Ages-
Cuss INS-100, Agso-Cuso INS-100, Agrs-Cuys INS-100, Ag+Cu mixture and Cu NCs
at -1.2 V (vs RHE). (e) Comparison of C2Hs FE between Agss-Cuss JINS-100 and Cu

NCs at different potentials. (f) Comparison of C»+/C; product ratios between Ages-Cuss
JNS-100, Ag+Cu mixture and Cu NCs. (g) Schematic illustration of a plausible CO,RR

mechanism on Ages-Cuss JINS-100.
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Figure 4. Theoretical calculations of electrocatalytic CO2RR on Ag-Cu JNS-100.
(a,b) The PDOS comparison of Cu-3d (a) and Ag-4d (b) in Ages-Cuszs, Agso-Cuso and
Agrs-Cuzs JINS-100. (¢) The d-band center comparison between Ag, Ages-Cuzs JNS-
100, Agso-Cuso INS-100, Agrs-Cuys INS-100 and Cu. (d,e) The site-dependent PDOS
of Cu-3d (d) and Ag-4d (e) in Ages-Cuzs INS-100. (f) The PDOS comparison of key
adsorbates in CO2RR toward C>Hs. (g) The adsorption energies of *CO and *OCCO
on different sites of Ages-Cuzs JNS-100. (h) The reaction trend of different CO,RR
pathways on Ages-Cuzs JINS-100.
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