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Nanocube crystals of bimetallic Ag-Cu-Melamine molecular complexes have been originally developed as effective
electrocatalysts for the CO, selective reduction to multicarbon products, particularly ethylene and ethanol. The
bimetallic complex, containing 10 wt.% Ag demonstrates the highest performance in electro-reduction of CO, in
both H-type and flow cells. It achieves a Faradaic efficiency of 70 % for C2 products, with 40 % attributed to
ethanol and the remaining to ethylene. These results are obtained at a cathode potential of -1.0 V vs reversible
hydrogen electrode (RHE) with a total current density of -50 mA-cm™ in the flow cell, five times higher current
densities than the current densities in the H-Cell. Without Ag in the complex, only C1 products (CO and formic

acid) are detected. The use of the flow cell, in addition to higher current densities, enhances C2 formation,
especially ethylene, which is absent in H-type cell experiments. These novel electrocatalysts also exhibit stable
performances and provide mechanistic indications of the roles of Ag and tandem cooperation with Cu.

Introduction

Developing efficient catalytic technologies based on renewable en-
ergy sources for carbon dioxide (CO,) utilisation is a current tar-
get worldwide to create economic and environmentally sound alter-
natives to CO, storage, fostering a carbon circular and resilient econ-
omy (Centi and Perathoner, 2023; Khan et al.,, 2024; Quan et al.,
2021; Tian et al., 2024; Usman, 2022). Electrocatalytic CO, conversion
(CO,RR) to multicarbon products is a significant challenge, serving as
a core technology for synthesising raw materials for chemical produc-
tion from CO, to substitute fossil fuels and move towards a carbon cir-
cular economy (Din et al., 2022; Jaster et al., 2022; Li et al., 2014;
Papanikolaou et al., 2022; Usman et al., 2023). This area has garnered
considerable research attention, and various recent reviews have also
discussed the latest developments (Chang et al., 2023a; Hoque et al.,
2024; Kuang and Zheng, 2023; Usman et al.).

Among the various catalysts investigated for CO,RR to multicarbon
products, those based on Cu-Ag allows are emerging as one of the more
valuable options (Chen et al., 2020; Du et al., 2023; Suliman et al.,
2024b). Cu is considered the element favouring C-C bond formation,
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while Ag enhances the first step of CO, conversion to CO (Amin et al.,
2024; Li et al., 2019; Li et al., 2020). The surface coverage of CO on Cu
is indicated as a key factor determining the C-C coupling (Chang et al.,
2023b; Zhang et al., 2024a), and the role of Ag is to increase this cover-
age by promoting the CO, to CO reaction, eventually acting as a tandem
co-catalyst (Wei et al., 2023). The electronic and geometric structure
of bimetallic Ag—Cu alloys determine the selectivity (Israr et al., 2024;
Zhang et al., 2020). On the other hand, Xue et al. (2023) indicate that
the role of Ag modifies the electronic properties of Cu, creating oxygen
defects on the catalyst surface, improving the adsorption and activation
of CO, molecules. Frisch et al. (2023) indicate that bulk and surface lat-
tice strain in Cu-Ag tandem catalysts determine the selectivity and the
path to multicarbon products.

The use of Cu-Ag complexes as electrocatalysts has yet to be thor-
oughly investigated, even with various studies using copper molecular
complexes for CO,RR (Kim et al., 2022). Multimetallic Cu complexes
promote C-C bond formation by coupling multiple bound CO,*- species
but generate oxalic acid rather than products such as ethylene and
ethanol (Li et al., 2021; Song et al., 2023; Su et al., 2023; Wang et al.,
2024; Xu et al., 2024; Zhang et al., 2024b; Zhu et al., 2024). Molecular
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bicentric copper complexes are active in ethanol production by CO,RR,
but upon generation of small Cu clusters (Yang et al., 2022).

In conclusion, Cu-Ag bimetallic electrocatalysts have been stud-
ied for multicarbon CO,RR but mainly as metallic alloys or tandem
nanoparticles. The often indicated design strategy is to have either Ag
and Cu separate nanoparticles (in tandem systems) or Ag- and Cu-rich
zones (in the alloy), where the separate electrocatalytic steps of CO,
to CO selective conversion (on Ag) and CO conversion to multicar-
bons (on Cu) cooperates via mediated transport of CO* from the Ag
to Cu sites (Chang et al., 2023a; Zhang et al., 2022). However, as com-
mented above, other results contradict this design strategy for multi-
carbon CO,RR catalysts. The study of bimetallic Cu-Ag molecular com-
plexes as nanocrystalline electrocatalysts for CO,RR could thus provide
useful indications into these questions, besides offering new clues to
prepare original electrocatalysts for this reaction. Cu and Ag ions are
nearby but not present as alloy or metallic nanoparticles.

On the other hand, they can be used as molecular nanocrystals, thus
offering a more homogeneous comparison with alloy and tandem-type
Ag-Cu electrocatalysts. To our knowledge, molecular complexes were
used as electrocatalysts only as isolated supported complexes rather than
as molecular nanocrystals. This study may thus open new avenues in the
design of electrocatalysts for multicarbon CO,RR.

In addition, the coverage of CO, on the electrocatalyst has often been
indicated as a key factor in determining multicarbon paths (Giusi et al.,
2022). The use of a simple electrocatalytic cell design such as H-cell, in
contrast to flow cells where the electrode design favours a higher surface
CO, concentration on the electrocatalysts, has often led to large varia-
tions in the performances and selectivity to multicarbon products of the
electrocatalysts (Ampelli et al., 2023). Therefore, a way to understand
the role of surface coverage in determining the paths of transformation
is to compare the performances of these two electrocatalytic cells. The
results in flow cells, allowing significantly higher current densities, are
also relevant from the application perspective.

In this context, the aim of this work is to investigate bimetallic silver
copper melamine (Mel) complexes as electrocatalysts in the electrocat-
alytic reduction of CO, to C2 products (ethanol and ethylene) using
both H-cell and flow cells. The results provide valuable indications on
the role of these bimetallic complexes as novel molecular electrocata-
lysts and indications about the role and cooperation between Cu and Ag
to generate active catalysts for this challenging reaction.

Experimental section
Synthesis of copper and silver-copper melamine complexes

A solution containing 170 mg of copper chloride dihydrate
(CuCl,-2H,0) was prepared by dissolving it in 20 ml of methanol purged
with nitrogen gas. Subsequently, 250 mg of melamine was added to the
solution. The solution underwent thermal treatment at 100 °C for 14 h.
Afterward, the solution was cooled to room temperature, resulting in
the collection of a green powder. This powder underwent three rounds
of centrifugation with diethyl ether, followed by a final drying process
under vacuum conditions at 50 °C.

The procedure for Ag-Cu melamine (Ag-Cu-Mel) complex forma-
tion in Fig. 1a was analogous, but silver nitrate was also added to the
methanol solution. The weight ratios of silver to copper were 5 %, 10 %,
and 20 %.

Electrode preparation

Ten mg of the catalyst was dispersed in a solution containing 750 pL
of isopropanol, 200 pL of deionised water, and 50 pl of Nafion (5 %). The
total volume was 1 mL. The solution was sonicated for 20 min. Following
that, a suspension of 100 ul was applied to a conductive carbon paper
with a surface area of 1 cm? using the drop-casting method. The sample
was then allowed to dry at room temperature.
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Electrochemical tests and experiments

CO,RR behaviour was initially studied in an H-cell system (Fig. 1b)
that includes a silver-silver chloride electrode (Ag/AgCl) as a reference
electrode. A platinum mesh counter electrode was utilised. The working
electrode was applied to a conductive carbon paper as the substrate.
The electrodes in the cell are connected to a potentiostat, specifically
the Gammray 620 model.

The CO,RR performance was assessed by implementing linear sweep
voltammetry (LSV) methodologies, involving determining the overpo-
tential at various current densities, with the current values normalised
to the geometric surface area of the electrode (1 cm?). All potentials in
this study were normalized to the RHE using the formula:

Erng = Eagjager +0.059 « pH + Ejg/AgC,

Where E;"g/AgCI =019V

The Tafel slopes were estimated by using the equation:
i
= —A+log—
£10 io

The Tafel region corresponds to the part of the function well approx-
imated with the Tafel equation. In the Tafel equation, # is overpotential
(V); i is current density (A/m?); iy is exchange current density (A/m?)
when n = 0; A is Tafel slope.

A flow cell (Fig. 1c) was also used to verify the performances at
higher current densities. The CO,RR performances were evaluated at
various potentials (—0.6 to —1.2 V vs. RHE) in tests of 1 h duration.
Subsequently, the liquid products were extracted from the cell and quan-
tified using H1-NMR. In contrast, the gaseous products were analysed
by GC-BID, e.g. a gas-chromatograph with a barrier discharge ionisation
detector, which allows two orders of magnitude higher sensitivity with
respect to TCD detectors for gas phase components.

The cyclic voltammetry (CV) and linear sweep voltammetry (LSV)
tests were carried out using a 0.5 M potassium bicarbonate (KHCO3)
solution. The voltage range was from 0.0 to —1.5 V versus RHE, e.g.,
the reversible hydrogen electrode.

nZF _ nZF _ nZF
o It IV/ju

n is the amount of product detected (number of moles, mol); Q is the
total charge passed through the system, recorded during electrolysis
(coulombs, C); F is the Faraday constant (96,485 C/mol); Z is the num-
ber of electrons required to obtain 1 molecule of the product; is the
recorded current (A); t is the time required to fill the sampling loop (s);
V is the volume of the sampling loop (cm?); n is the recorded flow rate
(ml/s).

The electrochemical impedance spectroscopy (EIS) was conducted
by modulating the frequency range from 105 to 0.1 Hz while maintain-
ing consistent electrolyte and electrode conditions as in the linear sweep
voltammetry (LSV) experiment.

Faradaic Ef ficiency (FE) = %100 %

Results and discussion
Characterisation of the electrocatalysts

X-ray diffraction (XRD) was carried out to investigate the phase for-
mation and purity of the prepared material. Fig. 2a demonstrates sharp
reflection peaks between angles 10° and 30° for the Cu-Mel samples.
The sharp peaks at low diffraction angles, with no appearance of Cu
precursor and melamine peaks, indicate the formation of a complex.

An identical diffraction pattern to Cu-Mel was observed for the Ag-
Cu-Mel sample, with an additional peak at 14° The intensity of this peak
increased with the Ag content, confirming the formation of an Ag-Cu
complex.

The EDX (Energy-dispersive X-ray spectroscopy) of the 10 % Ag-Cu-
Mel shows the homogeneous presence of all elements (Cu, Ag, O, N,
and Cl) without segregation. The ratio between Ag and Cu corresponds
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Fig. 1. Schematic illustration of (a) Ag-Cu-Mel
complex formation, (b) H-cell configuration,
and (c) flow cell configuration.
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to what is expected based on the preparation ratio, additionally the el-
emental mapping confirms the homogenous dispersion of the elements
in the sample (Figure S1 & S2 in the Supplementary Info).

The FT-IR was performed for the complexing agent (melamine) and
the four complexes. The peak for (-NH) bending vibration at 1460
cm’! was blue shifted due to the metal binding with the triazine nitro-

gen in the melamine ring, in decanting the complexation of melamine
(Virseda et al., 2021; Wiles et al., 2006) (Fig. 2b).

The sample 10 % Ag-Cu-Mel was analysed using XPS (X-ray photo-
electron Spectroscopy) (Fig. 3). The survey spectrum confirms the pres-
ence of all elements, e.g. C and N from melamine and Ag and Cu. The Cu,
Ag, Cl, N, and C spectra agree with the expectations for the Ag-Cu-Mel
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Fig. 3. XPS spectra of 10 % Ag-Cu-Mel in the (a) C1s, (b) N 1's, (c) Cu 2p, (d) Ag 3d, (e) Cl 2p regions. The (f) image is the survey spectrum.

complex. The melamine showed in the C 1 s and N 1 s which is de-
convoluted to several sub-peaks: the N-H, the triazene (C = N) and the
coordinated N (Sun et al., 2022). The Cu 2p XPS spectrum of shows the
spin-orbital doublets of Cu2p, ,,—Cu2p3,, lines for two oxidation states
of copper: Cu*? and Cu*! at binding energies of 932.4 eV and 930.6 eV,
respectively. From the Cu 2P3 , spectrum the ratio between the Cu* and
Cu*? was 30:70 %. The spectra of Ag, Cl and N confirms that the ele-
ments are part of the complex, additionally, Table S1 shows the ratio of
elements and Ag:Cu are with atomic ratio of 0.87: 13.7 which is around
10 wt% of Ag to Cu in the complex. According to the proposed structure
of the complex the Ag is in the form of silver (I) (Virseda et al., 2021;
Wiles et al., 2006), which is in a good agreement with the XPS of Ag
3d spectrum (Ag* is predominant around 81 atomic %). The Cl 2p spec-
trum is corresponidng to the inorganic chloride coming from the CuCl,
in the complex (Han et al., 2014).

The scanning electron microscope (SEM) was used to investigate the
morphological and structural features of the synthesised electrocatalysts
(Fig. 4a). Figure S3 displays the SEM images for Cu-Mel, 5 % Ag-Cu-Mel,
10 % Ag-Cu-Mel, and 20 % Ag-Cu-Mel. The sample exhibits distinct crys-
tals with a semi-cubic form when observed using SEM. The TEM (Trans-
mission Electron Microscopy) images (Fig. 4b) of the sample showed a
similar morphology to that indicated by SEM images. High-resolution
TEM (HRTEM) image (Fig. 4c) evidence that these nanocubes, of size
around 30-50 nm, are well crystalline and have interlayer distance
corresponding to copper-melamine complexes (Virseda et al., 2021;
Wiles et al., 2006). Selected area electron diffraction (SAED) measure-
ments (Fig. 4d) confirm the indication.

Electrochemical characterisation and H-cell electrocatalytic tests

Linear sweep voltammetry (LSV) was used to characterise the elec-
trochemical features of the electrodes. The polarisation curves for the
electrodes Cu-Mel, 5 % Ag-Cu-Mel, 10 % Ag-Cu-Mel, and 20 % Ag-
Cu-Mel are shown in Fig. 5a. Tests were carried out in an electrolyte
saturated with CO,. The current density in Cu-Mel, without Ag, is sig-
nificantly lower. The loading with 5 % Ag resulted in a considerable
rise in the current density, from 8 to 16 mA-cm™. The current den-

sity increased with the amount of Ag loading, reaching a maximum of
35 mA-cm™ for 5 % Ag-Cu-Mel and a value of 27 mA-cm™ for 10 % Ag
loading.

Tafel slope values (Fig. 5b) confirm that the 10 % Ag-Cu-Mel pos-
sesses the fastest kinetics. Electrochemical impedance spectroscopy
(EIS) was employed (Fig. 5¢) to study the kinetics of electrochemical
processes further. It provides indications of the resistances dominating
the processes at the interface between the electrode and electrolyte. The
charge transfer resistance (R.) was determined from the Nyquist plot
(Hallemans et al., 2023; Macdonald, 1990; Randviir and Banks, 2022;
Suliman et al., 2022; Suliman et al., 2024a). The reported values for the
R, were 10, 19, 30, and 45 Q cm? for the electrodes with compositions
of 20 % Ag-Cu-Mel, 10 % Ag-Cu-Mel, 5 % Ag-Cu-Mel, and Cu-Mel, re-
spectively. The results prove that adding Ag to Cu-Mel greatly enhances
the charge transfer rate. The 20 % loading exhibits the lowest R.; among
the different samples investigated. The partial current density in 0.5 M
KHCOjy electrolyte shows a maximum for an applied potential of —-1.0 V
vs RHE (Vgyg), as shown in Fig. 5d for 10 %Ag-Cu-Mel. The decrease in
current density above this value is due to an increased hydrogen evolu-
tion reaction, as seen below.

The Faradaic Efficiency (FE) of the electrodes was determined by
running chronoamperometry experiments for 60 min in the H-cell
(Fig. 6), online connected to the GC-BID to investigate the gaseous prod-
ucts. The liquid sample was collected at the end to determine the lig-
uid products using 1H-NMR (water suppression method). In Cu-Mel
(Fig. 6a), three products were observed: H,, CO, and HCOOH. The
HCOOH ratio increased with the potential to reach FE of 57 % at 1.0
Vgug; after that, it decreased due to an increase in the H, ratio de-
rived from HER (hydrogen evolution reaction). After introducing a small
amount of Ag in 5 %Ag-Cu-Mel (Fig. 6b), the trend was analogous. How-
ever, the FEqo and FEycooy increased, reaching a total FE in carbon
products (CO + HCOOH) of over 95 % at 1.0 Vyyyg. Ethanol started ap-
pearing as a liquid product in 10 % Ag-Cu-Mel (Fig. 6¢) with a ratio of
40 % at a potential of 1.0 V. In 20 % Ag-Cu-Mel (Fig. 6d), the ethanol
FE decreases at the expense of a higher FEcq.

The electrode durability was investigated using chronoamperometry
(Figure S4) in 0.5 M KHCO5. The long-term current time curve revealed
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Fig. 4. (a) SEM image of 10 %Ag-Cu-Mel; (b)
TEM and (c) HRTEM images; (d) SAED (Se-
lected area electron diffraction).
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good stability for 12 h with no significant loss in the current or the introduction and more extensively elsewhere (Suliman et al., 2024b;
product formation. Usman and Suliman, 2023; Xu et al., 2024), the use of gas-diffusion

electrodes (GDL) allows for enhancement of the surface coverage of CO,
on the electrocatalysts. These electrodes are in direct contact with gas-
phase CO,, rather than being limited by CO, solubility. From a practical

In addition to the tests in the H-Cell, the optimal electrode (10 % perspective, these cells and electrodes allow significantly higher current
Ag-Cu-Mel) was also investigated in the flow cell. As commented in the densities, making them crucial from applications. On the other hand, the

Electrocatalytic performances in flow cell
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Fig. 6. FE (in H-cell tests) of (a) Cu-Mel, (b)
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comparison between the results in H-cell and flow cell provides indica-
tions on whether the surface coverage of CO, (or CO deriving from it) is
crucial in determining the selectivity to multicarbon products in CO,RR,
as indicated as a role of Ag (see introduction).The LSV and FE values ob-
tained from the flow cell were compared to those obtained in H-Cell for
the same electrocatalyst (10 % Ag-Cu-Mel) (Fig. 7a). The experimental

setup and schemes of the H-cell and flow cell are shown in Figs. 7c and
7d, respectively. Different surface concentrations of COx species also
change the dependence of FE on the applied voltage (Fig. 7b). In addi-
tion, the formation of ethylene together with ethanol is also detected.
The best performances as FE are also shown at a —1.0 Vgyg. The total
FE to carbon products (excluding H,) is around 90 %, although there
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are some +10 % errors in estimations of the total FE due to analytical
methods. Apart from about 12 % FEycooy and 25 % FE, ethylene and
ethanol are the main products of CO,RR, with FEs of 29 % and 38 %,
respectively. These are good performances with respect to literature,
considering that the systems are not optimised and that very good cur-
rent densities are obtained simultaneously (Fig. 6¢), e.g. 50 mA-cm™ at
~1.0 Vg

The current density in the flow cell is significantly higher than in
the H-cell (Fig. 7a) due to the Gas Diffusion Electrode (GDE), which
enhances the diffusion of CO, onto the catalyst’s surface. Furthermore,
the flow system provides a continual supply of fresh electrolytes to the
surface of the electrodes, increasing the overall efficiency of the reac-
tion. A 180 mA-cm2 current density was attained at 1.5 Vg, more than
ten times greater than the current recorded in the H-Cell. As shown in
Fig. 6b, increasing the concentration of CO, at the catalyst surface in-
creases the reduction reaction, resulting in high current density and en-
hanced CO, conversion rates. It is worth mentioning that the hydrogen
evolution process (HER) was significantly suppressed as compared to
the H—Cell. FEy;, was a minimum in the negative 1.1-1.0 Vyyy range. A
single liquid product, formic acid, was identified with faradaic efficien-
cies ranging from 10 % to 25 %. carbon monoxide (CO) concentration
increased and reached an FE of 55 % at 1.2 V compared to the RHE. At
high potentials, the concentration of CO remained relatively stable. A
similar pattern was observed in the case of ethylene, which reaches a
maximum FE of 32 %. FEg,.,,; was 38 % at the best. The partial current
density for ethanol in the flow cell was 10 mA-cm™ (Fig. 6¢), which was
much higher than that in the H-Cell (about 3.0 mA-cm™2). Fig. 6d shows
the long-term stability of 10 %Ag-Cu-Mel in flow cell for 10 h showing
a continuous production of ethanol and ethylene at high current den-
sity of 50 mA/cm?2. Moreover, the XRD diffraction of the complex was
investigated before and after the electrolysis and there was no signifi-
cant change in complex diffraction after the stability test as shown in
figure S6.

Cu-Ag-Mel as efficient catalysis in multicarbon CO,RR

The 10 % Ag-Cu-Mel complex exhibits valuable performances in mul-
ticarbon CO,RR, achieving an optimal FE¢anol+ethylene Of OVer 70 % at
relevant current densities (50 mA-cm? at —1.0 Vgyg) in a flow cell. Fur-
ther optimisation and performance enhancement are possible by tuning
the size of the Ag-Cu-Mel molecular complex nanocubes and optimis-
ing the Ag content. The results are well comparable with those reported
in the literature, suggesting that nanocrystalline Ag-Cu-Mel molecular
complex provide performances analogous to those of Ag-Cu alloys or
tandem systems. Table S2 reports a comparison with selected literature
results.

To our knowledge, this is the first time demonstration of Ag-Cu
molecular complexes exhibiting good performances in multicarbon
CO,RR. Moreover, they have been used as molecular nanocrystals rather
than isolated complexes supported on a conductive material. This sug-
gests new possibilities for designing original electrocatalysts with sta-
ble performances. While our tests on Ag-Cu-Mel complex nanocrystals
demonstrate stable behaviour, more extensive results would be neces-
sary.

Although AgCu single-atom (SAC) electrocatalysts have recently
been reported [4a] to show better performances with a total FE to mul-
ticarbon products of over 90 % (including isopropanol and acetic acid)
at a current density up to about 700 mA-cm™ in a flow cell, our re-
sults confirm that Ag-Cu bimetallic complex, similar to AgCugc, offer
a valuable route, simpler and less costly from the preparation perspec-
tive to achieve high performances in the challenging CO,RR to ethylene
and ethanol. Compared to the state of the art, these results indicate
that crystalline molecular Ag-Cu bimetallic complexes are a promis-
ing direction to explore for preparing electrocatalysts with enhanced
properties.

Carbon Capture Science & Technology 14 (2025) 100355
Mechanistic implications for multicarbon CO,RR

Our results do not support the idea of a tandem cooperation of Ag and
Cu in these catalysts, as suggested by Du et al. (2023) and various other
authors, for synthesising multicarbons in CO,RR. This tandem concept
assumes that CO, to CO conversion occurs on Ag sites physically sep-
arated from Cu sites, with CO* then transported from Ag to Cu sites.
We have proven that, in our electrocatalysts, the Cu-Mel complex is in-
active towards C2 products in CO,RR, although it exhibits reasonably
good behaviour towards C1 products (CO and formic acid). The forma-
tion of the Ag-Cu bimetallic complex leads to the enhanced selectivity
of C2. However, only ethanol is formed in the H-cell, with ethylene for-
mation occurring only when the flow cell is used. Thus, the increased
coverage by CO, of the electrocatalysts, being in direct contact with gas
CO, rather than with CO, dissolved in the electrolyte, changes the se-
lective conversion pathways, in addition to allowing significantly higher
CO, conversion (current density).

On the other hand, the copper and silver atoms are co-present in the
bimetallic Ag-Cu molecular complex. Thus, there is a synergic cooper-
ation and an electronic effect between Ag and Cu atoms rather than a
tandem mechanism. However, the effect of the coverage of CO, on the
product distribution, when changing from H-type to flow cell, indicates
that both Ag and Cu atoms in the bimetallic complex should coordinate
CO, species to enable the multicarbon path. Vicinal multimetallic sites
determine the possibility of forming C2 products selectively rather than
using a tandem mechanism. This solution also reduces the side HER
reaction. The overall carbon FE in CO,RR, with respect to side H, evo-
lution reaction, reaches over 90 % in the best conditions, demonstrating
a valuable performance. The better overall carbon FE in CO,RR using
flow cell rather than an H-cell confirms the role of CO, chemisorption
in controlling this side reaction.

Conclusion

A bimetallic Ag-Cu-Melamine molecular complex, used as small
nanocube-type crystals, shows valuable performances in multicarbon
CO,RR, particularly when utilized in flow cells. The FE to ethylene and
ethanol reaches 70 % with an overall carbon FE of 90 % in 10 % Ag-
Cu-Mel at —1.0 Vgyg. This marks the first instance of these molecular
complexes demonstrating such high and stable performances in multi-
carbon CO,RR, showcasing the potential use of molecular nanocrystals
as novel electrocatalysts.

The results also provide mechanistic insghts into the roles of Ag and
Cu and whether tandem mechanisms with CO* intermediate channelled
from Ag to Cu sites are necessary to obtain high performances in ethanol
and ethylene. Additionally, the study highlights how the flow cell, aside
from higher current densities, promotes enhanced C2 formation, espe-
cially ethylene, in which is absent in H-type cell experiments. Thus, the
cell configuration influences productivity and affects the type and dis-
tribution of the formed products.
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