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Electrochemical semihydrogenation of acetylene

(C2H2) using renewable electricity offers a sustain-

able route for ethylene (C2H4) production. However,

the development of this technique has been hindered

by many challenges, such as competitive hydrogen

evolution reactions (HERs) and overhydrogenation

at high current densities, which will reduce the fara-

daic efficiency (FE) of C2H4 and negatively impact

downstream processing. Herein, we develop defect-

rich copper nanocubes (v-Cu NCs) as efficient

electrocatalysts that facilitate C2H2 adsorption while

suppressing HER and overhydrogenation. The super-

ior semihydrogenation performances are verified by

the high C2H4 FE of 98.3% at an ultrahigh current

density of 0.7 A cm−2. Remarkably, in a 25 cm2 elec-

trolyzer, v-Cu NCs deliver a record-high single-pass

conversion of 97.5% for C2H2 and C2H4 selectivity of

97.4% at a cathode current of 1.6 A with a flow rate of

10 mL min−1, operating stably for 50 h. In-situ Raman

spectroscopy and theoretical calculations reveal that

uniformly oriented Cu (100) planes and nitrogen

vacancies generate strong C2H2 adsorption at cop-

per sites, which facilitates hydrogenation kinetics

and increases the energy barrier for overhydrogena-

tion. This work offers valuable insights into the im-

plementation of C2H2-to-C2H4 production and the

development of efficient electrocatalysts for C2H2

semihydrogenation.
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Introduction
Ethylene (C2H4), a cornerstone of the global chemical

industry, is predominantly produced through the crack-

ing of petroleum and shale gas.1–3 Dependence on fossil

resources has stimulated the development of alternative

production techniques, particularly the electrochemical

semihydrogenation of acetylene (C2H2) to C2H4 (EHAE)

using C2H2 from coal arc plasma.4,5 Operating under

ambient conditions and utilizing water as the proton

source, EHAE offers a sustainable pathway powered by

green and renewable electricity, while exhibiting high

selectivity for C2H4 production.2,6,7 However, the success-

ful implementation of this method hinges on achieving a

faradaic efficiency (FE) for C2H4 exceeding 85% at a

current density of 0.2 A cm−2, because of the substantial

cost contribution of C2H2 to overall C2H4 production

expenses (∼75%).2 Therefore, it is imperative to develop

efficient electrocatalysts with enhanced electrocatalytic

performance for EHAE processes.2,8

The developments in electrocatalysis technology and

reactor designs, particularly in the use of nonprecious

metal copper-based electrocatalysts, have substantially

accelerated the industrialization of the EHAE process.3,6,9

However, the low existing single-pass conversion (∼16%)

of C2H2 results in a substantial amount of unconverted

C2H2 at the outlet, requiring multiple cycles for complete

conversion and significantly escalating C2H4 production

costs.2,3 The enhancement of single-pass conversion of

C2H2 is contingent upon the high C2H4 FE at industrial

current densities.10 However, most electrocatalysts cur-

rently fail to exhibit effective suppression of competitive

hydrogen evolution reactions (HERs) at elevated current

densities (>0.3 A cm−2).1,6,7,11–13 Moreover, the concurrent

generation of overhydrogenated by-product ethane

(C2H6) at the outlet (∼2.5%) requires energy-intensive

cryogenic distillation separation.10,14–16 Therefore, it is cru-

cial to suppress HER at the level of industrial current

densities to enhance C2H2 single-pass conversion, at the

same time avoiding the generation of C2H6 by-products.

Currently, the semihydrogenation of C2H2 is an effi-

cient method for selectively removing trace amounts of

C2H2 (1%) from crude C2H4, owing to its low required

current density (<3 mA cm−2). This process primarily

focuses on minimizing the formation of undesired by-

products such as C2H6 and 1,3-butadiene.14 Thus, these

electrocatalysts are intentionally designed to exhibit

weak C2H2 adsorption to suppress overhydrogenation

and C–C coupling reaction.17–19 However, achieving high

single-pass conversion rates for the production of C2H4

from pure C2H2 feedstock necessitates the utilization of

high current densities (>0.3 A cm−2).2,3 Meanwhile, weak

C2H2 adsorption also induces intensive competitive HER

at high current densities, impeding efficient C2H2 to C2H4

semihydrogenation.20 Theoretical calculations have

revealed that the Cu (100) crystal facet exhibits strong

affinities towards C2H2 and a higher barrier for HER,

thereby possessing the potential to enhance single-pass

conversion.21 Moreover, the incorporation of defects in

Cu-based electrocatalysts can further enhance C2H2 ad-

sorption and increase the energy barrier for overhydro-

genation, thereby reducing the formation of C2H6.
22

However, these strategies have not yet been experimen-

tally validated in the EHAE process, and the underlying

reaction mechanisms remain elusive.

Herein, we design and synthesize defect-rich copper

nanocubes (v-Cu NCs) with primarily exposed Cu (100)

facets as efficient EHAE electrocatalysts. As a result, v-Cu

NCs exhibit a remarkable C2H4 FE of 98.3% at a high

current density of 0.7 A cm−2 with pure C2H2 flow.

The production rate for C2H4 reaches up to 17.69 mmol

h−1 cm−2, outperforming most reported electrocatalysts.

In-situ Raman spectroscopy and density functional the-

ory (DFT) calculations reveal that defect-rich Cu (100)

facets enhance the adsorption of C2H2 and H*, thereby

accelerating the reaction kinetics for semihydrogenation.

Additionally, the presence of defects increases the ener-

gy barrier for overhydrogenation of C2H4* at the Cu sites

to inhibit the formation of C2H6. Subsequently, v-Cu NCs

showcase a 50-hour stability in a 25 cm2 electrolyzer to

continuously produce C2H4 with a single-pass C2H2 con-

version rate of 97.5% and C2H4 selectivity of 97.4% at an

ultrahigh current of 1.6 A and a flow rate of 10 mL min−1.

Experimental Methods

Preparation of Cu3N nanocubes

In a typical synthesis, 0.24 g of Cu(NO3)2·3H2Owas added

to 10 mL of 1-octadecene, followed by the incorporation

of 10 mL of oleylamine, stirred until a homogenous mix-

ture was achieved. The solution was then subjected to

vacuum heating at 130 °C for 30 min to ensure complete

removal of water and oxygen, subsequently filled with

ultrapure argon, and heated to 245 °C for 20min. Notably,

this thermal procession elicited a remarkable transition in

the solution’s coloration fromadeep blue to a transparent

yellow, culminating in a dark brown hue. Upon comple-

tion of the reaction, the product was naturally cooled

down to room temperature, then dispersed in 30 mL of

acetone, and subjected to centrifugal cleaning with hex-

ane and acetone four times. The product obtained was

then vacuum-dried at room temperature overnight.

Materials characterizations

The morphology and structure of the samples were

characterized using X-ray powder diffraction (XRD, Bru-

ker D8, Bruker Corporation, Germany), field emission

scanning electron microscopy, and energy dispersive

spectroscopy (EDS, Zeiss Supra 55VP, Carl Zeiss AG,
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Germany), transmission electronmicros,copy (TEM, F200;

F200S, JEOL Ltd., Japan). High-resolution TEM (HRTEM)

and EDS mapping images were analyzed using an F200S

TEM operating at 200 kV. The chemical state was

assessed through X-ray photoelectron spectroscopy

(XPS, ESCALAB250Xi, Thermo Fisher Scientific, USA).

X-ray absorption fine structure (XAFS) spectra were col-

lected at the Australian National Synchrotron (Melbourne,

Australia) and processed using ATHENA software.

Electrochemical measurements

Electrochemical experiments were performed on a CHI

660E workstation, enhanced with a CHI 680D high-cur-

rent amplifier (CH Instruments, Inc., Shanghai, China). A

three-electrode setup was utilized, featuring a prepared

electrode as theworking electrode, an Hg/HgOelectrode

as the reference, and Ni foam as the counter electrode. A

FAB-PK-130 anion exchange membrane (AEM) effec-

tively separated the cathode and anode compartments.

C2H2 was introduced at a flow rate of 20 mL min−1 for

semihydrogenation reactions with 1 M potassium hydrox-

ide (KOH) electrolytic unless otherwise noted. Chrono-

potentiometry was used to study the electrochemical

semihydrogenation of C2H2 at varying current densities

over a consistent duration of 20 min, ensuring the deter-

mination of stable and accurate performance metrics for

further analysis. Electrode potentials were recalibrated to

the reversible hydrogen electrode (RHE) reference using

the equation provided here:

ERHE =EHg=HgO þ 0.098 Vþ 0.059 × pH

Computational method

All the DFT calculations were performed using the

Vienna Ab initio Simulation Package with the projector

augmented wave method. The exchange-functional was

treated using the generalized gradient approximation

with the Perdew–Burke–Ernzerhof functional. The energy

cutoff for the plane wave basis expansion was set to

400 eV. Partial occupancies of the Kohn–Sham orbitals

were allowed using the Gaussian smearing method and a

width of 0.2 eV. The structure of Cu (100) and v-Cu (100)

were optimized using the k-point of 2 × 2 × 1. The self-

consistent calculations applied a convergence energy

threshold of 10−5 eV, and the force convergency was set

to 0.05 eV/Å. The transition state was located using the

constrained optimization, where the force convergency

was set to 0.05 eV/Å. The free energy corrections were

considered at the temperature of 298.15 K, as follows:

ΔG=ΔE þ ΔGZPE þ ΔUG − TΔS

whereΔE ,ΔGZPE,ΔUG, andΔS refer to the DFT calculated

energy change, the correction from zero-point energy,

the correction from inner energy, and the correction from

entropy.

Results and Discussion

Morphological and structural
characterizations

v-Cu NCs were synthesized through a two-step ap-

proach. In the first step, copper nitride nanocubes (Cu3N

NCs) were prepared by thermally decomposing divalent

copper salts in an argon atmosphere using oleylamine as

both a reducing agent and surface passivating ligand

(Figure 1a).23 The X-ray diffraction (XRD) patterns of

Cu3N NCs matched well with the standard Cu3N sample

(PDF# 47-1088) (Supporting Information Figure S1).24

The as-synthesized Cu3N NCs exhibited a uniform cubic

morphology with an average size of approximately

25 nm, as shown in the TEM image (Figure 1b). The

HRTEM image revealed that Cu3N NCs possessed a

cubic Pm3̄m structure with lattice spacings of 3.8 Å

corresponding to the (100) plane (Figure 1c). The homo-

geneous distribution of copper and nitrogen within

Cu3N NCs was confirmed through energy-dispersive

X-ray spectroscopy elemental mapping (Supporting

Information Figure S2).25,26 Furthermore, XAFS spectros-

copy was employed to analyze the local atomic and

electronic structures of Cu3N NCs. The X-ray absorption

near-edge structure spectrum of Cu3N NCs displayed an

edge energy positioned between that of Cu2O and CuO,

indicating a copper oxidation state ranging from +1 and

+2 (Supporting Information Figure S3).4,27 Extended

X-ray absorption fine structure (EXAFS) analysis

revealed the fine structure of Cu3N NCs with two peaks

located at 1.5 and 2.3 Å, corresponding to the Cu–N and

Cu–Cu bonds, respectively (see Figure 1d).27,28

Cu3N NCs were further subjected to in-situ electrore-

duction to synthesize the designed v-Cu NCs

(Supporting Information Figure S4). Upon electrochemi-

cal reduction, the pseudo in-situ XRD patterns showed a

complete conversion of pristine Cu3N NCs into metallic

Cu (Supporting Information Figure S5).27 This transfor-

mation was also supported by postreaction XPS analysis.

After the electroreduction, the Cu 2p orbital of v-Cu NCs

shifted to lower energy levels, indicating electron trans-

fers to Cu (Figure 1e and Supporting Information Figure

S6a).26,29 The position of the Cu LMM Auger peak shifted

from 916.5 to 918.3 eV, indicating that partial Cu+ species

were reduced to Cu0 species in Cu3N NCs (Supporting

Information Figure S6b).3 Meanwhile, the N 1s signal

significantly diminished, accompanied by the disappear-

ance of Cu–N bonds (Supporting Information Figure

S7).29 Furthermore, the HRTEM image exhibited lattice

fringes with an interplanar spacing of 1.8 Å that matched

those of the (100) facet of Cu (Figure 1f).30 The uniform

cubicmorphologywas successfully retained by v-Cu NCs

(Supporting Information Figure S8), indicating that the

releasing of nitrogen species did not alter the overall

morphology.27 However, it is worth noting that a distinct
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signal at a g-value of 2.004 appeared in the electron

paramagnetic resonance (EPR) spectrum after in-situ

electroreduction, thereby confirming the generation

of abundant nitrogen vacancies within v-Cu NCs

(Figure 1g).26,29,31

Electrocatalytic acetylene
semihydrogenation

We assessed the electrocatalytic performance of the

EHAE process in a three-electrode flow cell (1 cm2). In

this setup, commercial nickel foam was employed as

the counter electrode, and Hg/HgO electrodes served

as reference electrodes. An AEM separated the

cathodic and anodic compartments, each containing

1 M KOH aqueous electrolyte. For comparison, copper

nanoparticles (Cu NPs) with comparable average dia-

meters of ∼25 nm were chosen and evaluated using the

identical procedure (structural and morphological prop-

erties are presented in Supporting Information Figures

S9–S11). Linear sweep voltammetry curves demonstrated

that v-Cu NCs exhibited significantly larger current

density with C2H2 compared to argon (Supporting

Information Figures S12 and S13). Meanwhile, the con-

verted v-Cu NCs displayed superior EHAE activity in

comparison to commercial Cu NPs (Supporting

Information Figure S14).32 Steady-state chronoampero-

metric measurements were conducted for C2H2 electrol-

ysis at various current densities, ranging from 0.1 to

1.1 A cm−2. Gas chromatography was utilized for analysis

and quantification of the reduced products at different

current densities. Compared to Cu NPs, v-Cu NCs

Figure 1 | Morphology and chemical structural characterization. (a) Schematic illustration of the formation process.

(b) TEM and (c) HRTEM images of Cu3N NCs. (d) Cu K-edge FT-EXAFS spectra of Cu3N NCs. (e) XPS spectra of Cu3N

NCs and v-Cu NCs in Cu 2p. (f) HRTEM image of v-Cu NCs. (g) EPR analysis of Cu3N NCs and v-Cu NCs.
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showed a superior C2H4 production and reduced H2

formation at all current densities (Figure 2a,b). In partic-

ular, the FE of C2H4 on v-Cu NCs reached up to 98.3% at

0.7 A cm−2 and maintained a high level of 94% even at

0.9 A cm−2 (Figure 2a). Moreover, the H2 FE value was

significantly reduced to 11.5% on v-Cu NCs from 30.5% on

Cu NPs at a high current density of 1.1 A cm−2 (Supporting

Information Figure S15). This resulted in a high C2H4 yield

of 17.69 mmol h−1 cm−2 on v-Cu NCs (Supporting

Information Figure S16), which outperformed most

Figure 2 | EHAE performance under pure C2H2 flow with 1 cm2 electrolyzer. The FE of obtained products and

corresponding potentials versus the applied current density on (a) v-Cu NCs and (b) Cu NPs. (c) Comparison of

the C2H4 production rate of v-Cu NCs and the state-of-the-art reports. (d) The single-pass conversion rate of C2H2 and

(e) the outlet C2H6 concentrations at different current densities. (f) Stability tests of v-CuNCs for 10 h at 0.5 A cm−2 and

C2H2 flow rate of 20 mL min−1.

RESEARCH ARTICLE

Citation: CCS Chem. 2024, Just Published. DOI: 10.31635/ccschem.024.202404849
Link to VoR: https://doi.org/10.31635/ccschem.024.202404849

5

https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.024.202404849
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.024.202404849
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.024.202404849
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.024.202404849
https://doi.org/10.31635/ccschem.024.202404849
https://doi.org/10.31635/ccschem.024.202404849


reported electrocatalysts (Figure 2c, Supporting

Information Figure S17 and Table S1).2,3,6,7,11–14,17,33,34–36 No-

tably, the single-pass conversion rate of C2H2 was dras-

tically elevated by the increase of current densities, and

reaching 31.9% at 1.1 A cm−2 (Figure 2d). Additionally, the

production of overhydrogenated C2H6 by-product

exhibited a continuous increase with rising current den-

sities on Cu NPs, from 9.4 ppm at 0.1 A cm−2 to 1264 ppm

at 1.1 A cm−2. In contrast, v-Cu NCs displayed a negligible

amount of C2H6 (3 ppm at 0.3 A cm−2), which slightly

increased to 71 ppm at 1.1 A cm−2 (Figure 2e). Moreover, v-

Cu NCs demonstrated exceptional stability over a dura-

tion of 10 h, maintaining an FE of C2H4 above 90% at a

current density of 0.5 A cm−2 (Figure 2f).

Mechanism of the electrochemical
semihydrogenation

To elucidate the origin of its superior activity and selec-

tivity, a series of tests were conducted at different pH

values to identify the generated H* species on v-Cu NCs.

When the pH value shifted from neutral to alkaline, the

increased C2H4 FE suggested that the EHAE

process was more favorable under alkaline conditions

(Supporting Information Figures S18 and S19) whereas,

as the KOH concentration further increased, the C2H4 FE

barely changed. Meanwhile, the significantly decreased

potential indicated that a higher OH− concentration fa-

vored the semihydrogenation of C2H2 (Supporting

Information Figure S20). We can infer that the hydro-

genation process occurring on v-Cu NCs deviates

from the conventional electron-coupled proton transfer

(CxHy* + H2O + e− → CxHy+1* + OH−, ECPT) route under

high pH conditions.3,6 Therefore, it is more plausible that

C2H2* underwent hydrogenation through surface-

adsorbed H*, which originated from water dissociation

on v-Cu NCs.3 This hypothesis found support in the

slightly higher HER activity observed for v-Cu NCs com-

pared to CuNPs under an argon atmosphere (Supporting

Information Figure S21). Similarly, a decrease in EHAE

activity of v-Cu NCs was observed upon replacing 1 M

KOH electrolyte with 1 M NaOH electrolyte (see

Supporting Information Figures S22 and S23). This could

be attributed to the smaller hydration radius and lower

ionic hydration number of K+(H2O)n (n = 7 for K+ and 13

for Na+), facilitating the dissociation of water.36,37 Quasi-

in-situ EPR measurements were conducted under argon

flows, and a distinct DMPO-H signal was observed after

testing at −0.9 V versus RHE on both v-Cu NCs and Cu

NPs (Figure 3a). Meanwhile, the intensity of the EPR

spectrum for v-Cu NCs was stronger than that of Cu NPs

at the same potential, indicating a higher ability for H*

generation on v-Cu NCs.2,38 However, despite the en-

hanced ability to dissociate water molecules, this did not

result in increased HER on v-Cu NCs under C2H2 flow

(Figure 2a,b). The exceptional catalytic activity of v-Cu

NCs allowed for rapid consumption of generated H* for

hydrogenation rather than its conversion into H2.
3

We further conducted in-situ Raman spectroscopy to

identify the intermediates during the EHAE process

(Figure 3b and Supporting Information Figure S24). The

characteristic Raman peaks at 1350 and 1550 cm−1 corre-

sponded to the D and G bands of carbon, respectively

(Figure 3c).39 The peak observed at 1693 cm−1 belonged

to C2H2* intermediates adsorbed onto Cu sites.14,32 With

an increase in cathodic potential from 0 to −0.2 V versus

RHE, two distinct peaks emerged at 1111 and 1502 cm−1

corresponding to the C–C and C=C bonds of polyacety-

lene, respectively. Meanwhile, a weaker peak at 1538 cm−1

referred to the weak π–d type adsorption of C2H4.
40,41 As

the potential became more negative, the characteristic

peaks of polyacetylene adsorbed on both v-Cu NCs and

Cu NPs exhibited stronger intensities, indicating marked

intensification of the EHAE process (Figure 3c and

Supporting Information Figure S25). Notably, these

peaks for C2H2* adsorption consistently presented on

v-Cu NCs, whereas they gradually disappeared on Cu

NPs with increasing potentials (Figure 3d). These results

highlight that v-Cu NCs rapidly capture C2H2 at high

current densities, allowing more C2H2 participation in the

EHAE process. This prevents excessive coupling of H*

into H2 at active sites and ultimately leads to exceptional

performance in C2H4 production.

The structural model of v-Cu (100) enriched with ni-

trogen vacancies was constructed to simulate the struc-

ture of v-Cu NCs for DFT calculations (Supporting

Information Figure S26). To investigate the adsorption

strength of C2H2, we calculated the projected density of

states (PDOS) of Cu 3d-orbitals on v-Cu (100) and

Cu (100). As shown in Figure 3e, the d-band center of

v-Cu (100) is closer to the Fermi level compared to that

of Cu (100), indicating a stronger adsorption strength for

C2H2 on v-Cu (100) (Supporting Information Figures S27

and S28). The reaction free energy for the semihydro-

genation of C2H2 to C2H4 on these Cu electrocatalysts

is illustrated in Figure 3f and Supporting Information

Table S2. The adsorption of C2H2 on Cu (100) is exother-

mic, leading to the formation of CH2CH* intermediates

through hydrogenation of the adsorbed C2H2. Compared

to Cu (100), v-Cu (100) exhibited enhanced adsorption

affinities for intermediates, thereby facilitating H* ad-

sorption on the electrocatalyst surface and promoting

hydrogenation kinetics.34

It is well established that the energy barriers between

C2H4*→C2H4(g) (C2H4 desorption) and C2H4*+H*→C2H5*

(activation step) can provide straightforward evidence

for the selectivity.22,42 Specifically, Cu (100) and v-Cu

(100) both showed higher energy barriers for the activa-

tion step than those of C2H4 desorption, indicating that

C2H4* tended to desorb rather than undergo further

hydrogenation (Figure 3g and Supporting Information

Table S3). Meanwhile, the free energy difference
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between C2H4 desorption and overhydrogenation (ΔG)

on v-Cu (100) (0.86 eV) was higher than that of Cu (100)

(0.49 eV), suggesting that the overhydrogenation pro-

cess necessitated a higher energy input on v-Cu (100),

thereby effectively suppressing overhydrogenation and

enhancing selectivity for C2H4 production.

Based on these findings, we proposed a comprehen-

sive mechanism of EHAE on v-Cu NCs (Figure 3h). Nota-

bly, the strong adsorption affinity of v-Cu NCs for C2H2

enabled continuous C2H2 supply during hydrogenation,

resulting in superior EHAE performance at ultrahigh cur-

rent densities while concurrently inhibiting competitive

HER through rapid H* consumption. Additionally, the

presence of defects significantly increased the energy

barrier for converting C2H4* to C2H5* on v-Cu NCs, effec-

tively inhibiting the overhydrogenation reaction.

Electrosynthesis of ethylene in a 25 cm2

electrolyzer

To further enhance the single-pass conversion of C2H2,

we assembled a 25 cm2 electrolyzer (Supporting

Information Figure S29).2,14 The product distributions

demonstrated an increased C2H2 single-pass conversion

and C2H4 selectivity with rising cathode currents

(Figure 4a). Notably, at the cathode current of 2 A, the

Figure 3 | Mechanism investigations. (a) The quasi-in-situ EPR spectra for hydrogen radicals over v-Cu NCs and

Cu NPs. (b) Schematic of the flow cell for in-situ electrochemical Raman test. (c) In-situ Raman spectra of v-Cu NCs

and (d) a comparison of their EHAE performances. (e) The PDOS for v-Cu (100) and Cu (100). Free energy diagram for

(f) the hydrogenation of C2H2 and (g) the C2H4 overhydrogenation reaction pathways on v-Cu (100) and Cu (100).

(h) Schematic mechanism of EHAE process on v-Cu NCs.
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FE and selectivity for C2H4 reached 97.1% and 96.1%,

respectively, accompanied by an exceptional single-pass

conversion of C2H2 reaching 66.4%. Moreover, HER and

overhydrogenation reactions were effectively sup-

pressed, resulting in an H2 FE of only 0.65% and negligi-

ble amounts of C2H6 in the outlet (102 ppm). Moreover,

the single-pass C2H2 conversion and C2H4 selectivity

were measured at various flow rates (Figure 4b). At a

gas flow rate of 10 mL min−1, v-Cu NCs exhibited an

impressive single-pass C2H2 conversion rate of 97.5%

and C2H4 selectivity of 97.4% (Figure 4b). Notably, the

record-high single-pass conversion rate of C2H2 was

obtained in both 1 cm2 (31.9%) and 25 cm2 (97.5%) elec-

trolyzers, whichwere even higher than those achieved by

trace C2H2-removal electrocatalysts (Figure 4c and

Supporting Information Table S4). Furthermore, no de-

terioration in the single-pass conversion of C2H2 and

selectivity for C2H4 was observed on v-Cu NCs during

the 50-hour stability test (Figure 4d). Additionally, we

evaluated the performance of trace C2H2-removal using

crude C2H4 containing 1% C2H2. Figure 4e exhibited that

only a low current density (<5 mA cm−2) was required for

the efficient conversion of trace C2H2, achieving a high

C2H2 conversion of 99.97% and a C2H4 specific selectivity

of 97.2% (Supporting Information Figure S30).

Conclusion
In summary, the defect-rich v-Cu NCs electrocatalyst

exhibited excellent EHAE reactivity and selectivity for

converting C2H2 to C2H4. In-situ Raman spectroscopy

and DFT calculations revealed that the abundance of

defects endowed v-Cu NCs with the capability to rapidly

and firmly capture C2H2 on Cu sites, accelerating the

EHAE reaction kinetics, and inhibiting the competing

HER. The higher activation energy barrier for C2H4

prevented its overhydrogenation, thereby hindering the

formation of difficult-to-separate C2H6 by-product.

Therefore, v-Cu NCs exhibited a remarkably high C2H4

FE of 98.3% at 0.7 A cm−2 and a production rate of

17.69 mmol h−1 cm−2 at 1.1 A cm−2. Moreover, in a 25 cm2

electrolyzer, we achieved the highest single-pass conver-

sion rate of C2H2 at 97.5%with a flow rate of 10mLmin−1 of

pure C2H2, while also maintaining a C2H4 selectivity of

97.4%.

Supporting Information
Supporting Information is available and includes addi-

tional experimental procedures and figures.

Figure 4 | EHAE performance in a 25 cm2 electrolyzer. FE distributions, C2H2 conversion, and selectivity of C2H4 (a) at

different cathode currents in pure C2H2 flow (20 mL min−1) and (b) at different flow rates with pure C2H2 feedstock.

(c) Comparison of C2H2 conversion of v-Cu NCswith reported electrocatalysts. (d) The 50 h durability test of v-CuNCs

at 1.6 A with a pure C2H2 flow of 10 mL min−1. (e) C2H2 conversion and selectivity of C2H4 at different flow rates using

crude C2H4 containing 1% C2H2.
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