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Materials and Methods

Catalyst synthesis

To synthesize In;/Cu, 100 mg of copper(Il) acetate (Sigma-Aldrich, 99.9%) and 3 mg of indium(III)
acetate (Sigma-Aldrich, 99.99%) were first added to 300 mL of H,O (Milli-Q Water System,
18.2 MQ-cm). Then, 5 mL of NaOH (100 mM, Sigma-Aldrich, 98%) aqueous solution was added
dropwise under stirring. Next, 10 mL of hydrazine hydrate (Sigma-Aldrich, NoH4 50-60 %) was
added to the flask and stirred at 50°C for 1 hour. The precipitate was subsequently washed multiple
times by centrifugation with H,O and ethanol before being dried in a vacuum oven. The powder
was placed in a tube furnace and heated at 240°C for 2 hours under an Hy/Ar (5% Ho», Air Liquide)
mixture atmosphere, and finally the In;/Cu catalyst was obtained. The synthetic procedures were
similar for Agi/Cu and Ali/Cu catalysts, except for the use of 1.7 mg of silver acetate (Sigma-Aldrich,

99%) and 2.4 mg of aluminum chloride (Sigma-Aldrich, 99.99%) as the precursor, respectively.

Physical characterizations

Scanning electron microscopy (SEM) images were collected using FEI Quanta 600 FEG ESEM
operated at 20 kV. Transmission electron microscopy (TEM) images were acquired using FEI Tecnai
G? Spirit Twin operated at 120 kV. High-resolution TEM (HRTEM), scanning TEM (STEM), and
electron energy loss spectroscopy (EELS) were performed by FEI Titan 80-300 equipped with a
field emission gun and spherical aberration corrector operated at 300 kV. EELS mapping was
collected using a post-column filter in diffraction mode. X-ray photoelectron spectroscopy (XPS)
was operated using Kratos Analytical AMICUS/ESCA 3400 equipped with an Mg-anode Ka
excitation X-ray source (hv = 1253.6 V) at 10 kV, 10 mA, and 2x10° Pa. The binding energies
were calibrated based on C 1s binding energy at 284.8 eV. Powder X-ray powder diffraction (XRD)
was carried out using the Bruker D8 Advance with a Cu Ka radiation. X-ray absorption spectroscopy
(XAS) was measured at the beamline BL14W station of the Shanghai Synchrotron Radiation
Facility with an electron beam energy of 3.5 GeV and a ring current of 200—300 mA. The X-ray
absorption fine structure (XAFS) and X-ray absorption near-edge structure (XANES) spectra of the
Cu K-edges were recorded in a fluorescence mode, with Cu foil and CuO as references. The hard
X-ray was monochromatized with Si (111) double-crystals. The acquired EXAFS data were
extracted and processed according to the standard procedures using the ATHENA module

implemented in the IFEFFIT software packages.

Electrode preparation

Membrane electrode assembly (MEA) was fabricated by a catalyst-coated membrane (CCM)
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technique. First, two different catalyst inks were prepared for the cathode: Ink 1 comprised 10 mg
of M/Cu catalysts and 70 pL of anion-exchange ionomer (PiperlON-AS, 5 wt%, Versogen) in 10
mL of isopropanol, while Ink 2 contained 10 mg of Mi/Cu catalysts, 30 pL of PiperlON ionomer, 5
pL of polytetrafluoroethylene (PTFE) solution (60 wt % dispersion in H>O, Sigma-Aldrich) and 4
mg of graphitized carbon nanotubes (30-50 nm, Aladdin, 99.9%) in 10 mL of isopropanol.
Following 2 h sonication, 1 mL of ink 1 and ink 2 were spray-coated sequentially onto the central
area (1x 1 cm?) of the anion-exchange membrane (PiperlON-A20-HCOs, 20 pm thick, Versogen)
to create the cathode catalyst layer. Subsequently, the cathode catalyst-coated membrane was
sandwiched by a PTFE-treated carbon paper gas diffusion layer (GDL) and a Ni-Fe hydroxide
electrodeposited Ni foam anode!. Finally, the sandwich assembly was hot-pressed at 70°C and 1000

psi for 2 minutes to form a MEA (Supplementary Fig. 2).

High-pressure captured CO;

High-pressure captured CO, (HP-cCO,) was sourced from a Cryogenic Carbon Capture (CCC) rig
at KAUST?. The low-temperature purified liquid CO» (>99.99%) from the distillation tank of CCC
(10 bar, -50 °C) was conveniently regulated to a room-temperature compressed gas phase up to 73
bar without additional energy consumption (Supplementary Fig. 19). HP-cCO» flowed into the MEA
reactor for electrolysis as controlled by a high-pressure mass flow controller (MFC, Beijing Scistar

Technology Co. Ltd).

Electrochemical CO; reduction

The gas-phase high-pressure CO, electroreduction system consisted of a homemade MEA
electrolyzer, a high-pressure high-performance liquid chromatography pump (HPLC pump, Sanotac
SP6010), a high-pressure mass flow controller, three backpressure valves (Beijing Xiong Chuan
Technology Co. LTD) and three Teflon-lined titanium tanks (Supplementary Fig. 1). The as-
prepared MEA was fixed and sealed between two titanium polar plates with channels and ports,
forming a MEA electrolyzer. During electrochemical testing, the cathode was supplied with
humidified HP-cCO,, while the anode was supplied with pressurized CO; saturated KHCO3 (0.1 M)
aqueous solution. Backpressure valves regulated pressures on both cathode and anode sides to
maintain the equilibrium. MFC and HPLC pump controlled the HP-cCO, and anolyte flow rates at
120 mL min" and 30 mL min’', respectively. All electrochemical measurements were conducted
using a BioLogic SP-150 potentiostat. Full-cell voltages of the MEA were measured using the
chronopotentiometry method. The currents were normalized to the geometric area of the working

electrodes.
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Product analysis

Gas streams from both cathode and anode were analyzed online using a gas chromatograph (GC,
Trace 1310, Thermo Scientific) equipped with Molecular Sieve 5A and Porapak N columns. Ar (Al
Khafrah Industrial Gases, 99.999%) was used as the carrier gas. CO, CHa4, C,H4, C2Hg, C3Hg, and
CsHg were quantified using a flame ionization detector (FID) with a methanizer. H, and CO, were
quantified using a thermal conductivity detector (TCD). The concentrations of gas products were
derived from the output peak areas based on calibration curves. Liquid effluents from both cathode
and anode were collected and analyzed by a 'H NMR (Bruker, 600 MHz) using a water suppression
method. Each NMR sample was prepared by mixing 490 pL of the collected solutions with 110 uL.
of the internal standards (20 ppm of dimethyl sulfoxide in D,O).

Operando Raman spectroscopy

Operando Raman spectroscopy was conducted in a customized high-pressure MEA electrolyzer,
equipped with a sapphire optical window. The MEA consisted of a catalyst-coated AEM, a carbon
paper GDL with laser-engraved micropores (diameter: 50 pm), and a IrO»/Ti meshed anode (400
mesh), assembled via hot pressing. The CCM technique ensures the integrity of the cathode catalyst
layer (thickness: 1 um). The laser and Raman signals can penetrate through the optical window, the
cathodic serpentine flow field, and the micropores of the GDL onto the catalyst layer. The Raman
spectrometer can also focus on the catalyst-AEM interface through the anodic Titanium mesh (Fig.
3a and Supplementary Fig. 17). The Raman spectra were recorded using a WITec apyron system
equipped with a 633 nm He-Ne laser beam, a x50 objective (NA =0.55), and a CCD detector. The

acquisition time was 20 s for each spectrum with the accumulation times of 2.

Computational details

The DFT and Ab initio molecular dynamic (AIMD) calculations were performed on Vienna Ab initio
Simulation Package (VASP) code®*. The interaction of core and electrons was treated by projector
augmented wave (PAW) pseudopotential®® with a cut-off energy of 550 eV. The exchange-
correlation function was described by the generalized-gradient approximation-Perdew-Burke-
Ernzerhof (GGA-PBE)’. The DFT-D3(BJ) method was used to consider the vdW-dispersion energy-
correction®. Convergence in geometry optimization was reached when the force on each atom fell
below 0.02 eV A™!.The molecular density in the vacuum layer (10 A) was assumed to be 1 and 10
nm > for ambient and high-pressure conditions, respectively. The Brillouin zone sampling was

performed using Gamma-centered Monkhorst-Pack (MP) grids’, and the k-point was set as 3x3x1
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for all the DFT calculations. The data processing was facilitated by VASPKIT'?, QVASP!! and
VESTA!? software. The Gibbs free energy difference (AG) between initial and final states was
denoted as:

AG = AE + AZPE — TAS

where E, ZPE, T and S represent the energy from DFT calculation, zero-point energy, temperature
(298.15 K) and entropy, respectively'>!%. Our calculation followed a commonly recognized CO,R
mechanism'>!'%: CO was first reduced to *CO via *COOH, and then hydrogenated to *COH;
subsequently, *COH couples with *CO to form *HOCCO¥*, which undergoes hydrodeoxygenation

to release C,H4 via proton-coupled electron transfer.

Techno-economic analysis
The techno-economic analysis (TEA) was performed based on prior work!”!® to explore the
economic feasibility of producing C,H4 from HP-cCO, assuming a 20-year factory life.

Assuming a daily C,H4 production of 100 tons, the CoHa production rate is:

C,H, production (d%y)

g S
Molar massc,n, (j)x86400 (dTy)

. 1
C,H, production rate (%) =

m

The required total current is:

C,H, production rate X Electrons transferred X Faraday Constant
FE

Total current (A) =

The required power is:

Power (W) = Total current (A) X Cell voltage (V)

Electricity cost:

The electricity cost per 100 tons of C,Hs production is calculated via multiplying the power
consumption by 24 hours and renewable electricity price ($0.02/kWh)'°.

Electricity cost ($) = Power (W) X 24 h X electricity price ($/kWh)

Electrolyzer cost:

With a reference electrolyzer cost of $250/kW and a reference current density of 200 mA ¢cm2, 8201
our total electrolyzer cost was estimated via scaling the electrolyzer unit price by the ratio of the
reference current density versus our input current density.

Total electrolyzer cost ($)

Reference current density (m—AZ)
= Power (kW) x Electrolyzer cost ($) % cm

Input current density (%)
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The above one-time total electrolyzer cost needs to be converted to a cost per ton of CoHs using a

capital recovery factor (CRF) based on a discount rate (i = 0.07) and the lifetime of the materials:

i iylifetime

i(1+i
CRFelectrolyzer - ( : 1')f i

(1+1) 1 etlme_1

Assuming a plant capacity factor of 0.9, the electrolyzer cost per ton of CoHy is:

CRFgjectrolyzer X Total electrolyzer cost ($)
days
year

$
Electrolyzer cost (t ) =

Onc,H, Capacity factor x 365 < ) x C,H, production (day)

Catalyst and membrane cost:
Assuming that the catalyst and membrane (C&M) account for 5% of the total electrolyzer cost with

a lifetime of 5 years, the catalyst and membrane cost per ton of CoHy is:
1(1 + i)lifetime
(1 + i)lifetime -1

$ B CRFcgm X Total electrolyzer cost ($) X 5%
Costeem (g —) = days
C:Hs  Capacity factor X 365 (

CRFC&M =

) X C,H, production (d )

Product separation:

Gas product separation with a pressure swing adsorption (PSA) separation unit: Costs are calculated
using a model incorporating the capital and operating expenses. The model is based on a reference
cost of $1,989,043 for a flowrate capacity of 1000 m>/hour, scaled by a factor of 0.7, and with an

energy consumption of 0.25 kWh/m?,!8-22

Flow rate (hour )0 7

PSA Capital Cost ($) = $1989043 x (

hour

3

PSA Operating Cost ($) = 0.25 4 Flowrate (—-—) x 24 "2 x Flectricity price (——)
eratin oS = V. * plowrate X X klectricl rice
perating m? hour day Y PHCe Gewn
m
RT —RT
OutPUt C2H4- - hour — M hour
P><24 Px24 "
m3 . . COy
m3 C,H, flowrate (m)xmolar ratlo(C2H4) . .
= x j—
Output CO, flowrate (hour) e pass pe—— (1 — single pass conversion)
m3 H, production ( H, current (4)x3600 —S_ RT
Output H, flowrate (—) = hou = — s hour 5 —
hour P —————_xFaraday Constant P
Hj product

where R =8.314 J mol' K!, T=298 K and P = 101300 Pa.
Total flowrate = Output CO, flowrate + Output C,H, flowrate + Output H, flowrate

With the total flowrate, we can calculate the capital and operating cost:
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PSA operating cost (

)

01"1(:21_14

kWh ) X 24 hd01;,r X Electricity price (%)

C,H, production (d—ay)

$ CRF X PSA capital cost ($
PSA capital cost ( ) _ electrolyzer p ( )

ONc,H, Capacity factor x 365% X C,H, production (éo—ar;,)

Gas separation cost ( ) = PSA operating cost ( ) + PSA capital cost (

ONC,H, NcyHy

Gas product separation with a CCC rig: CCC cools exhaust gases to isolate frozen CO,. The distinct
physical properties and phase transitions of CO,, C;Hs and H» enable the CCC rig, with its
desublimating heat exchanger and three-phase separator, to efficiently separate CO2R effluent into
different phases, thereby extracting high-purity C;Hs and recycling CO,. The corresponding gas

separation cost is calculated as follows:

Gas separation cost with CCC (

)

OnC2H4

, $ o ton
CCC operating cost <m) X CO, mass fraction in flue gas x Total flowrate (d_ay)

- n
y)

CO, mass fraction in CO,R effluent X C,H, production (EIOT
Chemical costs:
Assuming a fixed volume ratio of 100 L electrolyte (0.1 M KHCO;) per m? of electrolyzer, a price
of 750 $/ton for KHCOs and a price of 5 $/ton for water,'® the cost of input chemicals is calculated

as follows:

Total current (mA) L
To0cm X 100 mz

=)

Volumeejectrolyte (L) = Surface area (m?) x 100# -

Current density (W)X(

) mol g
Massg,; (g) = Molarityg,;; (T) X Volumegjecirolyte (L) X Molar mass (H)
COStelectrolyte ($)

_ $
= Massg,:(tons) X price of salt (ﬁ)

k $
+ Volume,, ter (L) X Densityyater (Tg) X water price (k—g)

To obtain the electrolyte cost per ton of CoHa, we calculate the CRFelectrolyte by assuming an

electrolyte lifetime of 1 year.
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i(1+ i)lifetime  0.07(1.07)*
CRF = — = = 1.07
electrolyte (1 + l)llfetlme -1 1.071 =1

$ CRF x Cost $
Electrolyte COSt( ) _ electrolytedays electrolyte ( )

ONc,H, Capacity factor x 365 year X C,H, production (%)

Molar masscg, (%)
CO, cost ( = X Molar ratio
ONc,H,  Molar massg,p, (

Co, _
) X CO, price ( )
4

(CZH tOl’lco

mol 2
Balance of plant and installation Costs:

All capital costs are scaled to estimate the price of peripheral equipment for the electrolyzer and
separation units. A balance of plant of 50% and a Lang factor of 1 are assumed for all calculations.!”
Total capital costs are obtained by summing the costs of the electrolyzer, catalyst & membrane, and

separation capital.

Total capital costs = Electrolyzer cost + C&M cost + PSA capital cost

BoP ( ) = BoP Factor X Total Capital Costs (

tOHC2H4 OnC2H4

)

Costipstallation (t—) = Lang factor X Total capital costs (
OnC2H4 OnC2H4

)

Other operating cost:

To consider the additional operating costs associated with running a plant, such as labor and

maintenance, the other operating coat is assumed to be 10% of the electricity cost.'®

$
Other operating costs (to ) = Cost of electricity (t ) X 10%

CHy Onc,y,

Energy efficiency:

The full-cell energy efficiencies (EE, %) was calculated as follows:
E— (1.23V — E;) X FE;
Ecell

E;and FE; are the thermodynamic potential (versus RHE) and Faradaic efficiency for product i (E;

=-0.08 V for C,Hy), respectively, and E.. is the full cell voltage applied to the MEA.
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Supplementary Fig. 1 | Electrochemical apparatus. (a) Schematic and (b) photograph of the high-
pressure MEA system. AEM, anion-exchange membrane. HPLC, high performance liquid
chromatography. MFC, mass flow controller.
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Supplementary Fig. 2 | Membrane electrode structure. (a) Schematic of the MEA. SEM images
of (b) Ni foam anode, (c) M1/Cu catalyst coated AEM, and (d) GDL. The green pixels in (c) represent
the Cu element. Scale bars, 100 pm (b), 10 pm (c) and 50 pum (d).
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Supplementary Fig. 3 | CO;R on Cu. (a) FEs toward CO2R products and H, on Cu under different
pressures and current densities. (b) LSV curves of Cu catalyst under different CO, pressures. The
scan rate is 50 mV s, The inset shows the electrochemical impedance spectroscopy (EIS) spectra
of Cu with a frequency range from 100 kHz to 0.01 Hz recorded at a cell voltage of 1.8V under
different pressures. (¢) TEM and (d) HRTEM image of the Cu catalyst. Scale bars, 50 nm (c) and 2
nm (d). Error bars represent the standard deviation of three independent measurements.
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231 Supplementary Fig. 4 | DFT simulations of ambient pressure CO;R mechanism. (a) Optimized
232 configurations of intermediates on Cu(111) for CO-to-C,Hs (A-M1) and CO-to-C,HsOH (A-L2)
233 with a CO; density of 1 nm™ in the vacuum layer, Cu: blue; O: red; C: gray; H: white. (b) The
234 corresponding Gibbs free energy diagrams.
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237 Supplementary Fig. 5 | DFT simulations of high pressure CO:R mechanism. (a) Optimized
238 configurations of intermediates on Cu(111) for CO-to-C,Hs (A-M1) and CO-to-C,HsOH (A-L2)
239 with a CO; density of 10 nm™ in the vacuum layer, Cu: blue; O: red; C: gray; H: white. (b) The
240  corresponding Gibbs free energy diagrams.
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Supplementary Fig. 6 | Charge density difference. Charge density difference plots of (a) Agi/Cu,
(b) Ali/Cu and (c) Ini/Cu catalysts illustrating the charge transfer between Cu and M atoms during
the doping and binding. Side view (upper) and top view (lower). The yellow and cyan represent the
accumulation and depletion regions of electrons, respectively.

14



(n0) KB10us uonenoe S1

&

d-band center (eV)

O

Me @Cu

248
249  Supplementary Fig. 7 | Catalyst synthesis. (a) Schematic of the synthesis procedure for M;/Cu
250  catalysts. STEM images of the In;/Cu catalysts with In atomic proportions of (b) 2%, (c) 3% and (d)
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Supplementary Fig. 8 | Characterization of In;/Cu catalyst. (a) TEM image, (b) STEM image,
and (c) STEM mapping of the In;/Cu catalyst. Scale bars, 50 nm (a), 50 nm (b), 20 nm (c).
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Supplementary Fig. 9 | Characterization of Ag;/Cu and Al;/Cu catalysts. (a) STEM image and
(b) STEM-EELS mapping of the Agi/Cu catalyst. (c) STEM image and (d) STEM-EELS mapping
of the Al/Cu catalyst. Scale bars, 2 nm (a), 5 nm (b), 2 nm (c) and 5 nm (d).
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spectra of In;/Cu, Agi/Cu, Ali/Cu and Cu catalysts. (c) In 3d, Ag 3d and Al 2p XPS spectra.

18



2 4 6 8 10 12 2 4 6 8 10 12
266 k(A k(A7)
267  Supplementary Fig. 11 | Cu K-edge XAS analysis. Cu K-edge wavelet-transformed (WT) EXAFS
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282 | —
283 Supplementary Fig. 15 | STEM images of Ini/Cu catalyst after CO;R. (a) STEM-EELS mapping
284  and (b) STEM image of the In;/Cu catalyst after CO,R. The yellow and blue pixels in (a) represent
285  the Cu and In elements, respectively.

286
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287
288  Supplementary Fig. 16 | XAS analysis of In;/Cu catalyst after CO,R. FT-EXAFS spectra of

289 Inj/Cu catalyst at Cu and In K-edges before and after COzR.
290
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292 Supplementary Fig. 17 | Analysis of precipitation. XRD of the bicarbonate salt. Insert:

293 photograph of precipitated salt on the back side of GDL. Scale bar, 5 mm.
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Supplementary Fig. 18 | COz:R on In{/Cu using 1 M KHCOj; anolyte. (a) C;Hs FE and
chronopotentiogram of In;/Cu under 20 bar at 600 mA cm 2. (b) Cross-sectional SEM image (upper)
and EDS mapping of K" (lower) for the cathode after electrolysis.
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300
301 Supplementary Fig. 19 | CO:R on In;/Cu using 1 M KOH anolyte. (a) C;Hs FE and

302 chronopotentiogram of In;/Cu under 20 bar at 600 mA cm 2. (b) Cross-sectional SEM image (upper)
303  and EDS mapping of K" (lower) for the cathode after electrolysis.
304
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305
306
307
308
309

Supplementary Fig. 20 | Operando Raman apparatus. (a) Photograph and (b) schematic of the
MEA customized for operando Raman spectroscopy. Optical microscopic images of the (c¢) I[rO,/Ti
meshed anode and (d) cathode GDL with micrometer-scale pores.
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310
311 Supplementary Fig. 21 | Operando Raman spectra. Pressure-dependent operando Raman spectra
312 of the (a) cathode-membrane interface acquired from the anode side and (b) catalyst layer acquired
313 from the cathode side. The trends remained the same for both forward and reverse pressure scans.
314
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Supplementary Fig. 22 | Schematic of CCC process. A process flow diagram of CCC showing
main subsystems. The flue gases underwent a precooling — drying — freezing — compressing
process. Despite major advances in existing CO, capture technologies, such as amine scrubbing®,
chemical looping?*, and solid sorbents?’, the industry is actively seeking a solution that is more
energy-efficient and cost-effective?®. CCC technology emerges as an appealing option: (i) the CCC
rig can capture 90-99% CO, from typical coal-fired flue gases, and output CO, (10—73 bar, -
35-28 °C) with 99.999% purity*?%; (ii) its operation is based on heat exchange, without the need of
expensive air separation units or CO» absorbents. Consequently, CCC curtails 50% energy demand
and 20% cost compared to conventional CO, chemisorption methods; and (iii) the heat exchangers
in CCC are electric-driven — that means, CCC could be powered solely by renewable electricity.
The pressurization, from an energy perspective, consumes less than 3% of the total energy input to
the CCC rig?’. It is worth noting that the pressurization typically accounts for approximately 20%
of the total energy consumption in amine-based CO; capture systems. CoHs separation from the
high-pressure CO2R effluent was conducted on a lab-scale cryogenic CO, capture apparatus

consisting of the same components.
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335

Supplementary Fig. 23 | Cross-sectional SEM image of the cathode with overlaid EDS mapping
of K" after 1,500-hour prolonged electrolysis of 20 bar HP-cCO; at 600 mA cm 2.
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Supplementary Fig. 24 | TEA analysis. (a) Sensitivity analysis, (b) TEA showing the profit and

cost breakdown of electrochemically producing C,Hs using our proof-of-concept versus ambient
pressure CO2R (AP-COzR).
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341 Supplementary Table 1 | *CO adsorption energy on different M/Cu.

Adsorption energy (eV) *CO on M site *CO on Cus ssite
Ini/Cu 0.39 -0.89
Agy/Cu -0.05 -0.92
Al/Cu -0.01 -0.99
342
343

344 Supplementary Table 2 | Energy barriers of C-C coupling.

C-C coupling
configuration

Averaged *CO

adsorption energy (eV)

C-C coupling
energy barrier (eV)

COatop=COatop -0.97791 0.44154

Ambient pressure COatop-CObridge -1.01289 0.3493
COpridge-CObridge -1.03666 0.59055

COatop-COatop -0.91779 0.30243

High pressure COatop-CObridge -0.94372 0.17013
COuridge-CObridge -0.95846 0.3756
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347 Supplementary Table 3 | Summary of the CO;R performance in gas-fed MEAs.
Catalysts Membrane Electrolyte Pressure Cell (V‘(]))ltage C“:;fxtc(:_?)s ity Products  FE (%) Dul(';;ion Ref.
275 600 CHy 85 >1500
Ini/Cu AEM 0.1 M KHCO3 20 bar This work
3.15 1000 CzH4 72 -
ﬁ;gfgj‘:g‘;‘r’n AEM 0.1 M KHCO; 1 bar 3.65 120 CoH, 7 190 Nature (527072’05)09’5 13
Surface-step-rich Cu égm H,O 1 bar ~4.4 333 C,H,4 ~50 1000 Nat. En(ezrgézf), 81-91
Cu/aryl diazonium AEM 05MKHCO;  1bar 3.5 250 CoHy ~83 120 Nat. i”;g{); ;0422*
Cu/quasi-graphitic C AEM 0.1 M KHCO; 1 bar 3.6 ~100 CH, ~62 180 N“g 7%2"(’;"0'42"1~)12a
Cu NPs (250 nm) AEM 0.1 M KHCO; 1 bar 3.75 120 CH, ~40 100 Joule %23&7 -2791
Porous Cu AEM H,0 1 bar 3.65 900 CH, 46.6 - Nat. 336?% 275 )83 5=
Sputtered Cu NPs AEM 0.1 M KHCO, 1 bar 3.9 ~200 CoH, ~55 60 SCience(gg;b$61‘666
Sputtered Cu/CTPI AEM 0.1 M KHCO; 1 bar ~3.6 220 CaHy 63 100 Az gf g;rlgév (L;g;(g
Cu/FeTPP[CI] AEM 0.1 M KHCO; 1 bar 3.7 120 C,H;OH 41 12 Nat. Cz’ztglzg) 75-82
Electrodeposited Cu AEM 0.15 M KHCO; 1 bar 3.7 ~300 CaH, ~60 65 Nat. C"(’zaégé)%*l%
N-C/Cu AEM 0.2 M KHCO; 1 bar 3.67 ~160 C,H;OH 52 15 Nat. 4};'?(’% 25[5)f‘78*
CuO nanosheets AEM 0.1 MKOH 1 bar ~3.5 600 C:Hy 52.5 - Na; 91\;{'3'%?(%%)18
DVL-Cu NPs AEM 0.5 M KHCO; 1 bar ~3.45 250 C,H,4 ~71 _ Nafl» 807%;"0142'12-)13,
Cu(OH)BTA CEM 1 M KOH 1 bar 3.8 ~237 C,H, 5 67 Nat. CO’(’%;;») 14,474
Cu(100)-rich films AEM 0.1 M KHCO; 1 bar ~2.5 120 CH, 555.8 45 N“g 73‘;”(1340”2”{)‘1
Defect-Site-Rich Cu AEM 0.1 M KHCO; 1 bar 35 200 CH:OH  ~60 30 Joule é’o‘g?““‘o
Cu/PCRL CEM 0.01 M H,S0, 1 bar ~3.9 100 CH, 37 9 Azgg? igegrsgg (Lze;)tglﬁ),
Low-coordinated Cu AEM 0.05 KHCO; 1 bar ~4 190 CH, ~56 110 N“g 923"(’;"0'42"1~)12,
LasCuos AEM 1 M KOH 1 bar 3.4 ~400 CH, 454 - J] :‘5””-652’126’(';032033-
Ag/PTFE CEM 8 '811 1344 élSZZSS%t 1 bar ~3.75 60 co 40 50 ffgg 45_’4"62’3&’{ é%’; 27)’
Ag NPs AEM | M KOH 4-6 bar 3 ~300 co 95 10 Alc;‘; i’;?’%y (in)ti;;’
Ag NPs BPM 1 MKOH 3 bar ~35 100 co 83 120 ACS Energy Lett. 9,

34

28002806 (2024)



0.5 M K,S04

Energy Environ. Sci.

Ni-N-C BPM SO, 5 bar ~3.7 500 Co ~94 8 16, 15021510 (2023)
Ni-N-C AEM 0.1 M KHCO 1 bar 3.52 80 Cco ~93 273 Energy Environ. Sci.
: 3 : 16, 4423-4431 (2023)
_ ACS Energy Lett. 6,
Ag NPs BPM 3MKOH 1 bar ~3.6 50 co 68 4291 4208 (2021)
Nat. Energy 6, 439—
Ag NPs AEM 1 M CsOH 1 bar 32 470 Co 90 200 448 (3021
ACS Appl. Mater.
Ag NPs BPM H,0 1 bar ~2.9 300 Co ~70 100 Interfaces 16, 24649~
24659 (2024)
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