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ABSTRACT: We report the use of a nanoporous gold (np-Au)
catalyst for CO2 reduction in a gas diffusion electrode (GDE) and
characterize the role of wetting in electrochemical performance.
The np-Au catalyst has pores on the order of 20 nm and is cross-
sectionally isotropic, enabling Faradaic efficiencies for CO of
greater than 95% across a wide range of potentials and a
maximum partial current density for CO of 168 mA/cm2.
Secondary ion mass spectroscopy and in situ copper under-
potential deposition were employed to provide insights into
catalyst wetting. At a typical CO2 flow rate of 50 SCCM,
approximately half of the catalyst is in contact with the electrolyte
during operation, and the dry region exists in the bottom half of
the nanoporous catalyst. We discuss implications of the nano-
porous GDE wetting characteristics for catalyst performance and the design of improved GDE architectures that can maximize
the catalytically active area.

The electrochemical reduction of carbon dioxide to
value-added products represents a promising means to
store renewable electricity and create a closed carbon

cycle for fuels, chemicals, and materials.1−3 Carbon dioxide
reduction (CO2R) can produce a wide variety of products
based on catalyst materials,4−6 structuring,4,7 and treatment.2,8

Of these products, carbon monoxide (CO) is especially
interesting due to its ubiquitous role as a precursor in
cornerstone chemical processes such as Fischer−Tropsch
reactions,9−11 hydroformylation of alkenes to aldehydes,12

methanol production,10,13 and metal refinement.14 In addition,
CO2R to CO is a two-electron process, which translates to
lower energy inputs as compared to other multi-electron
products.10,15 CO production has been demonstrated with
high selectivity, with the Faradaic efficiency (FE) for CO
reaching >90% in aqueous electrolyzers.7,8 While current
densities between 10 and 20 mA/cm2 can be achieved through
electrode nanostructuring,16−20 electrochemical CO2R in bulk
aqueous electrolytes is mass transport limited due to low CO2

solubility and long reactant diffusion lengths.21,22 In order for
electrochemical CO2R to be economically attractive, current
densities greater than 100 mA/cm2 are thought to be
required.23,24

Gas diffusion electrodes (GDEs) present an alternative
electrode design capable of addressing mass transport
limitations.25 In a GDE, a blend of CO2 gas and water vapor
is flowed across a porous catalyst layer in contact with a liquid
electrolyte.21,25 High current densities have been achieved by
GDEs carefully tuned for high performance in a range of
different configurations such as alkaline electrolyzers and
membrane electrode assemblies.26−29

The large disparity in current density observed between an
aqueous and GDE-based electrochemical CO2R cell is mostly
attributed to differences in the mass transport limits of CO2 in
these distinct systems. In an aqueous-based electrochemical
CO2R cell, CO2 must first dissolve into the liquid electrolyte
and then diffuse to the electrode surface for the reaction to
occur. This process is limited by mass transport due to low
CO2 solubility in the liquid electrolyte, which limits the total
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current density on the order of tens of mA/cm2. In an aqueous
electrolyte electrochemical CO2R cell, the catalyst can be
considered completely wet, or flooded, where the catalyst is
fully submerged in the electrolyte. On the other hand, an
idealized GDE advantageously forms a triple-phase boundary
in which a meniscus of electrolyte coats the catalyst ligaments,
and vapor channels remain open to permit gas flow through
the catalyst layer, as shown in Figure 1. This condition reduces

the diffusion length and substantially increases the CO2
transport rate to the catalyst surface, enabling higher current
densities in the range of 100−1000 mA/cm2 in state-of-the-art
devices.26,27,30,31 We will refer to this GDE state as wetted. It is
also important to note that portions of the catalyst layer in a
GDE could potentially be dried out due to inlet gas pressure
and evaporative water loss, thus rendering that portion of the
catalyst electrochemically inactive, as illustrated in Figure 1.
We note that the wetted GDE state is a highly idealized
depiction for the sake of discussion and that an actual GDE
likely exists as a combination of wetted, flooded, and dried
states. Preliminary computational work has been carried out to
yield a nascent understanding of the complex interaction
between the catalyst and the electrolyte;21,25,32 while
intriguing, there is currently a lack of detailed experimental
work to further support an understanding of this triple-phase
boundary layer and how it evolves during GDE operation.
Here we seek to understand the relationship between
electrochemical reduction and catalyst wetting for a nano-
porous Au catalyst morphology.
It has previously been demonstrated that nanoporous gold

(np-Au) is a promising catalyst for the electrochemical
conversion of CO2 to CO.7 In an aqueous-based electro-
chemical CO2R cell, np-Au has shown improved catalytic
selectivity and activity relative to planar Au (pl-Au) due to the
high density of under-coordinated active sites,33 prevalence of
grain boundaries,33,34 and high surface area.35,36 Furthermore,
pH gradients are built up within the nanoporous structure
during operation, which leads to locally increased pH

conditions that suppress the parasitic hydrogen evolution
reaction (HER);37 however, these prior experiments were only
demonstrated in a bulk aqueous electrolyte-based electro-
chemical CO2R cell. In this study, np-Au GDEs were used as a
model catalyst system for a vapor-fed CO2R device. We
demonstrate that np-Au GDEs achieve >95% selectivity for
CO at partial current densities for CO production (JCO)
greater than 150 mA/cm2. An outstanding question for
researchers is what portion of the GDE catalyst layer
meaningfully contributes to active catalysis. We employed
scanning electron microscopy (SEM), copper underpotential
deposition (Cu UPD), secondary ion mass spectroscopy
(SIMS), and electrochemical analysis to determine the fraction
of the nanoporous GDE catalyst that is flooded/wetted and
dry during operation. Through this combination of experi-
ments, we found that only 56% of the available catalyst is active
under operating conditions and that the bottom 75% of the
catalyst layer exhibits the largest difference in wetting relative
to an aqueous CO2-fed system. These investigations
demonstrate an improved method for in situ catalyst
characterization in GDE devices, and they contribute to
understanding the factors that optimize catalytic performance.
The np-Au GDEs were fabricated by co-deposition of Au/

Ag alloy films from Au and Ag sources by electron beam
evaporation onto the microporous side of a carbon paper
substrate (Sigracet 38BC) to produce a AuxAg1−x alloy of
uniform distribution. The atomic percent of Au relative to Ag
was tuned by varying the deposition rates of each metal. The
np-Au electrode was produced by etching the AuxAg1−x alloy in
concentrated nitric acid (70% weight/volume) for 15 min at
room temperature. Concentrated nitric acid selectively
dissolves the Ag from the AuxAg1−x alloy to yield the desired
np-Au morphology. The etched electrodes were then
thoroughly rinsed with water, dried under a stream of nitrogen
and then overnight in vacuo to yield the np-Au electrode.
Residual Ag in the etched electrodes was determined by SIMS
to be 1.3%. This value is in line with expected residual Ag
values from the literature.7,38 See the experimental methods in
the Supporting Information for more details and Figure S1 for
SEM images of the fabrication process.
Representative, top-down SEM images for a range of 300 nm

thick np-Au samples of varying gold atomic percent (%Au)
from 15%Au to 35%Au and a 100%Au pl-Au control are shown in
Figure 2a−d and Figure S2. Clear morphological distinctions
can be observed between the samples of different Au fractions.
The electrode morphologies consist of a three-dimensional
network of interconnected Au ligaments and pores separated
by cracks that leave open space in the np-Au film. These cracks
in the np-Au morphology are due to volume contractions (10−
30%) that occur within the film during the removal of Ag from
the alloy.38 The crack width and length notably increased
below 25%Au and resulted in a discontinuous film at 15%Au,
through which the underlying carbon paper substrate is visible
(Figure S2a−c). The size of the cracks at 35%Au is greatly
diminished as a near-continuous network of ligaments was
eventually achieved (Figure S2g−i). However, the uneven
nature of the underlying carbon paper substrate makes this
visualization difficult. To better understand the morphological
changes, np-Au was deposited on planar Si substrates as shown
in Figure S3. A nanoporous morphology is no longer observed
above 45%Au due to the lack of continuous channels of Ag
present in the base alloy (Figure S2j−l). At these Au/Ag ratios,
Au forms a protective barrier that prevents nitric acid from

Figure 1. Schematic of the nanoporous gold (np-Au) gas diffusion
electrode. The bottom image shows the electrode structure. The
support consists of carbon fibers in the macroporous layer, on top
of which are coated carbon black and PTFE, which make up the
microporous layer. The np-Au catalyst layer is coated on top of
this. The top three panels show the different configurations that
occur in the np-Au catalyst layer during operation: flooded,
wetted, and dry.
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penetrating deeper into the alloy to remove residual Ag.38 The
coarseness of the nanoporous ligaments and pores is modestly
reduced as the %Au is increased. Cross-sectional SEM
demonstrates that the nanoporous ligaments are consistently
distributed throughout the entire volume of the film after de-
alloying (Figure S4). Figure S1 shows SEM images of the bare
carbon paper substrate, the AuxAg1−x base alloy before the
nitric acid etch, and the de-alloyed substrate after the nitric
acid etch.
CO2R performance for each electrode was evaluated in a

two-compartment flow cell (see experimental methods in the
Supporting Information). A Selemion anion exchange
membrane was used to separate the Pt mesh counter electrode
from the np-Au working electrode. A 1 M KHCO3 electrolyte
saturated with CO2 was independently recirculated through
the anode and cathode chambers at a flow rate of 15 mL/min.
Despite the fact that the increased alkalinity of KOH
electrolytes has been shown to improve CO2R selectiv-
ity,28,29,39 KOH is considered to be a sacrificial medium
because the hydroxide anions react with the CO2 to form
bicarbonate and carbonate.40 The carbonate salts are then
known to precipitate out of solution and potentially clog the
pores of the anion exchange membrane,41 which necessitates
that the KOH electrolyte be continuously replenished
throughout CO2R experiments.42,43 Additionally, carbonate
formation at high pH and subsequent reoxidation to CO2 at
the anode reduces the overall energy efficiency of CO2R
devices.44 KHCO3 was selected as our electrolyte, as recent

studies have shown that it can achieve CO2R performance
comparable to that of KOH without the need to replenish the
electrolyte.7,28,45 However, it should be noted that KHCO3 is
likely susceptible to carbonate formation due to the high pH
values that likely occur at the catalyst layer.46 The CO2 gas was
delivered through a serpentine channel located behind the
GDE at a constant flow rate of 50 standard cubic centimeters
per minute (SCCM) unless otherwise noted. A leakless Ag/
AgCl electrode was used as the reference electrode. A gas
chromatograph was used to quantify the concentration of
product gases in the effluent stream, and a potentiostat was
used to control the applied electrochemical potential. All
electrode potentials (E) are reported relative to the reversible
hydrogen electrode (RHE) scale (VRHE). Carbon paper
controls were carried out to rule out possible CO2R product
formation due to the base substrate and supporting electrolyte
(see SI for further details).
Figure 2e−h shows the FE values of pl-Au and np-Au GDEs

(300 nm thick) for both CO and H2, with the corresponding
partial current densities shown in Figure 2i−l, as a function of
applied potential between the range from −0.42 to −0.92 VRHE
in a CO2 vapor-fed configuration. Each measurement
represents the average value obtained from three distinct
electrodes, and the error bars denote one standard deviation
above the mean. From these data, we see that the pl-Au GDE
exhibits a maximum current density (J) of 106 mA/cm2 at
−0.92 VRHE and a maximum FE for CO of 82% at −0.82 VRHE.
After benchmarking the performance of the pl-Au electrode as

Figure 2. SEM characterization of planar gold (pl-Au) and nanoporous gold (np-Au) electrodes with varying gold atomic percent (%Au) (a−
d). CO2R performance of the pl-Au and np-Au electrodes is shown via Faradaic efficiencies (e−h) and partial current densities (i−l). For all
plots, CO is denoted in pink and H2 in blue. Each data point is the average of three distinct electrodes.
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a reference, we then tested a series of np-Au electrodes to
evaluate the performance over a range of varying %Au. Both
15%Au and 25%Au exhibited similar FEs and partial current
densities for CO (JCO), with a modest improvement over the
pl-Au. The 35%Au electrode significantly outperforms the pl-Au
across the entire potential range, with a minimum twofold
enhancement in JCO. The maximum JCO of 164 mA/cm2 with a
FE of 88% for CO was attained at −0.92 VRHE. The FE for CO
remains above 90% at even lower applied potentials, with a
peak FE for CO of 95% observed at −0.42 VRHE. Additionally,
the JCO of the 35%Au electrodes at −0.82 VRHE is higher, at 130
mA/cm2, than those for the −0.92 VRHE data points for all
other electrodes. We hypothesize that the enhanced perform-
ance of the 35%Au electrode is due to the nearly contiguous
ligament coverage across the electrode surface, which may
improve electrolyte wetting, decrease the potential for flooding,
and increase the residency of CO2 in the catalyst layer by
reducing the distribution of cracks that would otherwise allow
the gas to easily circumvent the catalytically active regions.
Carbon paper systems are well known to degrade over the
course of 1 h, and we confirmed these past reports when
assessing the long-term stability of our system during a long
chronoamperometry experiment.28,47 The system was stable
for an initial 45 min, and then HER steadily increased as the
carbon paper base substrate became increasingly flooded
(Figure S9).
We sought to better understand the difference in perform-

ance between the np-Au catalysts of varying %Au by
understanding how the electrolyte interacts with each system.
Catalyst wetting is a critical component of device performance,
and we therefore carried out contact angle analyses of each of
the electrodes to understand the connection between the np-
Au structure and the macroscopic wetting properties of the
device. Figure S6 shows the contact angles of a variety of
samples, including the base carbon paper, 300 nm thick Au-on-
Si substrate, pl-Au on carbon paper, and np-Au on carbon
paper. The carbon paper itself is hydrophobic, as it contains a
fluorinated microporous layer and exhibits a contact angle of
159°, whereas the 300 nm thick pl-Au GDE resulted in a
contact angle of 106°. The 15%Au GDE sample had a
hydrophobicity similar to that of the pl-Au reference, with a
contact angle of 108°. Interestingly, the 35%Au was found to be
the most hydrophilic, with a contact angle of 59°. We attribute
the higher hydrophobicity of lower %Au samples to the large
cracks in the catalyst layer that penetrate through to the
hydrophobic substrate, which allows the water droplet to come
into contact with the fluorinated microporous layer. The
improved metal coverage in the 35%Au sample minimized
contact with the microporous layer. Therefore, the hydrophilic
network of pores is able to wick water into its structure and
lower the contact angle. While this provides correlation
between wetting and device performance, this does not explain
the improvement in CO2R performance, as catalyst hydro-
phobicity has been demonstrated to improve CO2R.

48−51 To
better understand our system, we must consider wetting at the
surface of the electrolyte−catalyst interface as distinct from the
bulk properties highlighted by contact angle analysis.
The surface area of a catalyst is traditionally quantified by

double-layer capacitance electrochemically active surface area
(ECSA) measurements,52,53 Brunauer−Emmett−Teller (BET)
measurements,54,55 and Cu UPD.7,56 ECSA measurements
effectively determine the total surface area in contact with the
electrolyte, BET measurements effectively determine the total

dry surface area, and Cu UPD determines the specific surface
area of the Au catalyst as the Cu selectively deposits on the Au
metal only. Cu UPD allows us to determine the surface area of
the catalyst and probe the wetting of the catalyst surface by
evaluating where the liquid electrolyte is present and absent.
The Cu UPD process electroplates a monolayer of Cu onto Au
surfaces exposed to the electrolyte.7 It is then possible to
integrate the area of the anodic peak obtained from Cu
stripping in the cyclic voltammogram to determine how much
Cu was deposited on the Au surface, since the charge passed
during the experiment is proportional to the surface area of the
Au catalyst.7,56,57 From this measurement, we are able to
determine the surface area of the catalyst that is in contact with
the electrolyte (see Supporting Information for experimental
details). We first measured the surface area of 300 nm of pl-Au
deposited onto a flat silicon wafer (pl-Au on Si) as a baseline
and normalized all subsequent Cu UPD measurements to this
value (Figure 3a). A pl-Au electrode on carbon paper with 300

nm of Au deposited on it exhibited a 15× area enhancement
compared to the pl-Au on silicon. This area enhancement
indicated that the irregular carbon paper base substrate
increases the rugosity and subsequently the surface area of
the pl-Au electrode. In comparison, a 35%Au np-Au electrode
on carbon paper etched from a 300 nm thick Au/Ag alloy
resulted in a 78× increase of surface area compared to the pl-
Au on Si and a 5× increase of surface area compared to the pl-
Au electrode on carbon paper. This significant increase in
surface area demonstrated that the nanotexturing method
greatly enhanced the available surface area of a np-Au electrode

Figure 3. Characterization of np-Au film surface area via
comparative Cu underpotential deposition (Cu UPD) surface
area measurements. (a) Relative surface area enhancements of a
300 nm thick pl-Au on silicon (Au−Si), a 300 nm thick pl-Au on
carbon paper electrode (pl-Au), and a 300 nm thick 35%Au np-Au
on carbon paper electrode (np-Au) normalized to the Au−Si
sample. (b) Surface area enhancement of 100, 300, and 900 nm
thick 35%Au np-Au.
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relative to a pl-Au electrode. While a cross-sectionally isotropic
np-Au morphology was observed by SEM (Figure S4), we
sought to verify this observation with Cu UPD experiments.
To achieve this, three distinct 35%Au electrodes etched from a
Au/Ag alloy with thicknesses of 100, 300, and 900 nm were
fabricated and intentionally flooded by soaking them in an
aqueous CO2-fed electrochemical cell to ensure that the entire
surface area of the catalyst layer was electrochemically
accessible (Figure 3b). We found that the surface area as
measured by Cu UPD increased linearly with the thickness of
the catalyst layer. The linear increase in surface area with film
thickness confirmed that our electrodes are indeed cross-
sectionally isotropic and that the Cu2+ ions in solution
penetrated into the entire depth of the catalyst layer in the
aqueous CO2-fed configuration. If the entire np-Au film was
not accessible to the electrolyte, we would have observed that
the surface area enhancement would taper off with increasing
np-Au film thickness since some of the Cu2+ ions would be
unable to diffuse throughout the extent of the np-Au ligament
network.
Interestingly, we observed a 5× increase in surface area for

the 35%Au sample compared to the pl-Au, but only a 2−3.5×
increase in current density (J) during electrochemical CO2R.
To understand the discrepancy between surface area and J, we
carried out a set of Cu UPD experiments under CO2 vapor-fed
conditions. We note that N2 was used instead of CO2 to
simulate the GDE conditions since CO2 was found to interact
with the Cu UPD electrolyte solution (Figure 4a). We expect
that the surface area calculated by Cu UPD from an electrode
in an aqueous CO2-fed system represents a more accurate
surface area of the np-Au catalyst layer, as the entirety of the
Au is in contact with the electrolyte, i.e., fully flooded. The
surface area of a fully flooded np-Au electrode was then
normalized to 1, and any deviation from this value by a CO2-
vapor-fed electrode can be attributed to a percentage of the
catalyst layer being inaccessible to the electrolyte as a result of
the gas flow. At a flow rate of 50 SCCM, the measured surface
area of a 35%Au electrode decreased to 56% of its flooded
value, indicating that only a portion of the electrode is
accessible to the electrolyte. As the flow rate was reduced to 10
SCCM and then 2 SCCM, the accessible surface area increased
to 66% and then 87% of the total available surface area,
respectively. We attribute this observation to an increase of
flooded pores in the entire GDE (including the underlying
carbon paper substrate) due to the reduced pressure within the
porous network as a result of the reduced gas flow rate. To
evaluate this interpretation, we performed a series of CO2R
experiments on 300 nm thick, 35%Au np-Au electrodes at 50,
10, and 2 SCCM at an applied potential of −0.92 VRHE. We
found that the current density decreased from 190 mA/cm2 at
a flow rate of 50 SCCM to 107 mA/cm2 at 10 SCCM and
further to 91 mA/cm2 at the lowest flow rate of 2 SCCM
(Figure 4c). This decrease in current density indicates that the
entire GDE becomes increasingly flooded as the flow rate of
CO2 is reduced and the pores in the carbon paper substrate
itself become increasingly flooded. To further validate this
interpretation, we monitored the FE for H2 of each electrode
and found it increased from 12% up to 48% as the flow rate
was reduced from 50 to 2 SCCM (Figure 4b). The increased
H2 production with reduced CO2 flow rate indicates that the
catalyst layer cannot effectively perform CO2R and instead
engages in parasitic HER in the increasingly flooded pores.
These results agree with previously reported literature which

has indicated an optimally wetted state that is highly selective
for CO2R.

21,26,32 In our system, this optimal state is highly
impacted by flow rate. At high flow rates we hypothesize that a
build up in pressure improves transport through the GDE and
staves off flooding. At low flow rates the electrolyte floods the
entire GDE, resulting in mass transport limitations and
increased HER. It is unlikely that this flooding is occurring
in the catalyst layer alone, as previous literature has
demonstrated that the CO2 diffusion layer thickness is on
the order of microns rather than nanometers.58−60 We present
in Figure 1 the three idealized states in which a catalyst layer
can exist. In reality it is likely that the true wetting of the
catalyst layer occurs as a combination of all three idealized
states.
In order to verify that these Cu UPD results correspond to

the fraction of the wetted catalyst, we electroplated Cu onto a
fully flooded GDE and compared it to that of an in situ
electrode during simulated CO2R conditions (see Supporting
Information for more details). This approach should yield an
electrode with Cu metal plated onto the regions that were in
contact with electrolyte and an absence of Cu where the
electrode is dry. Therefore, the presence of Cu serves as a

Figure 4. Characterization of the catalytically active np-Au surface
area as a function of gas flow rate and its impact on CO2R. (a)
Relative surface area of three identical 300 nm thick, vapor-fed,
35%Au np-Au electrodes under different N2 flow rates normalized
to the surface area of the same electrode in an aqueous-fed system.
(b) Faradaic efficiencies of the electrodes at different CO2 flow
rates. (c) Partial current densities of the electrodes at different
CO2 flow rates. All experiments for (b) and (c) were carried out at
an applied potential of −0.92 VRHE.
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proxy for wetting within the np-Au. The spatial distribution of
Cu within the np-Au electrodes was determined via secondary
ion mass spectrometry (SIMS) analysis that was carried out on
both an aqueous-fed electrode and a vapor-fed electrode
(Figure 5a and Figure S7, respectively). A 300 nm thick pl-Au
sample on a flat Si substrate was used as a control sample to
determine the ablation time required by SIMS. We found that
it took roughly 400 s to ablate through the entire Au layer, as
observed by a total reduction of the Au counts and a sharp
increase in the Si counts, indicating that the underlying
substrate had been reached (Figure S8). These conditions
were then applied to the two samples of interest, and we
assumed the np-Au electrodes of each sample are nearly
identical. Comparing the Cu/Au ratio of each distinct
electrode, we found that the total number of integrated Cu/
Au counts of the vapor-fed electrode was 57% that of the
aqueous-fed electrode (Figure 5a). This SIMS result is in close
agreement with our Cu UPD finding that the vapor-fed
electrode has 56% the surface area of the aqueous-fed device.
Next, we took the ratio of these results to determine the
percentage of the vapor-fed electrode that is in contact with the
electrolyte as a function of depth (Figure 5b). We define 0 as
the surface of the np-Au electrode in contact with the
electrolyte and 1 as the bottom np-Au electrode in contact
with the microporous layer. If the vapor-fed/aqueous-fed ratio
is equal to 1, then the wetting of the two electrodes is
equivalent, whereas fractional deviations from 1 indicate that
the aqueous-fed electrode has more np-Au in contact with the
electrolyte. From this analysis, we found that the vapor/
aqueous-fed depth profile can be separated into three distinct
regions (Figure 5b). In region 1 (the top 10% of the catalyst),
both electrodes have a comparable wetting, which indicates
that the vapor-fed electrode is predominantly flooded in this
region. Region 2 is a transition zone where the wetting in the
catalyst layer of the vapor-fed electrode is increasingly reduced
with increasing depth as compared to the aqueous-fed
electrode. Region 3 consists of the bottom 75% of the catalyst
layer, and here the vapor-fed electrode has approximately two-
thirds less wetting than the aqueous-fed electrode. This finding
shows that a significant fraction of the catalyst layer of the
vapor-fed electrode is not in contact with the bulk electrolyte
and therefore cannot contribute to CO2R. These techniques
allow us to determine the percentage of the active catalyst that

actually participates in CO2R. We anticipate that these
previously unknown results will allow for improved GDE
designs that are capable of harnessing more of the available
electrode surface area to drive electrocatalytic CO2R at high
current densities while maintaining appropriate reaction
selectivity.
In conclusion, we have provided a new method for

evaluating the catalytically active region fraction in gas
diffusion electrodes for carbon dioxide reduction. Through a
combination of Cu underpotential deposition measurements
and secondary ion mass spectrometry depth profile analyses,
we were able to show that the top 10% of the np-Au layer of a
CO2 vapor-fed GDE is flooded, while the rest of the catalyst
layer exists as a combination of flooded/wetted and nearly
completely dry states. Strikingly, 43% of the np-Au catalyst is
not in contact with the bulk electrolyte at all during operation.
In addition to providing a new approach for elucidating the
catalytically active regions of CO2 vapor-fed devices, we also
demonstrate a highly active np-Au GDE for CO2R that
attained a FE for CO of up to 95% and a JCO of 168 mA/cm2.
We hope that the new insights presented herein will enable an
improved understanding of the factors that govern catalytic
activity in CO2 vapor-fed GDEs and will allow for maximizing
the amount of catalyst that contributes toward CO2R.
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