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ABSTRACT

Electrochemical CO5 reduction is a promising way of closing the carbon cycle while synthesizing useful commodity chemicals and fuels. One of the possible routes to
scale up the process is CO reduction at elevated pressure, as this is a way to increase the concentration of poorly soluble CO; in aqueous systems. Yet, not many
studies focus on this route, owing to the inherent challenges with high-pressure systems, such as leaks, product quantification, and ease of operation. In this study, we
use a high-pressure flow cell setup to investigate the impact of CO; pressure on the electrochemical performance of a copper foam electrode for CO, reduction within
a pressure range of 1 to 25 bar. Our initial findings using a 0.5 M potassium bicarbonate (KHCO3) electrolyte show a consistent improvement in selectivity towards
CO» reduction products, with HCOOH being the dominant product. By conducting a systematic exploration of operating parameters including applied current
density, applied CO; pressure, cation effect, and electrolyte concentration, the selectivity towards formate (HCOOH) is optimized, achieving a remarkable 70 %
faradaic efficiency (FE) under moderate conditions of 25 bar in a 0.5 M cesium bicarbonate (CsHCO3) electrolyte. Additionally, we report the synthesis of isopropanol

with a FE of 11 % at the 25 bar in 0.5 M KHCO3 which is the highest reported selectivity towards isopropanol on copper using a bicarbonate system.

1. Introduction

Striving for carbon neutrality remains a worldwide ambition in
mitigating climate change as global temperatures continue to rise with
each passing year [1]. The electrochemical COy reduction reaction
(CO2RR) has received ample interest as a potential power-to-chemical
technology [2]. Its main advantages are the possibility to produce a
wide range of useful products and the relatively mild process conditions.
Many promising catalysts have been identified for COoRR, which are
typically classified based on their selectivity towards different products
[3,4]. Among these, copper is the only known catalyst that produces a
blend of hydrocarbons, alcohols, and aldehydes directly from CO; [56].
Yet, the CO2RR on copper suffers from a limited product selectivity
[6-9].

A challenge that pertains to the CO2RR is the poor solubility of CO3 in
aqueous electrolytes (~33 mM in water [10]). This results in poor
conversion rates and limits COg reduction selectivity due to the
competition with the hydrogen evolution reaction (HER) in the same
potential window. One interesting way of increasing the CO2 concen-
tration is by increasing the amount of dissolved CO, using elevated
pressures [11-14]. Pressurizing CO» into the electrolyte has been re-
ported to enhance the CO2RR by improving the selectivity and partial
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current densities towards CO5 reduction products [13-16], while pres-
surizing in general could enable better integration of the CO2RR with
upstream and downstream operations [17]. Additionally, it offers the
chance to work at increased temperatures, given that higher tempera-
tures result in decreased CO» solubility, potentially benefiting reaction
kinetics [18]. Recent studies suggest that the CO5 reduction reaction
(CO2RR) performance can be modified by manipulating the operating
pressure. The catalytic performance is altered through multiple mech-
anisms, for instance through changing thermodynamics of the reaction,
balance of the carbonate buffer reactions (COz/HCOB’/ CO%’), and the
extent of CO5 coverage and coverage of reaction intermediates on the
catalyst surface [19-21]. The rate of CO2RR has also been shown to
diminish below a pressure of 1 atm while H evolution dominates [22].
Recently, Lamaison et al. reported a boost in the CO partial current
density to —286 mA.cm ™2 at a CO; pressure of 9.5 atm on an Ag-Zn alloy
dendrite catalyst that was well above its mass transport limited current
density of —30 mA cm™2 at 1 atm [23]. Hashiba et at., reported a boost
in the synthesis of CH4 with a stable suppression of Hy evolution at
elevated CO; pressures [24]. In a recent study by Ramdin et al., formate
selectivity was increased to 90 % with a j > 30 mA.cm ™2 at a pressure of
50 bar [25]. Even with these promising results, there is still very limited
research on high-pressure CO2RR, with most studies focusing on the
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production of C; products such as CO and formic acid on metallic
electrodes such as silver, gold, and tin [12,26-30].

In contrast, only a handful of studies have investigated elevated
pressure CO2RR on copper electrodes in aqueous electrolytes. These
studies have been, for the most part, restricted to flat planar electrodes
in autoclave type reactors [31-34]. For example, a recent study by Li
et al. using a (111) oriented CuzO film on a copper foil reported a high
FEncoon of 98 % at a high CO; pressure of 60 atm [33]. A more recent
study by Huang et al., reported a 84 % formate FE at 50 bar CO; pressure
using a polypyrrole-coated copper (CuPPy) electrode. While these
studies show the potential of using a pressurized CO5 feed to achieve
high product selectivities using tailor made catalysts, yet they do so at
extreme pressure conditions (>50 bar). However, recent studies have
shown that using moderate pressures up to 25 bar is beneficial as it in-
volves low operational and capital costs [35,36]. To the best of our
knowledge, there are very limited studies performed on the electro-
chemical CO5RR performance of copper in this operating pressure
window of 1-25 bar.

Therefore, we here report a systematic study on the influence of
pressure on a polished copper foam electrode in a custom built flow cell
[11]. The effect of different operating parameters, including, applied
current density, cation size and electrolyte concentration, is investi-
gated. We show that the coupled use of pressurized CO5 and Cu foam
electrode offers a notable improvement in the formate selectivity while
unlocking new C-C coupled pathways towards higher alcohols.

2. Experimental section
2.1. Materials

An ultrapure water purification system (MilliQ IQ 7000,
Merck-Millipore, USA) was used as water source for all experiments.
Potassium and cesium bicarbonate (KHCO3, > 99.95 % trace metals
basis, 99.7-100.5 % dry basis, and CsHCO3 99.9 %, metals basis, Sigma
Aldrich) were used to prepare 0.5, 1, and 2 M catholytes. 1 M potassium
hydroxide (KOH pellets, ACS reagent, Emsure) was used as the anolyte.
The working electrode used for electrochemical experiments was a
copper foam (99.8-99.9 %, Recemat BV) and nickel foam (99.9 %,
Recemat BV) served as the counter electrode. Nafion 117 (Ion Power
GmbH) was cleaned in MilliQ water and used as the ion exchange
membrane. Hydrochloric acid (ACS reagent, 37 %, Sigma Aldrich),
acetone (Technical Grade, assay > 99 %, VWR Chemicals) and phos-
phoric acid (85 % VLSI, Technic) were used for cleaning and preparation
of the electrodes. Sulfuric acid (95-97 %, ACS reagent, Honeywell),
DMSO (ACS reagent, >99.9 %, Sigma Aldrich), phenol (ACS reagent,
99.0-100.5 %, Sigma Aldrich), and D20 (99.9 atom% D, Sigma Aldrich)
were used for liquid product analysis. All reagents were used without
further purification.

2.2. Electrochemical measurements

The electrochemical performance of the copper foam electrodes at
different pressures were assessed using chronopotentiometry experi-
ments by applying current densities and measuring the potentials.
Chronopotentiometry was employed because recent studies have
demonstrated notable changes in the immediate surroundings near the
catalyst surface based on the current density [37]. Consequently, in this
context, we aim to investigate how these changes might influence
product selectivity. A custom made flow cell with a continuous gas
product measurement and stackable clamp design was used to conduct
the experiments, as detailed in our previous work [11]. In brief, the
setup was designed with flexibility and ease of operation in mind and
can handle pressures up to 50 bar while functioning in a continuous
mode including inline gas product analysis. A Biologic BP300 poten-
tiostat was used for all COoRR experiments. Nickel foam and a minia-
turized leakless Ag/AgCl reference electrode (LF 1.6-45 mm, Innovative
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Instruments, Inc., USA) served as the anode and reference electrode
respectively. 0.5, 1 or 2 M KHCO3 or CsHCOs3 was used as the catholyte
while 1 M KOH was used as the anolyte. The cathode and anode
chambers were separated using a Nafion 117 membrane. Before each
experiment the catholyte was purged with CO at the desired pressure in
an external reservoir for 30 min (for schematics of the setup, please see
Fig. S1). The CO,RR was performed at ambient temperature and at four
different gas pressures; 1, 5, 10, and 25 bar. The reactor pressure was
held slightly higher (>5 bar) compared to the gas pressure to prevent
dissolved gases from escaping the electrolyte due to ohmic heating near
the electrode. Also, having a higher upstream pressure on the back
pressure regulator helps with quicker discharge of dissolved gases into
the headspace as the circulated electrolyte enters the reservoir.

2.3. Electrode preparation

For each experiment a freshly cut copper and nickel foam electrode
was used. Images of the copper foam electrode at different stages in the
experimental procedure are depicted in Fig. 1. Copper foam was cut in
the shape of a cylinder with a diameter of 1 cm and thickness of 0.4 cm.
Prior to each experiment the copper foam was first sonicated in acetone
for 10 min followed by washing with 2 M HCI for 5 min. Afterwards it
was rinsed with ultrapure water and dried under argon flow, before
putting it in a two electrode electrochemical cell [38], where it was
electropolished in 85 % phosphoric acid using a carbon rod as counter
and reference electrode by applying a potential of 2.1 V for 4 min. A
similar cleaning procedure was performed on the nickel foam except for
the electropolishing step.

2.4. Characterization

Scanning Electron Microscopy (SEM, Jeol JSM 6500F) images were
taken prior and after the experiments to understand the changes
incurred to the copper foam during the experiment. An energy disper-
sive X-ray spectrometry detector (Ultradry, Thermofischer, USA)
enabled detection of chemical elemental composition. X-Ray Diffraction
(XRD) patterns were obtained using a Bruker D8 Advance diffractometer
(Bruker, USA) Bragg-Brentano geometry with graphite monochromator
and Vantec position sensitive detector (Co Ka radiation. Divergence slit
varl2, scatter screen height 8 mm, 40 kV 40 mA).

The surface chemistry of the electrodes was studied using a Thermo
Scientific™ K-Alpha™ spectrometer (Thermoscientific, USA). The
monochromated aluminum Ka radiation, with a photon energy of
1486.7 eV, was used to generate a monochromated X-ray with a spot size
of 400 pm. The X-ray photoelectron spectroscopy (XPS) data were ac-
quired before and after the experiments. To compensate for the differ-
ential charging, a flood gun was employed. High-resolution scans were
acquired with a step size of 0.1 eV. The XPS spectra obtained were
analysed using the CasaXPS software.

3. Results and discussion
3.1. Effect of pressure and current density on CO; electroreduction

The influence of pressure on the CO2RR on copper foam electrodes
(ECSA = 3.3 cm? (see S4)) was studied using the previously described

2 M HCl

Fig. 1. Images of the copper foam electrode at different stages in the experi-
mental procedure: (1) as received, (2) After a 2 M HCI acid wash, (3) after
electropolishing in phosphoic acid, (4) after electrochemical CO, reduction.



N. Girichandran et al.

cell at different applied current densities (j) (Fig. 2). As a base case, a
pressure of 1 bar of CO, was applied and the electrochemical perfor-
mance was measured at —30, —40, —50, and —60 mA (j = -9.1, —12.1,
—15.2, and —18.2 mA/cm?). H, is the dominating product at all applied
current densities with the FEgs > 70 %. The main CO2RR products
observed are formate (HCOOH), methane (CHy4), ethylene (CoHy4) and
carbon monoxide (CO), with a combined FE < 30 %. This relatively poor
performance is explained by the poor CO; solubility in aqueous elec-
trolytes at 1 bar. Remarkably, at the highest pressure studied in this
work (25 bar), the trend is reversed with CO2RR products reaching a
total FE > 70 % at the expense of hydrogen production, which is sup-
pressed to less than 30 % (see section S9 for details regarding all the
products). It is interesting to note that with an increase in pressure from
1 to 10 bar, the most preferred CO2RR product is HCOOH followed by
CO, while we only observe trace amounts of ethylene at higher current
densities. However, at 25 bar, apart from HCOOH and CO, the most
preferred products are oxygenates (alcohols) with trace amounts of
hydrocarbons.

To rule out that differences in observed CO;RR performance arise
from catalyst morphology and compositional changes, we performed
characterizations prior to and after electrochemical measurements. The
surface morphology of the used copper foam electrodes, as visualized
with SEM, does not exhibit any substantial changes to the electrodes
prior to the experiment (S5). Similarly, XRD measurements show no
changes in the crystal structures of the copper foam post electrochemical
measurements (S8). The copper foam is polycrystalline in nature with
the most dominant facets being Cu(100) and Cu(111)[39]. This also
dismisses any contributions to the observed performance due to changes
in the catalyst crystal structure. The deconvoluted XPS C 1s and Cu 2p
spectra for pure copper foam and after experiments at 5 bar, 10 bar, and
25 bar are shown in supplementary information S6 and S7. We mainly
observe that after the electrochemical experiments trace amounts of
various carbon species are present on the copper surface. In situ XPS
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studies on copper during CO5 reduction have reported the formation of
carbon species (specifically via the C; pathway) [40]. Previous studies
have shown that the formation of carbon mainly occurs in bicarbonate
systems and surfaces with less defects (polished electrodes) [41].

At 25 bar, HCOOH is the favoured product at all current densities
with the highest FEgcoon of ~ 57 % at —9.1 mA/cm?. With more
negative current densities at 25 bar, there is a decline in HCOOH pro-
duction with a simultaneous increase in FEgs and FE¢p. The initial step
in the CO2RR is believed to be the formation of a carboxylate interme-
diate *CO3 anion radical [7,42,43],

C02 +e’—>*COZ’ (1)

which can bind to the copper surface through either C, O, both O’s, or
both C and O [44,45]. The formation of HCOOH occurs through either a
hydride or proton coupled electron transfer (PCET) reaction when *CO3
is bound with a C or O atom to the copper surface, as demonstrated in the
following equations:

*CO, + xH—HCOO~ (2)
*CO, +H' + e —HCOO~ 3
*CO; +H" + e —COOH"™ 4
*CO; > * CO + %0~ )

Irina et al. suggest that the reaction proceeds via the carboxylate in-
termediate (-CO3), which is stabilized on the electrode surface due to an
interplay of its electrostatic interactions with the hydrated metal cat-
ions, strong covalency of the carbon atom towards the surface, and the
polarization forces present near the electrode [46]. Further cathodic
activation (applying more negative currents/potentials) results in the
weakening of the C-Cu bond and C-O bond, with simultaneous
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Fig. 2. Faradaic efficiency towards product at varying applied current densities at a) 1 bar, b) 5 bar, ¢) 10 bar, and d) 25 bar CO, pressure using a Cu foam in a 0.5 M
KHCOj electrolyte. The exact faradaic efficiency values can be found in supplementary section S9.
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stabilization of the O-Cu bond. At this stage, either step (2) or (3) can
result in the formation of HCOO™ or direct formation of CO with further
protonation (this is true for near neutral or alkaline conditions). Another
possibility is the interaction between a proton and the exposed O atom of
the *CO3 anion radical giving rise to a carboxyl intermediate (step 4),
which can lead to both CO and HCOO™ [47]. Recent studies on copper
catalysts indicate that the HCOOH pathway is favoured on Cu (111)
[46] and Cu (200) surfaces [48]. The increase in HCOOH production
with increasing pressure has been recently reported and is ascribed to an
increase in CO, coverage [34,49] with a simultaneous drop in surface
water coverage that serves as the main proton donor [50]. The forma-
tion of HCOOH requires the least protons per carbon atom among the
different liquid products which explains its increased formation relative
to more hydrogenated CO2RR products.

The shift in selectivity from HCOOH to CO and subsequently to hy-
drocarbons as the cathodic current density increases is attributed to a
transition from a thermodynamics to a kinetics-mediated pathway [51].
Another crucial factor to consider is the interfacial pH, which affects the
pathways towards HCOOH and CO differently. This becomes particu-
larly evident at 25 bar (Fig. 2d) when the current density is increased
from —9.1 to —18.2 mA/cm?, resulting in an increase in CO production,
with a decline in FEycoon, and a simultaneous increase in Hy formation.
This observation is explained by the interplay between the flux of CO2
(concentration in the bulk) and the pH at the electrode surface, that
increases with increasing current densities [32]. At —18.2 mA/cmZ,
reducing the pressure from 25 bar to 1 bar follows a volcano like trend
for Cy species, with the FE peaking at 5 bar for ethylene and 10 bar for
ethanol (S9). This can be attributed to the fact that at 25 bar, there is a
higher amount of CO, available to react with the generated OH™ ions at
the electrode surface, effectively buffering the interfacial pH. However,
as the pressure decreases, the concentration of CO; (and consequently
the CO flux to the surface) diminishes, leading to a weaker pH buffering
effect. Additionally, the presence of a higher amount of surface water
[50] at lower pressures compared to higher pressures contributes to an
increased amount of adsorbed hydrogen on the electrocatalytic surface,
promoting the formation of more reduced products from COs.

Interestingly, we observe the formation of isopropanol (IPA) at 10
bar and 25 bar. The FEjpp peaks at ~ 11 % when applying 25 bar and
—9.1 mA/cm? and drops to a mere 0.7 % at —18.2 mA/cm? (Fig. 2d).
Isopropanol is an uncommon product for CO2RR on copper electrodes as
it requires the transfer of 18 electrons:

3CO, + 18H" +18 ¢ —C3HyO + 5H,0 (6)

Although the exact mechanism behind the formation of isopropanol on
copper is still unclear, a possible pathway is explained below based on
our experimental results and the mechanistic studies conducted by
Garcia et al. [52] and Kun et al. [53]. *CO species (equation (1) can
dimerize via a C-C coupling following an initial electron transfer and a
proton transfer to give a reduced dimer species (*CO-COH) which can
rearrange and reduce further to give rise to a Cy enol intermediate
(*CoH30, a precursor to ethanol). At the lower current densities, a
higher surface *CO density, that occurs at higher pressures, can promote
interactions between the enol intermediate with adjacent *CO species.
Further proton coupled electron transfers then result in the formation of
a Cs enol species that can give rise to isopropanol mimicking the
pathway of ethanol formation from the C; enol intermediate. The low
amounts of ethanol at all tested conditions (especially at higher pres-
sures) are assumed to be due to its consumption at the copper electrode
to produce isopropanol.

To provide a general understanding, the reader is guided through the
trends in FEpa, FEco and FEgiopy below. When the current density is
increased (going from —9.1 to —18.2 mA/cm?) at a pressure of 25 bar, a
gradual rise in FEco is observed, while FEg oy initially rises to 0.8 %
before dropping to 0.3 %. At the same time, as the current density be-
comes more negative, FEpy decreases from 11 % to zero. Notably, at
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—9.1 mA/cm?, where the most isopropanol is observed (as shown in
Fig. 3a), ethanol is not detected. This is similar to the results reported by
Kun et al., where an increase in FEjpy was observed at the expense of
FEgton and FE¢o [53]. Also, at —9.1 mA/cmz, there is an initial increase
in CO production when the pressure is raised from 1 bar, which then
decreases to about 5.9 % as the pressure reaches 25 bar (Fig. 3b). A
similar pattern is seen for FEgoy. Alongside this, FEps shows an
opposite trend to that of FE¢g and FEgop, increasing from 1.9 % at 10
bar to 11 % at 25 bar.

A broad overview of the trends in total C;, Ca, and C3 product dis-
tributions over the entire range of applied current densities under
different CO4 pressures is shown in Fig. 3c. Furthermore, the partial
current densities of HCOOH, CO and H, versus applied current densities
at all pressures are provided in the supplementary section S14.

3.2. Effect of cation at elevated pressure

An interesting parameter to consider is the cation effect that has a
substantial impact on the electrochemical CO; reduction performance at
ambient pressures. In fact, a recent study by Monteiro et al., claimed the
absence of any CO; reduction on Ag, Au and Cu electrodes without
cations [54]. While the exact mechanism is still debated, previous
studies have demonstrated that larger cations like Cs* can boost CO,RR
activity by inducing changes to the local pH [55], the interfacial electric
field close to the electrode surface [56,57], stabilizing various reaction
intermediates [58], or by modifying the structure of surface bound
water [59]. While these studies have been mainly restricted to ambient
pressures, combining these effects with the increased CO2 concentra-
tions at high pressures, could lead to further selectivity enhancements.
To probe this, experiments were carried out to investigate the influence
of cation size toward CO, reduction performance (at 25 bar, —9.1 and
—18.2 mA/cm?) using a 0.5 M CsHCO5 electrolyte.

The selectivities towards CO, H,, and formate as a function of cation
choice are shown in Fig. 4. Isopropanol has been omitted as it was not
present while using 0.5 M CsHCOs at either of the studied current
densities. The results presented in Fig. 4 show that there is not a sig-
nificant difference in FExcoon at —9.1 mA/cm? between K* and Cs™,
with only a slight increase observed with K* (FEycoon = 55 % compared

190 C_cs' [ JHCOOH
K* [ co
W A,
80 5
— | 777
/
. 60+ 7
S %
w
L 40-
204 T
*
0
-9.1 -18.2
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Fig. 4. FE of H,, CO, and HCOOH versus current density (-9.1 and —18.2 mA/
cm?) at P = 25 bar in 0.5 M KHCO3 and CsHCOs.

Chemical Engineering Journal 487 (2024) 150478

to 51 % for Cst). However, at —18.2 mA/cm?, the FE of HCOOH in-
creases significantly from approximately 30 % for KHCO3 to 70 % for
CsHCO3, more than doubling in value. Moreover, the production of
hydrogen is suppressed to 10 %. Cations with a smaller hydration shell
such as Cs™ have been shown to be more concentrated at the electrode
surface under reduction conditions than cations such as K™ with a bigger
hydration radius, [56]. Mechanistic studies at ambient pressure also
report that Cs™ can stabilize negatively charged reaction intermediates
such as *CO3 (a common precursor to both HCOOH and CO [47]) much
more strongly than K" [54] Here, the interplay of the above
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Fig. 5. A) fe of co, ethanol, hcooh, and isopropanol versus electrolyte con-
centration (0.5, 1, and 2 M) at P = 25 bar and —9.1 mA/cm?, b) Relationship
between FEppa, FEco, and FEgoy versus KHCO3 concentration at j = -9.1 mA/
cm? and P = 25 bar.
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enhancement effects of Cs* combined with the increased concentrations
of CO4 at high pressure explains the notable increase in the selectivity
and partial current density towards HCOOH.

3.3. Effect of electrolyte concentration at elevated pressure

The CO; electrochemical reduction activity was further investigated
by studying the effects of electrolyte concentration with 0.5, 1 M and 2
M KHCO; and CsHCO3 at 25 bar and —9.1 mA/cm? (Fig. 5a). The
motivation behind these experiments was to understand the impact of
electrolyte concentration on the reduction activity as studies at ambient
pressure have shown that the [CO5]/[cation] ratio can have a significant
impact on the performance of a copper electrode [60]. The major factors
dictating the observed behaviour are a loss of CO; to the salting out
effect, a decrease in local pH due to the stronger buffering effect of a
higher bicarbonate concentration, a drop in the electric field affecting
the stability of CO2RR intermediates, and an increased CO» mass
transport limitation due to the adsorption of cations on the electrode
surface owing to an increased cation/[CO5] ratio. According to Ramdin
et al. [14], a moderate electrolyte concentration exists that works best
for high pressure CO; reduction to formic acid.

Fig. 5a shows that the FEycooy decreases with an increase in con-
centration for both the electrolytes (KHCO3 and CsHCO3). Interestingly,
there is a decline in FEco and FEpp when increasing the electrolyte
concentration from 0.5 to 2 M with a simultaneous increase in FEgoy
reaching a maximum value of 1.8 % at 1 M before decreasing to 1.3 %
for 2 M. The decrease in FE¢g can be attributed to the decrease in local
interfacial pH (though less significant at higher pressure) with an in-
crease in electrolyte (therefore, [HCO3]) concentration, which also re-
sults in slightly higher amounts of Hy and CH4 (see supporting
information S10). The trends shown in Fig. 5b, for the different KHCO3
concentrations, further illustrate that the variation in FEpy is closely
tied to the changes in FE¢g and FEgog, similar to the patterns presented
in Fig. 3a and b. This emphasizes the existence of a pathway towards
isopropanol that mimics ethanol formation [41].

For CsHCOg, the trends for FEycoon, FEco, and FEgoy are like that of
KHCO3, however there are some notable differences. The ethanol
selectivity increases from 0.1 % for 0.5 M to 2.9 % for 1 M CsHCO3
before dropping to 1.8 % at 2 M. Moreover, the amount of CO is lower at
all the studied CsHCOs3 concentrations while isopropanol only appears at
1 M concentration indicating a different optimum for Cs* compared to
K"

4. Conclusions

We report a systematic investigation of the effects of pressure, cur-
rent density, cation size, and electrolyte concentration on the electro-
chemical CO2 reduction using a copper foam electrode. At 25 bar, the
electrode shows a remarkable selectivity of 70 % for formate in 0.5 M
CsHCO3 with jycoou of —12.7 n1A/cm.2 Furthermore, we report the
formation of the uncommon product — isopropanol, with a FE of 11 % in
0.5 M KHCOg3 at 25 bar, which is the highest reported selectivity for this
product under moderate pressures on a polished copper foam. The
conducted experiments shed light on the idea that electrolyte engi-
neering coupled with the right operating conditions can be a viable
option to enhance the selectively towards profitable products such as
formate on a simple copper electrode [61]. Moreover, a pressurized CO5
feed can potentially unlock new C-C coupling pathways on copper and
pave the way towards the production of elusive higher CO; reduction
products. This also questions whether newly developed catalysts should
be tested under elevated pressure conditions.
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