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Abstract: Herein, we discuss recent research activities on the electrochemical water/CO2 co-electrolysis at the 
Department of Chemistry and Biochemistry of the University of Bern (Arenz and Broekmann research groups). 
For the electrochemical conversion of the greenhouse gas CO2 into products of higher value catalysts for two 
half-cell reactions need to be developed, i.e. catalysts for the reductive conversion of CO2 (CO2RR) as well as 
catalysts for the oxidative splitting of water (OER: Oxygen Evolution Reaction). In research, the catalysts are often 
investigated independently of each other as they can later easily be combined in a technical electrolysis cell. 
CO2RR catalysts consist of abundant materials such as copper and silver and thus mainly the product selectivity 
of the respective catalyst is in focus of the investigation. In contrast to that, OER catalysts (in acidic conditions) 
mainly consist of precious metals, e.g. Ir, and therefore the minimization of the catalytic current per gram Ir is of 
fundamental importance.
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A paradigm shift currently drives both the energy and mobility 
sectors away from fossil energy sources (coal, oil, and natural gas) 
towards renewables (hydro, wind, and solar). It is also evident that 
the chemistry sector has to follow this trend, which will surely af-
fect entire production chains of most commodity and fine chemi-
cals our daily life is based on. This so-called ‘energy transition’ 
can therefore be considered as a truly intersectorial challenge 
which calls for new transsectorial strategies. Several technologies 
have already been devised to reduce levels of CO

2
 in the atmo-

sphere.[2] Among these, CO
2
 reduction by electrochemical means 

deserves particular attention as it can transform CO
2
 directly back 

into synthetic fuels (so-called e-fuels) or other platform chemicals 
of high value. In particular the electrochemical co-electrolysis of 
water and CO

2
 has the great potential to directly interlink the en-

ergy sector to the chemistry sector. A prime example hereof is the 
so-called Rheticus process which combines an electrochemical 
conversion of CO

2
 into CO, one essential reactant for the subse-

quent production of butanol and hexanol based on a fermenta-
tion approach.[3] The CO

2
 reduction reaction might become not 

only economically feasible in future but also truly sustainable, in 
particular when the surplus of renewables originating from solar 
radiation, wind power, and hydro sources is used as energy input 
for this electrochemical CO

2
 conversion. This so-called ‘power 

to value’ concept might become one important element among 
others contributing in future to the closing of the anthropogenic 
carbon cycle.

This electrocatalytic process typically relies on the oxidative 
splitting of water (OER: Oxygen Evolution Reaction) and the re-
ductive conversion of CO

2
 (CO

2
RR: CO

2
 Reduction Reaction). 

Whereas oxygen (O
2
) is the only product that can form on the 

anode side when using aqueous environments, irrespective which 
anode material is used (e.g. IrO

2
, RuO

2
, or FeNi-based systems), 

a variety of different CO
2
RR products can be produced on the 

cathode side, ranging from formate, carbon monoxide (CO), satu-
rated and non-saturated hydrocarbons (e.g. methane, ethylene)[4] 
to oxygenates of various chain length and energy density (e.g. 
methanol, ethanol, and n-propanol).[5] It is mainly the chemical 
nature and the structure/morphology of the electrocatalyst which 
governs the resulting performance of the water/CO

2
 co-electrol-

ysis. In the following we give a short review of our previously 
published research in this area.

2. Result and Discussion

2.1 Preparation and Characterization of the Ag-based 
CO2RR Catalyst

Fig. 1 depicts the basic concept of the novel hydrogen template 
and additive-assisted metal foaming process. This approach has 
been adopted from the method originally introduced by Shin et 
al. for Cu- and Sn-based systems.[6] The standard plating bath for 
the Ag foam deposition was composed of 1.5 M H

2
SO

4
 (prepared 

from 96% H
2
SO

4
, ACS grade, Sigma-Aldrich) serving as support-
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1. Introduction
The large-scale conversion of the greenhouse gas CO

2
 into 

products of higher value is today considered a technologically fea-
sible approach to mitigate the increase of CO

2
 in our atmosphere 

which has already reached levels of about 410 ppm.[1] 

Fig. 1. Scheme demonstrating the basic principle of the template- and additive-assisted metal foam deposition (adopted from ref. [7] with permis-
sion from the ACS).
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also the formation and growth of the gaseous H
2
-template at the 

emerging foam. In addition to the primary macro-porosity origi-
nated by the gaseous H

2
-template, the scaffold of the 3D foam it-

self is porous, too. The macro-pore sidewalls in Fig. 2 (panel a and 
b) are composed of randomly distributed needle-like Ag particles 
of about 400 nm length and diameters below 50 nm. The compari-
son with the additive-free foaming process[7] demonstrates a clear 
involvement of the citrate additive in this action which causes 
such highly anisotropic Ag growth on the nm length scale.

2.2 Testing of the CO2RR Performance
The product distribution of the CO

2
RR carried out over the 

Ag foam electrocatalyst is summarized in Fig. 3 (panel a and b). 
1 h CO

2
RR screening experiments were carried out in classical 

half-cell measurements in the potential range from –0.3 V to –1.6 
V vs RHE. CO is the main CO

2
RR product in the initial potential 

range starting from –0.3 V and extending to –1.2 V vs RHE. CO 
formation on the novel Ag foam catalyst sets in at comparably low 
over-potentials which are ~300 mV less negative as compared to 
the CO

2
RR onset on the polycrystalline Ag foil reference (panel 

c). The anodically shifted CO
2
RR onset over the Ag foam is point-

ing to an improved catalytic activity and comparable or even su-
perior to the best Ag-based CO forming catalysts reported so far 
in literature for aqueous environments.[9]

The CO partial current increases from j
CO

 = –0.02 mA cm–2 to 
j
CO

 = –14.72 mA cm–2 when going from –0.3 V to –1.2 V vs RHE 
(panel a). The partial current densities on the Ag foam are about 
one order of magnitude higher than the Ag foil reference system.[7] 
This can be rationalized by a convolution of surface area effects 
and an increased electrocatalytic activity. The FE

CO
 values thereby 

never fall below 90%. This extended plateau region in the FE
CO

 vs 
E plot of about ~900 mV is insofar remarkable for aqueous reac-
tion environments as polycrystalline Ag electrocatalysts typically 
show a peak-like behavior in their FE

CO
 vs E plot regarding the CO 

formation (panel c). The extended ~900 mV wide plateau in the 
FE

CO
 vs E plot (panel b) can be regarded as a clear experimental 

hint for a *CO binding strength that is considerably increased 
with respect to the polycrystalline Ag foil reference (panel c). 
CO adsorption is favoured over the competitive H adsorption in 
particular at those lower overpotentials. The strongly bound *CO 
thereby serves as an effective suppressor with regard to the HER. 

An increased *CO binding strength presumably goes along 
with an increase in the *CO surface coverage and an extended 
residence time on the catalyst surface. Both effects are essential 
for the second characteristic potential regime in the FE

CO
 vs E plot 

(panel b) that starts at E < –1.1 V vs RHE and involves a drastic 
drop-down of the FE

CO
 down to 11% at –1.6 V vs RHE accom-

panied by the simultaneous raise of the FE
H2

 values up to 64%. 
Such drastic decrease of the FE

CO
 is typically associated with the 

ing electrolyte, 0.02 M Ag
2
SO

4
 (Sigma Aldrich, purity ≥ 99.5%), 

and 0.1 M Na
3
C

6
H

5
O

7
. 2 H

2
O (tri-sodium citrate di-hydrate, ACS 

grade > 99.7%, Merck).[7]

Key to the metal foaming process is the hydrogen evolution 
reaction (HER) which is superimposed on the primary metal 
deposition when applying extraordinarily high current densities 
in the order of several amperes per square centimetre geometric 
surface area.[6] Under these harsh experimental conditions hydro-
gen gas bubbles evolve on the electrode and serve as transient 
geometric templates for the metal foaming process.[8] Sources of 
the hydrogen evolution reaction (HER) are proton reduction from 
the acidified aqueous solutions and reductive water splitting. The 
latter process is inevitably initiated at these high current densities 
of –3 Acm–2 as both the metal deposition and the proton reduc-
tion are already mass transport limited under these harsh experi-
mental conditions. Further, both partial HERs lead to substantial 
changes of the local pH at electrode surface as consequence of 
the massive H+ consumption and OH– production.[7] The local pH 
turns therefore from strongly acidic to neutral or even alkaline, 
thus resulting in a pronounced interfacial pH gradient along the 
surface normal (Fig. 1). Given the pH of 0.49 in the ‘bulk’ of the 
Ag plating bath and considering the comparably low acidity of 
the tribasic citric acid, one can assume that the dissolved citrate 
anions are nearly quantitatively transformed into citric acid in the 
bulk solution.[7] As indicated in Fig. 1, the massive HER creates 
a reactive boundary layer in which several reactions takes place 
prior to the actual Ag electrodeposition. Due to the pH-dependent 
deprotonation of the citric acid, an extra gradient of the citrate 
concentration appears along with the pH gradient (Fig. 1). In this 
scenario it is the HER which ultimately activates the additive ac-
tion of the citric acid/citrate at the location where it is actually 
desired. Furthermore, Ag+ ions undergo a complexation reaction 
with the chelating citrate ligands prior to their deposition on the 
substrate. Given the high current density of J = –3A cm–2 and the 
relatively low Ag+ concentration of 40 mM in the bulk electrolyte, 
the Ag deposition becomes readily mass transport limited with an 
Ag+ concentration that drops down to zero at the electrode surface. 
As a consequence, an Ag+ ion gradient appears under such harsh 
conditions as further constituent part of such reactive boundary 
layer (Fig. 1). 

Fig. 2 depicts the morphological characteristics of the Ag foam 
yielded after 20 s of deposition. Compared to the corresponding 
additive-free deposition process,[7] this Ag foam shows a uniform 
appearance even on the larger length scale with an open-cell archi-
tecture of interconnected macro-pores (panel a and b). However, 
these macro-pores are significantly smaller than in the case of the 
citrate-free metal-plating process.[7] This observation can be seen 
as a clear hint for a citrate-mediated additive action at the interface 
which affects not only nucleation and growth of the Ag itself, but 

Fig. 2. Morphology of the Ag foam 
catalyst a) Primary macro-porosity 
of the foam; b) Individual macro-
pore; c) Secondary side-wall po-
rosity; d) Anisotropic Ag particles 
(adopted from ref. [7] with permis-
sion from the ACS). 
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in a sufficiently high surface concentration and mean residence 
time of *CO as discussed for Cu.[11] Previous XPS inspection of 
the Ag foam catalyst prior and after ec-CO

2
RR could exclude any 

trace contaminations of Cu as origin of the observed anomalous 
hydrocarbon activity of the Ag foam.[7]

Fig. 4 summarizes possible mechanistic pathways of the CO
2
 

conversion on the improved Ag foam catalyst.[7] The experimen-
tally observed hydrocarbon formation clearly indicates that the 
novel Ag foam shares, at least in parts, essential electrocatalytic 
properties with Cu-based catalysts.

Not only are the general electrocatalytic activity and product 
selectivity important for the overall performance evaluation of 
the catalyst but also its stability under reactive conditions. Fig. 
5 demonstrates a notable stability of the Ag foam catalyst dur-
ing CO production at –0.8 V vs RHE. Gaseous products were 
analyzed in intervals of 30 min. for an electrolysis time of 72 h. 
Only a minor catalyst deactivation can be deduced from the FE

CO
 

values, which fall from initial 98% to final 90% during the 72h 
electrolysis, whereas the anti-correlated FE

H2
 values rise from 

2% to 10%.

onset of the CO
2
 transport limitation in the course of the CO

2
RR 

at higher reaction rates. A unique feature of the novel Ag foam 
catalysts, never reported before for any other Ag-based CO

2
RR 

catalyst, concerns the appearance of CH
4
 as reaction product. CH

4
 

formation sets in at E < –1.1 V vs RHE and reaches a maximum 
in its Faradaic efficiency of remarkable FE

CH4
 = 51% at –1.5 V vs 

RHE before it decreases again. 
Such high C1 hydrocarbon production rates and efficiencies 

were reported so far only for Cu-based electrocatalysts[10] whereas 
Ag was considered as a predominantly CO forming catalyst due 
to its weak interaction with the formed *CO, which therefore is 
readily released from the Ag catalyst surface.[11]

Further support for these unique characteristics comes from 
the intriguing observation that the novel Ag foam catalyst is also 
capable of C–C coupling reactions (panel a and b). C

2
H

4 
is formed 

in the same potential window between –1.1 V and –1.6 V vs RHE 
with a maximum of FE

C2H4
 = 8.6% at –1.5 V vs RHE. The total 

hydrocarbon efficiency therefore amounts to 59.6% at –1.5 V vs 
RHE. Also note that such C–C coupling requires the stabilization 
of the *CO intermediates at the catalyst surface, thus resulting 

Fig. 3. a) Potential (E) dependent product distribution of the CO2RR displayed as partial current densities normalized to the geometric surface area  
(1 h potentiostatic CO2RR carried out at each potential applied using a freshly prepared Ag foam catalyst); b) Corresponding plot of the Faradaic effi-
ciencies (FEs) as function of the applied electrolysis potential (E); c) Potential (E) dependent product distribution of the CO2RR on an Ag foil electrode 
displayed as Faradaic efficiencies (FEs) (adopted from ref. [7] with permission from the ACS). 

Fig. 4. Scheme demonstrating the mechanistic pathways of CO (panel a) and hydrocarbon formation (panel b) on the novel Ag foam catalyst (repro-
duced from ref. [7] with permission from the ACS).
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2.3 Preparation and Characterization of Ir-based OER 
Catalyst

The development of OER catalysts for electrolysis requires 
the use of reliable and flexible methods for both catalyst synthesis 
and optimization as well as activity and stability testing.[12] Fig. 6 
depicts the novel Co4Cat technology for the preparation of unsup-
ported and supported precious metal catalysts used in our research 
group for preparing Ir-based OER catalysts.[13] The technology 
was developed in the Arenz group in collaboration with the group 
of S. Kunz at University of Bremen. In the first step of the synthe-
sis, colloidal Ir nanoparticles (NPs) are prepared by heat treatment 
in alkaline low-boiling point solvents, e.g. methanol (MeOH) or 
ethanol (EtOH) without the addition of any surfactants. 

The standard synthesis protocol consists of mixing 6 mL of a 
20 mM solution of IrCl

3
 (Sigma Aldrich, > 99.8 %) in methanol 

(HPLC grade, Sigma Aldrich) with 21 mL of a 57 mM solution of 
NaOH (Suprapur®, Merck) in methanol to form a reaction mixture 
with 4.4 mM of IrCl

3
 and 44.0 mM of NaOH. Heating the mix-

ture in a 100 mL round bottom flask connected to a water-cooled 
condenser in a microwave reactor (CEM, Discover SP) for 30 
min at power of 100 W leads to the formation of colloidal Ir NPs 
as indicated by a colour change from ‘greenish’ to dark brown. 
The colloidal NPs are extremely stable towards particle agglom-
eration and can be stored for several months without observing 
particle sedimentation or agglomeration. As compared to conven-
tional colloidal synthesis approaches using either high boiling 
point solvents such as ethylene glycol (EG, polyol method)[14] 
and/or adding surfactants such as polyvinylpyrrolidone (PVP) to 
the solvent,[15] neither particle precipitation to remove the solvent, 
nor treatments to remove the surfactant, (e.g. ozone treatment or 
photonic curing[16]) are required. Instead the colloidal Ir NPs can 
be applied as OER catalyst by spray coating them directly onto an 
electrode followed by an activation procedure to form IrO

2
. Fig. 

7 summarizes the results from such a physical and electrochemi-
cal characterization. Characterization of the as-prepared Ir NPs 
by high-resolution transmission electron microscopy (HRTEM; 
JEOL 3000F operated at 300 kV equipped with a field‐emission 
gun) demonstrates that the particles are highly dispersed and 
exhibit a particle size of around 1.6 ±0.3 nm. Electrodes were 
prepared by pipetting different amounts of Ir NPs onto a glassy 
carbon (GC) electrode of a rotating disk electrode (RDE). The 
electrochemical measurements were carried out as reported in 
a previous work[13a] using a tilted RDE to avoid the trapping of 
oxygen bubbles. The electrolyte was 0.1 M HClO

4
 and the effec-

tive solution resistance was adjusted to ca. 3 Ω by an analogue 
feedback scheme[17] of the potentiostat (NordicElectrochemistry 
ECi-200). Before the activation of the Ir NPs their electrochemi-
cally active surface area (ECSA) was determined via CO strip-
ping, i.e. holding the electrode potential at 0.15 V

RHE
 in a CO-

saturated electrolyte, subsequent CO removal by purging with Ar, 
and oxidation of the adsorbed CO monolayer to CO

2
 by scanning 

the potential from 0.15 V
RHE

 to 1.4 V
RHE

 at 20 mVs–1. It was found 
that this surface area determination widely used for Pt-based fuel 
cell catalysts[14c] is also reliable for determining the ECSA of Ir 
NPs as long as the Ir can be fully reduced to its metallic state. 
Although the Ir NPs contain (surface) oxide after preparation with 
the Co4Cat technology, they can be fully reduced electrochemi-
cally. By comparison, electrochemical activation leads to an ir-
reversible IrO

2
 phase, which is active for the OER, but does not 

adsorb CO. Furthermore, it is important to separate the activation 
procedure from the determination of the OER activity. Otherwise, 
the OER activity is overestimated due to an overlap of Ir oxida-
tion currents and the catalytic oxygen evolution (OER) currents. 
Therefore, the Ir activation was performed prior to the OER mea-
surements in a potentiostatic mode by holding the electrode po-
tential for 300 s at 1.6 V

RHE
. Thereafter the OER performance was 

evaluated by switching the electrode potential back to 1.20 V
RHE

 
and recording an anodic scan to 1.55 V

RHE
 at 10 mV s–1 rotating 

the electrode at 3600 rpm. Defining the current density recorded 
at 1.5 V

RHE
 as the OER activity of the activated Ir NPs, the spe-

cific activity (SA) is independent of the particle density reaching 
values of around 125 µA cm–2

Ir
, whereas the mass activity (MA) 

scales with the ECSA achieving a maximum of about 200 A g–1
Ir
 

(Fig. 8), which is substantially higher than reported values for 
IrO

2
-based catalysts.[18] In addition, benchmarking a commercial 

Ir black sample (not shown) in the same way, lead to a MA of 
only 50 A g–1

Ir
. 

Interestingly, the ECSA and thus the MA exhibits a “volcano-
shape” behaviour when plotted as function of particle density on 
the GC electrode. The decrease towards high density is clearly re-
lated to particle agglomeration and the formation of a 3D catalyst 
layer (also particle agglomeration towards low particle densities 
is suspected due to the drying process, but this is not proven). The 
decrease in MA due to agglomeration points towards the main 
limitation of state-of-the-art Ir-based OER catalysts, i.e. their low 

Fig. 5. Long-term stability of the Ag foam catalyst at –0.8 V vs RHE.

Fig. 6. Scheme illustrating the Co4Cat technology applied for the prepa-
ration of Ir-based OER catalysts.
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as described above). This is surprising and currently it is not cer-
tain if the observed differences are a consequence of a 3D vs. 2D 
catalyst layer. A strong metal support interaction, however, seems 
unlikely as the support types are quite different. 

But not only the SA is improved in comparison to the 2D 
films, also the MA. Furthermore, the MA of the Ir NPs immobi-
lized on carbon is significantly higher than on the other supports 
(ca. 330 vs ca. 220 A g–1

Ir
). Determination of the ECSAs of the 

different samples (not shown) reveals that this is directly related 
to the higher ECSA. As all Ir NPs came from the same batch, the 
observed differences must be related to either a loss of particles 
in the immobilization process, different particle agglomeration on 
the supports, or a limited conductivity. More investigations area 
required to distinguish between the two explanations. In any case, 
the results clearly demonstrate that the highly dispersed Ir NPs 
prepared by the Co4Cat technology can significantly improve 
the utilization of the precious Ir metal by immobilization onto a 
proper support material.

3. Conclusions
Herein we discuss recent activities at the Department of 

Chemistry and Biochemistry at University of Bern concerning 
the electrochemical water/CO

2
 co-electrolysis.

In the first part, we have demonstrated that an additive-assisted 
metal foam deposition can be considered as a valuable alternative 
approach to classical colloid chemistry to produce highly selec-
tive electro-catalysts for the reductive conversion of CO

2
 into CO. 

The obtained Ag foams show a superior activity and selectivity 
towards CO production at particularly low and moderate over-
potentials. Not only is the onset potential for CO formation of 
~ –0.3 V vs RHE considerably lower but also the resulting CO 
efficiencies never fall below 90% within an extraordinarily broad 
potential window of ~900 mV ranging from –0.3 V to –1.2 V 
vs RHE. Most intriguing is the capability of the novel Ag foam 
catalyst to produce hydrocarbons in significant amounts, reach-
ing CH

4
 and C

2H4
 efficiencies of FE

CH4
 = 51% and FE

C2H4
 = 8.6%, 

respectively, at –1.5 V vs RHE. This remarkable Cu-like behavior 
has been rationalized in terms of the *CO binding energy which 
is significantly increased on the novel Ag foam with respect to 
polycrystalline Ag foil references. 

A key structural feature of the novel Ag foam catalyst is the 
particular meso-porosity with pore sidewalls that are composed 
of highly anisotropic, needle-shaped Ag features having dimen-
sions in the nanometer (nm) range. This particular morphology is 

Ir utilization.[13a] In the field of fuel cell catalysts for the oxygen 
reduction reaction (ORR) the utilization of Pt could be signifi-
cantly improved when going from Pt black to carbon-supported 
Pt catalysts.[19] At the same time, however, carbon corrosion be-
comes a challenge.[20] For OER catalysts, identifying suitable 
support materials is even more difficult due to the high electrode 
potentials required. 

One of the advantages of the Co4Cat technology is that the 
colloidal NPs can also be immobilized onto various support types 
in a second preparation step (Fig. 6). For this, a suitable support 
material is mixed in an appropriate low boiling point solvent and 
combined under stirring with the colloidal Ir NPs. The NPs are 
immobilized on the support by completely removing the solvents 
in a rotary evaporator under mild vacuum (10 mbar). The Co4Cat 
technology has also been proven flexible for varying NP composi-
tion, however, for OER these parameters have not yet been fully 
exploited.

Fig. 8 summarizes a comparison of the SA and MA of the Ir 
NPs when immobilized onto different supports powders, i.e. anti-
mony-doped tin oxide (ATO), TiO

2
, titanium oxycarbide (TiOC) 

and Vulcan XC72R (carbon black). The nominal Ir metal loading 
on the respective supports was adjusted to 50 wt.%. Interestingly, 
the observed specific OER activity was independent of the sup-
port type, however, higher than the one observed for the unsup-
ported Ir NPs; i.e. ca. 175 vs. ca. 125 μA cm-2

Ir
 (the activation 

and activity determination were performed in the same manner 

Fig. 7. Particle size distribution histogram of the as-prepared colloidal Ir 
NPs determined from TEM micrographs. The insert displays a HRTEM 
micrograph of the Ir NPs; b) specific activity (SA) and mass activity (MA) 
of activated IrO2 NPs as a function of their loading on a glassy carbon 
electrode. All experiments were performed at room temperature. MA and 
SA were determined at 1.5 VRHE during a positive going potential scan of 
10 mV s–1. 

Fig. 8. Specific activity (SA) and mass activity (MA) of supported 50 
wt.% Ir-based catalysts. Colloidal Ir NPs have been supported on 
antimony-doped tin oxide (ATO), TiO2, titanium oxycarbide (TiOC) and 
Vulcan XC72R (carbon). The Ir loading on the RDE tip was 10 µgIr cm–2

geo 
for all samples. All experiments were performed at room temperature. 
MA and SA were determined at 1.5 VRHE during a positive going potential 
scan of 10 mV s–1.
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obtained only by means of the citrate plating additive controlling 
the Ag growth on the nm-scale. This work also demonstrates that 
the tailored design of ec-CO

2
RR catalysts can transform a pre-

dominantly CO producing catalyst, e.g. Ag, into a Cu-like catalyst 
being capable of producing hydrocarbons.

In the second part, the activities concerning the other half-cell 
reaction, the OER, are summarized. It is demonstrated that the 
developed Co4Cat technology allows the preparation and easy 
handling of highly active OER catalysts, both in unsupported and 
supported catalysts. The as-prepared Ir NPs can be analysed with 
respect to their ECSA, SA and MA. This allows a distinction be-
tween different mechanisms of activity optimization. It is shown 
that a simple physical optimization of the dispersion leads to sig-
nificantly more active OER catalysts with respect to the amount 
of Ir used (MA). The main challenge is to identify proper support 
materials that are both highly conducting and stable. While on car-
bon black the highest utilization and MA is achieved, it is expect-
ed that such an OER catalyst will not be stable under continuous 
electrolysis conditions. Nevertheless, a complete coverage of the 
support with Ir NPs, as achieved for Pt-based fuel cell catalysts,[21] 

might shift the electrochemical properties towards IrO
2
 black and 

thus alleviate support corrosion.  
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