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ABSTRACT: Applying an external potential difference between
two electrodes leads to a voltage drop in an ion conducting
electrolyte. This drop is particularly large in poorly conducting
electrolytes and for high currents. Measuring the electrolyte
potential is relevant in electrochemistry, e.g., bipolar electro-
chemistry, ohmic microscopy, or contact glow discharge
electrolysis. Here, we study the course of the electrolyte potential
during high voltage electrolysis in an electrolysis cell using two
reversible hydrogen electrodes as reference electrodes, placed at
different positions in the electrolyte. The electrolysis is performed
with a Pt working and stainless steel counter electrode in a KOH
solution. A computational COMSOL model is devised which
supports the experimentally obtained potential distribution. The
influence of the cell geometry on the electrolyte potentials is evaluated. Applying the knowledge of the potential distribution to the
formation of a Au oxide surface structure produced during high voltage electrolysis, we find that the amount of oxide formed is
related to the current rather than the applied voltage.

■ INTRODUCTION
Applying a voltage between two electrodes in an ion
conducting electrolyte inevitably leads to a voltage drop
between these electrodes. This drop consists of an ohmic drop
in the electrolyte which is reciprocally proportional to the
electrolyte conductivity. In addition, interfacial voltage drops at
the electrode surfaces have to be taken into account. While
absolute potentials are not accessible, potential differences
between electrodes, as well as between different positions in
the electrolyte, can be measured, e.g., by means of reference
electrodes.1−3 Additionally, theoretical simulations can provide
insights on the distribution of the electric (electrostatic)
potential in the electrolyte.4−6

Understanding voltage drops plays an important role in
numerous research areas. In classical electrochemical experi-
ments with a three electrode configuration,7,8 ohmic voltage
drops are undesired and need to be compensated for.9 In
bipolar electrochemistry, the voltage drops in a solution can be
used to drive reactions on both ends of a conducting electrode
placed without electrical connection inside the electrolyte
between two driving electrodes.4,10−13 In ohmic microscopy,
two micro reference electrodes probe the voltage drop close to
an electrode surface, from which local electrode processes and
structures can be inferred.1,14,15

There exist several works discussing the cause, consequen-
ces, and usability of the voltage drop in the aforementioned
examples. This is different for high voltage electrolysis, where
high voltages are applied at gas evolving electrodes in the range

of a few to several hundred volts.16 Among other effects, at
these voltages, bubble formation becomes significant, which
reduces the electrolyte volume around the electrode and hence
increases the resistance in that region.17,18 At very high
voltages, even a gas sheath can surround the electrode, in
which a plasma can be ignited. This phenomenon is denoted as
contact glow discharge electrolysis (CGDE).16,19−21 Specifi-
cally, under these conditions, experimental studies addressing
the evolution of the voltage drop around the electrodes and in
the electrolyte are scarce. First attempts to consider voltage
drops during CGDE were made by Kellogg in 1950, who
estimated the voltage drop across the plasma layer by
comparing the voltage applied between the driving electrodes
to the voltage applied to the electrodes for which the same
current is obtained in the nonplasma voltage region.19 Much
later, Slovetskii and Terent'ev measured the potential
distribution inside the plasma layer using a movable potential
probe.22 Both studies omit considerations regarding the
electrode geometry as well as the electrolyte potential
distribution, which were shown to play a major role in other
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research areas mentioned above.23−26 In contrast, the potential
distribution in an electrolyte (with a given conductivity) close
to the electrode under nonplasma conditions (independent of
the electrode material) was addressed by Hickling and Ingram
in 1963.20 The authors estimated the voltage drop around a
wire electrode based on idealized geometric considerations
reported by Kasper27 to calculate the Joule heating power.
Overall, a better understanding of the voltage drop is desirable
in high voltage electrolysis, especially in the voltage range
where CGDE is observed, in order to understand the
underlying physicochemical properties and processes.
The aim of this work is to disentangle voltage drops caused

by different effects across the electrolyte during “normal” high
voltage electrolysis, i.e., before the onset of CGDE. The
electrolysis experiments were performed in 0.01 M KOH using
reversible hydrogen reference electrodes (RHEs)28 to probe
the potential distribution in the electrolyte as well as the
potentials of the stainless steel counter electrode and the
significantly smaller Pt wire anode. All electrolysis experiments
in this work were performed in a rectangular glass cell. This
setup allows for a flexible and reproducible positioning of the
electrodes. Furthermore, the defined geometry of the cell
allows for a simple comparison of the measured electric field
between the driving electrodes with a computational
COMSOL model. Using the knowledge from this comple-
mentary experimental and theoretical approach, we will show
how electrode materials can be selectively modified. Since Pt
does not restructure during high voltage electrolysis, we use Au
electrodes instead, which were shown to exhibit a voltage
dependent Au oxide formation.29,30 From our experiments, we
will demonstrate that the current density is a better descriptor
for the amount of Au oxide formed than the applied voltage.

■ EXPERIMENTAL SECTION
Materials. The Pt and Au wire electrodes (purity at least

99.99%) were purchased from MaTecK and have a diameter of
0.5 mm. Clean and smooth surfaces were obtained by regular
annealing of the wires in a propane flame (MTI) for 3 min.
The 0.01M KOH electrolyte solution was prepared from
KOH pellets (99.99%, Sigma-Aldrich) and Milli-Q water (18.2
MΩ cm, TOC ≤ 3 ppb). 3D-printed materials were made from
chemically resistant PVDF purchased from 3Dogg.
Electrolysis. All electrolysis experiments were performed in

the rectangular glass cell shown in Figure 1a). The cell has a
length of 20 cm and a width of 5 cm and was filled with 200
mL of an electrolyte solution resulting in an electrolyte height
of 2 cm. A 3D-printed lid is placed on top of the cell, which has
grooves on either side, allowing for positioning of the 3D-
printed electrode holders and hence the electrodes in the
electrolyte. A top view of the lid is shown in Figure 1b). The
working electrode (WE) wire was immersed such that it
touched the bottom of the cell (length: 2 cm, surface area:
0.314 cm2). For most experiments, Pt was used as WE material
due to its stability during anodic high voltage electrolysis.29 A
counter electrode made of stainless steel (2 × 0.4 × 2 cm) was
also immersed such that it touched the bottom of the cell,
resulting in an electrolyte contact area of 9.6 cm2. Reversible
hydrogen electrodes (RHEs) were used to measure the local
electrolyte potentials. One RHE (REF1) was placed at a fixed
position and served as a reference potential for all measure-
ments. Another RHE (REF2) was placed at different positions
within the electrolyte. At distances closer than 2 cm to either
driving electrode, the REF2 had to be positioned in a tilted

configuration which lowered the positional accuracy. The
differences between the potential of REF1 and the potentials at
the WE, the CE, and the REF2 were acquired with a National
Instruments USB-6009 multifunction DAQ device and an in-
house programmed Python software.

To measure high voltages, a voltage divider was placed
between the electrodes and the DAQ device, described in more
detail in the Supporting Information (Section S1). A constant
voltage or a constant current was applied between the WE and
the CE using a TDK-Lambda GEN600-1.3 power supply.
Electrochemical Measurements. The electrochemical

characterization follows a procedure similar to the one
reported in ref 29. Subsequent to the formation of Au oxide
on a Au anode during electrolysis as described above, the
sample was transferred to another cell to determine the
amount of formed Au oxide, which requires clean and defined
starting conditions. The cell was a round glass cell (diameter 6
cm) containing 60 mL of 0.01 M KOH. For these kinds of
measurements, the shape of the cell does not play a crucial
role. Prior to and during each measurement, the electrolyte was
deaerated with N2 to minimize the amount of residual O2. To
determine the amount of Au oxide formed during electrolysis,
the Au WE wire was immersed 2 cm in the electrolyte so that
the entire oxide but no bare Au was immersed. A Pt sheet (10
× 7.5 mm) served as a CE, and an RHE served as a reference
electrode. The potential was controlled with an FHI ELAB
potentiostat. Starting from 1.1 VRHE, the WE potential was
decreased with a scan rate of 50 mV s−1 and held at 0.2 VRHE.
During this procedure, first, a large negative (reduction)
current was recorded, which decreases with time. When the
reduction current was negligible, the surface reduction was
thought to be complete. Integrating the total reduction current
yields the total charge for reducing the Au oxide, which formed
during the electrolysis on the Au electrode. Further potential
cycles were recorded between 0.2 and 1.7 VRHE to ensure
complete reduction of the oxide.

Figure 1. Rectangular electrolysis cell designed for the present work.
a) Side view of the cell including the WE, CE, REF1, and REF2. b)
Schematic illustration of the electrode holders and their arrangement
for the measurement of electrolyte potentials in the first part of this
study. The numbers at each electrode position correspond to the
distance to the WE center. A voltage of 100 V is applied between the
WE (blue) and the CE (green). The potentials at WE, CE, and the
reference electrode REF2 (yellow) are measured vs another reference
electrode REF1 (gray).
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Computational Model. For comparison with the
experimentally determined potential distribution in the cell, a
computational model was devised with COMSOL Multi-
physics 5.6,31 using the “Electric Currents” interface within the
“AC/DC” module. A 2D model reflecting the top view of the
cell was designed to accurately reflect its geometry and the
electrode positions. Since both the WE and the CE touch the
bottom of the cell, horizontal cross sections are identical along
the vertical axis; thus, a 2D model is a reasonable
approximation of the experimental configuration. The WE
and CE materials were set to Pt and steel, respectively. Water
was used as an electrolyte, the conductivity of which was set to
2.17 mS cm−1, reflecting the conductivity of a 0.01 M KOH
solution at room temperature32 (see below and SI Section S2).
Models with different parameters were used in this work,
which is indicated and discussed in the following section.

■ RESULTS AND DISCUSSION
In the first step, we show the experimentally determined
potential distribution in the cell as well as the potentials of the
electrolysis electrodes during high voltage electrolysis. For
demonstration purposes, 100 V were applied between the Pt
wire WE and the CE, separated by 8 cm (see Figure 1), in 0.01
M KOH at room temperature for 5 s. All potentials were
measured vs an RHE (REF1) and are shown by the colored
markers in Figure 2. The electrolyte potentials were measured

using a second RHE (REF2), which was placed at different
positions inside the electrolyte, relative to REF1, and are
shown in orange. Due to experimental limitations, all positions
closer than 2 cm to either electrode have a lower positional
accuracy (see the Experimental Section). The potential at the
WE (vs REF1) is shown in blue, and that of the CE (vs REF1)
is shown in green. Figure 2a) shows the overall potential
distribution in the cell. The potential distribution in the
electrolyte can be divided into three different regions, shown

with higher magnification in Figure 2b) to d). These regions
illustrate the potential regions in the electrolyte close to the
WE, the bulk electrolyte, and the electrolyte close to the CE. It
is apparent that in the electrolyte close to the WE and the CE,
the slope of the potential increases the closer REF2 is placed to
the respective electrode, while in the electrolyte between the
WE and the CE, a more or less linear drop is observed,
denoted as the “bulk electrolyte” region.

Focusing on the potential in the bulk electrolyte in Figure
2c), a linear drop of the REF2 potential E with distance x is
observed with a slope of E

x
= 8.23 V cm−1. A linear change is

expected when the resistance R in the electrolyte is constant.
The electrolyte conductivity can be calculated using the
average current of I = 0.169 A, the cross-sectional area of the
electrolyte in the cell (A = 10 cm2), and the potential drop:

E U RI xI
A

= = =
(1)

I
A E x( / )

=
(2)

From eq 2, the experimentally determined electrolyte
conductivity is σexp = 2.05 mS cm−1. This value is similar to
that obtained with an empirical formula derived by Gilliam et
al. to calculate the conductivity of KOH solutions with
different concentrations and temperatures yielding σcalc = 2.39
mS cm−1 (0.01 M KOH and 23.5 °C). Note that the difference
between our value and that from the Gilliam equation might be
caused by the simplified empirical equation, as discussed in the
SI in Section S2.

In the electrolyte region close to the WE in Figure 2b), the
electrostatic potential increases more steeply the closer the
RHE is placed to the WE. The potential distribution around a
symmetrical wire electrode can be calculated using the
logarithmic eq 320,27 where L is the length of the electrode,
and φ1 and φ2 are the potentials at the electrode radius r1 and
at a radius r2 inside the electrolyte, respectively.

I
L

r
r2

ln1 2
2

1
=

(3)

The expected evolution of the potential distribution from eq
3 strongly disagrees with our experimental results, which is
illustrated and described in the SI (Section S3). The difference
is larger at greater distances from the WE. Since the equation
was derived for an idealized geometry, we conclude that this
simplification is only valid at very small distances and that the
cell geometry influences the potential distribution already close
to the electrode (< 5 mm).

Similar to the evolution of the potential at the WE, an
increasing slope is observed at the CE in Figure 2d), where the
potential gets more negative at smaller distances to the CE.
The voltage drop is, however, smaller at the CE. This can be
explained by the fact that the CE is much larger than the WE,
and thus the electrolyte cross-section is larger which in turn
results in an overall lower resistance (according to eq 2).

To gain a better understanding of the influence of the cell
geometry, a computational COMSOL Multiphysics31 based
model has been devised (see the Experimental Section). The
model only considers the electrolyte conduction based on
Ohm’s law. Aspects such as bubble formation, electrochemical
reactions at the electrodes, and changes to local temperature or
electrolyte concentration are not considered explicitly.

Figure 2. Experimentally obtained potentials inside the electrolyte
(orange), at the WE (blue) and the CE (green) as well as the
potential distribution obtained from the computational COMSOL
model (black, see text for details). All potentials are given vs an RHE
at −4 cm (REF1) from the WE. Top row: Overview showing the
electrolyte potential in all regions as well as the potentials at the WE
and the CE. Bottom row: Magnification of the regions b) close to the
WE, c) bulk electrolyte, and d) close to the CE. All potentials were
acquired during electrolysis at 100 V between the WE and the CE for
5 s in 0.01 M KOH at room temperature with a Pt wire electrode used
as an anode.
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However, it is possible to implicitly treat these processes as we
will show below. The temperature effect can be considered to
be negligible for our further experimental and theoretical
description as the electrolyte temperature increased by at most
0.3 °C during electrolysis (at 100 V for 5 s). A detailed
description of the final model is included in the SI in Section
S5.
In the first modeling approach, the experimentally measured

potentials at the WE and the CE (blue and green points in
Figure 2, respectively) were used as electrode potentials. The
resulting modeled potential distribution illustrated by the
dotted curve in Figure 3 shows qualitatively a good agreement

with the experimental results. Nevertheless, small discrepancies
remain, which might be caused by bubbles in the electrolyte
and the reactions at the electrode.17,33,34

In general, the total cell voltage Utot can be expressed as the
sum of all voltage drops in the cell according to eq 4. First, we
consider that there are voltage drops resulting from the
electrolyte resistance close to the WE, Rel,WE, close to the CE,
Rel,CE, and in the bulk electrolyte, Rel,bulk. The sum of these
resistances gives the total electrolyte resistance Rel. Addition-
ally, we expect that there are voltage drops at the
electrode | electrolyte interfaces, denoted as Uif,WE and Uif,CE.

U U U U U U

R R R I U U

R I U U

( )

tot el,WE el,bulk el,CE if,WE if,CE

el,WE el,bulk el,CE if,WE if,CE

el if,WE if,CE

= + + + +

= + + · + +

= · + +
(4)

To determine the interfacial voltage drops, we recorded
polarization curves which are shown in Figure 4a) and the low
current−voltage region with higher magnification in Figure
4b). These curves were obtained by applying different constant
currents for 5 s between the working electrode and the counter
electrode. The total voltage between the WE and the CE, as
well as the potentials at the WE and the CE vs RHE1, were
measured.
These curves can be rationalized by considering how the

total voltage can be divided into the voltage drops at the
electrodes and in the electrolyte in eq 4. By measuring the
potentials at the WE and the CE, we can separate these
contributions further. The WE potential vs REF1 contains the

voltage drop at the WE interface and the electrolyte voltage
drop close to the WE according to eq 5.

E U U

U R I
WE if,WE el,WE

if,WE el,WE

= +

= + · (5)

Similarly, the CE potential contains the voltage drop at the
CE interface as well as in the electrolyte close to the CE.
Additionally, because the bulk electrolyte is located between
the CE and REF1, the bulk electrolyte voltage drop is included,
as shown in eq 6.

E U U U

E U R R I( )

CE if,CE el,CE el,bulk

CE if,CE el,CE el,bulk

= + +

= + + · (6)

Eqs 5 and 6 illustrate that both the WE potential and the CE
potential contain a part that is proportional to the current, i.e.,
the voltage drop in the electrolyte. This leads to a linear
increase of Utot, EWE, and |ECE| with an increasing current in
Figure 4a). The slope of EWE is Rel,WE, and that of |ECE| is the
sum of Rel,CE and Rel,bulk. Utot is proportional to the sum of all
these resistances, and thus its slope is the sum of the slopes of
|ECE| and EWE.

The voltage drops at the WE and the CE interfaces are, at
least for large currents, independent of the current. At small
currents, charge transfer resistance dominates, and the current
and the overpotential are related in an exponential way, which
is described by the Butler−Volmer equation.35−37 For this
reason, Utot, EWE, and |ECE| deviate from the linear relationship
at low currents in Figure 4b). Since all other electrolysis
experiments in this work were performed at currents larger

Figure 3. Experimentally obtained potentials at the WE (blue), the
CE (green), and inside the electrolyte (orange) as well as potential
distributions obtained from computational models (black) including
neither interface (IF) drops nor a resistance layer (dotted), including
only the IF drops (dashed), and including both IF drops and a layer
with increased resistance (solid).

Figure 4. a) Polarization curve recorded with a distance between the
WE and the CE of 8 cm in 0.01 M KOH at room temperature. The
total voltage between the WE and the CE is shown in black, the WE
potential is shown in blue, and the absolute CE potential is shown in
green. b) Magnification at low currents.
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than 0.1 A, the effect observed in the small-current region has
no impact on the further discussion of the results for this work.
The current-independent parts of eqs 5 and 6 are the WE and
the CE interface drops, respectively. Their values can be
extracted from the y-axis intersects of the linear region. Thus,
the interface voltage drop at the WE is Uif,WE = 6.0 V, and that
at the CE is Uif,CE = 1.4 V. The different magnitudes of these
voltage drops can be rationalized as follows. By applying a
positive potential at the WE, oxygen will be evolved at the WE,
and hydrogen will be evolved at the CE. The equilibrium
potential of the latter reaction is 0 VRHE (per definition). The
equilibrium potential of the OER is 1.23 VRHE

38,39 and is
included in the WE interface drop. In addition, according to
the Butler−Volmer formalism, the overpotential depends on
the material specific exchange current density and the
electrode surface area. Since the CE surface area is much
larger than that of the WE, smaller current densities and thus
lower overpotentials are needed. Including the experimentally
determined interfacial drops at the WE (6.0 V) and the CE
(1.4 V) in the COMSOL model results in a potential
distribution shown by the dashed line in Figure 3, which
matches already quite well with the experimental values.
Finally, we address the possible impact of bubbles in the

electrolyte formed in the region around the electrodes during
electrolysis on the potential curves. In principle, these bubbles
displace the electrolyte close to the electrodes and thus would
in fact lead to a smaller electrolyte cross section and hence
increase the resistance in this region. This change in
conductivity is especially important for the wire WE, since
the fraction of the electrolyte displaced by the bubbles is much
higher than at the larger CE. To treat the bubbles around the
WE implicitly in the COMSOL model, we tentatively added a
layer with lower conductivity in the region around the WE.
The thickness of the bubble region was arbitrarily chosen as
0.75 mm (measured from the electrode surface). As illustrated
in Section S4 in the SI, the thickness of the bubble layer can be
varied without affecting the potential distribution in the rest of
the cell. In other words, when the width of the bubble layer is
increased, the conductivity within that layer also has to be
increased, such that the voltage drop in the solution remains
unchanged.
To obtain a coherent model, the conductivity within this

layer had to be set to σel,b = 1.08 mS cm−1, roughly half that of
a bubble free electrolyte, resulting in a voltage drop across the
layer with increased resistance of approximately Uel,b = 17 V.
This decrease in conductivity is, however, quite large, in
comparison to the bubbles observed from visual inspection,
which do not seem to cover half of the electrode surface or
electrolyte volume close to the electrode. Further inves-

tigations are required to gain more detailed insights in the
volume occupied by bubbles in the solution. Also, other effects
can not be ruled out, and therefore, we will tentatively refer to
this region as the “layer with increased resistance” without
specifying explicitly the reason for this increase.

Including such a layer with increased resistance in the model
provides a good match with the experimental values, as shown
by the solid lines in Figure 2 and Figure 3. From the model, we
derive a current of 0.168 65 A between the WE and CE, which
is in good agreement with the average value measured
experimentally (0.169 A), demonstrating the validity of the
model.

The 2D potential distribution from the model including the
layer with increased resistance and the interface voltage drops
is shown in Figure 5. The potential is indicated by the colors
ranging from 28.8 V (red) at the WE to −63.3 V (blue) at the
CE. Additionally, the equipotential lines are shown in gray. In
the bulk electrolyte (between x = 2 and 6 cm), the
equipotential lines are almost parallel which is in agreement
with the linear voltage drop measured experimentally in this
region. Very close to the WE, the equipotential lines are almost
circular as expected for symmetrical cylinders around a wire
electrode.20,27 However, already at the outer border of the
layer with increased resistance (radius 1 mm), a slight
distortion of the circular lines is visible (see inset in Figure
5). This distortion is caused by the asymmetry of the cell,
which exemplifies that the cell geometry can have a significant
influence on the potential distribution, even close to the
electrodes. Overall, both the experiment and the model show
that the majority of the voltage drops inside the electrolyte
according to Ohm’s law, and the interface drops Uif,We and
Uif,CE contribute only to a minor degree.

The electrolyte resistance, and thus the voltage drop across
the electrolyte, depends on a variety of parameters, such as the
cell geometry or the electrolyte composition and temperature.
Hence comparison of results, such as I−U curves, obtained in
different setups is hardly possible. Thus, applying the same
voltage in different setups results in different currents flowing
between the WE and the CE. This is of particular importance
for electrodes that are modified by (high voltage) electrolysis,
and therefore, it is necessary to disentangle the effects of
current and voltage.

To illustrate this aspect more clearly, we studied the
formation of a Au oxide layer on a Au wire anode during
normal electrolysis (see ref 29) as a function of the electrolyte
resistance. Note that Au oxide formation is expected to occur
at potentials larger than 1.3 V vs RHE.40 The electrolyte
resistance has been varied by a stepwise increase in the
distance between the WE and the CE (WE−CE distance) from

Figure 5. Distribution of the electrolyte potential inferred from the COMSOL model, to simulate the solid curves in Figures 2 and 3. The potential
at each position is given by the colors ranging from the WE potential of 28.8 V (red) to the CE potential of −63.3 V (blue). Equipotential lines with
distances of 4.6 V are shown in gray. The inset shows a magnification of the area around the WE (smaller black circle) including the layer with
increased resistance (between the two black circles).
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2 to 8 cm. A constant current of 0.2 A (i.e., a current density of
0.64 A cm−2) or 0.4 A (1.3 A cm−2) has been applied for 30 s.
Figure 6a) shows the average voltages between the WE and the

CE, as well as the WE potentials for a certain WE−CE distance
and applied current. Each point represents a new measurement
with a freshly prepared electrode and electrolyte. As expected,
the total voltage increases linearly with electrode distance due
to the increase in bulk electrolyte volume in between the
electrodes. In contrast, the WE potential remains constant for a
given current (density) since the electrolyte around the WE
does not change with the electrode distance.
The amount of Au oxide formed during electrolysis can be

inferred from the charge passed during the electrochemical
reduction of the electrodes (see the Experimental Section and
ref 29). The corresponding charges are depicted in Figure 6b).
Previous XPS measurements show that primarily Au2O3 is
formed under these conditions.30 Hence, the evaluated charge
is directly proportional to the amount of Au2O3 formed during
HV electrolysis.
Applying a current of 0.4 A, roughly twice as much oxide is

formed on the Au substrate as when a current of 0.2 A is
applied. Nevertheless, for both currents, the amount of surface
oxide is independent of the WE−CE distance. The amount of
oxide formed at 0.2 and 0.4 A corresponds to around 0.65% of
the total charge. The majority of the current results from the
OER.
Overall, the fact that the WE potential and the amount of Au

oxide do not change for a certain current at different WE−CE
distances indicates that the formation of Au oxide only
depends on the applied current (or the current density at the
WE) rather than on the applied voltage. This is reasonable,
since the current density in electrochemistry is related to a

reaction rate and thus defines the processes occurring at an
electrochemical interface.

■ CONCLUSION
In this study, we presented a method to determine the
potential distribution in an aqueous electrolyte during high
voltage electrolysis using reference electrodes. For a cell with a
constant cross-sectional area, inside the electrolyte at a certain
distance from the driving electrodes, the voltage drops in a
linear fashion. In the region around the electrodes, the
potential drops more steeply and depends on the distance to
the respective electrode. Besides, the drops are larger for the
smaller WE compared to the large CE. We suggest that this
larger potential drop is caused by the reduced electrolyte cross
section by getting closer to the electrode as well as the
presence of bubbles located around the electrodes. Note,
however, that these phenomena do not yet fully explain the
drop in this region, and further investigations are required.
Overall, the potential distribution in the electrolyte strongly
depends on the cell geometry. Based on our experimental
findings, a computational COMSOL model has been devised,
yielding a potential distribution that is in good agreement with
the experimental values.

The importance of understanding the voltage drop in the
solution was illustrated for the Au oxide formation on Au
substrates by high voltage electrolysis. By keeping the current
constant, but changing the distance between the WE and the
CE (increasing the electrolyte resistance), we demonstrated
that the oxide formation mainly depends on the current
density at the WE. Thus, in order to compare structures
formed by HV electrolysis reported in the literature, we
encourage the community to report on the current densities
passed through the working electrode, which is independent of
the cell geometry and electrode positions, rather than reporting
the voltage applied between the driving electrodes, which in
turn strongly depends on the electrode positions and the cell
geometry.
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