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ABSTRACT: The process of cathodic corrosion on platinum electrodes in aqueous environments is
inevitably obscured by concurrent hydrogen evolution. Insights into the corrosion mechanism and
progression are, therefore, most straightforwardly obtained through postcorrosion characterization.
In this work, we use ex situ microscopy to evaluate the progression of etch pits on (111)- and (100)-
facets of single-crystal platinum electrodes. While the corrosion process has previously been shown to
be anisotropic, we observe that etching mainly occurs at undercoordinated step edges rather than
into the plane. Such a dependence on the local energetics of the platinum surface atoms is also
evident by a pit nucleation barrier on the (100)-facet, where nucleation occurs preferentially on dislocations in the crystal lattice. On
the (100)-facet, we also observe an etching instability that results in both rapid downward etching and material redeposition.
Through the observed nucleation-and-growth nature of the etch pits in cathodic corrosion, we envision that the etching (and
subsequent redeposition) process can be tailored through control over the surface energetics, similar to methods known from
electrodeposition.

■ INTRODUCTION
Cathodic corrosion of platinum in aqueous environments
concerns the counterintuitive dissolution of the metal
electrode at cathodic potentials.1 Studying cathodic corrosion
is challenging, however, as the process requires potentials at
which the electrochemical reduction of water occurs
simultaneously.2 This competing hydrogen evolution reaction
results in low faradaic efficiencies for the corrosion process,
such that the transient electrochemical signal holds little
information about the etching process.3,4 The recent
observation of cathodic corrosion on copper electrodes
under CO2 reduction conditions5,6 has given an impulse to
interest in the cathodic corrosion process, on copper as well as
other electrode materials.7,8 In fact, recent works have
managed to obtain information on the cathodic dissolution
in-operando,9,10 but in all cases the vigorous H2 evolution at
potentials relevant for cathodic corrosion severely complicates
the use of in situ techniques. The underlying mechanism of
atomic etching under these conditions therefore remains
elusive,11,12 even though there is recent spectroscopic evidence
for the formation of platinum hydrides under severe cathodic
corrosion conditions.13

On platinum, previous studies of cathodic corrosion have
mainly focused on the resulting electrode morphology after
corrosion. It was observed that the process is anisotropic,14

indicating that the local surface energy of the platinum atoms
determines the kinetics of the etching process to a large degree.
Specifically, our group has previously used ex situ scanning

electron microscopy (SEM) analysis to investigate the
formation of triangular versus square-shaped etch pits on
Pt(111)- and (100)-planes, respectively, in 10 M NaOH.15

Furthermore, the solvent16 as well as the concentration and
identity of irreducible electrolyte cations17−19 also influence
the structural evolution of the electrode surface. While
corrosion occurs most readily in highly alkaline electrolytes
(e.g., 10 M NaOH), the shape of etch pits observed on
platinum appears to be largely independent of the bulk
electrolyte pH. Specifically, corrosion has also been reported to
occur on Pt(111) in acidic media (pH = 1), and the resulting
pit shape (i.e., triangular pits)20 is the same as in all reports in
alkaline media. A likely explanation is that, due to the vigorous
hydrogen evolution, the local pH is very alkaline. Such local
pH effects could affect the observed corrosion process,
regardless of the bulk pH.1

The cathodic corrosion of platinum is typically regarded to
favor the formation of facets with (100) orientation based on
cyclic voltammetry (CV) of the corrosion products (i.e.,
nanoparticles)21,22 as well as the corroded electrode.14 In
contrast, another study concluded that the etching order was
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(111) >; (100) >; (110) based on qualitative evaluation of the
two-dimensional evolution of the footprint area using SEM,15

which is therefore expected to expose (110)-planes instead.
These experiments have been typically conducted at highly
negative potentials or in concentrated electrolytes (i.e., 10 M
NaOH). Such harsh conditions result in rapid corrosion,
making it difficult to carefully track the progression of
individual pits over time. Another major limitation is that
SEM does not provide data on the depth or volume of the etch
pits. This type of quantitative information is needed to further
understand cathodic corrosion on Pt electrodes.

In this work we evaluate the cathodic corrosion of single-
crystal platinum electrodes using ex situ microscopy in a
comparatively mildly corroding 1 M NaOH to investigate: (i)
pit orientation and determine anisotropic etching patterns; (ii)
compare etching into the plane versus along step edges; and
(iii) use identical-location AFM to track the nucleation and
growth of pits on the (100)-facet. Performing corrosion under
mild conditions allows us to track the nucleation-and-growth
process of individual corrosion pits. Specifically, we use atomic
force microscopy (AFM) and SEM to reveal the evolution of
the three-dimensional morphology of cathodic corrosion pits
in the (111)- and (100)-crystal facets. We observe, first, that
corrosion progresses primarily through etching of the (111)-,
and (110)-steps at the pit boundaries with only mild etching
into the plane. Second, that pits nucleate on the (111)-facet
much more readily than on the (100)-facet, as evidenced by
the pit density. Finally, we use identical location AFM to track
the pit evolution over time on the (100)-plane. We observe
that pits suffer from an etching instability (i.e., a type of self-
accelerated etching mechanism), which results in the rapid
formation of a deep hole in its center accompanied by
redeposition of Pt onto the pit wall. Continued material
redeposition results in a rounded pit opening at longer
corrosion times, with downward etching being limited to ∼200
nm. This process does not appear to be anisotropic and does
not result in a faceted side wall, as was expected based on
previous reports. Finally, we observe that the increased
nucleation barrier on the (100)-facet results in drastically
favoring pit nucleation at defects or dislocations of the
underlying crystal lattice.

Taken together, our experiments show that cathodic
corrosion pits follow a nucleation-and-growth process, with
nucleation promoted by inhomogeneities or defects in the
underlying crystal, and the growth progressing mainly through
the etching of steps rather than the terraces. On the (100)-
facet this process can also be subject to a self-accelerated
etching mechanism that does not appear to be specifically
anisotropic.

■ METHODS
Single-Crystal Electrodes. Single-crystal bead electrodes

were fabricated by melting the end of a platinum wire
(Goodfellow, 1 mm diameter, 99.998%) in a hydrogen (H2,
99.999%, Lindegas) oxygen (O2, 99.999%, Lindegas) flame,
with a coaxial argon (Ar) gas flow (99.999%, Lindegas)
protecting the flame. The molten bead is slowly crystallized by
retracting the flame with a motorized stage. The bead is cooled
under Ar flow for 5 min after completing the crystallization.
The (100) platinum single-crystal disk electrode (Figure 5)
was obtained from MaTeck.
Microscopy. AFM measurements were conducted on a

JPK NanoWizard 4 in either AC mode or QI-mode, using

OPUS 160AC-NG and OPUS 240AC-NG probes with a
nominal radius <7 nm. Relevant for the imaging of pits due to
the maximum measurable slope, these probes have half cone
angles of 0° (front), 35° (back), and <9° (sides). SEM images
were obtained using the T2 detector on an Apreo2 (Thermo
Scientific) with 0.8 nA at 15 kV acceleration voltage (Figure
5a) and 0.1 nA at 2 kV acceleration voltage (Figure 5b,c).
Measurements were executed ex situ due to the difficulty of
imaging the surface during vigorous hydrogen evolution, as
well as the incompatibility of the glass AFM holder with the
alkaline electrolyte.
Electrochemistry. Electrochemical experiments were

conducted in a homemade perfluoroalkoxy cell (PFA) resistant
to the alkaline electrolyte. The cells were cleaned by overnight
soaking in an acidified potassium permanganate solution
containing 1 g/L KMnO4, (>99%, ACS reagent, Emsure)
with 0.5 M H2SO4 (98%, ACS reagent, Sigma-Aldrich). The
cell was then immersed in dilute piranha solution (35% H2O2,
Merck and H2SO4, 98%, ACS reagent, Sigma-Aldrich) to
remove residues of manganese oxide and permanganate anions,
followed by boiling at least 3 times in ultrapure water (Milli-Q,
resistivity > 18.2 MΩ cm). Experiments were conducted using
a BioLogic VSP-300 potentiostat, with a platinum counter
electrode and a RHE reference electrode (Hydroflex,
Gaskatel). Cathodic corrosion was conducted using 30%
NaOH (10 M, Suprapur, Merck) diluted to 1 M with ultrapure
water. Prior to cathodic corrosion the electrolyte was purged
with Ar (99.999%, Lindegas), and Ar was flown over the
solution during electrochemical experiments.

To study pit formation on the (111) surface, platinum bead
electrodes were corroded potentiostatically for 1 or 3 min at
−0.65 V vs RHE (85% IR compensated, Figure S1). For the
(100) surfaces, beads were corroded galvanostatically at −500
mA (bead surface area approximately 0.1 cm2).

■ RESULTS AND DISCUSSION
Shape Evolution for Anisotropic Etching on the (111)

Facet of Pt Beads. Cathodic corrosion experiments were
conducted potentiostatically in a 1 M NaOH electrolyte, with
applied potential and duration chosen empirically to result in a
degree of corrosion that allowed for the identification of
individual etch pits. The corrosion process was done in a three-
electrode cell using a reversible hydrogen electrode (RHE) as
the reference and a platinum counter electrode. As a working
electrode, single-crystalline platinum bead electrodes were
used. These electrodes were fabricated by melting of a
platinum wire, followed by slow crystallization (experimental
details outlined in Methods section).23 Figure 1a shows a
scanning electron microscopy (SEM) image of such a bead
after fabrication. As previously reported, these Pt bead single
crystals are not perfectly spherical and contain faceted regions
of interest. The three low index planes are highlighted (100 =
blue, 110 = green, 111 = red), where the beads orient with the
(100) direction oriented nominally toward the bottom, and the
(111)-facets are readily visible. These low-index planes are
connected over the curved surface of the spherical bead
corresponding to the outline of the stereographic triangle.23

The inset of Figure 1a shows an SEM image of the (111)-plane
after cathodic corrosion, displaying the characteristic triangular
etching pattern that we have previously reported on both
(111)-facets of Pt beads and Pt(111) single crystals.14,15,20

Importantly, these triangles are oriented in the same direction
in all our experiments.
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While the triangular shape follows the symmetry of the
(111)-orientation of the face-centered-cubic crystal, we can
deduce the etching direction from the bead geometry, as
illustrated in Figure 1b. We observe that the etch pits always
point toward the (100)-termination of the bead (left side in
Figure 1b), with the walls directed toward the (110)-
termination. This orientation actually results in (100)-step
sites (blue square on the left side) being exposed on the pit
walls. Alternatively, triangles with corners pointing toward the
(110)-termination have (111)/(110)-steps exposed on the
walls (green square on the right side). Notably, we have not
observed this orientation of the triangular shaped etch pits on
the Pt bead electrodes.

This observed orientation of the triangles, with (100)-
stepped walls, is in line with the previously proposed shape
based on CV analysis,14 and indicates that the cathodic etching
rate is higher for the (111)/(110)-steps than the (100)-steps.
Specifically, through CV analysis of the electrode before and
after corrosion experiments, the (100) peaks for hydrogen
underpotential deposition were observed to build-in with
increasing corrosion time. In the current experiments on
spherical single-crystal beads the CVs are convoluted over all
facets. Therefore, since CV analysis has been extensively
studied for these Pt beads and because it is difficult to conclude
the origin of the changes in the (100) peak, CVs are not
reported in this manuscript. Instead the reader is directed to
our previous studies for more details.14,15,18,20

While SEM provides insight into the crystallographic
direction of etching along the perimeter of the pits, we used
atomic force microscopy (AFM) to further track the
progression of the 3-dimensional morphology of the pit and
differentiate between this step etching along the perimeter and
the downward etching into the (111)-plane. Figure 2a shows
an AFM topography image of the corroded (111)-plane, where
the process was stopped after different corrosion times (see
Methods) before severe overlap of the etch pits occurred.20

From the AFM images, we obtain both projected area of the
pit and the resulting pit volume, which is used to quantitatively
evaluate the evolution of the pit shape, using the analysis by
Guo and Searson.24,25

Briefly, we assume that all islands grow independently prior
to coalescence and that their size is determined by the growth
time. If growth is constant in every direction over time (t), the
projected area of the pit scales with t2 and the pit volume with

t3, yielding a slope of 1.5 when plotting volume vs area on a
log−log plot. This is shown in Figure 2b, considering the
footprint and volume of individual pits (133 pits, Figure S1).
This slope holds information about the relative scaling of the
growth directions, or how well the shape is maintained, while
the position of the curve is determined by the actual shape, or
aspect ratio, of the pit.26

We observe that the slope in the log−log representation is
∼1.5, indicating that the shape of the pits is maintained over
the projected area range (yielding sides of ∼40 nm to ∼250
nm, considering equilateral triangles). However, when
comparing the pit volume with that of a theoretical pit with
100 sidewalls (calculation in S2) as expected from the CV,14

we observe that the position of the curve is strongly offset
toward lower volumes, by a factor ∼10. Taken together, we
conclude that while the ratio between the step etching
(increasing pit footprint) and the downward (111)-plane
etching is maintained, the etching rate into the (111)-plane is
modest. The largest pits in Figure 2b have a depth <10 nm,
such that the etch rate at the corners is estimated to be ∼25
times faster than the z-direction into the plane (Figure S3).
While similar to the qualitative description by Chen and
Koper,20 this conclusion is somewhat surprising considering
that the (111)-facet was previously considered to corrode the
fastest.15 However, these earlier conclusions were mainly
supported by qualitative observations of higher pit density and
apparent surface roughening on (111)- versus (100)- and
(110)-facets during corrosion experiments. In this report, we
perform a more detailed quantitative analysis which provides
additional considerations to differentiate between rate of
etching into a plane and step-etching. In fact, such a step
etching process is very similar to the wet etching of silicon
where the (111)-plane is the slowest etching plane,27 and was
also proposed recently for the electrochemical pitting
dissolution of silver.28

Tracking Pit Nucleation and Growth on the (100)
Facet of Pt Beads. We now turn our attention to the (100)-
facet, which displays square-shaped etch pits. In comparison to
the (111)-facet, pit nucleation on the (100)-facet is more
sparse with a lower density of pits per surface area. Second,
anisotropic etching with a preferred pit orientation is also
observed,15 which is shown in Figure 3a to result in the
exposure of the (110)-orientation on the side wall (green

Figure 1. (a) SEM image of a platinum bead, the position of
representative low index facets is highlighted. Inset: Typical
morphology of the (111)-facet after mild cathodic corrosion. The
black triangle outlines one of the pits. The scalebar is 150 nm. (b) Ball
model representation of the two possible pit orientations that yield a
triangular shape. Colors of the atoms indicate different layers. The pits
result in either (100) oriented sidewalls (blue square, left), or (110)
oriented sidewalls (green square, right). In all our experiments the
triangles point toward the (100)-facets, i.e., the left pit.

Figure 2. (a) AFM topography of the corroded (111)-facet, where
individual pits can still be distinguished. The scale bar is 400 nm. (b)
Pit volume vs projected area on a log−log scale, where each data point
represents a single etch pit. The dashed line is a linear fit to the data
with slope ∼1.48, indicating that the aspect ratio is maintained for all
considered pits. The solid blue line indicates the expected volume for
a specific projected area considering (100) sidewalls, i.e., making an
angle of 54.7°. The data is significantly offset to lower volumes, by a
factor ∼10, indicating that the pits are much more shallow.
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square), and the (111)-orientation in the corners (red
triangle). While these observations are in agreement with
previous experiments using SEM analysis, they are not
explained by typical CV characterization of the corroded
surface.14 High-resolution AFM analysis on these pits has not
been reported until now.

Figure 3b,c showa an AFM topography image and associated
line profiles, respectively, for a representative etch pit. In
general, the pits are much deeper than on the (111)-facet,
forming a concave shape with a shallow mouth and steep hole
in the center. This indicates a sudden enhanced etch rate at the
center of the pit, compared to the rest of the plane, implying a
self-enhancing process.

Interestingly, while most pits suffer from an instability
resulting in a highly enhanced local etching rate and yielding a
narrow and deep hole, not all pits on the (100)-facet exhibit
this type of etching profile. Specifically, we identified two
different types of etch pits on the (100)-facet: (i) “stable” and
shallow etch pits (depth < 20 nm) and (ii) “unstable” etch pits
with locally accelerated downward etching (depth > 50 nm). It
should be noted that under the studied conditions, the vast
majority of observed pits fall into the unstable category, as
shown in S4. These two different types of etch pits on the
(100)-facet are more clearly visible in Figure 4a, where
multiple pits have nucleated next to each other. The horizontal
line profile along the center of the image shows that the pits in
the (100)-facet also have a modest depth (∼20 nm) compared
to the radius (∼400 nm), i.e., yielding a similar ratio of 20 as
found on the (111)-plane. However, the occurrence of a

sudden enhanced etch rate at the center of the pit, compared
to the rest of the plane, results in a sharp and deep (∼180 nm)
hole in the middle of the far-right pit. Furthermore, the mouth
of this opening roughens significantly, yielding the concave
profile for the sidewalls, which we attribute to redeposition of
material before it leaves the pit. In fact, local redeposition
decouples the volume of the pit from its footprint area on the
electrode surface, such that we cannot use the same analysis
from Figure 2b on the (100)-facet.

For stable pits the (111)-step sites have a slightly higher
etching rate than the (110)-step sites, resulting in large, low
aspect ratio pits, with a concave perimeter.15 It is worth
mentioning that while this perimeter of the pit appears very
sharp, the slope of the sidewalls is ∼30° in the presented
images, in contrast to the (100)-type sides (i.e., 90°) proposed
based on CV analysis.14 Due to this previous data, we
anticipated the appearance of faceted [i.e., (100), (111), or
(110)] sidewalls indicative of slow-etching planes. The fact
that these are not observed is attributed to the much faster
etching at the surface steps compared to etching into the plane.
such that the facets do not build in.

This shape evolution for the different type of pits (i.e., stable
versus unstable) over total corrosion time was analyzed using
identical-location AFM. Specifically, corrosion experiments in
1 M NaOH were conducted by holding the Pt bead at −500
mA and performing AFM imaging of the (100)-facet after 10,
20, and 60 min, respectively. Performing the corrosion
experiments under constant current, instead of constant
potential, allows for the decoupling of variation in the current
and the observed corrosion. This is relevant because, over the
course of an experiment, an increasing current is measured at
constant potential for the cathodically corroded surface,

Figure 3. (a) Ball model representation analogous to Figure 1a for the
etch pits observed in the (100)-plane. This results in (110) oriented
sidewalls (green square) with (111)-steps in the corners (red
triangle). (b) AFM topography image of etch pits in the (100)-
facet. The scale bar is 1 μm. (c) Line profiles indicated in (b) along
the (111), red, and (110), green, directions. The profile is concave,
with a shallow sidewall which transitions to a steep profile at the
deepest part of the pit.

Figure 4. (a) AFM topography image of multiple pits that nucleated
in a line, where only one displayed the etching instability. The line
profile is taken along the center of image. The stable pits are shallow
with a flat base. The unstable pit is much deeper, and shows a
roughened mouth, attributed to material redeposition. The scalebar is
500 nm. (b) Identical location AFM topography images after (left) 10
min, (middle) 20 min, and (right) 60 min of cathodic corrosion. The
top row shows stable etch pits that mainly grow laterally over time.
The bottom row shows unstable etch pits. These deep pits etch down
slightly over time, but mainly widen, resulting in a flat base. The
widening still removes significant amounts of material, which is likely
to result in the smooth and rounded mouth of the pits through
redeposition. The scalebars are 500 nm.
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possibly due to an increased number of reactive sites. By
corroding at a constant current, we ensure that changes over
time are not due to this increasing current density. In any case,
it seems that there is no real difference between potentiostatic
versus galvanostatic control in the overall corrosion process.
This is supported by the fact that the pit shape reported here
for Pt(100) is consistent with prior literature,14,15 where the
shapes dictated by the underlying crystal-structure are always
the same.

Figure 4b shows the AFM topography images with
increasing duration of the cathodic corrosion process from
10 to 20 to 60 min. Indeed we observe the two aforementioned
behavior of either modest downward etching or locally
accelerated etching for the evolution of the pits over time.
For the stable etch pits (top row), pit depth is limited to ∼20
nm for all etching times, while the diameter gradually increases
over time. Strikingly, two deeper pits appear at the corners
after the longest corrosion time. The bottom row displays the
evolution of two unstable etch pits. Here too, the footprint
gradually increases over time. However, this is accompanied by
significant material removal from the bottom of the pit, which
appears to round and smoothen the mouth of the pit. This is
mainly due to broadening of the base, with further downward
etching being limited at longer times (from ∼130 nm to ∼160
nm between 10 and 60 min).15

We can rationalize the deep etching followed by material
redeposition by drawing a comparison to previous insights of
anodic corrosion. In anodic corrosion and in the absence of a
passivating film, as is expected to be the case on the platinum
electrodes, sustained pit growth is typically attributed to local
creation of an aggressive corrosion environment. This is
maintained by mass-transport limitations of the active
components, such as creating low local pH and enhancing
migration of aggressive anions.29 Analogously, in the cathodic
corrosion process this could be attributed to increasing local
pH by OH− generation through water reduction, and
enhanced migration of cations toward the bottom of the pit
maintaining electroneutrality, conditions that are known to
promote cathodic corrosion.3 Furthermore, we attribute the
roughening of the mouth of the pit to material redeposition,
which can be compared to salt film formation in anodic
corrosion due to local supersaturation of the corroding metal.29

In the cathodic process, the observation of similar redeposition
during corrosion on gold wires has also been attributed to a
local increased concentration of the dissolving metal. This
occurred in particular following initial pitting, resulting in
recrystallization at the surface and the nucleation of faceted
nanoparticles.17 Interestingly, on both platinum3 and gold
electrodes,18,19 the shape of nanoparticles and the degree of
redeposition was found to be dependent on the concentration
and identity of the cation in the supporting electrolyte. In fact,
such a redeposition process could then result in a feedback
loop where high etching rates result in redeposition, which in
turn lead to further mass-transport restrictions, again
modifying the local etching (and redeposition) environment.
In our experiments, it is reasonable to consider that once an
etch pit becomes deep enough, the dissolved atoms do not
diffuse out of the pit before redepositing, resulting in the
progressive roughening observed in Figure 4b. In fact, etching
patterns that resemble diffusion-limited growth have been
observed after prolonged corrosion in more aggressive
electrolytes.15

The Effect of Defects on Pt(100) Disk Electrodes.
Finally, we observed qualitatively that the pit nucleation
density is much lower on the (100)-facet than on the (111)-
facet. In this context we studied the nucleation of etch pits
using a (100) single-crystal disk electrode (see Methods).
Figure 5a shows an SEM image of the electrode surface prior
to corrosion, using a backscattered electron detector, where the
contrast difference is the expected site of a dislocation or
atomic defect.30 Figure 5b shows the same location after
cathodic corrosion, where these regions of contrast change are
visible as bright lines. Further magnification shows that the
lines actually consist of many coalesced etch pits, as illustrated
in Figure 5c, leading to the conclusion that these crystallo-
graphic defects are highly favored sites for pit nucleation. This
observation is in line with those on polycrystalline Pt
electrodes where corrosion occurs preferentially at grain
boundaries, likely due to the higher surface energy of these
regions.18 It should be noted here that, while single-crystal
electrodes should in theory be a “perfect” surface free of
defects, experimentally this is often not the case and defects are
often present due to scratches or even repeated thermal stress
during flame-annealing.

To this point, we hypothesize that the frequent flame-
annealing of the single-crystal electrodes likely does introduce
a higher density of defects into the electrodes. For example,
repeated flame annealing of a corroded electrode may make
the Pt atoms mobile enough to begin to refill in some of the
pits, but the inability of the Pt electrodes to fully “recover” to a
pristine surface likely results in the types of defects observed
for the Pt(100) surface. For the Pt beads, however, a pristine
bead can be easily regenerated by remelting and recrystallizing,
thus avoiding defects that may cause preferential nucleation.
This type of “recovery” or restoration of the pristine surface of
the Pt bead electrode is not possible for polished Pt single
crystals. Therefore, this result of accelerated cathodic corrosion
at dislocations in the crystal lattice is an important point
considering the difficulty in attaining pristine, defect free
surfaces of Pt electrodes.

■ CONCLUSIONS
Summarizing our results, we observed that pit formation
during cathodic corrosion of platinum in aqueous electrolytes
follows a nucleation-and-growth process. Pits readily nucleate
for the (111)-plane, but further etching occurs primarily at the
(111)/(100)-steps, while etching into the (111)-plane is
characterized by a much lower rate. Cathodic corrosion on the
(100)-plane nominally progresses in a similar way, where
lateral etching of the (111)-, and (110)-steps is much faster
than downward etching into the plane. However, most pits are

Figure 5. SEM images of a Pt(100) single-crystal disk electrode using
a backscatter electron detector. (a) Before corrosion, showing regions
of different contrast attributed to crystal dislocations. (b) After
corrosion, where the dislocation lines are visible as white lines. (c)
Higher magnification shows that these lines consist of coalesced etch
pits that nucleated preferentially at the dislocations. The scale bars are
10 μm (a,b), and 2 μm (c).
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at some point subject to a self-accelerated etching instability
leading to high local dissolution rates. This is likely due to
mass-transport limitations in the pits creating a more
aggressive corrosion environment, which then does not appear
to be specifically anisotropic. Rather, this leads to roughened
sidewalls due to material redeposition at the mouth of the pit.
Finally, on the (100)-plane it is particularly evident that
nucleation is promoted by crystal inhomogeneities providing
nucleation sites, similar to the hypothesis that pit nucleation
occurs at step sites on the (111)-plane.20

Overall, our results highlight nuances in the energetics of
cathodic corrosion, where anisotropic etching occurs primarily
at undercoordinated step edges. This could potentially be
leveraged to direct and control the corrosion pitting (and
subsequent deposition) process similarly to well-known
electrodeposition schemes, such as the use of facet-stabilizing
electrolytes31 or controlled potentials.32
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