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Electrodes employed in this study
Figure S1 displays normalized blank cyclic voltammograms (CVs) of the electrodes used in the current
study. The shape of these voltammograms is in good agreement with literature voltammograms of
corresponding single- and polycrystalline Pt electrodes.1,2 The voltammograms were normalized using
the integrated hydrogen desorption current densities, without correcting for the double layer.1,2
All ORR current densities in this article are reported by normalizing with respect to the
geometric electrode surface area, as is appropriate when considering reactant mass transport
through diffusion or convection.3 The geometric surface areas of most of the employed electrodes
differed by no more than 2% from the electrochemically calculated surface area. The only exception
to this statement is Pt(111), for which the electrochemical surface area was 13% smaller than the
geometric surface area. Similar deviations were obtained for a different Pt(111) crystal. For Pt(111),
normalizing currents by the geometric surface area was therefore critical in calculating limiting
current densities that match the Levich equation.

Figure S1: Cyclic voltammograms of the employed electrodes: Pt(111), Pt(100), Pt(110) and Pt(poly). Voltammograms were
recorded in 0.1 M HClO4, at a scan rate of 50 mV∙s-1.
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Blank voltammograms of large Pt(111) electrode
Figure S2 displays blank cyclic voltammograms of the 10-mm-diameter Pt(111) that was used for
glycerol oxidation HPLC sample collection. The electrode was corroded for 1 minute at -3 V vs. RHE, in
10 M NaOH. As mentioned in the main text, this corrosion potential was not IR-corrected, so that the
‘real’ electrode potential during corrosion was approximately -2 V vs. RHE.
As can be seen in Figure S2, the uncorroded electrode displays the characteristic features of a
Pt(111) single crystal, thus matching the smaller single crystal that was used in the other experiments
in this work. After corrosion, the Pt(111) electrode exhibits signatures corresponding to (110) steps,
(100) steps, and (100) terraces, as is also discussed in the main text. Though slightly more (110) sites
are present than after IR-corrected corrosion of a smaller electrode at -3 V vs. RHE (Figure 4), the
(100) features are well-developed in Figure S2.

Figure S2: Cyclic voltammograms of Pt(111) before (blue trace) and after (red trace) cathodic polarization in 10 M NaOH at
-3 V vs. RHE. Voltammograms were recorded in 0.1 M HClO4, at a scan rate of 50 mV∙s-1.
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Comparison of Pt(111) electrodes after cathodic corrosion in 1 M NaOH
Figure S3 shows CVs of Pt(111) after cathodic corrosion at various potentials in 1 M NaOH. The
current traces in Figure S3 overlap well, which indicates that there are no significant differences in
the post-corrosion voltammograms, as function of the corrosion potential.

Figure S3: Cyclic voltammograms of Pt(111) after cathodic corrosion at various potentials in 1 M NaOH. Voltammograms
were recorded in 0.1 M HClO4, at a scan rate of 50 mV∙s-1.
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Validation of the HMRD setup
When using the hanging meniscus rotating disk (HMRD) configuration, one should verify that the
working electrode behaves like a rotating disk electrode (RDE).4 Specifically, the height of the
electrode has to be controlled carefully:4 if the electrode is too low, wetting of the side will occur and
the catalytic activity of sites other than the desired facet will be probed. This causes an increased
absolute slope in the Levich plot. In contrast, if the electrode is too high, the meniscus will be
constrained. This leads to reduced mass transport and an offset in the ORR Levich plots.
Levich plots were therefore constructed for each electrode to verify the validity of the HMRD
setup for the investigated system. A set of ORR voltammograms used for these Levich plots is
displayed for Pt(111) Figure S4. The CVs contain no pronounced oscillations, which indicates proper
concentric alignment of the single crystal. Furthermore, the voltammograms at 0, 200, 400 and 900
rpm contain the characteristic ‘butterfly’ feature around 0.8 V vs. RHE. The presence of the butterfly
and the decrease of its intensity with increasing rotation rate is a strong sign of electrolyte
cleanliness.5,6

Figure S4: Cyclic voltammograms for oxygen reduction on Pt(111), at various rotation rates. Voltammograms were recorded
in oxygen-saturated 0.1 M HClO4, at a scan rate of 50 mV∙s-1.

Additional signs of the proper functioning of the HMRD setup can be seen in Figure S5, which
shows exemplary Levich plots for each of the electrodes in this study. The theoretical Levich plots
were calculated using the Levich equation:7
2
1
1
(S1)
𝐽𝐽𝐿𝐿 = 0.62 ∙ 𝑛𝑛 ∙ 𝐹𝐹 ∙ 𝐷𝐷𝑂𝑂3 ∙ 𝜔𝜔 2 ∙ 𝜈𝜈 −6 ∙ 𝐶𝐶𝑂𝑂∗2
2
Here, 𝑛𝑛 equals the amount of transferred electrons; 𝐹𝐹 equals Faraday’s constant; 𝐷𝐷𝑂𝑂2 equals the
oxygen diffusion constant; 𝜔𝜔 equals the radial electrode rotation rate; 𝜈𝜈 equals the kinematic
viscosity of the solution; and 𝐶𝐶𝑂𝑂∗2 equals the oxygen concentration. For the studied system, the
parameters take the following values: 𝑛𝑛 = 4 for the conversion from O2 to H2O;
𝐷𝐷𝑂𝑂2 = 1.67 ∙ 10−5 𝑐𝑐𝑚𝑚2 𝑠𝑠 −1 ;8 𝜈𝜈 = 8.93 ∙ 10−3 𝑐𝑐𝑚𝑚2 𝑠𝑠 −1 ;9 and 𝐶𝐶𝑂𝑂∗2 = 1.384 𝑚𝑚𝑚𝑚.8
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Figure S5: Levich plots for the ORR on Pt(111), Pt(100), Pt(poly) and Pt(111) which was corroded at -1.0 V vs. RHE in 1 M
NaOH (a). Corrected and uncorrected Levich plots for the ORR on Pt(110) (b). Voltammograms for acquiring the plotted
datapoints were recorded in 0.1 M HClO4, at a scan rate of 50 mV∙s-1.

As can be seen in Figure S5a, the Pt(111), Pt(100), Pt(poly) and corroded Pt(111) electrodes are
described well by the theoretical Levich plot: they exhibit zero or near-zero offsets and slopes within
several percent of the theoretically expected value. However, Figure S5b demonstrates that the
theoretical behavior is matched less well by Pt(110), for which 20% lower Levich slope is obtained.
This change in slope is not due to wetting of the side of the electrode, which should increase the
magnitude of the slope.4 The slope change is also not related to dynamic changing of the meniscus
shape during rotation, which should cause a vertical offset in the Levich plot.4
Instead, the slope change must be ascribed to a decrease in the apparent electrode area. This
is demonstrated by ‘correcting’ the current densities by dividing them by the relative difference
between the obtained current density and the theoretical current density at 2500 rpm. This corrected
curve is represented by the filled pentagons in Figure S5b and matches the theoretical Levich plot
well. The deviations from ideal diffusion behavior are therefore compensated for when normalizing
the data as done in Figure 3 in the main text. After such normalization, the Pt(110) activity matches
that of previously reported electrodes.6,10 As such, the benchmarking results in Figure 3b in the main
text confirm the validity of the employed setup.
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Kinetic ORR current densities
The ORR activity of the electrodes can also be assessed by calculating kinetic current densities at
0.9 V vs. RHE. These kinetic current densities are calculated by rewriting the Levich equation to:11
1
1 1
(S2)
= + 𝐵𝐵 ∙ 𝜔𝜔 −2
𝑗𝑗 𝑗𝑗𝑘𝑘
Here, 𝑗𝑗𝑘𝑘 is the kinetic current density and 𝐵𝐵 depends on the various parameters in the Levich
1

equation. 𝑗𝑗𝑘𝑘 is obtained from Equation S2 by plotting the inverse current density versus 𝜔𝜔 −2 in a
Koutecky-Levich plot. From such a plot, the intercept is obtained through a linear least-squares fit
and 𝑗𝑗𝑘𝑘 is then obtained as the inverse of the intercept. The result of this procedure is plotted for all
studied electrodes in Figure S6.

Figure S6: Kinetic ORR current densities of corroded Pt(111) (blue squares), as function of the polarization potential (a) and of
uncorroded electrodes (yellow circles) (b). Rotation rate: 1600 rpm. Each data point is the average of 3 or more experiments.
Error bars represent one standard deviation.

As can be seen, Figure S6 is in good qualitative agreement with Figure 3. The slightly larger error bars
in Figure S6 are related to slight variations in the recorded current densities due to small variations in
the meniscus height. Finally, it should be noted that the kinetic current density for Pt(110) in Figure
S6 is not corrected for the aforementioned reduced surface area and is therefore underestimated.
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Glycerol oxidation after corrosion in 5 M LiOH
This section will briefly elaborate on the effect of cathodically created step sites in cathodic corrosion.
To do so, Figure S7a presents the cyclic voltammograms of a Pt(111) electrode before and after
cathodic corrosion at -3.0 V vs. RHE, in 5 M LiOH. As can be seen in the Figure and in previous work,12
corrosion in 5 M LiOH induces markedly less dramatic corrosion than in 10 M NaOH: only some (110)
and (100) steps are created, as well as a minor amount of (100) terraces that is visible as an anodic
shoulder of the (100) peak in the cyclic voltammogram after corrosion. Indeed, the overall amount of
corrosion at -3.0 V vs. RHE in 5 M LiOH qualitatively resembles the amount of corrosion at -0.6 V vs.
RHE in 1 M NaOH (Figure 1b).

Figure S7: Blank cyclic voltammograms of Pt(111) before (blue trace) and after (red trace) cathodic polarization in 5 M LiOH
at -3.0 V vs. RHE (a) and glycerol oxidation voltammograms of the same electrodes (b). Blank voltammograms were
recorded in 0.1 M HClO4, at a scan rate of 50 mV∙s-1. Glycerol oxidation voltammograms were recorded in 0.5 M HClO4 with
0.1 M glycerol, at 10 mV∙s-1.

These created features have a much smaller effect on glycerol oxidation than those
presented in the main text, as is apparent in Figure S7b. This Figure displays only a small peak at 0.75
V vs. RHE, which is associated with (100) terraces. The presence of this peak can be explained by the
minor amount of (100) terraces that is identified in Figure S7a. It therefore appears that the
additional (100) and (110) step sites have no noticeable effect on glycerol oxidation catalysis.
As in the section on page S-10, the described changes were found in an un-replicated
exploratory experiment. However, consistent results were found for treatment at less cathodic
potentials in both 5 M LiOH and 5 M NaOH. The results in Figure S7 are therefore a reliable
illustration of the effect of cathodically created step sites on glycerol oxidation on Pt(111) in 0.5 M
HClO4.
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ORR after corrosion in 10 M NaOH
If cathodic corrosion indeed optimizes the ORR through creating optimally sized concave sites on the
electrode surface, there should be an optimal amount of cathodic corrosion. Before this optimum is
reached, the creation of more ‘optimized’ sites will enhance catalysis. In contrast, corrosion beyond
the optimum will create overlapping areas of cathodic corrosion and formation of sites that are
bigger than ideally required. Beyond the optimum, the addition of catalytic sites should therefore
cause a decrease in catalytic activity due to an impaired per-site activity. This effect is demonstrated
here, through experiments of Pt(111), corroded in 10 M NaOH.
Voltammograms of Pt(111) after corrosion at and slightly below the onset potential in 10 M
NaOH are displayed in Figure S8. This series of experiments was explorative in nature and was
therefore performed once, with a different Pt(111) electrode than that was used in the main text.

Figure S8: Cyclic Voltammograms of Pt(111) before (blue trace) and after (red trace) cathodic polarization in 10 M NaOH at
-0.4 V vs. RHE (a) and -0.5 V vs. RHE (b). Voltammograms were recorded in 0.1 M HClO4, at a scan rate of 50 mV∙s-1.

The electrode in Figure S8a appears similar to those in Figure 1 and Figure S3, with an
approximately 15% apparent area increase. Indeed, the normalized ORR activity of this electrode at
0.9 V vs. RHE and 1600 rpm is similar to those in the main text: 0.32. In contrast, Figure S8b indicates
significantly more (110) and (100) step sites after corrosion at -0.5 V vs. RHE and a roughly 25% area
increase. The (100) peak also exhibits a small anodic shoulder, indicating the formation of a small
amount of larger (100) terraces. Interestingly, the electrode has a lower normalized ORR activity of
0.27. In fact, the normalized ORR activity in these explorative experiments decreased monotonically
with more negative corrosion potentials. The lowest normalized activity of 0.2 was reached at the
most negative explored potential of -0.8 V vs. RHE. This trend confirms that corrosion beyond a
certain point causes a decrease in ORR activity, even though blank cyclic voltammograms will indicate
that more step sites are introduced overall. As such, the trend falls in line with the hypothesis that
optimal ORR catalysis occurs on relatively small sites that present catalytic centers with an increased
generalized coordination number.13
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