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ABSTRACT: In this article, we investigate the poisoning reaction
that occurs at platinum electrodes during the electrocatalytic
hydrogenation of acetone. A better understanding of this poisoning
reaction is important to develop electrocatalysts that are both active
for the hydrogenation of carbonyl compounds and resilient against
poisoning side reactions. We adsorb acetone to Pt(331), Pt(911),
Pt(510), and Pt(533) (ie, Pt[2(111) X (110)], Pt[5(100) X
(111)], [5(100) x (110)], and Pt[4(111) X (100), respectively]))
as well as Pt(100) single-crystal electrodes and perform reductive
and oxidative stripping experiments after electrolyte exchange. We
found that acetone adsorbs molecularly intact on all sites apart from Pt(100) terrace sites and can be stripped reductively from the
electrode surface at a potential positive of hydrogen evolution. However, at Pt(100) terraces, acetone adsorbs dissociatively as
carbon monoxide, which remains attached to the electrode surface and leads to its poisoning. Strikingly, dissociative adsorption does
not occur on step sites with (100) geometry, which suggests that the dissociative adsorption of acetone is limited to Pt(100) terraces
featuring a certain minimum “ensemble” number of freely available Pt atoms.
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B INTRODUCTION mainly on Pt(100) electrodes.’ In the present work, acetone is
adsorbed to a variety of platinum single-crystal electrodes.
After electrolyte exchange under potential control, stripping
experiments under both reductive and oxidative conditions are
conducted. These experiments show that nondissociative
acetone adsorption occurs on all step sites, from which the
adsorbate can be stripped reductively prior to hydrogen
evolution and oxidatively in the potential range of platinum
oxide formation. This is also true for step sites with a (100)
geometry. Decarbonylation takes place only at the Pt(100)
electrode, which we derive from both the stripping behavior of
the formed adsorbate and surface-enhanced raman spectros-
copy (SERS) as well as Fourier transform infrared (FTIR)

Biomass could become a crucial feedstock for fuels and
chemicals in the future.! For that reason, the electrochemical
hydrogenation of carbonyl compounds, as a means for the
upgrading of pyrolysis oil”~’ or the conversion of 5-
hydroxymethylfurfural to 2,5-dihydroxymethylfuran or 2,5-
dimethylfuran,”” has attracted much attention. Because of the
increasing interest in the electrochemical conversion of
carbonyl compounds, we recently investigated the electro-
chemical hydrogenation of acetone as a model compound for
more complex carbonyl compounds.'’™"* In these studies, we
found that the nature of the reaction undergone by acetone

depends significantly on the crystallographic orientation of the th :
platinum single-crystal electrode.'”'" Specifically, no reaction spectroscopy measurements. In accordance with Hazzazi et

6 . . . . .
occurs at the Pt(111) electrode because acetone does not bind al.,” we conclude that dissociative acetone adsorption requires
to surfaces featuring high coordination numbers.'”'!" The a (100) geometry featuring more than two neighboring

hydrogenation of acetone occurs only at step sites, whereas the platinum atoms.

step geometry determines whether the reaction yields 2-
propanol or propane.'”'*'* Finally, a reaction occurs at B EXPERIMENTAL SECTION

Pt(100) terraces that leads to poisoning.10 Understanding the Chemicals and Materials. The blank electrolyte was

latter reaction is important for catalyst development because an prepared from Milli-Q water, H,SO, (suprapure, Merck), and
electrocatalyst that is highly active for the electrochemical

hydrogenation of carbonyl compounds is useless if active
surface sites are poisoned by reactions occurring at other
surface sites.

Previous experiments have revealed that ethyl pyruvate—
another carbonyl compound—adsorbs under decarbonylation
(that is, CO formation) at all platinum surfaces,"> whereas
stripping experiments suggest that decarbonylation occurs
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acetone (HPLC grade, Sigma-Aldrich). All solutions were
freed from oxygen by purging with argon (6.0, Linde).
Potentials were measured versus a reversible hydrogen
electrode (RHE) in contact with the blank electrolyte. A
platinum wire was used as a counter electrode. The used bead-
type single crystals were obtained from iCryst. Cyclic
voltammograms (CV) were recorded on an Iviumstat
potentiostat (Ivium Technologies). The used glassware was
kept in acidic permanganate solution for at least 8 h. Prior to
use, the glassware was rinsed with acidic peroxide solution and
boiled several times in Milli-Q_water.

Electrolyte Exchange Experiments. Prior to every
experiment, the single-crystal electrode was prepared by the
Clavilier method'® and the quality of the preparation was
checked by recording a CV in the blank electrolyte. Next, the
electrode was transferred to a second cell filled with roughly
20mL of the acetone containing electrolyte (0.1 M H,SO,
containing 10 mM of acetone). The electrode was immersed at
the indicated potential, and acetone adsorption was allowed to
take place for 1 min. Afterward, the electrolyte was slowly let
out through a stopcock at the bottom of the cell, while the
blank electrolyte (0.1 M H,SO,) was filled simultaneously
from the top of the cell. During this period the contact
between the working electrode, the reference electrode, and
the counter electrode is maintained so that the electrolyte
exchange proceeds under controlled potential. Therefore,
reactions that might occur when the electrode is transferred
through air or when it goes to open-circuit potential can be
ruled out. After a time period of approximately 15 min, a
volume of 200 mL was flushed through the cell. At this point,
the acetone content in the electrolyte was deemed negligible
and the electrode is brought into the hanging meniscus
configuration to conduct the potential sweep.

Surface-Enhanced Raman Spectroscopy (SERS). Elec-
trodes used for SERS studies were prepared by a protocol
established by Zou and Weaver:'” First, a polycrystalline gold
electrode is roughened by 20 cycles of potential steps between
1.2 (Ss) and —0.6 V (20 s) vs Ag/AgCl in a solution of 0.5 M
KCl. Galvanostatic platinum deposition is conducted with a
current density of 400 uA/cm” (20 s) from a solution of
100 uM H,PtCl in 0.35 M Na,HPO,. SERS spectra of this
electrode were collected with a LabRam HR800 (Horiba Jobin
Yvon) confocal microscope, which featured a HeNe laser
(632.81 nm). A detailed description of the setup and the
methodology has been given elsewhere.'” Each spectrum
shown is the average of 4 spectra. The background of the
spectra was recorded after the stripping experiment at the same
potential and was subtracted from the spectra recorded with
the preabsorbed acetone.

In Situ FTIR Spectroscopy. FTIR spectra were recorded
on Vertex V80 (Bruker). The used FTIR cell was home built
and featured a CaF, prism.'” Single-crystal electrodes with a
diameter of 1 cm were pressed onto the prism to achieve a thin
gap between the electrode and the prism. A background
spectrum was recorded at either 0.8 or 0.4 V (vs RHE)
followed by a step to the indicated potential, where another
spectrum was recorded, from which the background spectrum
was subtracted. All spectra were recorded with a resolution of
8 cm™' and are the average over 200 interferograms using p-
polarized light. Spectra are presented as absorbance. Therefore,
positive bands indicate formation of a species, while negative
bands indicate consumption of a species.
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B RESULTS

Acetone Adsorption at Pt(111). We have shown
previously that acetone reduction does not take place at the
Pt(111) electrode.'”"" This conclusion can be derived again
from the CVs in Figure 1. The black CV was taken at a
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Figure 1. CV of Pt(111) in 0.1 M H,SO, (black) and 0.1 M H,SO,
containing 10 mM acetone (red). Sweep rate: SO mV/s.

Pt(111) electrode in the blank electrolyte of 0.1 M H,SO,,
while the red CV was taken when 10 mM acetone was added
to the electrolyte. Both CVs are nearly identical. In particular,
the sulfate spike due to the rearrangement of the sulfate adlayer
is not affected by the presence of acetone. As this process is
rather sensitive to the presence of other adsorbates, the
sharpness of the sulfate spike in the red curve of Figure 1
shows that no adsorption of acetone occurs.

Acetone Adsorption at Pt(331) (i.e., Pt[2(111) x
(110)]). The situation changes when a Pt(331) (..,
Pt[2(111) x (110)]) electrode is used, where (111) terraces
of only two atoms width are interrupted by (110) steps. The
black curve in Figure 2 shows the CV of the Pt(331) (ie.,
Pt[2(111) X (110)]) electrode in an 0.1 M H,SO, electrolyte.
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Figure 2. CV of Pt(331) (ie, Pt[2(111) X (110)] in 0.1 M H,SO,.
Black: blank CV immediately after preparation. Red: first cycle after
acetone adsorption at 0.3 V (vs RHE) and electrolyte exchange under
potential control. Blue: subsequent, second, cycle. Sweep rate:
S0 mV/s. Blue and red curves: lower potential limit is 0.0 V (vs
RHE). (CVs of Pt(331) (i.e, Pt[2(111) X (110)]) to 0 V in the blank
electrolyte can be found in the Supporting Information of ref 10.)
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The reversible peak at 0.12 V (vs RHE) corresponds to the
replacement of adsorbed hydrogen by adsorbed hydroxyl at the
Pt(110) step sites.”” The red curve in Figure 2 is the CV
obtained at the same electrode after exposure to an acetone-
containing electrolyte at 0.3 V (vs RHE) and subsequent
electrolyte exchange under potential control to 0.1 M H,SO,.
In the first negative-going scan, hydrogen/hydroxyl adsorption
and desorption at 0.12 V (vs RHE) is largely blocked,
indicating that the (110) step sites are covered by an acetone-
derived adsorbate. Prior to hydrogen evolution a shoulder
appears at around 0.05 V (vs RHE), which has been associated
previously with the reduction of acetone to 2-propanol.'® After
the first negative-going sweep, hydrogen/hydroxyl adsorption
and desorption at the Pt(110) step sites is possible again,
which is shown by the blue curve in Figure 2. Since reductive
stripping of acetone as 2-propanol is only possible when no
bonds have been cleaved upon adsorption of acetone, we
conclude that acetone adsorbs to the Pt(331) (i.e., Pt[2(111)
X (110)]) electrode with its molecular structure intact.
Figure 3 shows that reductive stripping of acetone removes
nearly all adsorbates from the Pt(331) (ie, Pt[2(111) X
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Figure 3. CV of Pt(331) (i.e, Pt[2(111) X (110)]) in 0.1 M H,SO,.
Black: immediately after preparation. Red: Oxidative stripping
experiment. (A) Stripping experiment conducted immediately after
the reductive stripping experiment of Figure 2. (B) Stripping
experiment conducted after preadsorption of acetone and electrolyte
exchange. Sweep rate: 50 mV/s. Red curves: lower potential limit is
0.0 V (vs RHE).

0.0 02 04

(110)]) surface. The red curve shows the first sweep to 1.5 V
(vs RHE) after the reductive stripping experiment of Figure 2
was conducted. Compared to the black curve of Figure 3A,
which is the CV of the Pt(331) electrode (i.e., Pt[2(111) X
(110)]) in the blank electrolyte, barely any additional charge is
transferred in the red CV. However, there might be some
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contributions due to the oxidation of impurities that have
adsorbed along with acetone during the electrolyte exchange
(ca. 1S min duration) or from 2-propanol that reabsorbs after
the stripping experiment.

The absence of a significant additional oxidation current in
the red curve of Figure 3A indicates that no additional
oxidation of an irreducible adsorbate has taken place. Hence,
acetone only forms an adsorbate that is stripped reductively
from the electrode surface. Other adsorbates such as CO
formed from the decarbonylation of acetone'®'* are not
present at the Pt(331) electrode (i.e., Pt[2(111) X (110)]).

In Figure 3 the sharpness of the peak due to hydrogen/
hydroxyl adsorption and desorption at the Pt(110) step sites
has reduced significantly after exploring a potential of 1.5 V (vs
RHE). This is due to the formation and subsequent reduction
of platinum oxide, which introduces defects into the platinum
surface.”’ In the CVs of other electrodes shown later in this
article and in the Supporting Information, peaks associated
with a pristine electrode surface with specific orientation will
lose sharpness or disappear when a potential of 1.5 V (vs
RHE) is applied.

In Figure 3B the red curve is the first CV of the Pt(331)
electrode (i.e., Pt[2(111) X (110)]) after acetone adsorption
at 0.3 V (vs RHE) and subsequent exchange of the electrolyte
to 0.1 M H,SO, under potential control but now avoiding the
reductive acetone stripping, so that the (110) step sites remain
covered with acetone. The additional charge passed in the
potential region of platinum oxide formation corresponds
therefore to the oxidation of acetone that is adsorbed with an
intact molecular structure. This is supported by the results
presented by Binsch et al., who conducted acetone-stripping
experiments with polycrystalline platinum electrodes. On the
basis of their DEMS results they concluded that the adsorbate
oxidized in the potential range of platinum oxide formation is
acetone.'*

Acetone Adsorption at Pt(100). Figure 4 shows results of
reductive acetone stripping on Pt(100). The black curve shows
the CV of a Pt(100) electrode in 0.1 M H,SO,. The reversible
peak at 04 V (vs RHE) is due to the adsorption and
desorption of hydrogen at the (100) terraces. The red curve in
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Figure 4. CV of Pt(100) in 0.1 M H,SO,. Black curve: blank CV
immediately after preparation. Red curve: first cycle after acetone
adsorption at 0.3 V (vs RHE) and electrolyte exchange under
potential control. Blue curve: second cycle. Sweep rate: 50 mV/s. Blue
and red curves: lower potential limit is 0.0 V (vs RHE). (CVs of
Pt(100) to 0 V in the blank electrolyte can be found in the Supporting
Information of ref 10.)
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Figure 4 is the first CV of the same Pt(100) electrode after
exposure to an acetone-containing electrolyte at 0.3 V (vs
RHE) and subsequent exchange of the electrolyte to 0.1 M
H,SO, under potential control. Starting from 0.3 V (vs RHE),
the potential is first scanned to 0.6 V (vs RHE) and from there
back to 0.0 V (vs RHE). Hydrogen adsorption at (100) terrace
sites is hindered in both the positive- and the negative-going
potential scan, indicating the presence of an adsorbate. Only a
faint shoulder due to the reductive stripping of acetone from
defect sites appears prior to hydrogen evolution (cf. electrolyte
exchange experiments at Pt(911) (i.e., Pt[5(100) x (111)])
and Pt(510) (ie, Pt[5(100) x (110)]) discussed in the
Supporting Information). Reductive stripping of acetone from
Pt(100) terraces can be excluded, since hydrogen adsorption
and desorption at the (100) terraces remains hindered in the
second scan (blue curve) of Figure 4. Obviously the adsorbate
at the Pt(100) electrode cannot be stripped from the electrode
surface under reductive conditions and remains adsorbed.
This is also clear from Figure SA, where the red curve shows
the first sweep to a potential of 1.5 V (vs RHE) after the
reductive stripping experiment of Figure 4 was conducted.
Compared to the CV of the same electrode without
preexposure to acetone (black curve), additional charge is
passed in the potential range between 0.6 (vs RHE) and 0.9 V
(vs RHE) prior to platinum oxide formation. This charge must
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Figure 5. CV of Pt(331) (i.e, Pt[2(111) X (110)]) in 0.1 M H,SO,.
Black: immediately after preparation. Red: Oxidative stripping
experiment. (A) Stripping experiment conducted immediately after
the reductive stripping experiment of Figure 4. (B) Stripping
experiment conducted after preadsorption of acetone and electrolyte
exchange. Sweep rate: 50 mV/s. Red curve in A: lower potential limit
is 0.0 V (vs RHE).
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be due to the oxidative stripping of the adsorbate that blocks
hydrogen adsorption at the Pt(100) terrace sites. However,
this adsorbate is not acetone as the oxidative stripping of the
latter occurs in the potential range of platinum oxide
formation'* (cf. also the stripping experiment in Figure 3A).
Furthermore, it is improbable that acetone is adsorbed intact
to the Pt(100) surface, as this is thermodynamically
unfavorable.'® However, it is well documented that acetalde-
hyde adsorbs via cleava%e of the C—C bond as CO and CH,,
species to Pt electrodes.”®**~** It appears therefore likely that
the decarbonylation of acetone at Pt(100) leads to a CO/CH,-
covered surface. Also, the stripping behavior observed in
Figures 4 and SA fits the occurrence of the decarbonylation
reaction, that is, the products of this reaction, particularly CO,
would not be stripped reductively in the potential region prior
to hydrogen evolution but are oxidized in the double-layer
region. The voltammetry of the stripping experiment follows
the general behavior observed for corresponding experiments
with acetaldehyde.” This differs somewhat from the stripping
of a pure saturated CO layer, which occurs in a sharp peak.
However, stripping of the formed adsorbates requires also the
conversion of CH,, species to CO, which occurs at 0.4 V,>> and
explains why stripping in Figures 4 and SA does not occur in
the sharp peak expected for pure CO. We therefore conclude
that acetone undergoes dissociative adsorption at Pt(100)
surface sites, resulting in the formation of adsorbed CO and
CH, species, with the latter reacting to CO as well at
sufficiently positive potential.”®> This interpretation is also
supported by our SERS experiments (vide infra).

The oxidative stripping of CO from the Pt(100) electrode is
not affected by a previous sweep into the hydrogen evolution
region. This is shown in Figure 5B, where the oxidative
stripping is conducted immediately after the electrolyte
exchange to 0.1 M H,SO, The CV does not change
significantly compared to that observed in Figure SA, where
the electrode was exposed to 0 V in the previous experiment
(cf. Figure 4), that is, in both CVs CO is oxidized in the
potential region between 0.6 (vs RHE) and 0.9 V (vs RHE).
Hence, the formation of acetone-derived CO occurs
immediately during adsorption at 0.3 V (vs RHE) and does
not form when the potential is swept into the potential region
where at other platinum surfaces acetone reduction proceeds.
Comparison of the red curves in Figure SA and 5B shows,
therefore, that the lower potential limit does not affect the
decarbonylation reaction.

After the electrolyte exchange experiment, there is no
significant additional charge in the potential region of platinum
oxide formation (red curves of Figure 5) compared to the
experiment conducted without exposure to acetone (black
curve in Figure 5). A small additional charge might be due to
adsorbates other than acetone that have formed during the
long exposure time of the electrolyte exchange experiment.
This suggests that all of the acetone-derived adsorbates are
stripped at potentials below 0.9 V and that acetone undergoes
complete decarbonylation at the Pt(100) electrode. However,
considering the accuracy of our experiment, we cannot rule out
that acetone forms some adsorbates at Pt(100) electrodes that
are stripped in the potential region of Pt—oxide formation.

The same stripping experiments discussed for Pt(331) (ie.,
Pt[2(111) x (110)]) and Pt(100) were also conducted for
Pt(911), Pt(510), and Pt(533) (ie, Pt[5(100) x (111)],
[5(100) x (110)], and Pt[4(111) x (100), respectively]). The
relevant CVs and the related discussion can be found in the

https://doi.org/10.1021/acs.jpcc.0c11360
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Supporting Information (Pt(911) (i.e., Pt[5(100) x (111)]):
Figures S1 and S2; Pt(510) (i.e., Pt[S(100) X (110)]): Figures
S3 and S4; Pt(533) (i.e., Pt[4(111) X (100)): Figures SS and
S6). In addition, these experiments indicate that decarbon-
ylation of acetone occurs at Pt(100) terraces sites (cf. Pt(510)
(ie, Pt[5(100) x (110)]), Pt(911) (ie, Pt[5(100) X
(111)])), whereas acetone adsorbed at step sites can be
stripped reductively. This is particularly remarkable for acetone
adsorbed at the (100) step sites of Pt(533) (i.e., Pt[4(111) X
(100)). The fact that no decarbonylation is observed at this
surface site indicates that acetone decarbonylation requires not
only a specific surface geometry but also that it has to be of
extended size.

Surface-Enhanced Raman Spectra of Preabsorbed
Acetone at Polycrystalline Platinum. Figure 6 shows the
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Figure 6. SER spectra of acetone preabsorbed at 0.4 V (vs RHE) to a
polycrystalline Pt electrode. Spectra were recorded after the
electrolyte of 0.1 M H,SO,, containing 10 mM acetone was exchanged
to the blank electrolyte under potential control. Black curve: recorded
at 0.4 V (vs RHE). Red curve: recorded at 0.05 V (vs RHE). Blue
curve: recorded at 0.85 V (vs RHE). Spectra were background
corrected by spectra recorded after the stripping experiment at the
same potential.

SER spectra obtained at a polycrystalline Pt electrode when the
electrolyte exchange experiment is conducted, that is, the
electrode is initially exposed at 04 V (vs RHE) to an
electrolyte of 0.1 M H,SO, containing 10 mM acetone.
Afterward, the electrolyte is exchanged under potential control
to the blank electrolyte, and a set of SERS spectra is recorded.

The black curve in Figure 6 shows two very prominent
bands at 1556 and 2035 cm™' and two smaller bands at 431
and 492 cm™'. We assign the band at 1556 cm™" to the C=0
stretching vibration of adsorbed acetone. The severe red shift
of 151 cm™! compared to the C=0 stretching vibration of free
acetone (at 1707 cm™" *°) indicates a significant weakening of
the carbonyl bond when acetone interacts with the platinum
surface. This weakening is much more intense in our
experiments than indicated by RAIR spectra of acetone
adsorbed in a vacuum to the Pt(111) surface, where a band
due to the C=0 stretching vibration appears at 1636 cm™.>’
However, under UHV conditions acetone adsorbs via the
7'(O) end-on geometry where the carbonyl oxygen interacts
with the platinum surface.”’ ">’ Although the enol tautomer
binding in a 4*(C,,C,) side-on geometry via the C=C bond is
more stable by 40 kJ/mol than the 7'(O) configuration of the
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keto tautomer,”*’ the former adsorption mode is not realized

in vacuum because the intramolecular hydrogen rearrangement
to the enol tautomer is inhibited due to the kinetic barrier of
this reaction.”® In an acidic, aqueous electrolyte hydrogen
rearrangement can proceed via an intermolecular (instead of
an intramolecular) mechanism, which should lower the
activation barrier for enol tautomerization significantly.
Hence, we expect that acetone adsorbs in our experiments as
the enol tautomer in the y*(C;,C,) side-on geometry. This is
consistent with our former experiments on the H/D exchange
of adsorbed acetone.'”'* Furthermore, DFT calculations
suggest that a band due to the C—O stretching vibration of
the enolate of acetone should appear at 1574 cm™' when
adsorbed at the Pt(111) surface.””” This compares well with
the band at 1556 cm™ in the SER spectra of Figure 6. The
remaining bands can be assigned to the C=O stretching
vibration (at 2035 cm™) and to the Pt—C stretching vibration
(at 431 and at 492 cm™") of adsorbed CO.> As the potential is
stepped to 0.05 V (vs RHE) (red curve of Figure 6), the bands
associated with adsorbed acetone disappear while the bands
due to adsorbed CO remain present. The latter only disappear
when the potential is stepped to 0.85 V (vs RHE) (blue curve
of Figure 6).

Considering that the SER spectra are recorded at a rough
polycrystalline Pt electrode, it is difficult to determine based on
spectral data alone at which surface sites CO and acetone are
adsorbed. However, in the SERS experiments acetone is
stripped from the electrode surface when a potential of 0.05 V
(vs RHE) is applied. Similarly, our electrolyte exchange
experiment show that acetone preabsorbed at stepped Pt single
crystals can be stripped reductively in the same potential
region. We assign, therefore, the band at 1556 cm™ to the
C=O0 stretching vibration of acetone adsorbed to step sites.
On the other hand, adsorbates formed at the Pt(100) electrode
can only be removed from the electrode surface via oxidative
stripping. This behavior is mirrored by CO in our SERS
experiment, and we therefore conclude that the adsorbate
formed on Pt(100) terraces sites is CO.

This interpretation is further supported by our FTIR data.
Figure 7 shows for each basal plane of platinum FTIR spectra

Pt(111)

W

Pt(100) Pt(110)

OBV o CCleRVE

" doys

Absorbance [a. u.]

o

T T T
2400 2100 1800

T T T T T T
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v/cm! v/cm’ v/cm”

Figure 7. FTIR spectra obtained in an electrolyte of 0.1 M H,SO,
containing 10 mM acetone at Pt(111) (left), at Pt(100) (center), and
at Pt(110) (right). First spectrum and background were obtained at
0.8 V (vs RHE) (black) and the following after steps to 0.4 V (vs
RHE) (red), 0.05 V (blue), and back to 0.8 V (vs RHE).
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in the frequency range between 1900 and 2500 cm™". The first
spectra at each basal plane were obtained at 0.8 V (vs RHE)
(black curves) followed by spectra obtained after a step to
04V (vs RHE) (red curves), to 0.05 V (vs RHE) (blue
curves), and back to 0.8 V (vs RHE) (magenta curves).
Neither at the Pt(111) nor at the Pt(110) electrode is a a band
around 2000 cm™! observed, indicative for the formation of
CO. However, after a step to 0.05 V (vs RHE), the appearance
of a band at 2012 cm™ reveals the formation of adsorbed CO
at the Pt(100) electrode. After a step to 0.8 V (vs RHE), the
adsorbed CO is oxidized to CO,, which is observed in the
magenta spectra of the Pt(100) electrode as a sharp band at
2341 cm™'. Hence, in the FTIR experiments of Figure 7,
decarbonylation occurs only at the Pt(100) electrode to a
detectable degree, which supports the results derived from the
electrolyte exchange experiments.

It is worth mentioning that the FTIR spectra of Figure 7
were recorded in fast succession, whereas the electrolyte
exchange experiments and the recording of the SERS data
require a longer time. This combined with slow kinetics of the
decarbonylation reaction of acetone is probably the reason why
we observe at 0.4 V (vs RHE) a strong band in the SERS
spectra due to adsorbed CO; the CO band in the
corresponding FTIR spectra is rather weak.

We show in Figures S7—S9, Supporting Information, FTIR
spectra obtained at each basal plane of platinum after exposure
of the electrode at 0.4 V (vs RHE) to the acetone-containing
electrolyte for 1 h. Under these conditions the formation of
CO is observed at all platinum basal planes. However, we do
not interpret these results as an indication that decarbonylation
of acetone occurs on all platinum surfaces. In light of the CV
results obtained at bead-type single crystals after electrolyte
exchange we believe that the CO observed in the FTIR spectra
at Pt(111) and Pt(110) in Figures S7 and S9 is formed at
defects from which it migrates over the entire surface, that is,
the crystals used to collect the FTIR spectra are rich in defects
since they are pressed regularly and rather forcefully onto the
FTIR prism.

B DISCUSSION

Adsorbed CO forms on Pt(100) terrace sites, but it will poison
other sites as well. Since adsorbed CO is mobile,” it migrates
away from Pt(100) terraces and occupies preferentially Pt step
sites. Step sites are the active surface sites for acetone
reduction but will be poisoned by the formation of CO
elsewhere. Therefore, decarbonylation of acetone, although
limited to extended Pt(100) terraces sites, leads eventually to
the poisoning of the entire electrode.'’ Although polycrystal-
line platinum electrodes are therefore not suited as catalysts for
the reduction of acetone, there might be strategies to render
them resilient against poisoning. This might be achieved by the
preferential blocking of (100) terraces sites through the
deposition of adatoms or by the generation of size- and shape-
controlled Pt nanoparticles featuring only (100) terraces below
the critical size needed for the decarbonylation of acetone. In a
previous work, our group has shown that the extraordinary
activity for bond breakin% observed on Pt(100) electrodes is
due to a geometric effect:”" The cleavage of the C—O bond of
dimethyl ether occurs, for instance, when C and O atoms bind
to two opposing bridge sites.”’ The corresponding ensemble
only exists on the Pt(100) terrace and comprises 4 surface
atoms. The fact that we do not observe any C—C bond
cleavage at the (100) step site suggest that the same ensemble
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as in ref 31 is needed to achieve the C—C bond cleavage of
acetone. In this context, it is also worth mentioning that our
SERS results indicate the adsorption of acetone as the enol
species in the 4*(C,,C,) side-on geometry. Only when acetone
adsorbs through the C=C bond of its enol tautomer, does an
adsorption geometry exist that is reminiscent of that realized
for dimethyl ether, that is, only in such a geometry do the C
atoms adsorb on opposing bridge sites. Such a geometry
cannot be imagined when acetone adsorbs in an 7'(O) end-on
geometry observed in vacuo. Indeed, it is hard to imagine any
form of C=C bond activation through the action of the
electrode surface when acetone only binds with the carbonyl
oxygen to the electrode surface.

B CONCLUSION

The stripping experiments conducted in this work show that
dissociative acetone adsorption only occurs at the Pt(100)
terrace sites. The formed adsorbate cannot be stripped
reductively and is oxidized in the potential range between
0.6 (vs RHE) to 0.9 V (vs RHE). Together with our SERS and
FTIR experiments, this suggests that acetone undergoes
decarbonylation and forms CO at Pt(100) terraces. Acetone
adsorbed to all other surface sites retains its molecular
structure and can be stripped reductively prior to hydrogen
evolution or oxidatively in the potential region of platinum
oxide formation. Remarkably, decarbonylation of acetone does
not occur at step sites with (100) geometry. This implies that
dissociative acetone adsorption also requires a certain (100)
terrace size with freely available Pt atoms. This is in line with
the results presented by Hazzazi et al., who arrived at a similar
conclusion for ethyl pyruvate.” We suggest that cleavage of the
C—C bond requires adsorption of the C=C bond of the enol
tautomer in a geometry in which each of the C atoms binds to
opposing bridge sites. Such a geometry only exists at Pt(100)
terraces and comprises 4 surface atoms.
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