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e Università degli Studi di Milano, via Golgi 19, 20133 Milano, Italy 
f Technische Chemie, Ruhr-Universitität Bochum, Universitätsstraße 150, 44801 Bochum, Germany   

A R T I C L E  I N F O   

Keywords: 
Acetic acid 
Kolbe electrolysis 
Electro organic synthesis 
Structure–activity relation 
Platinum 

A B S T R A C T   

Platinum is commonly applied as the anode material for Kolbe electrolysis of carboxylic acids thanks to its su-
perior performance. Literature claims that the formation of a barrier layer on the Pt anode in carboxylic acid 
electrolyte suppresses the competing oxygen evolution and promotes anodic decarboxylation. In this work, we 
show by using a combination of complementary in situ and ex situ surface sensitive techniques, that the presence 
of acetate ions also prevents the formation of a passive oxide layer on the platinum surface at high anodic po-
tentials even in aqueous electrolyte. Furthermore, Pt dissolves actively under these conditions, challenging the 
technical implementation of Kolbe electrolysis. Future studies exploring the activity-structure-stability relation of 
Pt are required to increase the economic viability of Kolbe electrolysis.   

1. Introduction 

Today’s world energy supply and chemical production processes are 
mainly based on fossil resources like coal, crude oil and natural gas. The 
environmental impact of using these resources has encouraged re-
searchers to explore the use of green and sustainable processes to pro-
duce synthetic fuels, chemicals and building blocks [1–4]. 
Electrosynthesis is a means to synthesize chemical compounds by uti-
lizing ‘green’ electrons supplied through solid electrodes, preferably 
employing the expected surplus of renewable electricity generated by 
wind and solar installations. Additionally, these processes are often 
performed at mild reaction conditions, at low pressures and 
temperatures. 

Depending on the composition and structure of the electrocatalysts 
used in the electrochemical reaction, the product yield and selectivity 
can be tuned. To design improved electrode materials, understanding 
structure–activity correlations is essential and these have been deter-
mined for various electrochemical processes [5–8]. Not surprisingly, the 

oxygen evolution reaction (OER) is one of the most frequently studied 
anodic reactions [7,9–11], which is of relevance for water electrolysis, 
as well as in general for a broad range of electrosynthetic reactions 
performed in aqueous media [12–14]. Using a wide range of operando 
methods, such as X-ray-based techniques [15,16], isotope labeling [17], 
Raman spectroscopy [18] and other surface sensitive techniques 
including Quartz Crystal Microbalance [19], it has been demonstrated 
that the (electronic) structure of anodes is dynamic under OER condi-
tions. It is thus essential to obtain detailed knowledge of the elemental 
composition and the crystal structure of the electrode in action [10,20, 
21]. 

Compared to the understanding of the function of OER catalysts, 
significantly less is known about the structure-activity relation in elec-
trochemical organic conversions of bio-based platform molecules, such 
as sugars [22], aldehydes [23] and carboxylic acids [24] .Particularly 
carboxylic acid conversion via Kolbe electrolysis to hydrocarbons and 
CO2 [25], (see Figure S1 in Supporting Information) has been revisited 
recently. Several parameters influence the product yield and selectivity 
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of (non-)Kolbe electrolysis, such as applied current density [26], elec-
trolyte composition [25] and electrode material [27]. Here, platinum is 
the electrode material of interest to facilitate radical formation. Early 
work of Dickinson and Wynne-Jones [28] showed that platinum elec-
trodes are particularly suitable for Kolbe electrolysis of acetic acid, 
forming large quantities of ethane, whereas gold electrodes exclusively 
formed oxygen. Multiple explanations for the superior electrode activity 
of platinum exist. Most frequently, the formation of a ‘barrier layer’ on 
the surface of the platinum electrode is proposed, which supposedly 
inhibits the competing oxygen evolution reaction in aqueous electrolyte 
[29–31]. In a study of Lui et al. [29], Density Functional Theory (DFT) 
calculations were used to demonstrate that CH3COO* radicals strongly 
bind to oxidized Pt surfaces, facilitating C–C bond breaking and 
consecutive coupling of CH3* to ethane. Conway and Vijh [30] showed 
large Tafel slopes in the high potential region (>2.1 V), indicative for the 
existence of a barrier-layer type of film on the electrode. Ranninger and 
coworkers also studied the oxidation of acetate at moderate current 
densities (< 20 mA/cm2) using Pt electrodes in methanol-based elec-
trolyte using either LiOH and NEt3 for neutralization, i.e. in the presence 
of low water content only [31]. They observed cathodic Pt dissolution 
being slightly suppressed in the presence of water, which was assigned 
to formation of Pt oxides. The formation of Pt oxides was later confirmed 
by X-ray Photon Spectroscopy (XPS) after decarboxylation of valeric 
acid on RuO2 and Pt nanoparticles [32]. Interestingly, the cathodic 
dissolution rate was not dependent on electrolysis time which was 
assigned to the formation of an adsorbed layer of carboxylate anions. 
Due to the absence of such a carboxylate-barrier layer on gold and nickel 
electrodes, these materials are considered inactive for (non-)Kolbe 
electrolysis [28,33]. Despite the hypotheses on the formation of a barrier 
layer on Pt anodes, to date a conclusive description of the Pt surface 
under Kolbe conditions does not exist and the stability of Pt electrodes is 
not yet explored in detail particularly using aqueous electrolytes. Clearly 
surface sensitive experimental studies are required to fully disclose the 
surface structure and stability of platinum electrodes during Kolbe 
electrolysis. 

Therefore, in this study we combine classical electrochemical tech-
niques, such as Cyclic Voltammetry (CV) and in situ techniques such as 
electrochemical Quartz Crystal Microbalance (eQCM) and X-ray Ab-
sorption Spectroscopy (XAS), to reveal the surface structure of Pt anodes 
during Kolbe electrolysis of acetic acid in aqueous electrolyte. Cyclic 
voltammetry measurements, eQCM data and ex situ XAS spectra 
conclusively demonstrate that continuous oxidation of platinum is 
inhibited in the presence of acetic acid even at high current densities of 
100 mA/cm2 and despite the abundance of water Using Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS) active dissolution of 
platinum was revealed after polarization in aqueous electrolyte at high 
potential. Thus, this study reveals the complex interplay between ace-
tate ions and water leading only to a partial Pt oxide formation and 
active anodic Pt dissolution which in-turn inhibits the technical imple-
mentation of Kolbe electrolysis. 

2. Experimental section 

2.1. Materials and chemicals 

Platinum foil (0.025 mm thick, 99.9 % pure, Alfa Aesar), platinized 
titanium mesh (Magneto Special Anodes B.V.) Pt wire (Alpha Aesar, 
>99,99 %) Ti foil, (0.5 mm thick, 99 %) were used as anode material/ 
support. Nitric acid (ACS reagent, 70 %), acetic acid (glacial, Reagent-
Plus®, >99 %), sodium acetate (ACS reagent, >99.0 %), perchloric acid 
(ACS reagent, 70 %), sodium perchlorate (ACS reagent >98 %) and PtO2 
(≥99.9 %) all from Sigma Aldrich were used as purchased, without 
purification. Ultrapure water (18.2 MΩcm− 1); home made by a Milli-
pore, Milli-Q Advantage A10 system) was used as the solvent. 

2.2. Electrochemical measurements 

All measurements were performed in a single compartment three 
electrode glass cell (100 ml) equipped with a platinum foil working 
electrode (0.8 cm2 geometric area), a platinized titanium mesh counter 
electrode (6 cm2 geometric area) and an Ag/AgCl (3 M NaCl, ProSense) 
reference electrode (see also Fig. S2 for a schematic of the cell), all 
connected to a Biologic VMP3 Potentiostat. A custom-made Teflon 
electrode holder was used to cover the backside of the working electrode 
and to have a defined exposed electrode area. Prior to each experiment 
the glass cell, working and counter electrode were cleaned with 10 % 
nitric acid and Milli-Q water to remove organic residues. The electrolyte 
was prepared using Milli-Q water, acetic acid and/or sodium acetate 
and/or perchloric acid and/or sodium perchlorate. The blank electrolyte 
consists of 1 M perchloric acid/sodium perchlorate and the acetic acid 
electrolyte consist of 1 M acetic acid/sodium acetate, with in both cases 
the pH adjusted to 5. After deoxygenating the freshly prepared elec-
trolyte (70 ml) using 30 ml/min Helium (>5.0), the cyclic voltammo-
grams were recorded using a scan rate of 100 mV/s. Unless mentioned 
otherwise, the potentials were not corrected for ohmic drop, preventing 
artefacts caused by overcompensation. If not stated otherwise, results 
are presented against the RHE scale, calculated according to the 
following equation: 

ERHE = EAg/AgCl + 0.059pH + E0
Ag/AgCl (1.1) 

Where EAg/AgCl is the measured potential and E0
Ag/AgCl is the Ag/AgCl 

(3 M NaCl) reference electrode potential (+0.210 V). The solution was 
stirred by a magnetic stirring bar, using a stirring rate of 900 rpm. All 
experiments were carried out at room temperature. 

2.3. Electrochemical quartz crystal microbalance (eQCM) 

EQCM experiments were performed using a Gamry eQCM 10 M at 5 
MHz in a one compartment QCM cell (see Fig. S3 in the Supporting in-
formation). The sensors were Pt coated Au crystals from Q-sense (Pt film 
thickness of 300 nm) purchased from Quantum Design GmbH. The 
sensor was sandwiched between a rubber O-ring and the back contact 
(the exposed Pt surface area was 0.8 cm2). A Pt wire was used as counter 
electrode and Ag/AgCl (3 M NaCl, ProSense) as reference electrode. In 
each experiment, 7 mL of electrolyte was used. The cell was cooled to 
18 ◦C using a Julabo F12 water bath. Cyclic voltammetry in deoxygen-
ated electrolyte solutions within various potential ranges was used to 
estimate the thickness of the PtO layer formed during Kolbe electrolysis 
and reference measurements. The Sauerbrey equation was used to 
determine the difference in mass from the shift in resonance frequency 
of the electrode using a calibration constant of 57 Hz cm2 g− 1. 

2.4. Inductively coupled plasma-mass spectrometry (ICP) 

After polarization of the Pt foil electrode in the single compartment 
three electrode glass cell (described in Section 2.2), the amounts of 
dissolved Pt in the electrolytes were analyzed by ICP-MS (ICP-MS, Per-
kinElmer NexION 350 ×). ICP-MS was calibrated prior to each set of 
measurements by a four-point calibration slope prepared from standard 
solutions that contained 195Pt in a given concentration in either 0.05 M 
blank electrolyte (perchloric acid/sodium perchlorate) or in 0.05 M 
acetic acid electrolyte (acetic acid/sodium acetate). While initially both 
electrolyte solutions had a concentration of 1 M, the samples were 
diluted 20 times for the ICP-MS analysis. The dilution factor was 
considered during the analysis of the results. 187Re standard was used as 
an internal standard. The internal standard solution was prepared in 1% 
HNO3 electrolyte and was introduced to the nebulizer of the ICP-MS via 
a Y-connector. 

M. Olde Nordkamp et al.                                                                                                                                                                                                                      



Surfaces and Interfaces 44 (2024) 103684

3

2.5. X-ray absorption spectroscopy (XAS) 

X-ray absorption spectra were recorded at the beamline (BM-23) of 
the European Synchrotron Radiation Facility (ESRF) in Grenoble, France 
at the platinum L3-edge (11,563.7 eV). All scans were normalized with 
respect to the beam intensity using ATHENA. The pre-edge background 
was fitted by means of a straight line and the post-edge background by 
means of a quadratic polynomial. EXAFS data analysis was performed 
using the EXCURVE code using a k2 weighting scheme. To improve the 
signal-to-noise ratio (SNR), a spectrum was obtained by averaging 30 
scans, each scan having an acquisition time of ~3 min. The XAS ex-
periments were performed on thin film (10 nm) platinized titanium 
samples produced by sputtering. The reference samples, Pt foil and Pt 
oxide (pelletized from PtO2) were measured in transmission mode to 
ensure optimal data quality and to avoid self-absorption. All sample 
measurements were performed in fluorescence mode with a low grazing 
incident angle of 5◦. A schematic of the XAS cell is provided in Fig. S4 in 
the Supporting Information [34]. For ex situ XANES, Pt electrodes where 
polarized in the single compartment three electrode glass cell (described 
in Section 2.2),. 

3. Results and discussion 

To study the dynamics of the platinum surface under Kolbe and 
reference electrolyte conditions, cyclic voltammetry was used in a wide 
potential range (0.05–3 V vs RHE). As frequently reported, a steep in-
crease in current, solely related to the oxygen evolution reaction, can be 
observed starting at ~1.7 V in the absence of acetate/acidic acid elec-
trolyte (Fig. 1a) [25,29]. 

In the presence of carboxylic acids, the onset potential for oxygen 
evolution reaction is hardly affected, but the current density shows an 
inflection in the forward scan at approximately 2.2 V, resulting in a 
lower overall current density. This was also observed in previous liter-
ature on Kolbe oxidation of valeric acid on Pt anodes [35] and moreover 
our recent work confirmed the selective formation of Kolbe products at 
potentials > 2.2 V vs. RHE [25]. According to literature, subsequent to 
the formation of a stable PtO layer at potentials >1.2 V [36], a layer of 
deprotonated acid forms at the surface of the electrode reducing the 
surface coverage of H2O and OH− . This results in an ‘inflection zone’ 
apparent at ~2.2 to 2.7 V, which coincides with a transition between 
OER at lower potentials to hydrocarbon production (Kolbe reaction) at 
higher potentials [29]. The formation of a platinum oxide layer and its 
reduction to metallic Pt can be observed for both electrolytes (Fig. 1b 
and c), most obviously from the oxide reduction peak minimizing at 
~0.7 V for the blank electrolyte, and at ~0.6 V for the acetic acid 
containing electrolyte, after prior increase of the anodic potential to 3 V. 
When the voltage is limited to 1.2 V in the positive scan direction, the 
reduction of platinum oxide is largely suppressed. (Fig. 1b and c). A shift 
in the oxide reduction peak can be correlated to the thickness and 

composition of the formed oxide phase, e.g. PtO2 or PtO(OH)2 
(depending on the pH of the electrolyte) upon polarization at high po-
tentials [37,38]. 

To gain further insight into the possible structure of the platinum 
oxide layer formed during polarization at high potentials, additional 
cyclic voltammetry measurements were performed. Now, prior to the CV 
scans, the Pt electrode was polarized using a constant current density of 
100 mA/cm2 for different durations, i.e., to pass different amounts of 
charge through the Pt electrode (see Figure S5 in Supporting Informa-
tion for the measured potentials). After polarization, the potential was 
held at 1.3 V for 30 min to remove oxygen generated during polarization 
from the solution. After preconditioning, the formed platinum oxide film 
was reduced during a negative potential sweep (see Fig. S6a and b). The 
characteristic reduction and oxidation features of Pt seem independent 
of the specific treatment (Fig. S6a and b), however significant differ-
ences in the location and the area of the platinum oxide reduction peak 
(between 0.9 and 0.4 V vs RHE) are noticeable. The integrated charge 
densities of the Pt oxide reduction peak extracted from the performed CV 
measurements alongside with the shift in peak position relative to an 
unpolarized Pt anode are summarized in Fig. 2. 

After polarizing the Pt anode in blank electrolyte for 12 s (until 1 C is 
passed), the platinum oxide reduction peak shifted by ~70 mV in the 
negative direction compared to the unpolarized electrode (Fig. 2a). 
During polarization, metallic platinum is converted to platinum oxide 
after which adsorbed water molecules are oxidized to oxygen gas. The 
slight shift of the peak potential in the negative direction and the 
increased area of 0.85 mC/cm2 underneath the platinum oxide reduc-
tion peak after polarization are thus caused by the growth of an oxide 
film [39]. If the duration of polarization in blank electrolyte is increased 
to result in a charge accumulation of 10 C, the shape of the platinum 
oxide reduction peak changes from a single reduction event to a su-
perposition of at least two contributions with an integrated charge 
density of 1.2 mC/cm2 (See Fig. S6a in Supporting Information). 
Furthermore, a shift in the peak center of ~170 mV is observed. In the 
work of Birss et al. [37], the formation of an oxide layer of PtO(OH)2 
with Pt(OH)3HSO4 was reported after polarization at high anodic po-
tentials in a 0.5 M sulfuric acid solution. Burke and coworkers also 
showed that platinum oxide films were formed with different composi-
tions after anodic polarization at high potential [40,41]. As such two 
different forms of platinum oxides are likely observed here. Additional 
changes in peak area and location of the platinum oxide reduction peak 
after extended electrolysis were observed for even longer duration ex-
periments and only after polarization equivalent to 150 C, the peak area 
and shape of the platinum oxide reduction peak resemble the structure 
of the sample polarized to 70 C which suggests that a steady composition 
of the platinum oxide film layer was obtained. 

After polarizing the platinum electrode in acetic acid electrolyte 
(until 1 C has passed), already a shift of the platinum oxide reduction 
peak of ~235 mV (see Fig. 2b) was observed. The large negative shift of 

Fig. 1. Cyclic voltammogram of a) blank electrolyte (blue) and acetic acid electrolyte (red) in high potential window (0.05 – 3 V vs RHE) b) inset of CV in blank 
electrolyte c) inset of CV in acetic acid electrolyte scanned till 3 V and 1.2 V window. Scan rate: 100 mV/s. Arrows show the sweep direction. CV scans were 
performed in the single compartment three electrode glass cell. 

M. Olde Nordkamp et al.                                                                                                                                                                                                                      



Surfaces and Interfaces 44 (2024) 103684

4

the platinum oxide reduction peak is in contrast to a minor shift 
observed after polarization in blank electrolyte. Considering that the 
formation of a barrier layer is widely postulated to occur in acetic acid 
containing electrolytes, we assume that the extensive shift is an indi-
cation of an adsorbed CH3COO− layer. PtO reduction is thus inhibited 
and requires that the formed layer on the anode desorbs, before the 
platinum oxide film is reduced [28,31]. At 10 C, the platinum oxide 
reduction peak shifts by ~310 mV relative to the unpolarized electrode, 
after which the position and the area of the platinum oxide reduction 
peak remain the same (1.11 mC/cm2) even for extended polarization 
(150 C). So, the polarization analysis suggests that the formation of the 
platinum oxide film is independent of the polarization duration once the 
accumulated charge is larger than 10 C. 

To study the formation of the platinum oxide layer in more detail, 
eQCM measurements were performed to reveal the mass changes asso-
ciated with platinum oxide reduction after polarization in acetic acid 
electrolyte. The Pt anode was pre-polarized at constant current density 
of 5 mA/cm2 until 1, 10 or 70 C of charge were passed. The lower current 
density was applied to reduce the risk of electrode roughening, disso-
lution and delamination and thus damaging the thin Pt layer on the 
crystal [42,43]. Nevertheless, the relevance of the data is justified as 
explained in the supporting information (see Supporting Information 
Figs. S5 and S7). Fig. 3 displays the mass changes associated with the 
platinum oxide reduction (between 0.4 and 0.9 V vs. RHE typically) as a 

function of the polarization duration (CV scans and associated mass 
changes in blank and acetic acid electrolyte after polarization till 1C are 
shown in Fig. S8a and b in Supporting information). 

It is clearly evident that the mass losses associated with the reduction 
of the platinum oxide layer are generally lower after polarization in 
acetic acid electrolyte than in blank electrolyte. This is in agreement 
with the overall lower integrated charge density of the platinum oxide 
reduction peaks obtained after polarization (Fig. 2b). For the blank 
electrolyte, the mass losses increase with polarization time. This in-
dicates that the thickness of the platinum oxide layer grows as a function 
of polarization time, although the increase appears to stagnate with 
higher polarization time. This stagnation was also observed in the in-
tegrated charge density of the platinum oxide reduction peak for the 
blank electrolyte. 

The reduction of the platinum oxide films formed after polarization 
to 10 C and 70 C in acetic acid electrolyte result in the same mass loss of 
~145 ng/cm2 (see Fig. S9a and b for reproducibility of mass loss during 
PtO reduction in acetic acid and blank electrolyte) being consistent with 
the independence of the integrated charge densities as a function of 
polarization time revealed by analysis of the PtO reduction signal (see 
Fig. 2b). 

Anodic dissolution of platinum during Kolbe electrolysis was studied 
using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). After 
polarization at a constant current density of 100 mA/cm2 (up to 360 C), 
the concentration of Pt in the electrolyte was measured (see Fig. 4). 
Here, longer polarization durations were required to enable quantifi-
cation of dissolved platinum in the electrolyte. The dissolution of Pt in 
acetic acid electrolyte increases linearly with polarization time whereas 

Fig. 2. Integrated charge density (mC/cm2) during platinum oxide reduction and the shift of the platinum oxide reduction peak to lower values (mV) relative to the 
unpolarized electrode after polarizing the platinum electrode at 100 mA/cm2 in a) blank electrolyte and b) acetic acid electrolyte for different durations (1, 10, 30, 70 
and 150 C). The solid lines are drawn to guide the eye. 

Fig. 3. Mass decrease (ng/cm2) during platinum oxide reduction after polar-
izing the platinum electrode (Pt-covered eQCM crystal with a Pt film thickness 
of 300 nm) at 5 mA/cm2 in blank electrolyte (black squares) and acetic acid 
electrolyte (red circles) for different durations (1, 10 and 70) determined by 
eQCM. The error margins are based on n = 2. Note that the decrease in mass is 
not related to Pt dissolution but the weight loss associated with the reduction of 
platinum oxide to Pt. Representative raw data are shown in Fig. S8. 

Fig. 4. Measured Pt concentration (ug/cm2) in blank (black squares) and acetic 
acid (red circles) electrolyte after anodic polarization of a Pt foil electrode at 
100 mA/cm2 for different durations (70, 180 and 360). The error margins are 
based on n = 2. 
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the concentration of platinum measured in blank electrolyte initially 
increases after which it converges to a stable value of ~1.5 μg/cm2 when 
the polarization exceeds 180 C. Cyclic voltammetry and eQCM data 
discussed above suggested the formation of a barrier layer consisting of 
CH3COO− anions on the electrode surface which prevents the contin-
uous growth of platinum oxide during polarization in acetic acid elec-
trolyte. Simultaneously, Pt complexation with dissolved acetate anions 
can occur [44,45], altogether enhancing the dissolution of Pt in acetic 
acid electrolyte leading to constant (active) Pt dissolution. In the 
absence of acetic acid, the continuously growing oxide layer passivates 
the platinum surface, resulting in decreased Pt(O) dissolution, even in 
aggressive media [44,46]. 

To complete the analysis of the PtO layer, and dissolution thereof, 
the electronic structure and structural changes of the platinum oxide 
layer were analyzed by ex situ X-ray absorption spectroscopy. An 
attempt was made to perform in situ X-ray absorption spectroscopy, 
however due to vigorous gas evolution, the obtained spectra were of 
poor quality (low S/N). Therefore, polarized Pt electrodes were studied 
ex situ in ambient conditions using X-ray Absorption Near Edge Structure 
(XANES) and Extended X-ray Absorption Fine Structure (EXAFS) spectra 
in fluorescence mode, after being removed from the electrolyte. Fig. 5 
shows the XANES spectra obtained after polarization of the Pt anode in 
acetic acid electrolyte. For comparison, XANES spectra of Pt foil, PtO2 
reference samples, unpolarized Pt and Pt anode polarized in blank 
electrolyte are shown. 

When comparing the XANES spectra of the unpolarized Pt electrode 
with the Pt foil reference spectra, the following changes can be observed: 
the location of the adsorption edge shifted to higher energy, the white 
line has a higher peak intensity and a small difference in the post-edge 
region is observed for the unpolarized Pt electrode. A strong white- 
line intensity and the dip in the post-edge region are characteristic 
spectral features of platinum oxides [47] (see PtO2 reference spectrum in 
Fig. 5), this means that the unpolarized Pt electrode is slightly oxidized 
compared to the reference Pt foil. Possibly, a thin surface oxide film was 
already present after preparation of the Pt samples. After polarization in 
acetic acid electrolyte, no significant additional changes occur to the 
XANES spectra of the Pt electrode. In agreement with the previous dis-
cussion, this implies that the Pt electrode hardly oxidizes after polari-
zation in acetic acid electrolyte. On the contrary, after polarization in 
blank electrolyte, the white-line peak intensity is more intense, con-
firming that a significantly thicker platinum oxide layer formed after 
polarization in blank electrolyte than in acetic acid electrolyte. This was 
also confirmed by linear combination fitting of the XANES spectra of the 
polarized anodes with the Pt foil and PtO2 reference samples (see 

Table S2 in Supporting Information). Again, this is consistent with the 
presented electrochemical analysis and the eQCM data, where an overall 
higher mass loss during platinum oxide reduction was observed (Fig. 3). 
The EXAFS spectra of the polarized Pt electrodes were also recorded to 
investigate structural changes after polarization at high potentials, 
however no significant changes could be observed in the phase or 
amplitude of the EXAFS (See Figure S10a and 10b in Supporting Infor-
mation). This suggests that the structure of the films remains unchanged 
after polarization and is broadly comparable to that of platinum metal. It 
is worthwhile noting that EXAFS analysis of the platinum oxide surface 
was difficult due to the low surface to bulk ratio. This should be 
increased for a better estimation of the structural changes. 

In summary, our novel analytical data confirm that the presence of 
acetate (acetic acid) inhibits the formation of platinum oxide at high 
oxidative potentials, but stimulates significant active dissolution of Pt. 
In fact, data extrapolation suggests that it will take approximately 310 
days until the complete Pt electrode is dissolved under continuous 
operation (1 cm2, 0.025 mm thick, 100 mA/cm2). Thus, for technical 
implementation of the electrosynthesis reaction, the use of Pt needs to be 
reconsidered, and/or the dissolution of platinum during Kolbe elec-
trolysis needs to be studied in more detail [31,48]. In addition, in situ 
XPS could be employed to further explore the surface structure and 
composition alongside with the actual oxidation state of the platinum 
oxide layer under Kolbe conditions. 

4. Conclusions 

Kolbe electrolysis of acetic acid on platinum anodes was investigated 
confirming the formation of a barrier layer of (adsorbed) acetate on the 
electrode surface. Particularly, it is shown that even in aqueous elec-
trolyte and at high current densities the continuous formation of plat-
inum oxide is suppressed. Instead under Kolbe conditions active anodic 
dissolution of Pt is observed. The latter has a negative impact on the 
practical feasibility of using Pt anodes in Kolbe electrolysis. Follow up 
studies to further explore the oxidation state and dissolution rate of Pt 
under Kolbe conditions, particularly using pulsed potential conditions or 
even reversed Pt polarization (using a two Pt electrodes) are required to 
further assess the economic viability of electro organic syntheses via 
Kolbe electrolysis. 

Supporting Information 

The Supporting Information is available free of charge on insert link 
and contains: S1. Reaction mechanism of Kolbe electrolysis, S2 Three 
electrode electrochemical glass cell, S3 Gamry eQCM cell, S4 X-ray ab-
sorption spectroscopy cell, Cyclic voltammograms and potential vs. time 
curve of a constant current experiment in blank and acetic acid elec-
trolyte in single compartment three electrode glass cell and eQCM 
reactor, S6 Cyclic voltammograms of Pt in blank and acetic acid elec-
trolyte after polarization at high potential for different durations, S7 
Relevance of the eQCM data, S8 Effect of polarization current density on 
the platinum oxide formation in blank electrolyte and acetic acid elec-
trolyte, S9 CV and associated mass changes during Pt oxide reduction 
after polarizing the Pt anode at high potential until 1 C, S10 Repro-
ducibility of mass changes after polarization in blank and acetic acid 
electrolyte, S11 EXAFS spectra of unpolarized and polarized Pt in blank 
and acetic acid electrolyte, S12 Linear combination fitting XANES. 
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