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The alkaline methanol electrooxidation (MOR) shows a strong decline of current density during chronoamperometry (CA) measurements. In this paper we investigate which process and conditions cause this behavior. One possiblity is corrosion of the used glass material.

Alkaline electrolytes are well-know for their glass corrosive potential. The impact of glassions on both dynamic and stationary measurements is quantified by comparing a glass-cell and a PTFE cell. We show that higher current values are reached in the PTFE cell indicating that the cell material has an influence on the recorded current but the strong decay of current density also occurs in PTFE. The use of a glassy carbon electrode with a carbon-supported Pt catalyst (Pt/C) in combination with alkaline ionomer (AS-4) yields constantly dropping electrochemical performance both for the electrolyte with and without methanol. A smooth Pt electrode features stable current density values during dynamic measurements but in CA measurements in a PTFE cell using smooth platinum there is still a decline in current density over time. The difference performance stability indicates instability of the supported catalyst. Further, we use FTIR spectroscopy to identify possible strongly adsorbed reaction intermediates. Bicarbonate is determined to be the adsorbate whose amount increases with time at 0.6 V whereas other detected intermediates decrease.

Introduction

Methanol is a promising candidate to replace hydrogen as fuel for the use in fuel cells partly because of its significantly higher volumetric energy density [START_REF] Tripković | Methanol electrooxidation on supported Pt and PtRu catalysts in acid and alkaline solutions[END_REF][START_REF] Christensen | An in situ FTIR study of the electrochemical oxidation of methanol at small platinum particles[END_REF]. Additionally, due to its liquid state at room temperature, methanol is easier to handle, transport and store than the gaseous hydrogen [START_REF] Gojković | Methanol oxidation on an ink type electrode using Pt supported on high area carbons[END_REF][START_REF] Demirci | Direct liquid-feed fuel cells: Thermodynamic and environmental concerns[END_REF]. In recent years the use of alkaline electrolytes, also for methanol based fuel cells, once again has become more relevant especially due to the use of alkaline membranes [START_REF] Varcoe | An electron-beam-grafted ETFE alkaline anion-exchange membrane in metalcation-free solid-state alkaline fuel cells[END_REF]. A major advantage of alkaline electrolytes are faster kinetics of many reactions such as the oxygen reduction reaction [START_REF] Blizanac | Oxygen electroreduction on Ag(1 1 1): The pH effect[END_REF][START_REF] Antolini | Alkaline direct alcohol fuel cells[END_REF]. Also for the MOR improved reaction kinetics in alkaline medium are reported compared to acidic solutions [START_REF] Tripković | Methanol electrooxidation on supported Pt and PtRu catalysts in acid and alkaline solutions[END_REF][START_REF] Prabhuram | Investigation of methanol oxidation on unsupported platinum electrodes in strong alkali and strong acid[END_REF]. Accordingly, this creates an opportunity for an overall cost reduction by scaling down the amounts of platinum catalyst.

However, the great potential of the alkaline methanol fuel cell cannot yet be fully utilized.

Hydrogen fuel cells with acidic polymer electrolyte (PEMFC) show significantly higher performance than the alkaline version which again shows better performance than alkaline direct methanol fuel cells (ADMFC). Performance losses due to low oxygen transport through the ionomer to the catalyst can be excluded [START_REF] Khadke | Mass-Transport characteristics of oxygen at pt/anion exchange ionomer interface[END_REF]. Dry-out of the cathode and thus undersupply of reactant water can be excluded as well for the presently low current densities [START_REF] Weinzierl | Model-based analysis of water management at anode of alkaline direct methanol fuel cells[END_REF]. High ionic overpotentials in the catalyst layer [START_REF] Khadke | Performance losses at H2/O2 alkaline membrane fuel cell[END_REF] could be a cause as well as ohmic losses in the membrane due to carbonation [START_REF] Krewer | Impact of carbonation processes in anion exchange membrane fuel cells[END_REF]. However, these losses cannot explain the significantly performance losses of ADMFCs compared to PEMFCs. Thus, processes within the anode, e.g. alkaline MOR are one possible source for the discrepancy. Since the reaction kinetics and the detailed mechanism of the reaction are not completely clarified it is not possible to evaluate the methanol contribution of the anode kinetics to the loss. Still, there is a disagreement about the the main product and main path way of the reaction [START_REF] Beden | Oxidation of Methanol on a Platinum Electrode in Alkaline Medium[END_REF][START_REF]Modern Aspects of Electrochemistry[END_REF]. In order to expedite the development of alkaline methanol fuel cells, it is indispensable that the reaction steps are well known. For the acidic MOR it was shown that CO poisoning of the catalyst surface has a major impact on the performance loss [START_REF] Iwasita | Methanol oxidation on PtRu electrodes. Influence of surface structure and Pt-Ru atom distribution[END_REF][START_REF] Gasteiger | H2 and CO Electrooxidation on Well-Characterized Pt, Ru, and Pt-Ru. 2. Rotating Disk Electrode Studies of CO/H2 Mixtures at 62 .degree.C[END_REF][START_REF] Chen | Irrelevance of Carbon Monoxide Poisoning in the Methanol Oxidation Reaction on a PtRu Electrocatalyst[END_REF]. The assumption that CO also accounts for performance losses in alkaline conditions was investigated among others by Matsuoka [START_REF] Matsuoka | Electro-oxidation of methanol and ethylene glycol on platinum in alkaline solution: Poisoning effects and product analysis[END_REF]. However, the contribution of other intermediates and impurities is not completely understood. The motivation of this study is to gain information about the strong decline during stationary CA measurements. Since fuel cells run in steady state operation and catalysts need to be investigated under such conditions also. Our goal is to investigate the origin of the loss of reaction activity. Therefore, we analyze the influence of impurities from the cell material and the impact of MOR intermediates on the reaction performance. In alkaline media, corrosion of glass can occur producing glass ions acting as impurities. This phenomenon is a common issue not only in electrochemistry. Electrochemical glass cells are standard setups to evaluate electrode kinetics and material. Mayrhofer et al. [START_REF] Mayrhofer | Analysis of the Impact of Individual Glass Constituents on Electrocatalysis on Pt Electrodes in Alkaline Solution[END_REF][START_REF] Mayrhofer | Impact of Glass Corrosion on the Electrocatalysis on Pt Electrodes in Alkaline Electrolyte[END_REF] ascertain that the use of a glass cell with an alkaline solution as measuring system can adversely affect electrochemical measurements since ions dissolve from the glass when in contact with the solution. Generally in literature the glass parts are undergoing a rinsing procedure before usage as described below. However, this process is time expensive, cumbersome and after some time cleaning needs to be repeated. RDE experiments with cyclic voltammetry (CV) and chronoamperometric (CA) techniques were employed to characterize the impact of glass ions on the alkaline MOR using different cell materials. CA measurements were performed to test the transient behavior under potentiostatic operation in a glass cell and a PTFE cell. Besides CA measurements, long-term cycling measurements were performed to investigate the impact of the different cell materials on the reaction stability in addition to the stationary performance. Another possibility leading to reduced catalytic activity are blocking intermediates. As mentioned, CO seems to be one main adsorbing reaction intermediate. To investigate the nature of adsorbed intermediates, FTIR spectroscopy of the electrode surface has been performed. FTIR is a widely used analysis technique to identify mostly organic substances due to their vibrational modes. On the electrode adsorbed species can be studied by FTIR, provided that they are IR active, parallel to electrochemical measurements. Tong et al. [START_REF] Huang | Combined EC-NMR and in Situ FTIR Spectroscopic Studies of Glycerol Electrooxidation on Pt/C, PtRu/C, and PtRh/C[END_REF] investigated the mechanism of glycerol electro-oxidation by means of FTIR spectroscopy. Christensen et al. [START_REF] Christensen | An in situ FTIR study of the electrochemical oxidation of methanol at small platinum particles[END_REF], [START_REF] Christensen | An in situ FTIR spectroscopic study of the electrochemical oxidation of ethanol at a Pb-modified polycrystalline Pt electrode immersed in aqueous KOH[END_REF] used FTIR to identify the reaction intermediates of MOR in acid or of ethanol oxidation on crys-talline Pt and Pb-modified electrodes. Morallon et al. [START_REF] Moura | Ruthenium-Platinum Catalysts and Direct Methanol Fuel Cells (DMFC): A Review of Theoretical and Experimental Breakthroughs[END_REF] investigated MOR in alkaline media and found bands for linear and multibonded CO (1800 cm -1 and 2020 cm -1 ). They identified CO as main adsorbate that might inhibit the catalyst activity. Yang et al. [START_REF] Yang | Infrared spectroelectrochemical study of dissociation and oxidation of methanol at a palladium electrode in alkaline solution[END_REF] confirmed these results. Due to the fact that fuel cells are running in a stationary mode it is important to know how the processes proceed in matters of time. In this work, we observe the adsorbed reaction intermediates over time at a constant potential to earn information on the transient processes and evaluate a explanation for the constant current decay during CA measurements.

Experimental Section

Preparation

The catalyst ink was prepared by mixing 3.465 mg carbon-supported platinum powder (Hispec 9000, Alfa Aesar) with 5 mL of ultrapure water (Merck Millipore). The dispersion was sonificated for 30 minutes to get a homogeneous ink solution. A 10 µl droplet was placed on a glassy carbon electrode (Pine Instruments) resulting in a metal loading of 17.5 µg P t /cm 2 . The electrode was rotated at 700 rpm to promote an uniform film thickness of the catalyst during the drying process [START_REF] Garsany | Analytical Procedure for Accurate Comparison of Rotating Disk Electrode Results for the Oxygen Reduction Activity of Pt/C[END_REF]. Afterwards, 5 µL ionomer solution (AS-4, Tokuyama) was coated on the surface. The glassy carbon electrode surface was refreshed before every measurements by polishing with aluminum slurry (0.05 µm) and washing with ultrapure water and isopropanol (Sigma Aldrich). The same procedure was conducted for the FTIR measurements. In order to reduce the glass corrosion in alkaline media, the borosilicate glassware was initially cleaned following the procedure in [START_REF] Larsen | Development of tailored high-performance and durable electrocatalysts for advanced PEM fuel cells[END_REF]. In short, the glass was placed in concentrated potassium permangante (K 2 MnO 4 , Grüssing) over night, rinsed with ultrapure water and dilluted peroxymonosulpfuric acid (K 2 SO 5 , VWR), boiled in ultrapure water for 2 h and dried. Between the preparation and usage time, the glassware was filled completely with ultrapure water to avoid new contamination. The PTFE cell was cleaned by washing with ultrapure water.

Electrochemical Measurements

Electrochemical measurements were performed with a three-electrode cell system connected to a Zennium X potentiostat (Zahner Elektrik GmbH) controlling the potential. A rotating disk electrode (RDE, Pine Instruments) with a glassy carbon surface (A=0.2376 cm 2 ) coated with the catalyst as described above or a pure platinum surface (A=0.196 cm 2 ) was used as working electrode (WE). It was attached to a modulated speed rotator (Pine Instruments) to control the rotation rate. A platinum wire was utilized as counter electrode and a reversible hydrogen electrode (RHE) as reference electrode (Gaskatel). The potentials in this work are reported against the RHE. All cells used in this work were commercially available and consisted either of borosilicate glass or PTFE (Pine Instruments). The working electrode was electrochemically cleaned prior to experiments by cycling 100 times between 0.0 and 1.2 V at 200 mV/s before the measurement started. All experiments were performed at constant room temperature (25 • C), under N 2 -purge and repeated for three times unless mentioned otherwise. The solutions were freshly prepared from potassium hydroxide (KOH pellets, Fischer Chemicals), methanol (VWR, HPLC grade) and ultrapure water to reduce the risk of contamination by storage.

FTIR Spectroscopy

FTIR spectroscopy was performed with a Bruker IFS 66 FTIR spectrometer. The glassy carbon electrode for FTIR measurements was pressed to a CaF 2 window of the FTIR cell.

The electrochemical measurements during FTIR measurements were controlled by a LB 81 Wenking potentiostat and recorded by a BD 90 XY recorder. The detailed procedure and cell are described elsewhere [START_REF] Coutanceau | Radioactive Labeling Study and FTIR Measurements of Methanol Adsorption and Oxidation on Fuel Cell Catalysts[END_REF][START_REF] González-Cobos | A Systematic in Situ Infrared Study of the Electrooxidation of C3 Alcohols on Carbon-Supported Pt and Pt-Bi Catalysts[END_REF].

Results and Discussion

Impact of Cell Material Stationary Measurements

As explained above, literature suggests that glass ions have an influence under alkaline conditions. Thus, we examine here if they are the reason for the current decline in CA experiments. For this purpose, chronoamperometric measurements of 1 hour duration at a potential of 0.70 V were recorded within glass, purified glass and PTFE cells using a glassy carbon RDE coated with a carbon-supported platinum catalyst. The resulting curves are displayed and compared in Fig. 1. They all show an decay in current density. The initial current density for the experiment in a glass cell is with 0.58 mA/cm 2 significantly lower than that of the purified glass cell with 0.93 mA/cm 2 . The PTFE cell shows the highest value for the initial current density with 1.24 mA/cm 2 , which is twice that of the glass cell. The relative current decay is smaller in PTFE than for both glass cells with a reduction to 54.0 % (0.67 mA/cm 2 ) of its original value after 3600 s compared to 43.1 % (0.25 mA/cm 2 ) for glass and 50.5 % (0.47 mA/cm 2 ) for purified glass, respectively, the absolute reduction is higher.

The major influence of the glass ions appears directly at the start of the measurements but continues with smaller relative impact over the time. The fact that the behavior of the current density depends on the cell material leads to the conclusion that glass ions enter the solution and partly block active sites of the catalyst. They continue to leave the glass material and further deactivate the catalyst. But since also the PTFE cell shows a loss of current density, there has to be another strong effect reducing the activity whose cause is not due to glass ions. From experiments in acidic media, it is known, that CO blocks the surface. Therefore, one possibility is that also in alkaline media, some formed species block the catalyst surface and thus reduce the number of active sites. Another possibility was proposed by Chatenet et al. [START_REF] Zadick | Huge Instability of Pt/C Catalysts in Alkaline Medium[END_REF][START_REF] Chatenet | Silver-Platinum Bimetallic Catalysts for Oxygen Cathodes in Chlor-alkali Electrolysis: Comparison with Pure Platinum[END_REF]. They found that in liquid alkaline electrolytes, carbonate crystals at the surface cause platinum particles to break off from the carbon structure. Likewise, this effect would decrease the number of free catalyst sites and thereby the amount of active catalyst irreversibly. Both effects will be discussed in later sections referring to the catalyst stability (3.2) and surface (3.3).

Dynamic Measurements

Mayrhofer et al. [START_REF] Mayrhofer | Impact of Glass Corrosion on the Electrocatalysis on Pt Electrodes in Alkaline Electrolyte[END_REF] found that the impact of glass ions on the hydrogen oxidation reaction (HOR) and on the oxygen reduction reaction (ORR) is reversible by cycling to sufficient high potentials. In order to investigate the influence of glass ions on dynamic For aqueous solutions the maximum potential is defined by the formation of oxygen (1.23 V). Hence, 1.2 V was selected as potential limit for our experiments. The same working electrode, a carbon-supported Pt catalyst on a glassy carbon electrode, as described for the former CA measurements, was used. Fig. 2 shows the initial, the tenth, the hundredth and thousandth cycle of teh MOR. The oxidation peak occurs in the region between 0.45 -1.0 V during the forward scan. A further oxidation peak occurs in the backward scan. The peak during the forward scan is located at ca. 0.79 V and does not shift with increasing cycle Within the first ten cycles the current density increases from 41 mA/cm 2 to 43 mA/cm 2 whereas afterwards it decreases. After 1000 cycles, the peak current density is only 0.03 mA/cm 2 which corresponds to a relative loss of catalyst activity of 99.9 %. Comparing the relative catalyst activity depending on the number of cycles between the experiments in the glass and the PTFE cell indicates no difference due to the cell material (Table 1).

Both document a continuous loss over the complete measuring time ending with hardly noticeable catalyst activity. Therefore, the decrease of current density in CV measurements is not caused by glass ions but by another process reducing the catalyst activity. Hence, the catalyst was changed to a smooth Pt catalyst to exclude irreversible processes based on catalyst instability. The relative catalyst activity resulting from MOR on the smooth Pt catalyst is also given in Table 1. It is obvious that the catalyst activity does not decrease but even increases with the cycle number. The loss from cycle 100 to cycle 1000 shows that after a long time thesmooth catalyst seems to lose a small part of its activity. Our experiments shows that the loss using a carbon-supported Pt catalyst seems to originate from catalyst instability. Nevertheless, the comparison between the glass and PTFE cells reveals that the glass ions have no influence on dynamic CV measurements. Based on the results from the Mayrhofer group [START_REF] Mayrhofer | Impact of Glass Corrosion on the Electrocatalysis on Pt Electrodes in Alkaline Electrolyte[END_REF] and our results for the alkaline MOR, it is concluded, that the glass ions are removed at higher potentials and do not affect the MOR irreversibly.

Catalyst Stability in Alkaline Solution without Methanol

In the previous section we found out about the unstable performance of the carbonsupported catalyst in a methanol-containing solution. Changing the carbon-supported Pt smooth Pt catalyst at a scan rate of 100 mV/s. Cyclic voltammograms were thus repeated analogously to the previous ones using a pure solution of 1 M KOH with carbon-supported (Fig. 3a) and smooth Pt catalyst (Fig. 3b). The initial, the tenth, the hundredth and the thousandth cycles are presented. The CVs resemble the typical shape known from literature [START_REF] Tripković | Kinetic and mechanistic study of methanol oxidation on a Pt(111) surface in alkaline media[END_REF] including hydrogen adsorption/desorption from poly-crystalline surface (0.05 -0.45 V), double layer region (0.45 -0.55 V) and chemisorption of oxygen species above 0.55 V. The examination of the temporal dependence of current density depicts different stability of the two catalysts. While the shape of the CVs is similar for both catalysts at all times, it can be seen that the current of the carbon-supported Pt decreases over the whole voltage range suggesting that some degradation of the carbon-supported Pt catalyst occurred. Current density decreased monotonously for all adsorption/desorption regions (Fig. 3a), suggesting a steady loss of electroactive species [START_REF] Zadick | Huge Instability of Pt/C Catalysts in Alkaline Medium[END_REF]. The smooth Pt catalyst exhibits significantly higher stability (Fig. 3b). The obtained CV shows even a rise in current density for the first 100 cycles and subsequently maintains its high level of current. The increase is caused by electrochemical cleaning, i.e. freeing of electroactive sites from adsorbed impurities.

To precisely determine the temporal behavior, the electrochemical active surface area (ESCA) is determined by integrating the charge of the H upd (hydrogen underpotential deposition) region and subtracting the double layer charging [START_REF] Binninger | Determination of the Electrochemically Active Surface Area of Metal-Oxide Supported Platinum Catalyst[END_REF][START_REF] Trasatti | Real Surface Area Measurements in Electreochemistry[END_REF]. The obtained charge is then divided by 210 µC/cm 2 (Q H,0 ) which corresponds to the charge of a platinum monolayer (Eq. ( 1)) [START_REF] Wang | Mechanistic Insight into Sulfide-Enhanced Oxygen Reduction Reaction Activity and Stability of Commercial Pt Black: An in Situ Raman Spectroscopic Study[END_REF][START_REF] Garsany | Experimental Methods for Quantifying the Activity of Platinum Electrocatalysts for the Oxygen Reduction Reaction[END_REF]:

ECSA = Q H,up -Q dl Q H,0 (1) 
The time-dependent development of relative ECSA for both catalysts is shown in Fig. 4.

The percentage change is given relative to the initial value of the ECSA as 100 %. The ECSA values for the carbon-supported Pt catalyst, initially 3.52 cm 2 , were about a magnitude higher than for the smooth Pt catalyst with initially 0.39 cm 2 . This is attributed to the porous character of the carbon-supported Pt catalyst resulting in a higher active surface.

The use of a smooth Pt catalyst leads to a ECSA increase with growing cycle number before reaching a stable plateau after 100 cycles. The carbon-supported Pt catalyst shows a monotonous decrease of active surface with increasing cycle number, losing 60 % ECSA after 1000 cycles. The activity loss is significantly higher during the first cycles than for greater cycle numbers as seen when comparing the 20 % loss in the first 100 cycles to the 40 % loss in the next 900 cycles.

The source of the diminished activity can originate from different factors. Adsorbed intermediates produced via the reaction can cause a deactivation of the catalyst if the rate of desorption or further reaction is smaller than the production rate. In absolute terms, this activation process would decrease with time as more sites become inactive. Presumably it would also be reversible, which was not found here. However, such a process should also occur on smooth Pt catalyst. Another cause could be the break-off of Pt particles from the carbon. Chatenet et al. [START_REF] Zadick | Huge Instability of Pt/C Catalysts in Alkaline Medium[END_REF] describes the effect which only occurs in alkaline media.

Carbonate crystals are formed and cause platinum to break-off the carbon structure leading to inactivated platinum particles which are inoperative for further reaction. The break-off effect only occurs for the carbon-supported Pt catalyst and hence is likely the source for the The ECSA for the initial cycle with 20 µL amounts 0.3642 cm 2 /µg P t whereas the one for 50 µL is about 30 % lower (0.2436 cm 2 /µg P t ). This value is even lower than for the Possible explanations may be a hindering of the transfer of reactants to the catalyst surface or a overlap of the catalyst by the ionomer making some catalyst sites inactive. We found out, that the Pt/C catalyst is not stable in methanol or base electrolyte and the ionomer amount has only a moderate stability effect. In contrast, the smooth Pt electrode is always stable.

Methanol Adsorbates

In section 3.1 the CA measurements with a Pt/C catalyst show a strong decay of current density. The cause of this behavior can partly result from a break-off effect due to carbonate crystals formation in alkaline media. But CA measurements with a smooth Pt electrode (Fig. 5) which proves stable performance in dynamic measurements as shown, also reveal a decline in current density over the time. Hence, adsorbed reaction intermediates are assumed to cause the loss of oxidation current. Adsorbed species were analyzed by FTIR spectroscopy. The spectra were received insitu to a CV with a scan rate of 1 mV/s. One spectrum needs 50 s to be recorded resulting in spectra every 50 mV. 3200 cm 2 and belongs to water adsorption. The MOR is supposed to start at potential of 0.45 V. The FTIR spectra for 0.4 V shows that already some bands arises belonging to different organic species. The bands at 1350 cm -1 and 1580 cm -1 belong to the asymmetrical and symmetrical stretching vibration of formate (ν(O-C-O)). The band at 1380 cm -1 is assigned to carbonate (CO 2- 3 ). In addition to the appearance of the bands from organic species, the water adsorption increases. At 0.6 V, a potential directly in the region where the current increases due to MOR, no new bands appear. Only an increase for all previously detected bands can be observed. The last potential, 0.8 V is located after the current maximum in the CV. Two changes can be identified compared to the spectra of lower potentials. The relationship of the adsorbance of the formate and carbonate band is swapped. The intensity of carbonate is reduced in contrast to the formate which rises. The second change is a new band at 2340 cm -1 . Carbon dioxide give rise to a band at 2343 cm -1 , so for higher potentials carbon dioxide can be detected on the catalyst surface. The signal from water adsorption increases over the complete potential range.

The combination of FTIR and CVs are able to point out the potentials where which intermediate or product appears but we get no information on the decline in current density during CA. Based on our previous results which show that the current decreases for a fixed potential in the region of MOR, insitu FTIR measurements have been done during CA measurements. To our best knowledge such results have not been published for the MOR so far. IR spectra for CA at potentials of 0.6 V and 0.8 V were recorded for 20 minutes. Fig. 7 compares the development of relative adsorbances of the bands over time for the two potentials. Fig. 7 a shows the values for a potential of 0.6 V. The band at 1350 cm -1 increases over the complete time whereas the band at 1580 cm -1 shows an increase at the beginning but then reaches a plateau. Both wave numbers can be connected to formate. But since the slopes are different it can be assumed that the band at 1350 cm -1 is overlapped with a band from 1360 cm -1 which correlates to bicarbonate (HCO - 3 ). Carbonate (1380 cm -1 ) is detected only within the first 500 s. Shortly after carbonate has disappeared, carbon dioxide is detected on the surface, which quickly reaches a plateau. At 0.8 V (Fig. 7 b), the band at 1580 cm -1 decreases with time indicating that the amount of formate on the electrode surface also decreases whereas the band at 1350 cm -1 proceed with a slight increase. Analog to the results from 0.6 V it is assumed that the bicarbonate band (1360 cm -1 ) overlaps with the one from formate and is responsible for the increase. Carbonate is only detected for the first 200 s, carbon dioxide is visible from the beginning on and decreases with time after a short increase at the beginning. Also for this potential no CO was detected. The FTIR measurements show that both formate and carbonate are formed at the applied potentials under the given experimental conditions. Bicarbonate seems to be the intermediate which accumulates with time being the only increasing over the complete time. Therefore, we suggest that the decline during CA measurements at potentials in the range of 0.6 -0.8 V is partly due to the accumulation of bicarbonate on the catalyst surface.

Conclusion

The investigation of the system reveals that the carbon-supported Pt catalyst is not stable under the given conditions resulting in a break-off of the catalyst. The main loss of current during electrochemical CA measurements is attributed to the blocking character of reaction intermediates. The combination of electrochemical potentiostatoic measurements and insitu FTIR spectroscopy enables the tracking of the temporal behavior of the adsorbed intermediates. The FTIR data shows that both formate and carbonate are found on the electrode surface. Bicarbonate increases over time with decreasing current density. Therefore it is assumed that at least some part of the decline in catalyst activity over time during CAs is caused by bicarbonate. It has to be identified in further experiments how the bicarbonate is formed. The postulated effect of glass ions is confirmed for dynamic as wells as stationary measurements. The use of an glass-free alternative cell, as PTFE, preserve an impact of glass ions on the experiments but cannot prevent the blocking of the catalyst surface by bicabonate.
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 31 Figure 1: Chronoamperograms of carbon-supported Pt catalyst in different cell types recorded at 0.7 V (vs. RHE) in 0.5 M KOH + 0.5 M MeOH aqueous solution. Glass cell (solid line), purified Glass cell (dashed line) and PTFE cell (dash-dot line) are presented. Insert: Plot with logarithmic y axis.
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 2 Figure 2: Cyclic voltammogramm in 1.0 M KOH + 1.0 M MeOH solution with a scan rate of 100 mV/s in a glass cell. Catalyst: carbon-supported Pt catalyst on glassy carbon RDE.
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 3 Figure 3: Cyclic voltammograms in 1.0 M KOH solution with a scan rate of 100 mV/s on a) carbonsupported Pt catalyst on a glassy carbon electrode and b) smooth platinum electrode. Initial (solid line), 10 th (dashed line), 100 th (dotted line) and 1000 th (dash-dot line) cycles are presented.
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 4 Figure 4: Relative ECSA values in % of smooth (circle) and carbon-supported (diamond) Pt catalysts over the cycle number.
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 621045 Figure 5: CA curves of 0.5 M KOH + 0.5 M Methanol on a smooth Pt electrode in a PTFE cell at room temperature.
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 6 Figure 6: insitu-IR spectra of a 0.5 M KOH + 0.5 M MeOH aqueous solution on a carbon-supported Pt catalyst at four potentials (0.2, 0.4, 0.6 and 0.8 V vs. RHE) at different times.
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 7 Figure 7: Relative adsorbance of the bands from insitu-IR spectra of a 0.5 M KOH + 0.5 M MeOH aqueous solution on a carbon-supported Pt catalyst at 0.6 V and 0.8 V (vs. RHE) at different times.

Table 1 :

 1 Relative catalyst activity of Pt/C and Pt catalyst in a glass and in a PFTE cell. In contrast, the maximal current density value shifts with the number of cycles.

		CV cycle number
	initial	10th	100th 1000th
	glass cell (Pt/C) 100 % 104.0 % 74.5 % 0.1 %
	PTFE cell (Pt/C) 100 % 104.3 % 75.3 % 0.1 %
	PTFE cell (Pt) 100 % 156 %	333 % 312 %
	number.		

Table 2 :

 2 Calculated relative ECSA values in percent for three different ionomer amounts for the initial, the fiftieth and the hundredth cycle. Catalyst: carbon-supported Pt. Standard deviation: ±2 %. µL (0.3025 cm 2 /µg P t ). It can be concluded, that the ionomer stabilizes the catalyst particles and protects them against breaking off but a limitation exists concerning the relative ECSAs. Even thick ionomer layers are not able to prevent most of the loss of catalyst activity. Additionally, too high ionomer loads tend to decrease the catalyst activity.

	initial	50	100
	5 µL 100 % 83.6 % 73.9 %
	20 µL 100 % 90.5 % 83.9 %
	50 µL 100 % 90.0 % 84.6 %
	ECSA of 5		
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