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Report:

It was the aim of our experiment to investigate the influence of temperature on the oxide structure and
oxidation kinetics of Pt(111). Therefore, it was planned to study the oxidation and reduction process at
different elevated temperatures in Ar- and O»-saturated electrolytes (0.1 M HCIOsand 0.1M H2SO4). The
performed experiments were a continuation of our previous efforts on understanding the oxidation/reduction
process on platinum single crytals.[1-7]

To perform the proposed experiments a new HESXRD-setup was advertised, that unfortunately could not be
finished on time due to heavily delayed part deliveries. These circumstances forced us to use a modified
version of our previously used cell, but without the ability to re(-prepare) the sample on the diffractometer.
Because additional time was needed to perform the foreseen experiments with this different setup, we were not
able to finish all of proposed experiments. Therefore we focused on the experiments in Ar-saturated 0.1 M
HCIO;4 at the highest temperature (343 K) as a model system.

We started our experiments on Pt(111) oxidation/reduction kinetics by measuring the X-ray intensity at the
anti-Bragg position during potential cycling at elevated temperature (X-ray voltammetry, XRV). We perfor-
med this experiment at multiple potential sweep rates to compare with already published data of our group.[7]
The preliminary results in figure 1 show, that we were able to reproduce the temperature dependent potential
shifts of the oxidation/reduction, as they were discussed in literature.[8] Surprisingly, the observed X-ray
intensity, which is a measure of the extraction of Pt atoms out of the surface, shows almost no difference
during the anodic sweep/oxidation of the surface. Only during reduction there is an observable difference,
specifically a lower hysteresis of the Pt extraction at higher temperatures. This behaviour is in accordance to
our recently published results on platinum oxidation/reduction kinetics.[7] There, it was found that the Pt



extraction during the anodic sweep is a fast 200
process, that is driven by potential and not
directly coupled to the slower electrochemical 100 F
formation of surface oxygen species.

After this, we performed similar measure-
ments at increasing upper potential limit to
investigate the temperature dependence of the —-100
onset of the irreversible place-exchange

j in yA/cm?2

process. This process is of special interest for

understanding the degradation of the platinum +O
surface. The analysis of these data is still in
progress. = 0.8F

Py
Furthermore, we perfomed crystallographic §
studies of the Pt(111) surface by CTRs at = 06
different potentials to study the effects of the
elevated temperature on the formation and 0.4 F
structure of the ultra-thin oxide layer upon the " L I
surface. A prell_ml_nary anal_ySIS of these CTR Figure 1: Preliminary results of the XRV measurements. Top:
data suggests similar Pt oxide structuresas ~ cyclic voltammograms of Pt(111) in 0.1 M HCIO at different
measured at room temperature. Since the kinetic  temperatures (100 mv/s sweep rate). Bottom: Corresponding
of oxide formation seems to be almost X-ray intensity measured at 1 1 1.5 anti-Bragg.

unchanged according to the XRV measurements,

it is anticipated that the oxide structure itself does not depend on the temperature. Detailed fits of the CTR
datasets with our most recent model still have to be done to fully confirm that the atomic structure of the
surface is actually identical.

In summary, we succeeded in studying the oxide formation/reduction kinetics on Pt(111) in HCIOg4 solution at
70 °C and found the structural change due to Pt extraction independent of the temperature, in contrast to the
temperature-dependent kinetics of the accompanying charge transfer. Furthermore, we obtained full CTR
datasets of this system at different potentials within the double layer and oxidation range, which will allow to
assess the influence of the temperature on the precise Pt oxide structure.

Due to the additional time needed for the repreparation of the samples in the modified setup, unfortunately no
experiments within O-saturated electrolyte or in 0.1 M H2SO4 could be performed within the assigned time.
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