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Report: 
 
Introduction 
 
In recent years, the study of electrocatalysts for proton-exchange membrane fuel cells (PEMFC) has been 
strongly promoted by the use of XAS[1]. The wealth of information on the metal particles accesssible by 
XAS has in particular triggered considerable effort to measure XAS data under conditions as close as 
possible to realistic reaction regimes. While this goal was first approached with electrochemical cells, in 
which the working electrode was combined with a conventional counter electrode via a separator e.g. a 
nafion membrane, XAS studies with real proton-exchange membrane (PEM) fuel cells had to cope with the 
problem that state-of-the-art membrane-electrode assemblies (MEAs) contain significant amounts of 
platinum both in cathode and anode. Therefore, in earlier cells for transmission XAS the catalyst in the beam 
path was removed from the counter electrode [2] or non-Pt counter electrodes were used (e.g. [3]), which 
causes serious interference with the reaction regime. Meanwhile, fluorescence detection, which is mandatory 
for minority components, has been also extended to the measurement of Pt spectra [4]. However, due to the 
very small thickness of catalyst layers and membrane, one has to expect significant contributions from the 
counter electrode platinum at the typical angles of primary beam incidence (around 45 °). Therefore, the cells 
proposed so far, work with Pd counter electrodes as well [5, 6]..  
We have therefore developed and built a new cell construction in which the incoming X-ray hits the 
electrode at a very small angle, which permits to exclude contributions from the counter electrode 
effectively. The cell has been derived by introducing relatively small modifications to a standard test cell 
used in the industry for the characterization of newly developed MEAs in research labs, which makes sure 
that the electrochemical performance of the catalyst is measured under state-of-the-art conditions. The 
modifications concern in particular the thinning of the flowfield wall in a narrow section to allow entrance of 
the beam into one of the gas channels, where it is lead to the point of interest. Above this point, the upper 
wall of the flowfield is thinned as well, and the collector and end plates are perforated to allow collecting the 
fluorescence signal. The first operando testing of this cell with two MEAs, monitoring the state of the Pt/C 
(A) and Pt-Co/C (B) cathodes (anodes – Pt/C) was the goal of the beam time. 
 



Experimental 
 
The measurements were carried out at BM29. The complex gas feeding system, consisting of a mass-flow 
controller unit, a moistening unit, the cell, which is included in an electrical measurement circuit with an 
electronic load and a supporting voltage, and a dryer unit for the exhaust gases, was installed without 
problems. The beam adjustment with this system is a challenge, but the provisions included in our 
construction as leads for finding the measurement channel in the (entirely closed) cell construction turned out 
to be practical, and with the help of Dr. Prestipino, the intensity could be successfully optimized for the Pt/C 
cathode (MEA A).   
For each state of this MEA, the PtLIII and LII XANES were measured in order to allow assessments of the d-
band filling. For most states (initial state in inert gas, initial state under feed, after stabilization and every 
second point of the polarization curve (cf. Fig. 2)), the PtLIII EXAFS was measured as well, with acceptable 
signal/noise level. After submitting the feed, the MEA was stabilized at a current density of 0.5 A/cm2 for 8 
h, then its state was investigated at open-cirquit voltage and along the polarization curve in steps of 0.2 
A/cm2. 
With this setup, it was possible to measure meaningful PtLIII spectra, although not with very high quality. At 
0.8 A/cm2, however, strong fluctuations of the signal started so that measurements were completely impossi-
ble. We interpreted the fluctuations as being due to formation and movement of water droplets in the gas dif-
fusion layer, which is passed by the beam at a small angle. Increasing the oxygen flux dosed on the cathode 
(the H2 anode flux as well) indeed solved the problem so that the series could be successfully finished. 
With the Pt-Co/C MEA (B), only LIII XANES and EXAFS were measured with Pt, and studies at the Co edge 
were attempted. It was, however, found that the brilliance of the station was not sufficient to get satisfactory 
CoK spectra (the Co concentration being just 0.02 mg/cm2; Pt – 0.18 mg/cm2). With long accumulation 
times, XANES could be registered in rather mediocre quality, but there was no way for EXAFS. As 
elemental concentrations in this range are typical for leached alloy MEAs, it was concluded that a 
horizontally focused beamline would be necessary for measurements of this type. 
 
Results 
 
Figure 1 shows the polarization curve measured with MEA A at a gas pressure of 1.5 bar. It is compared with 
curves measured for the same type of MEA with the same gas flows, but pressures of 1 and 2 bar in the labo-
ratories of Umicore &Co KG. These curves bracket our experimental curve well, except for the high current 

densities where our curve deviates to higher 
voltages – apparently a consequence of the 
enhanced gas flows applied to avoid the 
condensation of water (see above). Obviously, our 
cell (and the whole equipment) behaves like state-
of-the-art test equipment. 
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Figure 2 gives an impression on the quality of the 
data from MEA A. The initial spectrum (in inert 
gas) and a spectrum at 0.5 mA/cm2 is compared to 
the transmission spectrum and that of a Pt foil. 
There is a reliable tendency up to ca. 14 Å-1, 
which allows a clear evaluation of the first shell 
(not shown) while information on higher shells is 
doubtful. Due to the high Pt concentration in this 
cathode, the data had to be treated with a self-ab-
sorption correction, for which the initial cathode 
had to be measured in transmission as well 
(taking a half-MEA provided by Umicore). The 
comparison of the spectra shows that the 
structural properties of the catalyst were not 
changed significantly during the experiment. 

 Standard test cell, gas pressures - 2 bar
 Standard test cell, gas pressures - 1 bar

Figure 1: Polarization curves measured with a  MEA contain-
ing a Pt/C cathode (0.4 mg Pt/cm2). Comparison with data 
from a standard setup, obtained at different gas pressures). 
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The XANES data measured with this MEA 
show, however, that changes occur in the elec-
tronic structure (d-band filling) depending on 
the conditions (Figure 3). The Pt d-band occu-
pancy was derived from the difference between 
L3 and L2 edge XANES using the formalism 
proposed in refs. [7] and [8]. In the inset of Fig. 
3, the percentage change relative to bulk Pt is 
shown. A significant drop can be seen between 
the initial state (in air) and the state after 
stabilization, probably because of the removal of 
some oxidized (maybe even chemisorbed) 
species. With increasing current density, the 

erence to bulk Pt increases again. The effect 
is rather small, between 3.3 and 4.2 %, causing 
the number of unfilled d states (Pt – 1.60) to 
increase just from 1.65 to 1.67. However, the 
absence of significant scatter in the series shows 
that the method can differentiate these minute 
changes. In a subsequent measurement at open 
circuit, the d-band vacancies remained at the 
previous level (Fig. 3, inset) which suggests that 
the changes are not related to the changes in 
electrode potential. Rather, we track here 
irreversible changes in the structure of the metal 
particles which are probably too small to be 
reflected in the geometrical quantities ac-
cessible via EXAFS at least at the level 
achieved in this beamtime. 

diff

The measurements with the Pt-Co/C cathode 
(MEA B), though not providing publishable 
data, gave a strong hint on significant changes 
of the cathode during the measurements. There 
were changes in the Pt spectra, although not to 

ace reliably with the present data, and there 
was a strong increase of the CoK white line 
indicating an oxidation, probably a leaching of 
Co. We intend to study this phenomenon in a 
subsequent beamtime, for which we will have to 
find, however, a horizontally focused beamline. 

tr

Despite these problems, we would like to state 
that the data obtained in this beamtime are the 

first proof of principle of our cell and an important step in its further development and utilization. 
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Figure 2: PtLIII EXAFS of a Pt/C cathode (0.4 mg Pt/cm2) mea-
sured in the spectroscopic cell under inert gas and operando at 
0.5 mA/ cm2.Comparison with initial spectrum in transmission 
(half-MEA) and with Pt foil  
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 Figure 3: Pt LIII and LII XANES of Pt foil and of a Pt/C ca-
thode (0.4 mg Pt/cm2) at different current densities (fluores-
cence measurements, corrected for self absorption). Inset: 
Assessment of d-band occupancy – percentage decrease 
relative to bulk Pt. 
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