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Report:

Carbon supported Pd electrocatalysts and Pd electrode materials have become of
more interest recently as hydrogen storage materials and oxidation catalysts in fuel
cells, specifically low temperature PEM and alkaline fuel cells [1, 2].  As a hydrogen
storage media, Pd is interesting in that hydrogen is not restricted to the surface or
near surface of the metal particles.  It may be absorbed, occupying the intersticies
of the metal lattice.  A Pt/Pd catalyst has recently been shown to have increased
stability over the more traditional Raney Ni materials for alkaline fuel cells [3].

In the work described in this report, Energy Dispersive EXAFS (EDE) at the Pd K
edge was used to investigate the adsorption and absorption of hydrogen (H or D)
on/by carbon supported Pd electrocatalyst materials.  This system is an ideal test
case for in situ EDE of electrocatalyst materials, as it is the Pd-Pd distance that
changes significantly upon hydrogen adsorption rather than a change in
coordination number.



Poly-tetrafluoroethylene bound electrodes were prepared from 40 wt% Pd/C
(XC72), supplied by ETEK, spread on to carbon paper.  The electrodes were
mounted in a custom designed electrochemical cell for the EDE measurements [4]
with a Pt gauze counter electrode and a Hg/Hg2SO4 reference electrode.  All
potentials have been corrected to the RHE scale for clarity.  The electrolyte was
either 1 mol dm-3 H2SO4 prepared using 18 MΩ cm H2O or 1 mol-1 D2SO4 prepared
using  D2O (Aldrich).  An analogue potentiostat (Bank Electronics) and waveform
generator (HiTek) were used to apply the potential steps to the electrodes.  The EDE
data was recorded as a function of time following the potential step with a time
resolution of 0.25 s.

The quality of the EDE data obtained is demonstrated in Figure 1(a).  The data was
useful out to k = 13.5 Å-1.  The data were fitted using one Pd-Pd distance and
representative results in both k and r space are shown in Figure 1.
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Figure 1.  (a) k2 weighted experimental data (black line) and fit (red line)   b) Fourier Transform plot
(black line) and fit (red line) for step from 0.654 to -0.096 V vs. RHE. Scan at 23 s after step.

(a) (b)
Figure 2.  Plots of bond distance as a function of time following potential step from 0.654 V vs. RHE
in (a) 1 mol dm-3 H2SO4 and (b) 1 mol dm-3 D2SO4 in D2O.

The lattice expansion on absorption of hydrogen, formation of the hydride phase,
as a function of the step potential is shown in figure 2.  The 3.9% lattice expansion
in H2O corresponds to the formation of the β-hydride [5].  A slightly smaller
expansion is observed in D2O, reflecting the smaller amount of deuterium absorbed
by the Pd particles.  The current transients collected at the same time as the EDE
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data may be interpreted in terms of a moving boundary layer model [6].
Integration to obtain the charge shows that the total charge passed at the inflection
point of the lattice expansion plots is constant.  Together with the EDE data, the
results suggest that the lattice expansion is a diffusion controlled process limited
by the local concentration of the H or D species at the surface of the metal particle.

Data was also collected for a 20 wt% Pd/C catalyst (not shown), which has a smaller
particle size than the 40 wt% catalyst.  Analysis of these data is in progress.  A
detailed kinetic model of the formation of the β−hydride phase will then be
developed.  Future work will investigate the effects of the adsorption of surface
poisons which alter the H adsorption : H2 evolution branching ratio on the rate of
the lattice expansion.
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