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Palladium hydride (PdHx) is the most
popular metal hydride and has been inves-
tigated extensively. For an H concentration
higher than x = 0.6, the hydride crystal
takes the β phase with an fcc (NaCl-type)
structure and H atoms are located at the oc-
tahedral (O) sites (1/2,0,0). Previous [1, 2]
and our recent quasielastic neutron scat-
tering (QENS) work demonstrated that H
atoms are diffusing among the O-sites. The
Arrhenius plot (Fig. 1) shows that there are
two relaxations in bulk PdH0.73. The anal-
ysis on the Q dependence of the relaxation
time, assuming the jump-diffusion model,
revealed that the slower relaxation is the
process between the ground states, while
the faster one between the excited states.

The physical and chemical properties
of nanometer-sized materials are of in-
terest since they are often different from
bulk properties. As for the nano-particles
of palladium hydrides, there are drastic
changes of H2 pressure-composition phase
diagram, density of states, structures, etc.
We have developed the method to form
nano-single crystals. The nanocrystal has
{111} and {100} fasets, and its diameter
is 8.0 ± 0.9 nm. The nanocrystals are
covered by polyvinylpyrrolidone (PVP) to
avoid the adhesion between the nanocrys-
tals. We have measured the neutron pow-
der diffraction of nanocrystalline PdD0.36
by use of NOVA at J-PARC. The Rietveld
analysis revealed that H atoms occupy not
only the O-sites but also the tetrahedral (T)
sites (1/4,1/4,1/4) in nanocrystalline PdH.
This may be due to the surface and/or dis-
tortion effects of the nano-particles.

We have performed a QENS measure-
ment on nanocrystalline PdH0.54 on HFBS
with an energy resolution of 0.8 µeV at
NIST (USA). Clear QENS broadening was
observed and fit to a Lorentzian function.

The obtained relaxation times are plotted
in Fig. 1. In addition to the process ob-
served also in bulk PdH0.73, a new relax-
ation with a small activation energy ap-
peared between 150 K and 200 K. We guess
that this new process is the diffusion of
H atoms among the T-sites found in the
NOVA experiment. The above diffraction
and QENS works are the first ones for the
nanocrystalline palladium hydrides except
for previous QENS work on the Pd nano-
particles with undefined size and surface
condition [3]. Further QENS studies on
nanocrystalline PdH are now in progress
to reveal the overall feature of the diffusion
dynamics of H atoms, especially the spatial
information on the diffusion process; e.g.,
jump length, diffusion path, etc.
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Fig. 1. Arrhenius plot of the relaxation times for
bulk and nanocrystalline PdH.
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