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Palladium hydride (PdHx) is the most
popular metal hydride and has been inves-
tigated extensively. It has been remarked
also from industrial points of view, e.g., hy-
drogen storage, filters, sensors, catalysts,
and so on. For an H concentration higher
than x = 0.6, the hydride crystal takes
the β phase with an fcc structure and H
atoms are located at the octahedral (O)
sites (1/2,0,0). To characterize PdHx, it
is significant to understand how hydrogen
atoms move in Pd lattice. Quasielastic neu-
tron scattering (QENS) is a powerful tech-
nique to investigate microscopic dynamics
of atoms in particular H atoms owing to
its large incoherent scattering cross section.
Several QENS work have been done about
40 years ago [1,2] but their data did not
agree with each other satisfactory.

We have performed a QENS measure-
ment on a bulk PdH0.73 using mod-
ern sophisticated neutron spectrometers,
NSE, HFBS, and DCS instruments at NIST
(USA). The use of these three spectrometers
enable us to explore the dynamics in the
time range between 1 ps and 100 ns. Two
distinct relaxation processes were clearly
observed and their QENS signals were fit
to Lorentian functions. The Arrhenius plot
of the relaxation times obtained are plotted
in Fig. 1, together with the data by the early
QENS works [1,2] and NMR [3] measure-
ments. The fast component is weak and
so is presumably undetected in the early
QENS works.

The analysis on the Q dependence of the
relaxation times revealed that both relax-
ation processes are identified as jump dif-
fusion ones between the adjacent O-sites.
Why are there two types of the O-site
jumps? The key feature is that the frac-
tion of the fast relaxation decreases upon
cooling, suggesting that the fast one is re-

lated to a thermally populated state. We ar-
gue that the fast relaxation corresponds to
the the process between the excited states,
while the slow one between the ground
state.

The activation energies for the slow and
fast motions are Eslow = 206 meV and
Efast = 140 meV, respectively. The differ-
ence between them, ∆E = Eslow − Efast is
almost the same as the energy of the optical
phonon (∼ 60 meV) [4], that is the energy
difference between the ground and excited
states of H atom. We also fit the temper-
ature dependence of the fraction of the fast
component, assuming two level Boltzmann
distribution with the energy difference ∆E,
and obtained the value of ∆E = 60 meV.
These facts justify our conclusion.
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Fig. 1. Arrhenius plot of the relaxation times for
bulk PdH. Schematic model for slow and fast relax-
ation processes is also shown.
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