THE DYNAMICS OF
HYDROGEN IN SOLID C,

arbon is the most studied element in the entire periodic
Ctable. For decades it was believed that pure carbon exist
in two forms, diamond and graphite. Thus it was quite surprisii
when a third form of pure carbon, called fullerenes, was discov 15
ered in the mid 1980's. The most well-known of this new-class
of molecular materials is the one consisting of 60 carbon atom:
which takes the shape of an atomic-scale soccer ball. These
beautifully symmetric molecules are commonly called “bucky-
balls”.

In the solid state, £ molecules form a structure with large
interstitial spaces between the molecules (Fig. 1). These spac 05
are easily large enough to accommodate a wide variety of aton
and molecular species which can significantly influence the prc
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erties of the resulting compound. Most notable are the alkali 00
doped G, compounds which display superconductivity at 0.0 05 10 15 20
reasonably high temperatures. However, it has also been shov Ya

that various gases including hydrogen, nitrogen, Carbon MoN- piqyee » p Equrier itference map of the [100] crystallographic plane
oxide and oxygen can be absorbed into the spaces betygen Cwhich shows the locations of the Cg, molecules using dashed white lines
molecules. This suggests that SO“&) might be useful as a and the location of the deuterium molecules by the red and yellow

. _contours at the octahedral position.
medium for the safe storage of hydrogen or as a molecular sie

to separate these gases. In spite of this, relatively little effort has
been made to understand the interactions which govern these
potentially useful properties, namely the interaction of the
trapped species with the;Chost. Hydrogen in £ is also of
fundamental interest because it is a nearly perfect example of a
simple quantum object (hydrogen) trapped in a classical matrix
(Cgp)- The location and quantity of the trapped hydrogen is
determined using neutron diffraction. The data show a 40% occu-
pancy of the octahedral site (as illustrated in Fig. 2) in contrast to
a zero occupancy of the tetrahedral sites.

Neutron spectroscopy is a direct way of probing the bond-
ing in materials and it is a particularly powerful tool with which
to study the dynamics of hydrogen because of the large incoher-
ent scattering cross-section of hydrogen. Inelastic scattering
spectra obtained using the Fermi Chopper Spectrometer (Fig. 3)
show well-defined peaks, which can be attributed to the
FIGURE 1. The yellow balls indicate the positions of the Cg, molecules quantized rotational levels of the hydrogen and deuterlurT]. mole-
while the red ball resides in the larger octahedral site and the blue ball cules. These peaks are only slightly shifted from the positions
sits on one of the tetrahedral site‘s‘. The hydrogen molecules must go into expected for the free rotations of these molecules. The simplicity
one of these spaces hetween the “buckyballs”.

of this behavior allows us to probe the effects of relatively weak
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interactions with the host ttice, which lead to the small ger
ture from the fee otor case
To explore this moe quantitéively we hare perbrmed

model calculions using a simple BorMeyer type of potential.

The otational potentialsdlt by hydrogen and deutérm mole
cules within this model arshevn in Hg. 4. The panel on the
left shaws the calculeed potential dr the case of complete
orientational disoder of the G, molecules while tha on the ight
shaws the potentialdr ordered G, The diference in engy
between the ed and hue regions is ony ~1 meVin agreement
with the expelimental obseration tha the iotaions ae nealy
free The digrams belw the calculted potentials shvo the
change in the quantum ergyr levels as the séngth of the
orientdional potential is &ried. For the disodered caseno
chang is seener this limited ange of potentialwhereas ér
the odered G, casethe level & ~14.7 meV splits into 2 s,
as is obseted expetimentally. Thus the dgree of splitting is
extremel sensitve to the symmegrand the sength of the
interactions.
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FIGURE 3. Neutron spectra showing the rotational transitions for hydrogen
and deuterium absorbed in solid Cg,. Note that the transition is a doublet
in both cases with a splitting of 0.7 meV. The center of the doublet is
slightly shifted from the value expected for the free molecules, which is
indicated by the green arrow.
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FIGURE 4. The top diagrams show contour plots of the orientational
potential felt by a hydrogen molecule when Cg, molecules are orientation-
ally disordered (left) and orientationally ordered (right). The total varia-
tion in the potential (from red to blue) is about 1 meV indicating that the
rotation is only weakly hindered. The bottom diagrams show the quantum
rotational levels as a function of the orientational potential when cw
molecules are orientationally disordered (left) and orientationally ordered
(right).

Neutron scétering combined with self-consistent phonon
calculdions demonsttes thathe symmety of the intestitial site
is bar3. Futhemore, the ma@nitude of the splitting (0.7 meV) is
compagble to the sie of the otdional barier aising from the
intermolecular inteactions betwen the drogen and the &,
molecules.Additional studies & undenay which will probe
how these inteactions ag dhanged ky the gplicaion of pressue
and the co-intealaion of chaiged species into thegghost.



