Orientational
order and
dynamics of
fullerenes




or
Fun with John
and Bill




Euler’s Theorem

F+V=E+2
F = # of faces
E = # of edges

V = # of vertices

hexagons & pentagons

F=ng+ns s ng =12
V=(6n+5ns)/3 77 undefined

E = (6ng+ 5nc)/2 pentagon
isolation
ng=0 dodecahedron rule

n,=20 truncatedicosahedron



R=3.52 A

“double bonds” d=1.40 A
“single bonds” d=1.45 A

60 atoms
90 bonds

30 double bonds
60 single bonds
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Ceo is nearly spherical
— close-packed structure

room temperature
structure is fcc
a=14.17 A

12 nearest neighbors
along the 12 <110> directions
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Energy scans

across the
diffuse
scattering

Energy (meV)
Neumann, Copley, Cappelletti, Kamitakahara. et al., PRL (1991).



diffusion on the surface of a sphere
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Non-zero term are¢=6, 10, 12, 16, 18, 20, ...
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integrated intensity
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At 265 K
D; = 1.4 x 10%ec™

this implies it takes = 400 ps
to “rotate” through 180°

FWHM (meV)

Temperature dependence
of D gives

E,=(35 % 15) meV
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Neumann, Copley, Cappelletti, Kamitakahara. et al., PRL (1991)



As the temperatureiis
7 lowered, the rotational
- motion transforms from
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(b) T=250K
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diffusive to “harmonic”

g (c)

5.0
Neumann, Copley, Kamitakahara. et al., JCP (1992)
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The structure changes from fcc to simple cubic (Pa3) at =255 K

Copley, Neumann, Cappelletti, Kamitakahara. et al., Physica B (1992)
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The molecular orientation
in the Pa3 simple cubic
phase can be obtained by
starting with a “standard
orientation” and rotating
about a [111] axis by =22°.

The Pa3 symmetry
specifies the rotation
angle of the other three
moleculesin the unit cell.



The nearest neighbor
contacts along the
<110> direction
resulting from this
rotation resultin a
pentagon facing a
“double bond”.
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The structure changes from fcc to simple cubic (Pa3) at =255 K

Some diffuse scattering remains

Copley, Neumann, Cappelletti, Kamitakahara. et al., Physica B (1992)



2 orientations

The ground state is the
pentagon orientation —
however some of the
molecules adopt a defect
orientation with a hexagon
facing a “double bond”.
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1=D - exp (-8V/k,T) 8V =12 meV
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David, Ibberson, et al. EPL (1992).



C,/ 1 X' mol
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Also seen in heat capacity
and thermal expansion



fractional occupation
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A variety of techniquesreveal that 100~ B
below 255K the molecules reorient
between these two orientations 10 |
over a barrier of =250 meV. 10 0.002 0006 0010 0014
Below 90K, there is not enough 1/Temperature (1/K)

thermal energy to go over the
barrier. So a simple orientational
glass transition occurs.



There are two
possibilities for
reorientations - the
42° jump angle about
2-fold axes best agrees
with all of the data
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Schematic diagram of the orientational
potential in the low temperature phase



There are two
interstitial sitesin a
fcc lattice—a large
octahedral site

and 2 much smaller
tetrahedral sites




There are two
interstitial sitesin a
fcc lattice—a large

octahedral site —

and 2 much smaller
tetrahedral sites

(0.25,0.25,0.25)
—~¢

(0.5,0,0)

I-—— 14.24 A —>’

P. Stephens et al., Nature (1991)
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There are two i &
interstitial sitesina %, &°
fcc lattice—a large -, .
octahedral site
and 2 much smaller

tetrahedral sites

K. Prassides et al., Science (1994).
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librational energy (meV)
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Neumann, Copley, Reznik, Kamitakahara, et al., JPCS (1993).



Provided detailed information on the orientational structure
and dynamics of C,, through detailed analysis of the diffuse
scattering and quasielastic and inelastic scattering

Other fullerene studies:
Vibrational spectroscopy of Cg,
Orientational dynamics of C,,
H, in the octahedral site of Cgj (with S. FitzGerald & T. Yildirim)
Theory of orientational orderingin Cgj (with K. Michel)






