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The incorporation of fullerenes into pdymers
has attracted much attention as it allows bringing together
the spedfic properties of bath in a single material. But, to
be ale to take alvantage of the full potentia of such
materials it is necessary not only to be ale to adjust the
amount of fullerene but also to perfedly control the
eledronic state of the incorporated Cqo and its
distribution. That requires pure alducts where adefined
number of chains of controlled length are grafted on eath
fullerene. Such well-defined pdymer architectures can be
prepared by combining the spedfic chemical readivity of
Ceo with the good control alowed by anionic or
“controlled radicd” polymerization.

A simple adition of carbanions onto dauble
bonds located on the fullerene is observed in non-polar
solvents and a maximum of six chains can be grafted onto
Ceo Using “living” polystyrene (PS) [1], polyisoprene (PI)
or blockcopolymers PI-PS. This upper limit of 6 graftsis
a result of the structure of the Cgo (6 pyracyclene units)
and the delocdizaion of the negative dcharge introduced
onto the fullerene eab time addition of a cabanionic
chain takes place Hexaadducts with molar masses
ranging from a few thousand to over two milli ons could
be prepared by this route axd count among the best
defined six-branch polymer stars described up to now in
the literature. The “model” asped of these 6 arm-stars
with a Cgg core is attested by the small ange neutron
scdtering (SANS) measurements, which will be
presented. The results obtained in dilute solution for a
wide range of molar masses (3 decales) confirm that
hexa-adducts are obtained whatever is the length of the
grafted chains and have dlowed to test the validity of the
Cotton-Daoud blob model. Labeling with deuterium -
(PSp-PSh)6Ceo - gives accessto the chain conformation in
the vicinity of the core axd a better determination of the
inter-particle distribution function in semi-dilute solution
and in the solid state.

Glassy (PS) and rubbery (Pl) materials with a
given concentration o homogeneously distributed
fullerene hexa-adducts can so be eaily prepared. These
materials display interesting photo-opticd and non-linea
properties both in solution and in the solid state [2, 3].

An important fador to take into acount for any
potential applicdion is the stabili ty of the éove described
materials. We will present results concerning the thermal
stabili ty of 6-arm stars with a Cgycore.

Each addition of a“living” PS-Li or PI-Li on the
Ceo introduces a cabanion onto the fullerene cage and,
under our experimental condition (glass apparatus ®ded
under high vacuum using the breg-sed technique) this
cabanions are completely stable. So, up to 6 carbanions
can be located onto the same njugated moleaule The
particularity of this edfic situation is that the readivity
of one of these cabanions will depend on the total
number of negative charges present on the same full erene;
the readivity increases if this number increases. We have

shown that only one of the 6 carbanions locaed on the
fullerene cre of the “living” hexa-aducts is readive
enough to open the double bond of a monomer like
styrene or isoprene so that a single PS or Pl chain grows
out from the 6-arm star leading to the formation of “palm-
tree” like padymer architectures [5]. The out-growing
chain beaing on its end a cabanion, two such structures
can be dtached together using an adequate cupling agent
to form “dumbbells’ like architedures. A set of these
latter, where two identicd six-arm stars (PS4)6Cso Stars
are onneded by a deuterated PS chain, has been
synthesized and studied by SANS. By this sledive
labeling of the cnneding chain and by adjusting the
contrast, it has been possible to charaderize the
conformation of the link as well as the interadion
between the two attached stars in dil ute solution.
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Scheme 1 : Star and dumbbell li ke blockcopdymers.

By combining recent advances in the field of
Atom Transfer Radicd Polymerizaion (ATRP) with the
easy addition of radicds onto fullerene Cgq, an alternative
synthetic route toward model polymer adducts could be
developed. Halogen terminated PS chains of low
polydispersity prepared by ATRP can be mnverted to
macao-radicds using an atom transfer readion and so
attached in a controlled way to the fullerene. We have
found conditions where only di-and tetra-adducts are
formed. The daraderization of these star-shaped
maaomolecules will be presented and the particular
readion mechanism discussed.

A further step toward more complicated pdymer
architedures can be done by combining radicd and
carbanion addition on fullerene. The principle consist of
preparing first di- and tetra-adducts by grafting maao-
radicds followed by additional “saturation” of the Cg
core by readion with a “living” PS-Li or PI-Li. Through
this route, asymmetric- [2(4) PS chains of one length +
4(2) PS chains of a different molar masse) and hetero-
stars[2(4) PS + 4(2) PI] have been obtained.

The synthesis of blockcopdymer architedures,
where incompatible polymer segments are dtached in
various ways to fullerenes, may lead to new materials.
PS-Pl block copdymers are known to form lamella,
cylindricd, sphericd, etc... structures. It should then
beome paossible to develop materials where the full erene
is not longer homogeneously dispersed in the matter, but
beoomes located in spedfic domains ordered in space
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