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Fullerenes such asggcan be polymerized by treatment under high-pressure, high-temperature conditions. |
point out that there is a strong correlation between the rotational state ofgthedlecules in the initial
(pristing material and the structure of the resulting polym&0163-182808)00705-X]

In a recent paper, Marquest al® report a very careful observed for the rhombohedral phase above 4.5 GPa,
and detailed study of the pressure-temperature structuraind, to a lesser extent, the orthorhombdmw-temperature
phase diagram of £ in the pressure range between 3.5 andphase.

8 GPa. Several polymerized phasgs which individual In this Comment | wish to point out that the appearance of
molecules are connected by covalent intermolecular Bondghe tetragonal phase correlates very well with the onset of
were found. Over most of the range studied a very simplemolecular rotation. In their Fig. 4, Marques al® plot as a
picture emerges, in which the treatment temperature is thdashed line an extrapolation of the phase line for the fcc-
dominant parameter determining the crystal structure. Belowo-sc transition occurring near 260 K at zero pressure. This
about 100 °C only a very small amount of polymerizationline does not correlate with any other phase boundary in the
was observed, but between 100 and 400°C a highlfigure and a possible conclusion is that molecular rotation
polymerized orthorhombic crystal structure containing linearhas no effect on the final structure of the polymer. However,
chains of molecules was observed. Above 400 °C a rhombd-point out that Marque®t al. did not use the correct slope
hedral phase with nominally complete polymerization withinfor the phase line. They extrapolated the zero-pressure tran-
the original(111) plane of the cubic crystal was usually ob- sition temperature 260 K using the slopdT/dp
served. However, at the lowest pressufeslow 4.5 GPp =109 K/GPa obtained by Samaet al’ in He gas. Later
this structure was mixed with a large fraction of a tetragonabtudies have shovirthat He atoms easily diffuse into the
structure{with bonds forming predominantly along tig10)  intermolecular interstitials of £, causing _significant
directiong. changes in the physslcal properties of the matérmh,d sev-

Marques et al® discuss the polymerization process in eral studies agré&-8 that the correct phase line slope for

some detail, pointing out that the well known photopolymer-PUré Go is close to 160 K/GPa. If we use this higher slope
ization processcan only occur in the face-centered-cubic W& find that the extrapolated transition temperature is about

550 °C at 3.5 GPa and 790 °C at 5 GPa, and the phase line
phase of G, where the molecules are able to rotate

practically freely. The molecular rotation randomly brings falls exactly on the boundary of the region where the tetrag-
double bonds on adjacent molecules close enough togethonal phas_e is observed. This suggests mstead_ that the_rota-
o . ) fibnal motion of the molecules is very important in determin-
for the[2,+ 2], cycloaddltlon reactlo%t'o oceur. Since there. ing the crystal structure of high-pressure, high-temperature
are no d_|rect|onal const_ralnts on this process f[he resumngolymerized Go Although material polymerized from the sc
polymer is usually very disordered. In contrast, hlgh-pressur%hase will form well-oriented polymer structurdsrtho-
polymerization is often carried out with the material initially nombic or rhombohedral, depending on temperaturete-
in the simple cubic phase where no rapid molecular rotationjg) polymerized from the fcc phase will probably contain a
occurs. Pressure induces a molecular reorientafiauch very large number of randomly oriented bonds between the
that above some pressure near 1-2 GPa a double bond gansely bonded111) planes. The tetragonal structure ob-
one molecule faces the center of a hexagdwith three served might thus be either a well-defined structure arising
double bonds on its periphérpn the molecular neighbor. when a significant number of “random” interplanar bonds
With increasing temperature the increase in librationare formed during the polymerization process or simply an
amplitude is then enough to initiate polymerization by bring-experimental artifact in which a tetragonal structure is simu-
ing the double bonds together. Since the molecules arkated by a large number of random crosslinks in a basically
initially orientationally ordered this process should give arhombohedral lattice. Whatever the mechanism, the impor-
rather well oriented or ordered polymer. This is alsotant basic cause is still the fact that molecular rotation is a
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very important parameter for determining the structure of thepressure polymerized phase discovered by Baskkial®
material after polymerization. A large structural disorder re-has only recently been clearly identifilsince this phase is
sulting from molecular rotation during polymerization is usually produced at pressures and temperatures well into the
probably also the reason why the structure of the low-stability range of the fcc phase.
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