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Differences in the properties of brominated Cy, and C,, allowed us to develop an efficient and rapid procedure for the isolation of

Cgp from a fullerene extract.

Since fullerenes became available in bulk, a number of pro-
mising applications of parent Cq, and its derivatives were
discovered.! Particularly, [60]fullerene-conjugated polymer com-
posites are used for the fabrication of flexible organic solar
cells.2 The use of novel materials based on [60]fullerene is
limited by its relatively high cost that reflects a number of
challenges in its production process. Destruction of graphite
or amorphous carbon under various conditions, combustion of
hydrocarbons and other routes afford fullerene soot that con-
tains 10-30% fullerenes. The treatment of the fullerene soot
with organic solvents followed by concentration of the resulting
solution gives a fullerene extract as a mixture of Cg, (usually
80-85%), C;y (15-17%) and higher fullerenes (C;¢, Crg, etc.,
1-5%). Time- and solvent-consuming column chromatography
on special stationary phases (such as porous charcoal) was com-
monly used for the isolation of Cg, and C,, from the fullerene
extract.3 The separation of fullerene extracts using differences
in the chemical properties of C¢, and C,, was also attempted.
Particularly, the selective complexation of fullerenes with calix-
arenes* or aluminium chloride> was reported. However, these

methods were never applied in fullerene production technology
and even for custom isolation of small batches of Cgq, or Cy,.
The reasons are most likely in high costs of starting materials
(calixarenes), moderate discrimination between Cg, and Cq
cages and difficulties with washing out organic and inorganic
guests from their complexes with fullerenes.

The first efficient separation method based on differences in
the reactivity of Cq, and C, has been reported recently.® It was
observed that C,, and higher fullerenes react with the organic
base 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) faster than Cgy,.
Thus, the titration of a fullerene extract with DBU in toluene
affords predominant precipitation of C,,-DBU and similar com-
plexes of higher fullerenes leaving Cg, in solution. Unfortu-
nately, it is impossible to recover C,, and higher fullerenes
from their complexes with DBU.

Fullerene Cg, isolated by column chromatography or using
a DBU-based method contains 4-5% solvent trapped in the
crystal packing and an amount of absorbed water.” The vacuum
sublimation of fullerene is required to get rid of the solvent
impurities. Here, we report a facile non-chromatographic method
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for the rapid isolation of pure Cg, from the fullerene extract that
gives solvent-free Cy, in 85-90% yield.

Previously, we studied the bromination of fullerenes under
various conditions, particularly, in neat bromine.® The bromina-
tion of both C¢, and C;, proceeds as a step-by-step process
(Scheme 1). The careful control of the duration of bromination
allows for isolation of individual products with specific com-
positions and structures as was determined previously using X-ray
single crystal diffraction.? The first product of Cy, bromination
(CgBry) possesses low solubility in bromine; in contrast, C,(Brg
formed under the same conditions exhibited outstanding solu-
bility in liquid bromine (150-200 mg ml-1).
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Scheme 1

Such a remarkable difference in the solubility of C4(Brg and
C,Bry in liquid bromine permits facile separation of these bromo-
fullerenes. For this purpose, 30 g of the fullerene extract were
introduced in small portions into a flask with 100-130 ml of
bromine for 3—4 min. The reaction is exothermic; therefore,
bromine should be previously cooled in an ice bath to —5-0 °C.
Immediately after addition of the fullerene extract, the reagent
mixture was stirred for 5 min and then kept without stirring for
10 min at room temperature to precipitate Cg,Brg-nBr, (n = 1, 28®)).
The precipitate was filtered off under reduced pressure through
a glass filter and dried in a stream of nitrogen to avoid contact
with air moisture.

Thermal gravimetry (TG) and differential scanning calori-
metry (DSC) measurements showed that Cy,Brg-nBr, undergoes
one-step decomposition at 100-120 °C to parent Cq, and bromine;
CgoBr 4 and CgBr,, also decompose below 200 °C. Low thermal
stability of bromofullerenes is most likely a result of a sterical
hindrance of eclipsed bromine atoms attached to the carbon
cage. Therefore, the debromination of Cgq)Brg-nBr, was easily
performed by heating the material in a high vacuum (10-3 Torr)
at 200 °C for 20 min. The weight of isolated Cg, (23 g) cor-
responded to nearly 90% performance of the separation procedure.
The concentration of C,(Brg solution in bromine and following
debromination of the residue (10-3 Torr, 200 °C, 40 min) afforded
6.5 g of C,y-enriched material that can be further purified by
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Figure 1 LDI mass spectra of (a) Cg, enriched and (b) isolated Cg,
samples.
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chromatography. Bromine that is formed during the decom-
position of brominated fullerenes should be collected in the
catcher cooled with liquid nitrogen; it can be then recycled by
distillation with phosphorous anhydride.

The purity of the prepared sample of [60]fullerene was
checked initially by LDI mass spectrometry. A very intense
signal of the C{,, ion at m/z 720, low intensity peaks at m/z 840
(C3p) and 1008 (Cg,) were also observed in the mass spectrum.
The HPLC profile also proved a relatively high purity of Cg,
(94-97%). Mass-spectrometric analysis (EI) of gases evolved
by C¢, powder under gradual heating in the range 20-350 °C
(10-! Torr) evidenced the presence of absorbed molecular nitro-
gen, oxygen and water, while no traces of brominated hydro-
carbons (the starting fullerene extract contained 4-5% of solvents)
were observed. Very low-intensity peaks of Br, also appeared at
110-350 °C; most likely, bromine was absorbed by fullerene
like nitrogen and water.

Repeated bromination—debromination procedures did not result
in further purification of Cg, from C,, and Cg, impurities. The
presence of C,, can be explained by co-crystallization of CyBrg
with a small amount of C,,Brg during the precipitation of the
material from bromine. The selective extraction of Cg, from
other higher fullerenes was surprising. To rationalise this result,
a Cg,-containing sample of Cg,Brg (5 g) was dissolved in liquid
bromine (150 ml) with stirring at room temperature for 1 h. The
filtration of the resulting solution afforded a small amount of a
precipitate (~8 mg); this material was heated in a vacuum at
200 °C and then analysed by LDI mass spectrometry. The
mass spectrum exhibited equal-intensity signals of C¢, and Cg,
(Figure 1) thus indicating a high Cg, content of this sample.
The solution of CgBr;, was concentrated, and the residue
was debrominated in a vacuum at 200 °C to give [60]fullerene
powder. The LDI mass spectrum of this Cy, sample did not
show a signal of Cg,; therefore, the described method can be
applied to the purification of Cg, and the isolation of small
amounts of a Cgy-enriched material.

Although the purity of Cg, isolated by bromination—-debromi-
nation procedure (94-97%) was lower than the purity of chro-
matographically isolated samples (99%), it seems acceptable
for chemical purposes. We used home-isolated [60]fullerene
as a precursor to various organic and inorganic derivatives of
Cqo; the NMR characterization of synthesised Cg, derivatives
and X-ray single-crystal diffraction did not reveal impurities of
C,y-based compounds.
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