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Koichi Nagata,” Eiji Dejima, Yasuharu Kikuchi, and Masahiko Hashiguchi
Engineering and Development Center, Frontier Carbon Corporation,
1-1 Kurosaki-Shiroishi, Yahatanishi-ku, Kitakyushu 806-0004

(Received October 4, 2004; CL-041169)

A very simple and efficient separation procedure for
[60]fullerene from a fullerene mixture has been developed using
the novel selective complexation of fullerenes with 1,8-diazabi-
cyclo[5.4.0Jundec-7-ene (DBU). From 3.3kg of the fullerene
mixture, 1.35 kg of pure [60]fullerene was obtained.

In fullerene chemistry, the separation of [60]fullerene (Cgp)
from a fullerene mixture containing [70]fullerene (C7p) and
higher fullerenes (C.79) is important. Chromatographic meth-
ods'? have been widely used to separate fullerenes. However,
since they require large amounts of stationary and mobile phas-
es, they are unsuitable for large-scale separations. Separations
using host—guest interaction® are also commonly known. How-
ever these are used only for small-scale purifications because
they require high-cost host compounds and involve complicated
operations. In other words, a convenient industrial-scale
[60]fullerene separation method does not exist, and the develop-
ment of such a method is urgently required.

We now report a very simple and efficient procedure for sep-
arating one kilogram of [60]fullerene from a fullerene mixture
using selective complexation with base including amidine struc-
ture (N=C-N), such as 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU). The procedure requires only conventional industrial unit
operations, and can be easily scaled up to meet further demands.

When DBU was added to the fullerene extract containing
Ce0, C70, and C. 7, black fullerene-DBU complex readily pre-
cipitated. We found that the ability of the complexation with
DBU was in the order of C.7p > C79 > Cgp by HPLC analysis
of the solution phase (Figure 1, left). Selective complexations
of fullerenes with highly designed host compounds are common-
ly known.>* However, our result is the first example of the selec-
tive complexation of higher fullerenes with a very simple
amine.’ We applied this complexation to the large-scale [60]full-
erene separation (Scheme 1).
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Scheme 1.

In a typical separation, fullerene mixture (3.3 kg, Cgo: 57%,
Cro: 24%, C-70: 19%) was dissolved in 1,2,4-trimethylbenzene
(TMB, 115kg), to which DBU (3.3kg) was added in 2h with
stirring at 0 °C under a nitrogen atmosphere. After 5 h, the purity
of [60]fullerene in the solution phase reached >99% (Figure 1,
right). The complex thus generated was removed by filtration,
and the solution was washed with 0.2 mol/L HCI aq and water.

[60]fullerene was then crystallized by adding MeOH, a poor sol-
vent. The resulting precipitate was collected by filtration and
dried under reduced pressure (200°C, 1 mmHg) to give pure
[60]fullerene (1.35kg, purity: >99%, yield:® 72%). No DBU
contamination in the product was detected by elemental analysis
of nitrogen (<0.01%).

Among the various amines examined, DBU was found to be
the best complexing agent, while 1,5-diazabicyclo[4.3.0]non-5-
ene (DBN) and 2-methyl-2-imidazoline can also be used. Nota-
bly, diamines such as 1,4-diazabicyclo[2.2.2]octane, N,N,N',N -
tetramethylethylenediamine and N,N,N',N'-tetraphenylethyl-
enediamine as well as monoamines such as Et;N and Et(i-Pr),N
gave no precipitates at all. These results suggest that the amidine
structure (N=C-N) is indispensable for the present procedure.
The fact that the complex formation also proceeds in the dark in-
dicates that it is not a photo-induced radical reaction of fullerene
with a tertiary amine.” Temperature is also an important factor.
At a higher temperature, the complexation was inhibited in the
present system, and the rate of complexation at 40 °C was ap-
proximately the half of that at 0°C.

Hirsch et al. previously reported the formation of a 1:1
[60]fullerene/DBU complex.® From UV/VIS/NIR and ESR
studies, they interpreted that the reaction undergoes in 2 steps.
First, a single electron transfer from DBU to [60]fullerene oc-
curs, and then a C-N covalent bond is formed upon a radical re-
combination process. Therefore, we speculate that the selective
DBU-complexation of the higher fullerenes is related to the
higher electron-affinity (EA) of these compounds® than to that
of [60]fullerene (EA: 2.65eV). As shown in Figure 2, the com-
plexation of C7¢, having comparatively lower EA (2.89eV), was
much slower than other higher fullerenes (C7g: 3.10eV, Cgs:
3.14eV, Css: 3.14eV).? However, it is difficult to rationalize
the selectivity toward Cyo (2.73 eV) in terms of EAs alone. Al-
though the difference in the EAs between Cgy and Cyg
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Figure 1. Concentration of Cgp, C79, and C.7¢ (left) and purity
of Cgp (right) in the solution phase treated with DBU.

Copyright © 2005 The Chemical Society of Japan



Chemistry Letters Vol.34, No.2 (2005)

| c7o |c7s [\C84
c76 "ll | !I | 0Oh
1. |I|| i \\I cez I} |
I| .'.\-?._ IR .:f,a '\.[Jir__.c\s?_ LN e i
1
N 0.25 h
|
LN \
ANV A
] 1.0h
|3
i1 - Jf\.f_\_ci _/E'&f o

Figure 2. HPLC profiles of higher fullerenes in the solution
phase at 308 nm.

(0.08 eV) was much smaller, the rate constant of C;, with DBU
was about 10 times larger than that of Cgo. It is necessary to con-
sider other parameters such as the solubilities of the complexes
and the curvatures of fullerenes. Further studies are required to
distinguish the selective complexation mechanism.

On the other hand, the black precipitate formed during
[60]fullerene separation is abundant in the valuable components:
higher fullerenes.'? Slight modifications make the present proce-
dure a method of choice for large scale isolation of a higher full-
erenes mixture. By reducing the amount of DBU to 1.0 kg using
the above method, the higher fullerenes could be precipitated out
in high selectivity. The precipitated complex was isolated by fil-
tration, and decomplexed with AcOH in TMB to give 120 g of a
highly C.7p-enriched fullerene mixture (Cgo: 5%, Cro: 5%,
C.70: 90%). Based on the quantity in the initial mixture, 19%
of higher fullerenes could be recovered. However, the complex
is susceptible to air-oxidation, and therefore it needs to be han-
dled in an inert atmosphere.

In summary, the simple and inexpensive procedure, which
only uses commercially available materials, allows us to obtain
[60]fullerene in industrial scale. Given the effectiveness of the
separation procedure and the recent development of a 40 ton/
year scale commercial production of the fullerene mixture,'!
we expect that [60]fullerene will be more easily available to both
scientists and engineers.
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