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v-Cyclodextrin appears to catalyze the reaction of Cg, with water
during reflux and in addition to the water soluble 1:1 and 2:1 com-
plexes (whose stability constants could be estimated as > 4 x 102
and > 4 X 104, respectively) some (complexed) fullerene derivatives
are also formed.

INTRODUCTION

Buckminsterfullerene, Cq, is rather poorly soluble in
most organic solvents!-2 and the process of dissolution
itself is rather slow (it takes 2 hours! but 5! or 242 hours
are recommended for saturation at about room tempera-
ture). The temperature dependence of the solubility
seems also to be anomalous3. Similarly, the solvation in-
teractions must be rather complicated? and the composite
picture of the appropriate solvents? predicts no or infini-
tesimal solubility in water.

In spite of this fact many researchers are keenly inter-
ested in the fullerenes in aqueous solution. As published,
Cgo can be solubilized by inclusion complex formation
with cyclodextrins4¢ or calixarenes?. It is rather unusual
in host-guest chemistry for inclusion complexes to be
formed only after refluxing for several hours,*6-7 but the
extremely low solubility of buckminsterfullerene in
water

Ceo(s) = Cylaq) -
hinders the common mechanism of complex formation
(with cyclodextrin, CD):

Cgo(s) + CD(aq) = CD.Cyylaq) o2
and the heterogeneous reaction
Cgy(s) + CD(aq) = CD.Cyy(aq) .3

is supposedly slow.

As some experience on the inclusion chemistry of CDs
has been accumulated in our laboratory, and the data
published on complexation of C are rather contradic-
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tory, it seemed that the investigation of the interaction
between CDs and Cg, could prove useful.

Experimental-results

We found no complex formation with y-cyclodextrin
(cyclooctaamylose, y-CD) at room temperature accord-
ing to Eq. 3, either in a longer time or by sonication, and
our experiments with liquid-liquid partition were also
unsuccessful. (The partition between n-hexane and aque-
ous y-CD solution was quite promising but fruitless.
Benzene or toluene cannot be used as they form stable
and insoluble complexes with cyclodextrin® and the
competing effect is too strong.)

As in the literature experiments*®9, the water soluble
C¢o complex was sought by refluxing the solid sample
(~0.1 mg, but always in excess) with a y-CD solution of
different concentrations (8 X 104 — 3.2 X 10-2 M). The
spectra of the dissolved substance were recorded with a
Perkin-Elmer Lambda 15 UV-VIS Spectrophotometer
after different refluxing time, and one of the series is
represented in Fig. 1. Using the most reliable data for the
maxima and the molar absorptivities of C¢, (in n-hexa-
ne)!0, a slight red shift can be observed, but the change
in the ratios of molar absorptivities and in the broaden-
ing of the peaks is more expressed. The disappearance of
the sharp, small, but very characteristic peak at A = 408
nm after 16-24 hours of refluxing is also an indication of
some chemical change of the original Cy,.

The relative increase of the absorptivity at lower
wavelengths depends not only on the refluxing time but,
still more, on the concentration of cyclodextrin. When
the ratios of the maxima at 215 and 260 nm after 40
hours of reflux are represented as a function of y-CD
concentration, the more pronounced effect of lower con-
centrations can well be seen (Fig. 2). The spectra of less
concentrated solutions are very similar to those which
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Figure 1 Electronic absorption spectra of Cg, in 2.00 X 10-* M y-CD
solution after 4, 8. 16. 24. and 40 hours of reflux.

were assumed to contain further species as some kind of
Cyo clustersd+,

The dissolution of Cq, i.e. the formation of the inclu-
sion complexes, is of a saturation type as a function of
time and its final concentration depends only on the con-
centration of y-CD. This is rather strange, because some
non-dissolved Cg, remains as a precipitate in spite of the
large excess of CD.

It can be mentioned that 6 X 106 M9, 1 X 10-5 M* and
8 X 10-5 M+ are the highest aqueous concentrations pub-
lished. We have reached the limit of 1.1 X 10-> M (re-
garding the so-called Cgp).

Similarly, when the concentration of dissolved Cq is
plotted against the y-CD concentration (Fig. 3), no linear
dependence can be seen, but a system of equilibria ap-
pears between two relatively unstable complexes. They
are unstable both thermodynamically and kinetically.
Without this assumption, Fig. 3 is meaningless, for it
proves the presence of two species, but any combination
of lower and higher stoichiometric ratios (without con-
version of C,) should give a differently shaped curve. It

y
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Figure 2 Absorbancy ratios at 215 and 260 nm after 40 hours of reflux
as a function of y-CD concentration.

follows that the complex is relatively stable and does not
decompose in the absence of excess y-CD as stated?>
(i.e. in equilibrium processes), but the Cy itself is trans-
formed as a function of time.

Discussion

Most of the inclusion complexes of CD’s have a 1:1
host-guest ratio'?, but the 2:1 stoichiometry is also rather
common in solution. The presumed structure of the 2:1,
i.e. 2 y-CD.Cg, complex is represented in Fig. 4, and
that of the 1:1 species can be deduced from it. The stabil-
ity of the 1:1 complex based on Eq. 2, could be charac-
terized by the following stability constant:

K, =B = [CD.Cgl
[CD][Cgol
where the brackets denote the equilibrium concentra-
tions of complex, CD and Cg, respectively, in the aque-
ous solution.

Similarly, the formation of the 2:1 complex can be
characterized as

.4

[2CD.Cgl
= K = —— .
BZ Kl 2 [CD]Z[C60] 5
or
_ _[2CD.Cyl 6

2 [CD]ICD.Cy)
Unfortunately, the solubility of Cg, in water, i.e. [Cgl
is unknown. (The solubility of C, in ethanol, the most
polar solvent investigated,? is about 106 M.) The curve
in Fig. 3 can be approached with two straight lines with
an intersection at about 10-2 M CD. Using this concen-
tration, the value of K, can be estimated as equal to or
greater than 102

Similarly, if we assume that the type and site of inter-
action of both CDs are equivalent in the 2CD.Cy, com-
plex (Fig. 4), the ratio of the successive stability con-
stants is determined statistically, i.e.

K, =4 x10?

Comparing these values to the assumed solubility of
Cgo- the estimated stability constants are relatively low
and prove the statement that the complexes are thermo-
dynamically unstable. On the other hand, comparing the
values to the stability constants in aqueous solution for
other CD complexes? of aromatic compounds, their or-
der seems rather realistic.

Figs. 1 and 2 prove the decomposition of Cg, at 100°C
after prolonged boiling, representing the kinetic instabil-
ity. 1t is well known that the CDs have enzyme-like
properties!!, and their complexes are hydrated. This way,
the Cg, and H,O molecules can exist very close to each
other and this may result in a catalysed addition of the
solvent at higher temperature.

As the hydration and the domain of the reactive area
are different in the 1:1 and 2:1 complexes, both the rate
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Figure 3 Concentration of C, in aqueous solution as a function of the
concentration of CD. (Reflux time: 40 h)

and the products of the reactions can be different (as rep-
resented in Fig. 3).

The preparation of hydrogenated!? or hydroxylated!3
fullerenes requires rather aggressive chemical condi-
tions, but the reversible addition of hydroxide!4 (under
decolourization!) is a relatively simple reaction. It is
worth mentioning that during the electrochemical reduc-
tion of Cg, the spectrum changes very similarly '3 to that
represented in Fig. I and the reduced Cg, forms an epox-
ide, C¢,0'6, with water very quickly.

The transformation of Cy, during reflux is supported
by the results of the investigation of Cg, recovery from
the aqueous solution (and they contradict some earlier
findings*). Theoretically, the Cq, complex, when con-
tacted with toluene (benzene), should give an insoluble
and rather stable CD.toluene complex38 and a Cg solu-
tion in the organic phase. In reality, the C4, cannot be re-
covered from a more concentrated solution but is precip-
itated together with the CD.toluene complex. Almost no
C¢p was recovered from dilute CD solutions.

To fully understand the reaction requires further inves-
tigations and we are following our work on these prob-
lems of interest to the chemistry of both fullerenes and
cyclodextrins.
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