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Abstractr A water-sohible c@mpIex betwzn C7, and ycyclodexnin bas been by wag a 
concz soluikm of ~clodextrin KMM) in wafer witb solid C70 suquMed in water. The campkx hs 
beentWwt&edbyitsUVM!!?xpeurmnImbby~tophysi~m~. 

We as well as athers, have repned that C& can be ~1~~~ in water by comple~ti~ with 
~cl~x~ fy~CD),r a calixarene,* a water-soluble polymer,3 or by using ~~rgen~4 However, the 
fullerenes often form aggregates. By using our method of boii Cm in a y-CD water solution (O.SM, 100°C) 
for 24 honm, a maximum concentmtion of ca. 10%X CL& in water can be obtained, On cooling, a precipmne 
is formed containing C&-J-ND complex and a large excess of ‘r-CD. Most but not all of the excess y-CD can he 
removed by camful washing with oold water. No defiite strucmml proof of the complex has yet been obtained 
However, pho~Fh~i~ ~~rn~~ provides indjrect evidence for a strnctare with C&J euelosed by two “p 
CD mokcules has been obtaine&5 Furthermore, rH NMR and UV-data have revealed mat the ratio of y-CD to 
Cm in the complex depends on the excess of y-CD. This ratio approaches two when a &n-fold excess of ‘@D 
is pmsente Molecular modelling experiments also show that a 2: 1 compfex between r_Cr, and C&-J is a very 
reasonable suucture and that Cm has just the right diameter to fit into the cavity generated by two head to head 
y-cD:s. Such a structure has been suggest& for a complex between a-CD and a carbomner and shown to be 
present in the crystals of yCD:l%cmwn 4: L.i+ (3:3:1).8 Recently. we have also observed a 21 complex by 
mass spectrometryP 
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Fig. 1. Absorption spectrum of the complex between C70 and y-cyclodextrin in water (corm. of CT0 is 5x1(35 
caklkted fm literntum da&s ). 
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All our attempts to isolate the pure 2: 1 complex have, however, failed. Instead we observe a slow 
decomposition of the complex in solution. On heating, the 2: 1 complex decomposes rapidly giving a yellow 
solution of water-soluble aggregates containing Cm and +Y-CD.~ The same reaction can be induced at room 
temperatum by adding DMSO (20%) to the aqueous-solution of the complex. 

No host-guest complex of C70 has earlier been reported in the literature, although some unsuccessful 
attempts to prepare these complex have been made .zt” However, C70 has been shown to form a clathrate with 
hydroquinone and benz.ene.rt We recently reported on the selectivity of YCD complexation with Cm over 
C~O.~ No C7O-compiex was observed (-5%) on boiling a fuilemne mixture containing 93% C70 aud 7% C60 
with y-CD (O.OSM) iu water. However, we have now found that if pure C70 (S9.5%) is boiled in a 
concentrated YCD-water solution (0.W) for several hours a C7o_compiex is indeed formed albeit in low 
concentration (cu. 5x 10-s M) as shown by its UV-spectrum (Fig. 1). Under these conditions the selectivity of 
complex formation between Cm and C70 has decreased. If a mixture of Cm and C70 (15~85 ) is refluxed in a 
cont. solution of yCD in water (O.SM) both fullerenes form y-CD-complexes (Cm: C70 ca. 1: 1) aud the 
residue is slightly enriched in C70 (C6o_‘C70 is 6:94) which proves a small prefetunce of FD for the Cm 
molecule under these experimental conditions. 

The weak complex between C70 and SD has also been characterized by its pho~phys~~ properties. 
The difference absorption spectmm (Fig2), composed of Tl-Tn absorption and ground state bleaching, 
obtained on pulsed laser excitation is similar to that of C70 in nonpolar organic solvents but different from that 
of C70 in ethanol. i* 

The rate of oxygen quenching by the C70-triplet is not affected by y-CD complexation. However, the rate 
of triplet-triplet annihilation (Fig. 3) is reduced to approximately 20 % on complexation,ls similar to that 
observed for the corresponding C~-complex.6 Thus, we conclude that the Cm aud C70 y-CD complexes 
have similar structures. 

Computer modelling (IIICKIRAPH, BioDesign inc.) of the 1 :I and 2: l-complexes between yCD and 
C70 reveals that in the minimum energy conformations, the C@xis of the host &-CD) coincides with the long 
axis (Cs) of the guest (C70). In the hypothetical 1: I-complex a large part of tbe t&-molecule is exposed to 
water whereas in the 2:l complex C70 fiIl.s the cavity inside the two y-CD:s even bettor than Cm in its 
co~~n~g complex (Fig. 4). The rotation of the C7@molecuie around the long axis should be fast but 
hindered around the short axis. 
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Fig Z Diierwce absotption spectrum obtained on laser excitation of a C70-y-CD complex dissolved in water. 
The specnum was obtained by slicing traces at different wavelengths 1 ps after the laser pulse. The excitation 
wavelength was 532 nm (second harmonic from a Q-switched Nd:Yag laser_ FVVHM 7 ns). 
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Fig. 3. Decay traces obtained at 400 nm. at different powers of the excitation laser pulse. The traces are shifted 
vertically for clarity. Absorbances at 0 s were 0.032.0.0253, and 0.0185. respectively, from top to bottom. 
The straight lines, shown for comparison, correspond to a single exponential decay with a lifetime of 280 p. 

Fig. 4. Models (Biograph) of a) a 1: 1 complex b) a 2: 1 complex between y-cyclodextrin and C70 seen along the 
Q-symmetry axis of the cyclodextrin dimer c) seen perpendicular to the same axis. 
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The selectivity for y-CD to form preferentially a complex with Co0 under normal conditions can be 
understood as a kinetic selectivity determined by the relative rate of formation of the 1: 1 -complexes in the “I_ 
CD-water solution. These 1: 1 complexes then immediately react with another host molecule to form 2: 1 
complexes. The small sekctivity in the very concentrated solutions (0.8M yCD in water) should reflect the 
thermodynamic selectivity. If so, this means that there exists a different route to the 2: 1 complexes than via the 

1: l-complexes. 
In conclusion, Y-CD is capable of forming inclusion complexes with both Cm and C70 in water. There 

are relatively high barriers for the formation and decomposition of these complexes in water. The complexes are 
believed to contain a fttllerene within two y-CD’s, hydrogen bonded to each other at the larger rim, containing 
sixteen secondary hydroxyl groups each, to form a spherical cavity with two small holes at the “poles” of the 
spherical host dimer (Fig.3).The openings are too small to allow the fullerene to escape easily. It remains to be 
tested if these water-soluble fullerene complexes also show biological activity similar to that of water-soluble 
fullerene derivatives.14 
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