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Fullerenes C60 and C70, the all-carbon molecules with closed-cage structures, 
have been found naturally in soot-rich clays and marls at the Cretaceous-Tertiary 
boundary [I]. All were marine sediments which were permeated by water even after 
the consolidated rocks had become uplifted above sea level. Because of this, one 
would like to know the solubilities of C60 and C70 in water in order to evaluate how 
much of the fullerenes might have been leached from the sediments since their 
formation about 65 My ago. A direct measurement yielded essentially zero solubility. 
The solubilities of C60 and C70 at 25 OC in seven normal alcohols obey the relationship - 
InY = a + bX + cxZ, where Y is molefraction and X is the Hildebrand solubility parameter 
of the solvent. Extrapolation to the solubility parameter of water gave solubilities for C60 
and C70 of 1.3~10-I and 1 .3x10-~~ ng/ml respectively with an uncertainty of one 
order of magnitude. 

Approximately 1 mg of C60 or C70 and about 5 ml of the alcohols were placed 
in screw-capped bottles. The bottles were stored for one month at 24.5 ? 0.5 OC, but 
were gently agitated twice every day which resulted in full equilibration. Also, 50 ml of 
water and fullerenes were stirred continuously in stoppered erlenmeyers for one month. 
Following filtration through 0.2 pm PTFE filters, the water was evaporated from the flask 
which was then rinsed repeatedly with a few ml HPLC toluene. The toluene was filtered 
again and was evaporated down to 0.1 ml. Fullerene concentrations were determined 
by High Precision Liquid Chromatography (HPLC). All alcohols were directly injected into 
the mobile phase. The sensitivity of the instrument was calibrated by the injection of 
samples from a standard. Results are given in Table 1. 

TABLE 1 
Solubilities of C60 and C70 in water and normal alcohols at room temperature. 
COMPOUND c60 c70 S8 

ng/ml or rng/ml nglml or rng/rnl at 25 OC 

( ~ p a ) l / ~  
water (1) 4.04 4.04 48 .O 
water (2) 1 . 3 ~  10-I I 1 . 1 ~  10-lo 48 -0 

methanol 
ethanol 
1 -propano1 
1 -butan01 
1 -pentan01 
1 -hexanol 
1 -0ctanol 

Notes, (1) direct measurement; (2) extrapolated in the plots of log molfraction vssolubility parameter 
(see Figure 1). Hildebrand solubility parameters S6 according to Hoy were taken from the CRC 
Handbook of Solubility Parameters and Other Cohesion Parameters 2nd Edition, Chapter 5, pp. 123- 
137[2] 

The Hildebrand-Scatchard equation for dilute regular solutions [2], combined 
with equilibrium conditions yields the following relationship: 

In fx = K - (~VIRT)(~G - fa12 (1) 
fx=molfraction of fullerene in saturated solution; ~ = [ ~ p -  f ( p o ) ] / ~ ~ ;  fp=chemical potential 
of pure crystalline fullerene; f(po) = standard chemical potential of fullerene in solution. 
The pertinent standard state is molten undercooled pure fullerene at 1 atm and 295 K. 
The mixing is thought to involve the alcohol (or water) with the hypothetical 
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undercooled fullerene liquid. Obviously K has then the same value for all solutions; R = 

gas constant; f~ = molar volume of the fullerene; S6 = Hildebrand parameter of the 
solvent; = Hildebrand parameter of the fullerene. 

This equation has the form InY = a + bX + cx2. Ln fx is plotted vs. S6 for C60 in 
Figure 1. Using S6 = 48 of water and the deduced values of the parameters a, b, and c, 
a C60 solubility of 1.3x10-~ nglml was obtained. An analogous procedure for C70 
yielded 1.3x10-~ nglml. Because of the long extrapolation, these values are uncertain 
by at least an order of magnitude. The figure also shows the locations determined for 
1,3-propanediol, 1,4-butanediol, and 1,5-pentanediol, which, like water, are more 
'polymerized' by hydrogen bonds than the alcohols of Table 1 and are, therefore, 
probably more realistic homologs for water. It can be seen that their locations are some 
3 orders of magnitude above those of the normal alcohols, which increases the 
estimated solubilities to 1 .3~1 o - ~  and 1.3~10-7 nglml. At the level of solubility of 10-8 
nglml , there are about 104 molecules of C60 in one ml of water at saturation and the 
dissolution of 1 g of C60 would require about 1011 metric tons of water. It has been 
estimated that 6x101° g of C60 may be contained in clays at the KT boundary today 
[3], which would require at least some 1022 metric tons of water for total dissolution. 
Today's oceans contain 1 .4x1018 tons of water. These considerations suggest that the 
fullerenes C60 and C70 in the KT sediments are not likely to have participated in 
geochromatographical processes [4]. 
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FIG 1. Plot of In fx vs. Sd of the alcohols. The least squares fit was made to equation (1). 
A very similar curve is obtained for In f ~ 7 0 .  
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