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SEARCH FOR E X T R A C T A B L E  FULLERENES I N  L U N A R  
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7725 7 .  

When fullerenes were first discovered t o  be formed spontaneously in condensing 
carbon vapors, it was suggested that they might be widely distributed in the Universe 
[I]. Subsequent searches for fullerenes in interstellar media and meteorites [2,3] have 
thus far been unsuccessful, but C60 and C70 have been reported t o  occur in some 
samples of shungite, a meta-anthracite coal from Russia [4], and in 'fulgurite', a 
substance formed when lightning strikes certain soils or rocks 151. Fullerenes have 
been found in sediments from the Cretaceous-Tertiary boundary [6] and in rocks from 
the Sudbury impact structure [7]. A recent search for fullerenes in the Allende 
meteorite was unsuccessful [8]. 

The discovery of fullerenes in and around a small impact pit on an aluminum 
panel of the Long Duration Exposure Facility Spacecraft (LDEF) [9] suggested that 
fullerenes might have formed in the lunar regolith throughout all of  its history. 
Moreover, if the fullerenes at Sudbury are indeed due t o  pyrolysis of organic compounds 
[7], then impacts of large carbon-bearing bodies on the Moon may also have contributed. 
The absence of an oxidizing atmosphere on the Moon is favorable, but the lesser escape 
velocity on the Moon as compared t o  Earth is unfavorable as much matter of 'explosion 
plumes' from large impacts may actually have escaped from the Moon altogether, thus 
carrying off freshly formed fullerenes. 

Perhaps the most useful information about possible fullerene yields by impacts 
on the Moon comes from the LDEF and Sudbury studies. The Micro-Raman study of the 
LDEF carbon suggested that as much as 5% of the carbon could be fullerenes. The 
Sudbury carbon could contain as much as 0.2% C60. Yields from the free burning of 
hydrocarbons in air, however, are much smaller and range from 10 t o  50 ppm [I 01. Let 
us assume that fullerenes formed on the Moon from carbon-bearing matter of the 
impactors and let us adopt minimum and maximum yields of C60 from the processing of 
the impactor-carried carbon of 50 and 5000 ppm of the carbon remaining after the 
processing. 

Carbon contents of lunar fines generally range from 100 t o  200 ppm [l 11. Let 
us assume an average of 1.5 x 10- g/g. The amounts of putative meteoritic components 
at the Apollo 11 and 12 sites correspond t o  the admixture of 1.9 weight % Type CI 
meteorites [I 21, which implies that all carbon in lunar fines could be from extralunar 
sources. If we assume that all fullerenes formed can be extracted with toluene, then the 
estimated extractable C60 ranges from 7.5 ng/g t o  750 ng/g of fines. Such amounts can 
be detected with High Performance Liquid Chromatography given a few grams of lunar 
fines. 

These are the most optimistic estimates. Let us now consider the survival of 
fullerenes in the regolith. The combined effect of a maximum surface temperature near 
400 K and the presence of radiation from the Sun can cause the coalescence of C60 and 
C70 t o  more massive fullerenes [ l3 ] ,  which is probably the greatest 'danger' for these 
substances. However, in order t o  coalesce, fullerene molecules must be in contact with 
one another and must be in the radiation field. The process is bound t o  happen, but it is 
difficult t o  estimate its rate and extent accurately. 

Fragmentation by electromagnetic radiation alone is possible but  requires, in 
sunlight, multiphoton processes [I 41. The photon flux from the Sun at 1 A.U. even in a 
band as broad as 1000 nm is insufficient t o  drive much multiphoton fragmentation of 
fullerenes. 
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Thermogravitational escape from the Moon of molecules of 720 and more atomic 
mass units is insignificant. 

An interesting conclusion follows from considering the temperature as a function 
of depth in the regolith and as a function of time. Heat flow measurements in the lunar 
regolith show that thermally driven transport of fullerenes, which is downward at the 
regolith top at lunar noon, is always upward below approximately one meter depth owing 
t o  the low thermal conductivity of the regolith and t o  the lunar heat flow [I 5,161. Thus 
i t  seems possible that fullerenes become concentrated in a zone below the surface by 
sublimation and re-condensation, with the net transport above that zone being downward 
because of the high noon peak temperatures, but upward below that zone because of 
increasing mean temperatures with depth. Exactly how deep that  zone will be is 
uncertain given the data a t  hand, but we surmise that it should be located between at least 
a few centimeters and perhaps a few decimeters below the surface. 

Equilibrium vapor pressures for C60 and C70 have been determined [I 7,181, 
but these are probably irrelevant as crystals of fullerenes are unlikely t o  occur in the 
regolith. Random walks of fullerene molecules are significant. These are controlled by 
sticking times, which we have estimated as 60 s at 400 K and about 10 yr. at 250 K. For 
the calculation we have used the customary sticking time equation [see reference 191 
with to = 1.6 x 10- 1 2 s and a Q-value of 25 kcal/mole (the activation energy for 
sublimation from a monolayer of C60 on A1203 [ZO]). At lunar noon, C60 can perhaps 
diffuse rather swiftly downward into the regolith. 

We have received permission from NASA to  search for extractable fullerenes in 5 
grams of lunar fines 10084. Because of the inventorisation of lunar samples at NASA- 
JSC at year's end, our sample could not be made available in time t o  do the measurement 
before the deadline of submission for this abstract. Results of the search will be made 
public at the 26-th Annual Lunar and Planetary Science Conference. 
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