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FULLERENES WERE NOT FOUND IN LUNAR SAMPLES 10084 AND 
7 9 2 6 1 , D. Heymann, Department of Geology and Geophysics, Rice University, 
Houston, TX 7725 7. e-mail: dieter@owlnet.rice. edu. 

Radicati di Brozolo et al. [ I ]  found the fullerenes C60 and C70 in and around a 
micrometeorite impact pit on the skin of the LDEF (Long Duration Exposure Facility) 
spacecraft and concluded that the fullerenes had formed from carbon of the 
micrometeorite. Becker et al. [2] concluded that C60 and C70 in carbon-bearing 
breccias from the large Sudbury impact structure had come mostly from carbon of the 
impacting bolide. These observations suggested that fullerenes could have formed by 
analogous impacts on the Moon. One sample from the Apollo 1 1  site [3] and one from 
the Apollo 17 site were extracted with toluene. The extracts were analyzed by High 
Performance Liquid Chromatography (HPLC) for the presence of Cbo and C70 
fullerenes. No fullerenes were detected. 

5.006 gram of 10084 fines from the Apollo 1 1  site and 0.972 gram of fines 79261, 
a < lmm light-gray fragmental material from 7 to 1 7  cm depth collected in the Van Serg 
trench at the Apollo 1 7  site, were allocated by NASA for this experiment. Samples were 
extracted with toluene in which both C6o and C70 dissolve well. 

10084 : The sample as received from the Lunar Sample Curator was placed 
with 25 ml HPLC grade toluene in a 100 ml round bottom flask which was rotated in an 
ultrasonic bath for 14 hours. After one hour the temperature had risen to a constant 38 
OC. Solid matter and solution were separated by centrifugation. The fluid was next 
transferred through an 0.2 pm PTFE filter into a 50 ml flask. The solid residue was washed 
twice with 5 ml toluene; the washes were centrifuged, filtered, and added to the fluid 
already in the flask. The volume of that fluid was then reduced to less than 5 ml by 
evaporation at reduced pressure and 45 OC. The liquid residue was filtered into a 
preweighed bottle and was finally evaporated to less than 0.5 ml by blowing dry He 
gas into the bottle. All fluid volumes were determined by weighing. 

The HPLC analytical facility has been described elsewhere [4], Injected volumes 
were 25 p1 of fluid. The sensitivity of the instrument was calibrated with injections of C60 
and C70 from standard solutions containing 1000 ng per ml of the fullerene. The 
detection limit was 0.5 ng C60 and 1 ng C70 injected. One salient feature of the HPLC 
was that such Polycyclic Aromatic Hydrocarbons (PAH's), which could have absorbed 
significantly at the wavelengths at which the fullerenes were analyzed, were fully 
separated on the column from the fullerenes , hence could not have interfered with the 
measurement. 

This procedure was repeated with 10084 after the dried sample had been 
powdered in an agate mortar to crush agglutinates and expose more of their interior 
surfaces to toluene. 

Lastly, the powdered and dried 10084 was demineralized with HF and HCI in the 
presence of a small amount of powdered graphite to bind any fullerene liberated. The 
residue was washed with water and dried at 45 OC. Then the extraction and analysis 
was done with the same procedure as before. 

9726 1 : Was treated by the same procedure, but only as received from the 
Lunar Sample Curator, i.e. the sample was never powdered, nor was it demineralized. 

No fullerenes were detected in any of the at least three injections which were 
made from each of the four lunar sample extracts. 

If one adopts the HPLC detection limit for C60 of 0.5 ng injected and takes into 
account the fraction of final sample volume injected (typically between 19 and 24% in 
the most sensitive runs) and the masses of the lunar soils, one calculates that the 10084 
and 97261 soils as received from the Lunar Sample Curator must have contained less 
than, and most likely much less than 0.5 ,  if not zero ppb of extractable C6o. 

For C70 that limit is 1.0 ppb. The same upper limits can be placed on the fullere- 
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nes extracted from the powdered and from the demineralized 10084 samples. The 
results from the powdered and demineralized samples show that no fullerenes were 
detected inside soil agglutinate grains. 

Becker et a/. [5] have reported that the Allende meteorite may contain as much 
as 100 ppm of C60, and since the lunar regolith soils contain an estimated admixture of 
about 2 weight % CI carbonaceous chondritic material [6], one can very roughly 
predict a C6o content of lunar soil of 2 ppb from the influx of carbonaceous chondrite 
matter on the Moon, if this had all survived. This amount is at least four times larger than 
the upper limit of C60 detected in 10084 or 97261. Either the carbonaceous matter 
admixed to regolith fines contained less than 100 ppb C60, or destructive processes at 
the lunar surface have removed both the carbonaceous matter and C60 from the 
Apollo 1 1 and Apollo 17 regoliths. 

Given the reported fullerene content of up to 5% in the carbonaceous residue 
of the LDEF micrometeorite pit and of some 0.01% to 0.1% in carbon of rocks from the 
Onaping formation at Sudbury, one strongly suspects that fullerenes were formed on 
the Moon by meteorite and perhaps cometary impacts, but it is difficult, if not outright 
impossible to estimate whether enough was produced to be detectable today. 

There is, however, strong evidence that any fullerenes present in the past in the 
Apollo 1 1  and 17 samples of this work were quantitatively removed from them within 
short times. Foremost among this is the observation by several authors that the amount 
of elemental carbon in the regolith soils, which is on the order of 100 ppm, is 
unexpectedly small [ 7 ] .  It was suggested that elemental carbon did react with rock 
molten by impacts to form CO and C02, which escaped from the Moon. Fullerenes 
would react also. 

Unbound fullerene molecules at the top of the regolith make ballistic 'hops' of 
an average of 12 km now and then. C60 and C70 molecules in the top few cm of the 
regolith near the lunar equator, where the Apollo 1 1  site is located, would have 
become mobilized swiftly to cooler regions on the Moon, both away from the equator 
as well as deeper into the regolith. Given the estimated average (top) surface 
temperatures at the (nearside) equator of 254 K ? 140 K; at typical mid-latitudes of 
220<T<255 K 2 1 1  0 K; and in polar areas of 220 K _+ 10 K [8], one can estimate 'sticking' 
times of fullerenes on regolith grain surfaces of 270 s (equatorial), 2.7~105 s to 4.5~103 s 
(mid-latitudes), and 2.7x1013 s (polar). Given sufficient length of time, a Moon-circling, 
equator-straddling strip can become quickly and severely depleted in fullerenes. 

The allocation of the Apollo 17 sub-surface sample from 7 to 17 cm depth was 
requested because the subsurface profile of average temperatures during one 
lunation [9] suggested that fullerene molecules might become trapped at depths more 
than about 10 and less than 50 cm where their residence times on grain surfaces might 
be very long. Obviously, no such permanent trapping has occurred at the location of 
the 97261 sample. 

The bottom line is that there probably never were detectable amounts of 
fullerenes in the Apollo 11 and Apollo 12 lunar regolith because chemical and physical 
removal rates were always much larger than formation rates. 
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