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Carbon XANES (X-ray Absorption Near Edge Spectroscopy) spectra of 
two carbon-rich interplanetary dust particles (IDPs) and a selected set of 
carbon standards were measured with a Scanning Transmission X-ray 
Microscope (STXM) to identify the carbon bonding in IDPs. The XANES 
spectra of three regions of one IDP (L2008 F4) show a notable similarity to 
the C-XANES spectrum of C60 (known also as buckminsterfullerene, or 
buckyballs). Efforts are underway to confirm the. presence of C60 in this IDP 
using other analytical techniques and to exclude the possibility of 
contamination. The peak positions in the C-XANES spectrum of the second 
IDP, L2008 H9, suggest that carbon is present mainly as graphite or poorly- 
graphitized carbon. 

IDPs are probably an important source of organic matter early in planetary evolution. 
These particles are small enough to be gently decelerated by the atmosphere and therefore the 
organic matter they deliver is relatively intact [I]. Thus, studies of the nature and distribution 
of carbon in IDPs can reveal important information about the prebiotic organic material on the 
early Earth. The first high-resolution x-ray images of carbon in one IDP and carbon XANES 
spectra have been presented elsewhere [2]. In this work we investigated two carbon-rich IDPs 
and measured several standards containing carbon in different forms. The experiments 
included x-ray imaging to obtain detailed carbon density maps and x-ray spectroscopy 
measurements to obtain chemical bonding information on a chosen spots in the sample. 

The carbon imaging was done with 50 nm spatial resolution, using the STXM at the 
National Synchrotron Light Source. The sample is scanned through a monochromatic focused 
x-ray beam and the transmitted flux is detected by a proportional counter, which has a very low 
noise and high count rate capability. X-ray energies in the energy range from 250-330 eV were 
used for x-ray spectroscopic measurements. The flux at these energies is usually about 106 
phls for a 0.5 eV energy resolution. A XANES spectrum of C02 gas with three sharp 
resonances, was utilized for energy calibration and was checked at the beginning and at the end 
of each experimental session. We measured two chondritic porous IDPs, L2008 F4 and 
L2008 H9. Both particles were embedded in sulphur, sectioned by ultramicrotomy and finally 
mounted on SiO membranes. The thin section of IDP L2008 F4 was 50-80 nm thick and 
L2008 H9 about 150 nm thick. We also measured spectra of pure materials that are known or 
have been proposed to exist in IDPs. These included graphite, partially graphitized carbon, 
CaC03, two polycyclic aromatic hydrocarbon (PAI-I) samples (pyrene - molecular weight 202 
and dibenzoperylene -molecular weight 326, courtesy of S. J. Clemett from Stanford Univ.), 
and K-Fe-CN (Prussian blue pigment) where all carbon is triple-bonded to nitrogen. These 
standards were used to identify characteristic x* and o* peaks in C-XANES spectra. 

Previous work done on characterization of carbon-rich material in IDPs using TEM and 
SEM suggests that carbon is generally present either as poorly graphitized or amorphous 
carbon that occurs in anhydrous IDPs as grain coatings, as a matrix in certain fine-grained 
aggregates and as distinct clumps [3]. In hydrated IDPs carbonates were observed in minor 
amounts but the predominant phase was suggested to be amorphous or poorly-graphitized 
carbon [4]. The distribution of these carbon phases in hydrated IDPs is not known because it 
is difficult to differentiate poorly-ordered fine-grained carbonaceous materials from fine- 
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grained phyllosilicate which is abundant in hydrated IDPs. Clemett et al. [5] have reported 
finding many PAHs in IDPs measured with a laser microprobe but their locations (carriers) and 
abundances within the IDPs could not be determined. 

Carbon images obtained with the STXM show that carbon is not uniformly distributed 
within the analyzed IDPs. Carbon XANES spectra were taken at different carbon-rich spots. 
XANES spectra of L2008 F4 are different from carbon XANES spectra of L2008 H9. Within 
the same IDP particle, carbon XANES spectra are typically very similar, however. XANES 
data of L2008 H9 show two peaks, at 285.6 and 288.9 eV, which correspond very well with 
the positions of graphite or partly graphitized carbon XANES peaks (Fig. 1). L2008 F4 
particle exhibits three peaks at energies 284.8, 286.3 and 288.5 eV (Fig. 2). Three patches 
within this particle show the same peak positions within the experimental error ( f  0.25 eV) 
with slight variation in their relative intensities. These peak energy positions are remarkably 
close to the peak energy positions of C60 XANES spectrum which are 284.3, 285.6, 286.0 
and 288.2 eV. These energy positions are known from a published XANES spectrum 
acquired with an energy resolution o f f  0.1 eV [6]. In the spectrum of C60 there should be 
two peaks at 285.6 and 286.0 eV while we see only one peak centered at 286.3 eV. This could 
be because we could not resolve the two peaks. Even though fullerenes were not found in 
IDPs up to now there were reports on small concentrations of fullerenes found in carbonaceous 
meteorites [7 ] ,  and therefore this finding would not be a complete surprise. Electron energy- 
loss spectroscopy obtained from additional thin sections of L2008 F4 also show multiple n* 
peaks at the C K-edge. Of the - 20 IDPs analyzed to date using EELS, L2008 F4 is the only 

anhydrous IDP which shows a split n* peak. Although this particle experienced exactly the 
same capture and sample preparation as other IDPs we can not completely exclude 
contamination at this point. Peak positions in C-XANES spectra of L2008 F4 are inconsistent 
with the peak positions characteristics for graphite, poorly graphitized carbon, carbide and the 
two PAHs. At this time we can also not exclude the possibility that some C-N-0 compounds 
can produce peaks at these energies [8] however, N was not detected in thin sections of L2008 
F4 using EELS. 
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Figure 1: C-XANES of L2008 H9 Figure 2: C-XANES of L2008 F4 
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