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ANALYSIS O F  INTERPLANETARY DUST PARTICLES FOR VOLATILES AND 
SIMPLE MOLECULES. E.K. Gibson, ~r.', C.P. ~artmetz ' ,  and G.E. ~ l a n f o r d ~ .  ' S N ~  Planetary 
Science Branch, NASA-JSC, Houston, TX. 2~nivers i ty  of Houston, Clear Lake, Houston, TX. 

Interplanetary dust particles (IDPs) contain volatiles which represent materials present at the 
earliest stages of solar system formation. It is likely that t b J D P s  represent material from 
comets, meteoroids, and asteroids. Regardless of how complex the history of the IDPs has been, 
the understanding of the nature of volatiles associated with such primitive materials is vital. 
Consequently, we have been studying the volatiles associated with IDPs and primitive meteorites 
(I), via mass spectrometry after their release with a laser microprobe. 

One of the most critical stages in the analysis of IDPs is sample preparation. Collection of 
the IDPs usually occurs in the stratosphere on collector plates coated with a 20:l mixture of 
silicone oil and freon, respectively. Particles are removed from the collectors and rinsed with 
hexane and placed on sample mounts (cleaned with freon). We have examined a variety of 
sample mount substrates: aluminum, gold, beryllium, tungsten, tantalum, fused silica, silica 
aerogel, borosilicate glass, metallized kapton, and Torr Seal (2). It was found that gold (99.999% 
purity) had a low contamination level and the contribution to the signal obtained during laser 
vaporization of the sample could be subtracted out. To decrease contamination the gold must be 
cleaned with commercial detergent, methanol, freon, distilled water, annealed at 900°c, and 
oxygen plasma etched prior to placing the IDPs in the gold. The soft nature of gold permits the 
particle to be imbedded and held in place during laser interaction, which allows complete 
vaporization of the particle. In the old technique (2,3), particles were placed on beryllium and 
upon laser interaction the particles disaggregated causing imcomplete vaporization of the IDP. 

It is important to fully understand the interaction of silicone oil and hexane with the parti- 
cles because any interpretation of chemical and spectral micro-analyses from chondritic IDPs 
must consider the presence of silicone oil and hexane. It also appears that freon, which is 
present in the silcone oil in a 20:l ratio and used for rinsing also leaves residual species that 
appear in the mass spectra of the particles. In order to sort out possible contamination effects 
(i.e. silicone oil, hexane, and freon residues), we have analyzed gold blanks that were processed 
in a manner identical to the IDPs. Analysis of gold coated with silicone oil, hexane, and freon 
revealed an abundance of potential contaminants which required removal from the IDPs prior to 
analysis by any technique searching for components of the CHON family. Presence of silicone 
oil on IDPs which had been rinsed with hexane was noted by Reitmeijer (4) and suggests that 
the rinsing techniques are not effective enough. It appears that when particles are cleaned to 
remove silicone oil from the collector plates, the oil that is absorbed on the carbonaceous matter 
of the IDP is not removed. Traces of these contaminants have been observed in all eight parti- 
cles analyzed, clearly some are superimposed on signal from the particle. Perhaps with different 
cleaning techniques, it may be possible to use existing IDPs to study low molecular-weight 
species, however, care must be employed to avoid contaminants (silicone oil, hexane, and freon). 

Four IDPs analyzed (U20 15B20, U20 15F20, U2022F5, and U2034D 1 ) contained only 
contaminants from the silicone oil, hexane, and freon (large abundance of m/z=l 1, 15. 27, 31, 
41, 43, 45, 51, 52, 55-57, 69, etc.). Absence of volatiles in some IDPs is not unexpected 
because selected regions of some meteorites contain low abundances of volatiles. U2022G13 
gave evidence of contaminants along with elemental sulfur and sulfides (Fig. 1). Sulfur 
components are uniquely present as m/z=32, 34, 48, 60, 64 (i.e. S, H,S, SO, COS, S, or SO,, 
respectively). Sulfur is typically present in CI meteorites as elemental, reduced or oxidized 
phases. U2017A4 contained sulfides along with a carbon-bearing phase (a phase which released 
CO during laser extraction) and many contaminants (Fig. 2). U2017A5 contained large 
quantities of sulfur-bearing phases, such as sulfides and/or elemental sulfur in addition to 
contaminants (Fig. 3). In some aspects it was similar to U2022G13. 

The most unique particle studied was U2034D7 which was a fluffy porous IDP. The parti- 
cle contained carbonates (m/z=44 with minor 28, 16), sulfides (mainly CS,, the primary sulfur- 
bearing volatile released from sulfides or elemental sulfur), and m/z=17 which most likely is 
associated with the hydroxyl ions released from hydrates (Fig. 4). In many respects the volatiles 
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associated with U2034D7 are similar to those seen in the groundmass of CI or CM chondrites. 
From our investigations of volatiles associated with IDPs it is clear that an extreme effort 

must be made to obtain particles in a contamination-free manner. The collector plates used on 
U-2, ER-2, and WR-57 aircraft collect particles using silcone oil. We feel the low density 
aerogel collector material proposed for future collector media must be carefully examined for its 
contamination properties before being used instead of silicone oil. 
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Figure 1. Plot of Log normalized signal strength vs. m/z for 
U2022G13 a porous chondritic LDP (EDX indicates presence of sulfur). 
Average background present in the vacuum tine before the laser "zap" 
and the average signal from 4 "zaps' into the same piece of gold were 
subtracted from the IDP signal. Peaks shown are all 1 o above the 
average gold background. The top of the shaded bar is the mean while 
the top of the filled and unfilled bars represent +I u. The symbols f ,  
h, and s indicate contaminants from Freon, Hexane, and Silicone oil, 
respectively. Peaks labeled with a chemical formula are from the IDP. 
Note the presence of sulfur related components. 

3 
VX)17M 

2.8 at 
2.8 [ I .  

d z  

Figure 3. Plot of Log normalized signal strength vs. m/z for U2017A5 
a porous chondritic IDP (EDX indicates large quantities of sulfur). 
Background subtractions, symbols, and ban  are the same as in Fig. 1. 
Peaks shown are all 1 o above the average gold background. Note the 
presence of sulfide and/or elemental sulfur related components. 

Figure 2. Plot of Log normalized signal strength vs. m/z for U2017A4 
a porous chondritic IDP (EDX indicates large quantities of sulfur). 
Background subtractions, symbols, and bars are the same as in Fig. 1. 
Peaks shown are all 1 o above the average gold background. Note the 
presence of sulfide and/or elemental sulfur related components, and a 
carbonyl peak. 

Figure 4. Plot of Log normalized signal strength vs. m/z for U2034D7 
a fluffy porous chondritic IDP. Background subtractions, symbols, and 
bars are the same as in Fig. 1. Peaks shown are all I o above the 
average gold background. Carbonate related components are present as 
well as sulfide and/or elemental sulfur related components. This 
particle's spectrum is similar to CI chondrite matrix in many respects. 
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