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EVIDENCE FOR WEAKLY BOUND BROMINE IN LARGE INTERPLAYETARY 
DUST PARTICLES COLLECTED FROM THE STRATOSPHERE: G. J. Flynn , S. Bajt , 
and S. R. sutton2 (1) Dept. of Physics, SUNY-Plattsburgh, Plattsburgh NY 12901, (2) 
The University of Chicago, Chicago IL 60637 

Bromine concentrations exceeding 100 times the CI meteorite vaiue have been measured in 
interplanetary dust particles collected from the Earth's stratosphere. Because of the high halogen 
content and the long duration of particle residence in the stratosphere, Br contamination is possible. 
Six large interplanetary dust particles were analyzed using the Synchrotron X-ray Fluorescence 
Microprobe at the National Synchrotron Light Source. Each particle was exposed to the x-ray beam 
for a continuous 4 to 16 hour period. An approximately exponential decay of the Br content with 
time, over a 2-hour period, was observed. Since the particles are estimated to be heated to < 100° C 
during these analyses, this easily mobilized Br is likely to be a contaminant. In ail cases the Br 
concentration stabilized at a vaiue which exceeded the Ci meteorite vaiue. No loss of S, CI, K, Cu, 
Zn, or Ge was observed, indicating that these elements are more strongly bound. 

Since van der Stap et al. [ I ]  reported large excesses of Br in interplanetary dust 
particles (IDPs) over the Br in CI meteorites, there has been concern that some or all of 
this excess Br might result from contamination. Mackinnon and Mogk observed thin 
(- 150 Angstrom), S-rich surface layers on particles recovered from the Earth's 
stratosphere [2], suggesting contamination by stratospheric sulfuric acid aerosols. Since 
halogens are abundant in the atmosphere, CI and Br contamination are possible. 

Using the Synchrotron X-ray Fluorescence Microprobe at the National Synchrotron 
Light Source, we previously performed repeated chemical analyses of 3 large (>35 
microns) lDPs [3]. The Br concentration decreased by -50% from the first to the 
second analysis in 2 lDPs but no other element decreased, suggesting some of the Br in 
these lDPs was more weakly bound than any other element measured [3]. 

Experimental Procedure 
Six large IDPs, each >35 microns, having chondritic compositions and classified as 

C-type in the JSC Catalog, were selected. To study the Br loss from lDPs in detail, each 
IDP was analyzed continuously for a period exceeding four hours. X-ray fluorescence 
spectra were collected sequentially over - 15 minute intervals. For these large IDPs, a 
15 minute analysis is sufficient to determine the contents of elements present in 
concentrations greater than - 10 ppm, about a factor of four poorer sensitivity than 
obtained in the typical 2-hour IDP analysis using this X-ray Microprobe. 

The first three lDPs (L2009H7, L2009F12, and L2008F17) were analyzed with a 170 
micron thick aluminum filter between the sample and the energy dispersive x-ray 
detector. This filter absorbs lower energy x-rays minimizing the pile-up peaks from Fe 
and Ni, but it also precludes detection of light elements including S and CI. We 
measured the Fe, Ni, Cu, Zn, and Br contents of these samples as a function of time. 

To include light elements, particularly S and CI, the 170 micron filter not used for 
analyses of the next three large lDPs (L2006E8, L2008E20 and L2009D5). Under these 
conditions, pile-up peaks interfere with the peaks of some elements heavier than Br. In 
these samples we measured S, CI, K, Fe, Ni, Cu, Zn, Ge, and Br contents versus time. 

Br Loss vs. Duration of Exposure to X-ray Beam 
All of these lDPs except L2008E20 experienced significant Br loss. This loss followed 

the same basic pattern in all 5 cases: a constant Br content for the first -60 minutes, a 
progressive loss of Br over the next - 120 minutes, and finally a stable Br concentration. 
In two cases overnight analyses (> 12 hours duration) were performed, and no additional 
Br loss was observed. The most extreme Br loss was in L2009H7, which lost over 90% 
of its initial Br (see Figure 1). L2009F12 lost -70% of its initial Br (see Figure 2), L2009D5 
lost -50% of its initial Br (see Figure 3), while L2008F17 and L2006E8 lost only -30% of 
their initial Br. In all cases, the Br remaining after removal of the weakly-bound Br 
significantly exceeded the concentration in CI carbonaceous chondrites. 

Figures 1, 2 and 3 show approximately exponential Br loss with time. The 60 minute 
delay before Br loss begins is puzzling, but might result from silicone oil surrounding the 
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IDPs.   he results suggest there are at least two Br phases in these IDPs: a weakly 
bound phase mobilized by exposure to the x-ray beam, and a more tightly bound phase 
unaffected by the x-ray beam. X-ra beam heating is estimated to raise the temperature oY of these lDPs to no more than 100 C. If this loss of Br resulted from sample heating, 
then the low release temperature of the weakly bound Br is consistent with either an 
extermely volatile Br phase (Br2 boils at 5g0 C) or surface adsorbed Br. In either case, it 
seems unlikely this weakly bound Br could have survived the heating pulse experienced 
by most lDPs on atmospheric entry [4], and thus it is likely to be a contaminant acquired 
after entry. We have not observed Br loss on the few smaller lDPs analyzed multiple 
times with this X-ray Microprobe, but further studies on small lDPs are in progress. 

Other Volatile Elements 
The volatile elements Cu, Zn, Ga, Ge and Se are also enriched, by factors of 1.5 to 3 

over CI meteorite concentrations, in the lDPs collected from the stratosphere [5]. 
Jessberger et al. [6] suggest atmospheric contamination may cause these volatile 
enrichments. If significant quantities of these elements were deposited onto lDPs along 
with the weakly bound Br, then loss of these elements along with Br might occur. 

The initial and final contents of Cu and Zn are identical, within the +20% analysis 
errors, in all six IDPs, and there is no evidence for loss of Cu or Zn with time (see Figures 
1, 2 and 3). The second set of lDPs provides a test for S, CI, and K loss, and two of 
these particles also had Ge above detection limits. L2009D5 lost 50% of its initial Br, 
however, no loss of Cu, Zn, Ge, K, S, or CI was detected (see Figure 3). Similar results 
were obtained for L2006E8, however, the Br loss in this particle was only 30%. Particle 
L2008E20 lost no Br, and the concentrations of the other volatile elements remained 
constant as well. These results demonstrate that essentially all of the Cu, Zn, Ge, S,  CI, 
and K is more strongly bound in these large lDPs than l o  the weakly-bound Br component. 
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Figure 1: Br/Fe, Zn/Fe, and Cu/Fe in L2009H7. 
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Figure 2: Br/Fe, Zn/Fe, and Cu/Fe In L2009F12. 
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Figure 3: a) Br/Fe, Zn/Fe, and Cu/Fe b) Brl Fe, 
Ge/Fe, and W Fe, and c) Br/Fe, S/Fe, and CI/ Fe vs. 
duration of exposure to the x-ray beam in L2009D5. 
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