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Introduction:  In spring of 2004 the Rosetta mis-

sion, Europe’s comet chaser, will be launched. Comets 
are accepted as one type of parent body of interplane-
tary dust particles (IDPs) [1]. IDPs are collected in the 
stratosphere by NASA using high-flying aircraft [2]. 
After hitting the collector the IDPs are encased in a 
layer of silicone oil, which acts as a glue on the collec-
tion surfaces. 

The original focus of our study was to assemble a 
complete dataset on morphology, microstructure, min-
eralogy, and chemistry of individual IDPs in order to 
generate a database for the upcoming AFM (atomic 
force microscopy) investigation with the MIDAS (Mi-
cro Imaging Dust Analysis System) experiment on 
Rosetta [3, 4]. 

For AFM investigations it is essential to clean the 
IDPs of all silicone oil. Since an AFM tip is able to 
scan the surface of a particle with a depth resolution in 
the nanometer range, it is possible to reveal even min-
ute remnants of silicone oil. 

It is well known that rinsing with hexane removes 
silicone oil from particles. In this procedure an IDP is 
usually washed in a pool and/or flux of hexane [5, 6]. 
AFM investigations of IDPs cleaned in this way 
showed still remnants of silicone oil on the samples. 
Also time-of-flight secondary ion mass spectrometry 
(TOF-SIMS) [7] as well as infrared spectroscopy re-
vealed the occurrence of oil on the sample surfaces. 
One primary task of this study is to evaluate a more 
efficient method of cleaning the particles. 

Another problem is to fix IDPs for AFM measure-
ments on a surface without using glue that may cover 
the particles. Without proper fixation any analysis is 
impossible. 

Particle transfer from the cleaning area to a flat 
substrate for the AFM measurements without using the 
adherence effect of the silicone oil is an additional 
problem to be solved. 

Methods:  In this study the equipment shown in 
Figs. 1a and 1b is used for hexane rinsing. Similar to 
the method applied by [6] the sample is positioned on 
an 0.1 µm Nucleopore filter fixed between two acrylic 
glass discs with holes (1.4 mm in diameter) in the cen-
ter. For the cleaning process 5 ml hexane is filled in a 
syringe above the filter. The backside of the substrate 
is continuously pumped. With this set-up a continuous 
flow of hexane is achieved for 15 minutes to ensure a 
perfect cleaning of the particle. 

In the following step, the clean IDP has to be trans-
ferred from the Nucleopore filter to a clean sticky sur-
face. First tests with similar equipment as described by 
[5], using a binocular microscope, were not satisfying 
due to the high risk of particle loss. Without the sticki-
ness of silicone oil, particles have the tendency to fall 
off the needle. 

Figure 2 shows the technique used in this study. 
The EZ PICKTM is equipped with a needle attached to 
the lens of a high-magnification light microscope. 
Therefore the tip of the needle with the attached parti-
cle remains in focus during the entire transfer proce-
dure. 

As substrates for the AFM measurements the origi-
nal MIDAS facets (Fig. 1c) with adhesive clean sur-
faces were selected. The MIDAS experiment is 
equipped with 64 collecting facets made in a clean lab 
in Austria (Institute of Industrial Electronics and Mate-
rial Science, Vienna University of Technology) that 
are coated with a thin layer of sol-gel operating as glue 
for the cometary dust. Particles hitting the facets stick 
to the sol-gel without sinking into it. Such facets were 
provided from the Austrian clean lab in order to check 
them as possible IDP carriers and investigation sur-
faces. 

After the cleaning process, in order to generate the 
database, the following sequence of instruments and 
techniques were applied: 
• a JEOL JSM-6300F field emission scanning electron 

microscope to compare the particle with the cosmic 
dust catalog and for a first impression of the surface 
morphology. 

• a TOF-SIMS IV to obtain the chemical composition 
of the surface and to look for remnants of silicone 
oil. 

• an AFM to achieve the morphology of the surface 
and the crystallographic state of the IDP. 

• an ultramicrotome to cut the IDP for further studies. 
• again the TOF-SIMS IV to get information about the 

chemical composition of the inner parts of the parti-
cle. 

• a JEOL JEM 3000 transmission electron microscope 
for the composition and the crystallographic struc-
ture of the IDP. 

Results:  In comparison to other rinsing methods 
the increased duration (from 2 to 15 minutes) of the 
hexane flux around the particle is the main change of 
the technique described above. As a result the IDPs are 
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free of silicone oil. This was confirmed by AFM and 
TOF-SIMS measurements. The EZ PICKTM emerged 
as a perfect tool to transfer particles from one surface 
to another. Even small particles (down to 5 µm) are 
under optical control during the entire movement. It is 
only necessary to move the microscope table. 

On the other hand, the original MIDAS facets 
turned out not to be the ideal carriers and investigation 
surfaces. They require to press particles deep into the 
sol-gel coated surface. Otherwise each particle is 
moved by the AFM tip or, in the worst case, gets 
stucked on the tip. Another disadvantage is the mate-
rial of the facet. The sol-gel coated flat surface consists 
of pure silicon. This complicated the interpretation of 
TOF-SIMS results, where element abundances are 
usually normalized to silicon. In addition, Si is a major 
element in IDPs and needs to be measured. However, 
it is possible to achieve chemical information from the 
TOF-SIMS analyses. 

On the other hand, AFM measurements are hin-
dered by several technical and methodical restrictions. 
First, AFM is limited in z-direction (typically ~3 µm). 
Even for small particles that show less variation in 
heights, the tip produces artifacts at regions with steep 
gradients. Therefore, it is only possible to measure 
small regions of typical IDPs and to compare these 
results with high-quality FE-SEM images. TOF-SIMS 
and TEM analyses can be done with particle sections. 

Conclusion:  The slightly modified preparation 
technique allows to completely remove silicone oil 
remnants. This is a prerequisite for all surface tech-
niques like AFM and TOF-SIMS. The EZ PICKTM is 
well suited for particle transfer. The risk of particle 
loss is substantially lowered for dry particles. 

AFM measurements yield information on the mor-
phology at least of some parts of the particles. How-
ever, it is so far not possible to draw any conclusions 
from these results on the chemistry or mineralogy of 
the IDPs. IDPs show no well-oriented crystallographic 
surfaces that would allow a mineralogical identifica-
tion. This is only possible with TEM but only by using 
particle sections. TOF-SIMS allows a chemical analy-
sis that in some cases also delivers mineralogical in-
formation. 

Our experience is that AFM of MIDAS will be 
successful to analyze the morphology and crystallinity, 
the dust flux, and the size distribution of dust particles 
around a comet. However, it will be difficult to obtain 
chemical or mineralogical information. For this, fortu-
nately, other experiments (e.g., COSIMA) are onboard 
Rosetta. 
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Fig. 1: Set-up for par-
ticle rinsing. 

 
a) Individual components of the 

cleaning set-up. I: Brass holder 
with an acrylic glass bottom disc 
and a Nucleopore filter. The ar-
row marks a hole, ~1.4 mm in 
diameter. II/III: Acrylic glass top 
plates. IV: Brass screw. V: Sy-
ringe. VI: Cylindrical acrylic 
glass holder. 

b) Assembled cleaning set-up. 
c) Original MIDAS facet, ~1.4 mm 

in length. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: EZ PICKTM equipment attached to one lens of a 
light microscope. 
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