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Introduction: The Spitzer Space Telescope observed 
the mid-IR (~5-40 µm) spectra of ejecta from the hy-
pervelocity impact of the Deep Impact projectile with 
comet 9P/Tempel-1.  Spectral modeling demonstrates 
that there are abundant minerals present in the ejecta 
including Ca/Fe/Mg-rich silicates, carbonates, phyl-
losilicates, water ice, amorphous carbon, and sulfides 
[1,2].  Precise mineralogical identifications are some-
what hampered by the lack of spectral measurements, 
particularly of transmission and of the associated de-
rived absorption coefficient, for these materials in the 5 
– 40 µm range over which Spitzer is sensitive.  Addi-
tionally, a broader compositional range of carbonates, 
sulfides, and clays are needed to be measured over this 
full 5-40-µm spectral range.  

Here, we present our results for transmission spec-
tra from ~ 2 – 200 µm and derived absorption con-
stants for these and other materials relevant to comets, 
including pyrrhotite, other sulfides, carbonates, and 
several clay minerals. This follows on initial results 
presented at DPS2008 [3].  Measuring the transmission 
of materials over the full spectral range sensitive by 
Spitzer requires the use of KBr pellets for measure-
ments from 5 – 24 µm, and for the 20 – 40 µm range of 
Spitzer, polyethylene pellets.  We have successfully 
acquired transmission spectra of these minerals ground 
to micron and sub-micron sizes from 2 – 200-µm.  
Transmission measurements of sub-micron sulfides are 
particularly difficult to obtain because the minerals 
oxidize rapidly upon grinding and subsequent handling 
unless special care is taken, although we have demon-
strated initial success in obtaining spectra of unoxi-
dized sulfides.   

Laboratory Procedures and Results: Measure-
ment success has been achieved only after a continual 
process of refining our sample preparation methodol-
ogy.  We have used transmission spectroscopy, meas-
uring the absorption of light by the sample that is con-
tained in a optically neutral matrix, to derive the 
imaginary component of the complex index of refrac-
tion. For the mid-infrared (20 - 200 µm), the matrix is 
ultra-high molecular weight polyethylene (PE).  KBr is 
used for the near infrared (1.5 - 24 µm).  Transmission 
is obtained by dividing a sample-bearing pellet by a 
sample-free blank. 

Sample and pellet preparation, and measurement 
are similar for both the near and mid-IR.  It is essential 
that the sample grain size is smaller than the wave-
length of light to reduce scattering. We achive micron 

to sub-micron particle size by powdering ~ 3 mg of 
sample in a slurry with acetone using a McCrone mi-
cronizing mill. Using acetone instead of water for the 
slurry reduces the oxidization of sulfides.  The sample 
slurry is then dried in an N2-purged oven. Using this 
procedure there is little evidence of oxidation in the 
below spectra of pyrrhotite, though pyrite may have 
oxidized somewhat (Figure 1 – mid-far IR only). 

It is also essential to obtain a uniform mixture of 
the sample and matrix (either KBr or PE) in order to 
obtain a uniform pellet - no clumping of sample - 
which can result in large effective particle sizes, or 
self-shadowing, both of which would result in lowered 
absorption.  Also, because many of these samples are 
nearly opaque at these wavelengths (especially the 
sulfides) a very small amount of sample is required to 
avoid optical saturation.  We have found that for mid 
and far IR measurements using PE, it is necessary that 
the pellet contain  < 1% of sample by mass, for a pellet 
with a total mass of ~ 120 mg.  Mixture uniformity is 
achieved by thorough mixing of the sample and matrix 
via a dental amalgamator in which we shake a mixture 
of the PE and sample in a stainless steel vial.  

The pellet is finally formed using a hydraulic press 
and 13mm die.  After placing the sample mixture in the 
die, it is evacuated for 5 min.  Then the die is pressed 
to 18000 psi while heating with a heat gun to ~ 120C 
(note: melting point of PE ~ 138C) for about 4 min. 
and pressure is continued for an additional 6 min. A 
blank PE pellet should be translucent and a sample-
bearing pellet should be uniformly dark.  

Infrared spectra were taken using an N2-purged 
Bruker Vertex-70 FTIR at 1 cm-1 resolution (for KBr) 
and 2 cm-1 resolution for PE pellets (Figures 1 and 2).  
The two spectra overlap from ~ 20 to 24 µm; and one 
can see agreement is good in both figures, after a sin-
gle multiplicative scaling of the far-IR spectrum to the 
NIR spectrum to account for the different amounts of 
sample used in the two pellets.  Sometimes, an small 
multiplicative offset remains which which we currently 
attribute to imprecise mass measurements.  That error 
will be mitigated with a use of an improved balance.  

Conclusions: We have demonstrated an effective 
procedure for obtaining NIR through far IR spectra of 
carbonates, silicates, and to some extent sulfides.  Pro-
cedural improvements (such as more sample prepara-
tion under an N2 purge and more accurate mass meas-
urements) are being implemented. Strong spectral fea-
tures occur from the NIR to about 40 µm in sulfides, to 
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about 60 µm in carbonates, and to beyond 100 µm in 
clays and may be important for interpreting Spitzer, 
Herschel [4], and other longwave IR measurements of 
comets, dust clouds, etc.   
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Figure 1.(top) Pyrite (FeS). Major absorption features 
occur in the spectral range of the Spitzer Space Tele-
scope (5 - 35 µm), with the majority occurring at wave-
lengths longer than measured using KBr.   The absorp-
tion band at 24 µm is probably due to sulfate. (bottom) 
Pyrrhotite (Fe1-xS). This is a non-stoichiometric min-
eral.  Major absorption features occur at approximately 
the same wavelengths as pyrite, but are significantly 
weaker.  This material may be difficult to detect if pre-
sent in comet dust.  There appears to minimal oxida-
tion. 

 
Figure 2. (top) Magnesite (MgCO3).  Strong absorption 
features in the NIR. (bottom) Nontronite 
(Fe,Mg)2(Al,Si)4O10(OH)2Na0.3

.nH2O.  Strong absorp-
tion features through-out the NIR and MidIR, consis-
tent with the numerous possible vibrations available in 
its complex structure as an expansive clay.  Same basic 
structure as montmorillonite and beidelite (other dioc-
tahedral members of the montmorillonite group - i.e. 
with Al-OH octahedral sheets between the silica tetra-
hedra).  Trioctahedral members are hectorite and 
saponite (I.e. Mg-OH octahedral sheets). 
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