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     Introduction: Interstellar dust grains are found in 
virtually every astrophysical environment. While the 
composition of interstellar dust remains a point of con-
tention, there is little doubt that silicate material con-
tributes a substantial fraction of the total mass of inter-
stellar dust, illustrated by the strong absorption fea-
tures at 9.7 µm and 18 µm due to silicates. Dust grains 
represent the fundamental building blocks upon which 
planets and stars can form, and recent studies have 
indicated that crystalline silicates in comets originated 
from amorphous interstellar silicates [1].  
     The main objectives of this proposed research are to 
answer two questions:  
1. What are the optical properties of silicate dust 
grains? 
2. How do these properties vary as a function of wave-
length, temperature, and composition?  
The laboratory measurements conducted by our group, 
spanning a wide range of wavelengths, will link obser-
vations made by a variety of facilities, effectively lev-
eraging the capabilities of each mission off of others. 
     Experiment: Samples are produced at GSFC at the 
dust analog production facility [2].  Due to the fre-
quency dependence of the optical constants, different 
sample preparation methods must be used. The sample 
can either be measured in a flour form or embedded in a 
matrix.  The OPASI-T program utilizes multiple in-
struments (including novel techniques) to provide 
spectral data over a wide range of temperature and 
wavelengths.  Briefly, experimental methods include: 
1. Transmission measurements via a Fourier Transform 
Spectrometer (Bruker FTS125hr). 
2. Waveguide measurements for extinction data at mi-
crowave wavelengths (~10 mm). 
3. Reflection/Scattering measurements via a custom-
built integration sphere (Bruker IFS113v). 
     Analysis: From the transmission data we can deter-
mine the optical constants, n and k, and the complex di-
electric constant, ε, from several equations.  The analysis 
of the laboratory transmittance data for each sample 
type is based upon different mathematical models, 
which are applied to each data set according to their 
degree of coherence. In the far-IR flour samples with a 
volume-filling fraction, f, can be described by a power 
law (Beer's law) [3].  In the mid-IR, matrix samples are 
used (KBr pressed or PE-melted samples), and the 
optical equations become more complicated [4].  The 
dust particles are embedded in a background material 

with several volume filling fractions, allowing the 
samples to remains optically thin at short wavelengths.  
With a small filling fraction, f, the mixture is consid-
ered dilute, and the Maxwell-Garnett formula can be 
used to describe the sample’s dielectric properties [5].  
This type of fit requires expression as a set of Lorentz-
ian oscillators. Both mathematical models were im-
plemented in MATLAB through a least-squares non-
linear fit of the transmission equations to the labora-
tory data. 
     Results:  Presented here are results from iron sili-
cate (FeSiOx) and magnesium silicate (MgSiOx) dust 
grain analogs, in several sample types and at tempera-
tures ranging from ~5 K to 300 K, across the infrared 
portion of the spectrum (from ~2-1,000 µm or ~5,000-
10 cm-1).  This work includes transmission, reflection, 
and waveguide measurements, as well as computation-
ally derived optical constants. Fits of the models to the 
experimental data are relatively good.  Water 
contamination played a role in our analysis, especially 
for the KBr samples, and was accounted for. The 
sample preparation/measurement method results in 
different optical constant values.  
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