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ABSTRACT. Among the various silicates proposed as components of cosmic dust grains, olivine 
is considered one of the most likely materials. In this work we present the infrared spectra of three 
different types of olivine grains: crystalline, amorphous and synthetic (also amorphous). While the 
first and second sample derive from the same natural mineral, the third one has been prepared in 
the laboratory according to the relative cosmic abundances of the elements. The experimental data 
are used to fit the emission feature observed in the comet Halley spectrum between 8 and 13 y.m. 
Satisfactory results are obtained by using synthetic olivine mixed with a small amount (5%) of 
crystalline grains. 

1. Introduction 

Silicates have been identified as components of the interstellar and interplanetary dust on 
the basis of agreement in shape and position of observed bands near 10 and 20 fim (for a 
recent review see Knacke, 1989). 

The IR spectra of glassy silicates seem to provide a closer match to astronomical ob
servations than crystalline minerals (Knacke, 1989; Kratschmer and Huffman, 1979). We 
have therefore undertaken a research program to measure the optical properties of glassy 
silicates having composition similar to minerals predicted in theoretical condensation se
quences (Stephens et al., 1989). Among the samples examined one of the most "popular" is 
olivine which has also been recently proposed as an important component of cometary dust 
(Bregman et al., 1987; Campins and Ryan, 1989). In this work we fit the broad emission 
feature present in the comet Halley spectrum between 8 and 13 fim by using laboratory 
spectral data of natural (both glassy and crystalline) and synthetic amorphous olivine with 
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chemical composition reflecting the cosmic abundances of the various components. 

2 . Sample preparation and IR spectra 

The crystalline samples for IR spectroscopy have been prepared by grinding the natural 
minerals and embedding the resulting submicron particles in KBr pellets. Amorphous 
samples have been obtained by vaporizing the same materials by means of a LAMBDA 
PHYSIK LPX 315i excimer laser operating at a wavelength of 308 nm. The repetition rate 
was 9 Hz with an energy of 400 mj/pulse . The condensed smokes were directly collected 
on KRS-5 substrates inside a sample chamber which was filled with 02 at a pressure of 10 
mbar (this work) or 1 atm (Stephens, 1980). No significant changes were, however, detected 
by varying the gas in the chamber. 

We prepared synthetic samples because available olivine crystals , although they have 
a metal to silicon ratio very close to that found in typical O-rich stars, exhibit a ratio 
Mg/Fe — 9. This value is about one order of magnitude larger than the cosmic one, and 
the composition (including the metal atoms) and the metal to silicon ratio are among the 
most important factors affecting the IR spectra. We produced and analyzed two synthetic 
olivine-type silicates with the appropriate cosmic elemental content: 

(Fe0.6Mg0A)2SiO4 and (F e0.6MgOAAlo.o35Ca0.Q3Na0.o25)2Si04 

In spite of the presence of Al, Ca and Na in the second sample, the IR spectra of the two 
materials are essentially coincident. The targets for the laser were prepared starting from 
the following reagent grade materials: 

Element Starting Compound Final Compound 

Mg MgC03 MgO 

Ft Fe203 Fe203 

Si SilicicAcid Si02 

Ca CaC03 CaO 

Na Na2C03 Na2C03 

Al Gamma — Al203 Gamma — Al203 

Each material was heated in successive steps up to 1000 °C to produce the needed oxides. 
Na2C03 was not heated, and Fe203 and Al203 were heated just to dry the materials. 
Mixtures of powders for the synthetic samples were pressed in air (10 ton) . Each pellet 
was then heated in a radio frequency furnace in an Ar atmosphere to temperatures up to 
1400 °C until the sample just melted (approximately 1 minute). The IR spectra of the 
three different olivine particles are shown in fig. 1. 

3 . An application to comet Halley 

The above mentioned laboratory data have been used to fit the 8 - 1 3 fim spectrum of 
comet Halley. 
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Fig. 1. Extinction efficiencies of the three different types of olivine analyzed in the present work: 
crystalline (solid line), amorphous (dashed line) and synthetic (dash-dotted line). The curves are 

normalized at their maximum. 
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Fig. 2. Best fit of the observed (Campins and Ryan, 1989) Halley spectrum (dots) with laboratory 
data. The dashed curve is obtained for a 50% mixture of amorphous and crystalline olivine (best 
fit parameters are: T„ = 320 K, Td - 380 K, Rd/R„ = 1000, Ac = 1.086r = 0.5 mag). The solid 
curve is obtained by using synthetic olivine with only 5% of crystalline olivine. Best tit parameters 
are the same except for Ac = 0.25 mag. 
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T h e mode l we used to fit t he cometary flux is an adap ta t ion of t h a t originally applied 

to circumstellar envelopes (Orofino et al. , 1987; Blanco et al. , 1989). The free parameters 

are: rad ius and t empe ra tu r e of the nucleus (Rn,Tn), radius and t empe ra tu r e of the dust 

envelope (Rj, Tj) and the t o t a l optical thickness ( r ) of the dust at 8 nm. The values of 

some of these pa rame te r s are already available in l i te ra ture . F rom our prel iminary results, 

shown in fig. 2, it seems t h a t the Halley 10 / /m feature can be satisfactorily fitted by a 

m i x t u r e of amorphous and crystalline olivine. We note however t h a t a be t t e r fit is obtained 

by using the synthet ic olivine wi th cosmic elemental composi t ion. Moreover, in this case, 

a far smaller amoun t of crystalline component is needed. This result was also obtained by 

Greenberg (1990) and can b e very i m p o r t a n t in t he s tudy of cometary evolution and i ts 

connections wi th in terp lanetary dust particles (Campins and Ryan , 1989; Sandford, 1989). 

It is worthwhile to no te t h a t l abora tory IE, spectra of crystalline olivine are usually taken 

by embedding dust samples in a ma t r ix . This exper imenta l procedure may change bo th 

the shape and the posi t ion of spectral features (Bohren and Huffman, 1983). At present 

extended l abora to ry work is in progress t o account for this effect. 
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