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Abstract. We present here the first infrared spectra of mete- Presolar SiC grains have been identified in primitive me-
oritic SiC grains. The mid-infrared transmission spectra of m&orites (Bernatowicz et al. 1987). Based on isotopic measure-
teoritic SiC grains isolated from the Murchison meteorite weraents of the major and trace elements in the SiC grains and on
measured inthe wavelength range 2.5-18rGin order to make models of stellar nucleosynthesis, itis established that a majority
available the optical properties of presolar SiC grains. Theskthe presolar SiC grains has their origin in the atmospheres of
grains are most likely stellar condensates with an origin prate-type carbon-rich stars (Gallino et al. 1990, 1994; Hoppe et
dominately in carbon stars. Measurements were performedain1994). For recent reviews see, e.g., Anders & Zinner (1993),
two different extractions of presolar SiC from the Murchiso®tt (1993) and Hoppe & Ott (1997). The grain sizes of presolar
meteorite. The two samples show very different spectral apiC from the Murchison meteorite have been found by Amari
pearance due to different grain size distributions. The spectealal. (1994) to vary from less than 0.05 to 2@ in equiva-
feature of the smaller meteoritic SiC grains is a relatively brodeht spherical diameter, with about 95% (by mass) of the grains
absorption band found between the longitudinal and transvebsgng between 0.3 and3n. This distribution is coarser than
lattice vibration modes around 11u#n, supporting the current for presolar SiC found in other meteorites (Russel et al. 1993,
interpretation about the presence of SiC grainsin carbon starsl@97; Huss & Lewis 1995; Gao et al. 1996). Therefore, Rus-
contrast to this, the spectral feature of the largé&{:m) grains sel et al. (1997) have speculated that the finer grained SiC was
has an extinction minimum around Lénh. The obtained spec- lost through size sorting in the solar nebula prior to accretion of
tra are compared with commercially available SiC grains amdurchison. In the carbonaceous chondrites only approximately
the differences are discussed. This comparison shows that@t@04% of the silicon is in the form of SiC (the remainder being
crystal structure (e.gg-SiC versusy-SiC) of SiC grains plays in the form of silicates).
a minor role on the optical signature of SiC grains compared to Silicon carbide occurs in alarge variety of crystal types. The
e.g. grain size. basic units are Si-C bilayers with a three-fold symmetry axis,
in which the Si and C atoms are closely packed. It is the special
Key words: infrared: ISM: lines and bands — ISM: lines andtacking of these layers that determines the occurrence of the
bands — ISM: dust, extinction — stars: carbon — stars: atnmplytypes. The second bilayer is shifted in theé(j0]-direction
spheres — stars: abundances by 1/4/3 of the Si-Si or C-C atomic distance in the layer. If
a third and a fourth layer is stacked in an identical way, then
the atoms in the fourth layer lie exactly above the ones in the
first layer. Further repetition of this sequence results in a cubic
1. Introduction crystal structure called-SiC. If at least one bilayer is shifted

Following the thermodynamical equilibrium calculations of the opposite direction the resulting structure is hexagonal or
Friedemann (1969a,b) and Gilman (1969) which suggested tHgmPohedral (Mutschke et al. 1999). All the polytypes result-
silicon carbide (SiC) particles could form in the mass outflo{ftd from non-cubic stacking sequences are summarized in the
of carbon stars, Hackwell (1972) and Treffers & Cohen (197§Ma-SIC. _ ,

performed infrared spectroscopy of such stars and thereby pro-Virad et al- (1992) have investigated the crystal structure of
vided the empirical evidence for the presence of SiC particl large presolgr SIC grains extra}cted *?y Amari et al. (1994)
in stellar envelopes. A broad infrared emission feature seer{frp 2nd LU series). The authors investigated forty-one large
the spectra of many carbon stars, peaking between 11.0 &f@M 1 < 1.54m t0 23 x 23 um) grains from the Murchison
11.5um is therefore attributed to solid SiC particles and Sic [Q€teorite by Raman spectroscopy. Thirty-two of these grains

believed to be a significant constituent of the dust around cartf§fir® found to have a cubic crystallographic structut<{C),
stars. the remaining grains showed a non-cubic structure (hexagonal

or rhombohedricg-SiC). However, the-SiC grains were also
Send offprint requests ténja C. Andersen characterized by a normal isotopic composition, indicating that
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they might not be of presolar origin. Recently Daulton et al. Extracting presolar SiC from meteorites is much more com-
(1998) investigated one of the finer grained samples extracteddigated than extracting the presolar nano-diamonds, because
Amarietal. (1994) (KJIB grain size 0-:3.7um) and found that the SiC (6 ppm) is much rarer than the nano-diamonds (500
forthese smaller grains there seemsto be evenamoumtanfl ppm) (Amari et al. 1994), and because the diamonds can be
(-SiC. This indicates that while the larger presolar grains seelansity separated out of the meteoritic sample without having
to be dominated by the-SiC type the smaller grains are a mix oto remove all mineral phases first. It is therefore much harder to
thea- andj-SiC type, but the presolar nature of the smaBiC  obtain a clean sample of presolar SiC grains than of presolar di-
grains still needs to be confirmed. Whether presolar SiC graermonds. There will in most cases always be smaller amounts of
will turn out to be of predominately one or the other crystal typsorundum, hibonite, spinel and chromite grains present, which
can place constraints on the formation parameters of the graenr® very hard to get rid of without also losing the SiC grains.
Therefore, it has been attemted by several groups to derive theThe extraction treatment was primarily designed to result
crystal type of circumstellar SiC grains from their observed IR a fraction of very clean presolar nhano-diamonds (Braatz in
emission spectra (e.g. Blanco et al. 1994, 1998; Groenewegeep.). The individual extraction steps for the two samples were
1995; Speck et al. 1997). However, it is argued by Papoularadtnost identical, except that for the first two steps samplas

al. (1998) that the IR band profiles might not be sensitive toeated in a sealed Teflon bomb at 180while samplar had

the crystal type but to other structural and morphological graénmore gentle treatment without the Teflon bomb and a€80
properties. To decide these questions, more laboratory studibe extraction steps were the following: 1) solution of concen-
are needed (Mutschke et al. 1999). trated HCI (32%) to dissolve metals and sulfides; 2) alternating

We have previously published the absorption coefficients wéatment with concentrated HF (48%) and concentrated HCl to
presolar diamonds (Mutschke et al. 1995; Andersen et al. 1998)solve silicates; 3) extraction of precipitated sulfur with,CS
and along this line of providing the spectral feature of “real std) oxidation with 0.5 N NaCr,O; + 2N H,SO, at 80°C; 5) ex-
dust”, we have now measured the spectral appearance of prétswtion of the nano-diamonds as a colloid with a solution of
lar SiC grains. These data are necessary in order to deternbithstilled water and Nkl (pH 9-10). This step results in a pre-
if the spectral emission (and in a few cases absorption (Jonesipitate at the bottom of the container containing mainly residual
al. 1978; Speck et al. 1997)) feature found in circumstellar espinels and SiC. The nano-diamonds were used for other stud-
velopes of carbon stars, is consistent with the meteoritic graies (Braatz in prep.). The spinel-SiC residue was further treated
having originated in such stars. Agreement between the isotopj; 6) boiling in 70% HCIQ (200°C) to remove residual or-
composition of the presolar SiC grains and those predictedganic material and graphite; 7) boiling i,HO, (180°C) to
AGB star nucleosynthetic models, give strong belief that thesamove the spinels (spinel Mg#D, and chromite FeGO,)
meteoritic grains originated in carbon stars. It is our hope thatd 8) another treatment with HF/HCI (8D) to remove re-
comparison between the optical properties of presolar SiC andining silicon bearing grains other than SiC.
the appearance of the dust features in carbon star spectra will beMost of the treatments were carried out in Teflon contain-
able to impose further constraints. In this paper, we present ees. Between all steps intensive washing was carried out, with
sults from measurements of the spectral properties of meteordtiluted HCI (pH< 2) and/or bidistilled water, which is impor-
SiC in the wavelength range between 2.5 and L6n5 tant in order to remove possible coatings that impede further
reactions (Amari et al. 1994). Each time the supernatant liquid
was pipetted into separate discard tubes for the two samples and
all solids which settled down in the discard tubes were returned
Two fractions of 26.8 g (sampi® and 10.0 g (sampla) from o the main sample.
an originally large (100 g) piece of Murchison (a CM2 chon-
drite) was used for the extraction of meteoritic SiC grains. Tie Spectroscopy
originally large piece was crushed with a steel mortar, to obt
smaller fractions.

To obtain a large and clean sample of the SiC grains fBeveral groups have carried out experimental work on the spec-
the spectroscopic measurement, it is necessary to isolatettbecopic properties of commercially available and laboratory
presolar grains from the rest of the meteoritic material. A phygroduced SiC particles. Stephens (1980) has studied laser-
ical, non-destructive separation does not work well because greduceds-SiC condensates, Friedemann et al. (1981) mea-
grains are tiny and cling to the much larger amounts of finsured spectra of commercially availakieSiC, Borghesi et al.
grained clay minerals and kerogen (macromolecular orgafi®85) studied commercially produce€SiC and3-SiC, Kaito
matter). Therefore, a destructive chemical separation in whiehal. (1995) have studiedSiC and3-SiC produced by simul-
undesirable minerals are dissolved by appropriate reagenttaiseous evaporation of silicon and carbon and Papoular et al.
necessary. The chemical separation procedures used in ¢h&98) investigated two samples 8{SiC powders, one com-
study were variants of those developed by Tang & Anders (1988grcially available and one produced by laser pyrolysis.
and Amari etal. (1994), which mainly consist of a set of progres- All the groups have done their measurements by embedding
sively more corrosive “selective solvents” to remove the minerdile sub-micrometer particles in a solid matrix either of KBr or
phases one by one, but also includes density separations. Csl. In the KBr/Csl pellet technique, small quantities of the

2. The extraction procedure

A Measurement procedures
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sample are mixed thoroughly with powdered KBr/Csl. Due to 0'60§

the softness of the matrix material and its bulk transparencygn 0 505
the mid-IR, the material can be pressed into a clear pellet. £ ¢
According to scattering calculations, embedding the sam -
in amatrix will influence the wavelength at which the frequencyg O'4O§
dependent extinction falls as well as the intensity, in a way whicgh
depends on the sample considered and the matrix in whicfit 930
is included (Bohren & Huffman 1983; Papoular et al. 199% g
Mutschke et al. 1999). = 0203
Friedemann et al. (1981) and Borghesi et al. (1985) tried to g ]
correct the influence of the matrix by blue-shifting the whole o : ‘ ‘ ‘ ’
feature by an amount 6f\ =-0.4ym andd A =-0.1um, respec- 8 9 V\%gvel enétlh ( m%z 13 14
tively. They also corrected the intensity by afactor of 0.7 and 0.9, H
respectively. These procedures have been argued by Papdtiai. Infrared spectra of meteoritic SiC grains (samplérom the
et al. (1998) to be incorrect, since independent of the mathjurchison meteorite obtained with the IR microscope at an aperture
material, absorption should not fall outside the longitudinal ar 80um. The SiC feature is located at about 1Am8. The features
transverse optical phonon frequencies. Instead Papoular ef%und 8.2 and 8.6m are due to Teflon (see text).
(1998) proposed a new method for computing the expected spec- : : : : : :
trum for the particles in vacuum, which works if the dielectric ; 5[
function of the grains can be described by a single Lorentzi@h
oscillator. This certainly is the case for SiC (Mutschke et af
1999). g
Our transmission measurements were performed by placig
the presolar SiC grains on a polished Si substrate. This me&n.6
that the grains were mainly but not fully surrounded by air, réd L
sulting in much less matrix effects than if the sample had be B
embedded in a solid medium. Samples tend to cluster bothdn
the KBr pellets and on a substrate and may do this with different
cluster morphologies. Atthe moment theory is not able to deter-

. . L . . 9 10 11 12 13 14
mine what the optical effect of clustering is for SiC grains. We Wavelength (um)

have not been able to find any systematic change of band pro- o _

files as a result of clustering. We have also not found systemdtig. 2. Infrared spectra of meteoritic SiC grains (samp)efrom the
changes of band profiles related to whether we used a Si, NAMtrchison meteorite obtained with the IR microscope at an aperture of
or a KBr substrate (refractive index: KBr and NaCl (n=1.5) §0pm. The appearance of the feature is influenced by the Christiansen

(n=3.4)). The samples were mounted on the Si substrates by £t (&€ tex).

persing them in a droplet of chloroform. All the spectroscopic

measurements were made with an infrared microscope attack@shly distributed on the substrate. Different densities will result
to a Bruker 113v Fourier Transform Infrared Spectrometer. Thg different depths of the features. The results shown inFig. 1
detector is a liquid-nitrogen-cooled mercury cadmium telluridgr sampler and in Fig[®2 for sampler are the raw data (y is
detector with a spectral range of 7000-600¢nThe sampling shifted for better comparison). There is a remarkable difference
diameter of the microscope can be as small agrB80Spectra petween the spectral appearance of the SiC grains in the two
were obtained on different grain clusters of the samples whigsimples, despite the fact that they were prepared by using almost
were 10 to 8Qum in size. The microscope aperture used fqfentical extraction procedures and came from the same larger
the measurements was always;80 since this gave a suffi- piece of meteorite. This difference can be explained by different
cient signal-to-noise ratio with a reasonable number of scajiain sizes (see later).

(64). The measurements were performed with a resolution of Fig[J (sampla) shows the expected broad absorption fea-
1 cm'. The reference spectra were obtained on a blank partgfe of small SiC grains between the positions of the longitu-

the substrate. dinal and transverse lattice vibration modessat~ 10.3um
andwr = 12.6um (Mutschke et al. 1999). The center of the
3.2. Results band is located at about 11ugh. The peaks around 8.2 and

8.6um are due to —CF and —GRgroups originating from the
One of the drawbacks with using the infrared microscope igatment in Teflon containers with hot concentrated sulphuric
that a reliable mass estimate of the fraction responsible for theg (H,SOy). The sulphuric acid did not only dissolve spinel
spectral feature cannot be obtained. With the microscope QJifins but also attacked the walls of the container.
measures different parts of the sample and depending on howag an attempt to try to get rid of the Teflon-related con-
good the sample was mounted the mass can be more or {ggginate, we considered a density separation of the Teflon
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Fig. 3. Spectral appearance of commercially availabtSiC (Duis- Fig. 4. Spectra of meteoritic SiC grains (sampieand commercially
burg) sedimented to obtain different grain size fractions. The variatiamailablea-SiC (Duisburg) with grain sizes 5-20n.
of the spectral appearance as a result of different grain size is appar-

ent. As thg grain size increases the influence of the Christiansen efBercéad feature between about 118 and 12.6:m, which agrees
becomes important (see text).

very well with the later findings of Bohren & Huffman (1983)

resulting in the continuous distribution of ellipsoids (CDE) ap-

proximation.
and the SiC grains by use of e.g sodium-polywolframate |f the grain size is larger than or comparable to the wave-
(BNaWO4-9WO;-H,0) (Amari et al. 1994). However, all pos-|ength, scattering becomes more important and diminishes the
sible solvents, that we could think of, tended to have IR featurggnsmitted light also at frequencies outside the absorption band.
in exactly the same infrared spectral region as the SiC feature pte special (larger) frequency outside but close to the absorp-
were interested in. Therefore, we did not follow this approachien band,n ~ 1 andk ~ 0. Since these values are close to

In Fig.[2 (sampler) there is apparently no similar SiC bandthose of the surrounding air (or free space) then at this spectral

Instead one observes a maximum of the transmission spectjitht the particles are nearly invisible. In other words, scattering
more or less at the place of the longitudinal lattice vibratiog greatly reduced and a maximum in the transmittens spectrum
mode. At longer wavelengths the spectrum is flat. In the nextobserved. This is known as the Christiansen effect (Bohren
section we will explain that this does not mean the absencegoHuffman 1983).
SiC grains. In order to investigate these size effects we did infrared
microscope measurements on a commercially availai$eC
grain sample (Duisburg) with large grain size of up to40.

This sample was sedimented in acetone and based on settling
Due to collective processes very small solid particles (smadltes calculated from Stokes law

compared to the wavelength) exhibit strong resonances in ab- h i
sorption in the spectral regions where the real part of the di= 18 5 Lik
electric function &,) is negative. The precise positions of these 9@~ (Pgrain = Pliquid)
resonances, called surface modes, depend on the particle shdifferent size fractions were obtained. Heigthe settling time,
size, and on the nature and amount of coatings or matrixes uy, is the dynamic viscosity, the setteling heighg; the grav-
rounding the grain (Bohren & Huffman 1983). There are twibational constany the grain diametep,,..:,, the density of the
distinct energy ranges in which resonances occur. One isgiins and;;q.;q the density of the liquid. The size fractions
the infrared in the region of strong lattice bands between ttiet were obtained were 40—2én, 20-5um, 5-2um and <
transverse optical phonon frequenecy-{ and the longitudinal 2 zm. These samples have been mounted on Si substrates in the
optical phonon frequency.(). The other is in the ultraviolet same way as for the meteoritic samples.
and is due to the transitions of bound electrons. In Fig.[d it is shown that the spectral appearance of SiC
For the surface modes of very small SiC particles in thgrains strongly depends on the grain size and that the Chris-
infrared, Gilra (1973) performed Mie calculations for differtiansen effect dominates for the larger grains. This means that
ent shapes and found that for a thin disc the resonances tAeeabsorption feature betweer andw;, is transformed into
at 10.3um (wy) and 12.6um (wr). As the oblateness de-a flat spectrum with a transmission maximum at abgu{see
creases, the resonances move towards each other and firadiyve).
for the spherical case there is only one resonance at 173  Fig.[4 shows sampla of the meteoritic SiC compared to
(e = —2). As the particles become prolate, the resonanci o-SiC (Duisburg) sample with grain sizes 5-20. Fig[5
move away from each other and finally for the case of a needleows sample of the meteoritic SiC grains compared to the
they are at 12.6m (wr) and 10.55:m (¢; = —1). Gilra (1973) same material but with grain sizes2 ym. These comparisons
concludes that if the particles are highly irregular there will beshow that the meteoritic SiC grain spectra look like the profiles

3.3. Size effects

(1)
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Fig. 5. Spectra of meteoritic SiC grains (sampjeand commercially Fig. 6. Presolar SiC plotted with different commercially available
availablea-SiC (Duisburg) with grain sizes less thap2. and 3-SiC samples with the grain sizes indicated. More information
about the samples is given in Mutschke et al. (1999).

expected from SiC grains of different sizes. It may seem oddrbon stars (e.g. Blanco et al. 1994, 1998; Groenewegen 1995;
that an almost identical extraction procedure on two parts Speck et al. 1997). In another paper (Mutschke et al. 1999) we
originally one piece of the Murchison meteorite should result gtudy these spectral differences due to the polytype in detail.
two samples with different size distributions. However, alreadyere, we present infrared microscope measurements on four
the results of Amari et al. (1994) indicate an unusual grain sigemmercially available SiC powders — tweSiC and twos3-
distribution of extracted Murchison SiC when compared wit8iC — and compare them to the spectrum of sam(fég.[6).
(less processed) SiC residues from other meteorites (see dis-The five spectra presented in Higy. 6 all show the SiC infrared
cussion in Russel et al. 1997). In addition, we cannot exclugand of small grains between, ~10.3um andwr ~ 12.6um.
that we lost (presumably mostly the finer) grains during o@bviously, there are significant differences in band shape and
own extensive extraction procedure. A hint that this may hageak position between the spectra. However, these differences
happened comes from the noble gas analysis of one of the dife not related to the polytypes. The meteoritic spectrum resem-
mond fractions, in which we found small, but easily detectabiges most thes-SiC (AJ) band profile but this definitely cannot
amounts of Ne-E(H), indicating the presence of small amouriis taken as a indication of the polytype of the meteoritic grains
of presolar SiC in the nominal diamond fractions. as one can see by comparing with the spectrum8fC (Klotz)

It was not possible to obtain a reliable grain size estimai¢Fig.[6.
of the samples by the use of a scanning electron microscopeThis is consistent with the findings of Papoular et al. (1998)
(SEM) due to clustering of the grains. Sampleoks like small and Mutschke et al. (1999) that the band profile and conse-
grains  1pm) mixed with Teflon and some of the more requently the peak wavelength of the SiC infrared band depends
sisting meteoritic grains such as spinel, chromite, hibonite apd the distribution of shapes and grain sizes rather than crystal
corundum, while sample looks like larger grains in a cleanertype. Therefore using the IR spectral feature of different poly-
environment. types to determine whether one of the other crystal type of SiC

The different Christiansen frequencies observed for the ngominates in circumstellar outflow, cannot be recommended.
teoritic and the commercial SiC grains (Hig. 4) hint to different The fact that commercially available SiC samples vary so
optical constants for the two samples. However, so far we havieich in spectral appearance strengthens the importance of
not been able to correlate this to a certain polytype of the metgudying the spectral feature of presolar SiC. However, so far it
oritic SiC grains. seems that from the band profiles we will learn rather about grain

The measured spectra of sampléFig.[4) can therefore be shape and size than about the polytype of extra-solar grains. In
understood as being a spectrum of large meteoritic SiC graiagy case further intensive laboratory studies are needed. A step
where instead of an extinction maximum around kinBwe see towards a better understanding will be presented in Mutschke
an minimum around 10m. The measured spectra of sampleet al. (1999).
(Fig.[d) corresponds to a spectrum of mainly smailZ;:m)
meteoritic grains. 4. Summary and conclusions
The discovery of meteoritic dust grains with an origin outside
the solar system has opened the possibility of studying presolar
In the last years, there have been quite a number of papersradterial directly in the laboratory. A large fraction of this ma-
dressing the structural differences of SiC particles of differetarial is likely to be dust from the envelopes of asymptotic giant
polytype as the main important factor influencing the band prbranch (AGB) stars. We have previously measured the absorp-
file and the peak position of the 11 feature observed in tion coefficients of presolar diamonds (Mutschke et al. 1995;

3.4. Comparison witly- and 5-SiC samples
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Andersen et al. 1998). We here report the results of mid-HrRant Mu 1164/3-1). H. M. is supported by a grant from the Max Planck
measurements of meteoritic SiC grains. Society to Th. H.

Measurements were performed on two different extractions
of presolar SiC from the Murchison meteorite. The two sampl@&ferences
show very different spectral appearances which we Interpretas S., Lewis R.S., Anders E., 1994, Geochim. Cosmochim. Acta
being due to different grain size distributions in the two extrac- 459
tions. The spectral feature of the smaller meteoritic SiC grainsi§gers E.. zinner E., 1993, Meteoritics 28, 490
at 11.3um, whereas the large-(5 um) SiC grains have no ex- Andersen A.C., Jargensen U.G., Nicolaisen F.M., Sgrensen P.G.,
tinction maximum at 11.3m, but instead are characterized by Glejbgl K., 1998, A&A 330, 1080
an extinction minimum around 1dm. Itis acommon interpreta- Bernatowicz T., Fraundorf G., Tang M., et al., 1987, Nat 330, 728

tion that the 11.3m band observed in carbon stars is due to Sigianco A., Borghesi A., Fonti S., Orofino V., 1994, A&A 283, 561
nco A., Borghesi A., Fonti S., Orofino V., 1998, A&A 330, 505

QUSL IF IS al_so a C(;]mmon Int_e_rprse_tcc’:itlor(; (basied on Cr?mparlsz f()iwen C.F.,Huffmann D.R., 1983, Absorption and Scattering of Light
Isotopic ratios In the meteoritic SIC and nucleosynthesis models by Small Particles. John Wiley & Sons, New York

of AGB stars) that the majority of the presolar SiC grains comgyghesi A., Bussoletti E., Colangeli L., De Blase C., 1985, A&A 153,
from carbon stars. If both of these common interpretations are 1

correct, we conclude from our measurements that the irh.3 Daulton T.L., Lewis R.S., Amari S., 1998, Meteoritics & Planetary
feature in carbon stars can be understood as being caused by th&cience 33, A37

smaller end of the size distribution of SiC of the type identifiefiedemann C., 1969a, Physica 41, 139

in primitive meteorites, and the larger grains must correspoEHe‘jem"’mn C., 19690, Astron. Nach. 291, 177

o . oY riedemann C., Grtler J., Schmidt R., Dorschner J., 1981, Ap&SS 79,
to a grain distribution not yet identified in carbon stars. ! 4 ' P

05

In the observational data by Speck et al. (1997) the (intetyjino R., Busso M., Picchio G., Raiteri C.M., 1990, Nat 348, 298
preted) SiC feature in carbon star spectra peak around:iri.3Gallino R., Raiteri C.M., Busso M., Matteucci F., 1994, ApJ 430, 858
for about 40% of cases (13 out of the sample of 30 stars) wigtao X., Amari S., Messenger S., et al., 1996, Meteoritics & Plan. Sci.
nearly symmetric profiles and a FWHM around Ar8. These  Supp. 31, A48
features, which are relatively broad just as the feature of tgdman R.C., 1969, ApJ 155, L185 ,
small meteoritic SiC (samplg, may be interpreted as an ingi-C'lra D.P., 1973, Dust Particles a.md Molecules in the Extended At-

. . L . S mosphere of Carbon Stars. In: Greenberg J.M., Van de Hulst H.C.
catl_othat t_he_cwc_umstellar SiC is of this small grain size. If the (eds.) Interstellar Dust and Related Topics. IAU Symposium 52,
grainsize distribution evolves towards Iarge_rgra_lns,for examp_le Reidel, Dordrecht, p. 517
during later stages of the carbon star evolution, it would result@toenewegen M.A.T., 1995, A&A 293, 463
a weakening (and possible disappearance) of the ih.Ba- Hackwell J.A., 1972, A&A 21, 239
ture, which could explain the remaining 60% of stellar spectridoppe P., Ott U., 1997, Mainstream Silicon Carbide Grains from Me-
However, there are several strong molecular features in the 10-teorites. In: Bermnatowicz T., Zinner E. (eds.) Astrophysical Impli-
14 m areain carbon stars (Hron etal. 1998), and a unique inter- I<ilat|or\1(s ?(f the2I7_aboratory Study of Presolar Materials. AIP 402,
pretation of the observational data still awaits a self-consistent €W YOr%, P- 2/ .
simulation taking both the molecular absorption and the dj_g?ppe P. Amari S., Zinner E., Ireland T., Lewis R.S., 1994, ApJ 430,
emission into account for a wide range of types of carbon staf§en ., Loidl R., Hofner S., et al., 1998, A&A 335, L69

The fact that large> 5pm) SiC grains have a differentHuss G., Lewis R.S., 1995, Geochim. Cosmochem. Acta 59, 115
spectral appearance than smalie2(um) SiC grains, willmake Jones B., Merrill K.M., Puetter R.C., Willner S.P., 1978, AJ 83, 1437
large SiC grains difficult to observe in the interstellar mediutfgito C., Nakamura H., Sakamoto T., et al., 1995, Planetary & Space
because of the presence of silicate-related absorption aroundgS¢ience 43, 1271 N
10um. If the majority of the cosmic SIiC grains have the siz¥utschke H., Dorschner J., Henning Thagér C., Ott U., 1995, ApJ
distribution found by Amari et al. (1994), this will probably 454, L157 - -

o : /- Mutschke H., Andersen A.C., €nent D., Henning Th., Peiter G.,

not significantly change the abundance limit of less than a few 1999, submitted to A&A
percent SiC compared to silicates in the ISM (Whittet et abtt U., 1993, Nat 364, 25
1990), Papoular R., Cauchetier M., Begin S., LeCaer G., 1998, A&A 329,

The results of spectral measurements on commercially avail- 1035
able SiC grain samples of different polytypes and the meteorifBgssel S.S., Alexander C.M.O'D., Ott U,, et al., 1993, Meteoritics 28,
SiC grain samples show that the variations among polytyplg

4
S , .
of SiC grains are smaller than the variations due to differenfjsstzns'gé’i %t; U7.,lg‘lexander CM.OD., etal, 1997, Meteoritics &

grain size. Itis therefore not possible to distinguish, by IR SPe§peck A.K., Barlow M.J., Skinner C.J., 1997, MNRAS 288, 431
troscopy, between- and3-SiC of dusty material as also dis-Stephens J.R., 1980, ApJ 237, 450
cussed by Papoular et al. (1998) and Mutschke et al. (1999)Tang M., Anders E., 1988, Geochim. Cosmochim. Acta 52, 1235

Treffers R., Cohen M., 1974, ApJ 188, 545

AcknowledgementsThe authors would like to thank Gabriele Bom\flrag A., Wopenka B., Amari S., et al., 1992, Geochim. Cosmochim.
and Walter Teuschel for help with the experiments and valuable dis- pcta 56 1715 ' ' '

cussions. This work has been supported by the Danish Natural Sciepgittet D.C.B., Duley W.W., Martin P.G., 1990, MNRAS 244, 427
Research Council and by the Deutsche Forschungsgemeinschaft (DFG



	Introduction
	The extraction procedure
	Spectroscopy
	Measurement procedures
	Results
	Size effects
	Comparison with $alpha $- and $beta $-SiC samples

	Summary and conclusions

