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Introduction: Most of the solid material in the solar

system is believed to have originated as small particles

that condensed in outows from evolved stars. However,

most solar system solids (predominantly silicates) have

been reprocessed and/or homogenized so extensively that

even the most primitive meteorite silicate samples have

lost the isotopic indicators of their presolar origins. But

some types of dust particles in the solar system have not

been reprocessed and can potentially be associated with

their stellar origins. One such dust type, silicon carbide

(SiC), has been found in primitive meteorites[1] and is be-

lieved to be a signi�cant constituent of the dust around

carbon-rich AGB stars[2],[3]. Silicon carbide grains can

be divided into two basic groups: �-SiC if the structure

is one of the many hexagonal or rhombohedral polytypes

and �-SiC if the structure is cubic[4]. Silicon carbide

grains exhibit a strong mid-infrared feature between 10

and 12 �m, with the peak of the �-SiC feature occur-

ring about 0.4 �m shortwards of that for �-SiC. Until

now, the observed peak wavelengths of the SiC feature in

astronomical spectra have been interpreted as indicating

�-SiC to be the dominant type of SiC around carbon stars

(e.g. [5],[6],[7],[8],[9]). In fact, [8],[9] found no evidence

of �-SiC in these circumstellar environments. Silicon car-

bide grains found in meteorites have isotopic compositions

which imply that most of these grains were formed around

carbon stars, with small amounts forming around novae

and supernovae (see [10],[11],[12] and references therein).

With the exception of a few grains found in and amongst

the meteoritic diamonds (and of unknown origin; [13]),

to date, studies of meteoritic SiC grains have found them

to be exclusively of the �-type[14]. �-SiC will transform

into �-SiC above 2100oC but the reverse process is ther-

modynamically unlikely. There is therefore an apparent

discrepancy between the meteoritic and astronomical SiC-

types, which has been discussed in detail by [8],[9].

This discrepancy is addressed by discussing the prob-

lems associated with previous interpretations of astro-

nomical spectra that made use of laboratory infrared

studies of terrestrial SiC. We have found that the problem

in reconciling astronomical observations with meteoritic

laboratory work has arisen from a misunderstanding and

misinterpretation of laboratory spectra of SiC (and poten-

tially other dust species). The results of �tting techniques

used previously[5],[6],[7],[8],[9] are shown to be invalid due

to the application of inappropriate matrix corrections to

measured SiC optical properties. Furthermore, we show

that IR spectra taken using the diamond anvil cell (DAC),

thin �lm method provides data applicable to astronomi-

cal situations without further manipulation.

Laboratory Techniques and Results: New in-

frared (IR) absorption measurements of thin �lms of �-

and �-SiC created by compression in a diamond anvil

cell will be presented. Unlike some other methods, a

dispersive medium (such as potassium bromide; KBr) is

not used. This relatively new approach is quantitative,

if su�cient care is taken to produce an appropriately

thin and uniform �lm, as shown by comparison of thin

�lm spectra of various minerals to reectivity data from

the same samples[15],[16] and references therein. More-

over, thin �lm spectra of garnets are nearly identical to

single-crystal absorption data acquired in a vacuum[15]:

hence, thin �lm spectra can be applied to astronomical

data without further manipulation. Our measurements

strongly suggest, through comparison of the new thin �lm

data with previous IR spectra collected for �ne-grained

KBr dispersions (in which the dust particles are dispersed

in a KBr pellet), that the \matrix correction" wavelength

shift, invoked by [17] and adopted by other authors (e.g.

[18],[19]), should not be applied to laboratory spectra of
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Figure 1: Thin �lm spectra (solid lines) and the uncor-

rected KBr dispersion data[19] (dashed lines).

sub-micron grain size dispersions of SiC. (See Fig.1).

Results of �tting technique: Having established

that previous �ts of laboratory spectra for SiC to astro-

nomical spectra have been erroneous due to the unneces-

sary application of a KBr correction factor, we have re-

�tted our own UKIRT CGS3 spectra of carbon stars[8],[9]

without such a correction. We have used the same �2{

minimization routine[8] but the data, to which the KBr

correction had previously been applied[8],[9], were used

uncorrected this time. The results in Table 1 show that

there is an obvious predominance of the �-SiC phase and

that there is now no evidence for the �-SiC phase at all.

Table 1: Results of the �2-�tting of carbon star spectra

Source Tcol SiC type TBB TSiC �SiC �9:7 �2
R

IRAS 21489+53012 455 �-SiC 449 293 | | 0.515

IRC+102162 520 �-SiC 511 230 | | 1.260

AFGL 50761 525 �-SiC 557 298 0.137 | 0.369

AFGL 24941 525 �-SiC 516 383 0.167 | 0.306

AFGL 30991 600 �-SiC 726 329 0.242 | 1.370

AFGL 51021 600 �-SiC 650 355 0.161 | 0.345

AFGL 21551 615 �-SiC 734 288 0.235 | 0.418

IRAS 02152+28221 675 �-SiC 548 519 0.223 | 0.504

IRC+405401 680 �-SiC 859 313 0.173 | 0.508

AFGL 23681 800 �-SiC 727 321 | | 1.772

V Hya1 865 �-SiC 1129 393 0.211 | 0.761

IRC+003651 975 �-SiC 1788 215 0.114 | 2.316

CIT 61 1100 �-SiC 960 363 0.217 | 1.294

IRC+500962 1200 �-SiC 940 455 | | 2.166

R For2 1400 �-SiC 906 800 | | 1.237

R Lep2 1500 �-SiC 1284 573 | | 5.267

UU Aur1 1500 �-SiC 2505 446 0.165 | 1.105

V Cyg1 1500 �-SiC 2556 568 0.139 | 1.014

CS 7762 1600 �-SiC 993 576 | | 1.879

V414 Per1 1600 �-SiC 1102 920 0.177 | 0.579

AFGL 30683 377 �-SiC 394 62 0.030 | 0.092

IARS 02408+54583 320 �-SiC 388 96 0.152 | 1.686

AFGL 2477�3 340 �-SiC 377 114 0.073 0.104 0.419

AFGL 5625y3 333 �-SiC 358 185 0.097 0.113 0.306

1 Fits with self-absorbed emission
2 Fits with pure emission only
3 Fits with self-absorbed absorption
�9:7 is the optical depth at 9.7 �m
� is �t with Trapezium interstellar silicate
y is �t with � Cep interstellar silicate

Conclusions: There is now no astronomical evidence

for the presence of �-SiC in the circumstellar regions

around carbon stars. While �-SiC might exist in small

quantities, all observations to date are consistent with

the exclusive presence of �-SiC grains. This resolves the

past discrepancy, reconciling astronomical observations

and meteoritic samples of silicon carbide grains. Further-

more, we have shown that laboratory IR spectra applica-

ble to astronomical environments can be produced using

the DAC thin �lm method.
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