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We present a detailed study on the degree of crystallinity
of the silicates in the interstellar medium (ISM), using infrared
spectroscopy obtained with the short wavelength spectrometer
(SWS) on board of the infrared space observatory (ISO). We
focus on the line-of-sight toward the galactic centre (in particu-
lar to radio source Sgr A

�
) which is thought to be representative

of the diffuse ISM. Determining the degree of crystallinity of
the interstellar silicates is a subject of great astrophyiscal inter-
est. On the one hand, many post- and pre-main-sequence stars
exhibit crystalline silicates in their circumstellar dust shells
(Waters et al. 1996; Waelkens et al. 1996), while on the other
hand, crystalline silicates have not yet been detected in the dif-
fuse ISM. Only one reliable detection of diopside is reported
in a star forming region (Onaka & Okada 2003). It is striking
that, although during the beginning and the end of the life cycle
of dust silicates can be highly crystalline, silicates seem to be
completely amorphous during the longest phase in their life
time.

The silicate dust in the diffuse interstellar medium causes
an absorption feature around 10 � m. The broad shape of this
feature, which is due to the Si-O stretching mode within the
silica tetrahedras, suggests that the silicate by which it is car-
ried, is mainly amorphous. Crystallinity of the silicates would
be revealed by narrow resonances in this wavelength regime,
corresponding to placing the Si-O bonds in a regular grid of
silica tetrahedras. Typically, these resonances are 0.5–1 � m
wide. The crystalline silicates most commonly found in astro-
physical environments are forsterite and enstatite. Forsterite
has a strong resonance at � 11.3 � m and enstatite at � 9.2 and

� 10.4 � m. We searched for those resonances in the absorp-
tion spectrum of the line-of-sight toward Sgr A

�
, and did not

significantly detect them. We are able to put the strongest con-
straints to date on the upper limit to the degree of crystallinity
in interstellar silicates.

This indicates that processing occurs when dust enters the
ISM upon ejection by evolved stars. We calculate that stel-
lar ejecta contain a significant fraction of crystalline silicates,
and from this result we can determine the average life time
of a crystalline silicate in the diffuse ISM. Cosmic ray hits
and supernova shocks provide the mechanisms to efficiently
amorphisize the silicates. Most importantly, the obtained up-
per limit to the crystallinity provides us with important clues
to the processing that occurred in the dense ISM and presolar
nebula from which the solar system formed.

Interplanetary dust particles (IDPs) of non-solar isotopic

composition are believed to be pristine tracers of interstellar
and circumstellar dust (Bradley 1994). Their unusual isotopic
composition suggest they have been formed in environments
other than the solar nebula, and in fact their formation his-
tory can in many cases be traced back to the dust formation
zones around either Asymptotic Giant Branch (AGB) stars or
supernovae. It is assumed these grains have survived the grain
processing and destruction processes in the diffuse ISM.

Recently, Messenger et al. (2003) studied the isotopic com-
position of silicates in 1031 IDPs. Six of these showed a non-
solar isotopic composition, and are believed to be of presolar
origin. All six were identified to originate from either Red
Supergiants or AGB stars. Of two of these six circumstellar
grains the mineralogical composition was determined. One of
them was found to be a GEMS grain, which consists of amor-
phous silicates, while the other one was forsterite, a crystalline
silicate. This forsterite grain could of course be the lucky one
and survived the amorphisation processes in the diffuse ISM.
However, we conclude that it is far more likely that this grain
has been amorphisized in the diffuse ISM, but again crystal-
lized in the star formation region in which the sun was born, or
in the presolar nebula. This forsterite IDP of non-solar isotopic
composition, and the detection of crystalline silicates in star
forming regions (Onaka & Okada 2003), suggest that signif-
icant grain processing can occur in the dense ISM. The pre-
served anomalous isotopic ratios of this forsterite IDP indicate
that this grain was not evaporated during the re-crystallization
process. Hence this re-crystallization occurred in a relatively
cool environment and radial mixing in the solar nebula can be
ruled out for this particular grain.
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