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Preface

We live in a dusty Universe. Dust plays an important role in the overall
scenario of structure and evolution of the universe. Observations carried
out with the Infrared Space Observatory showed for the first time highly
complex mineralogy of the dust material and its variation among different
astronomical objects in the universe, leading perhaps to a new area of
astromineralogy. Extensive and high quality observations carried out using
ground-based telescopes and satellites have led to phenomenal progress in
our understanding of the nature and composition of dust in the universe
upto redshifts z~6.4. This shows that dust is present from almost the
beginning of the Universe to the present time. The method of studying
the evolution of dust is in the reverse order; starting with local universe
and then moving farther in space which means going back to earlier times.
Thus it seems that this is the appropriate time to summarize the present
status of cosmic dust, essentially evolution of astromineralogy.

I would like to thank G. Wallerstein for impressing upon me the im-
portance of such a book and encouraging me to take up the venture. It
is a pleasure to thank Juni-ichi Watanabe and the National Astronomical
Observatory of Japan for providing excellent research enviornment leading
to this book. I am grateful to J.V. Narlikar for encouragement in the pub-
lication of the book. I am also thankful to Tata Institute of Fundamental
Research for the use of their excellent facilities.

I am especially grateful to my colleagues H.M. Antia who helped me
in various technical ways, from literature survey to digitization and S. Ra-
madurai for a thorough reading of the manuscript. I would also like to
express my gratitude to my parents and my family for their support and
encouragements. I would like to thank all the publishers and authors, who
have given permission for reproduction of figures and tables. The help of
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M. Shinde in the preparation of the manuscript is greatly appreciated.
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Chapter 1

General Introduction

Study of the dust particles in the universe is an exciting and challenging
area of current astronomy. This comes from various considerations. Dust is
at the centre of all important events in the universe, like star formation, dis-
tance determination etc. Dust particles influence the thermal, dynamical,
ionization and chemical states of matter of the interestellar and intergalactic
medium. It may be noted, about half of the elements heavier than helium
is in the form of dust in the interstellar medium of our Galaxy. Dust grains
are effective absorbers of radiation energy and momentum. The collisional
coupling between grains and gas in dense regions around evolved stars, in
molecular cloud cores and protoplanetary disks have consequences for the
temperature and the dynamical evolution of the gas component. The mass
loss from evolved stars, stability of molecular clouds and their fragmenta-
tion into smaller clumps etc. are directly linked to the presence of dust.
Infrared observations arising due to thermal emission from dust particles
probe regions of star formation. The low temperature inside clouds arising
from shielding of radiation by the dust particles leads to complex chemistry
between dust and atoms and molecules. The formation of molecular hydro-
gen takes place on the surface of grains. The dust and complex chemistry
of the material present in comets appear to be the same as in these clouds.
May be these are the precursors to life on earth! However due to histor-
ical reasons and also due to lack of facilities both with regard to bigger
telescopes and technology, most of the studies had to be concentrated on
the local universe, particularly our Galaxy and nearby ones. Even here,
until recently, studies were concentrated on brighter objects. Things have
improved enormously with the advent of space and new technology tele-
scopes. It is now possible to push the limit of observations to fainter and
fainter sources. Also it has been possible to study objects farther in space
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and hence well back in time.

Nature and composition of dust in the Galaxy have come from many
kinds of observations such as extinction, scattering and polarization of
starlight, infrared continuum emission, spectral features in the infrared re-
gion, interstellar depletion of elements, presence of isotopic anomalies in
meteorites etc. These studies have been carried out on different kinds of
objects such as diffuse and dense clouds, Reflection nebulae, star forming
regions, HII regions, circumstellar shells of stars, meteorites, interplanetary
dust particles etc. High resolution spectral observations in the infrared re-
gion have given enormous information about the composition of dust par-
ticles. All these studies have shown that dust particles are mainly made
up of crystalline and amorphous silicates and of carbonaceous material in
some form. The near and mid-infrared spectra of many sources are domi-
nated by strong emission features at 3.3, 6.2, 7.7, 8.6 and 11.3um. These
are collectively known as unidentified infrared (UTR) bands. However it is
suggestive that they could arise from the large sized molecules containing
about 50 to 100 atoms, such as Polycyclic Aromatic Hydrocarbon (PAHs).
However no specific molecule has been identified and it is further compli-
cated by the fact that emission arises not from a single molecule but from
a host of molecules. However the carrier appears to be aromatic in char-
acter. In view of this, We prefer to use the term “Aromatic Unidentified
Infrared Bands” (AUIBs) to describe this generic spectrum. The grains
inside molecular clouds are heavily processed with a mantle of various ices.
Nature of the dust is also dependent on the radiation field present in the
environment.

The major supply of dust comes from circumstellar shell of evolved stars
such as oxygen-rich and carbon-rich stars producing silicate type and car-
bonaceous type of materials respectively. Stellar winds eject these dust par-
ticles into interstellar medium. These particles cycle several times through
dense and diffuse clouds which could modify their original composition.
The chemical and physical structure of dust grains are also modified by
a host of processes including UV photon irradiation, gas-phase chemistry,
accretion and grain surface reactions, cosmic ray bombardment and de-
struction by shock waves generated by supernova explosion etc. Therefore
the nature and chemical composition of grains in the Galaxy is a function
of the environment and quite complicated.

An understanding of the chemical complexity of the grain material in
Galaxy is crucial for an understanding of the chemical state of dust in ex-
tragalactic systems and in the universe. It may be noted that the conditions
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existing in astrophysical objects are diverse and extreme. The temperature,
particle density and radiation field can vary over a wide range of values.
Therefore the success of the study of dust grains in the Galaxy and in ex-
tragalactic systems is critically dependent upon laboratory studies of dust
carried out under astrophysical conditions. Extensive laboratory studies
carried out with dust analogues have helped enormously our understanding
of the chemical composition of dust in various locations. Since the laws of
physics and chemistry are the same throughout we can extend the studies
of local environment to the universe.

Other galaxies in the universe can have various shapes defined as spirals
(our Galaxy), ellipticals etc. which themselves form clusters and superclus-
ters. Dust is present, as we have seen above, not only within the galaxies
but in the intergalactic and intracluster media as well. One major difference
of course is that chemical composition of the gaseous material in the past
is not the same as that of the Galaxy. The earliest heavy elements could
not have been created until after the first stars and the first supernova,
roughly at redshift z ~ 6. This could in principle have an effect on the
nature of dust present in these objects. Dust condenses out of the gaseous
material. This is the processed material inside stars due to nucleosynthetic
processes. The processed gaseous material inside the star is returned to the
interstellar medium which enriches the original material. The stars formed
out of the new material will be richer in heavier elements compared to the
previous generation of stars. Once the dust is formed within the galaxies
it can be expelled to extragalactic space by several processes like galactic
wind, explosions etc. The modification of the material has been going on
through such a cycle over the age of the universe.

As mentioned earlier, dust manifests in different ways. However de-
tailed nature of the dust can be determined from objects which are close
by. As one goes out to larger and larger distances objects become fainter
and fainter. Therefore one can estimate only some gross property of the
grains. This situation should improve in future with the availability of
bigger telescopes and sensitive detectors. However at the present time,
Quasars, the highly redshifted objects are well suited for this study at large
distances as they are very bright. At the present time they have traced the
state of the universe upto redshift of z ~ 6.

In the succeeding chapters we would like to elaborate on some of these
aspects. We will first present some of the Laboratory studies relating to
the nature of dust, like silicates, carbonaceous materials etc. This will then
be followed by the available information on the nature and composition of



