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ABSTRACT

We present the photochemical and thermal evolution of both non-polar and polar ices representative of
interstellar and pre-cometary grains. Ultraviolet photolysis of the non-polar ices comprised of Oz, N2, and
CO produces CO2, N2O, O3, CO3, HCO, H2CO, and possibly NO and NO2. When polar ice analogs
(comprised of H20, CH30H, CO, and NH3) are exposed to UV radiation, simple molecules are formed

including: Ha, H2CO, CO, CO, CH4, and HCO- (the formyl radical). Warming produces moderately
complex species such as CH3CH2OH (ethanol), HC(=0)NH> (formamide), CH3C(=0)NH3 (acetamide),
R-CN and/or R-NC (nitriles and/or isonitriles). Several of these are already known to be in the interstellar
medium, and their presence indicates the importance of grain processing. Infrared spectroscopy, !H and

13C nuclear magnetic resonance (NMR) spectroscopy, and gas chromatography-mass spectrometry
demonstrate that after warming to room temperature what remains is an organic residue composed primarily
of hexamethylenetetramine (HMT, CgH2N4) and other complex organics including the amides above and
polyoxymethylene (POM) and its derivatives. The formation of these organic species from simple starting
mixtures under conditions germane to astrochemistry may have important implications for the organic
chemistry of interstellar ice grains, comets and the origins of life. © 1997 COSPAR. Published by Elsevier Science Ltd.

INTRODUCTION

Understanding the chemical and physical history of matter in the dense interstellar medium (ISM) is
important since it is these materials that are the ultimate building blocks of new stars, planetary systems,
and life. Our Solar System formed only some 4.55 billion years ago in a Universe perhaps 15 billion years
of age, so it is clear that most interstellar materials have a long and complex history before ever becoming
part of a solar system. Understanding the extraterrestrial evolution of chemical complexity is crucial to
understanding both the early chemical state of our own solar system and the frequency with which similar
or related conditions exist elsewhere in the universe.

During the past two decades ground, air, and space-based infrared astronomy, combined with realistic
laboratory simulations, have revolutionized our understanding of interstellar ice and dust. Most interstellar
material is concentrated in large molecular clouds where simple molecules are formed by gas-grain and gas
phase reactions. Gaseous species striking the cold (10 K) dust will stick, forming an icy grain mantle
(Sandford and Allamandola 1993).

The composition of interstellar ices is revealed by obtaining the infrared spectra of stars situated in or
behind clouds. As the radiation from these infrared sources passes through the cloud, the intervening
molecules absorb at their characteristic vibrational frequencies. The interstellar spectra and the spectra of
with relevant materials prepared in the laboratory can then be compared directly in order to identify ice
composition and determine molecular abundances (See Sandford 1996 for a recent review).

Gas phase species readily condense onto grains in dense molecular clouds forming ice mantles (Sandford
and Allamandola 1993). Thus, interstellar ices should contain many of the same species seen in the gas
phase (see van Dishoeck et al. 1993 for a review of identified interstellar gas phase species). Mantle
compositions do not simply reflect gas phase abundances, however, since new compounds are formed
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