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The delivery of organic compounds from stars to the solar system and its possible implications for the origin of life

Ever since the Miller-Urey experiment in 1953, most scientists have held the view that life arose on the early Earth from simple inorganic molecules.  With a suitable energy source (e.g. lightning) and a hospitable environment (e.g. oceans), complex organic molecules such as sugars and amino acids are thought to have originated from methane, hydrogen, and ammonia.  These organic molecules then formed the basis of life as we have today.

In a paper published in today’s British journal Nature, Prof. Sun Kwok of the Institute of Astronomy and Astrophysics, Academia Sinica (Taiwan) summarized the evidence collected from recent infrared astronomy satellites that old stars can efficiently form complex organic compounds, and these stellar materials have now been found in meteorites and interplanetary particles, confirming that the early solar system has been enriched in organic substances by distant stars.
Using the technique of infrared spectroscopy, Prof. Kwok showed that chemical synthesis can occur rapidly in stars.  Over a period of only several thousand years, small organic molecules with aliphatic structures are shown to have evolved into large, complex aromatic molecules.  He was able to come to this conclusion by comparing the infrared spectra of evolved red giants, proto-planetary nebulae, and planetary nebulae.  Since only a few thousand years in evolutionary time separate these stars, their different infrared spectra give the most direct evidence of chemical synthesis in stars.

Since these molecules are ejected into the interstellar medium, it is quite possible that some of them will end up on planets such as the Earth.  In fact, laboratory isotopic analyses of meteorites collected on Earth and interplanetary particles collected in space have found direct evidence these stellar materials were in fact incorporated in the early solar system and reached the surface of the Earth.  

Given the availability of complex organic compounds in the early Earth, life on Earth could have an easier start than previously believed.  This raises the serious possibility that external delivery, rather than spontaneous creation, may play a major role in the origin of life.  Under such a scenario, biological life may be common in the Milky Way Galaxy.

Prof. Sun Kwok is the director and distinguished research fellow of the Institute of Astronomy and Astrophysics, Academia Sinica.  He is the author of two recent books, “The Origin and Evolution of Planetary Nebulae” and “Cosmic Butterflies”, both published by Cambridge University Press.  For further information, he can be reached by email at kwok@asiaa.sinica.edu.tw.
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The planetary nebula NGC 7027 is a major source of organic material in the Galaxy.  Complex aromatic compounds are made in the circumstellar nebula and ejected into the interstellar medium.  This image combines the observations by the Hubble Space Telescope WFPC2 and NICMOS instruments showing both the ionized (white) and molecular (pink) components (image courtesy of Bill Latter).








The planetary nebula BD+30 3639 in the constellation Cygnus is ejecting large amount of aromatic compounds into space.  This image is obtained with the Hubble Space Telescope WFPC2 instrument.
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