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Astrobiology and the Origin of Life on Earth – A Chemical Approach

Abstract

A literature investigation of various astrobiological topics of interest was conducted. First, the moons and planets in the solar system were characterized, and their life potential assessed using physical and chemical properties. It was found that Venus, Mars, Europa, and Titan are the most promising targets of astrobiological interest. Mars and Europa may possess all the necessary ingredients for life: free energy, organic molecules, and liquid water. Venus has a disequilibrium atmosphere that could support a simple cloud-based biosphere. Titan features abundant organic chemistry that may be of prebiological relevance. Next, a thermodynamic analysis of planetary atmospheres was carried out to quantitatively determine the possibility of life on other worlds. It was shown that all planets, except Earth, appear uninhabited in a thermodynamic sense. The atmospheric chemical potential energy of Earth was 11,000 J/mol, Mars was 105 J/mol, Titan was 2 J/mol, and Venus was 1 J/mol. These calculations support spacecraft observations indicating that widespread surface life is only present on Earth. However, the possibility of subsurface life on other bodies cannot be ruled out. Another active area of investigation was the origin of life on Earth and the beginnings of metabolism. A comprehensive study of enzymes used in primitive organisms, metabolic reactions, and metabolic intermediates was initiated. No conclusive results have been obtained, but it is suggested that future work include greater comparative examinations, as well as laboratory experiments to verify the astrobiological implications of proposed synthetic systems. Lastly, Astrobiology on Titan was considered. It was found that atmospheric photochemistry and surface processes, such as cryovolcanism, may produce a rich variety of prebiotic molecules (amino acids, nucleotide bases, etc.) by base-catalyzed hydrolysis. Experimental work should be done to determine the exact chemical species formed. The topic of life on Titan was considered, and it was concluded that life on Titan is possible, but will require specialized adaptations to ensure its survival in liquid methane. A hypothesis concerning the origin of life in liquid methane was presented.   
