Chemical Studies of Laboratory Tholins as Related to the Development of Surface Organics on Titan
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Complex polymeric mixtures produced from methane/nitrogen discharges, otherwise referred to as tholins, represent a class of CHN organics which may be analogous to some of the Titan atmospheric haze aerosols settling onto the surface of this solar system body.  The settled aerosols provide the feedstock for any subsequent organic chemistry on the Titan surface.  Huygens data showing the presence of HCN and ammonia as aerosol pyrolysis products suggest these materials may contain fixed nitrogen in both oxidized (nitrile) and reduced (amino) forms.   Subsequent oxygen incorporation into these organics via hydrolysis chemistry provides a more complex CHNO chemistry to present itself.  The range of CHNO compounds and their proximity to hydrolytic or oxidative environments would provide critical signatures for prior physicochemical events or histories on Titan.  Laboratory studies of the reaction mechanisms, chemical rates and products of these Titan aerosol haze analogues is then critical to the design of future chemical probes and the general development of models regarding the state of Titan chemistry.

We have performed a series of quantitative hydrolysis kinetic studies to determine the range of rates for various oxygen incorporation mechanisms into tholin material.  Using high resolution mass spectrometry it is possible to study this chemistry on the complete mixture while being able to link reactive losses and product growth kinetics between the specific tholin components.  From these studies a broad picture of the chemical development and reaction mechanisms in this organic material is emerging allowing speculation on the oxygenated organics which may present in particular Titan sub-environments.

