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Abstract 

We present a model [1,2] about the formation of 
aerosols within Titan's thermosphere-ionosphere. 
Negative ion measurements by the Cassini Plasma 
Spectrometer (CAPS) Electron Spectrometer (ELS) 
[3] give evidence for formation of unsaturated anion 
carbon chains, while positive ion measurements of 
the Cassini Ion Neutral Mass Spectrometer (INMS) 
[4] indicate formation of more aromatic cation 
hydrocarbons. At this time there is no direct 
observational evidence for large neutral molecule 
growth in Titan's thermosphere-ionosphere. The 
hydrocarbon cations are expected to form Polycyclic 
Aromatic Hydrocarbons (PAH), and if nitrogen is 
present they are called PAHNs. We argue anion 
carbon chains can eventually become long enough to 
fold into fullerene C60,70 carbon shells, of various 
charge states. Based on laboratory data the fullerenes 
can trap incoming O+ magnetospheric ions that have 
relatively high energy collisions with the fullerenes 
and, once trapped, protect the oxygen atom from 
Titan's reducing thermosphere-ionosphere. The 
fullerenes then rapidly form into large aerosols and 
eventually settle onto Titan’s surface. We have 
developed a Galactic Cosmic Ray (GCR) model that 
provides the energy source within Titan’s surface, 
subsurface and lake bottoms to make precursor 
molecules (see [5]). Then due to large > 10 km 
meteor impacts and cryovolcanism liquid water can 
form near the surface so hydrolysis (see [5,6,7,8,9]) 
can occur and convert the precursor molecules to 
amino acids such as glycine with abundances ~ 2.5 
ppb to 5 ppb.  

1. Summary and Conclusions 

As presented in our most recent paper [1] the 
reducing hydrocarbon-rich nitrogen atmosphere 
of Titan with contributing external energy inputs 
from solar UV, upstream plasma ions and 
electrons, energetic particles and GCRs can 

produce aerosols in form of PAHs, PAHNs and 
C60,70 fullerenes within Titan’s thermosphere-
ionosphere. Then with the entrapment of 
magnetospheric oxygen ions in fullerenes could 
allow exobiological reactions and their products 
such as amino acids to accumulate on Titan's 
surface, lake floors and within its sub-surface. The 
addition of our GCR model to Titan's atmosphere, 
surface and sub-surface has allowed us to 
quantitatively close the loop on this important 
discussion with the formation of exobiological 
molecules on Titan’s surface such as the amino 
acid glycine with abundances ~ 2.5–5 ppb over a 
450 Myr time scale. But based on the work by [5] 
a two-step process is required (i.e., radiation plus 
hydrolysis). The GCR irradiation makes the 
precursor exobiological molecules while the 
hydrolysis process is provided by large meteor 
impacts upon Titan's surface over ~ Gyr time 
periods to convert the precursors to amino acids. 
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