
Cosmic Ray Induced Formation of Oxygen Containing Prebiotic Molecules within Mixed Ice-Mineral Inter-
face.   
H. L. Abbott, J. L. McLain, M. Dawley, G. A. Grieves and T. M. Orlando  
School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, GA 30332,  
Heather.Abbott-Lyon@gatech.edu 

 
In view of the rich organic chemistry occurring in 

Titan’s atmosphere, the complicated reactions occur-
ring on Titan’s surface material and the possible exis-
tence of a sub-surface ocean, Titan may be the astrobi-
ological ”hotspot” in our solar system. Therefore, it is 
important to understand the chemical steps that lead to 
the formation of molecules with biological signific-
ance. Since many molecules of biochemical interest 
contain oxygen, evaluating the mechanistic pathways 
that can lead to the incorporation of oxygen into or-
ganics is essential to unraveling the mystery of the 
chemical evolution of life. In the past we have shown 
that oxygen rich species produced in water ice are the 
result of reactive scattering of oxygen fragments and 
oxygen containing species such as OH, HO2 and 
HOOH.[1-3] These oxygenated species are created by 
the low-energy electrons produced via the limited 
cosmic rays that penetrate Titan’s atmosphere and im-
pact the surface. On Titan, ice on the surface is heavily 
mixed with organics (e.g., various nitrogen containing 
polyaromatic hydrocarbons termed tholins).  

Measurements of the production of oxidized spe-
cies, such as CO, CO2, CH2O, CH3OH and CH2O2, 
from alkane containing ices show that the presence of 
small organics effectively quenches the production of 
the normally abundant oxidant species found in pure 
ices. In addition, highly porous ice can be formed at 
temperatures below 110 K and can adsorb large 
amounts of materials within the pores due to the large 
effective surface areas. By controlling the ice growth 
conditions, while simultaneously depositing small 
CxHy (e.g., CH4, C2H6, C2H2) and CxHyNz molecules 
(e.g., HCN, CH3CN, CH3NH2), we demonstrate that 
controlled irradiation of the ice mixtures can selective-
ly initiate oxidation or protonation of the trapped reac-
tants within the nanopores. 
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