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Introduction: Fractionation of planetary systems is 
both interesting and puzzling. While the Jovian satel-
lite Io seems to be enriched with sulfur and Europa and 
Ganymede with ice, Titan - the largest moon of Saturn 
is enriched with organics, and it is the third body in our 
solar system known to have significant atmosphere 
after Earth and Venus. Thus, Titan has at least two 
confirmed key ingradients for life as we know (energy 
and organics). Models suggest that Titan's interior is 
composed of fractionated rocks, minerals, and ice (wa-
ter), making Titan's interior potentially habitable. 

Titan's Atmosphere and Surface:  Chemistry on 
Titan is known to be driven by ultraviolet photons and 
solar wind in its upper atmosphere [Teanby, Irwin et 
al. 2012] and essentially no chemical activity in its 
lower atmosphere or on the surface, except for cosmic 
ray penetration to the surface [Zhou, Zheng et al. 2010] 
and tidal forces in the interior [Sohl, Hussmann et al. 
2003; Tobie, Mocquet et al. 2005]. However, Titan’s 
lower atmosphere receives photons [Karkoschka, 
Schroder et al. 2012] with a spectral distribution 
somewhat similar to Earth’s (maximizing at ~500 nm)  
but several orders of magnitude lower flux. Hence, 
photochemical processes similar to that occur on 
Earth’s surface could occur in Titan’s lower atmos-
phere and surface [Lunine and Horst 2011] as well – 
only taking several orders of magnitude longer to 
compensate the flux differences. Titan's surface re-
ceives a significant portion of these longer wavelength 
photons, making longer-wavelength photons driven 
photochemistry an important - should it be viable - 
process in the chemical evolution of Titan. While ma-
jority of Titan's atmosphere is composed of molecular 
nitrogen, methane dominates the minor components 
and the rest are H,C,N-containing species and are oxy-
gen depleted. Hence, formation of nitriles and polyy-
enes are expected, observed, and recently been shown 
to be potential alternatives for lipid bilayers depleted 
of oxygen [Stevenson, Lunine et al. 2015]. Titan's haze 
region in the lower atmosphere and surface are domi-
nated by condensed organics - making condensed-
phase photochemistry important process on Titan. 

Laboratory Studies Simulating Titan's Atmos-
phere and Surface: Photochemical processes in the 
gas phase and in the condensed phase are significantly 

different due to intermolecular interactions. For this 
reason, we have been conducting systematic laboratory 
studies on condensed ices of Titan's atmospheric mo-
lecular ices as well as laboratory analogs (also known 
as tholins) of high-energy processed aerosols simulat-
ing the haze particles. We have shown that indeed such 
photochemistry could occur in Titan’s atmosphere by 
comparing the condensed-phase properties of Titan’s 
organic molecules with the available solar photons at 
lower altitudes [Couturier-Tamburelli, Gudipati et al. 
2014; Gudipati, Jacovi et al. 2013]. Most of the bio-
molecules on Earth are tuned to absorb at the maxi-
mum of solar flux (400 – 700 nm) and such molecules 
could be made on Titan in its atmosphere and rain 
down to the surface. We will discuss the scenarios of 
synthesis of complex biologically relevant molecules 
on Titan’s surface and in the atmosphere focusing on 
the available solar photons in these environments. 
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