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Introduction:  Saturn�s largest moon Titan is a 

Mercury-sized world with a nitrogen-rich atmosphere 
second in density (among the solid bodies of the solar 
system) to that of Venus. The secondary gas in this cold 
(94 K) atmosphere is methane, which in the stratosphere 
is exposed to solar ultraviolet radiation. The products of 
methane (and nitrogen) photolysis include a suite of 
saturated and unsaturated hydrocarbons, as well as ni-
triles [1] . The lack of oxygen in the current atmosphere 
makes oxygen-bearing species rare. 

Surface properties:  Virtually all of the products of 
methane photolysis condense out at or above the very 
cold tropopause (70 K), and descend to the surface in 
the form of aerosols. At the surface, a subset of hydro-
carbons liquify while others exist in solid form. The rate 
of photolysis, integrated over the age of the solar sys-
tem, corresponds to between 100 meters and 600 meters 
depth of liquid photolysis products covering the surface, 
with perhaps 100 meters depth of solid material. If 
methane photolysis is a steady-state process over long 
periods of geologic time, reservoirs of methane should 
also be present at the surface, perhaps mixed with other 
liquid hydrocarbons such as ethane [2]. However, radar 
and infrared mapping of the surface at low resolution 
from Earth suggests a variegated surface with, at best, 
limited areas of solid and liquid hydrocarbons, with per-
haps large exposures of water ice [3], [4]. While hydro-
carbons might be hidden below the surface, it is also 
possible that methane photolysis has been episodic over 
Titan�s history and the total amount of converted hydro-
carbons is much smaller than the steady-state value 
given above.  

Surface chemistry:  Energy sources for further or-
ganic chemistry at the surface are somewhat limited. 
Ultraviolet light is nearly completely block, though 
some galactic cosmic rays do reach the surface or close 
to it. Titan�s large mass and composition of 50% rock 
(with the rest being ices, by mass) suggest a substantial 
accretional and radiogenic heating component which 
may manifest itself  in particular locations and at par-
ticular times in the form of cryovolcanism. Particularly 
if Titan has ammonia in its interior, buoyant magmas of 
low-melting point ammonia-water mixtures might reach 
and flow across the surface. This would provide both a 
source of heat, as well as oxygen (in the form of tran-
sient liquid water) for additional organic reactions to 
take place. Impacts also provide a mechanism for heat-
ing and melting the near-surface crust�if it is water 
ice�and allowing a short period of  aqueous organic 
reactions. Interestingly, acetylene�an important prod-

uct of methane photolysis on Titan�can polymerize on 
the surface where it accumulates. In an oxygen-rich at-
mosphere the polymerization goes to the elements (soot 
is produced), with substantial release of energy. In Ti-
tan�s anoxic atmosphere the reactions would not proceed 
as far, less energy would be released, but still perhaps 
enough to power interesting chemistry. In a transient 
aqueous medium the polymerization might proceed to 
soot and lead to substantial energy release. 

Cassini-Huygens surface studies: The Cassini-
Huygens mission will arrive at Saturn in July 2004. 
Later in 2004 (or perhaps subsequently, depending on 
currently unresolved technical issues) the ESA Huygens 
probe will descend to the surface, providing in situ 
chemical analysis, images, spectra and other data that 
will characterize in detail a region of the surface. The 
Saturn Orbiter instruments will map Titan�s surface at a 
range of wavelengths over 4 years and approximately 45 
flybys. Radar and near-IR mapping will distinguish be-
tween areas of water ice, ammonia-water, and organics, 
as well as provide perhaps sufficient data to distinguish 
liquid organics from solid organics. Of particular inter-
est from the point of view of surface chemistry is 
whether there is variation in the composition of surface 
organics. If not, then atmospheric photochemistry has 
dominated the production of organics with little further 
evolution. If there is variation from region to region, this 
might suggest additional organic chemistry has acted on 
the products of stratospheric photochemistry.  

Beyond Cassini-Huygens: Should evidence for 
variability in the organic phases on Titan be found, sub-
sequent exploration of the surface ought to be under-
taken, with an eye toward understanding the extent to 
which organic chemistry has proceeded. Sampling of 
organics to determine oxygen content, extent of acety-
lene polymerization, existence of chiral molecules and 
enantiomeric excesses, and searches for specific poly-
mer products, would be of interest in assessing how or-
ganic chemistry evolves toward biochemistry. Such ef-
forts would require failry sophisticated chemical analy-
ses from landed missions.  
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