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Introduction:  Titan is the largest moon of planet 

Saturn and possesses a nitrogen-rich atmosphere.   
Titan is one of the most interesting bodies of the Solar 
System, because in its high atmosphere there is the 
production of several organic molecules, necessary for 
the existence of biomolecules, forming a haze [1].   
The interaction of the Sun’s light (in UV and visible 
light) - photochemistry of organic molecules - and the 
Saturn’s magnetosphere with the high atmosphere of 
Titan produces numerous agglomerates of organic 
molecules (organic particles), which fall down to the 
Titan’s surface, since its formation at 4.5 Gyrs ago [2] 
[3] [5] [8] [10] [16].   Titan was studied by the NASA 
Voyagers 1 and 2 spacecrafts and will be studied with 
much more detail by the Cassini/Huyghens spacecrafts.   
Titan is possibly formed greatly by water ice [7], and 
in its distant past the interaction of the organic rain and 
liquid water (at 4 Gyrs this moon was hotter than 
today, making it a water ocean world during a brief 
geological time) could possibly have produced a great 
quantity of more complex organic molecules such as 
biomolecules - enzymes, polysacharids and 
polynucleotides.   Today, the temperature at Titan’s 
surface, calculated at sub-solar point is 95 K, or 
possibly a bit warmer due to organic shielding [14], 
which makes biochemical reactions very difficult to 
occur at a rate necessary for chemical evolution.   But 
quantum effects and minor thermal variations have 
influence on Titan's atmosphere because of its 95 K 
profile - any deviation from quasi-equilibrium states is 
significant at such low temperatures.   In this paper I 
suggest that a quantum phenomenon, ‘potential barrier 
penetration’ (or “tunnel effect”) [4], can be significant 
at such low temperatures for catalysing chemical 
reactions of complex organic molecules since Titan 
froze.   These chemical reactions by quantum tunneling 
in low temperatures are common, as studied in several 
experiments done, and the tunnel effect is one of the 
fundamental aspects of nature.   The growth of organic 
molecules chains by quantum tunneling is likened to 
the spontaneous fission of nuclei, with comparable 
associated probabilities, as the probability of barrier 
penetration is:  Ptun α  (a . V1/2 . m1/2 ), i.e., it is 
proportional to the product of the barrier width, the 
square root of the barrier height and the square root of 
the mass of the particle - the atomic part of the 
molecule - doing the tunneling [6].   So, it is possible 
that today Titan is in a biogeochemical evolution state 
analogue to the one at Earth, 4.1 Gyrs ago, before the 

origin of microorganisms on Earth, when it was 
developing a prebiotic chemistry with several different 
biomolecules, with primitive information coding and 
catalytic property.   Within the least possible energy 
principle (geometrically and dynamically) the more 
stable possible biomolecules survived longer than the 
other ones.   Another quantum effect, fluorescence,  
when molecules are kept in excited energetic states 
after the removing of the input excitation, is possible to 
be occurring in Titan.   In an experiment of laboratory 
synthesize of organic material from the same gases of 
Titan’s atmosphere,  I observed that water vapor in low 
pressures fluoresces after electrons discharges and 
possesses a hystheresis behavior.   The NASA’s 
Hubble Space Telescope (HST) detected water vapor 
molecules in Titan’s atmosphere. This indicates that 
even with varied decreases in solar UV and Saturn’s 
magnetospheric input of energy into the upper 
atmosphere, there is a continuous excitation of the 
organic molecules by water vapor molecules, resulting 
in a higher production of organic material in Titan’s 
haze than the “Titan” tholin analog produced in 
laboratory [15].   This could be in accordance with the 
observation by the Faint Object Spectrograph of HST, 
of the material constituting the haze to be darker in the 
absorption of UV (180 – 220 nm) than the laboratory 
tholins [11] - an increase in the production of more 
complex molecules.   I also propose a model for a 
possible biogeochemical evolution of Titan based in 
two pathways:  At 4.4 Gyrs Titan was much hotter than 
today, with a surface liquid water ocean coupled with 
ices and the atmosphere, and the chemical evolution 
there began from the same simple molecules, N2, CH4, 
and other species.   As Titan was freezing the liquid 
water migrated and was trapped close to the rocky 
core/mantle region beneath shells of different types of 
water ice.   The organic chemistry on the surface, 
relying on complexes of ethan and methan then began 
to evolve without liquid water, and the organic 
chemistry within the liquid shell [12] [13] began to 
evolve based on S2 and H2 redox mechanisms.   A link 
from beneath to the surface of these two worlds were 
possibly kept during a geological period by 
hydrothermal volcanic geysers [9] (which could still be 
active today in an much lesser extent, due to the 
radiative transfer of heat from the core to the 
atmosphere by possible cracks and hot spot 
mechanisms in the crust).   The evolution of such two 
different chemical pathways perhaps could have led to 
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the formation of the above mentioned replicant 
biomolecules based on electron mechanisms of ethane-
methane and their byproducts within liquid ethane, and  
the formation of replicant and catalytic biomolecules 
based on water and sulfur.   Since Titan froze these 
mechanisms almost stalled completely, at a very low 
rate.   If temperature in Titan rises, for any reason in 
the future, its possible dual biogeochemistry will 
activate again possibly leading to the formation of very 
primitive microorganisms, simpler than Earth's 
Archae, one based on ethan-methan metabolism, and 
the other based on liquid water-sulfur redox chemical 
mechanism.   One of the characteristics which 
distinguish the living matter is that, fundamentally, all 
their organic compounds containing one or more 
carbon atoms occur only in one stereochemical optical 
configuration (R-handed or L-handed; in Earth’s 
proteins, the L configuration), e.g. stereochemical 
asymmetry, while inanimate matter shows 
stereochemical symmetry, no preference for R or L 
configuration.   The NASA/ESA’s Cassini/Huyghens 
mission to the Saturn system and Titan, and a future 
mission to Titan using a probe (with soil penetrators), 
could thus be targeted to examine the existence of 
possible stereochemical asymmetry of organic material 
preserved in some regions of the soil of Titan, as 
molecular fossils, indicating a beginning of a possible 
biological molecular activity in the past of Titan. 
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