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Introduction:  Stuart Kaufmann [1] has hypothe-

sized that "in complex chemical reaction systems, 
self-reproducing molecular systems form with high 
probability." This view, that life arises more or less 
spontaneously in any complex chemical reaction sys-
tem, is viewed as being "sensible" by a wide range of 
scientists, including former Vice President Albert 
Gore [2]. This notwithstanding, there are no molecu-
lar experiments to support this view. If it is correct, 
life should be everywhere, as complex chemical mix-
tures are everywhere in the cosmos, including on 
Mars and in the Oort Cloud. 

One of the most accessible of these is Titan, the 
largest moon of Saturn. Titan has one of the densest 
atmospheres in the Solar System, and is rich with 
organic species. Further, the Cassini-Huygens mis-
sion found that methane on Titan plays the same me-
teorological role as water on Earth. Titan has meth-
ane vapor, methane ice, and oceans of methane. Fur-
ther, with the donation of a power source, a repeat of 
the Cassini-Huygens mission could deliver a probe to 
those oceans for ca. $800 million, roughly the cost of 
one launch of the space shuttle. 

If properly designed, instruments that land in Ti-
tan's ocean could directly test the Kaufmann hypothe-
sis. If life is present, this will be a direct confirmation 
of the Kaufmann hypothesis, establishing the possi-
bility of life independent of liquid water. If life is 
rules out, it will be a dramatic disproof of Kauf-
mann's hypothesis on a system that has had several 
billion years to create life, if that were possible. 

Research program. The goal of this research 
program is to do both experiments and theory to in-
form  (from an astrobiology perspective) the design 
of the next mission to Titan. We focus on acetylene, a 
reactive species formed by imperfectly understood 
photochemistry in Titan's atmosphere that might be 
used as "food" by Titans [3][4].  

Acetylene displays two well known reactivities. 
First, acetylene is a weak nucleophile. It can react 
without deprotonation with activating electrophiles. 
Once activated, acetylene can act as an electrophile to 
add nucleophiles. Addition of water gives C=O prod-
ucts which are the staple of biological reactivity [5]. 
In water-ammonia eutectics that possibly lie in liquid 
form below Titan's surface, these would generate the 
C=N functional group, which is still more reactive. 

Second, acetylene is an acid; upon deprotonation, 
it acts as a nucleophile to react with carbon electro-

philes, including C=O compounds and R-CN species, 
to give larger compounds. 

These two reactivities support a fully hypothetical 
methane-embedded metabolism. Further, if we add 
formaldehyde (HCHO), undoubtedly present on Ti-
tan, a simple genetic system can be hypothesized. 

This poster will report progress exploring key is-
sues relating to these hypotheses. First, the tempera-
ture coefficients of the two basic reactions with 
acetylene and other alkynes is not known. These may 
be hopelessly slow at Titan temperatures. Likewise, 
the impact of changing dielectric on the rates of thee 
two basic reaction is not known. Again, they may be 
hopelessly slow in Titan like environments. Each of 
these results is potentially mitigated by transfer to 
ammonia-water mixtures. Results will be summa-
rized to decide if this transfer is necessary. 

Further, the polyelectrolyte theory of the gene [3] 
creates a paradox for linear genetic biopolymers in 
methane. We have proposed a polyether (Figure) that 
might support Darwinian behavior in methane. Here, 
exposed unshared pairs of electrons as a repeating 
element in the molecule's backbone support mutabil-
ity and evolvability just as the repeating charge does 
so in water-based DNA and RNA.  
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Figure. Some key reactions in a hypothesized Titan biosphere. 
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