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Introduction: The environment in which life arose 

is the subject of much speculation. One of the main 
arguments for fresh water is that membranes are not 
stable in ocean water, especially simple prebiotic 
membranes like those composed of fatty acids. How-
ever, oceanic hydrothermal vents and hydrothermal 
fields offer a unique aqueous environment that has 
many synthetic advantages over surface fresh water, 
leading to their frequent suggestion as a environment 
for abiogenesis.  

This research is focused on generating membranes 
in ocean-like solutions from prebiotic molecules spe-
cifically, mixtures of amphiphiles that are more stable 
under these ionic strengths than pure amphiphile sus-
pensions. Mixtures of decylamine, decanoic acid, glyc-
erol monodecanoate, decanol, and/or decylsulfate were 
explored for membrane formation in ocean-like solu-
tions (35 g/L sea salt). Temperature and pH were also 
varied in these mixtures to find sets of conditions that 
generated stable membranes.  

In general, binary mixtures of charged and neutral 
amphiphiles were more likely to form membranes 
under any conditions than neutral mixtures or charged 
mixtures. We confirm that divalent cations precipitate 
membranes containing decanoate (deprotonated deca-
noic acid), however below the pKa of the acid precipi-
tation does not occur. Several sets of environmental 
conditions are available where membranes composed 
of simple amphiphiles can be found. At low and neu-
tral pH (~2 and 7), decylamine mixed with neutral 
amphiphiles often generates membrane in sea salt 
solutions. At neutral pH, decylsulfate with glycerol 
monodecanoate also seems to form membranes. At 
high pH (10), glycerol monodecanoate alone and mix-
tures of decylsulfate and decanol show membranous 
structures. These results suggest that membrane for-
mation can occur in a variety of environments depend-
ing on amphiphile composition.  

 
Decanoic acid/decylamine membranes. Fluorescence 
micrograph of membranes in 10 mM HCl, 35 g/L sea 
salt at ~50 °C. Scale bar is 25 µm.  
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