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Laboratory experiments carried out by various re-

searchers during the past decades have shown that or-

ganic synthesis by Miller-Urey reactions or related 

mechanisms is not likely to have occurred if the pre-

biotic atmosphere was neutral or weakly reducing (i.e., 

CO2>CH4 N2>NH3, SO2>H2S, and H2>O2) Formation 

of a significant amount of complex organic molecules 

(i.e., tholins, amino acids, carboxylic acids, nitriles, 

and hydrocarbons) in the atmosphere requires methane 

as the main carbon bearing gas and an energy source 

(e.g., sparks, plasma- and electromagnetic discharge, 

and/or nuclear particles).  

Our laboratory approach is consistent with theoreti-

cal investigations on the chemistry of pre-biotic atmos-

phere and oceans by Ohmoto and Menor-Salvan (see 

the accompanying paper). The aim is to investigate the 

fate of organic molecules, which were synthesized in 

methane-rich atmospheres by spark discharges, in Fe
2+

-

rich aqueous solutions.  The atmospheres was varied in 

the CH4/N2/H2 ratios: 100/0/0, 10/90/0, 30/70/0, 

50/50//0, and 40/30/30. Temperature of the atmosphere 

was thermostatized at room temperature. Organic 

molecules formed in the atmosphere continuously fell 

on a pool of liquid water (i.e., a simulated ocean) that 

contained either 0 or 10 mM of aqueous Fe
2+

. Tem-

perature of the “ocean” was regulated at 0, 25, or 50°C.  

Aliquotes of the gas and solution were withdrawn 

every 3 (or 5) hours and analyzed for compositions 

using gas chromatography coupled with mass spec-

trometry. The chromatographic analysis was performed 

using a Hewlett Packard PLOT/Q GC column installed 

in a Turbomass Perkin Elmer GCMS system.  

Our results indicate that the production of organic 

molecules in the atmosphere was dependent primarily 

on the partial pressure of CH4. However, for the pro-

duction of HCN, N2 is necessary. Dominant products in 

the atmosphere acetylene and their volatile polymers 

(diacetylene), unsaturated hydrocarbons (dominated by 

ethylene, 1-propene, but-1-en-3-ine and 1,3-butadiine), 

hydrogen cyanide, acetonitrile and acrylonitrile. Gas-

phase reactions were nearly completed in the first 3-5 

hours, which were subsequently followed by  the for-

mation of polymeric materials in aqueous or solid 

phase when the water was free of iron. 

In contrast, presence of iron (II) in solution is found 

to destabilize hydrogen cyanide and acetylene that 

formed in the atmosphere. A previous study in our 

laboratory [1] showed that aqueous ferrous iron de-

creased the amounts of amino acids and polymeric ma-

terials which were formed by sparking meth-

ane/nitrogen/hydrogen atmospheres. Our results sug-

gest that the main reason for preventing the organic 

molecules to increase polymerization in Fe-rich aque-

ous solutions is due to sequestration of cyanide by the 

formation of iron ferrocyanide (Fe4[Fe(CN)6]3, Prus-

sian blue). Therefore, Fe
2+

-rich oceans are not favor-

able environments for a chemical evolution scenario 

based on atmospheric generation of organics. Further-

more, if the pre-biotic oceans had been Fe
2+

-rich, most 

of C and N in the atmosphere would have been se-

questred as ferrocyanide, which would have resulted in 

reducing the amounts of C available for formation of 

acetylene and other unsaturated hydrocarbons.  

Results of our experimental study support the idea 

that in an environment dominated by Fe-poor oceans, 

the classical Urey-Miller based prebiotic chemistry in a 

reducing atmosphere that was rich in CH4, N2 and H2 

could be a significative contribution for the chemical 

evolution and life emergence on Earth.  
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