
Prebiotics – the Origins of Life
Chemists and biologists have for  long time explored the possibility that life evolved from 
previously existing but non-living chemical systems (or prebiotic systems).

The Atmosphere of the Primordial Earth

When the Earth was newly formed it was very hot and molten and shrouded by a primary 
atmosphere of hydrogen and helium. This atmosphere was lost to outer space.

About 4.4 billion years ago the Earth was still hot and mostly molten but it was covered by 
a thin crust of solidified rock. This early Earth was highly volcanic and volcanoes poured 
out gases to produce a primordial atmosphere of water vapour (H2O), ammonia (NH3) and 
carbon dioxide (CO2). This produced a secondary atmosphere rich in CO2, methane (CH4) 
N2 and water vapour, though a lot of hydrogen may still have been present as well. This 
atmosphere was highly reducing as it contained very little oxygen. 

The Miller / Urey Experiment (1953)

CH4, NH3, H2 and H2O mixed together to simulate the atmosphere of the early Earth and a 
constant electric current supplied to simulate lightning. After one weak a red-brown 
substance was produced in the reaction and was analysed by paper chromatography - it 
contained organic compounds, including amino acids.

Amino acids are one of the main building blocks of life – they make proteins!

The Oro Experiment, 1961

Oro reacted hydrogen cyanide (HCN) and NH3 in water under conditions that simulated the 
atmosphere of the early Earth and synthesised both amino acids and adenine. 

Adenine is a nucleotide, one of the building blocks of DNA and RNA.

The Pinto Experiment, 1980

Pinto synthesised formaldehyde (H2CO) in an atmosphere similar to that of the early Earth. 
Formaldehyde is a key building block (reactant) that can form more complex organic 
molecules.

The Orgel Experiment, 

Orgel froze a mixture of ammonia and HCN (giving ammonium cyanide, NH4CN) for 25 
years and discovered that amino acids and the nucleotides adenine (A) and guanine (G) ( 
A and G are both building blocks of RNA and DNA). Similar materials are frozen on many 
planets and moons in the Solar System. E.g. Jupiter’s large moon Europa appears to have 
a deep water ocean beneath a thick crust of ice. The seas of the early Earth may also have 
been frozen (the Sun was much dimmer billions of years ago).



Polypeptides are polymers of amino acids. A polymer is a long chain molecule formed 
by chemically bonding many subunit monomers together end-to-end. Starch and 
glycogen are polymers of glucose, DNA is a polymer of nucleotides and polypeptides 
are polymers of amino acids. One long polypeptide or more than one polypeptide that 
are bonded together make up a protein. Plastics like polyethylene (polythene) are 
polymers (in this case of ethene) and proteins are rather like plastics. 

Above: a single amino acid – the subunit monomer of polypeptides and proteins. The 
orange -NH2 is the amine group and the blue -COOH is the carboxylic acid group. The 
green R is a side-chain which is different for each of the 20 or so amino acids found in 
proteins.

Above: left, the simplest amino acid is glycine with R = H; right, in alanine R = CH3; in 
other amino acids R is more complex and may be an electrically charged group that 
is attracted to water (it is polar or hydrophilic) or it may be a water-insoluble (fat-
soluble) side-chain (which is non-polar or hydrophobic). The nature of the side-chains 
determines the chemical properties of each amino acid and thus the shape into which 
the polypeptide folds and so the properties of the protein.

Left: two amino acids join 
together to form a dipeptide by 
a condensation reaction (a 
reaction that yields water). The 
amine –NH2 group is a base 
(like an alkali) and reacts with 
the acidic –COOH group to 
neutralise it (acid + base = salt 
+ water, but in this case the 
‘salt’ is a dipeptide). The bond 
between the two amino acids is 
covalent and is called a peptide 
link/bond and is shown in red.
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The Miller-Urey Experiment, 1953

1. A vacuum pump removes air from the apparatus.

2. The large flask contains a mixture of methane, ammonia and hydrogen gases and 
water vapour which are subjected to continual electric shocks from the tungsten 
electrodes.

3. A cold water condenser causes the products of the reaction to liquefy and collect in 
the trap.

4. liquids collected in the trap can be sampled through the ‘sampling probe’ – a 
closable tube through which samples can be drawn at intervals.

5. Heat is applied to water in the small flask, creating steam pressure which keeps the 
materials circulating around the system (orange arrows) and provides H2O vapour .



Titan and its Orange Seas

Titan is Saturn’s largest moon, and is the size of a small planet. The Huygens-Cassini
space probe has recently discovered lakes, seas and rivers of yellow-orange liquid 
hydrocarbon gases (CH4 and ethane, C2H4). Clouds also form on this planet and rain 
down these hydrocarbons. The surface temperature on Titan is -180 oC. At this 
temperature water is frozen as very hard and dry ice and behaves like silicon rock on 
Earth – forming mountains, boulders, pebbles and sand. The hydrocarbon rivers and 
shores have carved out valleys and beaches from the ice.

Titan has a very thick and dense reducing atmosphere, perhaps similar to that on the 
early Earth, comprising 90-97% N2, 2-5% CH4 with some argon (Ar) and hydrogen (H2) 
and traces of various organic compounds. The hydrocarbons create a yellow-brown-
orange haze or smog.

In 1986 an experiment that simulated the cloud-tops of Titan placed a continuous 
electrical discharge through a mixture of N2 and CH4 at low pressure. A red-brown 
material containing tholins was produced. When hydrochloric acid (HCl) was added, 16 
different amino acids were produced.
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Meteorites and Comets

In 1969 a 100 kg meteorite landed in Muchison, Australia and was found to contain 
more than 90 types of amino acid. Meteorites and nebulae have also been found to 
contain polycyclic aromatic hydrocarbons (PAHs), e.g.

naphthalene

anthracene

PAHs are made up from several 
benzene rings joined together in rows, 
zigzags or in rings, etc. Benzene, 
C6H6, is one of the simplest aromatic
organic compounds.

benzene


