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Test for the occurrence 
of chemical origins of 
life by simulating the 
conditions thought at 
the time to be present 

on the early Earth.

 After two weeks:
✓ organic compounds  
✓ amino acids  

✓ sugars

NO nucleic acids…

Chemical 
origins of life
Miller–Urey, 1953



What is life made of?
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Biocentric periodic table of elements
essential for all    essential for many beneficial for many   . 

beneficial for some    no known beneficial use

All life requires nine macronutrients
(CHNOPS as major building blocks 
and MgKZn as intracellular ions)

Another eight are essential for many 
organisms (but not all species)
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“Atmosphere”

“Ocean”

Miller–Urey 
experiment, 1953:

chemical origins of life

• Test for the occurrence of chemical origins 
of life by simulating the conditions thought 
at the time to be present on the early Earth.

•  The experiment used water (H2O), methane (CH4), 
ammonia (NH3), and hydrogen (H2) all sealed inside a 
sterile loop array of glass flasks; one flask was half-full 
of liquid water (“ocean”) and another flask contained   
a pair of electrodes. The liquid water was heated to 
induce evaporation, sparks were fired between the 
electrodes to simulate “lightning through the 
atmosphere” and water vapor; then water could 
condense and trickle back into the first flask in a 
continuous cycle.

• After two weeks: 10–15% of the carbon   
was now in the form of organic compounds;  
>20 amino acids formed; sugars were also 
formed. However, nucleic acids were not 
formed within the reaction… 
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