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Phosphorus 

ÅBiochemistry and 
geochemistry 

ÅOrigin of life

ÅCosmochemistry

ÅP redox in Modern P 
biogeochemistry
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Phosphorus & Biochemistry
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DNA + RNA

Why P?

ÅCharged

ÅCapable of forming two 
bridges

ÅEnergetic but kinetically 
stable

ÅSoluble

ÅAchiral



Rarity of phosphorus

Cosmic RNA

H 2.8 Ĭ106 10

O 1400 6

C 680 9.5

N 230 3.75

S 43 0

P 1 1

ÅLife scavenges 
phosphorus!

ÅVery rare, but very 
necessary

ÅLŦ ǇŜƻǇƭŜ ǿŜǊŜ ŀǘƻƳǎΧ

Pasek and Lauretta Astrobiology 2005



If people were atoms

ÅAnd population was 
proportional to cosmic 
ŀōǳƴŘŀƴŎŜΧ

ÅThere would be two 
phosphorus atoms 
living in Maryland

Å100 living in the United 
States

Å2,000 total on Earth
http://www.politicsonline.com/blog/images/2006/maryland.jpg



If people were atoms

ÅAnd this room was an 
wb! ƳƻƭŜŎǳƭŜΧ

Å2-3 of you would be 
phosphorus atoms!

ÅLife has a huge 
enrichment of P atoms 
compared to cosmos!

Phosphorus is a celebrity of the cosmos!



Ufl.edu



Phosphorus in the Origin of Life

ÅSince P is:

ïPresent in biomolecules involved in replication, 
metabolism, & cell structure

ïActively scavenged from the environment

ÅThen perhaps P was important in the origin of 
life

ÅHow do we constrain P in the origin of life?



Evolution of Life Timeline

Ñ0.2 MY

Joyce et al. 2002



Phosphorus Mineralogy

ÅPhosphorus is 
synonymous with 
Phosphates

ÅApatite- Ca5(PO4)3X

ÅXenotime, Monazite, 
many minor species

ÅOxidation state P 5+

ÅInsoluble, inert



Pasek, PNAS 2008



Geo-forms of Phosphorus

Triphosphates + longer
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The Early Earth



Phosphorus: A Cosmobiogeochemical
approach

ÅHow the infall of extraterrestrial material 
influenced the environmental conditions on 
the early Earth, in turn affecting the origin of 
life

ÅNASA Exobiology and Evolutionary Biology & 
NASA Early Career Fellowship



P Cosmochemistry

Condensation sequence illustrating main forms of P in meteorites

Pasek et al. Icarus 2005, Pasek PNAS 2008

10-4 bar



Phosphorus Mineralogy II

ÅBeyond Earth, 
meteorites have P 
minerals

ïPhosphates

ïPhosphides

ÅSchreibersite: (Fe,Ni)3P

ÅOxidation state P is 0

ÅReactive in oxidative 
environments (e.g., 
water)


