


δ13C (per mil, ‰ ) = [(13C/12C) sample/ ((13C/12C) standard – 1] x 1000 





Isotope fractionation effects
Physical, chemical, and biological processes lead to isotopic differences between
reactants and products.  These isotopic differences are conveniently 
expresses as isotopic fractionations. 

Isotopic fractionations are measured by their fractionation factor, which can take
several forms:

Δ  (a/b) = δ 13C(a) – δ13C(b)

α (a/b): Ra/Rb   where R = 13C/12C

                             13CO2 (g) + H12CO3
-(aq)           12CO2 (g) + H13CO3

-(aq) 

                             Keq = [12CO2 (g)][H13CO3
-(aq)]  / [13CO2 (g)][H12CO3

-(aq)]

                                              α(HCO3
-/CO2) = R (HCO3

-)/R (CO2)

ε(a/b) = (α(a/b) -1) x1000

ε(a/b) = Δ = δ 13C(a) – δ13C(b)

There are two types of isotope effects:
Thermodynamic isotope effects
Kinetic isotope effects







Fractionation during biosynthesis

Biosynthesis occurs through several
different pathways, often with branch-points
with common or unique intermediates.
“upstream” isotopic fractionation will 
effect “downstream values.
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From Giordono et al. 2005 Ann Rev Plant Biology 

Inorganic carbon transport and CO2 accumulation in higher plants (top)
and  eukaryotic algal cells (bottom)
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Collister et al., 1994; Hobbie &Werner, 2004; Bi et al., 2005  

































MVA pathway 
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Isotopic distribution within biomarkers 




