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Introduction:  Mass Spectrometry has evolved to 

a point where isotopic differences in less than 10 ppm 
can be resolved between components in meteorites and 
the Earth.  One caveat to such precise measurements is 
that one has to be extremely cautious in how raw data 
are corrected for instrumental fractionation.  Here we 
use high precision Ba data to show that the exponential 
fractionation law may not be the most precise way to 
correct for instrumental fractionation especially when 
ppm level differences are under consideration.  Two 
recent studies of Ba isotopes in bulk meteorites by us 
[1] and Carlson et al. [2] both find differences of up to 
40 ppm between carbonaceous chondrites and the 
Earth.  However, these anomalies are found in differ-
ent isotopes.  Changing the way raw data is normalized 
and corrected can influence where isotopic anomalies 
are seen.  We argue here that a Rayleigh fractionation 
law gives the most accurate fit to the data. 

Fractionation Laws:  Isotopic ratios are fraction-
ated in a thermal ionization mass spectrometer.  This 
must be corrected in order to obtain a precise isotopic 
composition of a sample.  For elements having three or 
more isotopes a specific isotope ratio is defined to be a 
certain value and all other isotope ratios are normal-
ized to this value to correct for instrumental fractiona-
tion using a law, either theoretically based or one that 
provides the best solution.  The most common law 
used is the exponential fractionation law where the 
mass biased instrumental fractionation is corrected 
using a ratio of the natural logs of the true masses of 
isotopes.    

For measurements of Ba isotope ratios one conven-
tion is to use 138Ba/136Ba = 9.12875 as the normalizing 
ratio [1].  To solve for corrected ratios of the other 
isotopes (iBa) equation (1) is used.  The subscript M is 
the measured raw ratio and N is normalized or cor-
rected ratio. 

 
 
 
(1) 
 
 

For the exponential law where mi is the mass of 
isotope i, the exponent (p) of this equation is: 

 
Other fractionation laws can be derived by chang-

ing the exponent (p) in equation 1.  An example is the 
equilibrium fraction law having an exponent of: 

 
 
 
 
 
 
 
A fractionation law with a more theoretical basis is 

the Rayleigh fractionation law where the mass depend-
ent fractionation depends on the square root of the 
masses involved.   The exponent of equation 1 would 
now be:  

 
 
 
 
 
Experimental Data: Ba measurements were run 

on a GV Isoprobe T multicollector TIMS using a triple 
filament assembly with a Re center and Ta sides.  For 
each run 600-900 ng of the Ba standard HBa#1 was 
loaded onto the outer Ta filament with 1μL of 1N 
H3PO4.  Data were measured with a 10 second integra-
tion time, and 20 cycles per block.  Over 600 blocks of 
data were collected in the summer of 2007.  To deter-
mine the best fit fractionation law raw block averages 
of iBa/136Ba were plotted against raw 138Ba/136Ba (the 
normalizing ratio).  In order to solve for p in equation 
1, the natural log of the ratios were plotted.  The slope 
of this line will be equal to the correct fractionation 
law used for each isotope of Ba.  Figure 1 uses 
134Ba/136Ba as an example.  Slopes were calculated for 
134Ba/136Ba, 135Ba/136Ba, and 137Ba/136Ba.  Theoretical 
slopes were also calculated for the exponential, equi-
librium, and Rayleigh fractionation laws as well as for 
the simple power law which is just based on mass dif-
ferences from the normalizing ratio.  Table 1 lists all 
calculated and best solutions.  
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Figure 1.  An example of natural log of raw data 
used to calculate slope of fractionation law. 
 
Table 1 

Law 134Ba/136Ba 135Ba/136Ba 137Ba/136Ba 
exponen-
tial 

-1.01452 -0.5048 0.502284 

equilibrium -1.0296 -0.51038 0.50411 
Rayleigh -1.0220 -0.50758 0.50320 
HBa#1 -1.0212 -0.5096 0.50360 

 

 

Figure 2. Comparisons of different fractionation 
laws. 

 
 
Discussion: Figure 2 graphically presents Table 1 

and shows that for very high precision data the expo-
nential law is not the best fractionation law to use.  
Instrumental fractionation is better corrected for by 
using the Rayleigh or equilibrium fractionation law.  
This observation has serious implications in that 
choosing the wrong fractionation law can make sub-
stantial differences in the normalized ratios depending 
on how fractionated the sample is.  While this will not 
change the fact that anomalies are present, it will affect 
which isotope these anomalies show up in.   For ε135Ba, 
ε142Nd, and ε144Sm where variations between the Earth 
and Solar System components have magnitudes less 
than 50 ppm, proper fractionation correction is crucial.  
Measurements are currently underway to determine 
whether Rayleigh or equilibrium corrections are also 
the best fit for both Nd and Sm isotopes.   

Another example of where proper fractionation 
correction is important is the 26Al-26Mg system.  The 
radiogenic effect ε26Mg is calculated by measuring the 
deviation from the mass dependent δ26Mg-δ25Mg tra-
jectory.  The proper slope for this is debated with es-
timates ranging from 0.511 (exponential) to 0.521 
(equilibrium) [3,4].  Another fractionation correction is 
using a coefficient of 0.514 based on evaporation ex-
periments [5].  A Rayleigh fractionation law has a co-
efficient of 0.516.  High precision measurements on 
our TIMS are also underway on various Mg standards 
to determine a proper fractionation correction leading 
to more precise ε26Mg values and a better understanding 
of the 26Al-26Mg system. 

Conclusions: For very high precision (ppm level) 
isotopic measurements the choice of the fractionation 
law to correct measured  ratios is crucial.  The com-
monly used exponential fractionation law with no 
theoretical basis may not represent the best way to 
carry out these corrections.  A study of Ba isotopic 
fractionation has shown that using the Rayleigh or 
equilibrium fractionation law represents a better fit 
with the raw data.  This has implications for any iso-
topic system with small (<50 ppm) deviations between 
samples.   
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