
Fractionation 
 
General Introduction 

The isotope ratios measured at the detector of a mass spectrometer are rarely the 
isotopic ratios of the sample. Various processes occur at every part of the mass 
spectrometer to change the isotopic composition of the ion beams. In this discussion we 
will be concerned only with the processes that occur after the sample is in the mass 
spectrometer. This leaves out certain processes that may change isotopic ratios during 
sample introduction or processing. For example, during introduction of a gas sample into 
a mass spectrometer kinetic effects may change the isotopic ratio of the gas, or during 
separation and concentration, the isotopic ratio of an element may be changed when it is 
being processed for solid source work. 

The word fractionation is often used for all of the processes that occur in the mass 
spectrometer that change the measured isotopic ratios. However, the term ÒbiasesÓ is 
often used for the processes that occur post-ion generation and the term fractionation is 
used for the changes occurring during ion generation. In practice, however, it is diffi cult 
to separate many of these biasing factors from fractionation. Often when a Òfractionation 
correctionÓ is made no attempt is made to separate these effects. The correction is a 
general one made on the measured ratio. To some extent this is reasonably justified since 
by far and away the major change in isotopic ratio occurs in the source during ion 
generation. However, we must always keep in mind that we are correcting for numerous 
processes that may not follow the same modes of fractionation. 

We will now look at the different parts of the mass spectrometer for the kinds of 
biases and fractionations that can occur and the factors that effect them. 

 
The Source 

As mentioned above, ion generation is the major source of ion fractionation. In a 
gas source fractionation occurs during electron impact and extraction of the ions from the 
ionization space. In the Nier source there is fractionation during the ionization process 
because the momentum and energy balance is mass dependent and during ion extraction 
the ions must leave a magnetic field that may fractionate the ions. A number of factors 
will effect this fractionation: impacting electron energy and current, confining magnetic 
field, amount of sample gas and contaminating gases and the geometry of the source. 

For solid sources, volatilization of the sample from the fi lament is the major 
source of fractionation. This will be affected by temperature, fi lament material, loading 
matrix, sample form and loading technique. 

For both sources there may be small differences in ionization potential between 
isotopes that have odd neutron numbers versus those with even. 

The ion lens may introduce fractionation although the effects are probably small. 
 

The Analyzer 
The major effect here is the interactions with residual air in the spectrometer (the 

same ones that effect abundance sensitivity). The changes in isotope ratios are probably 
very small. The extent of the effect depends on vacuum and ion mass. 

 
 



The Collector 
The major effects here are mass dependencies in ion collection and electron 

conversion. 
For Faraday Cups the important effect is the mass dependency of cup effi ciency, 

the effect is probably very small. 
For electron multipliers, Daly Detectors and similar devices the conversion of 

ions into electrons can produce a large mass dependent effect. The parameters that 
determine the extent of the effect are ion mass, ion energy, fi rst dynode material and 
geometry and the types of ions (monatomic versus polyatomic). 

 
Some General Properties of Fractionation 

Most of this discussion will be aimed at thermal ionization but many of the 
concepts presented here are applicable to electron impact sources. 

Although there is some general theory to guide us about how fractionation 
behaves, the complexity of fractionation in TIMS means that only general statements can 
be made about its behavior. As we will see below, in fact the corrections for fractionation 
are empirical in nature. 

For fractionation effects that are kinetic (i.e., velocity dependent) then under 
constant energy conditions the fractionation f will follow the following proportionality: 

 

B

A

m
m

f µ  

 
To a first approximation fractionation in mass spectrometers follows this but in 

detail there are variations. These variations are probably due to non-kinetic effects. In 
thermal ionization the fractionation correction is complicated by the fact that the sample 
is not an infinite reservoir, therefore the isotope ratios of the material remaining on the 
fi lament will vary with time. 

However, there are some general comments we can make: 
1) Fractionation decreases as the temperature of volatilization goes up 
2) Fractionation decreases with increasing mass, so for example Sr will show 

greater fractionation than Nd which will be grater than Pb. 
3) Fractionation for any one element will depend on the mass differences 

between the isotopes. So for example, 88Sr/86Sr will be fractionated more than 
87Sr/86Sr 

4) The sign of fractionation will depend on how the isotopes are ratioed, 84Sr/86Sr 
fractionation will be opposite in sign to that of 88Sr/86Sr 

5) For the same �m fractionation will depend on the absolute mass, 84Sr/86Sr will 
fractionate slightly differently (ignoring sign) from 88Sr/86Sr 

 
Correcting for Fractionation 

There are basically two methods for correcting for fractionation. 
 
 
 
 



External Correction: 
For elements with only two isotopes or with isotope ratios that are not fixed in 

nature (e.g., Rb or Pb), we cannot do a real time fractionation correction (see internal 
correction below). The usual method here is to analyze a standard of the element whose 
isotopic ratios are known. By comparing the measured value with standard value we can 
calculate a fractionation correction that can be applied to samples. 

Because it is diffi cult to control all of the factors that determine fractionation, the 
standard measurements will probably vary over some range. This adds an error to our 
correction. Also, samples may behave differently than standards in the mass 
spectrometer. Standards are typically pure and do not go through any chemically 
processing. Samples are usually put through extensive chemical processing and may 
contain other elements even after purification. 

In spite of these problems, this is the only way to correct for fractionation in some 
elements. In some cases there are ways to get around it, such as double spiking. 

 
Internal Correction: 
For elements with one isotope ratio fixed in nature we can use this ratio to correct 

for fractionation. By measuring this ratio at the same time we measure other ratios in the 
sample, we can make a real time correction for fractionation. This technique provides 
better results than the external correction because we can monitor the changes in 
fractionation in real time. It suffers from the problem that not many elements can be used 
this way, Sr and Nd are the two most obvious examples. 

 
How to make the correction 

Once we have measured our standard ratio (internally or externally) how do we 
correct the other ratios? As mentioned above, there are empirical models for doing this 
correction. Which model is used depends on how precisely we are measuring isotope 
ratios. The differences between the models are small at low fractionations but are 
signifi cant at large fractionations. 

There are three general models commonly used: Linear, Power Law and 
Exponential (a fourth model, Rayleigh, is not commonly used as far as I can tell). 

In the following discussion we will look at general equations where A, B, C and 
D are isotopes of an element, two of the isotopes can be the same (for example, B and D 
could be 86Sr), the subscript S indicates the unfractionated ratio in the sample, subscript 
M indicates measured values, ma, mb, etc. are the masses of the respective isotopes and α 
is the fractionation per amu. 

 
A few words about masses 

In all of these equations we should use the exact isotopic masses not the integral 
masses. These masses may change as the isotopic masses are recalibrated or 
measurements become better. Also we should use the mass of the species that is being 
measured in the mass spectrometer. For Sr which is always measured as a monatomic 
species, the masses are those of the isotopes, but Nd, which is often run as NdO, the mass 
of the oxides should be used. This can lead to complications because of the numerous 
overlaps that need to be corrected for. The overlaps have slightly different masses and 
therefore different fractionations (fortunately the effects are very small). 



A further complication is that we canÕt be absolutely certain that the masses we 
use really represent the masses of the species volatilizing from the filament. The species 
coming off of the fi lament may change to another form in the complex chemical 
environment just above the filament. 

 
 
 

Linear Model 
This model assumes that fractionation varies linearly with mass. Although 

obviously not the correct model, for elements where external corrections must be made or 
where isotope ratios cannot be measured precisely, this correction may be adequate.  

The correction has the following form: 
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Power Law Model 

This model corrects for fractionation by assuming a mass dependent power 
function. It gives a better fi t to observed fractionation and is useful in making 
multicollector dynamic measurements (see the discussion of that topic). The correction 
has the following form: 
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Exponential model 

This model is similar to the power law but assumes the power function depends 
on the natural logarithm of the masses. This model seems to fit the fractionation of most 
elements quite well. It has the following form: 
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Where mR is the mass of a reference isotope. 
 
 
 
 
Some general comments on these equations 

At low fractionations all three models give similar results but diverge 
signifi cantly at higher fractionations. Where internal fractionation corrections can be 
made (such as for Sr or Nd) the exponential model seems to give the best results. 

The linear and power law models are overall only dependent on mass differences 
not the absolute mass. The exponential model is absolute mass dependent. 

Finally, although these are empirical models they have some basis in physical 
theory. For example, both the power law and exponential law can be derived from a use 
of the Boltzman equation. 

 
Some Examples 

We will look at a simple example of fractionation in Sr. For the general equations 
above: A = 87Sr, B = 86Sr, C = 86Sr and D = 88Sr. For the masses (in amu) we will use the 
following: 
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For all of the models: 
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the accepted value for this ratio. 
 
So: 
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and: 
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If the measured values are: 
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For the linear model: 
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For the Power Model: 
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For the Exponential Model: 
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Note that in this example, where the fractionation is small, the differences between the 
models are small, but when we go to a more extreme fractionation example: 
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we get: 
 
Linear: 
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Exponential: 
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Note: in both exponential examples, the α value is calculated using mR of 85.90927 the 
mass of   86Sr. 

 
In this example with more extreme fractionation, the differences between the 

models are more significant. So fractionation model choice is more critical in this case. 
 


