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Referencing of NMR spectra, Ξ scale (06/2011) 
 
Several possibilities exist to reference your NMR spectra: Addition of an internal 
standard (for 1H and 13C usually TMS), use of an external standard (e.g. for 31P or 19F) 
with the aid of a capillary tube or, last but not least, by employing the so-called Ξ (Xi) 

scale [ ΞX  ≡ 100 x ( xν  / obs

TMSν ) ], a procedure, which was suggested some years ago by 

IUPAC and which represents a very useful means of referencing, esp. if heteronuclear 
spectra are  concerned.  
 
 
In the following, we explain the principle of the Ξ scale approach using the example of 

an fictitious sample containing 1H and 19F signals. Note, that the same three step 
approach can be transferred to any other NMR-active nucleus. 
 

(1) First of all, a 1H NMR spectrum needs to be recorded. You need to calibrate the 
signal of TMS to 0 ppm and then determine the absolute frequency [Hz] of the 
TMS signal (in our example, this will be done for a 400 MHz 1H spectrum).  
 

(2) The frequency value, called Θ(TMS) or obs

TMSν , read out for the TMS signal (e.g. 

400130006.82 Hz for TMS in the 1H spectrum of our virtual sample) now needs 
to be multiplied with a reference frequency value, the so-called Ξ(19F), for the 

heteronucleus in question. In case of 19F, this value is 94.094011 (see table on 
next page). Finally, the result is divided by 100 MHz, to yield the frequency of 
the chemical shift of 0 ppm in 19F.  

[ expressed as an equation: 
100

Fobs

TMSF

Ξ
=νν  ]. 

 
(3) This value (in our example 376.4983726 MHz) can be entered in the NMR 

software as the value for the reference frequency (in TopSpin, it is the 
parameter SF, accessible e.g. in the edp menu). Like this, you change the 19F 
NMR spectrum to a corrected referencing, related to the TMS reference in the 
1H NMR spectrum. 
 
 

The approach described above is the one favoured by IUPAC, it is highly 
recommended for use with heteronuclear spectra and easy to apply. On the next page, 
a table with Ξ values for selected nuclei is provided, which was taken from the original 

IUPAC publication first published in 2001 in Pure and Applied Chemistry (Pure Appl. 
Chem. 2001, 73, 1795) 
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