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Mass spectrometry - a method of identifying molecules 
Mass spectrometry now allows us to identif y a substance in a sample, rapid ly, on the basis of its 
mass. This technique has long been used by chemists on small and medium-sized molecules. 
The method is so sensitive that it is possible to trace very small quantities of each type of 
molecule. Doping and drug tests, foodstuff control and environmental analysis are examples 
of areas where mass spectrometry is now in routine use. 

The foundations of mass spectrometry were already in place at the end of the nineteenth 
century. The first analyses of small molecules were reported in 1912 by Joseph J. Thomson. 
Several of the Nobel Prizes of the twentieth century depended directly on mass-spectrometric 
analysis. Examples are Harold Urey's discovery of deuterium (Nobel Prize in Chemistry 1934) 
and the discovery of the fullerenes, "carbon footballs" that gave Robert Curl, Sir Harold 
Kroto and Richard Smalley the Nobel Chemistry Prize in 1996. 

The goal of using mass spectrometry for macromolecules as well long attracted the scien
tists. During the 1970s a number of successes were achieved in transferring macromolecules 
to ions in the gas phase, termed desorption technology. These have formed the basis for the revo
lution in this field <luring the past twenty years. 

Macromolecules may be !arge in comparison with other molecules but we are nevertheless 
dealing here with incredibly small structures. Haemoglobin molecules, for example, have a 
mass of a tenth of a thousand-millionth af a thousand-millionth af a gram (10· 19g). How ta 
weigh something that is so small? The trick is ta cause the individual protein molecules to Jet 
go af each other and spread out as a cloud af freely hovering, electrically charged protein ions. 
A common method af subsequently measuring the mass af these ions - and hence identif ying 
the proteins - is to accelerate them in a vacuum chamber where their lime ef flight (TOF) is 
measured. They "reach their targets" in an order determined partly by their charge and partly 
by their mass. The fastest ones are those that are lightest and have the highest charge. 

Today there are two principles for causing proteins to transform inta the gas phase without 
losing their structure and form, and it is the discoverers behind these methods that are being 
rewarded jointly with half the Nobel Prize in Chemistry. In one of these methods, of which 
John B. Fenn is the originator, the sample is sprayed using a strong electrical field to produce 
small, charged, freely hovering ions. The other method, instead, uses an intense laser pulse. If 
this is done under suitable conditions (as to the energy, structure and chemical environment 
af the sample) the test molecules take up same of the energy of the laser pulse and become 
released as free ions. The first person to show that this phenomenon, seft laser desorption, could 
be used for !arge molecules such as proteins was Koichi Tanaka. 

Fenn's contribution - hovering through spraying 
During 1988 John B. Fenn published two articles that were to mean a breakthrough for 
mass spectrometry with "electrospray" for macromolecules. In the first, studies af polyethy
lene glycol molecules af unknown mass showed that the method could handle !arge molecule 
masses with high charges. The second publication reported the use af the method on medium
sized whole proteins as well . The release of ions is achieved by spraying the sample using an 
electrical field so that charged droplets are formed. As the water gradually evaporates from 
these droplets, freely hovering "stark naked" protein molecules remain. The method came ta 
be called electrospray ionisation, ESI 

As the molecules take an strong positive charges, the mass/charge ratio becomes small 
enough to allow the substances to be analysed in ordinary mass spectrometers. Another 
advantage is that the same molecule causes a series of peaks, since each can take up a varying 
number of charges. While this complicates the pattern, at first confusing the researchers, it 
also gives information that makes identification easier. 
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