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to generate charged molecules or molecule fragments and measuring 
their mass-to-charge ratios (m/z). In a typical MS procedure, a sample, 
which may be solid, liquid, or gas, is ionized, for example, by bombard-
ing it with electrons. This may cause some of the sample’s molecules to 
break into charged fragments. These ions are then separated according 
to their mass-to-charge ratio, typically by accelerating them and sub-
jecting them to an electric or magnetic field: Ions of the same mass-to-
charge ratio will undergo the same amount of deflection. The ions are 
detected by a mechanism capable of detecting charged particles, such 
as an electron multiplier. Results are displayed as spectra of the relative 
abundance of detected ions as a function of the mass-to-charge ratio. The 
atoms or the molecules in the sample can be identified by correlating the 
known masses to the identified masses or through a characteristic frag-
mentation pattern. A mass spectrometer consists of three components: 
an ion source, a mass analyzer, and a detector. The ionizer converts a 
portion of the sample into ions. There is a wide variety of ionization 
techniques, depending on the phase (solid, liquid, gas) of the sample 
and the efficiency of various ionization mechanisms for the unknown 
species. An extraction system removes ions from the sample, which are 
then targeted through the mass analyzer and onto the detector. The dif-
ferences in masses of the fragments allow the mass analyzer to sort the 
ions by their mass-to-charge ratio. The detector measures the value of an 
indicator quantity and thus provides data for calculating the abundances 
of each ion present. Some detectors also give spatial information, e.g., a 
multichannel plate.

The ion source is the part of the mass spectrometer that ionizes the mate-
rial under analysis (the analyte). The ions are then transported by mag-
netic or electric fields to the mass analyzer. The techniques for ionization 
have been the key to determining what types of samples can be analyzed 
by MS. Electron ionization and chemical ionization are used for gases 
and vapors. In chemical ionization sources, the analyte is ionized by 
chemical ion–molecule reactions during collisions in the source. Two 
techniques often used with liquid and solid biological samples include 
electrospray ionization (ESI) and MALDI. Hard ionization techniques 
impart high quantities of residual energy in the subject molecule invok-
ing significant degrees of fragmentation (i.e., the systematic rupturing 
of bonds acts to remove the excess energy, restoring stability to the 
resulting ion). Resultant ions tend to have m/z lower than the molecular 
mass (other than in the case of proton transfer and not including isotope 
peaks). The most common example of hard ionization is electron ioniza-
tion. Soft ionization refers to the processes which impart little residual 
energy onto the subject molecule and as such result in little fragmen-
tation. Examples include fast atom bombardment, chemical ionization, 
atmospheric pressure chemical ionization, ESI, and MALDI.

There are many types of mass analyzers, using either static or dynamic 
fields, or magnetic or electric fields, but all operate according to the 




