
Mass Spectrometry
<http://en.wikipedia.org/wiki/Mass_spectrometry>

Mass spectrometry (MS) is an analytical technique that produces spectra (singular spectrum) of the
masses of the atoms or molecules comprising a sample of material. The spectra are used to determine the
elemental or isotopic signature of a sample, the masses of particles and of molecules, and to elucidate the
chemical structures of molecules, such as peptides and other chemical compounds. Mass spectrometry works by
ionizing chemical compounds to generate charged molecules or molecule fragments and measuring their mass-
to-charge ratios. In a typical MS procedure, a sample, which may be solid, liquid, or gas, is ionized, for example
by bombarding 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 subjecting 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 molecules in the sample can be identified by correlating known masses to
the identified masses or through a characteristic fragmentation pattern. 



the dynamics of charged particles in electric and magnetic fields in vacuum: F = Q (E + v ×B) (Lorentz force
law); and F = m a (Newton's second law of motion in non-relativistic case, i.e. valid only at ion velocity much
lower than the speed of light). Here F is the force applied to the ion, m is the mass of the ion, a is the
acceleration, Q is the ion charge, E is the electric field, and v × B is the vector cross product of the ion velocity
and the magnetic field. Equating the above expressions for the force applied to the ion yields: (m/Q) a = E + v
×B. This differential equation is the classic equation of motion for charged particles. Together with the particle's
initial conditions, it completely determines the particle's motion in space and time in terms of m/Q. Thus mass
spectrometers could be thought of as "mass-to-charge spectrometers". When presenting data, it is common to use
the (officially) dimensionless m/z, where z is the number of elementary charges (e) on the ion (z=Q/e). This
quantity, although it is informally called the mass-to-charge ratio, more accurately speaking represents the ratio
of the mass number and the charge number, z.

There are many types of mass analyzers, using either static or dynamic fields, and magnetic or electric
fields, but all operate according to the above differential equation. Each analyzer type has its strengths and
weaknesses. Many mass spectrometers use two or more mass analyzers for tandem mass spectrometry (MS/MS).
In addition to the more common mass analyzers listed below, there are others designed for special situations.

There are several important analyzer characteristics. The mass resolving power is the measure of the
ability to distinguish two peaks of slightly different m/z. The mass accuracy is the ratio of the m/z measurement
error to the true m/z. Mass accuracy is usually measured in ppm or milli mass units. The mass range is the range
of m/z amenable to analysis by a given analyzer. The linear dynamic range is the range over which ion signal is
linear with analyte concentration. Speed refers to the time frame of the experiment and ultimately is used to
determine the number of spectra per unit time that can be generated.




