M ass 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-chargeratios. In atypica MS procedure, a sample, which may be solid, liquid, or gas, isionized, 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.

Detection
Parts of a mass spectrometer Faraday
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The following example describes the operation of a
spectrometer mass analyzer, which is of the sector type. (Other Schematics of a simple mass spectrom-
analyzer types are treated below.) Consider a sample of sodium ©ter with sector type mass analyzer. This
chloride (table salt). In the ion source, the sample is vaporized ©ne is for the measurement of carbon
(turned into gas) and ionized (transformed into electrically charged dioxide isotope ratios (IRMS) as in the
particles) into sodium (Na+) and chloride (Cl-) ions. Sodium atoms ¢arbon-13 urea breath test.
and ions are monoisotopic, with a mass of about 23 u. Chloride
atoms and ions come in two isotopes with masses of approximately 35 u (at a natural abundance of about 75
percent) and approximately 37 u (at a natural abundance of about 25 percent). The analyzer part of the
spectrometer contains electric and magnetic fields, which exert forces on ions traveling through these fields. The
speed of a charged particle may be increased or decreased while passing through the electric field, and its
direction may be altered by the magnetic field. The magnitude of the deflection of the moving ion's trajectory
depends on its mass-to-charge ratio. Lighter ions get deflected by the magnetic force more than heavier ions
(based on Newton's second law of motion, F = ma). The streams of sorted ions pass from the analyzer to the
detector, which records the relative abundance of each ion type. This information is used to determine the
chemical element composition of the original sample (i.e. that both sodium and chlorine are present in the
sample) and the isotopic composition of its constituents (the ratio of 35Cl to 37Cl).

Mass selection
Mass analyzers separate the ions according to their mass-to-charge ratio. The following two laws govern



the dynamics of charged particles in electric and magnetic fields in vacuum: F = Q (E + v xB) (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 istheion charge, E isthe electric field, and v x 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
xB. 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 (€) on the ion (z=Q/€). 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 al 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 dightly 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 signd 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.
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Data analysis

type of experiment producing the data. General
subdivisions of data are fundamental to understanding any
data. Many mass spectrometers work in either negative ion
mode or positive ion mode. It is very important to know
whether the observed ions are negatively or positively
charged. This is often important in determining the neutral
mass but it also indicates something about the nature of the e
molecules. )

Different types of ion source result in different ' k
arrays of fragments produced from the original molecules. } el o . !
An electron ionization source produces many fragments ) M,, Wewd Canadd b "R°
and mostly single-charged (1-) radicals (odd number of el ne3 w1
electrons), whereas an electrospray source usually pfagq spectrum of a peptide showing the isotopic
produces non-radical quasimolecular ions that are §istribution
frequently multiply charged. Tandem mass spectrometry
purposely produces fragment ions post-source and can drastically change the sort of data achieved by an
experiment.

Knowledge of the origin of a sample can provide insight into the component molecules of the sample
and their fragmentations. A sample from a synthesis/manufacturing process will probably contain impurities
chemically related to the target component. A crudely prepared biological sample will probably contain a certain
amount of salt, which may form adducts with the analyte molecules in certain analyses.

Results can also depend heavily on sample preparation and how it was run/introduced. An important
example is the issue of which matrix is used for MALDI spotting, since much of the energetics of the
desorption/ionization event is controlled by the matrix rather than the laser power. Sometimes samples are spiked
with sodium or another ion-carrying species to produce adducts rather than a protonated species.

Mass spectrometry can measure molar mass, molecular structure, and sample purity. Each of these
questions requires a different experimental procedure; therefore, adequate definition of the experimental goal is a
prerequisite for collecting the proper data and successfully interpreting it.

Mass spectrometry data analysis is specific to the 1 ’
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Interpretation of mass spectra

Since the precise structure or peptide sequence of a molecule is deciphered through the set of fragment
masses, the interpretation of mass spectra requires combined use of various techniques. Usually the first strategy
for identifying an unknown compound is to compare its experimental mass spectrum against a library of mass
spectra. If no matches result from the search, then manual interpretation or software assisted interpretation of
mass spectra must be performed. Computer simulation of ionization and fragmentation processes occurring in
mass spectrometer is the primary tool for assigning structure or peptide sequence to a molecule. An a priori
structural information is fragmented in silico and the resulting pattern is compared with observed spectrum. Such
simulation is often supported by a fragmentation library that contains published patterns of known
decomposition reactions. Software taking advantage of this idea has been developed for both small molecules
and proteins.

Analysis of mass spectra can also be spectra with accurate mass. A mass-to-charge ratio value (m/z) with
only integer precision can represent an immense number of theoretically possible ion structures; however, more
precise mass figures significantly reduce the number of candidate molecular formulas. A computer algorithm
called formula generator calculates all molecular formulas that theoretically fit a given mass with specified
tolerance.

A recent technique for structure elucidation in mass spectrometry, called precursor ion fingerprinting,
identifies individual pieces of structural information by conducting a search of the tandem spectra of the
molecule under investigation against a library of the product-ion spectra of structurally characterized precursor
ions.

Applications
Mass spectrometry has both qualitative and quantitative uses. These include identifying unknown
compounds, determining the isotopic composition of elements in a molecule, and determining the structure of a
compound by observing its fragmentation. Other uses include quantifying the amount of a compound in a sample
or studying the fundamentals of gas phase ion chemistry (the chemistry of ions and neutrals in a vacuum). MS is
now in very common use in analytical laboratories that study physical, chemical, or biological properties of a
great variety of compounds. Applications include isotope dating and tracking, trace gas analysis, atom probe,
pharmacokinetics, protein characterization, glycan analysis, space exploration, respired gas monitor,

As an analytical technique it possesses distinct advantages such as: 1) Increased sensitivity over most
other analytical techniques because the analyzer, as a mass-charge filter, reduces background interference. 2)
Excellent specificity from characteristic '
fragmentation patterns to identify unknowns
or confirm the presence of suspected
compounds. 3) Information about molecular
weight. 4) Information about the isotopic
abundance of elements. 5) Temporally
resolved chemical data.

A few of the disadvantages of the
method is that often fails to distinguish
between optical and geometrical isomers and
the positions of substituent in o-, m- and p-
positions in an aromatic ring. Also, its scope
is limited in identifying hydrocarbons that
produce similar fragmented ions. The price
range of a new mass spectrometer is
between $100K and $800K.

A liquid chromatograph-mass spectrometer



