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Mass Spectrometry:

Mass spectrum is obtained by conver ting components of a sample
into rapidly moving gaseous ions and resolving them on the basis
of their  mass-to-charge ratios.

Most generally applicable of analytical tools since capable of
qualitative and quantitative information about both atomic and
molecular  composition of inorganic and organic compounds.

MS Components:

Source– conver ts sample components into charged par ticles.
Both positive and negative par ticles are formed and one of
these is removed at the source.

Mass Analyzer – Dispersing device analogous in function to
pr ism or  grating in optical spectrometer .  Dispersion based on
mass-to-charge ratio.
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Types of Ion Sources:

Gas Phase– Sample is volatilized, gaseous components ionized
by collision with electrons or  positive ions.  Volatilization step
may be external with batch inlet system or  internal from
heated probe.

Desorption – Uses a sample probe.  Energy in a var iety of forms
is taken up by a sample causing a direct transfer  of ions from a
condensed phase into a gaseous ionic phase.  Advantage is that
this permits examination of nonvolatile or  thermally fragile
molecules.

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Electron Impact Ionization:

Gaseous sample bombarded with beam of energetic electrons.
Electrons produced at heated W or  Rh wire and accelerated
to energy of about 70 eV.  Typically one in every million
molecules undergoes ionization.

Positive ions forced by small potential difference through
accelerator  plates to mass analyzer .

Electron Impact Ionization Source

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.

EI-MS of MethyleneChlor ide (top) and 1-Pentanol (bottom)

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Types of MS Peaks:

Molecular (or  Parent) Ion – ion having same mass as the analyte

Daugher Ion – ion having lower mass

BasePeak – biggest peak

Size of peaks depends on relative natural abundance of isotopes

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.



6

Advantages of EI -MS
Convenient to use
High ion current
Often unambiguous identification of compounds possible

Disadvantages of EI -MS
Extensive fragmentation may not leave parent ion
Sample must be volatilized
Only applicable to samples with molecular  weights < 103 amu

Other  Ionization Sources:

Chemical Ionization – gaseous atoms of sample ionized by
collision with (positive or  negative) ions produced by electron
bombardment of an excess reagent gas.

Field Ionization or  Desorption – ions formed under  influence of
large electr ic field (108 V/cm).

Matr ix-Assisted Laser Desorption/Ionization (MALDI) – Sample
mixed with alcohol/water  solution, evaporated, exposed to pulsed
laser  beam.  New technique used for  polar  biopolymers from a
few thousand to several hundred thousand amu.
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Other  Ionization Sources (continued):

Electrospray Ionization – Uses atmospher ic conditions.
Sample sprayed through charged needle surrounded by
cylindr ical electrode.  Impor tant for  biomolecules (like
proteins, polypeptides, and oligonucleotides) of 100,000 amu
or higher .

Fast Atom Bombardment – sample placed in glycerol matr ix,
ionized by bombardment with energetic (several keV) xenon
or argon atoms.  Used for  polar , high-molecular  weight
compunds (10,000 for  MW determination, 3000 for  structural
information.

Schematic of Electrospray Ionization Source

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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MS of Glutamic Acid

Electron Impact

Field Ionization

Field Desorption

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.

Single-Focusing Magnetic Sector  MS

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Magnetic Sector  Mass Analyzer

Source: Rubinson and Rubinson, Contemporary Instrumental Analysis, Prentice Hall Publishing.

Time of Flight MS

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.



10

Time-of-Flight MS

Source: Rubinson and Rubinson, Contemporary Instrumental Analysis, Prentice Hall Publishing.

Ion-Trap MS

Gaseous ions confined by electr ic
and/or  magnetic field.

RF voltage applied to r ing electrode and
end caps are grounded.  Ions of suitable
m/z circulate in cavity.  As RF voltage
is increased, lighter  ions are emitted.

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Operation of an Ion Trap MS

Source: Rubinson and Rubinson, Contemporary Instrumental Analysis, Prentice Hall Publishing.

Common MS Repor t

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.

Example of Daughter  Ion Spectra

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.
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Schematic of Tandem Quadrupole MS/MS

Source: Skoog, Holler, and Nieman, Principles of Instrumental Analysis, 5th edition, Saunders College Publishing.


