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Mass Spectrometry

- Analytical technique that
measures the mass-to-charge
(m/z) ratio of ions from a
sample and results in a
measurement of relative
abundance...

- The mass spectrum: a pattern
representing the distribution ™
of components in a sample |




Mass Spectrometry

- Mass-to-Charge: m/z
= SI Units: u (Dalton [Da])
- The “amu” is now officially frowned upon

- The mass spectrum is measured by a mass
spectrometer




History of Mass Spectrometry

- Sir J. J. Thomson studied electrical discharges in gases
at the University of Cambridge

= led to the discovery of the electron in 1897

- Thomson constructed the first mass spectrometer for
the determination of mass-to-charge ratios of ions

- 1918, Arthur Jeffrey Dempster developed the first
modern mass spectrometer
= Over 100 times more accurate than previous versions

- Established the basic theory and design of mass
spectrometers that is still used to this day




Mass Spectrometer

Three basic parts: an ion source, a mass analyzer, and a detector
system.

Mass spectromefer




Three Parts

« Jon Source

> Production of Ions from a sample
- Ions are easier to manipulate than neutral molecules

- Analyzer

= Separation of ions with different masses...
- mass (m) -to-charge (z) ratios (m/z)

« Detector

= Detects the number of ions of each mass produced
and m/z ratios are stored...
- this signal is sent to a data system
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- Ions : very reactive, short-lived
- formation and manipulation must be conducted in a vacuum

: L

- Ion handling pressure:
= roughly 105 to 108 torr (less than a billionth of an atmosphere)

- 3 types of Vacuums
= Rough
= Mechanical Pumps
= High
= oil diffusion/ turbomolecular pump in series with a mechanical pump

= Ultra High
= cyropumps or ion pumps in series with mechanical pumps




Theory: lonization

A gas phase molecule subjected to energy*

greater than the ionization energy
electron can be removed

Results in the formation of a molecular ion:
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Theory: lonization

Incident electron energy after collision is less than
the incident electron energy before the collision

M + energy 4 M+ + e-
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- Newly formed ions are accelerated into vacuum by
high voltage application
> Most protein applications, voltage is negative
= For specialized work, voltage is positive




lon Source: lonization Techniques

Gas-Phase Methods

- Electron Impact (EI)*

« Chemical Ionization (CI)
Desorption Methods

- Matrix-Assisted Laser Desorption
Ionization (MALDI)

» Fast Atom Bombardment (FAB)
Spray Methods
« Electrospray (ESI)

» Atmospheric Pressure Chemical
Ionization (APCI)




Electron Impact (El)

» Oldest and most established ionization techniques

- Ionization is achieved through the interaction of the
sample with an energetic electron beam

= results in the loss of an electron from the sample and
the production of a radical cation

- Pro: Relatively small neutral organic molecules

« Con: Due to the high energy of EI, the sample must be
both thermally and energetically stable




Electron Impact (El)

- Samples ionized by EI are not completely energetically
stable

- a portion of the sample fragments to remove the excess
internal energy

- Fragmentation provides structural information as well as a
"finger print" means of identification




Electron Impact (El)
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Mass Analyzers

- Mass analyzers separate the ions according to their
mass-to-charge ratio

= Actually Measures mass to charge ratios

- Differential equation and the particle's initial
conditions

- Determines the particle's motion in space and time
and therefore is the basis of every mass
spectrometer




Basic Theory of Mass Analyzers

- Two particles with the same
physical quantity behave
exactly the same...

 The use of two or more
mass analyzers is possible
for tandem mass
spectrometry increases
detection




Type of Mass Analyzers

- Magnetic Sector

 Time-of-Flight

» Quadrupole*

» Ion Trap
= Quadrupole Ion Trap*

> Fourier Transform Ion-
Cyclotron Resonance

 Orbit Trap




Quadrupole Mass Analyzer

» Quadrupole mass analyzer is responsible for
filtering the samples ions

- Consists of four parallel metal rods

- Each rod pair is connected together electrically

= a radio frequency voltage is applied between one
pair of rods then the other




Quadrupole Mass Analysis

- Ions travel down the
Detector quadrupole in between
the rods

- Electric field separates

resonant ion

ions
- Ions are subjected to
complex forces

« Only Ions of a particular
Source | m/z reaches the detector




Quadrupole lon Trap

- Electric/magnetic fields trap, store,
eject ions

- Varying RF frequency will vary the
m/z ratios that are trapped

- Ions may be stored either
destructively or non-destructively
> Additional fragmentation can be

performed on ions stored in the
ion trap

fop lons In

bottom
electrode



Detectors

The detector records the charge induced when an ion passes by or
hits a surface

Electron Multipliers (EM)*
= Most common detector
- Can Detect positive and negative ions

Faraday Cup

- Least expensive detector

= Captured ions transfer charge to cup
= used to calibrate other MS detectors

Microchannel Plate (Array Detector)
= Spatially resolved array of EM channels
= Not used as frequently, yet
= Allows ‘3-D’ analysis of data




Electron Multiplier

- Electron multipliers use a process known as secondary
electron emission

= Tons hit a surface

= Causes the electrons in the outermost area of the atom to be
released

- Secondary electrons
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Analyzing Results: Accuracy and Type

- Biomolecules:

= molecular masses measured accurately within 0.01% of the
total of the sample

- This is sufficient to allow minor mass changes to be
detected

- Organic molecules:
- molecular mass measured accurately within 5 ppm or less

- sufficient to confirm the molecular formula of a
compound

» Qualitativeresults:A What i s i n the Sa
» Quantitativeresults:A How much of | f i




Mass Spectrum of 2-methlybutane

» Peak height is proportional to ion abundance
= Peak clusters result from isotope effects
s Cluster distribution should follow isotope abundance
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Instrumentation

» Method blanks are periodically analyzed to monitor
laboratory and instrument-induced contaminants

- Calibration compounds for the method blanks
= perflurokerosine (PFK)
= perflurotributylamine (PFTBA)

 The calibration compound is also used to establish the
mass axis for the instrument

= The reactant and product ion signals for the
calibration compound lie at specific masses the mass
channels can be assigned to real, measured data




How are Mass Specs Used

Biotechnology

= Analysis Proteins, peptides,
oligonucleotides

Pharmaceutical

= drug discovery

> Pharmacokinetics

- drug metabolism
Clinical

= neonatal screening

= hemoglobin analysis
= drug testing
Environmental

= PAH - Polycyclic aromatic hydrocarbons
= PCBs - polychlorinated biphenyls

= water quality

= food contamination

Geological

= 0il composition




Gas Chromatography/Mass Spectrometry

- MS is the most dependable technology for forensic chemistry
= analysis of drugs and toxicological analysis

« The use of combined gas chromatography-mass spectrometry
(GS/MS) is applied in forensic chemistry

- Gas chromatography helps provide the identification for the
presence of a compound of interest

- Mass spectrometer provides a fragmentation pattern, which can
be compared with the referenced sample




Forensic uses

Identification of Crime Scene Materials
Gun shot residue
= Glass residue
= Accelerants in arson analysis

Point of Origin Confirmation
= Juices, wines, gems and precious metals

Analysis of body fluids and hair for drugs
Detection of hidden explosives in luggage and mail

Examination of evidential materials
= Paints, fibers, synthetic polymers

Protection of industrial products by isotopic signature



Example of GC/MS Use in Forensics

- When gas- chromatography cannot identify a
toxic agent in the blood then it may be connected
to a mass spectrometer
= Arsenic in the blood would be an example

- With small samples of blood the gc/ms can find:
= If a toxin was present
> The amount of the toxin present
> When the toxin was administered

= How long it took to be metabolized or cleared
from the body
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