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Dr. Dinesh MehtaFollow
Mass Spectrometry (MS) is an analytic technique used to determine the relative masses of molecular ions and fragments by calculating the degree of deflection of charged particles in a magnetic field. 
It provides a great deal of information with very small amount of samples. 
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	1. MASS SPECTROMETRY
(Theory, Principle  and
Instrumentation)
Prepared by
Prof. (Dr.) Dinesh Kumar Mehta
MMCP, (MMDU), Mullana
 


	2. Mass Spectrometry (MS)  is an analytic technique used to determine
the relative masses of molecular ions and fragments by calculating the
degree of deflection of charged particles in a magnetic field.
It provides a great deal of information with very small amount of samples.
Mass spectrometry is used to:
 Determine molecular mass
 Determine molecular formula of a compound
 Determine structural features of the compound
 Find out the structure of an unknown substance
 Provide data on isotopic abundance
 Verify the identity and purity of a known substance
Mass spectrometry is an instrumental technique that does not involve
electromagnetic radiation. Thus, it is called spectrometry, whereas the
others such as UV, 1
HNMR, IR are called spectroscopy.
 It involves the production and separation of ionised molecules and
their ionic decompositon product and finally the measurement of the
relative abundance of different ions produced. It is, thus a destructive
technique in that the sample is consumed during analysis.
 


	3.  In most  cases, the nascent molecular ion of the analyte produced
fragment ions by cleavage of the bond and the resulting
fragmentation pattern constitutes the mass spectrum.
 Thus, the mass spectrum of each compound is unique and can be
used as a chemical fingerprint to characterize the sample.
The principle of mass spectrometry involves the generation of ions
from either inorganic or organic compounds, to separate the ions by their
mass-to-charge ratio (m/z) and to detect them qualitatively and
quantitatively by their m/z value and relative abundance.
In the first step a beam of energetic electron produce gas phase ions of the
compound. Removal of one electron from the molecule (M) results into
generation of parent ion (M.+
or molecular ion). The molecular mass of the
compound is equal to the m/z value of the parent ion.
This parent ion or molecular ion normally undergoes fragmentations
(fragment ions or daughter ions).
M + e-
M.+
+ 2e-
The parent ion (M.+
) is a radical cation with an odd number of electrons, it
can fragment to give either a radical (R.
) and an ion with an even number
of electrons (EE+
), or a molecule (N) and a new radical cation (OE.+
).
 


	4. These two types  of ions derived from the molecular ion can, further
undergo fragmentation, and so on. All these ions formed are then
separated by the mass spectrometer according to their mass-to-charge
ratio. Only positively charged species reach the collector. The charge (z)
on all the fragments is +1, therefore m/z is equal to the molecular mass
(m) of the fragment.
A graph of the relative abundance of each fragment plotted against its m/z
value is called a mass spectrum.
For example, in the case of methane (CH4), the impact of high energy
electrons causes the molecule to lose an electron and form a radical cation
with m/z 16. A species, with a positive charge and one unpaired electron is
called radical cation.
 


	5. The peak with  the highest m/z 72 value in the spectrum of pentane is due
to the fragment that results when an electron is knocked out of a molecule
(figure 4). It is called molecular ion peak and it is equal to molecular
mass of pentane.
Peaks with m/z values less than 72 are called fragment ion peaks. The
peak at m/z 43 with the greatest intensity is called base peak.
The main components of a mass spectrometer are:
Inlet system (LC, GC, Direct probe etc...)
Ion source (EI, CI, ESI, MALDI, etc...)
Mass analyzer (Quadrupole, TOF, Ion Trap, Magnetic Sector)
Detector (Electron Multiplier, Micro Channel Plates MCPs)
 


	6. There are four  key stages in the process for Mass Spectrometry.
 Ionization
 Acceleration
 Deflection
 Detection
 


	7. Ionization
The atom is  ionised by knocking one or more electrons off to give a
positive ion. (Mass spectrometers always work with positive ions).
 The particles in the sample (atoms or molecules) are bombarded with
a stream of electrons to knock one or more electrons out of the
sample particles to make positive ions.
 Most of the positive ions formed will carry a charge of +1
 These positive ions are persuaded out into the rest of the machine by
the ion repeller which is another metal plate carrying a slight positive
charge.
 


	8. MALDI (Matrix Assisted  Laser Desorption)
MALDI is a method of ionization in which the sample is bombarded with
a laser. The sample is typically mixed with a matrix that absorbs the laser
radiation and transfer a proton to the sample. Some small mass samples
can be ionized without matrix, but this is typically called laser
desorption. This technique was able to analyze other type of
biomolecules, such as oligosaccharides, glycolipids, nucleotides, and
synthetic polymers.
 Analyte mixed with organic solvent containing some other organic
compound
 Solvent is evaporated creating “solid solution” called matrix
 Molecules are ionized by gas- phase photoionization or excited state
proton transfer.
 


	9. For example for  proteins, the matrix of choice is often sinapinic
acid. A 337 nm radiation from nitrogen laser is most commonly
used. The laser helps introducing energy into the molecular
system in such a way preventing thermal decomposition.
MALDI is often used with time-of-flights mass spectrometers (TOF) due
to the pulsing nature of the technique, and the mass range capability.
Molecular weights up to few hundreds of daltons could be measured.
Acceleration
The ions are accelerated so that they all have the same kinetic energy.
 


	10.  The positive  ions are repelled away from the positive ionisation chamber
and pass through three slits with voltage in the decreasing order.
 The middle slit carries some intermediate voltage and the final at 0
volts.
 All the ions are accelerated into a finely focused beam.
Deflection
 The ions are then deflected by a magnetic field according to their
masses. The lighter they are, the more they are deflected.
 The amount of deflection also depends on the number of positive
charges on the ion.
 The more the ion is charged, the more it gets deflected.
 Different ions are deflected by the magnetic field by different
amounts.
 


	11. The amount of  deflection depends on:
The mass of the ion: Lighter ions are deflected more than heavier ones.
The charge on the ion: Ions with 2 (or more) positive charges are
deflected more than ones with only1 positive charge.
Mass analyzer
The mass analyzer is the component of mass spectrometry instrumentation
which we used to resolve ions with different mass to charge ratios. There
are various types of mass analyzers that we used in the mass spectrometer.
 Single focusing mass analyzer with magnetic deflection
 Double focusing analyzer
 Time to flight mass analyzer
 Quadrupole mass analyzer
Time to flight mass analyzer (TOF-MS)
The principle of TOF mass analyzer involves the separation of ions based
on the time it takes for the ions to travel through a flight tube with known
length and reach the detector
In time to flight mass analyzer, all the ions leave from an accelerating field
with the same kinetic energies but different velocities depending upon
their masses. In magnetic focusing, ions are separated by changing their
 


	12. directions. When they  float in a straight line through a field-free region,
they required different times to travel a given distance. Based on classical
physics, ions with lower m/z will travel the fastest and arrive at the
detector first while ions with larger m/z will travel the slowest and arrive
at the detector last. A ToF layout is shown in Figure
Quadrupole mass analyzer
A quadrupole mass analyzer contains short parallel metal rods
arranged around the beam. A quadrupole mass spectrometer
consists of an ionizer (bombardment by electrons from a
hot filament), an ion accelerator, and a mass filter consisting of
four parallel metal rods arranged as in the given figure. The
combined field causes the particle to oscillate about their central
 


	13. axis where they  travel. The oppositely placed electrodes are
connected together and a DC voltage is applied.
Detection
 The beam of ions passing through the machine is detected
electrically.
 When an ion hits the metal box, its charge is neutralized by an
electron jumping from the metal on to the ion.
 


	14.  That leaves  a space amongst the electrons in the metal, and the
electrons in the wire shuffle along to fill it.
 A flow of electrons in the wire is detected as an electric current
which can be amplified and recorded. The more ions arriving, the
greater the current.
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