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Mass spectrometry Is an analytical technigue used
to measure the mass -to-charge ratio (m/z) of ions.
It Is most generally used to find the composition of a
sample by generating a mass spectrum representing
the masses of sample components.

A mass spectrometer is a device used for mass
spectrometry, and produces a mass spectrum of a
sample to find its composition.

This is normally achieved by ionizing the sample
and separating ions of differing masses and
recording their relative abundance by measuring
Intensities of ion flux.




E —> Chemical compounds

In Mass Spectrometry

* |t does not involve the absorption or
emission of light.

* A beam of high-energy electrons breaks the
molecule apart to fragments.

* The masses of the fragments and their
relative abundance reveal information about
the structure of the molecule.

* Molecules have distinctive fragmentation
patterns that provide structural information
to identify structural components.












Mhat tor it j2 9

Hnat1or 1t s

The technigue has several applications, including:

 Identifying unknown compounds by the mass of the

compound and/or fragments thereof.
« determining the isotopic composition of one or more
elements in a compound.
« determining the structure of compounds by observing the
fragmentation of the compound.
studying the fundamentals of gas phase ion chemistry (the

chemistry of ions and neutrals in vacuum).

« determining other physical, chemical or even biological
properties of compounds with a variety of other approaches.

guantitating the amount of a compound in a sample using
carefully designed methods (mass spectrometry is not
Inherently quantitative).
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In @ mass spectrometer, a sample is vaporized and bombarded by a beam of electrons to form an unstable
radical cation, which then decomposes to smaller fragments. The positively charged ions are accelerated
toward a negatively charged plate, and then passed through a curved analyzer tube in a magnetic field,
where they are deflected by different amounts depending on their ratio of mass to charge. A mass
spectrum plots the intensity of each ion versus its m/z ratio.



Instrument Diagram

A typical mass spectrometer comprises three parts:
sample inlet (1), ion source (2), a mass analyzer (3),
detector (4) and reading system (5)

How-al GC-MS ?



How it works ?

« Different molecules have different masses, and this fact is used in a mass
spectrometer to determine what molecules are present in a sample.

 Molecule sample is vaporized (turned into gas) and broken down (ionized) into
electrically charged particles, called ions, in the first part of the mass
spectrometer.

« Theseions have specific molecular weights. They also have a charge, which
means that they will be moved under the influence of an electric field.

« Theseions are then sent into an ion acceleration chamber and passed through
a slit in a metal sheet. A magnetic field is applied to the chamber, which pulls
on each ion equally and deflects them (makes them curve instead of traveling
straight) onto a detector.

« Thelighter ions deflect farther than the heavy ions because the force on each
ion is equal but their masses are not same.

« The detector measures exactly how far each ion has been deflected, and from
this measurement, the ion's 'mass to charge ratio' can be worked out.

« From this information it is possible to determine with a high level of certainty
what the chemical composition of the original sample was.
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The ion source is the part of the mass spectrometer that ionizes the
material under analysis (the analyte). The ions are then
transported by magnetic or electrical fields to the mass analyzer.

Techniques for ionization have been key to determining what types of
samples can be analyzed by mass spectrometry.

« Electron ionization and chemical ionization are used for gases and
vapors. In chemical ionization sources, the analyte is ionized by

chemical ion-molecule reactions during collisions in the source.
« Electrospray ionization and matrix-assisted laser desorption/ionization

Two techniques often used with liquid and solid biological
samples

* Inductively coupled plasma sources are used primarily for metal
analysis on a wide array of samples types.

« OTHERS: Fast atom bombardment (FAB), thermospray,
atmospheric pressure chemical ionization (APCI), secondary ion
mass spectrometry (SIMS) and thermal ionisation



http://en.wikipedia.org/wiki/Ionization
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IONIZATION TYPICAL SAMPLE MASS METHODS
METHODS ANALYTES INTRODUCTION | RANGE HIGHLIGHTS
Electron Impact | Relatively GC or liquid/solid to 1,000 | Hard method

(EN)

small volatile

probe

versatile provides

Daltons | structure info
Chemical Relatively GC or liquid/solid |to 1,000 | Soft method
lonization (ClI) small volatile probe molecular ion
Daltons | peak [M+H]+
Electrospray Peptides Liquid Chromato to Soft method
(ESI) Proteins graphy or syringe | 200,000 |ions often multi
Non volatile Daltons | ply charged
Fast Atom Carbohydrates, Sample mixed to Soft method
Bombardment Organometallics, |IN Vviscous 6,000 but harder than ESI
(FAB) Peptides non matrix Daltons | or MALDI
volatile
Matrix As-sisted | Peptides Sample mixed to Soft method
Laser Proteins in solid 500,000 | very high
Desorption Nucleotides matrix Daltons | mass

(MALDI)
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Detector

The final element of the mass spectrometer is the detector.

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

In a scanning instrument the signal produced in the detector
during the course of the scan versus where the instrument is in
the scan (at what m/z) will produce a mass spectrum, a record
of how many ions of each m/z are present.

« Electron multiplier
« Microchannel Plate Detectors
e FTMS



The GC-MS

A mixture of compounds Is separated
by gas chromatography, then identified
by mass spectrometry.
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What is GC-MS

Gas chromatography-mass spectroscopy (GC-MS) is
one of the so-called hyphenated analytical technigues.
As the name implies, it is actually two technigues that
are combined to form a single method of analyzing
mixtures of chemicals.

Gas chromatography separates the components of a
mixture and mass spectroscopy characterizes each of
the components individually.

By combining the two techniques, an analytical chemist
can both qualitatively and quantitatively evaluate a
solution containing a number of chemicals.



The mass spectrometer includes:

* A vacuum system
* Tools to introduce the sample (Direct, LC,
GC ...)
* Tools to produce the gas phase ions
from the sample molecules
e Tools to fragment the ions,
In order to obtain structural information,
or to get more selective detection
* A detection system
e Software and computing



The seqguence Is .

Stage 1: lonisation

The atom is ionised by knocking one or more electrons off to give a positive
lon. This is true even for things which you would normally expect to form
negative ions (chlorine, for example) or never form ions at all (argon, for
example). Mass spectrometers always work with positive ions.

Stage 2: Acceleration
The ions are accelerated so that they all have the same kinetic energy.

Stage 3: 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 - in other words, on how many electrons were knocked off in the
first stage. The more the ion is charged, the more it gets deflected.

Stage 4: Detection
The beam of ions passing through the machine is detected electrically.
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M+e > M +2e



The gas molecules are bombarded by a high-energy electron beam (70eV).
An electron which strikes a molecule may impart enough energy to remove
another electron from that molecule.

Methanol, for example, would undergo the following reaction in the ionizing region:

CH40OH + 1 electron —» CH30H+'+ 2 electrons

+

(note: the symbols ™ indicate that a radical cation was formed)



A high-energy electron can dislodge an
electron from a bond, creating a radical
cation (a positive ion with an unpaired e").

-
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H—C+ +C—H
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Separation of lons

Only the cations are deflected by the
magnetic field.

Amount of deflection depends on m/z.

The detector signal is proportional to the
number of ions hitting It.

By varying the magnetic field, ions of all
masses are collected and counted. =>
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What the mass spectrometer output looks like

The output from the chart recorder is usually simplified into a
"stick diagram". This shows the relative current produced by
lons of varying mass/charge ratio.

The stick diagram for molybdenum looks lilke this:
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Mass Spectrometry

Consider the mass spectrum of CH, below:

Mass spectrum of CH,

100-

p—

e molecular ion at m/z= 16 relative
S 80 M peak m/z  abundance
©
S 60 17 1.2
4 16 100.0 <— base peak
o 407 15 85.9
= 14 16.1
L 20-
D -~ M + 1 peak 13 8.1
O T 1 l ’ ‘AI/ 12 2.8
10 X 20
m/z
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* The tallest peak in the mass spectrum is called the base peak.

* The base peak is also the M peak, although this may not always be
the case.

* Though most C atoms have an atomic mass of 12, 1.1% have a mass
of 13. Thus, 3CH, is responsible for the peak at m/z = 17. This is
called the M + 1 peak. 30
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Mass Spectrometry

When the electron beam ionizes the molecule, the species that is
formed is called a radical cation, and symbolized as M+".

The radical cation M+ is called the molecular ion or parent ion.
The mass of M* represents the molecular weight of M.

Because M is unstable, it decomposes to form fragments of radicals
and cations that have a lower molecular weight than M+".

The mass spectrometer analyzes the masses of cations.

A mass spectrum is a plot of the amount of each cation (its relative
abundance) versus its mass to charge ratio (m/z, where m is mass,
and z is charge).

Since z is almost always +1, m/z actually measures the mass (m) of
the individual ions.

M L Be Mm*: ——> radicals + cations

molecule unstable T

radical cation
These fragments are analyzed.



Basic Mechanisms of Fragmentation

Mass spectral reactions are unimolecular; the sample pressure in the El
source is kept sufficiently low so that bimolecular (ion-molecule) or other
collisions are usually negligible. If sufficiently excited, the M™ ions can
decompose by a variety of energy dependent mechanisms each of which
results in the formation of an ion and a neutral species (radical). This
primary product may have sufficient energy to decompose further.

In the MS of ABCD, the abundance of BCD* will depend on the average
rates of its formation and decomposition, whereas [BC*] will depend upon
the relative rates of several competitive reactions. There are several types
of unimolecular reactions that can take place:

ABCD & , ABCD* o——0, A* + BCD-
— A- + BCD* —» D + BC*
—, D- + ABC* — A+ BC*

— AD" + B=C 34



Mass Spectrometry

* The mass spectrum of CH, consists of more peaks than just the M peak.

« Since the molecular ion is unstable, it fragments into other cations and radical
cations containing one, two, three, or four fewer hydrogen atoms than methane
itself.

» Thus, the peaks at m/z 15, 14, 13 and 12 are due to these lower molecular weight
fragments.

CH, —8 (CH4)* —_H_, CH,* —_H, CH,* —_H, CH* i, Ct
mass 16 mass 15 mass 14 mass 13 mass 12
| ]
molecular ion fragments

35






Mass Spectra of Alkanes
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A. Electron Impact (El) lonization
* Ahard, gas phase ion source.
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* The analyte molecules pass through a stream of electrons which bombard the
molecule and dislodge an electron.

M+e -5 M+ + 2e

* The positive ions are attracted to the accelerator plate by a potential (~ 70 V)
applied between the accelerator plate and the repeller.

* Results in a highly excited M**, which undergoes fragmentation and
rearrangement.



B. Chemical lonization (CI)

 Same setup as El except the ionization chamber is pressurized with a reagent
. YR reagent gas is present in a 103 to 10* excess over the analyte.

* The reagent gas, usually methane, is preferentially ionized.
CH, + e 2 CH,” + 2e
* The primary ions CH,™ and CH3* form, which go on to give secondary ions.

CH,* + CH, > CHg* + CH,’
CHy* + CH, > C,H* + H,
CH, + C,Hs* > C,H.* + 2H,

Collisions between the reagent ions and the analyte cause proton transfer and
hydride transfer to occur.

CHg;* + MH 2 MH,* +CH, Proton
C,Hs* + MH 2 MH," + C,H, Transfer

C,Hs* + MH - M* + C,H;  Hydride
Transfer

e Spectra contain M+1 & M-1 molecular ion
peaks.



Desorption Technigues

Soft ionization techniques that usually result in spectra that consist of only M or
M+1 peaks.

Commonly used for biological samples (i.e. proteins & DNA) or thermally
unstable molecules and can measure molecular weights that exceed
10,000 amu.

. Electrospray lonization (ESI)

* The most common ionization technique used to analyze biomolecules.
* Can be used to analyze biological macromolecules > 100,000 amu.

* The sample is pumped through a Flectrostatic
needle surrounded by several kV of lenses

[ | Quadrupole

potential . Cylindrical AJ ] mass

electrode spectrometer

* The charged spray of ultra-fine ﬁg
Needle

Capillary
droplets of sample then passesintoa .- g H [+ 3
capillary. Lﬂi%i < f ] H T3

[—_ Skimmer

* While in the capillary the solvent | it Second
evaporates and the charge is attached T | pumeine g
to the analyte.




2. Fast Atom Bombardment (FAB)

Mass
analyzer

|

lon *

beam O+

+
Angle of 6+

Sample
matrix

L__J Atom beam

Fast atom
gun

 The sample is prepared in a glycerol matrix and bombarded with high
velocity argon or xenon atoms.

* Analyte anions and cations sputter off the sample, but only cations enter the

mass analyzer due to a negatively charged accelerator/repeller plate at the
analyzer inlet.

* The matrix reduces fragmentation of the analyte by absorbing most of the
vibrational energy imparted by the fast atom stream.

* Used primarily for high molecular weight polar compounds.



3. Matrix Assisted Laser Desorption/lonization (MALDI)

The sample is prepared in an agqueous/alcohol

solution and mixed with a large excess of a
radiation-absorbing matrix material.

The sample matrix is then dried (evaporated)
on the surface of a metallic probe.

The mixture is then irradiated with a pulsed
laser beam of the same wavelength that the
radiation-absorbing matrix absorbs. Analyte
cations are released from the mixture and
enter a time-of-flight mass analyzer.

The entire mass spectrum is obtained
between laser pulses.

MALDI has found widespread application
for large (mw > 100,000) biological
macromolecules since its inception in
1988.

Inensity, relative units

4=

o
L

TABLE 20-4 Matrices Most Frequently Used for
MALDI Together with the Usable

Wavelengths*

Matrix Wavelength (nm)
Nicotinic acid 266, 220-290
Benzoic acid derivatives:

2,5-Dihydroxybenzoic acid 266, 337, 355

Vanillic acid 266

2-Amino-benzoic acid 266, 337, 355
Pyrazine-carboxylic acid 266

3-Aminopyrazine-2-carboxylic acid 337

Cinnamic acid derivatives:

Ferulic acid 266, 377, 355

Sinapinic acid 266, 337, 355

Caffeic acid 266, 337, 355
3-Nitrobenzylalcohol 266

Monoclonal antibody (IgG)

M*:149190

100,000 200,000
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Stage 1: lonisation

The atom is ionised by knocking one or more electrons off
to give a positive ion. This is true even for things which you
would normally expect to form negative ions (chlorine, for
example) or never form ions at all (argon, for example).
Mass spectrometers always work with positive ions.
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IONIZATION

The vaporised sample passes into the ionisation chamber. The electrically
heated metal coil gives off electrons which are attracted to the electron trap
which is a positively charged plate.

The patrticles in the sample (atoms or molecules) are therefore bombarded
with a stream of electrons, and some of the collisions are energetic enough
to knock one or more electrons out of the sample particles to make positive
lons.

Most of the positive ions formed will carry a charge of +1 because it is much
more difficult to remove further electrons from an already positive ion.

These positive ions are persuaded out into the rest of the machine by the
lon repeller which is another metal plate carrying a slight positive charge.



Electron Impact lonization

A high-energy electron can dislodge an
electron from a bond, creating a radical

cation (a positive ion with an unpaired e).

L
H—C—CiH

|
H H
H H 7 H H
e + H-C—C—H —> H-CC+ °H
|

H H
N H H



Stage 2: Acceleration
The ions are accelerated so that they all have the
same Kinetic energy.
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Acceleration

finial olake
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anisakion chamber
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o beam

intenmediate plake

The positive ions are repelled away from the very
positive ionisation chamber and pass through three
slits, the final one of which is at O volts. The middle
slit carries some intermediate voltage. All the ions
are accelerated into a finely focused beam.



Stage 3. 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 —

in other words, on how .
many electrons were jon stream 4 on sfrearm B
knocked off in the first

stage. The more the ion

Is charged, the more it

gets deflected.

elecromagnel
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Separation of lons

Only the cations are deflected by the
magnetic field.

Amount of deflection depends on m/z.

The detector signal is proportional to the
number of ions hitting It.

By varying the magnetic field, ions of all
masses are collected and counted. =>
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' Assuming 1+ ions, stream A has the
Deflection electromagnet lightest ions, stream B the next lightest
and stream C the heaviest. Lighter ions
are going to be more deflected than
heavy ones.

Mied —e === -voa
ion sheam TeT

ion sheam C

ioh Shrear A “ion sream B

Different ions are deflected by the magnetic field by
different amounts. The amount of deflection depends on:
the mass of the ion. Lighter ions are deflected more than
heavier ones.

the charge on the ion. lons with 2 (or more) positive
charges are deflected more than ones with only 1 positive
charge



Stage 4. Detection
The beam of ions passing through the machine is
detected electrically.
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What the mass spectrometer output looks like

The output from the chart recorder is usually simplified into a
"stick diagram". This shows the relative current produced by
lons of varying mass/charge ratio.

The stick diagram for molybdenum looks lilke this:
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The positive ions are repelled away from the very
positive ionisation chamber and pass through three
slits, the final one of which is at O volts. The middle
slit carries some intermediate voltage. All the ions
are accelerated into a finely focused beam.



Mass analyzer
Mass analyzers separate the ions according to their mass per charge (m/z). There
are many types of mass analyzers. Usually they are categorized based on the
principles of operation.
Sector MS: It uses an electric and/or magnetic field to affect the path and/or velocity
of the charged particles in some way. The force exerted by electric and magnetic
fields are defined by the Lorentz force law:

F=q(E+v.B)
where E is the electric field strength, B is the magnetic field induction, g is the
charge of the particle, v is its current velocity (expressed as a vector), and x is the
cross product. All mass analyzers use the Lorentz forces in some way either
statically or dynamically in mass-to-charge determination.
As shown above, sector instruments change the direction of ions that are flying
through the mass analyzer. The ions enter a magnetic or electric field which bends
the ion paths depending on their mass-to-charge ratios (m/z), deflecting the more
charged and faster-moving, lighter ions more. The ions eventually reach the detector
and their relative abundances are measured. The analyzer can be used to select a
narrow range of m/z's or to scan through a range of m/z's to catalog the ions
present.
Besides the original magnetic-sector analyzers, several other types of analyzer are
now more common, including time-of-flight, guadrupole ion trap, quadrupole and
Fourier transform ion cyclotron resonance mass analyzers.



http://en.wikipedia.org/wiki/Velocity
http://en.wikipedia.org/wiki/Charge
http://en.wikipedia.org/wiki/Particle
http://en.wikipedia.org/wiki/Lorentz_force_law
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Cross_product
http://en.wikipedia.org/wiki/Sector_instrument
http://en.wikipedia.org/wiki/Magnetic-sector
http://en.wikipedia.org/wiki/Magnetic-sector
http://en.wikipedia.org/wiki/Magnetic-sector
http://en.wikipedia.org/wiki/Time-of-flight
http://en.wikipedia.org/wiki/Time-of-flight
http://en.wikipedia.org/wiki/Time-of-flight
http://en.wikipedia.org/wiki/Time-of-flight
http://en.wikipedia.org/wiki/Time-of-flight
http://en.wikipedia.org/wiki/Quadrupole_ion_trap
http://en.wikipedia.org/wiki/Quadrupole_mass_analyzer
http://en.wikipedia.org/wiki/Fourier_transform_ion_cyclotron_resonance
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Only ion stream B makes it right through the machine to
the ion detector. The other ions collide with the walls
where they will pick up electrons and be neutralised.
Eventually, they get removed from the mass
spectrometer by the vacuum pump.









