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H 1. Different ionization methods

Tonization method Ton type Sample type Separation technique
EI M"*, fragments Nonpolar and some polar organic compounds GC
CI IM+H]", IM—H] ", M"* Nonpolar and some polar organic compounds GC
FAB IM+H]*, [M—H]~ Peptides, proteins, lipids, carbohydrates, oligosaccharide, LC, CE
nucleotides, olignucleotides
Thermospray [M+H]*, [M—H]", [M+NH,]" Polar compounds LC
APCI [M+H]", [M—H]~ Polar compounds, drugs LC
ESI [M+nH]"™, [M—nH]"" Peptides, proteins, lipids, carbohydrates, oligosaccharide, LC, CE
nucleotides, olignucleotides, low mass polymer
MALDI [M+H]", [M—H]~ Peptides, proteins, lipids, carbohydrates, oligosaccharide, LC, CE
nucleotides, olignucleotides, polymers
Electron Ar
acceleraﬁing Gaseous L
potential sample ®
I f— rnlet -z J_ I " @ [
lonization q"‘“«. ® L
- space I @ I ® |
Filament |, 3 - . il @) == Ar
heater k , p . Anode : I - 1 | b
potential - ) E Electron ST T
'y E discharge @ S
Cathodic = ] ‘
filament Electron ¥
electron trajectory ) @
emitter — Extracting lens

Focusing lens
Accelerating lens

T
To the analyzer

8! 1. Diagram of an electron ionization source.
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2.2 Chemical lonization(CI)
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8! 2. Diagram of a FAB gun. (1) lonization of argon ; the resulting
ions are accelerated and focused by lenses (2) In (3) the argon ions
exchange their charge with neutral atoms, thus becoming rapid
neutral atoms. As the beam path passes between the electrodes (4)
all ionic species are deflected. Only rapid neutral atoms reach the
sample dissolved in a drop of glycerol (5) The ions ejected from the
drop are accelerated by the pusher (6) and focused by electrodes (7)

towards the analyzer (8).
L] UQuadrupole

L .
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LC flow
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inil
of the aerosol

Repeller

& 3. Diagram of a thermospray source. The chromatographic ef—
fluent comes in at (a) the transfer line is suddenly heated at (b) and
the spray is formed under vacuum at (c). At (d) the spray goes
between a pusher with a positive potential and a negative cone for
positive ions. The ions are thus extracted from the spray droplets and
accelerated towards the spectrometer (f). At (e) a high—capacity
pump maintains the vacuum.
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2.6 APCI : Atmospheric Pressure Chemical lonization
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18! 4. Diagram of ESI source, using skimmer for ion focalization
and a curtain of heated nitrogen gas for desolvation(70P) or with a
heated capillary for desolvation (bottom).
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12! 5. Diagram of an APCI source.

370

Irradiation &

Desolvation
L ]
g
L] - |
- r"\-J - D
- -
Desorption
H
- il
Matrix
Proton transfer
@ Product

18! 6. Diagram of the principle of MALDI.
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A7)0 A7HA Fost 54 sk B4 A4 (upper mass
limit), &8 (transmission), Falls (resolution) o™, Z&HE-
AFstoldt A4E 5= = m/z ratioold] 7P 8 S Wit
o] k& Thomson ¥3= atomic mass units (W) & F3c}. T3}
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v H3leolRt 2 B AR|RE Foolg AR HE AR
THE = TEE uEt QA 7 Fa).
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Hr} Edls (resolution) S m/m o2 A oE o714 sm F
93 m¥ smo] FaAE NS 7ML Sl 7Y 2 AR Ajo)
ojrk. 3 FEjd A9 Flle FF wAzold wiel AH
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3.1 Quadrupole Analyzers

AFe= AL #417]E 19509 tii-H electron ionization ©]
7 A AREEIGlOH ol E TP S AMEE L Al AE
29717101t} &= electrospray ionizationZ} APCI2} $H4]

rfo
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‘L Peaks resolved
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e .-.-+

my mo m/z

18! 7. Diagram showing the concept of peak resolution and valley.
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8! 8. Relationship between the two definitions of resolution.
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o 2nv : angular frequency (rad/s) and v frequency of
the radio frequency (RF)

U : direct potential (500 —2000 V)

V- amplitude of the RF (=3000— 3000 V)
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Quadrupole

Lenses

Source Detector

40V —(U-V cos ol)
—1pv 100V (U=V cos o)

12! 9. Quadrupole instrument made up of the source, the focusing
lenses, the quadrupole cylindrical rods and the detector. Ideally, the
rods should be hyperbolic.

] i Quadrupole
X dp=U—Vcos ot

12! 10. Quadrupole with hyperbolic rods and potentials. The equi—
potential lines are represented on the left.
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12! 11. Diagram of a triple quadrupole instrument. The first and the
last(Q1 and Q3) are mass spectrometers. The center quadrupole,
g2, is a collision cell made up of a quadrupole using RF only. The
quadrupole mass spectrometers are symbolized by “Q" and the
RF—only quadrupoles by “q”".
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12! 12. Different scan modes for a tandem mass spectrometer ;
CID=Collision induced dissociation.
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8! 13. Principle of a linear TOF instrument tuned to analyze positive
ions produced by focusing a laser beam on the sample.
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8! 14. Schematic description of a TOF instrument equipped with a
reflectron; (M) ions given mass with correct kinetic energy; (O) ions
of the same mass but with a kinetic energy that is too low. The latter
reach the reflectron later, but come out with the same kinetic energy
as before. With properly chosen voltages, path lengths and fields,
both kinds of ions reach the detector simultaneously.
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8! 15. Tandem mass spectrometry with combined linear and
reflectron TOF instrument: (@) bundle of ions with one given mass
leaving the source; during the flight, a fraction of these ions frag—
ments (@) survivor ions; (@) fragment ions. Those ions fragmenting
between the source and the reflectron are called post—source decay
(PSD) ions.
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3.5 Fourier Transform-lon Cyclotron Resonance
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18! 16. Signal intensity as a time function is transformed, through a
Fourier transform, into intensity as s function of frequency and
hence into an intensity to /m/z relationship.
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4. Detectors
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4.1 Electron Multiplier
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4.4 Photon Multipliers
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18! 17. Electron multiplier.

12! 18. Cross—section of an array plate and electron multiplication
within a channel.
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18! 20. The top image represents a portion of a two—dimensional
gel electrophoresis analysis of E. coli sample scanned with the
molecular scanner. The spots’ intensities are related to the ion
counts on the MS instrument and could be seen by “MS” staining.
The lower image is a three—dimensional view of the top image,
where the separated proteins are automatically identified and shown
with their MS peak intensities. The circles highlight clustered peptides
with no identification by peptide mass finger—printing.
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