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A wide variety of ionization methods for
MS applications

JEOL mass spectrometers support a wide variety of ionization methods, including the ones compatible
with chromatography, the ones for direct sample introduction, hard ionization, soft ionization, etc.

This guidebook introduces the principles and features of these various ionization methods, as well as their

applications.
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Electron lonization (El)

This is the ionization method most widely used for GC-MS. It is designed to produce ions by irradiating thermal electrons emitted from
a filament to gaseous sample molecules. It is suitable to be combined with GC because sample molecules need to be in gas phase
for ionization. El, being the hardest ionization technique, produces many fragment ions. Because the relative intensity of each ion
observed (spectral pattern) has high reproducibility, components are easily identified by comparing the acquired spectrum against the
El mass spectrum library database. The database contains more than 300,000 compounds, supporting various GC-MS applications.
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Chemical lonization (Cl)

This is a typical soft ionization method used for GC-MS. A reagent gas is introduced into a highly airtight ionization chamber (approx.
107 Pa), and the reagent gas (B) is ionized by thermal electrons. Sample molecules (M) are then introduced to produce protonated
molecules and other types of ions through the ion molecular reaction with the reagent gas ions. Compared to El, Cl is a soft ionization
method, one of the techniques effective in determining the molecular weight of an unknown sample. For the reagent gas, methane,

isobutane, and ammonia are primarily used. When methane and isobutane reagent gases are used, [M+H]" ions are observed; when
an ammonia gas is used, [M+NH,]" ions are observed.

Chemical ionization (Cl)
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Proton adduct (most predominant reaction)
M+[B+H]" —p [M+H]'+B

Reagent gas adduct
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Hydride ion abstraction
M+[B+H]" —— [M-H]"+[B+2H]

Charge exchange
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® Reagent gas B
® Sample molecule M

CIl application: Qualitative analysis of an unknown compound
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Photoionization (PI)

Photoionization is designed to irradiate vacuum ultraviolet (VUV) light inside an ionization chamber to provide photon energy at 8 to 10
eV to sample molecules.

It is a soft ionization method featuring low ionization energy, suppressing fragmentation, because the ionization energy for typical
organic compounds is 8 to 11 eV. Compounds that absorb ultraviolet light, such as aromatic compounds, tend to have higher
sensitivity compared to other compounds.

Photoionization is one of the soft ionization methods for GC-MS that require no reagent gas. It is easy to use and is effective in
estimating the molecular formula of an unknown compound.

Photoionization (PI)
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Field lonization / Field Desorption (F|l / FD)

FD and Fl are ionization methods based on the same principle. In this method, a voltage of about 8 to 10 kV is applied between the
emitter and the counter electrode (cathode), and the electrons in the sample molecules move to the emitter due to the tunnel effect,
thereby ionizing the sample molecules. It is called FI when gaseous sample molecules approach the emitter and are ionized, and it
is called FD when the sample is applied to the emitter in advance and measured while being heated. Fl is an ionization method for
GC, and FD is an ionization method for direct sample introduction. The internal energy given when ionized by FD and Fl is 1 eV or
less, which is considerably smaller than that of EI and Cl. Therefore, FD and Fl are soft ionization methods with little fragmentation.
Both methods are effective for detecting molecular ions, and FD is particularly effective for ionizing thermally unstable and non-volatile
compounds.

GC column Field ionization / Field desorption (FI/FD)

Cathode

MS High electric field

L M — M
(Heat)

+e

E(8 to 10 kV)

Carbon emitter Anode
(Emitter)
M*", [M+H]", etc
Current [ ]
» MS
€ ————— >
E(8 to 10 kV)
57
b El 100 161 DEI
71 .
163
@ 85 o
9
83
0 Ji-dll. I S VN 0 ; . I . _ _ : :
M+ M
100+ 198 Fi w4 FD B 828
R N g P s "
el & {7
~ e T
@ n-Tetradecane o s s N
el Pigment red144
n (CygH25ClsNsO,)
I e
EAAr o 50 A 0 w T T e

Mass spectrum of n-tetradecane
Top: El; bottom: FI

lonization Methods for JEOL Mass Spectrometers - A Guidebook - | 6

Mass spectrum of pigment red 144
Top: DEl; bottom: FD



Electrospray lonization (ESI)

This is the most widely used atmospheric pressure ionization method
using electrospray phenomenon. A sample solution is injected into
a capillary, and is ionized by applying high voltage between the
capillary and the counter electrode (orifice electrode). Using the
lowest ionization energy among all ionization methods, ESI is the
only ionization method that acquires molecular weight information
from biopolymer samples as well as coordinate bond compounds
including organometallic complexes. When used for proteins,
peptides, and nucleic acids etc., they are observed as multiply-
charged ions.
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Schematics of the orthogonal electrospray ion source

Cold-Spray lonization (CSl)

CSl is a low temperature ionization method using a cold nitrogen
gas as the nebulizing gas for ESI ion source. It is effective in ionizing
pbiological molecules, reaction intermediates, host-guest complexes,
and various aggregates in solutions in addition to metal complexes that
are difficult to be analyzed by ESI.
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Schematics of the ColdSpray ion source

ColdSpray ionization was developed by Prof. Kentaro Yamaguchi, et al., of Kagawa School

of Pharmaceutical Sciences, Tokushima Bunri University (previously Chiba University) and
the result of a project funded by the Japan Science and Technology Agency (JST).

Reference: Cold-Spray ionization mass spectrometry: principle and applications K. Yamaguchi,

J. Mass Spectrom, 38, 473-490 (2003)
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Direct Analysis in Real Time (DART)

A typical ambient ionization method, DART™ ionizes samples in atmosphere without preparation. The ionization process of DART™
is based on the interaction of excited atoms/molecules with an atmospheric gas and sample. A helium gas introduced to DART™
produces a plasma through the discharge from a needle electrode. The plasma contains ions, electrons, excited (metastable) atoms
and molecules. Most of the charged particles in the plasma are removed by a ground electrode, emitting only the excited neutral
gas molecules to atmosphere. The gas is heated as needed to promote vaporization of the sample and thermal desorption from the
substance surface.

Positive ions Negative ions
Excited helium atoms react to water in atmosphere, Excited helium atoms react to an exit grid electrode
producing protonated water clusters. These react to an and neutral atmospheric gas (N), producing electrons
analyte (M), producing protonated molecules. through penning ionization. These electrons collide with
He(2°S) + H,O0 = H,0" + He(1'S) + & gas (G) in atmosphere, rapidly losing speed, and react
H,O" + H,0 = H;O" + OH" with oxygen in atmosphere, producing oxygen anions.
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Matrix Assisted Laser Desorption/lonization (MALDI)

MALDI is a typical soft ionization method besides electrospray ionization (ESI). A solution of ionization promoter called matrix
and sample solution are mixed and dropped onto a stainless plate. As it dries, the mixture forms a cocrystal, to which ultraviolet
laser is irradiated, ionizing sample molecules. By selecting an appropriate matrix for the sample, MALDI can ionize low to high
molecular weight samples-from a few hundreds Daltons to hundreds of thousands of Daltons. Because singly charged ions are
primarily produced, the horizontal axis equals the mass of molecule, making it easy to interpret mass spectral data.

1. Laserirradiation 3. Sample and matrix were desorbed and ionized.
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Some of the low molecular compounds can be ionized without a matrix. This type of ionization process is called laser desorption
ionization (LDI). Typical compounds subjected to this ionization method include polycyclic aromatics, pigments/dyes, and organic
semiconductor compounds, such as organic electroluminescence compounds.

H Sample extracted with dichloromethane from Tokyo Bay sediments

L /CE7HSO+
CosH2c0 354.23420

354.19782
\

200 250 300 350 400 450 500 550

m/z
MALDI also supports mass spectrometry imaging that maps organic substances on the sample surface. A sample section is placed

onto a conductive plate (ITO slide glass), and coated with a matrix. The sample is subjected to laser irradiation at an interval of 10 to
100 um to acquire mass spectral data.

M Lipid distribution on a mouse brain section
m/z 772.5 PC(32:0) m/z 798.6 PC(34:1)

33911 tad

PC: Phosphatidyl choline
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Certain products in this brochure are controlled under the “Foreign Exchange and Foreign
Trade Law” of Japan in compliance with international security export control. JEOL Ltd. must
provide the Japanese Government with “End-user’s Statement of Assurance” and “End-use
Certificate” in order to obtain the export license needed for export from Japan. If the product
to be exported is in this category, the end user will be asked to fill in these certificate forms.
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