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What ionization technique to choose?

Universal ionization technique does not
exist
Choice depends on structure and
polarity compound

Almost all compounds can by ionized by
more then one technique.

Depends on molecular mass, polarity,
ionization energy, solubility, ...

Molecular VWeight

100000+
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10000
1000
non-polar highly polar
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lon source / ionization technique

lon source — to produce charged molecule in the gas phase (positively or negatively charged) to be able to
measure molecules

Basic differentiation:
By energy

- Hard ionization — high energy, a lot of fragments in the spectra, (typically El)
- Soft ionization — molecular adduct, a few (or no) fragments in the spectra
(ESI, CI, MALDI,.....)

By pressure
- Vacuum (El, Cl, MALDI,...)
- Atmospheric pressure (ESI, APCI,...)



Mass of ion in MS

Mass spectrometry is using ions to determine mass of molecule. Because of the occurrence of isotopes
and mass defect in elements, there are different type of masses.

Nominal mass: is the sum of the nominal masses of the constituent atoms, e.g. : Caffeine
M=(8x12)+(10x1)+(4x14)+(2x16) =194 Da
Monoisotopic mass: The monoisotopic mass is the sum of the masses of the atoms in a molecule
using the unbound, ground-state, rest mass of the principal (most abundant)
isotope for each element.
problem: heavy atoms — the most abundant isotope is not necessary the lightest one
(e.g. iron, 54 lightest one, 57 most abundant), so it must be specified to which isotopes
is monoisotopic mass related
Caffeine: M = (8 x 12.0000) + (10 x 1.0078) +
(2 x15.9949) + (4 x 14.0031) = 194.0804 Da u

Average mass: obtained by summing the average atomic
masses of the constituent elements
Caffeine: M = 194.1932 Da

Caffeine

Formula : CgH,(,N,O,
Nominal Mass: 194
Monoisotopic Mass: 194.0804

Relative Abundance

Mass



Resolution in MS - difference between two closest peaks
Thera are several method to define resolution in MS but two are used predominantly.

10% valley: the closest spacing of two peaks of equal intensity with the valley (lowest value of signal)
between them less than a specified fraction of the peak height.
FWHM: the width of the peak measured at a specified fraction of the peak height — 50% is called
Full Width at Half Maximum (FWHM)

Low resolution R < 10 000

m . :
R=—- High resolution R =10 000 — 100 000
Am Ultra-high resolution R > 100 000

10% valley FWHM
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Mass accuracy
The mass of the molecules could be measured with different accuracy.

Mass accuracy: the ratio of the m/z measurement error to the true m/z.
Mass accuracy is usually measured in ppm or milli mass units.

150 .
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measured M calculated C,H,O,N
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Low resolution measurement — quick scan on less sophisticated machine, good for quick orientation
| have/ don’t have my assumed molecule in the sample

High-resolution measurement — to confirm (with high accuracy) that my assumed molecule is in the sample
— to suggest some structure possibilities of unknown compounds



Electron impact ionization - El

Filament
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Trap
electrode

Repeller
0@

An ionization method in which energetic electrons
interact with gas-phase molecules to produce
lons.

« Electron emission by heating a wire filament

» Good reproducibility — spectral library — easy
interpretation

» energy of the electrons 70 eV
M+e 2> M"+2e

« M is the analyte molecule being

lonized

« e - electron

« M* -resulting ion
Widely used for volatile organic molecules
Often coupled with GC = GC/EI-MS



Chemical ionization - Ci

Filament - * Analyzed ions are produced through the collision of the

analyte with ions of a reagent gas, that are present in the ion
source

* Methane, ammonia, isobutane, acetonitrile,.....
* Soft ionization technique
 [M+ H]*, [M + reagent gas]*, fragments (depend on

condition)
* Example
5 * CH, as a reagent gas
e . Primary ion formation Product ion formation
v CHy+e = CH +2e M+ CHS — CH,+ [M + H|*
Secondary reagentions = AH+4 CHj — CHy+ A"

< CH,+CH; - CH +CHy; M+ CH — [M + CH;*

&
>

electrode

&

e Coupled with GC = GC/CI-MS
* Used for volatile organic molecules



Machines at our laboratory
Agilent 5975C Inert MSD

- low resolution

- nominal mass only

- coupled with GC

- mass range up to 1000 Da
- only Elion source

- self-service
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Machines at our laboratory
Agilent 7250 GC/Q-Tof

high-resolution

accurate mass

coupled with GC

Direct inlet probe (DIP) attached
mass range up to 3000 Da

El and Cl ion source



Machines at our laboratory
Agilent 7250 GC/Q-Tof - DIP

SV I/

Scientific Instruments Manufacturer GmbH
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Machines at our laboratory

Agilent 7250 GC/Q-Tof - DIP
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Cl spectrum

267 Da
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Electrospray ion source - ESI

the liquid containing the analyte(s) is dispersed
by electrospray into an aerosol

« Charged droplets
W‘ + Solvent evaporation, Coulombic explosion
soft ionization technique

‘  [M+HJ*, [M+ Na]*, [M + K]*, ...molecular

adducts of solvent

« Multiply charged ions, dimers, multimers

* Quite complex spectrum
mobile phase — polar solvent (as a donor of H+)
lonization in both positive and negative mod
coupling with HPLC systems

Taylor muliply

Spray needle tip Cone

+ +
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+ +
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J )
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Machines at our laboratory

LTQ Orbitrap XL

Orbitrap IQ-X Tribrid

T ——

- HR machine
- APl source

- HR machine
- APl source
- installed in 2008



Machines at our laboratory

LCQ Advantage Sciex QTRAP 6500+

eeeeeeeeee

i
iy

- =l 7] /
- LR machine - LR machine
- coupled with HPLC system - used for quantification

- targeted metabolomics studies
- coupled with HPLC system



ESI spectrum
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Relative Abundance

ESI spectrum
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Atmospheric Pressure Chemical lonization - APCI

ATMOSPHERIC PRESSURE cutaincas VACUUM
1. Ionisation of
solvent molecules = Mass Analyser
Nebulizer “ Y _
e 00 _ & o
e — —_— el M — (\3(' X . f
LC—> — C\) @) (’f ) Q‘J C;SNG) /)D@)? @ ———
m \ X/ o

(~120°C) 2. Reaction with
analyte molecules;

Formation of

Q(_,/' Solvent molecules Corona Discharge clusters T 3 Declustering
@‘. Sample Needle Curtain Gas

the mobile phase containing analyte is heated to high temperature (above 400 °C),
sprayed with high flow rates of nitrogen

molecules of solvent and gas are ionized by corona discharge
analyte are ionized by ionized gas molecules and solvent



Atmospheric Pressure Chemical lonization - APCI

- device is similar to ESI source

- mechanism of ionization similar to CI

- APCl is a less "soft" ionization technique than ESI

- generates more fragment ions

- advantage of APCI - possible to use a nonpolar mobile phase
- higher appearance M*+ ion than in ESI

- higher appearance adduct with solvent than in ESI

- less Na, K adduct



APCI spectrum
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APCI spectrum
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Atmospheric Pressure Photoionization - APPI

HPLC inlet

|

Nebulizing gas _ -

|
T -~ Vaporizer (heater)
54

.~

U

3

3

_~ Nebulizer (sprayer)

Drying gas
/

Capillary

source of energy UV lamp
mainly for nonpolar compounds

direct ionization — absobtion of UV by sample
indirect ionization — by dopant (toluene, aceton,...)

D+hv—o>D*"+e
D*+M—> M*"+D
D* + S — [S+H]* + [D-H]
[S+H]* + M —> [M+H]* + S



Matrix-Assisted Laser Desorption/lonization - MALDI

M: Sample

m : Matrix )

C : Cation s e -

A : Anion Omn Y,
0sOe’

Vacuum ’

samplewﬁaitie

soft ionization method

matrix and analyt are mixed on the target plate

the UV laser (355 nm or 337 nm) shoots the mixture

the energy is transferred to the matrix, which is vaporized, carrying analyte into the vapor phase
and charging it

the mechanism of ionization has still been discussed



Matrix-Assisted Laser Desorption/lonization - MALDI

MALDI is useful method for broad spectrum of molecule (small and large)

mostly singly charged analytes [M+H]+ or [M-H]-

adduct of salts Na, K (if present in the matrix Li adduct)

could be dimmers, trimmers [2M+H]+ or double charged molecule [M+2H]2+ as well
Matrices — small organic molecules (2,5-dihydroxybenzoic acid, sinapic acid, a-cyano-4-

hydroxycinnamic acid, ...)
O N
O\ OH HO i
% _OH |
HO HO
2,5-DHB CCA UltrafleXtreme
from Bruker comp.

Requirements for matrices
- vacuum stability, be able to embed analytes (by co-crystallization), solubility in solvents compatible
with analyte, absorb the laser wavelength, cause co-desorption of the analyte upon laser irradiation



MALDI spectrum
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MALDI spectrum
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Laser Desorption/lonization - LDI

energy of laser is directly absorbed by analyte
— without matrix
spectra without matrix ions
iInstrumentation is same as for MALDI
for small molecules only
better reproducibility then MALDI
I harder ionization then at MALDI — fragments in the spectra
| sensitivity depends on analyte



Thank you for your attention



