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Pref ace

This volume is dedicated to describing m
drugs based on mass spectrometry, as pr
research dadet opmenotobncaddstudneso pres
and chemi cnaals sb asspeesc tafpmetvi yyes exampl es o
l ytical applications in quality control,
drugs and phar ma®Geamptmetedrwiptalm at efo@asenc
| it e;aattaukkeen from data t hatecomaai heeni Ppudd
dat abases

The materi al i n this book is based on t
year Ohi vdresPhar maancdy of Ti mi Hoara in RO
thoroughly explain the physi cmdr faonrdnambce
met hods for analyzing substancesref pha

ped ve advantages and | imitations.

Mass spectrometry has undergone wunprec
nization and ion separation techniques
power ful analytical tool

The content and presentation style foc
spectrometry techniques and providing a
underl ying phenomena of analytical met ha
when s tcreiscstalryaqgecaaldiatnadinit we t i v ei prreefseernrt ead |

To il lustrat ematstse sypseefewlbmeesgsu ecf, the bo
sever al examples bthakemnampappmr amppil atcalty on
t efddom speci allThizedlsb middiroetasraed.e mi cs and s
| aboratories involvaddi aoldevedgopoxigc olewg
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1. Basic conceptsaand some specifigphysical details of mass spectrometry

Mass spectrometry (MS) occupies an important place among physical and che
mical analytical methods, particularly in biochemistry, protein chemistry, toxicology,
drug discovery, and drug metabolism monitoring, because of its unique characteristics:
high sensitivity, detection limits unmatched by most other analytical methoes| spe
of analysis, and advanced technical and application versatility. Mass spectr@metry
essential for monitoring environmental and food contamination, as well as pharma
ceuticals. There are several mass spectrarnethniques, each tailored to specific
analytical problems. Between 1995 and 2000, mass spectrometry made significant ad
vances due to the development of various ionization methods and the emergence of
hybrid assemblies such as gas chromatograph (GC) coupled to mass spectrometer,
liquid chromatograph (HPLC) coupled to mass spectrometer, and capillary eleetropho
resis coupled to mass spectrometer. Various methods have been developed to separate
and detect ionized species, including quadrupole analyzer, ion trap, orbitrap analyzer,
multiple mass spectrometric analysis (MS/MS) with induced and controlled frag
mentation of ionic species, aRdurier transform mass spectrometry. Currently, mass
spectrometry is highly diverse in terms of both production methods and separation
strategies for ionic species. Due to the abundance of technical and procedural details,
this description is limited to pharmadmally and toxicologicallyrelevant methods,
and tocase studies arskverakxamples. Figure 1 shows the building blocks of a mass
spectrometerand the processes involved in the primary stages of analysis.

ThmoduilresFi gure 1 have the following role

(1) For sample introduction, the spectro
the role of bringing the sample from d
vapor state. Sometimes the sample introc
chromatography col umn, so thechnbeasat ani
graph and the mass spectrometer and has
sending to the mass spectrometer only
chromawyvogoapmn.

(2) The i onization unit operates accord
common function is to convert the neut
gative i1 ons. Il n most cases, t-Heo isomiez a
extent, depending -bp theitypereagmenbat e
single type of molecule results in diff
ofonii zati on. This phenomenon is wusually
source of additional i nf ormati on about

(3) The confined i1 ons are accelerated an

gurations the ions are brought to the



Mass Speotyrometbr ug Analysis and D
el ectric and magnetic fielW enetbcappr ofj
ter) .

(4) The ions enter the analyzer where t
fields causes them to follow different
mass to electrical charge. |l n some des
onloynsi with a specin/jzct mapabeshaBge pratgi
ging the operating parameter snfzaheoanal

(5) The sel ectenm/mzatniso warte dapet Kmedvni n tF
their presence is converted into an el
signal generated is proportional to th
unit of time, 1 .wi.th hemapamidéaince of i o]

(1)[ sample input unit
Rk Jm==--mmmmmmm - - |
I -3 -4 |
,  (2)| 1onization unit vacuum (1077 - 107 torr) |
I::::::{}::::::::::::::::fI
- I
' 3)| acceleration of ions ultraGhlgh vacuum |
' (107° - 107/ torr) |
[
I {} (5) |
L 4) spatial or temporal > individual caption of | |
I separation of ions the separated 1ons I (11)
I — — — _|
Ry | ¥ 7
' 8
: controlled fragmentation of 1 (6)| MS spectrum —— > <
Ll selected 10n by collision I §
| with neutral molecules I s
| @ Tt T TT g
! ) =
| separation of the individual caption of | ! | -
I (8) ionic fragments :> the ionic fragments | | %
: (product ions) (product ions) : £
Q
e e D D D D - _-- {}____d k=
5
(10)| MS/MS spectrum ::> =
2
Fi gBuillding blocks and key events 1in

6Yhe first orde]r) messdrapbctaltumr emMBesent a

dance as a ni/uzmdtiioan of the



(7or further anahigenisz od psdfeeauissmanhl-ap rs)p €

cific vmlmeatiod (mreecur sor i on) i s somet
further fsbaygnteonltlaitsiioonn wi t h&egaony ahe lmiol
ammoni a, et cs.e)v,e oradss ud ft ilnogweirn mol ecul ar

producing orlder senascsd spectz)r.umAs(M:S/MSsunlr
i nformation about the molecular struct
mol ecul e of tehe amnr ibgi nalengarmpled with mi

(9"Yhe fragments are trapped in the detect
an electrical signal proportional to th

(10he spectrum obtained (MS/ MS) is-deri v
sor i on. I n prizlscpieprte,umacamlm;tnleeb@tMSnec

I on (selectle@etltomml)heTMS procedure car

anewrecur sor izcsrpefcrtcrmn”t raendM%;tp)tea:itrniumngatfh
subsequent fragmentation (and so on).

(1The analysis data is processed with sp
contained in appropriate databases, suc

- NIST (National Institute of Standards and Technology),

- CHEMDATA.NIST.GOV.(Mass Spectrometry Data Center),

- Wiley Library,

- MPW Drug Library,

- FFNSC (Flavor and Fragrance Natural and Synthetic Compound Library),
- Smart Forensic Database,

- Smart Environmental Database,

- Smart Metabolites Database,

- Forensic Toxicological Database,

- Method Package Residual Pesticides in Foods.

The sample i s converted into positive o
or "negative working mode" respecnlizvel y)
(mass to ionic chargen) riat ico.nviemea i mansad | o

at omic masstrbl.arrittsof(ttl‘h]e& Ihsogs opfe toiet he ¢
The el ect g)i coafl icohnasr gies (expressed as the
the case of positive 1 o0ons) or excess (i
correspondi nd nneuthreal wopeacsi,ed.he el ectric
oxi dation number of 't het hieomiicc ssppeecciieess. iTi
ants of mass spectrometmfirzatsi c.arri ed out

The mass spectrum is the graphical rep
pressed in relative mpentFengtu)r ea s2 as hfouwmnsc ttil
form of the mass spectra of salicyl amide
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Each signal i's identified by its-posit
termined by mheatiadbuewlifl d httehe i ntensit)
relative to the most intense signal. The

Il n the portrait view, tbeesbBGagueérsveae.orTle
centroid display uses nezratliueal coegmsmptosnnd

| ocal maxi mum of the portrait si gnealo. Th
width due to the presence of multi-ple is
mi cal el emearpt ¢ htehantol mackud es. The mass spe

the relative molecul ar mass of the-sampl
forward.

The -merno wi dth of the portrait signal s

resolution of mass spectrometers. The w
decreases as the resolutionr edoltihteiramsgp
meter, signamilwalwidgadh merageéeyi nt o a -rseisnog!| e,
|l uti on mass spectrometer, however,- can d

|l ut'r’damt nMA's s defined as thém"ratibeomi hhm
detectabl e 'mpmss di fference

res= —1- 1)

Obviousl vy, the higher the resolution,
most chemical el ements contain several i
they are not "monoisotopic"), the spectr
wth sufficient resolution (monoisotopic
same el ement al composition but different
the signals associated with the difgghaten
from which the "average relative mol ecul
| sotopic differentiation is illustyfated

rine atom (Cl) and2f@The spkotrmaei moFegule
3e A@d il sotopes of the chlo3réi+3nébl3,%ltom an
3¢ %\&Nﬁ&l) of the diat olmie rcenllaotrii vmee imotl eer
signals are consistent 3\15‘:iltI%ZDtdh'esnat)peal
After i oni zati on, the next mai n event [
and their separation (spatial or tempor ¢
the mass spectrometer). The differenti at

infl uence of a magnetic field, an el ectr.
fields in the analysis unit.

Figure 4 illustrates the defd e&ktei)lomrmh@cil



entering a homogeneousE,Mal@ndi_t@irdﬁmderf—medd Wi
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FL
T Fig. 5
p Mutual orientation of the velocity
i vector (5), the magnetic field lines
/ (ﬁ) and theLorentzforce (EL) for a
) positively charged particle (' right
\7 S hand rule")

Thleordmtrze acts on a charged particle ¢
field. Wi th a suitable geometry of the n

desired e%toentthe eo.rg.gion0al direction (Fi gl

F> toward
detector

from 10on source

Fi gDefd ewit PB@:mf a positively charged
particle in a uniform magnetic f

Equation (2) expresses the relationshi|
(E)Of the particle catrythg magnetnesattbir el
(ﬁ)and Ltome‘mtrzce(EL/).ector

R=V3H,;H ¥ HGIN@H)
_|fL ARV _I';L /\_H
The module of theorentzforce vector is proportional to the module of the velocity

vector@ the magnetic f|elahten5|tyvectorE| and to the sumsof the angle between
these vectors.

(2)

Another way to control the deflection of a beam of electrically charged particles is
to drive them between the armatures of a capacitor subjected to a continuous voltage.

Figure 7 shows the #lection of a positive particle by 18Grom the direction of inei
dence.



\

FigTthe trajectory of a particle with
cylindrical electrostatic field

If the electrostatic force between the armatures is balanced by the centrifugal force,
the particle can pass through the gap between the armatures. Otherwise, it will collide

with one of them and be stopped. If a particle has rmasscharge'q" and moves
with velocity "v", the condition for passing through the space between cylindrical ar

matures with average radiug" is expressed by relation (3).
mG&? U d
o d

Il n rel dWirempre3ents the continuous el ect
ar mat urdiss tamel di stance between them.

(3)

The final event is the capture of the i
current or voltage proportional tThhet he
detector captures the ions as such- or de

ming ions cokhmideiwpgtbBuafhicght

2 Construction and operating modul es of
2.89ample introduction and ionization

The sample is introduced into the spec
i nterface) or from the outlet end of a cl
unit can operate at atmospheric pressure
i ntredduceither i n vapor ftohe lorgdierd d formi cn
some cases, mol ecul es, free radicals and
I rradiati on Lebs Bés drapetaeirozndtDyy btor ( by bombar
with @it omens of high kinetic energy. Tab
their common names and abbreviations.
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Tablleozlt i on met hods, names, common acr on\)
i nvolved and typical applications

Physical . . L
Method, consecrated Resulting ionic | Typical applications

phenomenon . L
name and acronym involved species and characteristics

Gas Discharge

Electric discharge

lonized atoms

The first ionization
method in MS

Thermal lonization

(T

ionization by heating

lonized atoms

Determination of the
isotopic ratio

Spark Source (SS)

Electric discharge

lonized atoms

Trace analysis
Solid samples

plasma state

Glow dischargéGD) | Electric discharge | lonized atoms | Trace analysis
. Transformation of Determination of the
Inductively Coupled ) . . : :
the sample into lonized atoms | isotopic ratio
Plasma (ICP)

Trace analysis

Electron lonization

(EI)

Electron impact

Volatile
molecular ions

Small molecules

Coupling with gas
chromatograph

Creation of databass

Chemical lonization
(&)

Reageninduced
ionization

Volatile
molecular ions

Connection to a gas
chromatograph via
an interface

Atmospheric Pressure
Chemical lonization
(APCI)

Reageninduced
ionization

Non-volatile
molecular ions

Small molecules

Connection to a gas
chromatograph via
an interface

Photecionization (PI)

Photolytic ionization

Volatile
molecular ions

Small molecules

Connection to a gas
chromatograph via
an interface

Multiphoton lonization
(MPI)

Photolytic ionization

Atomic and
molecular ions

The MPI resonance
separation method
has advanced
selectivity.

Trace analysis

Atmospheric Pressure
Photoionization
(APPI)

Photolytic ionization

Non-volatile
molecular ions

Connection to liquid
chromatograph
(HPLC) via an
interface;

Analysis of non
polar substances

Field lonization (FI)

lonization with an
intense electric field

Volatile
molecular ions

Molecular
compounds

Field Desorption (FD)

Desorption/ionizatior]
in anintense electric
field

Non-volatile
molecular ions

The first gentle
method of ionizatior]
Analysis of large

molecules




Tabl e zalt iloomimet hods, names, common acr on)
i nvol ved and t ymgiomali naupml)i cati ons

Physical o . .
Method, consecrated y Resulting ionic | Typical applications
phenomenon . L
name and acronym : species and characteristics
involved
Connection to a
Thermospray . . . Non-volatile liquid chromatograpk
lonization (TSI) Misty dispersion molecular ions | (HPLC) via an
interface;

Connection to a
liquid chromatograpk

Electrospray lonizatior Misty dispersion Non-volatile (HPLC) via an

(ESI) molecular ions | interface;
Analysis of large
molecules
Desorption : Direct analysis
o . . . Non-volatile . .
Electrospray lonizatior] Misty dispersion . without prior sample
molecular ions :
(DESI) preparation
Direct Analysis in Real Electrical discharge Norrvolatile v[\)/:[ﬁgfj? nﬁlgrs Issam le
Time (DART) 9€ | molecular ions b P
preparation
Secundary lon Mass | Particleinduced Non-volatile Semiconductor

analysis.
Surface analysis.
Gentle method of

Spectrometry (SIMS) | desorption/ionization molecular ions

Fast Atom Particleinduced Non-volatile ionization.
Bombardment (FAB) | desorption/ionization molecular ions | Analysis of large
molecules
Laser Desorption Photoninduced Non-\_/olatlle Isotope_ ratio
. ... | atomic and determination.
lonization (LDI) desorption/ionization

molecular ions | Trace analysis
Gentle method of

Matrix-Assisted Laser

) . Desorption and Nonvolatile ionization.
Desorption lonization | .” .~ " . :
ionization molecular ions | Analysis of large
(MALDI)
molecules
Il n all wvariants the samptiet moeé eicahes( ap
king mode") or negative ions ("negative
conditions, some fragmentation occurs in
| ower mass. The foll owing discussion is

usgde in the analysis ofasdbet amexiscolecgpihaa

2. 1. 1. El eciElon |l onization

One way to convert the neutral mol ecul
loni zed fragments is to expose the sampl
(typically tens of electron volts). Figu



of an el ectron | Mpaaectatiean iradtiHeonr msy 3t & e
trons that are accelerated)townbodgthkepw
electrons collide withM)eutreaul mohgculnes

of mol ech’) armbbesu(Mrﬁ)r,acd)ircaloniiareﬁl ¢ ragm

species are accelerated byt merdnangpatei e
the entrance hole of the spectrometer a
el ectR dadei fcrease t he -noflfeiccuileen ccyo I dfi sd loenc

field of modest intensity is applied to
Nan® , resulting in a |l onger path for the
® vy

rr
(LR
-0
RO N
0]
[0}
o0
oQ
OK
®
o O
0. ©®
b(®)
o® o
[OX0J0]

PeoMe e 5 +Vu
IE 9% | ™ res
@ @ Designprinciples of the Electron
) @) Impact lonization (EI) Unit
@ @ (reconstructed after K. Downard
Zn D - M) ’ Mass Spectrometry. AFoundation
@Y @ Course RS.C 2004

The voltage commonly wused for electron

energy of 70 eV jckoJr/rmaost,o nwlhsi ctho i6s. 8sAulfOf i c
organic mol ecul es (IwhieW) taymd ctad | fyr a gmein

extent. The pressure inside atrhoet Bedloercrt r on

(11§Pa). Figure 9 shows the potenti al fr

radi cAaB Y Bhe breaking of covalent bonds may result in the release of
radical species, while fragmentation with rearrangement (indicated by the symbol
-0 ) involves the elimination of a smaller neutral molectligure 10shows

the events that take place and the resulting ionic and/or radical species that are formed
when a hypothetical ABC molecule collides with electrons.



A
BYZ* first
_|lgener
-B -Z
99/(1]3\& N
+ A + |secon
YZ Y BY gener a

F i gCharacteristic events during electron beam ionization of a

hypothetical radical ion ABYZ " ( —O & denotes a process
with preservation of electron number parity; ———> indicates a
process with a change in electron number parity.

ABC* + e~ excitation (neutral species)

ABT+C* + 2e”

AT+ BC" +2e- splitting and ionization (cations)

ete.
ACT+B" +2¢”
splitting and rearrangement
ABC + - (cations)
etc.
ABC™* electron capture (anions)

electron capture followed
by dissociation (anions)

- - eneration of ion pairs
(cations and anions)

—7
—
—
—
—
—
g
— B™° + AC + 2e”
—
>
>
—
—
—
—
—

F i g Chafla€eristic events during electron beam ionization of a
hypothetical molecule ABC
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Figure 11 illustrates the time course of events during electron beam ionization.
Electrons can produce positive and negative molecular ions as well as free radicals.
The type of analyzer determines whether positive or negative ions are used.

2.1.2.Electrospray lonizationi ESI

A common method for ionizing organic compounds is to spray the sample solution
in the form of a mistThe sample solution passes through a capillary tube whose end
is charged with a voltage of several kilovolts. The droplets become electrically charged
as they form and the solvent evaporates, causing them to fragment into smakHer drop
lets with increasing charge density. This results in the formation of mostly molecular
lons and a smallgsroportionof ionic fragments. Electrospray ionization has a signi

ficant advantage over electron impact ionization because of the reduced fragmentation.

Consequently, it provides a simpler interpretation of the mass spectra. Figinens?
the design and operation of the electrospray ionization unit.

entrance slit

accelerating
high voltage

s 1-5kV —

®®®
®

Fig. 12The principle of electrospray ionization (ESI) (redrawn afterWestman
Brinkmalm, G. Brinkmaln AA Mass Spectrometer s
AMass Spe ¢ ihstranargatian,\interpretation and
App !l i ¢ a kEkman,sloSjlberring, A. WestmaBrinkmalm editors,

John Wiley & Sons Inc., Hoboken, New Jersey, 2009 Cap. 2. pg-85)

The sample solution is injected through a capillary tube into a space exposed to an
electrical voltage of several kilovolts applied between the end of the tube and the
nozzle. At the end of the capillary, the solution fornig@d cone (known as &aylor
cone) that releases charged droplets. A jet of hot gas is introduced coaxially with the
capillary tube to assist in evaporating the solvent from the droplets. The density of
electric charge increases as the volume of the droplet gradually decreasestHaue t
repulsive electrostatic force, the droplets disintegrate when they reach a critical size
and electrical charge density, known as tRayleighlimit”. This process results in

E



the formation of electrically charged molecules, which is the predominant process, and
lonic fragments, which are produced at a more limited rate. The negative ions are
repelled by the negative potential of the nozzle, while the positive ions enter the

andyzer. Electrospray ionization is commonly used as a chromatographic detector for

enhanced specificity and sensitivity when the mass spectrometer is couplgasto a

or liquid chromatograb.

2.1.3. Chemical lonizationi CI

Chemical ionization isike electron impact ionization except that in the first step,
the electron beam ionizes a gaseous reactant other than the actual sample molecules.
Next, a chemical process transfers the electrical charge from the reactant gas to the
sample molecules (Figur&)L The collision of the atoms or molecules with the surface
of the solid sampleS) releases ions from its structure which, after being accelerated
and focused, enter the spectrometer analyzer. This type of ionization is used to analyze
solid samples, sincas pharmaceutical preparations in tablet form.

solvent

nitrogen \ ¢y

high
voltage

desorbed 10ns

P RROTOUCR

1on transfer
line

MS
analyser

Fig. 13 Basic configuration of the chemical ionization unit
(after G. Hopfgartner fiOverview of the Various
Spectrometers that Are Used in Drug Discovery and Drug

Devel opment o, i n AMass Spectrometry
W.A. Korfmachereditor, chapter. 1. p. 8., John Wiley & Sons Inc.,
Publ. 2013)

Methane is often used ageactant gas. Initially, the radical i@HAJ,r' is formed
which, upon collision with another methane mole¢yleoduces the reactive species



CH %35 CHy w15%-  CHg+ CH, (@)

The CI—Er ion, an efficient proton donor, reacts with the sample moleslijdg form

the protonated and ionized spediels-H] * by proton transfer:
CH:+M - [M H] " €H, (5)

To prevent direct ionization of the sample molecules by electron impact, methane is
introduced into the ionization chamber at a concentration much higher than the sample
concentration. The chemical ionization source therefore operates at a much higher

presure, 10°7 10* Torr or 0.1- 1.0 Pa, than the electronic impact ionization source.

Other chemical processes that occur during chemical ionization besides proton
transfer are also known for example, charge transfer to another moldgule (

M™+N - M N7 (6)
adduct formation witranother moleculé€N),

M*¥+N - [M N]° (7)
or nucleophilic substitution of a nucleophilic specids () on the moleculeAB):
Nu +AB - NuAB B - (8)

2.1.4. Fast Atom Bombardment lonizatiori FAB
In FAB ionization, the sample is bombarded with a beam of atoms or ions (primary

beam) of high energy (typically 180 eV),such asargon atoms oKe' or Cs' ions

(Figure 14).The sample is suspended-voflradilssol v
(l'iquid matrix) whose role is to dissipa
damage to the sample. Another reason for
i ncideny peamawould progressively modify
ging the efficiency of the collision wit
mary fascicle is a liquid surface (state
remodehapé sand ensure a better stabilit
fascicl e.

A typical practical solution is to bomb
from an "atom gun where the argon i s at

(I1D1FTorr -DrP®)..1 In the first stage, argc

Ar+e - Ar T Tpe (9)
Ar* trast)+ Ar(slow) - Ar(fast) +Ar *(Slow) (10)



toward MS o)
analyzer

Co
O
'O"’f'z;c? o)
® 4, o Fig. 14
PY ”‘2% 0O dare ione) The principle of fast atom/ion
. o © ?fg;i;;ﬁg';saf:&ms ionization (Fast Atom Bom
o\ © o bardment lonization i FAB)
¢ PY ©o (after to K. Downard Mass
® ° OOO Spectrometry. A Foundation

analyte in Course RSEZC 2009

%

When the primary atoms or ions collide w
I's transferred to-vbobhat mbeetM)basmdlommdatemie X «
mol ecul es A) .t he sampl e (

At im -m T Rr
M*LMH -MH "M (11)
MH"+A -AH "M

Amondie i onic species there can be protoc
wi mhezal ues one unm/teahliugehse rc otrhraens giohreed ion g
nated species.

The secofWamdH)oeast to the spectrometer
the matrix andHjroBethessa i eanddilinadms c e

I' s much higmlef"rohlaanmalaatspbctra obtained

an intense, characteri sn/ival neckdhbedmmdv, 5&
phenomenon can make itm/daafFtesubéel bw B60e¢
when the amount of sample is smal.l

2.1.5. Plasma Desorptioii PD

PD 1 onization was the first-vmétahod es uih
mol ecul ar weight samples (higher hydroca
thin nickel or alumi num foi l and i1 rradi &

radbbive25(’?to(-lhi|afbef 2.6 years), arrgzécffficier

produole%eh.t?ons/minute). Neutrons -col I i



duce pf Mmbhdn[dM+ Napns. Due to the speci al
with handling radioactive isotopes, the
the Fast At omABomlbaindcdmémton( met hod.

2.1.6. Matrix Assisted Laser Desorption lonizatiori MALDI

Unt i | 1966, MALDI loni zation was wused f
compounds with relatively | ow mol ecul ar
has proven useful for the analysis of s

proteins).

Two met hods of sample preparation have
devel olpaenda kkbyh e sampl e is mi xed with glyce
a |l aser emitting at 337 Kearadldioltlhemk amept
i nvol ves mixing the sample solution with

bing UV radiation ("matrix"), foll owed |
Nd: YAG | aser. Both i onization-i mpi h-eds s pe
ci es. The matrix compound is wused in | ar
shows some of the matric8evesald mhctbaki v
|l uti on are applied to a solid support wl
sample i 8 phacedcuum chamber of the 1 oni
short pulses of | aser radiation to detac
the matrix is to efficiently absorb the

to the ofblteekel mat ri x and the analyte.

The typical operating frequene00fHz he
(more recent| MAWUDPI tioondi0D®Ht iIHZn .has {+ argel
tion methods (e.g. fasFARYomedpenbiaa ldime nit

of macromol ecules (proteins, peptides, |
monriooni zed species are obtained. Fi-gur e

ti dhe sample andranmlliyedke tsola t(sAgmpoadt t h E
sol vewvtapiosated. The matri x and analyte ¢
|l T ght from a(Blas&he(€&nhgugetcesS the modtcu
the matrix and the analyte, i1onizing and
the positive ions and directs them towar

[K. Tanaka, H. Waki, Y. Ido, S. Akita, S. Yoshida, Y. Yoshida, T. MBtatein and
Polymer Analysis up to m/z 100,000 by Laser lonization Tafk€ly Mass
SpectrometryRapid Commun. Mass Spectrom., 1988(8), 15:153]

[M. Karas, U. Bahr, F. HillenkampJV Laser Matrix Desorption lonization Mass
Spectrometry of Proteins in the 100,000 Dalton RahgeJ. Mass Spectrom.
lon Process 1989:9@A5 Sept.) 23242]

[M. M. Karas, F. HillenkampLaser Desorption lonization of Proteins with Molecular
Masses Exceeding 10,000 DaltoAsal. Chem., 1988:6920), 22992301]



Table 2 CompounxdfsorusvAd Dd s imantirziat i on

Matrix Chemical name Practical use
(acronym)
x| a-cyane4-hydroxy i’:malysT, obleptlde§ i?d
cinnamic acid4-HCCA) oW molecuiar welg
HO N compounds
L 2 5-dihydroxy-benzoi
OH ,5>-dihydroxy-benzoic . .
/©/ acid (DHB) protein analysis
HO
H,CO . COOH
HO sinapicacid (SA) protein analysis
OCH;
OH
P 4-hydroxy-picolinic acid | analysis of
| (HPA) oligonucleotids
N COOH
OH Q OH _
1 9(10H)-anthrachinon polar and nospolar
O O 1,8-diol (dithrarol) polymers
(O matrix

@ analyt molecule
@-H" ionized and

o1 ,  protonated
@-H  analyte
o ._H+O analyt + matrix
N { solution © O O O mixture
N e ~C.@ O in microcrystalline
@) ® o O
000 .OOO. O O.og.O.OO state
Wiz [,
support (target) support (target)
(A) (B)
FigPri®mciple of MALDI ionizatio
Mass spectra contain, in addition to th
of the ions and ionic fragments of the |
matrix), especi ant/heyaliure st.h el hriasndge cofnvliemw e



when analyzing macromol ecul ar mlamplues . wt
The spectr al background generated by mat
cent -madependent desorption ionization t
i's deposited on a photoactive support th
does not desorb.

D.S. Petersonmatrix-Free Methods for Laser Desorption/lonization Mass
SpectrometryMass Spectrom. Rev., 2007:26), 1943]

[J. Wel, J.M. Buriak, G. SiuzdaResorptionlonization Mass Spectrometry on
Porous SiliconNature 1999:39920 May), 243246]

[E.P. Go, J.E. Prenni, J. Weli, A. Jones, S.C. Hall, H.E. Witkowska, Z. Shen, G.
Siuzdak Desorption/lonization on Silicon Tirref-Flight/Time-of-Flight Mass
SpectrometryAnal. Chem., 2003:7%10), 25042506]

[W.G. Lewis, Z. Shen, M.G. Finn, G. Siuzda&sorption/lonization on Silicon
(DIOS) Mass Spectrometry: Background and Applications.

Int. J. Mass Spectrom., 2003:22@), 107116]

MAL DI loni zation offers the possibilit
deposited on the support so that the an
advantage of MALDI l oni zation over EI or

spectromet ehe HPLC separation of c-ompl ex
parated chromatographic fractions <can b
spectrometric analysis can be perfor med

separatiom.st An fifreapemtce bet ween ESI and |
i oni zation produces multicharged ions th
analyzer, whereas MALDdff iioghza(TOR) r mgss
mai nly i n a iloinne aro ccoonvfeirg utrhaet r ange of h

of proteins.

Al t hough the typical and most used conf
a vacuum environment, at WAL DHr incet hroass L
al so been devel oped.

[V.V. Laiko, M.A. Baldwin, A.L. BurlingamAtmospheric Pressure Matrix
Assisted Laser Desorption/lonization Mass SpectromAimgl. Chem.,
2000:724), 652657]

Comparative studies -MALDIaciuam 2MAtIDdn s nh
that similar results are obtained for pe

conditi-MAEDI ni APmore di fficul't due to th
peptides.

[B. B. Schneider,: AP lamadk ,VaT.uR.m GIALOY on
l nstrdmeAm. Soc. Mass( BpdadS2f® m. , 2005: 1



| n -MARL DI il onization, the sample is posi
|l yzer at an appropriate angular orientat
spectrometer). After desorption and i oni

section of the analyzer.

2.2 Mass spectrometer analysis wunit
2. 2Geln.er al concepts and performance char:

The mass analyzer is the most represent
the overall performance of the ins4rumen
tion of this module. The mass analyzer h

(1) The analyzer sends the ions from the
tial trajectoriesehecordcatm/xzbatbeir ate

The mgso®»f( an ion iIis expressed as the re&

absolute assardfont fieot ope'2(7kegquatlhitso rla.t

al so kndwend taasntt,hée Da" ) ,z2 aingd tthe rcatairag eo fi
electric charge of the 1 on (expressed

el ectron '(1?:.0610 DMMb&A 10 Fro/rizaet xi aom [ leie ¢-nt thhee m
zeldt isot ope,byf dedaeqpodaliiotno 12.

(2) The analyzer f ong/ugsaetsi oi otnos awi g ihn gtlhee |
regardless of the diversity of their ir

Figures 4 and 6 show the traj.ddtgary of
shows the correlation between t(E|¢ ori el

t hLeo r & notrzc e (Ei)eacntdo rt he v e(E)ofcoirt ya vpeastiodbtri v e
Figure 7 shows the trajectory of a posi

armatures of a cylindrical capacitor.
Il n practi ce, the di fheocaeuwmsheeadaficd m o-mf oif 0o &
tic field, the action of an el ebtechnastie

of the time taken for the-offdnghto-(({TiO&y e
| 26 r Ahazeys can therefore be divided into
of operation:

-analyzers that selectively defl ect i ons
with an electrostatic field

-analyzers with selective -vanytngnemessrt
(guadrupol ar, octupol ar analyzers)

-analyzers with selective sequenti al rec.
(Ti me of FITIOQQght Anal yser,



-analyzers based on captive maintenance (
lons acmédrzdt hg (qQquadr upgwoluatnrearmrsafpgr no rébn alr

The perfor mancae sofquma s & r anidaelg yf 20 N serwa cn g
trei sti cs.

(aMass rangdeftionededs the madxamum dakeet ¢
t he analyzer

(bResol vinrgg-pesweéehe abil ity to dm/szatnigous st
that produce distinct signwishinheéhdi st
"D mM"zbet weenumhre rsenaxriant e i f the minin

not ex®Wweefl tLbBbeihleingaxtignnue oin6 r. quant it at

of viedwmeéutesdh (%5 expressed by nt/iteéhdequat

(mhkhaye the values <correspontli ngg@'df o" t h

respect iDmetdys Bhed {di fference bet ween th
(Am/z),,

e B—

= (Am/z),
) [ A et B ' h )
@ Fi g. 1
b Definit]
2 ma sas al vy :
____________ reso |l ut(ire
s i ¢0-1'h \d Y
(m/z)]T (m/z),
(m/z),+ (m/z),
2
+
res=(m/.?)-1L (Mm/2) (12)
20 m/z),
Anot her definition of r egsDbmn/wiatg hpaolwfert h
maxi mumhh.i @fthtcour se, these definitions

mass spectrurmoirnpdirsplaay &9 (IFmgure 2

The high resolution of the mass analyz:
the molecular mass with very high accur a
of the molecular formula of the analyze
cheal cspecies | abeled with stable 4 sotop



mi ne the percentage presence of a specif

the analyte, and (iii) for the exatt gua
anal VTesme/sizatoifosmabBe expwiedshs @@ aicmabmacsgo me
mass analyzers with appropriate resol uti
Regagtdhien r per f or ma ncehea, r atchtéerrasnzgehaydzdeir s

t i opnaarla met er s .

(c) Efifdiecfiiennecdy as the fraction ofzeirons de
a sinzmltea oinomriycl e.

(d) Accefa@acy to the mfratti onofreproritomgd:i

exadtzati o of that i on.

(e) Dynamic r-apfgereftbinhbar mayi mum- amoun
ces a signal at the detector | evel pr or

(f) Anal yrseipsr esspependced by the number of sp
scans) per unit of time. A high zsm@n r a
events that occur at high speed.

(dAbi ity to-tryepceorsdp eSI/rMS (second order,
are composed of at | east three subunit
(precursor ion) fronaetsherpgritimar v eicomdmis
It undergoes fragmentation according t
| oalysi cal conditions; the | asti zeewbuni
fragment s, producing the second order,
generatedubanithe &icemplets.uMBBIMS tsepcehcnt
Il ncreases the certainty of chemic-al i de
cal Il dentity) of an analyte.

2.2. 2. Ma genre taincd ammdagtnyed trioct ati ¢ assembly

The firstermawass adheadiygned based on the d
magnetic fiLelI @ rodrucee .t of htehe ni ti al path of
t et oédn@agnet jaon dfLibdnlefdotrz e i s perpendicul ar
direction of moti on a(nki gur eshed4d mabg,ned)i.c

An i1 on with md'bsamlduted ema g8 <" adhaealger dt ed

tial divf fes eintel aves the ionizing unit.
"vi . These quantities satisfy the relatio
energy of the i on is equal to the mecha
field.
m. A
i OV —'20/' (13)



The condition for mh amd aabhs albstog' uetleoe antar

foll ow a circup"ari npathhe ofr ersaedchicies o0"f a ma
"B" 1s that ther dhmttrleus sofeqtuhed t o t he moc
force acting on the i on (14):
By ) L (14)
rm

The renfli o 't he ci ricnupoasredt roan etcheoriiems by
of the,ianeaeelxypzreerssed by equation (15).

m. A
rm:—'é (15)
q B
lons withmd§yffateas follow differeaem't ciroc

(FiguEQuat7)on (15) srmbowsf tthtae d¢ihrec wlaain utsr
not only mhfytbae theioboh, bwt. also on its

magnetic analyze,.

FigDefiTection and focusing of an
using a homogeneous magnetic

The discrimination power of themi/magnet.i
ratio criterion (implicitly the resoluti

i ons entering the analyzer \i'awe etsh en osta mee

o ni" ) . However, this condition is difficu
di fferent initial t her mal velocities (ev
cause it is difficult to defiomstihegipos n

uncertai wtyvelnodihtei e's wor ks against the

analyzer. This problem can be solved by
el ectrostatic anal yzlelre (ealce dtnegorsatsaotai sor adt N3¢



two cylindribaalmadlueacetsr odesa (cyl indrical <c
el ectrosHE'atiisc éafpipdgluce d" 18) .

Fig. 18
El ectrostat.
(shown for p

The conditi on off orabtshod uitagnd mads o'l ut e el €

"g" t o move along thme" c(itrlraul ma@emadbiutbied mp atélsa
t hrough btehevesemadene cyl indrical ar mat ur e s
dules of the electrostatic andoaocdénttrifug
..2
g TN (16)
re

Removing tmhe{"prfordouc t( 1"3) and (16) gives:
20V

o =—— 1

= 17

According to relation {1Mi,t ht hde fdocemrdintti o

"mi/i§ ratio follow a circufeardépandstonly
rati o between theviaaandl ¢ hat i ot epmestid iyt iod |
bet ween the ar mawuenes .asTlhhe vied wicada yt H i | t e

given velocity ttmgiypasast,i owhatever t he

Anakrys consisting of an el ezn r(dual il al
magnet izecr )anparloyvi de better r es oleunoitvtess b ec
uncertainty associated with the initial

The influencethmanithal vaelecytokes can b
reduced) by associating an electrostatic
i n a doubmbdgnetliectamal yzer) . Il n this case
system requiret bbehsaelataobhsofl13) and

(14) and then dividing"bysrelamioant d6),

(18)



According to relation (18), the condit.|

l' yzer (with the" ramt it orfs tcruarcvtaitwerley "i mp o
val ues mo"y natei & (i nsodmer vamh'd)s, iod ot"hat

magnetic Bhndodttbae [Intensk"t waafy tshenudIteam
keeping Bf/ HEe croantsitca n"t . Hybrid analyzers, c
a magnetic unit, offer a higher resol uti

ion beam

(B)

Fi gDes9gn scheme zfr tWiddhmarsge ameatl ryy ( A)
andMatt eHeahgeg metry (B) (paths shown

FigunMe&ghnO®ws the design el emehtananadabpe:e
with dual el ect rNicd mmmsecoangn etyi)g fao@cwanf( g
mohomany mass spectrometers. The el ectr os



magnetic aanagtlgeceredThe t he el ®actdh@s taamtgi ¢
| eovered by the %magnetic sector is 60

| n Mahtet Hlecmeg@ metry analBlrern h(eFimpwumetl &

tric fields deflect the i ons in opposite
the i ons omara ¢ommseseMaptl tadecx®d®mMé i gur-ati on
vantageous when using a multichannel det
lons with diffmef"@nrtatviad,uetshiosf ctohref i"gur at
sensitivityNcdmomacsemf it gu it datei on.

To overcome the problem of different 1in
a |linear wWeldaclitteyr )f ibletfeorr e( t he magneti c &

coming from the i onimgZ &t iveanwersiht ,diwiftehr ednit
vel ocvi"t,i @aas’s t hrough a region with a mag
field. Figure 20 il lustr &bhaersd tthlee edlfecttr

f orFeien t he case of aFpaordtbkhta wee o popno s iTthee di
The condit i-doenv ifaotre d hpeasnsoange of an i on thr

t ret ged ovefidry which the two forces are equ

. .. .. E
F=Fk, ;. 0@ BqQ OVOE (19)
The condi-dewinatodd nmaassage of i1ons througl
on ®BheaBH'd v'al ues, characteristi csml/dq t he
ratio of the 1ions. Il n ot her wb'gdwal e {tf

pass, but only wvbngi webhhbyhequaeltoont ¢19)

Fig. 20
Working principle of a linear
velocity (Wien) filter. The figure
corresponds to a positive ion

Dual focus mass spectrometers (electros
Il nstruments. Wi th a magnetic induction o



a resolution of 100,000 can be achieved,
The accuracy of molecular mass deter mina

The sensitivity increases with the accel
Anot her i mportant advantage of th-e doub
meatiamry i on selected by the first modul e
and magneticf meedubpacé¢fi bydcontroll ed cc«
for ekhkemphemg®©Om) t he ot hexceoaamelvtelk hmi trs t1}
|l haboratories with modest financi al reso
coupling them to a chromatographic-syste

meter act s as a detector.

2. 2. 3. Quadermpol e analy

The quadrupol e analyzer is often used
analyzer consists of four electrodes in
section (i deall Apm@g)i be, wFt pusecionl am d
demanding systems.

Fig. 21
Component s
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FigTh22evolution over time of the direct
potential applied to the electrodes.
and the amplitude of the alternating
constanadam@tl aitei dn and rREMaickand ucti on
J.F.J. Todd Quadrupole lon Trap Mass Spectrometry. John Wiley &

Sons, Inc., Hoboken, New Jersey, 2005 [ISBN: 918471-488880])



The i1 ons arriving from the ioniizaat $on
direction( Anakhidgu-v dr 2begtemectri cal pote
I's suitable, the ions cross the &elzectrod
axi s diThecseparation of the i onsm(gpectr

ratio criterion is performed byQapandyi n:
alternat RRRa dviod tRargeeqguency) t o( B)Bed eeclte cntgr «
the characD€anAQviodd agfest, het asmewistulm etdh ¢
sui t'm/b'd er ati o passes through the analyzer
charge on the surfaces of the el ebCrodes
voltage and t hAeCvamplaigeudevhofl et keepi ng ¢t
analyzer becomes "tranmp@grealulreidisgcjaoans w
t hDeCvol tlaaggred t he ampBRFv dlutd/ag eef ptrhoegr essi vel
whil e keeping their ratiAdvobhisgaempsaaadt:t
as well

Figure 22 shows t heD®@éwoolltua g eb AtCoa/teern ttiiane

val Uwewa)nWy( tappli ed to the electrodes. The

f ovrar"mé'd val ues without t hlehen eceoth dfiotri oan noaf
for an i on imposes stabilixayxi 6l amidyt atdloasg
axis. The elVd «xt'ryijidn) paont e nnttiearli o%' @ylidnatt o f
time i"s expressed by relation (20).

2__ 2
VOGY ) =[U(D) Vo) cés2 1) é—rgL (20)

Il n equatli(&ni 620 he DCwad lutedofpl ) itthet he ampl i t
hifghequency vol tta,fe"i sb athhe ifrA €iguetnaye ,ofan
"ro'i's half the distance bet \W&gn the oppos

Figure 23 shows the BQGwdmpdreerti adt |la ngeis
i n the space defined by the electrodes.

o
|

Fi g. 23
Equipotential lines in the space between
—  the hyperbolic profile electrodes of the
guadrupole analyzer




The oscillatory mbtayd dofrezniioons is dle
di fferenti aMatelggmat oanj 21) (

d2u

OI2+[au -2 ofp cof2 ) @x (21)
whewuwe i"s the transversex'diasypd dcementi ont)

the center of the elecXt'rodehapptemvbhetr ahd
fiff 0 ifg etqhweArCe g1 t age. The&ad ddigedua toinomm fi n dileu c

di mensionl|l eay$5 pa@dadeftienesd "by rel ations (
Q=% = § _SQQUO

m& B p2 ¢

o 4@ OV,0

Qu=0Ox = Gy iy élﬁzfj

(22)

m stability along

the x axis
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FigStadility zones of 1 on maevre meenstulitni ntgh
fromMahbkbegwati on (a) and itmeolfnedt st
reaper atb@oakfernRm E. March kiQuWadr. dpolTe
l on Trap Mass Spectrometry. John Wil e
Jersey, 20004 7{418BBB) 978



The graphical repr esaeil't gtaircamt€med fert haes vaal

t he val ug's dr aanmeetsebtmed gl omet ®f st abl e o05s
directi xhsayd atxees '(Fi guhree s24A)b.idfrt gude® ma
2@), the domain nearighe@fFiog u(pe 12 D4arnche2 @)r

Scanning consists in simWlatnaln & diwes laympil n
Vo, an operation which correspondsato si.

andu in relwhtkleenpi(mR22 )t,heir ratio constant
scanning means moving the figurative poi
to differen/ zwali wes Omnfl ytnivtd&ze@al uen wivbs bk poD

within the stability mggi ocnan( ipnasFsi gtuhrreo u
| 2 r .

Thens with figurative points outside t
qguadr upelre drhel ynass resolution iIs invers
stability domain intersected by the scan
chosen to intersect the stability domain

0,25 4 m;j
: \1111
; | hv e -
0.20 4 unstable region i =
i 2 54
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TO,IS- &S =
- (}:::J =
i S IR
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k) i ‘0’6 \*\ 2
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] & N B
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q—b-
FigTh25stability zone used in practice
Stability regions bdaaVwsomedi masepr ¢ e gt

this case/a"aoiduy"aap@asaofal ues mayt ochoea r e s
m/izati o of the ion in question. I n other

t o dirm/frearteinotgdv sVvap Itdhte. Onl 'y i1 ons for which



FigDi 2@l ay of stabilitey domadinsai eas,” Uhha
m/ z ratio corresponds to aediostihect s

di spl ay and"&pordi nat es (raesdrianwnFi gur e

accor dk.nBl auom, C. Geppert, P. Ml | er,
Otten, A. Schmitt, N. TraauPmamer t iKes W
Performance of a Quadrupole Mass Fil't
l oni zation Mass SpeSptcomemry .-3)I9®1B.. 13.1
6 B87)

The motion of an i1 on passing through th
transverse o0s xa hyaaxteiso n(sFialuorneg 2t7h) e Il f t he
satisfied, the amplitude of the tr-ansver
| ues, small er than the distance between

Mass spectrometers equipped with a qua

resolution does not match that of instru
analyzer. The typical upper | imit of acc
sometwhlay i ncreasing the ampl iMoguder edudihre
i ts fr déquenacnyd (r'reducing the diameter of t
For exampl e, by reducing the frequ-ency t

t endebd O0t0O00 4Da, but at the categorical di s

Quadrupole analyzers are parti-aomohlearly
culwern ght compounds. With the advent of I



significant amounts of iPons with multipl

t he

guadrupole for much higher mol ecul ar
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FigTh27stable oscillations of an ion alo

passes through tz2e. gOWsdi Upakeoanal vno
of an i1 on passing t hmwreorugfhort hae Mupaar g
and circular (C) p(rroddrl eewnBlaanittheer el ect
Geppert, P. Muller, W. Nortershauser, E.W. Otten, A. Schmitt, N.

Trautmann, K. Wendt, B.A. BushawProperties and Performance of a

Quadrupole Mass Filter Used for Resonance lonization Mass

Spectrometry. Int. J. Mass Spectrom., 1998:181(3), 6787)



The resrod ytaoountd time'qgiroant iwo tihs tghieve'n b

res=———— (23)
qO/aCC

whet®e i"s the | engt hVag'e itshet led eacd o eldeer atair a

determines th&akicomndétitdeemnmnemngyrep't edqgiidn g’ t h
are thethadsesctand charge of f"tyhda si arher 3 pec
of RAvel tage.

According to relation (23), the r-esolut

uencfy) ("decreasing t Weccaandl emaztrieasi ngl t
t he ed'leg'c.t rDudke to the inherent desig-n i mpe

tical l i mit for mass dizesrcsr iinsi nlatDao.n Mufc hg
|l uti on (sometimes up to 15,000) can be o
bolic profile (the i deal case) .

To simplify the desizgns ssosempagbpnbteulpdl
el ectrraaddhees t haoonea Fhyggp®ikdC@admpar e the tra

oscillation of anyiaamns()i nnthéededicaset odbnt
and circulharmpasobilasi on frequency is | o
with a circular profile than in the case
means a slightly | ower resolution in the

Because the quadrupol e analyzer d-oes nc
netic component, it is ideal for couplirt
|l i guid chromatograph (HPLC/ MS tandem), |
(CE/ MS tandem).

Il n some special applicati adsol t hge awial ly

t hleCcomponkEZnt=RE4nl"y" mode) . Il n this- case,
ti onsy" tpme a'meMaetrheagemuat hen i s zero (rel ati
coincide'gu"awitdh (tHhiegure 25), and the quad
mass filter. "gfkl 0L 808 Ppasswhhcbugh t he ar
iI's bounded at the ends by addition-al el e
rupol e analyzer without CoONMhAChinhy wWwiutah r tu
pol e 1is used to provide an i nter medi at e
chemical reactions (e.g., fragmentation
a gowinde dehkoenst in more power ful i nstrum



2. 2Andazty with a series of quzdtdypoles ("t

Quadr upadres acnoannyect ed i n series are use
ducts of pri mary i ons. Figure 28zeglgqws

Qugqzan@, connecnandnern this

- T her ! ud

7~ Collision €M !

: T 4

! I

|

. | Q

L |

|

| Q2‘,——'
-~ | “_-——’

-

Qq

Fi gQua8rupozee samcalnywnec(t'etdr i ml sequad" as
l ons from the iPionizationQuniwhiehteant be
lons or transmit only a specmfization Tht¢e
selected ion egxdewbhithei gupdwapebdeonly b
vol t\ge Wi t BOwal ttdhgee a'nd i s t herefore ope
range/"afval ues. This quadrupole is i1 n a

Il ntroduced whose mol ecules tbaHM delwitt h |
smal l er ions (@uagoenmpaltiecosppatTlees t he
mentati on. For each primaryheoacsebercoted
Q3produces a complete frglgamend dpkefteér eamt

the other two (it is the gcolramberhafsorontlhye
of i on guide). F om2itsh iuss erde @psénasnt & rafih eosm @ & a
functional di fference.

By choosing the qgulaidsiupo| enendgy iisn ptolse
type and degree of fragmentationpraanade i m
dure called MS/ MS (so?'met iTrhees "rt e fi eprl ree dy utaa

often used as a detector for chromatogr s
with particularly high specificity, al |l o
separated chemical spdoiwed heTasllasmmdAranadp
of the triple quad analyzer.



Table 3 Opesoédatgngdmoagel es in the "triple

Procedure Desired goal Quadrupoles regime

Information on the

Product lon | chemical structure of th
Scanning ions formed in the In Q3 the full MS spectrum of the

ionization phase ion fragments is generated.

In Q1 a precursor ion is selected

Detection of compound{ In Q1, all ions are scanned.

Precursor lon . :
that produce common | Q3 selects a particular ion

Scanning ion fragments fragment
Detection of compound{ Both quadrupoles@1 andQ3)
Neutral Loss | that lose a neutral are in scanning mode but are
Scanning molecular species by | permanently set to a specific
cleavage difference in m/z values.
Q1 is set for an established
Single lon | Monitoring of a selected Precursor ion.
Reaction reaction Q3 is set for an established
lonized fragment
(Acanning of produced ions (fragments
Th@®&quadrupole is in selection mode. Fr

loni zat i Qnquuandirtu,p otllree sel ects t he mhpzn of |
The selected ion is fragmerCtlgdi goygtuBdke mi c

rupol eQxruda dtrrugpol e (i n scanning mode) sep
generates their spectrum.

(BPrecursor i1 on scanning

Th@®quadrupol e, set in scanning mode, S
and sends themgaqmu asde gqipeonn ee tHertehe upon i1
gas (nitrogen, helium, etc.), the ions d

Qaguadrup@BeadTheol e selects a particular

sequentially r &1lgeuaasderdu piocolne, afnrdo ns etnhdes i t t

(CNeutr al Loss Scanning

Quadr W pah@are in scanning mode so that
fixed diff erm/nzaet iboest wieoe nwhtihceh t he quadr uj



(DSingle 1 on Reaction

Both quaQiao@ol &#@&se in select mode. This

greater confidence i n the i1 dentification
of misinterpretation of results.
Q qz2 Q3
— (=> % —_ / (A) “Product Ion Scannig”
set for a fragmentation scannipg ;
precursor screening the
ion (m/z),, fragment ions
Q, q2 Q3
/ > <>I<> | —» (B) “Precursor Ion Scannig”
scanning (m/z); set for a

(i=123,..) ! fragmentation specified
fragment ion

Q q2 Q;
A = 4*» —=> / (C) “Neutral Loss Scannig”

scanning (m/z); _
(i=1.273,.) fragmentation

scanning ; screening

the fragment ions with

(m/z); = (m/z); - (m/z)j =const.
(i>j;3G)=123,.)
(r=123..)

Q q2 Q3
— = % | —» (D) “Selected lon Reaction”

set for a fragmentation ~ S¢4NINE
precursor screemng_the
ion (m/z),, fragment ions

Figll2@stt1tdoteti @damdarfd operating modes
of the "tripdre quad" analy

Thegquadrupol e, where fragment aRRhven t ake
tage applied to the electrodes, so it ac
I'S not necessarily |linear; i n some mass

at °®Pr0 evHm oInBx he ion entrance direction



l mddi tion to reduci ng gxsgiuzaed,r utphod ec worf v eed

vantage of |l onger ion paths in the fragt
mol ecul ar fragments and photons from the

G

selection/scanning
- 30//////////////////////////A
i g.
Bent configu Q
g2quadrupol e,
“"triple quad
Q3
7z |
T sélection/scanning |
G/

2.2.5. TiimeOF fazsFa liyg ht
The Time of Fkeirghstep(@ar@R)esanalnys accor di

flight") between t keetiirond ewnairtt uaned ftrhoem rt h
tor. The principle of operation is shown
NI
20kV {Qj ’ @ detection g 8
\@%z‘/ é\% (in reflection | reflection electrodes 5 CL:—) @
/ mode N NN 2= 8
) ) Qﬂﬂ:%'!%g
P: ] _ I Iy :II [>
I ) " T
] I
: i PRV
ﬁl 8ﬁ J— reflection electrodes l
gY % = L - >20 kV
.2, —— . - i
£8 g% area without electric field braking and
U & & N reflection area

Fi gDesiprginnci pl e of the ahbmg efavifdtight (T
changeR. aEkman, J. Sil bRmrirnkimgal m, MA. We

Mass Specittmesmegturmpent ati on, l nterpretat.i
Joh Wiley & Sons, -07n4€0.1,335009 [ | SBN: 97



The operating condeni os-daffiwkedd ITOF satna

against which the time is measured for i
sequentially at the detectozrafitsersuat bl
pul sed ion sources, such as MALDI, where
The sample holder i s at a positive or n
mode of operation with poe30 tk W.e Tohre nieognast
by the | aser pulse are accelerated .towar
After |l eaving the acceleration zone, al/l

the same kinetic a@rerqpyWemut veil fofca rta rets. ma
region with no electric field danrd fsitmaltl
signazat fimoniiating | aser pulse) to the ar

ti me Oo'frof!l iegxlhptr essed by equation (24).

_L .Am o ..
(troe) =3 f% 7@91@ (24)

whetilLe i"s the |l ength of the zowe iwd-tthlbautv

-O:On

| oci ty oi'fdutehteh @ oanc c'el|l erUat'e,fm@p)i"vef eanget b t
mass/ionizati oni"s,t aetned s"at he efembept aon &

The faster or |l ighter an ion is, t he s
travels through space without an electri
flight'mandttitlmeof an ion is achieved by <c
The resolutiomerofi & hlei niOtFe danlay yt he di v
vel ocities. Thiesd diyvempeict mli prmicreidmir es s

static reflectors or dellaagy'e dp reoxcterdaucrtei)o.n

The TOReranadry operate in two ways: eit
detector without deflecting them from th
by modi fyibegatuaspep lpyhitrhg a deafnldeoadi og potee:
to a different detectlor t(hree fclasscet iodn doed teec
static reflection, the path of the 1 ons
mode), but they are reflected by applyin
ration potential, after which they reach

reflectionidlteditfrmdddad hies main axis and th

t @abolu’fP8 r om the original direction.

The effect of ion deflection by refl ec
the more iIimportant effect I s to compensa
The 1 ons with a higher initial vledcotciintgy
el ectrodes and travel a | onger effective



vel ocity which, by penetrating | ess deep
path (Figure 31). By optimizing the rat:
voltage of the reflectimyz etliexc tlrwtd edksi, f fi eol
velocities arrive at the detector al most
suitable for the entire mass range cover

1 1 )
RN Ecin = 2 my2 = q-Upee + 5 -mvg -é
Vaee (huls) 957 K
AT Vo(®) > Vo(O) > Vo(O) g5
PRI = 2
o LA Sz
S R % &= . Q—1 D
2R Tel e -~ o !
E I B A 4 e
_ L o

Vacc |< >|

area without electric field

FigThe&2princi-paekxof altde ammnt h modi fi cati o
R. Ek man, J . Si | bRrirnkmgal M, Mas SMersda man

Spectromestriyumentati on, |l nterpretatio
Wiley & Sons, | n@7421236B059 [ | SBN: 978
The -tage(del ayed extraction) method 1is
(Il Tklre | i near detection mode in the refle
pul se direct(eidnadatcedhedesaompptei ameofdetsioe bie
lons (even t hons/éz awtiitdh) thaev es adnef flemr leen t T
mo me nt of | aser i rradiati on, the sampl e

(Vacgc as t he( Rajnrds tt hger atoinlsg are not subject e
voltage in this region, f(ulr)(t 2Za)é r mdiree rt h e

vel otwtli es

A few hundred nand's)ecafntdesr (tdlee aiymp a ente , ¢
the potenti al ofli)sshsusdmpl § suppeased,
Il nstantaneous generation logf2a)ani agcedwamad
gr@ad) The initiall yoish olwieguin en33) | abe | uWr |
el ec(lapndde are accel erated over a greater
(Il abediend FHi gure 33), so that the for mer
|l atter. Aspaeedesovdmprhaeheeh a common value
enter the space withodB)nddsdeg c ttrhieci rf 4veelldo c(i

dually approach a( 4clo mnfo nt hvea | a1 @tgdmanrdkt i o n
t he deltayarne meet" to opti main/"x¥ arlaute so,s iaonnds



vel ocvp't iagg i™ve (al most ) ($)muau litnapnleiocui-stllyy aatt
tor. Trm/ds  vadmue" corr-depondd t oamo& wwe ltfhloiugh

being affected by the diversity of initi
Regarding the initial velocity problem
TOF with reflection detection is superio
| ag extraction. Figure 33 compareskF (in g

modes 80O fhaginh&@nt of the peptide hor mon

18 19 20 21 22 23 24 25 26 27 28 29
HoN- Arg -Pro Val Lys Val Tyr Pro- Asn-Gly Ala Glu Asp

30 31 32 33 34 35 36 37 38 39
- Glu -Ser Ala Glu Ala Phe Proe Leu- Glu -Phe COOH
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TOF linear mode delayed extraction TOF reflection mode
("time-lag”) mode

FigComparative resolution performance of
( a f K. Bownard Mass Spectrometryi A Foundation Cours
(RSZC, 2004 [ISBN: 385404609-7])

Il n some design -cfohfglgtur analonsi sti sneper f
perpendicular to the initial ion Qneci den
and subjected to chemical aoqeaate oteéf Iragim
accelerated by a combination of electrod
After reflectitkkat bghawprooe&sgurng z31, [

rati o reach the detector simultaxweobsl!| vy,

di fferent i ni ti al vel ociti es. Thus, t he
accelerator and trheef Iréedftliexnt d loanr &d teert ir Dtdie



Ar or Ny
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v

Qq a2 orthogonal

| I:l accelerator

A
Y

detector

B=
| 10000
poong

turbo-molecular turbo-molecular
vacuum pomp vacuum pomp
(10 mTorr) (1072 mTorr)

turbo-molecular
vacuum pomp
(1074 mTorr) —

reflectron

FigbDe384ils on the design and operation o
(redrawn with mé deiHbfimanak M. Strokanta f t e r
Mass Spectrometryi Principles and Applications.
John Wiley & Sons Ltd., 2007 [ISBN: 9780-470-033104])

2.2.6. lon trap analyzers

Unlike the analyers described in previous chapters, which act on the sample ions
either by producing deviations in the trajectories depending omif# fatio or by
recording the time taken to travel a fixed distance, ion traps capture the ions arriving
from the ionization unit and release the individual ionsatreetime

2.2.6.1. Quadrupole linear ion trap

The quadrupole can be used as a linear ion trap a@ppropriatecombination of
continuous voltage and radio frequency is applied to the electrodes to satisfy the condi
tion of transverse oscillation stability for ions witim/z" values between predefined
limits. To prevent ions from escaping in the axial direction, additional electrodes (front



and end section) are located at the ends of the quadrupole (Figure 35), which are loaded
with an appropriate electrical potential arahreturn the ions towards the centThis
ensemble is known in literature as a linear ion trap ("LIT").

tel‘mina]
S€ction

fl’ontal
SeCti()n

Fig. 35Construction details of axial ejection quadrupole ion trap

Figure 36 shows the operating mode of the linear quadruple ion trap foadbe
of positive ions. In the ion uptake phase, the front section is at a potential that allows
the ions to enter the space between the electrodes (Fig(ap.3&he transverse oseil
lation is stable for the incoming ions so that they don't hit the surface of the electrodes.
The higher positive potential of the terminal electrode prevents the iong$aaping
in the axial direction. Once trapped, the potential of the front section is increased
(Figure 36(b)). By modifying the potential of the terminal section-E2 V in Figure
36 (c)), the possibility of sequential ejection of ions in the axial direction is achieved.

(a) caption of positive ions

Vit
(b) keeping the positive

0 lons 1n trap

N

(c) ejection of positive ions

/i

Vit
FISV 5V -10V

Fig 36 Operation of a quadruple ion trap with axial ejection
(for positive ions)

In other configurations, the quadrupolar ion trap releases the ions perpendicular to
the incidem direction through a slit in one of the electrodes (Figure 37).



Figbe37Tgn details of a radial eject

2.2.6. 2. l on trap with three electrodes

Anot her type of i1 on trap consists- of tF
file (Figure 38h. aAn alhteerrn antgi ved e trjoadgee

with amwpdnd ufdredg'quEepmclys € superi mposed on
tage El ebamaades grounded (zero potenti al)

l entry of ions

b
~~ Z() |
= a a
E To
170}
| o
@]
— 'O
-
I .
P exit of ions
= l to detector
fundamental radio-frequency voltage
radio-frequency|<— scanning processor —¥{ generator with variable
generator amplitudine

Fig 38 Secti oneallecvtireom ecafd aemttehdreegen d r ede s i
Chhabi:l FPumsdamentals of Contemporary N
Wiley & Sons, Inc., HobokeOM788&\8 9Jer s
5hnd &ftee H&Vf mG@8bhnoMasmst Spectrometry
Principles and Applications. John Wil
[ | SBN-0-483@3833410)



The i ons enter the space between the el
el ecbroldresi de the electrode assembly, t h
motions in three dideameindnssrs@tuwmar €p a tFhi gius
39) without colliding with the electrode

1. AN ooy

Fi g.Ty®»9 cal lon trajectory inside the i o0on
Chhabi:l Fumsdament als of Contemporary
John Wi ley & Sons, |l nc. , Ho b-0k&h , New
6822P an®R.&f tMarch kiQwWadr. JpolTedldon T
Spectrometry. John Wi ley & Sons, Il nc.

[ | SBN-0-4 BAB8-BB)

By changing the voltage of thbeandnput ai
Figure 38), il ons enter the trap, are ret
or are selectively released m/bzwamads$ ot h g |
residence time of an mb'n riant itoh e tthrea p ndneepr
ring elcpcttbded( st ance baamtdWwWa)e,n tthe ferleqgu
of AQve |l tfagapplied bet vbaeoad tDseo é tlUagqnir od e s

the ampbift utte radi ofFrequ drmey dudlifteageat i al
tion of am'i amdofe| mae $itwohaeatlgmpldf i"ean "



be defined which delimit theesutaddy,ity z

mentioned in equation (22) of the quadru
= _16(z U
’ mE #2) 402 ¢
i e (25)
8¢ ©\,0
qz:'ch ;

mcZ %) 402 ¢p

Usi ngas't hmgy'd" vval ues as coordi nButebd t he s
areas corresponding to the retenltiiikoen of

di agogmgures 24 and 25). The movement of
of ®&wheadgyd values are within the stabilit
the trap. Il n modern spectrometers, an i
hel i um at a'3T|cDrrerssmroercefdur@a the kinetic e
The i mportant feature of the ion trap i
concentration is reached and only then t

Il n other conventional analyzers (quadr
flow of i1 ons iIis obtained whose concentr a
ti on uni t . l nstead, i n the case of t he |

il ncreased detection sensitivity.

The ®#heeérode i on Wr apanb S. i ®Sviem nlsadedde ¥
and perfected fof. @as Sitna ple%8t 4d, 0 nhedPracya btyh e
trap".

2.2.6. 3. El ectrostatic trap (AOrbitrapo)

The name "Orbitrap" refers to an el ect
mass speaEbuvudmamnysf orm of the captur-ed el e
cept was devel opMakaamd 199BI [ Uh &d Pyt . 5 €&

[ Anal . Chem. , -1210626d72ph08pB804P&6.. 20041085
Figure 40 shows the | ongitudinal sectio
of its el ec( Apldews &itgruares dAer s al section
that makes up the parts of the "Orbitrap
parts separated by a narrow electrically
4YB) Thesbkppoadl|leentral electrode has a
l ons are injected into the spacelbetlween

trode (FAQurMdhedentral electrode i-s at e
pending on the mode of operation) of sev
at zero potenti al (connected to ground).
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FigLo4a@i tsaa@cmmiadn through (©Oedesrgpéedanél
M. Scigel ova, M. Hor ns haw,; A. Gi annak
Fourier Transform Mass Spectrometry.
2011:10(7), M111.009431)

The ions are injected into the or-bitrarg
volts and are forced to follow circular
same time, they are made t ozaxs i lilnatFe gailr

(B) by the action of the electric field b
“f''- of an indn amfd md exM''T i dhear glda-aXeicst i ioM
given by equation (26):

T éﬂ Br.2) (26)
20 py m ZM

wher e tlﬂMaicSotrhe volUlagegpemadi egton th
V4

natraszgl al ozug rteltd icam.frbcem sreeelnati on (26) th
frequency of t h'en/'izoant idoe pbeuntd sn ootn otnh et he k
i on entering the trap, a fact that give:
other analyzers.

Figure 42 shows graphically the depend
associated wi2tbl® O0Oa Vpotenthieal nofer en/'&ctr od

ratio of the captive iPon in the "Orbitr
oscillation of thezawins, ias tpher addairwed iy
the outer ellgcdBt), oide < Fhouertirerdi st or a, resu
the mass spectrum of .the ions inside the



flux of flux of
(A) ions (B) Tr ions

VE::0:9.9.9.9
n "y
7] —
///,,////\///c/i/i/i%//% ‘
//////// ENENEEEEDS
(€) signal
=47 077
///////////////%/
N 22, G /////
2 v/ 4
T 7
:@—-signal ~V+REF e—
L
FigXonstruction details and operation
(A) transvedisan isrejcd dtoinoran
(B) Il ongitudinal section and i mage
(C) maesective detection
Anot her mode of operation is the seque
the "Orbitrap" by supREiI mpgEQ)egdidtraagei on
continuous/) potenhealceqtr al el ectrode. TF
di r etcotwveadrhdes det ect or, which generates the

Figure 42 shows the variation of the ax
a funct mé"a rod-2 §hCkaV potenti al Tohfa ntahley zceernt
I's of partiMSJlamraliynstiesr ecsft kiool ogi cal sam
sol uti on an dThe mashrangeacsveredlby tidibitrap”is5 &k Da t o
100D&a mpl es of b wiotllol§ D anadlcahoarr iggei 4o tilest e c
tabde 'é&r bi"t ramm!| Yaes i s due t'®Ortbh"éh amipghylg s e
one of t Isoel udcigompat edet o ot her mass analy






