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Jon Sources

In the ion sources, the analysed samples are ionized prior to analysis in the mass spec-
trometer. A variety of ionization techniques are used for mass spectrometry. The most |
importamt considerations are the intemal energy transferred during the ionization process
and the physico-chemical properties of the analyte that can be ionized. Some ionization
techniques are very energetic and cause extensive fragmentation. Other techniques are
softer and only produce ions of the molecular species. Electron ionization, chemical ion-
ization and field ionization are only suitable for gas-phase ionization and thus their use is
limited to compounds sufficiently volatile and thermally stable. However, a large number
of compounds are thermally labile or do not have sufficient vapour pressure. Molecules of
these compounds must be directly extracted from the condensed to the gas phase.

These direct ion sources exist under two types: liquid-phase ion sources and solid-state
jen sources. In liquid-phase ion sources the analyte is in solution. This solution is introduced,
by nebulization, as droplets into the source where ions are produced at atmospheric pressure
and focused into the mass spectrometer through some vacuum pumping stages. Electro-
spray, atmospheric pressure chemical ionization and atmospheric pressure photoionization
Sources correspond to this type. In solid-state ion sources, the analyte is in an involatile
deposit. It is obtained by various preparation methods which frequently involve the introduc-
1ian of a matrix that can be either a solid or a viscous fluid. This deposit is then irradiated by

_ ehergetic particles or photons that desorb ions near the surface of the deposit. These ions can
tracted by an electric field and focused towards the analyser. Matrix-assisted laser des-
n, secondary ion mass spectrometry, plasma desorption and field desorption sources
this strategy to produce ions. Fast atom bombardment uses an involatile liquid matrix.
¢ 180 sources produce ions mainly by ionizing a neutral molecule in the gas phase
h electron ejection, electron capture, protonation, deprotonation, adduct formation or
transfer of a charged species from a condensed phase to the gas phase. Ion production
plies gas-phase ion-molecule reactions. A brief description of such reactions is
the end of the chapter.

ctron Ionization

Aroi ionization (EI) source, formerly called electron impact, was devised by Demp-
o'fed. by Bleakney [1] and Nier {2]. It is widely used in organic mass spec-
'S 1omzation technique works well for many gas-phase molecules but induces
.mcn'mticm so that the molecular ions are not always observed.

*n in Figure 1.1, this source consists of a heated filament giving off electrons.
Af€ accelerated towards an anode and collide with the gaseous molecules of
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Figure 1.2
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i through the following equation, where N is a constant proportionality coefficient:

This equation shows that the sample !«%:.3 is directly correlated with the resulting

mv _ ,_m_!n current. This allows such a source to be used in quantitative measurements.
is Wav is 2.7A for \ q_mns,n_.u&ﬁsﬁgﬂgaggu._ggggiaqoi
15 V. Obviously, at lower energy there is less fragmentation. At first glance, the molecular
; e en is better detected at low energy. However, the absolute intensity, in arbitrary units,
a Kinetic eneTBY B1_ " . surbed and becomes complex. energy transfer that leads t0 proportional to the number of detected ions, is actually lower: about 250 units at 70¢V and
- 30 units at 15 V. Thus, the increase in relative intensity, due to the lower fragmentation,
© liusory. Actually, there is a general loss of intensity due to the decrease in ionization
Hiciency at lower electron energy. This will generally be the rule, so that the method is
g loo._.c_ for better detection of the molecular ion. However, the lowering of the
ation voltage may favour some fragmentation processes.
of the samp i . plect A\ modification implies desorbing the sample from a heated rhenium filament near the

current, 8t CONSIATL PSS © o ' ow potentials the OCTBY ©0 77 and molect! Sissnic beam. This method is called desorption electron ionization (DED).

. €r conventional electron ionization conditions, the formation of negative ions is

*fization leads 1o fragmentation of the molecular ion, which sometimes prevents
. 'emical ionization (CI) is a technique that produces ions with little excess
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and examples are given in the sections dedicated to the ionization methods and to the
fragmentations.
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As an example, let us 98350 d:&.ﬁ or
ammonia to neutral aniline 18 efficient:

proton transfer from protonated

NH;' : 1.17.1 Electron Ionization and Photoionization Under Vacuum
NH; These reactions occur under high vacuum. Thus, no ion—molecule reaction occurs. The
. + NH3 i species formed during the ionization process is a radical cation. Ionization efficiency
+ NH, depends on the ionization energy of the molecule. The presence or not of the molecular
. ionis ions also depends on how easy it fragments.
—GB, the AG® value for this reaction I8 §.m§m.=8§mo= often !oa_w.oom both a radical and a cation. This can be represented b
4 idual AG® values, equal to —UB. i \ . 4
From the individ the following equation:
calculated: . AG® =~-819 K mol™!
NH," — Nm+H " R+ R
. | RR"
NH z:u / w+ + ws.
2
-1 i
R AG® =851 kJ mol The factor that determines which of the fragments is a radical or a cation can be
+H emphasized as a competition between two cations to capture the electron:
Rt...e”...R*
+

As the fragment with the higher propensity to retain the electron should have the higher
ionization energy, the fragment observed in the spectrum as a cation is the one having the
lowest ijonization energy. The other one, having the highest ionization energy, takes the
clectron to be a radical. This is the origin of the Stevenson rule that will be explained in
Chapter 7 on fragmentation.

NH
NH, 3
-1
| W | - NS — @ +NHy  AGe=-32KImol
+

. gwao—-ﬂg AN ... ;
being exergonic, he PrtOl T o ere with efficiency

rce, the reaction deali _

In a standard source, the in the source we are > ¥ g2 I

o ery efficient. Note that in " , equilibrium | o .

to aniline i_=. be ith equilibrium. Under the high-vacuum conditions, &4 1.17.2 lonization at Low Pressure or at Awmospheric Pressure

s that, in the gas phase, anili
not established. Th exame® i“ﬂ”oaw. The importance of solvation is thus CTRpPRASIE

. base than . . : aniline:
is actually a stronger lamine is more basic than

: hand, the methy
once again. On the other

CH,-NH, + HF — CHs
NH;

NH;

NH

2
NH,' _
+ CHy-NHy' aG° =13 W mal _.
+ CHy-NH; —=

entation of lons: Basic Rul€

1.17 Formation and Fragm ew of the factors determining e

The aimm of this section is o give an overy ‘fferent ionization modes-

. . di
of the various types of ions encountered in the

source operates at low pressure. Ion-molecule reactions occur and are needed
ple ionization. The MALDI source is under vacuum, but during the ionization
the pressure increases in the plume close to the target and ion—molecule reactions
The various sources operating at atmospheric pressure include ESI, APCI, APPI and
LDI. All these sources operate at sufficient pressure to have numerous collisions
ions and molecules, and reactions between these species are observed.
worth noting that reactions between neutrals produced by fragmentations and ions
.,..M_.“_.”...ocSZoF This is due to the fact that, whatever the ionization method, only a
Wit fraction of the analyte molecules are ionized, and their fragments are at even lower
“Citrations. The probability of a collision is thus too low. Similarly, under normal
“iHions, no collision between ions is observed.

“Wever, reactions may be observed between an ion and a neutral both resulting from
‘smentation of one precursor ion, immediately after cleavage, provided they remain
dted for some time. This time is rarely more than a few microseconds. This can occur
der vacuum as at higher pressure.

-NH,'

Py .. OB .H.gmﬂﬂ

15fe to produce a cation or an anion is the most often observed ion—molecule
Sources that allow collisions. The general rule is that the proton affinity of
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¢ in proton affinity such that the reaction i8

the cleavage of only -
“__me ”M._-“oa?o“.:a a radical cation, a very unfavorable process. The pathway is thus
more complicated than for radical cations.
M+ H —m MH*
- Fl + F2H*

=+
MH® ~— FIH* + F2

Fl.-H" - F2

with the
o gments for a proton. The fragment W
Here the competition is between two fra ions a similar rule applies, bul

Mﬂnh the %—8. For §5<ﬂ

highest gas-phase basicity Bt T BT Ly o Coative charge. This is analogous to the 4

now it is the most acidic species

vnxc__aog_. .
._MM obvious, and both ions can sometimes be observed Sm&.o_..

1.17.4 Adduct Formation

>=&83wa:8§a&_ﬂ<&.. .
. . i th
fon other than the Pretet i B e ecs uits higher than the protonated molecti

producing an ion wi :
Mu—n_.._mrnuﬁ :_.aowx_ of (M + )*. Itis often accompanied by a

i gnocosmw_ﬁqgaavano:waa&cmns |

The proton can be replaced by another cation. ‘Heterodimers® of

(M+M' +H)*, or with a metal cation or of higher order, corre
mgmgsasg&iﬁgﬁmgg o7 #ls0 observed. The ]

S, are present at particularly, high abundance,

.
_ ‘\Egregates are rarely
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the sodium adduct is dominant. If ammoni i
um salt i
M _._... us:;ﬁ because of its ability to form hydrogen co-&m.s st L
negative ion mode, the chioride adduct is often observed yieldi
. : ed yieldi B
and A“_. + _.—w.c . >m.mo.. the sodium, the chloride ion is always v§~vm.. ?:“_m“c..”. mww_wx
desal o€o<2..|= v_.g:oa fewer adducts than the sodijum. The acetate ions, if presen
EdnSo?....#uS oi_..msﬁ_sm.,»!_.qsg_.ﬁgg P -
._._..o addition of ammonium acctate, at low concentration, in .w! methods can be in

1.17.5 Formation of Aggregates or Clusters
‘Dimer’ ions such as (M + M+ H)* or of higher order (nM + H)*

is reduced i—_o.w the number of associated molecules
aggregates, resulting from particularly important inter-

. This occurs often with organometalli
S, 88 the metal tries to ¢ plete its electronic shell. . e

observed il the negative ion mode, because the presence of the

:95085883. i reducing the

i : pansion of the electronic shell, th i i
a%0und the . , thus in !
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