Learning Objectives

« Ablating action of energetic particles on surfaces

» Secondary ion formation by impact of primary ions and neutrals

» Desorption of ions from condensed phase into the gas phase

» Moderating effect of a liquid matrix

» FAB and LSIMS - general properties and applications

e Air- and moisture-sensitive samples

» Related desorption/ionization techniques based on particle impact

Particles impinging on surfaces with kinetic energies in the range of kilo- or even
megaelectronvolts cause the ejection of neutrals along with a small fraction of ions
from the surface material exposed to their bombardment. The impacting particles
are either atoms, molecules, or clusters and it is generally irrelevant whether these
are neutrals or ions — what matters is their high kinetic energy. Such ions
bombarding the surface are called primary ions, those originating from and released
by the surface material are referred to as secondary ions.

10.1 Brief Historical Sketch

Secondary ion mass spectrometry (SIMS) employing the sputtering effect of a beam
of impacting ions was first applied to bulk, inorganic materials. As outlined in the
reviews of Benninghoven [1] and Honig [2, 3] the technique had only sparsely been
used and mentioned until the end of the 1960s (Chap. 15). Later, attempts were
made to also use SIMS for the analysis of organic solids [4, 5]. Prior to this,
biomacromolecules had only been analyzed by *>Californium (*>>Cf) plasma
desorption (PD) time-of-flight (TOF) mass spectrometry (Sect. 10.7). Another
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technique called molecular beam solid analysis (MBSA) which employed
impacting energetic neutrals had also been available at that time but was not
widely used in laboratories, at least not under its original name [6, 7]. Unfortu-
nately, SIMS conditions caused electrostatic charging of organic surfaces upon
ion impact, and thus this led to a disadvantageous interfering with ion source
potentials. Employing a beam of energetic neutral atoms in analogy to the MBSA
technique eliminated such problems and promoted further developments of this
promising method [8, 9] — the technique was later named fast atom bombardment
(FAB) [8-10].

It turned out that ions of intact molecular species could be generated even in
case of highly polar compounds that definitely were no candidates for electron
ionization (EI, Chaps. 5 and 6) or chemical ionization (CI, Chap. 7). Early
FAB-MS suffered from rapid radiolytic decomposition of the samples caused by
irradiation and from the comparatively harsh conditions of desorption/ionization.
The use of a liquid matrix in which the analyte was dissolved meant a major
breakthrough [11, 12]. Today one would refer to this as “matrix-assisted fast atom
bombardment” [13, 14]. FAB-MS soon became the major competitor of field
desorption (Chap. 8). It turned out that the properties of the liquid matrix are of
key importance for the resulting FAB spectra [15-17]. Due to some electric
conductivity of the matrix, primary ions could now again be employed success-
fully [18-21].

When primary ions instead of neutrals are used to provide the energy for
secondary ion ejection from the liquid matrix, the technique is termed liquid
secondary ion mass spectrometry (LSIMS, Table 10.1). Next to FAB and
LSIMS, “inorganic” SIMS has tremendously developed to become a versatile
method for surface analysis and more recently for molecular imaging
applications (Sect. 15.6).

Table 10.1 Desorption/ionization methods employing impact of energetic particles

Method Acronym | Principle

Secondary ion mass SIMS Sputtering and ionization by a beam of ions impacting

spectrometry on solids with keV-energies [1-3]

Plasma desorption PD-MS Desorption/ionization of biomolecules by impact of
single megaelectronvolt nuclear fission fragments [22—
24]

Molecular beam solid MBSA Ion formation by impact of neutral molecules with

analysis keV-energies on organic solids [6, 7]

Fast atom FAB Desorption/ionization from solids and most importantly

bombardment liquid matrices by a beam of neutral atoms with
keV-energies [8, 9]

Liquid secondary ion LSIMS Desorption/ionization from samples dissolved in a

mass spectrometry liquid matrix by a beam of ions with keV-energies
[18, 19]

Massive cluster impact | MCI Generation of secondary ions by bombardment with

massive clusters of up to 10% u [25]
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Any energetic particle will do

Apart from kinetic energy and momentum, the characteristics of the primary
particles is of lower importance [26] because only minor differences are
observed between FAB and LSIMS spectra. In the following, because of
the otherwise small differences between the two methods, reference to FAB
will be meant to include LSIMS.

10.2 Molecular Beam Solid Analysis

Molecular beam solid analysis (MBSA) was the first technique to use a beam of
energetic neutrals to achieve sputtering — or ablation as this is called nowadays —
and ionization of solid samples [6, 7]. The MBSA technique employed argon and
krypton for primary beam generation. The noble gas was first ionized in a primary
ion source, the ions were accelerated by a high voltage of several kV and then
neutralized by transmitting the primary ion beam through a charge transfer cell with
the neutral gas of the same species. While losing their charge, the primary particles
did not suffer a notable change in kinetic energy (Fig. 10.1 and cf. Sect. 10.3). The
neutral beam then hit the analyte material on a target in the analytical ion source
where analyte got ablated and — at least some small fraction of it — becoming
ionized. The ions were then extracted for mass analysis in a magnetic sector
analyzer.

Analysis of inorganic salts by MBSA Let’s take a look at the positive-ion
secondary ion mass spectrum of a piece of filter paper after deposition and evapo-
ration of an equimolar solution of LiF, NaCl, RbBr, and CsI (0.01 M each) as shown
below (Fig. 10.2). Argon was used to generate the primary beam. By MBSA, the
alkali cations are efficiently desorbed into the gas phase along with some other ions
generated from the paper, e.g., C™", m/z 12. Also note the characteristic isotopic
patterns caused by the pairs of °Li/’Li and ®’Rb/*’Rb in contrast to the
monoisotopic ions of **Na and '**Cs. Similarly, MBSA had also been applied
successfully to metals and minerals.

MBSA application to organic compounds Organic molecules have also been
successfully analyzed by MBSA. The sample needed to be of low volatility and had
to have a molecular weight of less than about 500 u. MBSA spectra of diphenyl-
amine and N-(2-nitrophenyl-)aniline show prominent molecular ion peaks of
the respective compound (Fig. 10.3), i.e., m/z 169 corresponding to [C;,H;N]™
and m/z 214 due to [C,H;oN>O,]*" [7]. The peak at m/z 168 in b) corresponds to a
loss of NO, from the molecular ion. Overall, the degree of fragmentation appears
comparable to that observed in chemical ionization.
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Fig. 10.1 MBSA instrument. The noble gas is ionized in the primary ion source (a) and ions of
the gas are accelerated and guided through a charge transfer cell. The neutral beam hits a target in
the analytical ion source (b) where sample material gets sputtered and ionized. Ions are extracted
for mass analysis into a magnetic sector analyzer (c¢) (Reproduced from Ref. [7] by permission.
© Wiley, 1982)

10.3 lon Sources for FAB and LSIMS
10.3.1 FAB lon Sources

An ion source for FAB can be constructed by suitable modification of an EI ion
source (Sect. 5.1). Most importantly, the source needs to be modified to give free
access to the fast atom beam. The electron-emitting filament and the ion source
heaters are switched off during FAB operation (Fig. 10.4). The FAB gas is
introduced via a needle valve into the lower part of the FAB gun mounted above
the ion source. From there, it effuses into the ionization chamber of the FAB gun
and into the ion source housing. The saddle field gun [27] is the most common type
of FAB gun, delivering a primary particle flux of some 10's~' mm 2 [28, 29]. The
gas is ionized and the ions are accelerated by a high voltage (4-8 kV) and focused
onto the sample [8, 10, 14, 30]. Neutralization of the energetic noble gas ions is
effected by charge transfer with incoming neutrals (Sects. 7.4 and 9.17.4). The
kinetic energy of the atoms is mostly conserved during charge transfer, and thus the
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Fig. 10.2 Application of MBSA to inorganic analysis demonstrated by the positive secondary ion
mass spectrum resulting after evaporation of an equimolar solution of LiF, NaCl, RbBr, and CsI
(0.01 M each) on filter paper. Note the isotopic patterns by the pairs of Li/’Li and *Rb/*’Rb
(Reproduced from Ref. [7] by permission. © Wiley, 1982)
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Fig. 10.3 MBSA spectra of (a) diphenylamine and (b) N-(2-nitrophenyl-)aniline. Both spectra
show prominent molecular ion peaks of the compounds, i.e., in (a) m/z 169 corresponding to
[CioHIN]™ and in (b) m/z 214 due to [Ci,HoN>O,]"" (Adapted from Ref. [7] by permission.
© Wiley, 1982)
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Fig. 10.4 Schematic of a FAB ion source and a FAB gun

neutrals hit the exposed surface with high kinetic energy. The fact that neutraliza-
tion is not quantitative is not an issue as long electrostatic charging of the sample is
avoided [26]. Ion guns for the generation of energetic noble gas ions can therefore
be employed without disadvantage [31]. Xenon is preferred over argon and neon as
FAB gas [32, 33], because it transfers a higher momentum when impacting onto the
surface at equal kinetic energy (Fig. 10.5).

Similarity of FAB and MBSA

Having read the description on the design and operation of the FAB gun and
the FAB ion source, you will have noticed the close similarities of MBSA and
early FAB instrumentation. The Barber group developed the technique to full
maturity and introduced the liquid matrix as the decisive detail enabling the
analysis of high-mass, polar, and even ionic analytes by FAB-MS.
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Fig. 10.5 Comparison of the efficiency of xenon, argon, and neon FAB gas for the FAB mass
spectrum of the small peptide Met-enkephalin. The intensities are in scale (Reproduced from Ref.
[32] by permission. © Elsevier Science, 1983)

Load to the vacuum system

Effusing FAB gas and evaporating matrix present an additional load to the
high vacuum pump of the ion source housing, necessitating sufficient
pumping speed (300-500 1 s~') for stable operation. In contrast to EI and
CI ion sources, FAB ion sources are operated without heating to reduce
evaporation of the matrix and thermal stress of the analyte. Accordingly,
the ion source is contaminated with matrix. Often, ion sources are constructed
as EI/CI/FAB combination ion sources. After FAB measurements, it is
therefore recommended to heat and pump the ion source overnight prior to
EI or CI operation.

10.3.2 LSIMS lon Sources

As mentioned before, primary ions can also be employed to provide the energy for
secondary ion emission when organic compounds are admixed to a liquid matrix
[18-20]. Cs* ions are preferentially used in organic liquid secondary ion mass
spectrometry (LSIMS). The Cs* ions are produced by thermal ionization (Sect.
15.2) from a surface coated with cesium alumina silicate or other cesium salts
[18]. Temperatures of about 1000°C are necessary to generate a sufficient flow of
primary ions, and thus precautions must be taken to shield the LSIMS ion source
from that heat. The Cs* ions are extracted, accelerated, and focused onto the target
as usual by electrostatic lenses [34-36]. An advantage of Cs* ion guns is that the
beam energy can be more widely varied, e.g., in the 5-25 keV range, in order to
adjust for optimized secondary ion emission [36]. Especially with high-mass
analytes, Cs* ion guns generally yield superior ion emission as compared to Xe
FAB [26]. In order to further increase the momentum of the primary ions, gold
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negative atomic ions [37], as well as molecular and massive cluster ions (Sect. 10.8)
have been used as primary ions.

10.3.3 FAB Probes

The analyte, either solid or admixed to some liquid matrix, is introduced into the
FAB ion source by means of a probe bearing a sample holder or FAB target. The
FAB target usually is a stainless steel or copper tip that exposes the analyte at some
angle (30-60°) to the fast atom beam. The target can have a plane or more
specifically cup-shaped surface to hold a 1-3 pl drop of matrix/analyte mixture
(Fig. 10.6). Normally, the target is maintained at ion source temperature, i.c., only
slightly above ambient temperature. Heating or — more importantly — cooling can be
provided with special FAB probes only (Sect. 10.6.5).

10.3.4 Sample Preparation for FAB and LSIMS

Despite the fact that the small amount of matrix on the tip of the probe employed to
introduce the sample into the ion source, sample preparation for FAB or LSIMS is
quite simple.

Sample preparation usually works best when the analyte can be dissolved in a
suitable solvent as to produce a solution of about 1 mg ml~" which is then admixed
to the matrix. This can directly be performed on the tip by placing 1-2 pl of analyte
solution on top of a 1-3 pl drop of matrix.

The probe is inserted into the vacuum lock after most of the solvent has
evaporated, which generally takes just half a minute. Residual solvent is quickly
removed during roughing just before the lock opens towards the high vacuum of the
ion source housing.

Alternatively, some tiny crystals of the analyte may directly be dissolved in the
matrix. To do so, the tip of a fine pin or needle is first dipped into the analyte and

Giycerol, 995+ %
B rophotomalric grae
b cnant! Hygroscope

Watler « 1%

Fig. 10.6 FAB probe of a JEOL JMS-700 magnetic sector instrument (/eft). The probe tip with a
drop of glycerol placed onto the exchangeable stainless steel FAB target (right)
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then transferred and dipped into the matrix. Gentle stirring of the matrix drop helps
to dissipate and dissolve the analyte. This may analogously be applied to high-
boiling liquid or viscous samples.

10.4 lon Formation in FAB and LSIMS
10.4.1 lon Formation from Inorganic Samples

The energy provided by the impacting primary particle causes a collision cascade
in the upper atomic or molecular layers of the sample. Within 30-60 ps, a
cylindrical expansion is effected in the sample along the path of penetration
[19]. Not all of this energy is dissipated and absorbed in deeper sample layers.
A portion is directed toward the surface, where it effects ejection of material into
the vacuum (Fig. 10.7) [21]. Due to the primary particle flux employed, this mode
of operation corresponds to the dynamic SIMS mode as described in Sect. 15.6 in
more detail.

In case of a bulk inorganic salt such as cesium iodide, Cs™ and I~ ions are
heading away from the surface [38]. Those ions having the suitable polarity are
attracted by the extraction/acceleration voltage, those of opposite charge sign are
pushed back onto the surface. Held together by strong interionic forces, ionic
clusters may desorb as such or dissociate in the liquid—gas interface layer due to
their internal energy content.

sputtered particles:
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Fig. 10.7 Simple illustration of an instantaneous collision cascade generated as a result of
primary particle impact in desorption/ionization mass spectrometry (Adapted from Ref. [21] by
permission. © John Wiley & Sons, 1995)
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FAB/SIMS of inorganic compounds Bombardment of cesium iodide or gold
delivers cluster ion series which are useful for mass calibration of the instrument
over a wide range. CsI works equally well in positive- and negative-ion mode to
yield [(CsI),Cs]* and [(CsI),I]~ cluster ions, respectively (Fig. 10.8). Starting from
n = 0, [(CsD),Cs]" cluster ions have been observed up to m/z 90,000 [38]. Larger
[(CsI),Cs]™ cluster ions dissociate to yield smaller ones: [(Csl),Cs]" — [(Cs]), _ ,Cs]*
+ (Csl), [39]. Gold produces a negative Au, ~ cluster ion series up to about mi/z
10,000 [40].

Monoisotopic standards

Cs, I, and Au are all monoisotopic. This presents an advantage in that it
assures the peak top to exactly represent the theoretical isotopic mass of the
respective cluster ion, independent of its m/z ratio or actual resolution (Sects.
3.2 and 3.4). CsI, KI, and other alkali salts that provide more narrow-spaced
cluster ion series can alternatively be employed as saturated solutions in
glycerol [41-43].

10.4.2 lon Formation from Organic Samples

According to Todd “it is a common feature of FAB and LSIMS that they defy any
generally acceptable mechanistic description” [44]. Unlike EI or CI, where ions are
generated from gaseous molecules, desorption/ionization techniques involve a state
transition from liquid or solid to the gas phase and ionization of neutral molecules.
Nonetheless, reviews dealing with the processes of desorption and ion formation

100 1269 r 20 [(Cshnll - *50 2005.4
. 801 646.5
- |
z 1 [
% 60 - ‘
2 4 n=3
[
£ =1
© 40 ] " 906.3 n=6 —l—
g 386.7 1685.8 n=9
¢ 20 11661 2465.2
1425.9 19456 20054 ‘ :
0 - L . T T T | T | T || T

T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 m/z

Fig. 10.8 Negative-ion FAB spectrum of solid CsI. The monoisotopic [(Cs),I]™ cluster ion
series (cf. expanded view of m/z 2205.4) is well suited for calibrating a wide mass range
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under FAB and LSIMS conditions offer some insight [19-21]. Basically, there are
two major concepts, the chemical ionization model on one side [44—48], and the
precursor model on the other [48—52].

The chemical ionization model of FAB assumes the formation of analyte ions to
occur in the liquid—gas interface layer some micrometers above the liquid matrix. In
this space, a plasma state similar to the reagent gas plasma in chemical ionization
can exist powered by the quasi-continuous supply of energy from a stream of
impacting primary particles. The present reactive species may undergo numerous
bimolecular reactions, the most interesting of them being the protonation of analyte
molecules to yield [M + H]* ions. Plasma conditions could also explain the
observation of M*" and M ™" radical ions as formed in case of low-polarity analytes.
Here, the primary particle beam serves to sputter material from the liquid surface
and to subsequently ionize neutrals by particle impact (cf. EI, Sect 5.1) in the gas
phase. Matrix molecules, preferably ionized for statistical reasons, may then act as
reagent ions to effect CI of the gaseous analyte. Striking arguments for this model
are the facts that ion formation largely depends on the presence of gaseous matrix
[45, 46], and that FAB spectra of volatile analytes are closely similar to the
corresponding CI spectra [48].

The precursor model of FAB applies well to ionic analytes and samples that are
easily converted to ionic species within the liquid matrix, e.g., by protonation or
deprotonation or due to cationization. Those preformed ions would simply have to
be desorbed into the gas phase (Fig. 10.9). The promoting effect of decreasing pH
(added acid) on [M + H]" ion yield of porphyrins and other analytes supports the
precursor ion model [51, 52]. The relative intensities of [M + H]* ions in FAB
spectra of aliphatic amine mixtures also do not depend to the partial pressure of the
amines in the gas phase, but are sensitive on the acidity of the matrix [53]. Further-
more, incomplete desolvation of preformed ions nicely explains the observation of
matrix (Ma) adducts such as [M + Ma + H]" ions. The precursor model bears some
similarities to ion evaporation in field desorption (Sect. 8.6).

Many neutrals, few ions

It has been estimated that a single impact causes the eruption of about 10°
secondary neutrals, but yields only 0.02—1.5 ions [42, 44, 53, 54]. The ions are
then heading away from the surface in a supersonic expansion at speeds of
about 1000 m s~' [19, 42].
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Fig. 10.9 In LSIMS and FAB, sample-matrix cluster ion formation and desolvation processes
occur on a longer time scale (Adapted from Ref. [21] by permission. © John Wiley & Sons, 1995)

10.5 Liquid Matrices for FAB and LSIMS
10.5.1 The Role of the Liquid Matrix

Soon after the first use of a glycerol matrix, the importance of a liquid matrix for
FAB was recognized [ 14]. Other organic solvents of low volatility were explored in
order to obtain better spectra. The tasks of the matrix are numerous [19, 20, 33, 55,
56]:

« It has to absorb the primary energy.

e By solvation it helps to overcome intermolecular forces between analyte
molecules or ions.

¢ The liquid matrix provides a continuously refreshing and long-lasting supply of
analyte.

« It assists analyte ion formation, e.g., by yielding proton donating/accepting or
electron donating/accepting species upon bombardment.

Nowadays, numerous matrices are in use (Table 10.2). Several reviews on FAB
matrices in general [16, 17, 55-57] and papers on special matrices [15, 58, 59] have
been published.
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Table 10.2 Matrices for FAB-MS

Matrix Uses References
3-Nitrobenzyl alcohol (NBA) Highly versatile, general purpose, [60-62]
medium polarity, first trial
2-Nitrophenyl octylether (NPOE) General purpose, aprotic matrix [15, 60]
Glycerol Polar matrix, good for internal
calibration on matrix signals
Thioglycerol Peptides, reductive character [13]
“Magic bullet” (eutectic 5:1 mixture of Peptides, small proteins, reductive [63]
dithiothreitol/dithioerythritol) character
Triethanolamine (TEA) Basic, highly polar matrix, good for | [15]
[M — H] production
Di-, tri-, and tetraethyleneglycols Polar, less volatile than glycerol [13, 15]
Liquid paraffin Aprotic, inert [64—66]
Sulfolane Effective solvent, rather volatile [67, 68]
Concentrated sulfuric acid Highly acidic, good for internal [69]

calibration on matrix signals

Scheme 10.1 OH OH OH SH
OH OH OH SH SH OH
glycerol thioglycerol dithiothreitol/-erythritol 5:1

(magic bullet)
OH HO
NO; Y
O. "OH
® CaHyr P
= )
NO;
HO
3-nitrobenzyl alcohol  2-nitrophenyl octylether triethanolamine
(NBA) (NPOE) (TEA)

An ideal FAB matrix should fulfill the following criteria [19, 20, 33, 55, 56]
(Scheme 10.1):

¢ The analyte should be soluble in the matrix. Otherwise, addition of co-solvents,
e.g., dimethylformamide (DMF), dimethylsulfoxide (DMSO), or other additives
[70, 71] can become necessary.

¢ Only low-vapor pressure solvents can be easily used as a matrix in FAB. In
principle, volatile solvents can be employed, provided a stable surface can be
obtained on the time scale of recording a mass spectrum.

* The viscosity of the solvent must be low enough to ensure the diffusion of the
solutes to the surface [72].

» Jons from the matrix itself should be as unobtrusive as possible in the resulting
FAB spectrum.

o The matrix itself has to be chemically inert. However, specific ion formation
reactions promoting secondary ion yield are advantageous.
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A great advantage of FAB is that the matrix can be perfectly adapted to the
analyte’s requirements. On the other hand, using the wrong matrix can result
in complete suppression of analytically useful signals.

10.5.2 FAB Matrix Spectra: General Characteristics

FAB matrix spectra are generally characterized by a series of matrix (Ma) cluster
ions accompanied by some more abundant fragment ions in the lower mi/z range. In
positive-ion FAB, [Ma,, + H]" cluster ions predominate, while [Ma,, — H] ™~ cluster
ions are preferably formed in negative-ion FAB (Fig. 10.10). The principal ion
series may be accompanied by [Ma,, + alkali]” ions and some fragments of minor
intensity, e.g., [Ma, + H — H,O]". The fragment ions detected below the [Ma + H]*
ion, which normally also gives rise to the base peak, are almost the same as
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Fig. 10.10 FAB spectra of neat glycerol, M, = 92 u. (a) Positive ions (for the positive-ion CI
spectrum of glycerol, see Sect. 7.2.5); (b) negative ions. The expanded view in (a) shows the “peak
at every m/z-character” of FAB spectra
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observed in the positive-ion CI mass spectrum of the respective matrix
compound [42].

In addition to the prominent cluster ions, radiolytic decomposition of the matrix
generates an enormous number of different ions, radicals, and cluster ions resulting
thereof [73, 74]. Despite being of minor intensity, they contribute to the “peak at
every m/z-character” of FAB spectra, i.e., there is significant chemical noise (Sects.
1.6 and 5.2.4) [75, 76]. During elongated measurements, the changes of the matrix
spectrum due to increasing radiolytic decay are clearly visible [73]. High kinetic
energy of impacting primary particles combined with reduced particle flux seem to
diminish destructive effects of irradiation [77].

10.5.3 Unwanted Reactions in FAB-MS

The conditions of the FAB process also promote unwanted reactions between
analyte and matrix. Even though such processes are not relevant in the majority
of FAB measurements, one should be aware of them. Besides addition or conden-
sation reactions with matrix fragment ions [78, 79], reduction [80-83] and
dehalogenation [84, 85] of the analyte represent the more prominent side-reactions
in FAB. Electron transfer causing the reduction of otherwise doubly charged ions
have also been observed [43].

10.6 Applications of FAB-MS
10.6.1 FAB-MS of Analytes of Low to Medium Polarity

The FAB plasma provides conditions that allow to ionize molecules by either loss
or addition of an electron to form positive molecular ions, M*" [48, 86], or negative
molecular ions, M, respectively. Alternatively, protonation or deprotonation may
result in [M + HJ" or [M — H]~ ions. Their occurrence is determined by the
respective basicity or acidity of analyte and matrix. Cationization, preferably with
alkali metal ions, is also frequently observed. Often, [M + H]* ions are
accompanied by [M + Na]” and [M + K]" ions as already noted with FD-MS
(Sect. 8.6). Furthermore, the joint occurrence of both M*™ and [M + H]" ions of one
compound is not unusual [48]. In case of simple aromatic amines, for example, the
peak intensity ratio M*"/[M + H]" increases as the ionization energy of the substrate
decreases, whereas 4-substituted benzophenones show preferential formation of
[M + H]" ions, regardless of the nature of the substituents [87]. It can be assumed
that protonation is initiated when the benzophenone carbonyl groups form hydro-
gen bonds with the matrix.

Exchangeable protons can be replaced by alkali ions without affecting the charge
state of a molecule. Thus, [M — H,, + alkali,.,;]" and [M — H,, + alkali,,_ ;] ions can
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also be observed if one or more acidic hydrogens are easily exchanged [5, 18, 43, 71,
88, 89]. The addition of cation exchange resins or crown ethers may help to reduce
alkali ion contaminations [90]. Double protonation to yield [M + 2H]** ions or double
cationization [43] are only observed with high-mass analytes [91, 92] and otherwise
remain an exception in FAB. Which of the above processes will most effectively
contribute to the total ion yield strongly depends on the actual analyte—matrix pair.

FAB spectrum of tetramesitylporphyrin The positive-ion FAB spectrum of
tetramesitylporphyrin, CsgHssNy4, in NBA matrix exhibits M*™ and [M + H]" ions
(Fig. 10.11) [93]. The presence of both species can be recognized by comparison of
experimental and calculated M + 1 ion intensity. This difference is due to about 20%
[M + H]" ion formation. The diffuse groups of signals around m/z 900 reveal the
formation of some adduct ions with the matrix, e.g., [M + Ma + H — H,O]* at m/z 918.

FAB spectra of polyethyleneglycols Polyethyleneglycols (PEGs) of average
molecular weights up to about 2,000 u are well soluble in NBA. Resulting from
their flexible polyether chain, H(OCH,CH,),,OH, PEGs are easily cationized by
loose complexation with Na* or K* ions. Traces of alkali salts are sufficient to
prefer [M + alkali]™ over [M + H]" ions. The positive-ion FAB spectrum of PEG
600 in NBA nicely shows the molecular weight distribution of the oligomer
(Fig. 10.12). The peaks belonging to the same series are displayed at 44 u
distance.
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Fig. 10.11 Partial positive-ion FAB spectrum of a tetramesitylporphyrin in NBA matrix. Com-
parison of the experimental and calculated isotopic patterns reveals the presence of M* and
[M + H]" ions (Adapted from Ref. [93] by permission. © IM Publications, 1997)
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Fig. 10.12 Positive-ion FAB spectrum of polyethyleneglycol of average molecular weight 600 u
(PEG 600) in NBA matrix

10.6.2 FAB-MS of lonic Analytes

FAB is well suited for the analysis of ionic analytes. In positive-ion mode, the
spectrum is usually dominated by the cationic species, C*, which is accompanied by
cluster ions of the general composition [C, + A, _ ]*. Thus, the distance between
these signals corresponds to the complete salt [CA], i.e., yields its “molecular”
weight. This behavior is perfectly analogous to FD (Sect. 8.6). In negative-ion FAB,
the anion A~ will cause the base peak of the spectrum, and accordingly, cluster ions
of the type [C, _ ; + A,]™ are formed in addition. Consequently, both cation and
anion are usually identified from the same FAB spectrum, irrespective of the chosen
polarity. Nonetheless, it is common practice to select the polarity of the more
interesting ion for the measurement.

Provided the salt is sufficiently soluble in the matrix, the signals normally exhibit
high intensity as compared to those of the matrix. This result is consistent with the
model of preformed ions in solution that only need to be desorbed into the gas
phase.

Organic salts analysis by positive-ion FAB-MS The positive-ion FAB spectrum
of an immonium perchlorate, [C4H;¢N]* CIO,~ [94], dissolved in NBA is
dominated by the immonium ion (C*) at m/z 198 (Fig. 10.13). The perchlorate
counterion can well be identified from the cluster ions [2C + A]*, m/z 495, and
[3C +2A]", m/z 792. The signal at m/z 495 is expanded to demonstrate that chlorine
is readily recognized from its isotopic pattern (Sect. 3.2.4).

Organic salts analysis by negative-ion FAB-MS The Bunte salt [CH;3(CH,);5S-
SO;]~ Na* yields a very useful negative-ion FAB spectrum from NBA matrix
(Fig. 10.14). NBA forms [Ma — H]™ and Ma™" ions. The salt anion contributes the
base peak at m/z 337.3. [C + 2A] ", m/z 697.5, and [2C + 3A] ", m/z 1057.6, cluster
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Fig. 10.13 Positive-ion FAB spectrum of an immonium salt [94]. The perchlorate counterion can
well be identified from the first and second cluster ion (By courtesy of H. Irngartinger, University
of Heidelberg)
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Fig. 10.14 Negative-ion FAB mass spectra of a Bunte salt. The insets compare experimental and
calculated isotopic patterns of the [C + 2A]™ and [2C + 3A]  cluster ions (By courtesy of
M. Grunze, University of Heidelberg)

ions are observed in addition, their isotopic patterns being in good agreement with
theoretical expectation. It is noteworthy that the matrix adduct at m/z 513.4 is a
negative radical ion.

10.6.3 High-Mass Analytes in FAB-MS

FAB is chiefly applied to analytes up to about m/z 3000, but significantly heavier
ions are sometimes accessible. The upper limit surely has been demonstrated by the
detection of [(CsI),Cs]* cluster ions up to m/z 90,000 [38]. In case of organic
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molecules, [M + H]*, [M + 2H]**, and [M + 3H]** of porcine trypsin, a protein of
M, = 23,463 u, have been the highest hitherto detected ions on record [92]. FAB
spectra of peptides and small proteins in the m/z 3000—6000 range are more
commonly reported [13, 91, 95], and the FAB spectrum of a dendrimer of
7,000 u has also been published [96].

Supramolecular chemistry Inclusion complexes of [60]fullerene, Cgy [63], of its
oxides CgoO, Cgp0,, and CgnO5 [97], and of several cycloaddition products of the
fullerene [98] in y-cyclodextrin (y-CD) can be analyzed by negative-ion FAB-MS
using “magic bullet” matrix [63]. As one fullerene molecule is enclosed between two
v-CD units, the [M — H] ™ ions of these host-guest complexes [99] are detected starting
from [C;56H;59050] (peak of monoisotopic ion expected at m/z 3311.8, Fig. 10.15).

Selecting the matrix

The choice of the matrix is determined by the outer sphere of the analyte
molecules, i.e., by y-CD in case of the above inclusion complexes [60]. Ful-
lerene and its oxides yield poor spectra in “magic bullet”, but work well with
less polar matrices such as NBA and NPOE.

10.6.4 Accurate Mass Measurements in FAB Mode

FAB produces long-lasting signals of sufficient intensity, thereby allowing to set
magnetic sector instruments to 5,000-10,000 resolving power as needed for
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Fig. 10.15 Partial negative-ion FAB spectrum of y—CD fullerene complexes in “magic bullet”
matrix (Reproduced from Ref. [97] by permission. © IM Publications, 1998)
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accurate mass measurements. In the range up to about m/z 600, internal calibration
can sometimes be achieved by using the matrix peaks as mass reference, but the
admixture of other mass calibrants to the matrix—analyte solution is normally
preferred. PEGs are frequently employed for calibration purposes. Then, mass
reference peaks are evenly spaced over the m/z range of interest (44 u distant in
case of PEG, cf. Fig. 10.12) and their intensity can be adjusted to approximate those
of the analyte. However, the mass calibrant can only be admixed if unwanted
reactions with the analyte do not occur. In particular, in case of badly soluble
analytes, complete suppression of the analyte signals by the added calibrant may
pose a problem.

Accurate mass measurements The positive-ion high-resolution (HR) FAB spec-
trum of a cationic fluorescent marker dye shows the signal of the analyte ion
enclosed by a set of mass reference peaks due to the admixture of PEG
600 (Fig. 10.16). The elemental composition of the analyte can be assigned with
good accuracy: exp. m/z 663.3182, calc. m/z 663.3153 for [C37H4>04N4F5]%; exp.
mlz 664.3189, calc. m/z 664.3184 for [*C'?C3¢H4n04N,F3]" .

Provided a (magnetic sector) mass spectrometer offers very good scan-to-scan
reproducibility of mass calibration, there is no absolute necessity to admix the mass
calibrant to the analyte. Instead, alternating scans on analyte and calibrant offer
almost the same level of accuracy. The simplest technical realization of such a
pseudo-internal calibration is changing the target without interruption of the
measurement [100]. The use of a dual-target FAB probe (DTP), having a split or
double-sided target offering two separated positions, is preferable [101]. Switching
between both positions is then achieved by rotating the probe axially between
successive scans. The resulting total ion chromatogram (TIC) typically has a
saw-tooth appearance (Fig. 10.17). Calibration of the analyte spectra is performed
by transferring the internal calibration of the mass reference scan(s) to the succes-
sive scan(s) on the analyte. The advantages of a DTP are:
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Fig. 10.16 Positive-ion FAB spectrum of a cationic fluorescent marker dye with PEG
600 admixed for internal mass calibration (By courtesy of K. H. Drexhage, University of Siegen
and J. Wolfrum, Heidelberg University)
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Fig. 10.17 FAB dual-target probe with handle for 180° axial turns (/eft) and TIC of a HR-FAB
measurement using this probe (right)

» Interference of reference and analyte signals is excluded independent of the
resolving power used.

* Mutual suppression of reference and analyte are avoided.

« There is no need to adjust the relative intensities of analyte and calibrant peaks
very closely.

» Even otherwise reactive calibrants can be employed due to spatial separation
from the analyte [102].

Magnets need time to accommodate

Scanning of a magnet is affected by hysteresis. This improves the reproduc-
ibility of mass calibration after several scan cycles. For best results with dual-
target probes, it is therefore recommended to skip the first few scans.

10.6.5 Low-Temperature FAB

Originally, cooled FAB probes were designed to prolong the acquisition time for
FAB measurements with more volatile matrices [103]. Research on sputtering
processes from solid gases [104, 105] and studies of cluster ion formation from
solid or deeply cooled liquid alcohols [106—-108] have contributed to FAB at
cryogenic temperatures [109, 110]. Low-temperature fast atom bombardment
(LT-FAB) of frozen aqueous solutions of metal salts provides a source of abundant
hydrated metal ions [111-113]. Organic molecules can also be detected from their
frozen solutions [114]. Such LT-FAB applications are particularly interesting when
enabling the detection of species that would otherwise not be accessible by mass
spectrometry, because they are either extremely air- and/or water-sensitive
[115, 116] as the phosphaoxetane intermediate of the Wittig reaction [117] or
insoluble in standard FAB matrices [102, 118].

LT-FAB consumes somewhat higher amounts of sample than FAB at ambient
temperature because standard solvents are less effective than conventional
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matrices. Thus, the analytes should be dissolved to yield 0.5-3.0 pg pl~" solutions.
About 3 pl of solution are deposited on the FAB probe tip and frozen. There are two
modes for freezing the sample—matrix mixture: (i) by cooling the target with cold
nitrogen gas inside a custom-made vacuum lock before application of the sample
[115, 117] or (ii) by simply immersing the target with the drop of solution into
liquid nitrogen for about 30 s prior to transfer into the vacuum lock (Fig. 10.18)
[102, 109, 110, 116, 119]. LT-FAB mass spectra are then obtained during thawing
of frozen solutions inside the FAB ion source, which allows to employ almost any
solvent as matrix in LT-FAB-MS. Consequently, neither volatility nor unwanted
chemical reactions with the matrix restrict the choice of a matrix. Instead, the
solvent matrix may be tailored to the analyte’s requirements.

LT-FAB for highly reactive species Selective activation of C—H bonds is rarely
observed in saturated alkyl groups. However, iridium complex 1 simply reacts by
C—H insertion of the metal into a ligand bond upon treatment with LiBr in solution.
The reaction can be tracked by LT-FAB-MS (Fig. 10.19). Decreasing intensity of
the molecular ion of 1, m/z 812.4, and increasing intensity of M™" of 2, m/z 856.4,
indicate the progress of this reaction. Furthermore, the halogen exchange is
reflected by the changing isotopic pattern.

10.6.6 FAB-MS and Peptide Sequencing

The ability of FAB mass spectra to deliver peptide sequence information was soon
recognized [12, 120]. Initially, the sequence was derived from fragment ions
observed in the full scan spectra [12, 95]. Another approach to sequence informa-
tion is to subject the protein to enzymatic hydrolysis by a mixture of several
carboxy-peptidases to produce a series of truncated molecules, i.e. of peptides.

Fig. 10.18 Getting ready for
LT-FAB by immersion of a
FAB target with sample
solution into liquid nitrogen.
After about 30 s the solvent
matrix is deeply frozen and
the tip is cooled to allow for
transfer of the probe into the
vacuum lock and further into
the ion source whilst avoiding
untimely thawing of the
solvent
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Fig. 10.19 Partial LT-FAB mass spectrum of the reaction mixture containing the iridium
complexes 1 and 2 in toluene. In addition to the changes in mass, the isotopic pattern changes
upon exchange of Cl by Br (By courtesy of P. Hofmann, Heidelberg University)

The FAB spectrum of the peptide mixture then reveals the C-terminal sequence
[121, 122]. In the MALDI community, this approach became known as peptide
ladder sequencing [123].

As protein ions are too big to effect fragmentation by collision-induced dissoci-
ation (CID, Sect. 9.3), they are enzymatically degraded to peptides prior to their
mass spectrometric examination, e.g., by tryptic digestion [124]. The digest may be
used directly to obtain MS/MS spectra of peptide [M + H]" or [M + Na]* ions.
Alternatively, the peptides may be separated by liquid chromatography (LC),
capillary electrophoresis (CE) [125], or 2D gel electrophoresis prior to MS.

Nowadays, sequencing of peptides and other biopolymers by tandem mass
spectrometry represents a major field of work for many mass spectrometrists
[126—-129]; FAB and LSIMS no longer play a role here (for an example of peptide
sequencing by FAB-MS cf. Sect. 9.6.6).

10.7 FAB and LSIMS: General Characteristics
10.7.1 Sensitivity of FAB-MS
In FAB mode, the sensitivity (Sect. 1.6) is more difficult to specify than for other

ionization methods, because the intensity of a signal strongly depends on the
actual preparation on the target. Magnetic sector instruments yield ion currents


http://dx.doi.org/10.1007/978-3-319-54398-7_9
http://dx.doi.org/10.1007/978-3-319-54398-7_9
http://dx.doi.org/10.1007/978-3-319-54398-7_1

636 10 Fast Atom Bombardment

of about 107''-107'" A on matrix ions at R = 1000. Significantly lower
Figs. (107"°=107"* A) are obtained for the [M + H]* ion of bovine insulin, m/z
5734.6, at R = 6000. Accordingly, the detection limits vary depending on the
solubility of the analyte and the ease to achieve some sort of ionization if not
already ionic at all.

10.7.2 Types of lons in FAB-MS

FAB produces a variety of ions depending on the polarity and on the ionization
energy of the analyte as well as on the presence or absence of impurities such as
alkali metal ions [126]. However, with some knowledge of the types of ions formed,
reasonable compositions can be assigned to the signals (Table 10.3).

10.7.3 Analytes for FAB-MS

For FAB/LSIMS, the analyte should be soluble to at least 0.1 mg ml~" in some
solvent or even better directly in the matrix; concentrations of 0.1-3 pg pl ' in the
matrix are ideal. In case of extremely low solubility, additives such as other
solvents, acids, or surfactants can help [71].

The analyte may be neutral or ionic. Solutions containing metal salts, e.g., from
buffers or excess of non-complexed metals, may cause a confusingly large number
of signals due to multiple proton/metal exchange and adduct ion formation
[88]. The mass range up to 3,000 u is easily covered by FAB, samples reaching
up to about twice that mass still may work if sufficient solubility and some ease of
ionization are combined.

Table 10.3 Ions formed by FAB/LSIMS

Analytes Positive ions Negative ions
Nonpolar M+ M~

Medium polarity | M*" and/or [M + H]*, [M + alkali]* M~ and/or [M — H]~
Clusters [2 M]*" and/or [2 M + H]", Clusters [2 M]~" and/or

[2 M + alkali]* [2M — H]™
Adducts [M + Ma + H]*, Adducts [M + Ma] ",
[M + Ma + alkali]* [M + Ma — H]™
Polar [M + H]", [M + alkali]* M — H]™
Clusters [nM + H]*, [nM + alkali]* Clusters [nM — H]~
Adducts [M + Ma + H]*, Adducts [M + Ma — H]™
[M + Ma + alkali]* Exchange [M — H,, + alkali,, _ ]~

Exchange [M — H,, + alkali,,,]*
High-mass anal. [M + 2H]**,
[M + 2alkali]**
Tonic® C*, [C,+ A, _ 1", rarely [CA]™ A7, [C, _ 1 +A,] ,rarely [CA]"

“comprising cation C* and anion A~
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10.7.4 Mass Analyzers for FAB-MS

Double-focusing magnetic sector instruments represent the standard in FAB-MS,
because they combine a suitable mass range with the ability to perform high-
resolution and accurate mass measurements. Until the advent of ESI and MALDI,
FAB-MS/MS on magnetic four-sector instruments was the method of choice for
biomolecule sequencing [130-132]. Linear quadrupole [133] and triple quadrupole
instruments have also been adapted to FAB ion sources. Other types of mass
analyzers are rare exceptions with FAB or LSIMS ion sources.

10.7.5 Future Perspective for FAB and LSIMS

The strong interrelationship of double-focusing magnetic sector instruments and
FAB or LSIMS is most probably the main cause of the extremely diminishing use of
this otherwise valuable technique. Clearly, FAB and LSIMs were of highest
relevance in the 1990s when the technique had reached maturity (Fig. 10.20).
Similarly, as this type of mass analyzer has mostly been replaced by either
0aTOF, Orbitrap, or FT-ICR systems, FAB is phasing out from mass spectrometry.
This may very well be the last mass spectrometry textbook to include a dedicated
chapter on FAB-MS and closely related techniques based on particle impact.
While FAB and LSIMS are highly useful and versatile “soft” methods, they have
widely been replaced by matrix-assisted laser desorption/ionization (MALDI,
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Fig. 10.20 Number of annual publications employing fast atom bombardment mass spectrometry
or liquid secondary ion mass spectrometry along with total number of both techniques. Clearly,
FAB dominated, while LSIMS had been playing a minor role; both had their greatest impact on
MS in the 1990s (Data retrieved using CAS SciFinder software)
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Chap. 11), electrospray ionization (ESI, Chap. 12), and related API techniques like
atmospheric pressure chemical ionization (APCI), atmospheric pressure photoioni-
zation (APPI), direct analysis in real time (DART), and others.

10.8 Massive Cluster Impact

Massive cluster impact (MCI) mass spectrometry presents an additional means of
generating secondary ions by bombardment of a surface [25]. Massive clusters of
up to 10% u are generated by electrohydrodynamic ionization (Sect. 12.1) of an
electrolyte/glycerol solution, e.g., 0.75 M ammonium acetate in glycerol. The
resulting clusters consisting of about 10° glycerol molecules and bearing about
200 electron charges on the average are accelerated by a 10-20 kV high voltage
[134]. Although those highly charged microdroplets carry megaelectronvolt kinetic
energies, the translational energy per nucleon is only in the order of 1 eV, whereas it
is about 50 eV per nucleon in the case of Xe FAB. A shock wave model is proposed
to explain ion formation in MCI [135]. According to this model both the impacting
cluster and the surface of the bulk or matrix-dissolved analyte are compressed to
gigapascal pressures upon impact. Some mixing of analyte and impacting
microdroplet can be demonstrated by the occurrence of analyte species cationized
by the same ions used as electrolyte in the solution from which the massive clusters
are generated. Nonetheless, a matrix effect due to accumulation of a thin layer of
glycerol on the surface can be excluded [134]. Instead, dry sample preparations
work equally well in MCI [134].

MCI has successfully been applied to analyze proteins up to about 17,000 u
[136]. These form multiply charged ions, e.g., [M + 6Na]6+, under the conditions of
MCI [136]. Especially in the mass range of about 10* u, MCI is superior to FAB and
LSIMS because it combines good signal intensity due to the enormous momentum
of the impinging species with a remarkably low degree of ion fragmentation.
Despite of its promising capabilities, MCI has been superseded by MALDI and
ESI before it could receive widespread acceptance.

10.9 2*2Californium Plasma Desorption

Historically, *>*Californium plasma desorption (*>**Cf-PD) was the next desorption
/ionization method to be introduced in mass spectrometry after SIMS and MBSA.
*P2Cf-PD dates back to 1973 [19, 22-24, 137-139] and was the first method to yield
ions of bovine insulin [140]. Practically, 2*Cf-PD served for protein characteriza-
tion, an application which is nowadays completely in the hands of MALDI or ESI
(Chaps. 11 and 12) [141]. Based on how it was used, PD-MS is rather the precursor
of MALDI, based on the principle of ion generation, it is closer to SIMS and FAB.

In *?>Cf-PD-MS, particles of megaelectronvolt translational energy are created
from radioactive decay of >>2Cf nuclides, the nuclear process being the source of their
kinetic energy. Each event yields two nuclides of varying identity, the sum of their
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masses being the mass of the former nucleus. The fission fragments of similar mass
are travelling in opposite directions. Thus, only one of each pair can be employed to
effect desorption of ions from a thin film of analyte on a support foil. The ionization
process in >>*Cf-PD is different from FAB with some closer relations to dry SIMS.
The incident particles are normally travelling from the backside through a thin
sample layer on a support foil [21, 142]. The initial interaction of the fission fragment
with a solid produces approximately 300 electron—hole pairs per angstrom along its
track. Recombination of these pairs releases a large amount of energy to the
surrounding medium. Within an organic layer, the resulting sudden heat is dissipated
by lattice vibrations (phonons) that finally effect desorption of ions from that layer
[24, 143, 144]. In addition to spontaneous ion desorption, ionization processes can
occur on the nanosecond timescale in the gas phase [145].

Deposition of the analyte on nitrocellulose films instead of metal foils allows the
removal of alkali ion contaminations by washing of the sample layer which results in
better PD spectra [146]. Further improvements can be achieved by adsorption of the
analyte molecules on top of an organic low-molecular-weight matrix layer [147, 148].

Obviously, 2*Cf-PD creates ions in a pulsed manner — one burst of ions per fission
event — analogous to laser desorption, a fact that restricted the adaptation of *>>Cf-PD to
time-of-flight (TOF) analyzers (Sect. 4.2). The second fission fragment is not wasted as
it serves to trigger the time measurement of the TOF analyzer if the fission fragment
source is placed between sample and fission fragment detector (Fig. 10.21) [21, 143].

Z52Cf.PD mass spectrum of bovine insulin The *>’Cf-PD mass spectrum of
bovine insulin exhibits the [M + H]" ion as well as the doubly charged [M + 2H**
and triply charged [M + 3H]** ion (Fig. 10.22) [139]. In addition, there are fragment
ions corresponding to the A and B chain as well as some a-type peptide fragments
ions.

Fission fragments

N

P N

Accelerated ions

S— )
= > @

252 Support TOF drift region
Fission Ct foil with lon _
fragment Fission sample acceleration Detector
detector source layer grid

Fig. 10.21 Schematic of a >**Cf-plasma desorption TOF instrument [143]
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Fig. 10.22 252Cf-PD mass spectrum of oxidized insulin. Note the extremely uneven baseline and
the tailing of the peaks towards the low-mass side, which is due to fragmentation (Reproduced
from Ref. [139] by permission. © John Wiley and Sons, 1994)

10.10 lonization by Particle Impact at a Glance

Basic Principle

The ionization techniques discussed in this chapter share the feature that they all rely
on the impact of energetic primary particles to effect ablation and eventually ioniza-
tion of neutrals. These techniques include secondary ion mass spectrometry (SIMS),
252 Californium (25 ZCD plasma desorption (PD), molecular beam solid analysis
(MBSA), fast atom bombardment (FAB), and liquid secondary ion mass spectrometry
(LSIMS). SIMS paved the way to all the other mentioned techniques. SIMS uses
primary ions to induce the generation of secondary ions and still is profitably used in
inorganic MS, most importantly, for imaging applications (Sect. 15.6). MBSA was the
first method to use a primary beam of neutrals and was later established in organic MS
as FAB. The versatility and softness of FAB is based on the use of a liquid matrix,
which acts as a solvent for the analyte and as a moderator for the energy of the primary
neutrals. Other than employing primary ions, SIMS is practically identical to FAB.

Analytes for FAB and LSIMS
Analytes need to be soluble in the organic solvent matrix. FAB and LSIMS
likewise can be employed for nonpolar, polar, and ionic analytes. Exposure of a
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drop of the analyte—matrix mixture to the primary beam is performed on the tip
of a probe.

Analytes should preferably be soluble in standard solvents including DMF and
DMSO. Solutions of 0.3—-3.0 mg ml~" are suitable for admixture to the matrix. FAB
and LSIMS are capable of analyzing molecules up to 2,000—4,000 u, depending on
their solubility in the matrix. Low-mass analytes may interfere with matrix peaks.

Analytes for PD-MS

PD-MS has been used to analyze (bio)macromolecules. PD-MS is strictly linked to
TOF analyzers and requires dedicated instruments. With the advent of ESI and
MALDI, PD-MS has essentially disappeared from practical use.

Polarity

FAB and LSIMS both generate positive as well as negative ions. The analyte can be
detected as molecular ions or adduct ions, e.g., M*", [M + H]*, [M + cation]", M,
[M —H] ™, [M +anion] . The choice of ion polarity is usually based on the properties of
the analyte, i.e., depends on its acidity or basicity, ionization energy or electron affinity.

Softness of Ionization

FAB and LSIMS are soft desorption/ionization methods. Often, only species
reflecting the intact analyte molecule are observed. The softness of ionization
allows for matrix adduct ions to occur. Nonetheless, some fragmentation can
occasionally be observed as a result of energy imparted onto the ions by collisions
in the selvedge region between condensed phase and gas phase.

Instrumentation

Magnetic sector instruments are normally used in combination with FAB and
LSIMS. The fact that this type of mass analyzer is vanishing from organic and
life science MS laboratories causes FAB and LSIMS to disappear from the reper-
toire of ionization methods in use.

Accurate Mass

Due to stable and long-lasting ion currents, FAB and LISMS are well suited for
high-resolution and accurate mass measurements. Internal mass calibration is
required when magnetic sector instruments are used. Often, it is just sufficient to
admix a calibration compound to the analyte—matrix solution. If admixture cannot
be achieved, dual target probes provide pseudo-internal calibration.

Dissemination and Availability

In the late 1980s and 1990s, magnetic sector instruments were sold with FAB or
LSIMS as optional ionization methods. Nowadays, FAB and LSIMS have mostly
been superseded by ESI, APCI, MALDI, and also by ambient ionization techniques.
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