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Figure 8.9 E51 mass spectra of twe protens : Ja) hen epe-white Dysocyme axd (h) squine miyoglohin,

Tabie 8.3 MALDI Expermental Conditions

Wi Wavelkngth

Micotinie acid 260 nm 2494 pm 1k pm

25 Dbydnaxy 26 nm 337 nm 55 mm
hemamic acid 2.8 pm k6 m

Succmic acid 294 pm 10k ppm

by cerar {lxpuicl ) 2.79 pm 294 pm 1k pem

Lirea {=olicd) 279 jpm 2494 pm 10k & pm
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Atypical sample is prepaned for MALDI by mixing 1-2 pLof sample solution with
S5—10 pL. of matrix selution. A drop (<2 pL) of the mixtune is placed on the MALDI
prohe and allowed todry at reom temperature. The solvent evaporates and the now crystal-
lized solid is placed into the mass spectrometer. The analyvie molecules are completely
separated from each other by the matrix, as shown in Fig. 9. 10,

The matrix material must absorh strongly st the wavelength of the laser used for
imadiation. In addition, the matrix must be stable inoa vacuum, must ot react chemically
aned must have alow enough mass to sublime. Matnix compeunds wsed for MALDL include
2 S-dihydrosybeneeic acid, 3-hydroxypicalinic acid, and S-chlorpsalicylic acid for the 17
region of the spectrum and carboxylic acids, alcohols, and wrea for the TR region of the
specirum. [ntense pulscs of laser radiation are aimed at the solid on the probe. The laser
mdiation is absorbed by the matrix molecules and causcs rapid heating of the mainix.
This heating coauscs desorption of entire analyte molecules along with the matrix mal-
coules, Desolvation and ionization of the analyte occurs; scveral processcs have boen
suggcsted for the ionization, such as ion—molccule reactions but the MALDRID jonization
proccss is mod completely understond, A useful if simplistic analegy is 1o think of the
mairix as a matiress and the analyte molecules as china plaies sitting on the matiness,
The laser pubics ane like an cnergetic person jumping up and down on the matiness,
Eventually, the oscillations of the matiress will cause the china 1o bounce up into the
air without breaking . The plates {ic., molecules) are then whisked into the mass analyzer
intact.

MALDI acts as a soft ionization source and generally produces singly charged
mslecular ions from even wvery large polymers and biomoelecules, although a few
multiple<charge ions and some fragment ions may ocour (Fig, 9.11).

Fast Atom Bombardment. Fast atom bombardment {(FAB) uses a beam of fast-
meving newral inen gas atoms to ionize large molecules. In this technigue, the sample is
dissplved in an inert, nonvolatile solvent such as glycenol and spread inoa thin layer onoa
mztal probe . The probe is insered into the mass spectrometer through a vacuum interlock.
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Figure 810 The MALDI process. lsolated analyte molecules are desorhed lrom a bed ol madrix
mrtlecules by beer imaxdmton ol the matnx., Subsequent desalvation amd ionization of the analyle
netlecule accur by processes that are nodl completely uncerdoad.
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Figure .11 The MALDI mees spectum ol a mense nxmockmal antibady. The matnix wsex
waes miooting acid; the beer radaton used was 206 nmu (Reprinted Irom Karas and Bate, with
permisskm Irean Elsevier.)

The beam of fast atoms is directed at the probe surface {the target). Argon is com maonly
wsed as the bombarding stom, although xenon is mone effiective fand mone cxpensive).

Aurgon ions ane produced in a heated Glament ion source or gun, just as in SIMS, a
surface analysis technigue discussed in Chapter [ 4. The ions are acoclerated through a
cloud of argon atoms under an electrostatic feld of 3-8 kY toward the target, The fast-
moving ions cxchange their charge with slow-moving argon atoms but lose no Kinctic
cergy in the process, This resulis inoa beam of fast-moving argon atoms and slow-
moving argon ions, The latter ane repelled and excluded from the system using a mega-
tively charged defloction plate. The fast-moving atoms mow strike the target, liberating
mslocular ions of the sample from the solvent matrix. The proocss may again be visualized
wsing the analegy of china dishes stop a matiness, [nstead of responding to repetitive laser
pulses the matrix {matiress) absorbs, moderates, and transfers impact energy from the
heavy fast atoms do the analyte maolecules {dishes). If the analytes kave surfactant charac-
ier they will preferentially concentrate at the liguid matrix surface, in a lecation aptimal
for being lofted into the vapor state. Positively charsed M™ or negatively charged M~
may be produced, so positive jon or negative ion mass specira may be collected. The
preccss is shown schematically in Fig, 9012,

There ane sevieral advamages to the FAB technigue. The instrumentation is simple
and the sensitivity is high. Analytes such as surfactants have been measured quantditatively
4 concentrations as low as (U] pph. It & difficult 4o get very large molecules into the gas
phase bocause of their low volatility, and it is difficult to jonize large molecules and retain
the molecular ion in many ionzation sources, The FABR process works at roon fempera-
fure; volatilization is not reguired, so large molecules and themally unstable molecules
can be siudied. The duration of the signal from the sample is continwous and very
Aable over a long period.

Sample fragmentation is greatly reduced in the FAB process, resulting in a large
mslecular ion, even with somewhat unstable molecules, This provides information on
the molecular weight of the molecule, which is panticularly imporamnt in biological
samplkes such as protcins. Specira from molecules with molecular weights greater
than [0O0 have bocn obtained. Although a strong moekcular ion is obtained with
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Figure 8,12 Schematic FAB iomizmtion source. The smple, disalved in solvent, 15 sprea in 2
fhin dilm on e end ol a metal probe and bombarded by Jagt-noving arpon stoms. Both postive
anil negative 1ons are procducsd.

FAE, fragmemtation patiems are alsp obained, providing struciural information on
hiclogically inponant melecules such as proteins.

An impontant advantage of FAB is that only those analyte molecules sputtencd from
the glycennl are lost; the remainder can be recovered for other analyaes, Consequendly,
samples as amall as | pg can be placed on the probe, and afier the mass spectrum is
aghiained. a significan amound of the sample can b recovernsd.

A moedification of the FABR technigue is mntinusus flow FABR (CFFAR). In this
approach, the sample in solution is introduced intoe the mass specirometer through a
fused silica capillary. The fip of the capillary is the target. The solution is hombarded
by fast atoms produced as described carlier. Solvent is Aowing continwously and the
liguid sample is introduced by continwous Aow injection {Fig. %131 The mass specirum
produced has the same characteristics as that from conventional FAB, but with low back-
ground. Typically, the solvemt used is 95% water and 5% glycerol. The ahility to inject
aqueous samples is an enermous advantage in biological and environmental studics,
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Figure 8.13 Schematic ol continuoas low FAR M5 aperated m the low-mjection made.
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Wery frequendly, these types of samples are aqueous in nature, such as blood, wnne, and
ather body fuids, water, and wastewater,

The sensitivity st the lower molecular weight range {1500 Da) is increased by twao
orders of magnituwde over conventional FAE. Funther, the background is reduced because
af the reduced amount of glycennl present. In addition, when the solvent alone is injected, a
hackground signal can be reconded. This can be subtracted from the signal dwe to sample
plus solvent, and the net signal of the sample is obtained. This is especially valuable for
trace analysis; concenirations as low as lﬂ_ug have been detected wsing CFFAR.

The CFFAB system can be incorporated into LC-MS systems. The mobile phase is
the solvent used. The efflwent from the LC is transported dimectly into the mass spec-
wometer and the M5 obtained by CFFAE. This provides a mass spectmm of cach separ-
aied peak in mixtures. (See Chapter 13 for a detailed discussion of LC /MS.)

In summary, FAE and CFFABE hawve greatly increased the poiemntial of mass
specirometry by increasing the molecular weight range of molecules whose maolecular
o can be determined. The system can be directly attached to LC, permitting identiication
aof the components of a solution. Alse, frace analysis is possible. The methed can be
applicd to the impontant rescarch arcas of the health scicnces, biology, and cnvirenmental
science, as well as to chemistry.

QX XA lowiparion Sources for fhorganie M3

The following ionization souwrces are wed mainly in inorganic {atomic) MS, whene the
cemental composition of the sample is desired. The glow discharge {GI) and spark
spurces are wed for solid samples, while the inductively coupled plasma {ICP) iz used
fior solutions. All three sources are also used as atomic cMission SpociToGCOpy SOUTCCS,
they ane described in more detail with diagrams in Chapier 7.

G Sources and Spark Sources.  The GD source and spark source are both wsed
for aputtering and ionizing specics from the surface of solid samples and have been dis-
cusacd in Chapter 7 for use a8 atomic emission sourocs. As MS jonization sources, they
are wsed primarily for atemic MS to determine the elements presemt in metals and other
snlid samples. The DC GO spuroe has o cathode and anode in 0] = 10 torr of argon gas.
The sample serves as the cathode. When a poiential of several hundred volis is imposed
across the clectrodes, the arpon gas jonizes forming a plasma. Elecirons and positive
arpon jons ane accelerated toward the oppositely charged electrodes. The argon ions
impact the cathode surface, sputicring off atoms of the cathode material. The sample
atoms are then ionized in the plasma by clectrons or by collizion with excited argon
{Fenning ionization). The sample ions are extracted from the plasma into the mass analy-
zor by a negatively charged elecirode with a small aperune, The DE GD source is used for
the analysis of conductive samples including metals, alloys, and scmiconductors. The
sample must be condwetive (o serve as the cathade . BF GD sources have been developed
that enable the sputtering of clecirically nonconductive samples such as ceramics and
aher insulators. Spark spurces alse can be wsed for sputtering of solids, but the G0
apurce produces a mone stable ion beam with betier signal-to-noise ratio, The GD
spurce sputters mone makerial from a sample and gives more eprescntative and mone
quantitative results of the clemental bulk composition than the spark sounce.

ICP Source. The argon [CP source has also been described in Chapter 7 for use
with atomic emission spoctrometers, The source produces ions from the clements intno-
duced into the plazmaas well as radiation; these ions can be exiracted into a mass analyzer.
The ICP torch is usually mounicd horizontally with the tip of the plasma at the entrance 1o
the mass analyzer as shown in Fig, 9,14, Most of the plasma gas is deflected by a metal



