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Figure 9.7 Schematic diagram of an ESI source. This s

positively or | Iroplets, an electrg
The electric field is created by applying a potential difference of 3-8 between the metal
lary and a counter ekmbg‘hehighty charged droplets shrink as the solvent evaporates untij

droplets undergo a series of “explosions” due to increasing coulombic repulsion of the electrom

their droplet surface density increases. Each “explosion™ forms smaller and smaller droplets, Whey
the droplets become small enough, the analyte ions desorb from the d':OPlﬁtS and enter the
analyzer. A schematic ESI source is shown in Figure 9.7. The ESI source is at afmospherlc pressure,
The droplets and finally the analyte ions pass through a series of orifices and _sktmmerg. These serve |
to divert and exclude unevaporated droplets and excess vaporized solvent from the higher vacuum
regions where analyte ions are accelerated and analyzed by m/z. A flow of gas such as nitrogen
argon serves to desolvate the droplets and to break up ion clusters. The skimmers act as
filters. Heavier ions have less velocity from random thermal motions transverse to the d
of voltage acceleration through the orifices than lighter ions and continue in a straight path to the
mass analyzer while the lighter ions (and solvent vapors and gases) are pumped away, permitting
the pressure to be reduced without affecting the ion input to the mass analyzer. Liquid 1 flow through -
the metal capillary is in the range of 1-10 uL/min for the standard ESI design. For the increas-

ingly important HPLC-MS instrumentation used in analysis of biomolecules, orth i
interfaces operate at | mL/min, and by addition of jets of heated gas (e.g., N,) to increase droplet
evaporation rates, they can handle flow of up to 4-8 mL/min from monolithic HPLC columns.
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The advantage of ESI lies in
s s_gl'laegs of Qo Eh::-e:;ci‘;::t ;%T.?f, lfl}tl)\l,lecules. :speciul!y piumulcc.'ulcs like proteins,
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te Mis 1‘53%% ;)ﬂ. then peaks would appear in the mass spectrum of this analyte at m/z vaILuv:‘(:i
(14,300/9) = 1588.9, (14,300/10) - 1430.0, and (14,300/11) = 1300.0. These ions are at much lower
jlllﬁ:yms tl'1arl would bc' the ca.‘“ if we had a singly charged M* ion at m/z 14,300, One advantage to
having multiply charged ions with low m/z values is that less-expensive mass analyzers with limited
mass range can be gsed to separate them. Another is that high m/z ions such as high MW biomol-
ecules with 9nly a single charge leave a CI source with low velocities; these low velocities result in

por resolution due to dispersion and other processes in the mass spectrometer, fons with low m/z
values due to high charge are easily resolved.

Examples of mass spectra of biological molecules obtained with ESI are shown in Figures 9.8

and 9.9. In reality, the analyst does not know the numerical charge on the peaks in the mass spec-
trum, but the successive peaks often vary by | charge unit. Computer-based algorithms have
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heen developed for deconvoluting the
the equivalent mass of single charged
This permits identification of the MW o
Gection 13.1.6.1. Dr. John Fenn, one of (
in 2002.

Nit;lll:nce' Of m/z values of the multiply charged ions into
- » such a deconvolution has been done in Figure 9%
h; 1€ analyte. Applications of LC-ESI-MS are described in

nventors of ESI, received the Nobel Prize in Chemistry

9.2.2.3.1 Direct Analysis in Real Time (the DART Source)

i wgs originally developed by Japan Electron Optics Laboratory (JEOL)—a major
i MS vendor—and is now owned by lon Sense. This ion production process reacts electronicall

«cited atoms or vibrationally excited molecules to f e prmqs e “'m,)mu Y

¢ i k ] y excited molecules to form energetic metastable species M*. When

M* collides with a sample, Surface energy is transferred to the analyte molecule A, causing it to lose

_ an electron and become a radical cation A*. This process is called Penning ionization. In Figure
F_ 9.1Q for the DABT sourc_e, we see a gas stream of N, or Ne, which carries the ions thus formed 1o

the inlet cone of an ambient pressure MS source. When He is used as a carrier, a different ioniza-

i tion process occurs. The He first collides at atmospheric pressure with H,0 to form H,0*, which

undergoes several more transformations to become a protonated water cluster. This cluster eventu-

i ally transfers the proton to the analyte molecule to produce MH*. The excitation in either case is

| due to an applied potential of +1 to +5 kV, which generates the ionized gas or metastable species. A

E potential of 100 V on an electrode lens removes other charged particles from the gas stream, which
permits only excited species to continue on. The excited species can react with solid, liquid, or gas
samples to desorb and ionize the analytes. After entry into the ambient pressure sampling cone of
t the MS inlet, ions in the gas stream are pulled out at an angle by a charged lens into the MS analyzer
f stage inlet, while the obliquely directed gas stream containing neutral contaminants is directed to
a trapping region and pumped away. This helps greatly to keep the ion optics free from the major
contaminants of the outside world. DART spectra are simple, mainly protonated MH" in positive
ion mode or [M — H]-, and even sometimes just M* for some polynuclear aromatic hydrocarbons
(PAHs). One never observes multiply charged or alkali metal cation adducts, although ammonia
and chloride may form [M + NH,]* or [M + Cl]- adducts. The DART source’s strength is in the
simplicity of its operation: One simply presents the sample to the source entrance as one might
bring something to one’s nose to sniff, and M*, MH*, or [M = H]" ions are picked up for everything
present above the detection limits. The use of a high-resolution MS with a library of likely vapors to
be found for the environment being tested can provide almost instant identification. Major hits not
in the library will become “‘elephants in the room” begging for further consideration, hence the des-
ignation DART. The source can “sniff” a variety of simple sample collection media, for example,
wipe papers or cloths, thin-layer chromatography (TLC) plate spots, and even “‘stains”—just pres-
ent them to the input and stand back (figuratively). A tal.e tolq by the DART .developers was that an
employee walked into the lab after passing a construction site where blast.mg wa-s underway and
on a whim waved his necktie in front of the sampling orifice, and the MS immediately reported a

nitrate-explosive MS signature.
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Figure 9.10 Diagram of the DART source. (Used with permission from lon Sen
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i Figure 9.11 The MALDI proces
| by laser irradiation of the matrix. Subsequent desolvation and ionizatio
ecules occur by processes that are not completely understood. ‘ >
Ho . (00 ]
b strongly at the wavelength of the laser used for irradia-

. The matrix material must absor’
i tion. In addition, the matrix must be stable in a vacuum and must not react chemically. Matrix

: compounds used for MALDI include 2,5—dihydr_oiy‘l_)§‘n‘zoic_;acid, 3-hydroxypicolinic acid, and
E 5-chlorosalicylic acid for the UV region of the spectrum and carboxylic acids, alcohols, and urea
for the IR region of the spectrum. Intense pulses of laser radiation are aimed at the solid on the
probe. The laser radiation is absorbed by the matrix molecules and causes rapid heating of the
matrix. The heating cau'slqs‘qesorgtiqn of entire analyte molecules along with the matrix mol-
ecules. Desolvation and ionization of the analyte occur; several processes have been suggested
for the jonization, such as ion—molecule reactions, but the MALDI ionization process is not com-
pletely understood. A useful, if simplistic, analogy is to think of the matrix as a mattress and the
analyte molecules as china plates sitting on the mattress. The laser pulses are like an energetic
person jumping up and down on the mattress. Eventually, the oscillations of the mattress will

cause the china to bounce up into the air without breaking. The plates (i.e., molecules) are then
whisked into the mass analyzer intact. ﬂdumf"f /,»q(/' -
MALDI acts as a soft ionizati ce and generally produ

on sour
from even very large polymers and biomolecules, although a few mu
fragment ions and cluster ions may 0ccur

ces singly charged molecular ions
ltiple-charge ions and some

(Figure 9.12).

9.2.2.4.2 Fast Atom Bombardment
' Fustatom bombardment (EAB) uses a beam of fzstmovnE neutral inert gas atoms t0 ionize 13787
- molecules, In this technigue, the sample is in solvent such as glycerol

%;imwmamm«mawm.

dissolved in an i:_l_c__r_pﬂqon@@laqﬁl‘e ve
into the mass spectrometer through

The probe is inserted
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