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Figure 8.6 {res-section of an El source. The lilament ancd amocde deline the electnon beam, The
wns are lormesd in the space ahave the two repellers (e solxd color hlocks )L A positive charpe on the
epellers topether with a negtive polemtial on the loous elecrodes, canse positive ons o be aoce]-
e upward in the diagram, mio the mass amaly wer. (Modilied Irom Ewing, wed with permassion. )

Foucus 2
At

lons are accelerated out of the center of the source into the mass analyzer by an
accelerating voltage of about 107V

The El spurce forms both positive and negative ions, 5ot can be wsed as a source fior
megative ion M5, Megative ions form from molecules containing acid groups or elecino-
negative atoms, The high energy impaned o the ions by the El source causes significant
lameaiatio ol snpeaic mealocwles, T s e ol liglecmcngey imication samoce i oelcned
¥ as a feerd ionization source. The fragmentation of the molecular ion into smaller ions is
viery useful in deducing the structure of a molecule. However, fragmentation can be 50 sig-
nificant for some types of molecules that o malecular ions remain. This means that the
mslecular weight of the compound cannot be determined although deduction of the
aruciure of an unknown compound is greatly facilitated by knowing the malecular weight.

Collisions between jons and molecules in the source can result in the formation of
ions with higher s fz values than the molecular ion. A common ion—molecule reaction is
that between a proton, HS, and an analyie molocule, M, o give a protonsted molecule,
MHY or (M + HY". Such a species has a +1 charge and a mass that is | u greater than
that of the molecule and is called an {M + 1) peak. One reason for keeping the sample
pressure low inthe Elonization spurce is to prevend reactions between ions and molecules
that would complicate interpretation of the mass spectnm.

{The clectron ionization source wsed to be called the elocinon impact seurce and the
e EI meant eleciron impact ionization. The use of the term Sy is now considerced
archaic. lonization and fragmenation are more often induced by the close passage of the
cnergetic eleciron and the consequemt large Auctuation in the cleciric Beld as opposed 1o a
physical “impact”, and an energetic electron may well perform this function multiple
times on different mokcules. As the student will noie throughout the chapter, MS tcrmi-
mology has changed in recent years as a result of agreements by professional scientific
arganizations 1o andardize definitions and use of toms o avoid confusion but mot all
organizations have agreed to the same terms and definitions. The recommendations
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from Sparkman {sce the hibliography) have boen followed but even cument literature will
b fiound that uses “archaic” terminaolegy. The old oraltemate terms will be provided when

I A5y )

Q2L Chendeal Tonizanion (CF)

A chemical ionization {CD source is considered a syt ionization spurce; it resulis in less
fragmentation of analyte molecules and a simpler mass spectmum than that resulting from
El. Most importantly, the molecular jon is nmuch moere abundant using CL allowing the
determination of the molecular weight. IF the CT process is “sofi™ cnough the specirum
may consist almest entinely of only the molocular ion. Such a lack of fragmentation
provides less struciural infeormation than an El spectrum. Concenration of the charge
on mostly this one ion in CI-MS improves the sensitivity of detection when the method
aof sclected ion monitoning {SIM) is cmployed for guantitative measurements in GC-MS
Chapter 12, Scction 128 10 If a fragmented El apectrum is absent a molecular ion,
then combining data from a Ol sapectnum containing a strong maelocwlar ion will greatly
assist intcrprotation of an unknewn compound's specira. The twoe mades complemeni
ane another for identi fication and quantitation of unknowns.

In CI, a large cxcess of reagent gas such as methane, isohutane, or ammonia is
imtresduced into the ionization region, The pressure in the ion source is typically sevieral
orders of magnitude higher than in El jon sources, A O sownce design will be mone
cnclosed with smaller orifices for the source vacuum pump o remove the reagent gas,
allowing the higher source pressure to be maintained. The mixiure of rcagent gas and
sample is subjocted to clectron bombardment. The reagent gas is generally present at a
bevel LOO0— 10,000 higher than the sample; thenefone the reagent gas is maost likely 1o
be jonized by intersction with the clectrons. lonization of the sample molocules occurs
indirectly by collizion with ionized reagent gas molecules and proton or hydride transfor.
Aseries of reactions occurs, Methane, for example, forms CH;™ and CHY on inderaction
with the electron beam. These ions then react with additional methane molecules to form
igns as shown:

CHj* +CHy; — CH} +CH;]
CHy +CH4y — CaHi +Haz

Collisions between the ionic species CHE or CoHF and a sample molecule M causes
wmization of the sample molecule by prodon iransfer from the jonized neagemnt gas
gpecies to form MHT or by hydride transfer from the sample molecule to form
(M — HY*, also written as (M —

M +CHf — MH' 4 CHy

M+ CiHE — MHY +CaHy

M+ GHY — (M —H +CHg
M+ CHf — (M -H* +CHy +H;

Hydride transfer from B oecors mainly when the analyte moleenle iz a saturated
hydrocarbon, In addition, the jonized reagemt gas can meact with M otoe Tomm, for
example, an {M+ CaH; ™ ion with myfz = (M + 290 The presence of such an addiecr
i of mass 29 Da above a candidate molecular ion in a methane C1 mass spectrum is a
good confirmation of the identity of the moleoular ion.

Many commercial sources are designed to switch from El to CT rapidly to take
advantage of the complementary information ohtained from cach technigue. The main
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advantage of Cl is that frmgmentation of the sample molecule is greatly reduced and
significant peaks at mfz = (M + 1) or {M — 1) are seen, permitting the identification of
the maolocular weight of the analyie.

[tis pessible to inmoduce o sample directly into the chemical ionization spurnce on a
tungsten or thenium wine, A drop ol sample inselution is applicd to the wine, the solvent is
allowed 1o evaporate, and the sample insened into the Cl source. The sample molecules
are desorbed by passing a cument through the wine, causing it to heat, The analyte mal-
coules then jonize by interaction with the reagent gas ions as has boen described. This tech-
nigue is called desorption chemical ionization and is wsed for nonvelatile compounds.

QX233 Anvospleric Pressurve Toniparion (AP Sairces

There are two major types of jonization spurces  that operate at  atmosphernc
pressure, clectrospray ionization (ESD and atmesphenc pressure chemical ionization
{(APCTL A modified version of the ESI source is the ion spray source. These sources an
described in detail in Chapier 13, Section [3.1.6.1, because they ane wsed to interface
LC with MS for the separation and mass speciromeinic analysis of mixiunes of nonvelatile
high molecular weight compounds, capecially in the Aclds of pharmaceutical chemisiry,
hioschemistry, and clinical biomonitoring. ESI will be described briciy so that its use
may be demonstrated but mone detail will be found in Chapter [3.

When a strong clectric fcl is applicd to a liguid passing through a metal capillary,
the liguid becomes dispersed into a ine spray of positively orne gative ly charged droplets,
anelectrospray. The electric ficld s created by applying a potential difference of 3-8 kY
between the metal capillary and a counter elecirode . The highly charged droplets shrink as
the solvent evaporates undil the droplets undergo a series of “explosions™ due to coulombic
imeractions. Each “explosion” forms asmaller and amaller droplets. When the droplets
become amall enough, the amalyte ions desorb from the droplets and enter the mass
analyzer. A schematic E3 soweree 5 shown in Fig, 9.7, The ESI source is at atmospheric
pressune. The droplets and finally the analyte ions pass through a series of onfices and
skimmers., These serve 1o divent and exclude unevaporated droplets and cxoess vaponized
aplvient from the higher vacuum regions whene analyie ions are accelerated and analyzed
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Figure 8.7 Schematic dizgram of an E5S] source. This source 15 shown with a kens system ancl
skimmers W Joous the jons and heated nitrogen gas 1o desolvate the jons.
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by e fz. A flow of gas such as nitrogen or argon serves to desolvate the droplets and to
brcak up ion clusters, The skimmers act as velocity flters, Heavier ions have less velocity
from random thermal motions iransverse to the direction 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) ane pumped away, permitting the pressume tobe
educed without affecting the ion input to the mass analyzer, Liguid Aow through the metal
capillary is in the range of 1-10 pL/min for the standard EST design. For the increasingly
imyportant HFLC-MS instrumentation used in analysis of biomalecules, orthogonal spray
ESI interfaces operate at | mL/min and can handle Aow of up to 4-% mL/min from
monolithic HPLC columns.

The advaniage of EST lies in the fact that large molocules, cspecially hiomolecules
like proteins, end up as a serics of multiply charged ions, M™ or (M 4+ oH)™ with litile or
o fragmentation. For example, a given analyte M might form ions of BRI gl
and 5o on. IF the mass of the analyie M is 14300 Da, then peaks would appear in the mass
spectrum of this analyte at mfz values of {14,300/9) = [588.9, {14,300/10) = 1430.0,
and {14,300 /11) = 1300.0. These jons ane at much lower m fz values than would be the
case if we had a singly charged M¥ jon at mfz 14300, One advantage to having multiply
charged ions with low s fz values is that less-expensive mass analyzers with limited mass
mnge can be wied to separate them. Another is that high m /2 ions such as high MW hio-
mslocules with a only single charge leave a Cl spurce with low velocities; these low
velocities result in poor resolution due to dispersion and other prscesscs in the mass
spectrometer. Tons with low a2 values due to high charge ane casily resolved.

Examplks of mass specira of hiological moleculkes ohiained with ESI ane shown in
Figs. 9.8 and 9.9 In rcality, the analyst docs not know the numerical charge on the
peaks in the mass spectrum, but the successive peaks ofien vary by | charge wmit.
Computerbmed algorithms have been developed for deconvoluting the scquence of
mfz values of the multiply charged jons into the cquivalent mass of single charged
wons; such a deconvoalution has been done in Fig, 9.8, This permits identification of the
mslocular weight of the analyic. Applications of LCO-ESI-MS ame described in the
Chapier 13 Section 13.1.6.1. Dr. John Fenn, one of the inventors of ESL received
the Maobel Prize in Chemistry in 2002,

QX 24 Desorpiion fomizaiion

Large molecules, such as prodeins and polymers, do not have the thermal stability to vapor-
e without decomposing. Desoaption ionization sources permit the dinect ionization of
splids, facilitating the analysis of large molecules, Thene ae several types of desorption
apurces in which solid samples ane adsorbed or placed on a suppon and then ionized by
bombardment with ions or photons. Desorplion CL one form of desorption ionization,
heas already boon described. The impenant technigue of secondary ion mass spect rome try
GIMS) is used for surface analysis as well as characterization of large molecules; SIMS is
ocovened indetail in Chapier 14, Section 14,4, Several other imponant desomption spunces
are described subsequently .

Laser Desorption and Matrix-Assisted Laser Desorption  lonization
(MALDIL  The use of a pulsed laser focused on a solid sample surface is an efficicnt
mcthed of ablating material from the surface and ionizing the matenial simultanoously, A
vancty of lasers have boon used; examples include TR lasers such as the O0a laser
(A= 1006 pm) and Y lasers such as Nd:YAG (A = Mbhnm, 355 nm). {YAG stands fior
yiirium aliminum gamet), Sclective lonization & possible by choosing the approprialc
lser wavelength, The laser can be focused tooa small spot, from submicron to scveral
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Figure 8.8 ES1 mass specirum {a) and deconvaluled mass specirum (h) of carhonic anhydrase.
(Reprimted with pernussion Irom Finmgan_ )

microns in diameter. This permits the investigation of inclisions and multiple phases insolids
as well as bulk analysis. The laser pulscs generate transicnt signals, soa simultaneous detec-
tign syate m oF A time-of-light mass analyeer or a FT muass spectrometer is reguined. The laser
provides large amounts of cnergy to the sample. This cnergy mwst be guickly dispe rsod within
the meolecule withowt fragmenting the molecule, Until the development of matnix-assisted
laser desorption, the use of a laser resulied in fragmentation of biological molecules
with malecular masses above about 100 Da.

By mixing large analyic molecules with a “mainx™ of small organic melecules, a
lser can be used to desorb and jonize analyie molecules with makcular weights well
over [O0V000 Da with little ragmentation. The function of the matnix is to dispersc
the large amounts of cnergy absorbed from the laser, therehy minimizing fragmen-
tation of the analyie molecuke. This technigue of “matrix-assiged” laser desorption
wonization {MALDD has revolutionized the mass spectrometric study of polymers and
large hiological molkcules such @ poptides, proteins, and oligeescchandes. The actual
process by which ions are formed using the MALDI approach is still not completely
unhe ratospd .

Typical matrices and optimum laser wavelengths are shown in Table 9.3, A matrix is
chosen that absorbs the laser radiation but at a wavelength at which the analyic absorhs
misdorately o not at all. This diminishes the likelihosd of fmgmenting the analyio
malecule.



