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Figure 8.2 {a) A mes spectrum ol benzene, CHy, (MW = W plofied 2 o)z s, relative
ghunclance, with the most shuncaml peak s 0 a relative abundamce of 1L In thos specimon, the
nuesd ahuncant peak {or base peak) i the molecular ion peak a1 oz ™, marked by the dark wiangle
an the waxis Some Iragmention mz wlues are alsomarked on the spectrum. (b A mass spectoum of
aycaine. In dhis spectnum the molecu b jon peak i nodthe hage peak; the ragmention a7 82 isthe
mxrd ahuncdamt k. {The cocame specium 15 courtesy ol Dr. Robenl Bobelsla, CDE, Atlants, GAL)

asocurate mass), which has boen determined accurstely by MS. MS scparaics compounds
containing ¢ stoms from compounds with e stoms precisely bocause of the diffonemnoe
in mass botween the sotopes. Table 901 gives a fow examples of the atomic weights of some
aof the clements found in organic compounds as well as the measured accurate mass and
ahund amce of the isptopes of the element. In a mass spectoum, & given i is monoisotapic,
not & weighted sverage. For example, the molecular weight of acetone, CyH ) is calculated
from the atomic weights of the clememts o be (3 w0 J200104+ (6= L0077+
{1 = 15.9904) = 58.0795 g/mol. The molecular ion of acetone as measured by MS has a
mass that consists of only contributions from the one most abundant isotope of cach
dement, that is, H, '11'_‘, amd Iﬁl:.'l: its mass can be caleulated from the formula ! ;[—[El'.‘l
to be {3 = [2.000) + {6 x LOOTE3) +{1 = 15.9949) = 5804190 or 580419 gfmol if
wi had a mole of the monoisetopic conmpound.
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Table 8.2 Moes Speciral Data lor Benzene

Relative Relative
s ahumnlance mz ancdamce
37 4 53 (LK}
i35 1.2 G 29
34 54 a4 (17
35 (L35 73 1.5
K 13 74 4.3
XS .19 75 1.7
e (.37 Th L
L] (r29 17 14
L 3 TH Tk}
St 14 ™ G4
51 18 Kik (1%
52 19

The term a7 is the comect term to use for the mass-to-charge ratio of an jon. Older
literature used the term e, however, the symbol e is used for the charge on the electron
i coulombs and is ser what gocs intothe divisor when the mass is given inunificd atomic
meass units, w. Twoterms uwsed in the older literatune that are o longer acocptable fior use in
M5 amc “parent ion” for molecular ion and “dauwghter ion™ for fragment ions. lons do mwot
have gender. The terms maolecular ion and fragment ion should be used; ' precursor ion™
and ' prosduct ion™ ane used for tandem MS-MS experiments described later in the chapter.

8.1.1. Resolving Power and Resolution of a Mass Spectrometer

The resalving power of a mass spectrometor is defined as its ahility 10 scparate ions of two
different iz values. Numerically, the resolution is equal to the mass of one singly charged
ion, M, divided by the difference in mass between M and the next myz value that can be
scparated. For example, to scparate two singly charged jons of 999 and 1001 Da requincs a
resolving power of 9991001 — 999) = 500. That is:

Eaolving power =30 {99
[n practice, it is found that if we wish 1o distinguish between ions of G0 and 599 Da, the
ealving power requined is SO0, or [ Da in 600 Da. As a mule of thumb, if we wish to dis-
tinguish between ions differing by | Da in the &0 mass range, we nocd a resolving power
af S0, IF we need to distinguish between jions differing by | Dainothe 1200 Da range, we
necd a resolving power of at least 1200, This is not a very high resolution. Some isotopes
af aiferens dements or maolecular fragment ions composcd of different combinations of
atpmiic isotopes adding uwp to close to the same mass may produce ions differing by
agief fess tan | Da. To distinguwish between these types of apecies, high-resolution
mss specirometry, with resolution in the 20, 000— |00, 00 or higher range, is equined.

The resolving power is determined by actwal measurement of the mass speciral
peaks obtained. The method for calculating AM must also be apecified. Two methods
are commonly wsed to indicate the separation between peaks and these ane shown in
Fig. 3. One definition is that the overlap between the peaks is 0% or less for twao
peaks of cqual heighty that is, the height of the overlap should not be more than 10% of
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Figure 8.3 Nlustration of the peaks wed 1o caloulate the resolving power of a moes specirometer
showing the kcation ol the FW HEL the 1FE valley, and the 5% valley. (From Sparkman, used with

permdssin ol the puhlizher)

the peak height. A second method is to wse the full width ot half maximum (FWHR) a5 a
measure of AM. The FWHM method results in a resolving power twice that of the 105
awerlap method, so0it is imponant 1o state how the calkulation was perfomed.

Fesolving power for commerncial mass spoctrometers depends on the instrumem
design, and can mange from 500 to more than | x 10°, In general, the higher the resolving
power, the greater the complexity and cost of the M5 instrument.

Fesolution is the valwe of AM &t a given M md is offien expressed in ppm. For
ithe spectrometer with a resolving power of G600 carlier described, the resolution would
be | pant in 600 pans. To distinguish between YN, with an exact mass of 28,0061 Da
and BCY™0Or, with an exact mass of 27.9949 Da, we would nced a resolution of
(2001 — 2700409 = 00112 Da in 28 Da. To conven this resalition to ppm, divide
Q0112 by 28 and multiply by | = 10% a resolution of 400 ppm is requircd. The resolving
power needed would be 27994970001 1 2 = 2500.

8.2. INSTRUMENTATION

All mass spoctrometers reqguine a sample input sysiem, an ionization source, a mass amna-
byzer, and a detector. All of the components with the exception of some sample input
syslems or jon source volumes are under vacuum {107®-10"% tor for that portion
where ions ane scparated by mass, ic., the analyzer, or 107*= 107" torr in some jon
spurces, where the ions ane initially formed), 50 vacuum pumps of various types anc
requined. Modem mass spectrometers have all of the components under computer
control, with a computer-based data scquisition and processing system. A hlock diagram
of a typical mass spocirometer is shown in Fig, 9.4,
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Figure 8.4 Block cizgram of a mass specimomneter.

9.21. Sample Input Systems

QX0 Gy Expetnision

This method of sample introduction is wse ful for gases and for liguids with sufficiently high
wvapnr pressuncs. The gas or vapa s allewed to e xpand into an evacuated, heated vesse ], The
sample is then "leaked™ into the ionization seurce through pin holes ina gold fiodl seal. This
is sometimes termed a “moelecular leak™ inlet. Yacuum pumps comrol the sysiem so that
e pressure in the ionization source is at the reguired 107%-107* tom.

Q212 Dhreer fsernion amd Direct Exposure Probes

A divect insertion probe & used for introduction of liguids with high boiling points and
snlids with sufficiently high vapor pressune. The sample is put intoa glass capillany that fits
indo the tip of the probe shown in Fig. 9.5, The probe is inseried into the ionization source
of the mass specirometer and is heated elecirically, vaporizing sample into the cleciron
beam where ionization eccurs, A problem with this type of sample imroduction is that
the mass specirometer can be contaminated because of the volume of sample ionized.

A divect exposure probe wsually has a rounded glass tip. The sample is dissolved in
snlvent, a drop ofthe solution is placed onthe end of the probe and the solvent is allowed 1o
cvaporate, A thin Alm of sample is left onthe glass tip, The tipis inscried into the jon source
and heated in the same manmer as the dircct inscrion probe. Much less sample is intnoduced
into the ion source and the spectrometer is less likely to be contaminatod as a nesult.

Q213 Chrowsiregraphy and Eleciroploresis Svsrems

The appropriate chromatographic instrument can separate mixtures of gases and liguids
and the separated components ane then introduced sequentially into 8 mass specirometer
fior detection. Mass spectromeirists consider the chromatograph to be a “sample inlet™
fior their spectrometers while chromatographers consider the mass spectrometer to e
“a detector” for their chromatographs. The truth is that these hyphenated {or coupled)
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Figure 8.5 Schematic diapram ol a dinect imsertion probe e solicls aml high bailing lepick. The
sammgle 15 placed into the cavaty in the tip of the probe. When not in use, the cutol] vahe 15 chsexd
amel g2 samples can be intmochiced by opening the stopoock shown, The black oot 21 the center ol
the souare shows the poimnt 2 which the elecinon beanm impacts the sample. (From Ewimng, wied wath
T S KL )

chromatography-mass spociromeiry systems are extremely powerful analytical tech-
nmigues, much more powerful than cither instrument alone. The major problem 1o e
overcome in coupling these two iypes of instruments is that the chromatography
Fystems mun at atmesphernic pressure with large amounts of “camier gas™ or solvent. The
mass spocirometer operates at very low pressurcs as notod abowve, The camicr gas or
snlvient must be remaoved without losing the analyte before the amalyte can be intreduced
into the evacuated ionization sournce o analyzer regions, Altematively one may use an ion-
zation spurce which can ienize the target analytes under the conditions of higher pressunc
proesduced by the accompanying camier fuid, and then selectively extract the ions into a
lower-pressure e gion while diventing and discarding the vast majority of that vaporized
fuid. Interfaces fior these systems have been developed and ane described in the chapters
an the individual chromatographic technigues.

GO coupled with MS is known as GC-MS. It is a well-cstablished method for
separating gascs of volatile compounds; the mass spectum of cach component in a
mixture can be obiained and the components measured guantitatively. The inerfacing,
opcration and applications of GC-MS are discussed in Chapter [2.

Several types of LC and ene nonchromatographic separation systcm for liguids have
been imerfaced with MS. HPLC is wide ly used 1o separate nonvolatile organic compounds
of all polaritics and moekcular weights. Coupled 1o a mass spectrometer, the technigue is
called LO-MS. Supererfical Auid chromatography (SFC) and the nonchromatographic
separation technigue of capillary electrophoresis (CE) are alao uwsed with mass specino-
meiric doetcction. The interfacing, ionization sourccs, operation, and applications of
these hyphenated methods ane covered in Chapter 13,

8.2.2. lonization Sources

QX2 Elecrran fonizarion (EX)

The El spurce is & commonly uwsed spurce for erganic MS. Elecirons ane emitied from a
heated wungsaen or other metal Alament. The clectrons ame accelerated by a potential of
S50— 100 Y toward the anede {Fig. 960, As shown in this figune, the paths of the clecirons
and sample molecules mect at right angles, lonization of the sample mokcules and frag-
menation into smaller ions eccurs as a result of inteaction with the high-cnergy clecinns,



