Chapter 20 - Molecular Mass Spectrometry
Read pp. 550-570 Problems: none

MS is probably the most widely applicable of all the
analytical tools available.

Elemental composition of samples of matter.

Structures of inorganic, organic and biological molecules.
Qualitative and quantitative composition of complex samples.
Structure and composition of solid surfaces.
Isotopic ratios of atoms in samples.
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Components of a Mass Spectrometer
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FIGURE 11-1 Components of a mass spectrometer.



Mass Analyzers - Quadrupole
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FIGURE 11-6 A quadrupole mass spectrometer.

Whether a positive ion strikes the rod depends on the rate of
movement of the ion along the z-axis, its m/z ratio, and the
frequency and magnitude of the ac signal.



Mass Analyzers — Time-of-Flight
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FIGURE 11-10 Principle of a TOF mass spectrometer. A spatially tightly bunched group of
ions produced by a laser probe is accelerated into the drift tube where separation occurs.
(From A. H. Verbueken, F. J. Bruynseels, R. Van Grieken, and F. Adams, in Inorganic Mass
Spectrometry, p. 186, F. Adams, R. Gijbels, and R. Van Grieken, eds., New York: Wiley, 1988.
With permission.)

zeV = KE = %5(mv?) t.= L/v =L (m/2zeV)V/?

(+) ions produced by pulsing a sample with e- or photons (~25 kHz and 0.25
ms). lons are accelerated into the flight tube with a pulsed electric field ~10* V.
Lighter elements arrive at the detector earlier, heavier elements later.
Advantages — ruggedness, unlimited mass range, rapid data acquisition rate.



Mass Analyzers — Double Sector
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FIGURE 11-11 Mattauch-Herzog-type double-focusing mass spectrometer. Resolution >105
has been achieved with instruments based on this design.

m/z = (B%r?e)/2V

Usually ions are sorted by holding V and r constant, and sweeping B.



Mass Spectrum
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FIGURE 20-2 Mass spectrum of 1-decanol from (a) a hard ionization source (electron impact)
and (b) a soft ionization source (chemical ionization).

Spectral features
depend on method
of ionization!



lon Sources — The Starting Point

TABLE 20-1 lon Sources for Molecular Mass Spectrometry

Basic Type Name and Acronym Ionizing Agent

Gas phase Electron impact (EI) Energetic electrons
Chemical ionization (CI) Reagent gaseous ions
Field ionization (FI) High-potential electrode

Desorption Field desorption (FD) High-potential electrode
Electrospray ionization (ESI) High electrical field
Matrix-assisted desorption-ionization (MALDI) Laser beam _
Plasma desorption (PD) Fission fragments from 22Cf
Fast atom bombardment (FAB) Energetic atomic beam |
Secondary-ion mass spectrometry (SIMS) Energetic beam of ions
Thermospray ionization (TS) High temperature

738

Formation of gaseous ions. Gas phase sources — sample is
vaporized and then ionized. 10° Da limit. Desorption sources -
sample is converted directly to gaseous ions. Applicable to
non-volatile and thermally unstable samples. 10° Da limit.



Electron Impact lonization - Hard
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Energetic electron beam causes molecules to lose an electron
(become ionized) due to electrostatic repulsion.



Electron Impact Spectra

Complex mass spectra are useful for compound identification.

AE LE 20-2 Some Typical Reactions in an Electron-Impact Source

ular ion formation
gmentation ABCD + e — ABCD"' + 2e~
: ABCD"" > A* + BCD®

s A +BCD*"—>BC"+D

+
L. ep" AR o
+ -+
> AB"  +CD* i
,; BC' + AD*
arrangement followed by fragmentation ABCD'* - ADBC™* AD* + BC*
on followed by fragmentation ABCD** + ABCD — (ABCD);— BCD* + ABCDA*

Interaction with the electron beam ionizes the molecule
but it also leaves the molecule in a highly excited
vibrational and rotational state. Relaxation occurs by
extensive fragmentation giving a large number of positive
ions of various masses that are less than the mass of the
molecular ion.



Typical Electron Impact Mass Spectra
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FIGURE 20-4 Electron-impact mass spectra of (a) methylene chloride and (b) 1-pentanol.



Isotopic Abundances

TABLE 20-3 Natural Abundance of Isotopes of Some Common Elements

Most Abundant Abundance of Other Isotopes R
Element* Isotope to 100 Parts of the Most Ab:
Hydrogen 'H H
Carbon e Be
Nitrogen N BN
Oxygen 160 1109
180
Sulfur 329 23
34S
Chlorine »Cl 1
Bromine Br 81g;
Silicon =si 2Si
0si

aFluorine (**F), phosphorus (*'P), sodium (**Na), and iodine (**'I) have no additional naturally occurring isotopes.

®The numerical entries indicate the average number of isotopic atoms present for each 100 atoms of the most abundant isotope; thus, for every 100
atoms there will be an average of 1.08 3C atoms. :



Chemical lonization - Soft

CH,+e - CH," + 2e
CH,*+ CH, - CH." + CH,

CH.*+ MH = MH,*+ CH,

Spectra contain mainly the molecular ion peak (M+1) -
most abundant!! There is no extensive fragementation.



MALDI lonization
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FIGURE 20-7 Diagram of the MALDI process. The analyte
is uniformly dispersed in a matrix and placed on a metal
sample plate. A pulsed laser beam strikes the sample
causing desorption of a plume of matrix, analyte, and
other ions. The analyte can be protonated, be deproto-
nated, or form adducts before entering the TOF analyzer.
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Atom transfer reactions happen in the matrix
to give multiply charged.



Electrospray lonization
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FIGURE 20-9 Apparatus for electrospray ionization.
(From J. B. Fenn et al., Science, 1989, 65, 246. Reprinted
with permission.)
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FIGURE 20-10 Typical electrospray mass spectra of proteins and peptides. The numbers above
the peaks represent the molecular charge associated with each peak. (From R. D. Smith et al.,
Anal. Chem., 1990, 62, 882. Copyright 1990 American Chemical Society.)
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Other lonization Methods

Field Desorption —

Fast Atom Bombardment -



