CHAPTER 9

Mass Spectrometry |
Principles and Instrumentation

Mass spectromel_ry (MS) is a technique for creating gas-phase ions from the molecules or atoms
in a sample, separating the ions according to their mass-to-charge ratio, m/z, and measuring the
abundance of the ions formed. MS is currently one of the most rapidly advancing fields of instru-
mental analysis. It has developed from an inorganic method used to prove that most elements exist
as isotopes of differing masses to one of the cornerstone techniques used to elucidate the structure
of biomolecules, especially high molecular weight (MW) proteins. MS provides the analyst with
information as diverse as the structure of complex organic and biomolecules to the quantitative
determination of ppb concentrations of elements and molecules in samples. L

MS is an analytical technique that provides qualitative and quantitative information, includ-
ing the mass of molecules and atoms in samples as well as the molecular structure of organic and
e used as a qualitative analytical tool to identify and characterize
different materials of interest to the chemist or biochemist. MS is used routinely for the quantitative
analysis of mixtures of gases, liquids, and solids. MS is used in many fields in addition to identi-
fying and quantifying organic and biological molecules. These include atomic physics, physical
chemistry, and geology.

This chapter will focus on MS principles and instrumentation for both organic and inorganic
analysis. Chapter 10 will cover applications of MS for organic and inorganic analyses as well as
interpretation of simple mass spectra for structural identification of organic compounds.

inorganic compounds. MS can b

9.1 PRINCIPLES OF MS

ent that separates gas-phase ionized atoms, molecules, and

fragments of molecules by the difference in their mass-to-charge ratios. The mass-to-charge ratio 1s
symbolized by m/z, where the mass /n is expressed in unified atomic mass units and z is the num-
ber of charges on the ion. The statement found in many texts that MS separates ions based on mass

is only true when the charge on t is numerically equal to the

he ion is a single + or = in this case, m/z1
mass of the jon, While some MS methods do generate mostly +1 charged ions, many new techniques
generate jons with multiple charges. :
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The mass of an ion is given in unified atomic mass units, u. One unified atomic mass unit 1S
equal to 1/12 of the mass of the most abundant, stable,

naturally oceurring isotope of carbon, "*C.
The mass of 2C is defined as exactly |

2 u. The abbreviation amu, for atomic mass unit, is now
considered obsolete but may still be encountered in the literature. A synoqym_fm the unified atomic
mass unit is the dalton (Da); 1 u = 1 Da. In the Systeme International d'Unites (SI) unit of mass,

| u= 1665402 x 102" kg, Table 9.1 presents the exact masses for some common isotopes encoun-

tered in organic compounds.

The mass spectrometer is an instrum
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Substituting for v (Equation 9.3), we get
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Squaring both sides, we have
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which can be rearranged to give
m B’
T o2

Conclirgion -
That is, the radius of the circular path of an ion depends on the accelerating voltage V, the magnetic

field B, and the ratio m/z. When V and B are kept constant, the radius of the circular path depends
on the m/z value of the ionized molecule. Tons of different m/z travel in circles with different radii;
~ this is the basis of the separation by m/z. Ions with different paths are shown as the dotted lines in
- Figure 9.1a; only one particular m/z has the right r to pass through the mass spectrometer under a
given V and B. The others, as shown, follow paths that cause them to hit the sides of the instrument
and be lost. By varying V or B, we can select which m/z will pass through the system. Voltage
ning is cheaper and was used in early instruments with permanent magnets. 3¢

 field feld strength is more sensitive and is easily done with modern electmma ne
~,";zl_lztw:tl':aatpavrh«afs‘ mdthcwldweommodatea ferent n
mewﬂhandgm t slif dete: ,epweiﬂelywhichi(ma Ing ‘

Scanned with CamScanner



canned wit amoscanner




Scanned with CamScanner




canned wit amoscanner




