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Preface 

 

 

 Mass spectrometry is an analytical technique that 

allows to the determination of the molecular masses 

of the compounds analyzed as well as their 

identification and quantification. It is based on the 

separation and detection of ions formed in an 

ionization source or in a collision chamber. 

This work presents initiations on mass spectrometry. 

It conforms to the basic program of university 

training in some technological sectors, particularly 

the basic sciences. It is intended for students of 

institutes and universities, teachers in particular for 

the first year of Master of Organic Chemistry. The 

structure of this book consists of four parts that 

explain this module, it provides students of the exact 

sciences with the basic notions necessary to properly 

explain of the mass spectrometry. These are 

generally, the definitions, Ion and desorption sources 

and mass analyzers. 
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Part 1                   

                                        Introduction 

 

 

In mass spectrometry, one generates ions from a sample to be analyzed. These 

ions are then separated and quantitatively detected. Separation is achieved on the basis 

of different trajectories of moving ions with different mass/charge (m/z)** ratios in 

electrical and/or magnetic fields. 

Mass-spectrometry has evolved from the experiments and studies early in the 

20th century that tried to explain the behavior of charged particles in magnetic and 

electrostatic force fields. Well-known names from these early days are J. J. Thompson 

investigation into the behavior of ionic beams in electrical and magnetic fields (1912), 

A. J. Dempster directional focussing (1918) and F. W. Aston energy focussing (1919).  

In this way a refinement of the technique was achieved that allowed important 

information concerning the natural abundance of isotopes to be collected. 

The first analytical applications then followed in the early forties when the first 

reliable commercial mass spectrometers were produced. This was mainly for the 

quantitative determination of the several components in complex mixtures of crude oil. 

In the beginning of the sixties the application of mass-spectrometry to the 

identification and structure elucidation of more complex organic compounds, 
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including polymers and biomolecules, started. Since then, the technique has developed 

to a powerful and versatile tool for this purpose, which provides information partly 

complementary to and overlapping with other techniques, such as NMR. 

It is perhaps surprising that a technique that at first sight does not appear to give 

more information than the weight of a particle should be so important, since it is 

difficult to imagine a more prosaic property of a molecule than its molecular weight.  

The controlled fragmentation of the initial molecular ions yields interesting 

information that can contribute to structure elucidation. In addition, the weights can 

now be determined with sufficient accuracy to allow elemental compositions to be 

derived. 

These lecture notes were first drafted in Dutch by Peter van Galen in 1992, 

when the only mass spectrometer in the Faculty of Science was the Department's 

double sector instrument. They were translated into English in 2005, and gradually 

updated by Peter van Galen and Martin Feiters to include the descriptions of new 

instruments based on new principles and with new applications. 

1.1 Principles of Mass Spectrometry  

Mass spectrometry is a sophisticated instrumental technique that produces, 

separates, and detects ions in the gas phase. The basic components of a mass 

spectrometer are shown in Figure 1. Samples are introduced into an ionization source 

through some type of inlet system. Depending on the phase and nature of the sample 

and the analytes, different ionization sources will be more or less optimal for 

producing ions. 
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Figure 1.1 Mass Spectrometer Block Diagram. 

 

 

 

 

 

 

 

 

 

Mass spectrometry is based upon the motion of a charged particle, called an ion, 

in an electric or magnetic field. The mass to charge ratio (m/z) ** of the ion effects this 

motion. Since the charge of an electron is known, the mass to charge ratio a 

measurement of an ion's mass. Typical mass spectrometry research focuses on the 

**The mass to charge ratio (m/z) is used to describe ions observed in mass 

spectrometry. By convention, m is the numerical value for the mass of the ion and z 

is the numerical value for the charge of the ion. The unified atomic mass (u) and the 

elementary charge units (e) are used for these values. The unified atomic mass is 

defined as 1/12 the mass of an atom of 
12

C. Older terms still in use but not accepted 

as SI units include the atomic mass unit (amu) and the dalton (Da).  

The amu is no longer acceptable because there are conflicting definitions. The 

dalton is frequently used for polymers, peptides and other large molecules. The 

elementary charge unit is defined as z is an integer equal to the number of electrons 

lost (or gained for negative ions). For most experiments one electron is lost during 

ionization so z is +1 and the m/z value is equivalent to the relative molecular mass 

of the ion. Because the unified atomic mass and the charge number are pure 

numbers the mass-to-charge ratio is a number and does not have any units. For 

calculations of the physical behavior of ions it is often necessary to use the actual 

mass (SI units of kilogram) and charge (SI units of coulomb). 
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formation of gas phase ions, the chemistry of ions, and applications of mass 

spectrometry. 

1.2 Principles Measurement  

 In Figure 2, the essential parts of an analytical mass spectrometer are depicted. Its 

procedure is as follows: 

1. A small amount of a compound***, typically one micromole or less, is 

evaporated. The vapor is leaking into the ionization chamber where a 

pressure is maintained of about 10
-7

 mbar (high-vacuum). 

 

 

 Figure 1.2 Schematic representation of a mass spectrometer.  
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2. The vapor molecules are now ionized by an electron-beam. A heated cathode, 

the filament, produces this beam. Ionization is achieved by inductive effects rather 

than strict collision. By loss of valence electrons, mainly positive ions are produced. 

3. The positive ions are forced out of the ionization chamber by a small positive 

charge (several Volts) applied to the repeller opposing the exit-slit (A). After the ions 

have left the ionization chamber, they are accelerated by an electrostatic field (A>B) of 

several hundreds to thousands of volts before they enter the analyzer. 

 

 

 

 

4. The separation of ions takes place in the analyzer, in this example a magnetic 

sector, at a pressure of about 10-8 mbar. A strong magnetic field is applied 

perpendicular to the motional direction of the ions. The fast-moving ions then will 

follow a circular trajectory, due to the Lorentz acceleration, whose radius is 

determined by the mass/charge ratio of the ion and the strength of the magnetic field. 

Ions with different mass/charge ratios are forced through the exit-slit by variation of 

the accelerating voltage (A>B) or by changing the magnetic-field force. 

5. After the ions have passed the exit-slit, they collide on a collector-electrode. 

The resulting current is amplified and registered as a function of the magnetic-field 

force or the accelerating voltage. 

***Samples are introduced into an ionization source through some type of inlet system. 

Depending on the phase and nature of the sample and the analytes, different ionization 

sources will be more or less optimal for producing ions. 
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Conclusion 

If you look back at the mass spectra that we have shown here, you may wonder 

how a material science specialist can possibly identify the compound giving that 

spectrum without knowing the answer in advance. Each spectrum has many peaks and 

it is not always clear how some of them formed. 

These are valid feelings on your part, but chemists who use mass spectrometry 

as an analytical tool have had extensive training in which they have seen and studied 

thousands of mass spectra of a variety of different compounds. Like any other skill, the 

ability to use this technique requires extensive practice. 

We have illustrated only a few of the basic concepts that chemists use to 

interpret mass spectra. 

It is important to emphasize again that one of the most important uses of mass 

spectral data by organic chemists is the determination of a molecular mass for a 

compound from the m/z value of its molecular ion. Fragment ions are also important 

clues to molecular structure, that chemists use in conjunction with other spectrometric 

techniques.  

Organic chemists often have some idea of the likely structure of an organic 

compound before they obtain its mass spectrum so mass spectrometry frequently 

provides confirmation of a suspected structure. 
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