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Molecular Ions

Literature - Fred W. McLafferty, František Tureček: Interpretation of mass spectra

Standard interpretation procedure for EI spectra

1. Known information (other spectra, history of the sample), clear requirements for the 
MS measurement, control the m/z assignment (calibration)

2. Elemental composition – isotopic pattern (for all peaks in the spectrum)

3. Molecular ion (largest mass in the spectrum, odd number of electrons, logic neutral 
losses). Comparison with spectra obtained with CI or other soft-ionization method

4. Important ions: odd number of electrons, largest abundance, high mass, largest 
abundance in a group of the peaks

5. Appearance of the spectrum: stability of molecular ion, labile bonds

6. Possible sub-structures

1. Important series of ions with low masses

2. Important neutral losses from M+• (fragment with high masses)

3. Characteristic ions

7. Suggest molecular structure

Comparison with a reference spectrum, with spectra of similar compounds, check with 
fragmentation mechanisms expected for the suggested molecular ion

Molecular ion
 The most important information in the MS spectrum

 Molecular mass
 Elemental composition
 Fragments must be consistent 

with the above data

 Not always detactable by EI-MS
 Careful with interpretation
 Use also soft ionization technique 

(Be aware of adducts with e.g., Na+)

 Necessary (but not sufficient) conditions on the molecular ion
 Must be the heaviest ion in the spectrum (with the corresponding isotopic 

pattern)
 Must have an odd number of electrons
 Must yield important fragments by logic losses
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Odd vs. even numbers of electrons
 Ions with an odd number of electrons

 EI: Molecules are ionized by a loss of an electron 
 ions with an unpaired electron – radicals 

 Ions with an even number of electrons

 All electrons paired 

 Usually more stable than radical cations

 Often, the most abundant fragments 

CH4
+•  CH3

+ + H•

 Most of the soft ionization techniques yield even-electron molecular ions 
(by protonation) 

The nitrogen rule
 Most of the elements in organic compounds 

have a relation between the mass and the 
valence (both odd or both even)

 N is an exception

 If a compound has 0 or an even number of the 
nitrogen atoms, then the molecular ion will 
have an even mass
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Which ions have an odd/even number 
of electrons?

Which ions have an odd/even number 
of electrons?

 OE+• are important for fragmentation mechanism (mark them)

 Importance increases with 
 Intensity, m/z, mass in the group of the peaks

 Important OE+• ions are not probable for low m/z fragments ions
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Logic neutral losses
 Only a limited number of common small fragments

 Loss of masses 4 – 14 and 21 – 25 are not probable 
(if such fragments appear, then the largest m/z does not correspond to the 
molecular ion) 

Intensity of molecular peak
 Intensity of molecular peak depends on:

 The stability of the molecular ions
 Ionization energy (the smaller IE, the larger intensity of M+•)

 Generally, chemical stability of M+• correlates with the stability of the 
molecule M
 Intensity of M+• provides a link to the structure of the molecule
 Intensity of M+• increases with unsaturation and with the number of rings 
 Intensity of M+• decreases with chain branching
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