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Isotopes 

• Mass spectrometers are capable of separating and detecting 

individual ions even those that only differ by a single atomic 

mass unit.  

• As a  result molecules containing different isotopes can be 

distinguished.  

• This is most apparent when atoms such as bromine or chlorine 

are present (79Br : 81Br, intensity 1:1 and 35Cl : 37Cl, intensity 

3:1) where peaks at "M" and "M+2" are obtained.  

• molecular ion peak is diff. from a M+2 peak by 2          halogen. 

• The intensity ratios in the isotope patterns are due to the natural 

abundance of the isotopes.  

• "M+1" peaks are seen due the presence of 13C in the sample.  
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Q. / A compound gives a mass spectrum with peaks at m/z = 77 (40%), 

112 (100%), 114 (33%), and essentially no other peaks. Identify the 

compound.  

First, your molecular ion peak is 112 and you have a M+2 peak at 114.  

Therefore, you have a halogen. 

 Now, your molecular ion peak and M+2 peak are in a  3 to 1 ratio.  

This means chlorine. 

 So, 112 - 35 = 77 ( C & H ) 

 C’s   77/12 = 6 carbons  

 6 x  12 = 72 

 77 – 72 = 5 

 C6H5Cl.  DOUS (2(6)+2-5-1)/2 = 4 
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   cleavage:  Heterolytic. 2 
   Fragmentation by movement of two electrons: 

 In this type of cleavage both the electrons of the bond are taken over 

by one of the atoms; the fragments are an even electron cation and a 

radical with the positive charge residing on the alkyl group.  

 It is designated by a conventional arrow (↶ or ↷) to signify the 

transfer of a pair of electrons in the direction of the charged site. 

Copyright © 2016 to Assist. Prof. Dr. Monther Faisal Al-Ameri , Dean of Pharmacy College, 
Al- Mustansiriyah University. All Rights Reserved. 



6 
Copyright © 2016 to Assist. Prof. Dr. Monther Faisal Al-Ameri , Dean of Pharmacy College, 

Al- Mustansiriyah University. All Rights Reserved. 



7 
Copyright © 2016 to Assist. Prof. Dr. Monther Faisal Al-Ameri , Dean of Pharmacy College, 

Al- Mustansiriyah University. All Rights Reserved. 



8 
Copyright © 2016 to Assist. Prof. Dr. Monther Faisal Al-Ameri , Dean of Pharmacy College, 

Al- Mustansiriyah University. All Rights Reserved. 



9 
Copyright © 2016 to Assist. Prof. Dr. Monther Faisal Al-Ameri , Dean of Pharmacy College, 

Al- Mustansiriyah University. All Rights Reserved. 



10 
Copyright © 2016 to Assist. Prof. Dr. Monther Faisal Al-Ameri , Dean of Pharmacy College, 

Al- Mustansiriyah University. All Rights Reserved. 



11 

R = H 
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Fragmentation of the molecular ion takes place in following modes: 

 Simple cleavage: 

 

   Rearrangement reactions accompanied by transfer of atoms. 
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. 2 

 Compounds containing hydrogen atom at position gamma to  

      carbonyl group have been found to a relative intense peak. 

 This is probably due to rearrangement and fragmentation is   

      accompanied by the loss of neutral molecule.  

 This rearrangement is known as McLafferty rearrangement. 
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The rearrangement results in the formation of charged enols and a neutral 

olefins. 
 

Radical cations localized on keto-type oxygen give  cleavage 

Ketones, esters, carboxylic acids all give McLafferty products 
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:due to loss of small moleculeFragmentation Elimination:   .  

Loss of small stable molecules such as H2O, CO2, CO,C2H4 from 

molecular ion during fragmentation. 

Ex- An alcohol readily looses H2O molecule and shows a peak 

       18 mass units less than the peak of molecular ion.  
 

Fragmentation adjacent to the branching point: 

In case of branched alkanes, bond fission takes place adjacent to 

the branching point. Hence this leads to the formation of more  

stable carbocation Ex: 3-methyl pentane 
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Mass spectra of some chemical classes 

Saturated Hydrocarbons- Alkanes 

A . Straight chain compounds: Following are the features of the mass 

spectra of Alkanes. 

  The relative height of the parent peak decreases as the molecular 

mass increases in the homologous series. 

 The Molecular ion peak (although weak) is normally present.  

 The spectra generally consist of clusters of peaks separated by 14 

mass units corresponding to differences of CH2 groups. 

 The largest peak in each cluster represents CnH2n+1 fragment. This is 

accompanied by CnH2n and CnH2n-1 fragment corresponding to the 

loss of one and two H atoms respectively. 
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– Fragmentation often splits off simple alkyl groups: 

• Loss of methyl    M+ - 15 

• Loss of ethyl M+ - 29 

• Loss of propyl M+ - 43 

• Loss of butyl M+ - 57 
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B. Branched Chain Hydrocarbons: 

 Greater the branching in Alkanes less is the appearance of the 
molecular ion and if it appears, intensity will be low ( M+ peaks 
become weak ) . 

 

 Bond cleavage takes place preferably at the site of branching. Due to 
such cleavage, more stable secondary or tertiary carbonium ions 
results. Where the possibility of forming 2°& 3° carbocations         

                    is  high, the molecule is susceptible to fragmentation. 

 Generally, largest substituent at a branch is eliminated readily as a 
radical. The radical achieves stability by the de-localization of  lone 
electron. 

 

 Greater number of fragments results from the branched chain 
compound compared to the straight compound. This is due to greater 
pathways available for cleavage.  

 Peaks at 43 and 57 are the most common as these are the iso-propyl 
and tert-butyl cations 
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Alkenes: 
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