
Mass Spectrometry - Background 

• In mass spectrometry, a substance is bombarded with an 
electron beam having sufficient energy to fragment the 
molecule. The positive fragments which are produced (cations 
and radical cations) are accelerated in a vacuum through a 
magnetic field and are sorted on the basis of mass-to-charge 
ratio. Since the bulk of the ions produced in the mass 
spectrometer carry a unit positive charge, the value m/e is 
equivalent to the molecular weight of the fragment. 
• The analysis of mass spectroscopy information involves the 
re-assembling of fragments, working backwards to generate 
the original molecule. A schematic representation of a mass 
spectrometer is shown below: 
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• A very low concentration of sample molecules is allowed to leak 
into the ionization chamber (which is under a very high vacuum) where 
they are bombarded by a high-energy electron beam. 

 
  The path of the charged molecules is bent by an applied magnetic 
field. Ions having low mass (low momentum) will be deflected most by 
this field and will collide with the walls of the analyzer. 
   
• Likewise, high momentum ions will not be deflected enough and 
will also collide with the analyzer wall. 

 
 Ions having the proper mass-to-charge ratio, however, will follow the 
path of the analyzer, exit through the slit and collide with the Collector. 
 
 This generates an electric current, which is then amplified and 
detected. By varying the strength of the magnetic field, the mass-to-
charge ratio which is analyzed can be continuously varied.  
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The mass spectrum: 

• Mass spectra (EI) are routinely obtained at electron beam energy of 70 eV. 

The simplest event that occurs is the removal of a single electron from the 

molecule in the gas phase by an electron of the electron beam to form the 

molecular ion, which is a radicalcation (M.+) 

 

-Since it takes ~100 kcal of energy to cleave a typical s bond, 1600 kcal is an 
enormous amount of energy to come into contact with a molecule. 
• The output of the mass spectrometer shows a plot of relative intensity vs 

the mass-to-charge ratio (m/e). 
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 The most intense peak in the spectrum is termed the base peak and all 
others are reported relative to its intensity. 

 Electron is first removed from site with lowest ionization potential 

 non-bonding electrons > pi bond electrons > sigma bond electrons     NB > 
π > σ 

 Only CHARGED species are detected 

 Determination of molecular formula: 
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• The process of fragmentation follows simple 
and predictable chemical pathways and the 
ions which are formed will reflect the most 
stable cations and radical cations which that 
molecule can form.  

 

 
 

Recognition of the Molecular Ion Peak: 

molecular ion (M+): is the highest molecular weight peak observed in a 

spectrum will typically represent the parent molecule, minus an electron,   
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• 1. Generally, small peaks are also observed above the calculated 
molecular weight due to the natural isotopic abundance of 13C, 2H, etc. 
 

• 2. under electron impact (EI) recognition of the molecular ion peak (M) 
poses a problem: 

 a/ the peak may be very weak or may not appear at all 
 b/ we cannot be sure that is the molecular ion peak and not a fragment 

peak or an impurity. 
•     The best solution is to obtain a chemical ionization spectrum.  The usual 

result is an intense peak at M + 1 and little fragmentation. 
 

•     3. Many molecules with especially labile protons do not display 
molecular ions; an example of this is alcohols, where the highest 
molecular weight peak occurs at m/e one less than the molecular ion (m - 
1).  

 

Problems in recognition of the molecular ion peak: 
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Nitrogen rule:  

 
an odd number of nitrogen atoms.  

the fragment peaks relatively more intense. 
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Recognizable molecular ions are usually 

 

Fragments can be identified by their mass-to-charge ratio, but it is 

often more informative to identify them by the mass which has been 

lost. That is: 
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• Peaks in the range of M_ 3 to M_14, however, 
indicate that: 

• 1. Contaminants may be present. 

• 2. The presumed molecular ion peak is 
actually a fragment ion peak. 

 

Losses of fragments of masses 19 _ 25 are also unlikely (except 
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Index of Hydrogen deficiency 
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The “Rule of Thirteen” can be used to identify possible molecular formulas 
for an unknown hydrocarbon, CnHm. 

Step 1 :  n = M+ / 13 [ integer only, use remainder (R )  in step2 ] 

Step 2 :  m = n + remainder from step 1 

Example: The formula for a hydrocarbon with M+ =106 can be found : 

Step 1:  n = 106 / 13 = 8 ( r = 0.153 * 13 = 2 )    

Step 2:  m = 8 + 2 = 10 

Formula:  C8H10 
106 / 13 = 8.153 

• If a heteroatom is present,  

– Subtract the mass of each heteroatom from the MW 

– Calculate the formula for the corresponding hydrocarbon 

– Add the heteroatoms to the formula. 
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Or It Contain 2 heteroatom of O 
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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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For Easily Recognized Elements in MS 

  

   Bromine :  M+ ~ M+2  (50.5% 79Br/49.5% 81Br) 

 Chlorine :  - M+2 is ~ 1/3 as large as M+ 
Halides 

Iodine :  * I+ at 127   * Large gap 
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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 


