






  

Propose a structure for an alcohol, C4H10O, that has the following 

13CNMR spectral data: 

Broadband _ decoupled 13CNMR: 19.0, 31.7, 69.5 б 

DEPT _90: 31.7 б 

DEPT _ 135: positive peak at 19.0 & 31.7 б, negative peak at 69.5 б  
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Mass Spectrometry 

  Mass Spectrometry is an analytic technique that utilizes the 
degree of deflection of charged particles by a magnetic field to find 
the relative masses of molecular ions and fragments. It is a powerful 
method because it provides a great deal of information. 

 

 

Though organic mass spectrometry is routinely used along with IR, 

NMR and UV for structure determination, its basic theory is different 

from the others. 

 

 In mass spectrometry no characteristic selective absorption of 

radiation is involved as in the case of the other three methods, also, in 

the mass spectrometry, the compound undergoes irreversible chemic-

al changes unlike in the others, where the changes are reversible 

physical changes. 
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Principles of Electron-Impact Mass Spectrometry 

  Atom or molecule is hit by high-energy electron from an      

  electron beam forming a positively charged, odd-electron  

  species called the molecular ion. 

   e– 

beam 

e– 

+ 
• 
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 However, the molecular ion often fragments to a mixture  

     of species of lower m/z. 

 The molecular ion dissociates to a cation and a radical. + 
• 

 However, the molecular ion often fragments to a mixture  

     of species of lower m/z. 

 The molecular ion dissociates to a cation and a radical. + 
• 

+ • 

 Usually several fragmentation pathways are available  

                        and a mixture of ions is produced. 

     The molecular ion dissociates to a cation and a radical. 

 However, the molecular ion often fragments to a mixture  

     of species of lower m/z. 

 The molecular ion dissociates to a cation and a radical. + 
• 
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mixture of ions of  

different mass  

gives separate peak  

for each m/z 

intensity of peak  

proportional to  

percentage of each  

ion of different  

mass in mixture 

separation of peaks  

depends on relative  

mass 
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 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. 
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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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Ionization to Radical Cation   Molecular Ion (m+) 
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                                            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.+ ) . 
 The output of the mass spectrometer shows a plot of relative intensity vs 

the mass-to-charge ratio (m/e). 

The mass spectrum: 
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• The most intense the spectrum is termed the base peak and all 
others are reported peak in relative to its intensity. 

• Because M +• is unstable, some ions decompose to form 
fragments of radicals and cations that have a lower molecular 
weight than M+•. 

Determination of molecular formula: 

• 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 
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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. 

 

What information 

can be 
determined? 

• Molecular weight  

• Molecular formula (HRMS) 

• Structure (from fragmentation 

fingerprint) 

• Isotopic incorporation / distribution 

• Protein sequence (MS-MS) 
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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).  
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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. 
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93 138 183 m / z 
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i.e. for C13H9N2O4BrS 
                                                                       (9 H + 1 Br ) 

HDI = IV – 1/ 2 (I) + ½ (III) + 1           HDI=13- 10 / 2 + ½ ( 2) + 1 

HDI = 10  the consist structure would be :  HDI = 4 for each benzene rings 

(two rings) + 1 per each NO2 
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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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