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Mass Spectrometry

• Molecular weight can be obtained from a very small sample.
• Mass spectrometry  (MS) is NOT a form of spectroscopy 

because it does not involve the absorption or emission of 
light.

• A beam of high-energy electrons breaks the molecule apart.
• The masses of the fragments and their relative abundance 

reveal information about the structure of the molecule.
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•Molecules should enter the vapor phase (can be difficult)

• Produce ions from the molecules that enter the gas phase

• Separate the ions according to their mass-to-charge ratios (m/z)

• Measure and record relative abundance of theses ions

Mass Spectrometry
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Background

• The impact of a stream of high energy electrons causes the molecule to 
lose an electron forming a radical cation.
– A species with a positive charge and one unpaired electron
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Background
• The impact of the stream of high energy electrons can also break the 

molecule or the radical cation into fragments.

(not detected by MS)
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Mass Spectrometer

=>
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Background

• Only cations are detected.
– Radicals are “invisible” in MS.

• The amount of deflection observed depends on the mass to charge ratio (m/z).
– Most cations formed have a charge of +1 so the amount of deflection 

observed is usually dependent on the mass of the ion.
• The resulting mass spectrum is a graph of the mass of each cation vs. its relative 

abundance.

• The peaks are assigned an abundance as a percentage of the base peak. 
– the most intense peak in the spectrum 

• The base peak is not necessarily the same as the parent ion peak.
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Background

SDBSWeb : http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of 
Advanced Industrial Science and Technology, 11/1/09)

M+
base peak

The mass spectrum of ethanol
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Interpreting Mass Spectral Fragmentation Patterns
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Molecular Ion

Example : Methane
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If some of the molecular (parent) ions remain intact long enough (about 10-6 seconds) 
to reach the detector, we see a molecular ion peak. 
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CH3OH   +   e CH3OH+.   +   2e
m/z= 32

For example, methanol forms a molecular ion:

CH3OH+.   CH2OH+   +   H.

CH3OH+.   CH3
+   +   OH.

m/z= 31

m/z= 15

CH2OH+.   CHO+   +   H2
m/z= 29

The positive ions are expelled from the ionisation chamber and resolved by means 
of a magnetic or an electric field.

The mass spectrum is a record of the current produced by these ions as they arrive 
at a detector. The intensity of a peak in the spectrum is thus an indication of the 
relative number of ions; the larger peak the more abundant the ion producing it. 

Examples of possible fragmentation of methanol are given in below:



17

Interpreting Mass Spectra
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Most of the common elements found in organic compounds have naturally occurring 
heavier isotopes. For three of the elements –C, H, N, the principal heavier isotope
is one mass unit greater than the most common isotope. The presence of these
elements in a compound gives rise to a small isotopic peak with mass one unit
greater than the molecular ion (at M+.+ 1). 

For four of the elements (oxygen, sulfur, chlorine, and bromine) the principal heavier
isotope is two mass units greater than the most common isotope. The presence of
these elements in a compound gives rise to an isotopic peak at M+.+2. 

M+.+ 1 Elements: C, H, N;  

M+.+ 2 Elements: O, S, Br, Cl

Determination of molecular formula
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Interpreting Mass Spectra

Isotopes
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M+1 and M+2 Peaks
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Element Most common  
isotope

Natural Abundance of Other Isotopes
(based on 100 atoms of most common 

isotope)

Carbon 12C 100 13C 1.11

Hydrogen 1H 100 2H 0.016

Nitrogen 14N 100 15N 0.38

Oxygen 16O 100 17O 0.04 18O 0.20

Fluorine 19F 100

Silicon 28Si 100 29Si 5.10 30Si 3.35

Phosphor 
us

31P 100

Sulfur 32S 100 33S 0.78 34S 4.40

Chlorine 35Cl 100 37Cl 32.5

Bromine 79Br 100 81Br 98.0

Iodine 127I 100

Principal Stable Isotopes of Common Elements 
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If chlorine, bromine, sulfur or silicon is present, the M+2 peak will be more intense
depending on the atom. A compound that contains one chlorine atom will have
an M+2 peak approximately one-third the intensity of the molecular ion peak 
because of the presence of a molecular ion containing the 37Cl isotope. 

A compound that contains one bromine atom will have an M+2 peak almost equal
in intensity to the molecular ion containing the 81Br isotope. A compound that
contains two chlorines, or two bromines, or one chlorine an one bromine will show
a distinct M+4 peak, in addition to the M+2 peak. 

Three chlorine atoms in a molecule will give peaks at M+2, M+4 and M+6. 
The relative abundances of the peaks (molecular ion, M+2, M+4, and so on) 
have been calculated by Beynon et al. For compounds containing chlorine 
and bromine. Similarly, the relative abundances of the isotope peaks can be calculated
by equation shown below;

(a+b)n

a: the relative amount of heavier isotope, 
b: the relative amount of lighter isotope, n: the number of halogen in the molecule.
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Halogen
Present

%
M+2

%
M+4

%
M+6

%
M+8

%
M+10

%
M+12

Cl 32.6

Cl2 65.3 10.6

Cl3 97.8 31.9 3.5

Cl4 131.0 63.9 14.0 1.2

Cl5 163.0 106.0 34.7 5.7 0.4

Cl6 196.0 161.0 69.4 17.0 2.2 0.1
Br 97.9

Br2 195.0 95.5

Br3 293.0 286.0 93.4

BrCl 130.0 31.9

BrCl2 163.0 74.4 10.4

Br2 Cl 228.0 159.0 31.2

Intensities of Isotope Peaks (Relative to the Molecular Ion) for
Combination of Chlorine and Bromine
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Predicted patterns of M, M+2, M+4…… for compounds with various combinations
of chlorine and bromine 
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Mass Spectrum 
with Sulfur

=>
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m/z Intensity
(as percent of base 

peak)

m/z Intensity
(as percent of  M+.)

27 59.0 72 M+. 73.0 / 73 x 100 = 
100.0

28 15.0 73 M+.+1 3.3 / 73 x 100 = 4.5

29 54.0 74 M+.+2 0.2 / 73 x 100 = 0.3

39 23.0 Recalculated to base on M+.

41 60.0

42 12.0

43 79

44 100.0 (base)

72 73.0  (M+.)

73 3.3

74 0.2

Example: MS Data of an unknown compound 
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Then we use following guides to determine the molecular formula:

Is M+. odd or even? 
According to nitrogen rule, if it is even, then the compound must contain
an even number or no nitrogen atoms or if it is odd, then the compound must contain
an odd number of nitrogen atoms.

For unknown, M+. is even. The compound must have an even number or zero nitrogen.
The relative abundance of the M+. peak indicates the number of carbon atoms. 

Number of carbon atoms = relative abundance of (M+. + 1) / 1.1.
For our unknown, number of C atoms= 4.5 / 1.1 = 4
(This formula works because 13C is the most important contributor to the M+. + 1 peak
and the approximate natural abundance of 13C is 1.1%).

The relative abundance of the M+. + 2 peak indicates the presence (or absence) of 
S (4.4%), Cl (33%) or Br (98%) 

For unknown, M+. + 2 = 0.3%; thus, we can assume that S, Cl, and Br are absent.

The molecular formula can now be established by determining the number of hydrogen atoms
and adding the appropriate number of oxygen atoms, if necessary 

Molecular Formula C4H8O 
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1. The relative height of the molecular ion peak is greatest for the straight-chain compound
and decreases as the degree of branching increases (look at rule 3)
2. The relative height of the molecular ion peak usually decreases with increasing molecular 
weight in a homologous series. Fatty esters appear to be an exception.
3. Cleavage is favored at alkyl-substituted carbon atoms: the more substituted, the more 
likely is cleavage. This is a consequence of the increased stability of a tertiary carbocation 
over a secondary, which in turn is more stable than a primary.
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Fragmentation Patterns

• Alkanes
– 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

– Branched alkanes tend to fragment forming 
the most stable carbocations.
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MS of 2-octanone
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Fragmentation Patterns of Aromatics

– Fragment at the benzylic carbon, forming a resonance 
stabilized benzylic carbocation (which rearranges to the 
tropylium ion)

M+

CH
H

CH Br
H

C
H

H

or

m/z = 91
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Cleavage is often associated with elimination of small, stable, 
neutral molecules, such as carbon monoxide, olefins, water, ammonia, 
hydrogen sulfide, hydrogen cyanide, mercarptans, ketene, or alcohols, 
often with rearrangement. 
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Example

Strategy
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Solution
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Carbon monoxide (CO) and nitrogen (N2), both have an integral mass of 28, 
but the accurate masses are m/z 27.995 and m/z 28.006, respectively 

High resolution mass spectrum of CO and N2 

“high resolution” mass spectrometers can measure m/z values to three or four 
decimal places and thus provide an extremely accurate method for determining
molecular weights 

Low and High Resolution MS
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Some Examples of MS Spectra 
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Some Examples of MS Spectra 
86

CH3CH2 CH2 N
H

CH2 CH2CH2CH3

72
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3-Pentanol 
C5H12O 
MW = 88.15

Alcohol:
An alcohol's molecular ion is small or non-existent. Cleavage of the C-C bond next to 

the oxygen usually occurs. A loss of H2 O may occur as in the spectra below.
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n-Butylamine 
C4H11N 
MW = 73.13

Amine
Molecular ion peak is an odd number. Alpha-cleavage dominates 

aliphatic amines.
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n-Methylbenzylamine 
C8H11N 
MW = 121.18

Another example is a secondary amine shown below.
Again, the molecular ion peak is an odd number.

The base peak is from the C-C cleavage adjacent to the C-N bond.
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Ester
Fragments appear due to bond cleavage next to C=O (alkoxy group loss, -OR) 

and hydrogen rearrangements.

Ethyl acetate 
C4 H8 O2 
MW = 88.11
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Ethyl methyl ether 
C3H8O 
MW = 60.10

Ether
Fragmentation tends to occur alpha to the oxygen atom 

(C-C bond next to the oxygen).
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The mass spectrum of pentan-3-one
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M+
 

= 134C C C H
H

H

H

H

O

133

105

91
105

91

SDBSWeb : http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of 
Advanced Industrial Science and Technology, 11/28/09)

MS for hydrocinnamaldehyde
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MS Spectrum of Methyl butrate
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Mechanism of fragmentation for methyl butyrate 
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