
mass spectrometry
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mass spectrometry
is used to determine the structures of organic 
compounds:  

1. finding the molecular formula of a compound by 
measuring the mass of its molecular ion to a high 
degree of accuracy

�2

mass spectrometry
2. finding the number of carbon atoms in a molecule 

by measuring the abundance ratio of its molecular 
ion (M) peak and the M+1 peak
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mass spectrometry
3. finding whether a compound contains chlorine or 

bromine atoms, and if so, how many of each, by 
measuring the abundance ratios of the M+2 and 
M+4 peaks
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mass spectrometry
4. working out the structure of a molecule by 

looking at the fragments produced when an ion 
decomposes inside a mass spectrometer
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Mr using mass spectrometry
If we vaporise an organic molecule and subject it to 
the ionising conditions inside a mass spectrometer, 
the mass/charge ratio (m/e) for the molecular ion can 
be measured, and hence the relative molecular mass 
can be found. 
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Mr using mass spectrometry
For example, one of the non-bonding electrons on the 
oxygen atom of propanone can be removed by electron 
bombardment, to give an ionised molecule:  

The m/e ratio for the resulting molecular ion is 58.
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 29.2  Mass spectrometry
In Topic 2 it was explained how a mass spectrometer can be used to determine the 
isotopic masses of individual atoms.

Mass spectrometry is used in four main ways to determine the structures of organic 
compounds:
1 fi nding the molecular formula of a compound by measuring the mass of its 

molecular ion to a high degree of accuracy
2 fi nding the number of carbon atoms in a molecule by measuring the abundance 

ratio of its molecular ion (M) peak and the M+1 peak
3 fi nding whether a compound contains chlorine or bromine atoms, and if so, how 

many of each, by measuring the abundance ratios of the M+2, M+4 and M+6 peaks.
4 working out the structure of a molecule by looking at the fragments produced 

when an ion decomposes inside a mass spectrometer.

Analysing the molecular ion
If we vaporise an organic molecule and subject it to the ionising conditions inside 
a mass spectrometer, the mass/charge ratio (m/e) for the molecular ion can be 
measured, and hence the relative molecular mass can be found.

For example, one of the non-bonding electrons on the oxygen atom of propanone 
can be removed by electron bombardment, to give an ionised molecule:
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The m/e ratio for the resulting molecular ion is (3  ×  12  +  6  ×  1  +  16) : 1, which is 58.
Using very high resolution mass spectrometry, we can measure m/e ratios to 

an accuracy of fi ve signifi cant fi gures (1 part in 100 000). By this means, it is not only 
possible to measure the Mr value of a compound (its relative molecular mass), but 
also to determine its molecular formula. We can do this because the accurate atomic 
masses of individual atoms are not exact whole numbers.

Worked example
The three compounds in Table 29.1 all have an approximate Mr of 70.

Name Structure Molecular formula

pentene CH3CH2CH2CH“CH2 C5H10

2-aminopropanenitrile CH3CH(NH2)CN C3H6N2

but-1-en-3-one CH2“CHCOCH3 C4H6O

Use the following accurate relative atomic masses to calculate their accurate Mr values, and 
decide how sensitive the mass spectrometer needs to be in order to distinguish between them:
H =  1.0078
C =  12.000
N =  14.003
O =  15.995

Answer
The accurate Mr values are as follows:
C5H10 =  5 × 12.000 + 10 × 1.0078 =  70.078
C3H6N2 =  3 × 12.000 + 6 × 1.0078 + 2 × 14.003 =  70.053
C4H6O =  4 × 12.000 + 6 × 1.0078 + 15.995 =  70.042
The last two are quite close together. They differ by 11 parts in 70 000, or about 0.16%. 
However, this is well within the capabilities of a high resolution mass spectrometer.

Table 29.1 Three compounds with Mr of 
approximately 70

Now try this
A compound has an accurate Mr of 
60.068. Use the accurate relative atomic 
masses given above to decide whether 
the compound is 1,2-diaminoethane, 
H2NCH2CH2NH2, or ethanoic acid, 
CH3CO2H.
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 29 Techniques of analysis

We therefore expect the mass spectrum of propanone to contain peaks at m/e = 15 
and 43, as well as the molecular ion peak at 58 (see Figure 29.8).

The fragmentation pattern can readily distinguish between isomers. Compare Figure 29.8 
with Figure 29.9, which shows the mass spectrum of propanal. Here there is no peak 
at m/e = 15, nor one at m/e = 43. Instead, there is a peak at m/e = 57 and several from 
m/e = 26 to 29. This is readily explained by the fragmentations shown in Figure 29.10. 

Worked example
Use the following atomic mass data to calculate the accurate Mr values for the two ionic 
fragments at m/e 29 in the mass spectrum of propanal. Would a mass spectrometer with a 
sensitivity of 1 part in 10 000 be able to distinguish between them?
H = 1.0078 C = 12.000 O = 15.995

Answer
C2H5 is 2 × 12.000 + 5 × 1.0078 = 29.039
CHO is 12.000 + 1.0078 + 15.995 = 29.003
These masses differ by 36 in 29 003 or 1 part in 8056, so this (fairly inaccurate) 
spectrometer would just be able to distinguish between them.

Depending on what type of cleavage occurs at (a) and (b) in Figure 29.10, one 
or other or both of each pair of ion fragments may appear. The peaks of highest 
abundance in the mass spectra of organic compounds are associated with particularly 
stable cations, such as acylium and tertiary carbocations:

R O R C
the acylium ion

a tertiary carbocation

OC
! ! !

R

R R

C

Figure 29.8 Mass spectrum of propanone
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Figure 29.9 Mass spectrum of propanal

29_09 Cam/Chem AS&A2
Barking Dog Art

re
la

ti
ve

 a
b

u
n

d
an

ce

100

80

60

40

20

0
10 20 30

mass number
40 50 60

58

29

57

Figure 29.10 Ionic fragments formed from 
propanal
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Now try this
Suggest the formulae of the ions at 
m/e values 26, 27 and 28 in the mass 
spectrum of propanal, and suggest an 
explanation of how they might arise.
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the M+1 peak
There are two stable isotopes of carbon, 12C and 13C.  

Their relative abundances are 98.9% for 12C and 1.1% 
for 13C.  

This means that out of every 100 methane (CH4) 
molecules, about 99 molecules will be 12CH4 and just 
one molecule will be 13CH4. 

�9

the M+1 peak
For ethane, C2H6, the chances of a molecule 
containing one 13C atom will have increased to about 
2 in 100,  

because each C atom has a chance of 1 in 100 to be 
13C, and there are two of them. 

�10



the M+1 peak
The M peak of a molecule is due to all carbon atoms 
in the molecule being 12C. 

and the M+1 peak is due to one carbon atom being 
13C and the rest 12C.

�11

the M+1 peak
By measuring the ratio of the M to M+1 peaks, we 
can thus work out the number of carbon atoms the 
molecule contains.  

The ratio approximately is 100 : 1.1(n)  
where n is the number of carbon atoms.

�12

skill check 1
The molecular ion peak of a compound has an m/e 
value of 136, with a relative abundance of 17%, and 
an M+1 peak at m/e 137 where the relative 
abundance is 1.5%. How many carbon atoms are in 
the molecule?  

�13

skill check 2
A compound contains C, H and O atoms. Its mass 
spectrum has a peak at m/e 132 with a relative 
abundance of 43.9 and a peak at m/e 133 with a 
relative abundance of 2.9.  

Calculate the number of carbon atoms in each 
molecule, and suggest its molecular formula. 

�14

the M+2 peak
Although fluorine and iodine each have only one 
stable isotope, chlorine and bromine have two. Their 
natural percentage abundances are shown below.

�15
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 29 Techniques of analysis

The M+1 peak
There are two stable isotopes of carbon, 12C and 13C. Their relative abundances are 
98.9% for 12C and 1.1% for 13C. This means that out of every 100 methane (CH4) 
molecules, CH4, about 99 molecules will be 12CH4 and just one molecule will be 
13CH4. For ethane, C2H6, the chances of a molecule containing one 13C atom will 
have increased to about 2 in 100, because each C atom has a chance of 1 in 100 to 
be 13C, and there are two of them. By measuring the ratio of the M to M+1 peaks, we 
can thus work out the number of carbon atoms the molecule contains. The formula 
relating the (M+1)/M ratio to the number of carbon atoms is:

n = × +A
A

100
1.1 M

M 1

where n = number of carbon atoms
AM+1 = the abundance of the M+1 peak, and
 AM = the abundance of the molecular ion peak.

The abundances of the M and M+1 peaks are sometimes quoted as percentages, 
and sometimes as the actual heights of the two peaks on a printout of the mass 
spectrum, in arbitrary units. The units do not matter, however, as it is only the ratio 
that is important.

Worked example
The molecular ion peak of a compound has an m/e value of 136, with a relative abundance 
of 17%, and an M+1 peak at m/e 137 where the relative abundance is 1.5%. How many 
carbon atoms are in the molecule?

Answer

n = 100
1.1

1.5
17

8.02× =

A molecule of the compound therefore contains 8 carbon atoms.

The M+2 and M+4 peaks
Although fl uorine and iodine each have only one stable isotope, chlorine and 
bromine have two. Their natural percentage abundances are shown in Table 29.2.

Element Isotope Natural abundance Approximate ratio

chlorine
35Cl 75.5

3 : 1
37Cl 24.5

bromine
79Br 50.5

1 : 1
81Br 49.5

Any compound containing one chlorine atom, therefore, will have two ‘molecular 
ion’ peaks, one due to molecules containing 35Cl and the other due to molecules 
containing 37Cl. For example, the mass spectrum of chloromethane, CH3Cl, will have 
peaks at m/e 50 (12 + 3 + 35 = 50) and at m/e 52 (12 + 3 + 37 = 52), corresponding 
to the species CH3

35Cl+ and CH3
37Cl+. The relative abundances of the two peaks will 

be in the ratio 3 : 1 which is the ratio of the two Cl isotopes.
A similar situation occurs with bromine, although in this case the two molecular ion 

peaks will be of equal heights, since the isotopic abundance ratio is near to 1 : 1.
Mass spectra are slightly more complicated when the molecule contains more than 

one halogen. The simplest situation is that for two bromine atoms. Take the molecule 
1,2-dibromoethane, C2H4Br2. Each carbon can be attached to either a 79Br or a 81Br 
atom, and there is a (roughly) equal chance of either. We therefore arrive at the 
possibilities in Table 29.3, each of which is equally likely.

Now try this
A compound contains C, H and O atoms. 
Its mass spectrum has a peak at m/e 
132 with a relative abundance of 43.9 
and a peak at m/e 133 with a relative 
abundance of 2.9.

Calculate the number of carbon atoms 
in each molecule, and suggest its molecular 
formula.

Table 29.2 The abundances of the isotopes 
of chlorine and bromine
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the M+2 peak
The mass spectrum of a compound containing one of 
these elements should therefore show two molecular 
ions, 

 one with an m/e value two mass units higher than 
the other.

�16

the M+2 peak
The ratio of the M/(M+2) peak should reflect the 
natural abundances given in the table, i.e.  

3:1 for chlorine;  

1:1 for bromine.

�17

the M+2 peak
the mass spectrum of CH3Cl will have peaks: 

for CH335Cl+ at m/e 50 (12 + 3 + 35 = 50) and  

for CH337Cl+ at m/e 52 (12 + 3 + 37 = 52) 

The relative abundances of the two peaks will be in 
the ratio 3:1 which is the ratio of the two Cl isotopes. 

�18

the M+2 peak
A similar situation occurs with bromine, although in 
this case the two molecular ion peaks will be of equal 
heights, since the isotopic abundance ratio is near to 
1:1. 

�19

the M+2 peak
There are two peaks for the molecular ion of C2H5Br, 

one for the molecule containing the isotope 79Br (M)  

the other for the one with the  81Br isotope (M + 2).   

Because the two isotopes are of similar abundance, 
the peaks are of similar height.

�20



M+2 peak examples�21

the M+2 peak�21
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470 29  Applications of analytical chemistry

Two Cl or Br atoms per molecule
Th e situation is a little more complex with two chlorine 
atoms in a molecule as there are three possibilities. 
Consider dichloromethane, CH2Cl2, we have:

35Cl CH2
35Cl+ the M peak

35Cl CH2
37Cl+ the [M + 2] peak

37Cl CH2
35Cl+  the [M + 2] peak

37Cl CH2
37Cl+ the [M + 4] peak

Th e relative heights of the peaks must take into account 
the natural abundances: it works out as 9 : 6 : 1 for 
molecules with two Cl atoms.

Th e M, [M + 2] and [M + 4] peaks also occur in 
dibromomethane but the relative height of peaks are 
easier to work out. Because the ratio 79Br : 81Br is 1 : 1, we 
get the M : [M + 2] : [M + 4] height ratio as 1 : 2 : 1.

One Cl or Br atom per molecule
Imagine a sample of chloromethane, CH3Cl. We will have 
molecules of CH3

35Cl (75%) and molecules of CH3
37Cl 

(25%). Th e molecular ion will be CH3
35Cl+, and two units 

beyond that on the mass spectrum will be the peak for 
CH3

37Cl+. Th e peak for CH3
37Cl+ will be one-third the 

height of the molecular ion. Th is is the [M + 2] peak.
In the mass spectrum of bromomethane, CH3Br, we 

will have two molecular ion peaks of approximately 
the same height – one for CH3

79Br+ and the other for 
CH3

81Br+ (the [M + 2] peak).
You should look out for the relative heights mentioned 

here when interpreting mass spectra.
• if the [M + 2] peak is one-third the height of the M 

peak, this suggests the presence of one chlorine atom 
per molecule

• if the [M + 2] peak is the same as the height of the M 
peak, this suggests the presence of one bromine atom 
per molecule.

An example of the [M + 2] peak is shown on the mass 
spectrum of chlorobenzene (Figure 29.42).

Isotopes Approximate %
35Cl 75
37Cl 25
79Br 50
81Br 50

Table 29.5 Naturally occurring isotopes of chlorine and bromine.

14 a  List the ions responsible for the M, [M + 2] 
and [M + 4] peaks in a mass spectrum of 
dibromomethane.

b What would be the mass-to-charge 
ratio and relative abundances of the major 
peaks with the highest charge-to-mass 
ratios in the mass spectrum 
of chloroethane?

c How many peaks would you see 
beyond the molecular ion peak in 1,1-
dibromoethane? What would be their 
mass-to-charge ratios and abundances 
relative to the molecular ion? (Ignore 
peaks due to 13C.)

Check-up

Applications of the mass spectrometer
To identify the components in a mixture, we can link 
gas–liquid chromatography (GLC) or high-performance 
liquid chromatography (HPLC) apparatus directly to a 
mass spectrometer.

Th is combined technique is very sensitive, and any two 
solutes that can be separated with a time gap of 1 second 
on a GLC column can be identifi ed almost instantly by 
the mass spectrometer without the need to be collected. 
Identifi cation is by comparing the mass spectrum of each 
solute with the mass spectra of known compounds, using 
a computer’s spectral database. Th e data generated is 
complex. Th ere can be many components in a mixture, 

Figure 29.42 The mass spectrum of chlorobenzene, showing the 
[M + 2] peak. (Notice that there are also tiny [M + 1] and [M + 3] peaks 
corresponding to 13C in the molecule.)
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The M+4 peak
If the molecule contains two chlorine atoms, (or two 
bromine atoms, or one of each) we should expect to 
see three molecular ions, at m/e values of M, M+2 
and M+4. 
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The M+4 peak
Take the molecule 1,2-dibromoethane, C2H4Br2.  

Each carbon can be attached to either a 79Br or a 81Br 
atom, and there is a (roughly) equal chance of either.  

We therefore arrive at the following possibilities, each 
of which is equally likely. 

�24

The M+4 peak

There will thus be three molecular ion peaks, with 
relative abundances of 1:2:1. 

�25

ORGANIC CHEMISTRY

502

Formula m/e value Peak
79BrCH2CH2

79Br 186 M

79BrCH2CH2
81Br 188 M + 2

81BrCH2CH2
79Br 188 M + 2

81BrCH2CH2
81Br 190 M + 4

There will thus be three molecular ion peaks, with relative abundances of 1 : 2 : 1.

Worked example
Work out the m/e values and the relative abundances of the molecular ion peaks for 
dichloromethane, CH2Cl2.

Answer
Just as with dibromoethane above, there will be four possible formulae. Their m/e values 
are given in the following table.

Formula Ion reference m/e value

CH2
35Cl35Cl a 84

CH2
35Cl37Cl b 86

CH2
37Cl35Cl c 86

CH2
37Cl37Cl d 88

The abundance ratio of ion a: ion b is 3 : 1 (because of the 35Cl : 37Cl ratio)
The abundance ratio of ion c: ion d  is also 3 : 1
The abundance ratio of ion a: ion d  is 9 : 1, because each of the two chlorine atoms 
has 3 times the probability of being 35Cl rather than 37Cl.
The overall probabilities are therefore:

Mass number 84 86 88

individual probabilities

3 1

3 1

3 1

3 1

total sum of probabilities 9 6 1

Analysing molecular fragments
If the ionising electron beam in a mass spectrometer has enough energy, the 
molecular ions formed by the loss of an electron can undergo bond fi ssion, and 
molecular fragments are formed (see Figure 29.7). Some of these will carry the 
positive charge, and therefore appear as further peaks in the mass spectrum.

Table 29.3
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Figure 29.7 Ionic fragments formed from 
propanone
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The M+4 peak with Cl
Just as with dibromoethane, there will be four 
possible formulae for dichloromethane, CH2Cl2.
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Formula m/e value Peak
79BrCH2CH2

79Br 186 M

79BrCH2CH2
81Br 188 M + 2

81BrCH2CH2
79Br 188 M + 2

81BrCH2CH2
81Br 190 M + 4

There will thus be three molecular ion peaks, with relative abundances of 1 : 2 : 1.

Worked example
Work out the m/e values and the relative abundances of the molecular ion peaks for 
dichloromethane, CH2Cl2.

Answer
Just as with dibromoethane above, there will be four possible formulae. Their m/e values 
are given in the following table.

Formula Ion reference m/e value

CH2
35Cl35Cl a 84

CH2
35Cl37Cl b 86

CH2
37Cl35Cl c 86

CH2
37Cl37Cl d 88

The abundance ratio of ion a: ion b is 3 : 1 (because of the 35Cl : 37Cl ratio)
The abundance ratio of ion c: ion d  is also 3 : 1
The abundance ratio of ion a: ion d  is 9 : 1, because each of the two chlorine atoms 
has 3 times the probability of being 35Cl rather than 37Cl.
The overall probabilities are therefore:

Mass number 84 86 88

individual probabilities

3 1

3 1

3 1

3 1

total sum of probabilities 9 6 1

Analysing molecular fragments
If the ionising electron beam in a mass spectrometer has enough energy, the 
molecular ions formed by the loss of an electron can undergo bond fi ssion, and 
molecular fragments are formed (see Figure 29.7). Some of these will carry the 
positive charge, and therefore appear as further peaks in the mass spectrum.

Table 29.3
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The M+4 peak with Cl

The overall probabilities are therefore:  9:6:1
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Formula m/e value Peak
79BrCH2CH2

79Br 186 M

79BrCH2CH2
81Br 188 M + 2

81BrCH2CH2
79Br 188 M + 2

81BrCH2CH2
81Br 190 M + 4

There will thus be three molecular ion peaks, with relative abundances of 1 : 2 : 1.

Worked example
Work out the m/e values and the relative abundances of the molecular ion peaks for 
dichloromethane, CH2Cl2.

Answer
Just as with dibromoethane above, there will be four possible formulae. Their m/e values 
are given in the following table.

Formula Ion reference m/e value

CH2
35Cl35Cl a 84

CH2
35Cl37Cl b 86

CH2
37Cl35Cl c 86

CH2
37Cl37Cl d 88

The abundance ratio of ion a: ion b is 3 : 1 (because of the 35Cl : 37Cl ratio)
The abundance ratio of ion c: ion d  is also 3 : 1
The abundance ratio of ion a: ion d  is 9 : 1, because each of the two chlorine atoms 
has 3 times the probability of being 35Cl rather than 37Cl.
The overall probabilities are therefore:

Mass number 84 86 88

individual probabilities

3 1

3 1

3 1

3 1

total sum of probabilities 9 6 1

Analysing molecular fragments
If the ionising electron beam in a mass spectrometer has enough energy, the 
molecular ions formed by the loss of an electron can undergo bond fi ssion, and 
molecular fragments are formed (see Figure 29.7). Some of these will carry the 
positive charge, and therefore appear as further peaks in the mass spectrum.

Table 29.3
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The M+4 peak with Cl�28

skill check 3
Identify the compound.
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8 The residues from organohalogen pesticides are known to be a major cause of the decline 
in numbers of different birds of prey in many countries. These residues are concentrated in 
birds at the top of food chains.

 (a) Analysis of the bodies of birds of prey show that the pesticide residues accumulate in 
the fatty tissues of the birds. This is because of the high partition coefficient between the 
fat in the tissues and water found in blood.

  Explain what is meant by the term partition coefficient.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [2]

 (b) A particular pesticide has a partition coefficient of 8.0 between the solvent hexane and 
water. If a 25 cm3 sample of water containing 0.0050 g of the pesticide is shaken with 
a 25 cm3 sample of hexane, calculate the mass of pesticide that will dissolve in the 
hexane layer.

 [2]

 (c) Compounds used as pesticides may contain bromine or chlorine.

  (i) What would be the difference in the ratio of the M: M+2 peaks if the pesticide 
contained one chlorine rather than one bromine atom?

 ..................................................................................................................................

  (ii) If a given pesticide contains two chlorine atoms per molecule, deduce the relative 
heights of the M, M+2 and M+4 peaks.

 [3]
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 (c) At one time, bromomethane, CH3Br, was widely used to control insect pests in agricultural 
crops and timber. It is now known to break down in the stratosphere and contribute to 
the destruction of the ozone layer.

  Samples can be screened for traces of bromomethane by subjecting them to mass 
spectrometry.

  (i) Which peak(s) would show the presence of bromine in the compound?

 ..................................................................................................................................

  (ii) How could you tell by studying the M and M+2 peaks that the compound contained 
bromine rather than chlorine?

 ..................................................................................................................................

 ..................................................................................................................................
[3]

[Total: 9]

analysing molecular fragments 
If the ionising electron beam in a mass spectrometer 
has enough energy, the molecular ions formed by the 
loss of an electron can undergo bond fission, and 
molecular fragments are formed.
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analysing molecular fragments 
Some of these will carry the positive charge, and 
therefore appear as further peaks in the mass 
spectrum. 

�33

analysing molecular fragments �34
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Formula m/e value Peak
79BrCH2CH2

79Br 186 M

79BrCH2CH2
81Br 188 M + 2

81BrCH2CH2
79Br 188 M + 2

81BrCH2CH2
81Br 190 M + 4

There will thus be three molecular ion peaks, with relative abundances of 1 : 2 : 1.

Worked example
Work out the m/e values and the relative abundances of the molecular ion peaks for 
dichloromethane, CH2Cl2.

Answer
Just as with dibromoethane above, there will be four possible formulae. Their m/e values 
are given in the following table.

Formula Ion reference m/e value

CH2
35Cl35Cl a 84

CH2
35Cl37Cl b 86

CH2
37Cl35Cl c 86

CH2
37Cl37Cl d 88

The abundance ratio of ion a: ion b is 3 : 1 (because of the 35Cl : 37Cl ratio)
The abundance ratio of ion c: ion d  is also 3 : 1
The abundance ratio of ion a: ion d  is 9 : 1, because each of the two chlorine atoms 
has 3 times the probability of being 35Cl rather than 37Cl.
The overall probabilities are therefore:

Mass number 84 86 88

individual probabilities

3 1

3 1

3 1

3 1

total sum of probabilities 9 6 1

Analysing molecular fragments
If the ionising electron beam in a mass spectrometer has enough energy, the 
molecular ions formed by the loss of an electron can undergo bond fi ssion, and 
molecular fragments are formed (see Figure 29.7). Some of these will carry the 
positive charge, and therefore appear as further peaks in the mass spectrum.

Table 29.3

29_07 Cam/Chem AS&A2
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homolytic cleavage 
at (a)

heterolytic cleavage at (b)
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C

(a) (b)
H3C

H3C

CH3

CH3

(m/e = 15)(m/e = 43)
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Figure 29.7 Ionic fragments formed from 
propanone
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analysing molecular fragments 
We therefore expect the mass spectrum of 
propanone to contain peaks at m/e = 15 and 43, as 
well as the molecular ion peak at 58 
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 29 Techniques of analysis

We therefore expect the mass spectrum of propanone to contain peaks at m/e = 15 
and 43, as well as the molecular ion peak at 58 (see Figure 29.8).

The fragmentation pattern can readily distinguish between isomers. Compare Figure 29.8 
with Figure 29.9, which shows the mass spectrum of propanal. Here there is no peak 
at m/e = 15, nor one at m/e = 43. Instead, there is a peak at m/e = 57 and several from 
m/e = 26 to 29. This is readily explained by the fragmentations shown in Figure 29.10. 

Worked example
Use the following atomic mass data to calculate the accurate Mr values for the two ionic 
fragments at m/e 29 in the mass spectrum of propanal. Would a mass spectrometer with a 
sensitivity of 1 part in 10 000 be able to distinguish between them?
H = 1.0078 C = 12.000 O = 15.995

Answer
C2H5 is 2 × 12.000 + 5 × 1.0078 = 29.039
CHO is 12.000 + 1.0078 + 15.995 = 29.003
These masses differ by 36 in 29 003 or 1 part in 8056, so this (fairly inaccurate) 
spectrometer would just be able to distinguish between them.

Depending on what type of cleavage occurs at (a) and (b) in Figure 29.10, one 
or other or both of each pair of ion fragments may appear. The peaks of highest 
abundance in the mass spectra of organic compounds are associated with particularly 
stable cations, such as acylium and tertiary carbocations:

R O R C
the acylium ion

a tertiary carbocation

OC
! ! !

R

R R

C

Figure 29.8 Mass spectrum of propanone
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Figure 29.9 Mass spectrum of propanal
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Figure 29.10 Ionic fragments formed from 
propanal
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CHCH
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Now try this
Suggest the formulae of the ions at 
m/e values 26, 27 and 28 in the mass 
spectrum of propanal, and suggest an 
explanation of how they might arise.
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analysing molecular fragments 
The fragmentation pattern can readily distinguish 
between isomers. Compare the following the mass 
spectrum of propanal.  
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We therefore expect the mass spectrum of propanone to contain peaks at m/e = 15 
and 43, as well as the molecular ion peak at 58 (see Figure 29.8).

The fragmentation pattern can readily distinguish between isomers. Compare Figure 29.8 
with Figure 29.9, which shows the mass spectrum of propanal. Here there is no peak 
at m/e = 15, nor one at m/e = 43. Instead, there is a peak at m/e = 57 and several from 
m/e = 26 to 29. This is readily explained by the fragmentations shown in Figure 29.10. 

Worked example
Use the following atomic mass data to calculate the accurate Mr values for the two ionic 
fragments at m/e 29 in the mass spectrum of propanal. Would a mass spectrometer with a 
sensitivity of 1 part in 10 000 be able to distinguish between them?
H = 1.0078 C = 12.000 O = 15.995

Answer
C2H5 is 2 × 12.000 + 5 × 1.0078 = 29.039
CHO is 12.000 + 1.0078 + 15.995 = 29.003
These masses differ by 36 in 29 003 or 1 part in 8056, so this (fairly inaccurate) 
spectrometer would just be able to distinguish between them.

Depending on what type of cleavage occurs at (a) and (b) in Figure 29.10, one 
or other or both of each pair of ion fragments may appear. The peaks of highest 
abundance in the mass spectra of organic compounds are associated with particularly 
stable cations, such as acylium and tertiary carbocations:

R O R C
the acylium ion

a tertiary carbocation

OC
! ! !

R

R R

C

Figure 29.8 Mass spectrum of propanone
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Figure 29.9 Mass spectrum of propanal
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Figure 29.10 Ionic fragments formed from 
propanal
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Now try this
Suggest the formulae of the ions at 
m/e values 26, 27 and 28 in the mass 
spectrum of propanal, and suggest an 
explanation of how they might arise.
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analysing molecular fragments 
Here there is no peak at m/e = 15, nor one at m/e = 
43. Instead, there is a peak at m/e = 57 and several 
from m/e = 26 to 29.
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skill check 6
The following shows the mass spectra of two 
compounds with the molecular formula C2H4O2. One 
is methyl methanoate, and the other is ethanoic acid. 
Decide which is which?
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The interpretation of the fragmentation pattern in the mass spectra of organic 
compounds is therefore an important tool in the elucidation of their structures. A 
further example will show the power of the technique.

Worked example
Figure 29.11 shows the mass spectra of two compounds with the molecular formula 
C2H4O2. One is methyl methanoate, and the other is ethanoic acid. Decide which is which 
by assigning structures to the major fragments whose m/e values are indicated.
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Answer
Apart from the molecular ion at m/e = 60, the major peaks in spectrum a are at m/e values 
of 15, 29 and 31. These could be due to:
CH3

+ (m/e = 15)
C2H5

+ or CHO+ (m/e = 29)
CH3O+  (m/e = 31)
This fits with the structure of methyl methanoate (see Figure 29.12).

Figure 29.11 Mass spectra of methyl 
methanoate and ethanoic acid. Which is 
which?
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Figure 29.12 Ionic fragments formed from 
methyl methanoate
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The interpretation of the fragmentation pattern in the mass spectra of organic 
compounds is therefore an important tool in the elucidation of their structures. A 
further example will show the power of the technique.

Worked example
Figure 29.11 shows the mass spectra of two compounds with the molecular formula 
C2H4O2. One is methyl methanoate, and the other is ethanoic acid. Decide which is which 
by assigning structures to the major fragments whose m/e values are indicated.
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Answer
Apart from the molecular ion at m/e = 60, the major peaks in spectrum a are at m/e values 
of 15, 29 and 31. These could be due to:
CH3

+ (m/e = 15)
C2H5

+ or CHO+ (m/e = 29)
CH3O+  (m/e = 31)
This fits with the structure of methyl methanoate (see Figure 29.12).

Figure 29.11 Mass spectra of methyl 
methanoate and ethanoic acid. Which is 
which?
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Figure 29.12 Ionic fragments formed from 
methyl methanoate
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