MASS SPECTROMETRY
a) Introduction

The technigque of mass spectrometry was used at AS-level to determine the relative
abundances of different isotopes in a sample of an element, to deduce relative atomic
masses and to deduce molecular formulae.

Mass spectrometry can also be used to determine the structure of organic molecules. In
some respects molecules behave in a similar way to atoms in a mass spectrometer, but
there are important differences:

When a molecule is ionised, one electron is removed. As molecules generally contain
paired electrons only, the result is the formation of a species with an unpaired electron, or
a free radical.

Eg ethane:

or CoHs = [CaHe]™ + e

The resulting species is thus a positively charged ion and also a free radical. It is known
as the molecular ion (or parent ion).

Two possible things can happen to a molecular ion when it is formed:

- it can pass intact through the mass spectrometer and onto the detector, being
detected as having an m/z ratio of which z = 1 and m = relative mass of
molecular ion.

- it can break up into two smaller, more stable species, one of which is a
positively charged ion and one is a free radical. This is known as
fragmentation. This will result in the detection of species with m/z ratios
which are less than that of the molecular ion.
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The result is that a number of different peaks are seen in the mass spectrum of an organic
molecule:

- the peak with the largest m/z ratio corresponds to the molecular ion, and this
m/z ratio corresponds to the relative molecular mass of the molecule.

- the peaks with smaller m/z ratios result from fragmentation of the molecular
ion. These peaks can be used to deduce more information regarding the
structure of the molecule, because different molecules fragment in different
ways and some fragments are more stable than others.

Eg mass spectrum of ethanol:
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The mass spectrum of ethanol contains several peaks:

- the largest m/z ratio in the mass spectrum is 46. This is therefore the
molecular ion peak which means that the molecule has a relative molecular
mass of 46.

- the other peaks with smaller m/z ratios result from fragmentation of the
ethanol molecule. The most abundant fragment ions appear to have relative
masses of 45 and 31, and there are less abundant fragment ions with masses of
27 and 29
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b) fragmentation

During fragmentation, the free radical molecular ion is broken up. As the molecular ion
contains an odd number of electrons, one of the species into which it fragments will
contain an even number of electrons (this will be a positive ion) and the other will contain
an odd number of electrons (this will be a free radical).

Eg consider the case of ethane:

This is the free radical molecular ~ This species keeps This species loses the

ion the unpaired electron  electron and is a positively
and is an uncharged charged ion
free radical

(not detected in mass  (detected in mass
spectrometer) spectrometer)

This process can be represented by the equation:
[C2He]™ = [CH3] + [CH3]*

Only the charged species is detected as the neutral free radical is neither accelerated nor
deflected.

The process of fragmentation can thus be represented by the following general equation:

| R* > X" +Y |

R*" is the molecular ion and is detected (assuming not all of them fragment)
X* is the fragment ion and is detected
Y" is the fragment radical and is not detected

C) stable ions

Not all possible fragments are detected — some of the fragments form stable ions and
these are more likely to be formed.

The most stable cations are carbocations (eg CHs*, CH3CH" and CH3CHCH3") and

acylium ions (eg HCO®, CH3CO™, CH3CH.CO™). These are thus the fragments most
likely to be detected, and will give the most intense peaks in a mass spectrum.
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The main peaks in the mass spectrum of an organic compound will thus be the molecular
ion peak and the peaks corresponding to the most stable ions which can be formed from
fragmentation of the molecular ion.

Eg butanone: CH3CH2COCHz3

Expected in the mass spectrum of butanone would be:

m/z ratio | lon responsible Equation to show formation of ion

72 [CH3CH,COCH;s]"

15 [CH3]" [CH3CH2COCH3]" = [CH3]" + [CH.COCHa]
29 [CH3sCH2]" [CH3CH2COCH3]" = [CH3CH2]" + [COCHa]
57 [CH3CH2COT" [CH3CH2COCH3]" = [CH3CH2CO]" + [CHa]
43 [COCHs]* [CH3CH2COCH3]" = [COCHs]* + [CH3CHa]

The real mass spectrum of butanone is shown below:
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The most abundant peak is 43, followed by 72 and 29. The peaks at 15 and 57 can also be
accounted for. (It is rarely possible to account for all the peaks in a mass spectrum)
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d) using mass spectra to determine structure

The molecular ion peak enables the relative molecular mass of the compound to be
deduced.

The other peaks give the masses, and hence the possible identities, of the fragments.
These gives important clues to the structure of the unfragmented molecule.
Eg A peak at 29 suggests the presence of CH3CH"
A peak at 43 suggests the presence of CH3CH2CH:", CH3CHCHs" or CH3CO*
A peak at 57 suggests the presence of CH3CH2CO* or CH3COCH>"*

The presence (or absence) of these fragments gives important information as to which
structural features are present (or not present) in the molecule. This is particularly useful
for distinguishing between isomers:

Eg C4Hio-  butane gives peaks at 15, 29, 43 and 58
methylpropane gives peaks at 15, 43 and 58 only (no peak at 29)

Eg CsHeO -  propanal gives peaks at 15, 29, 43 and 58
propanone gives peaks at 15, 43 and 58 only (no peak at 29)

Eg C2HsO -  ethanol gives peaks at 15, 29 and 46
Methoxymethane gives peaks at 15 and 46 (no peak at 29)

Thus the presence (or absence) of specific fragments enables the structure to be
determined.
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