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Before reading through this Factsheet you should:

¢ Haveagood understanding of Atomic Structure (Factsheet 01);

« Have abasic understanding of the way in which a mass spectrometer
works;

« Haveagood knowledge of the Organic Chemistry covered at AS and
A2levd;

e Understand covalent bonding and molecular structure (Factsheets 05
and 06).

After working through this Factsheet you will be able to:
e Interpret simple mass spectra;
* Recognise mass spectraas useful toolsin organic anaysis.

Before we discuss the role of mass spectrain organic anaysis, candidates
should remind themselves of the simplified appearance of a mass
spectrometer (as shown below) and how the machine works.

Fig 1. Mass Spectrometer
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Thefive stageslisted on the above diagram are discussed in more detail in
Factsheet 01 — Atomic Structure.

Fig 2. Massspectrometer traces

Mass spectrometer traces (Fig 2) are used to identify atomic masses of any
i sotopes present and to provide the information to cal cul ate rel ative atomic
mass.

Notethe axislabels:
* Relativeabundance
* Mass/Chargeratio (or m/e)

Therelative abundanceis self explanatory —the more common aparticular
mass of particle, the higher the peak. Usually the highest peak (base
peak) isgiven avaue of 100, with the other peaks scaled accordingly.

An understanding of the mass/charge ratio is important. After electron
bombardment, the majority of theionsformed havea+1 chargeasjust one
electronisremoved.

OE If theion has a +1 charge then the mass/charge ratio is the
same as the mass.

eg. ®Na' me= 23/1= 23

If a higher number of electrons are removed froma species, a different
peak will be generated on the spectrum.

eg. ZNa* me= 23/2= 115

However, it is worth reinforcing that the vast majority of ions formed
have a +1 charge.

Mass Spectrain OrganicAnalysis.

Mass spectra, likeinfrared spectra (Factsheet 54 Organic analysis|- Infrared
Spectroscopy), areauseful tool inidentifying organic molecules. Theaim
of thisFactsheet isto give candidatesthe necessary experienceininterpreting
mass spectrato be ableto extract the relevant information from them. This
information is likely to be used in conjunction with other data to identify
chemicals. In exam questions the mass spectrum of an unknown organic
compound is often supplied with the | R spectrum and resultsfrom chemical
tests. The skill of the analytical chemist is to piece together all of the
information.

Exam Hint: Candidates should be aware that exam questions at A2
level may test knowledge and understanding of how mass spectra are
generated.

Examples of mass spectra observed at AS level will include those of
simple elements.
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When an organic compound is placed into the mass spectrometer for
analysis, theinitial reaction isfor an electron to be removed — ionisation.
electron bombardmen
LN M*+e

0:; M* can be described as the molecular ion or the parent ion.
Itisrarethat the molecular ion is undetectable on a mass spectrum.

Therewill beavariety of fragmentsformed from an organic compound, as
each molecule can be fragmented in avariety of ways.
e.g. Some possible fragments of methane, CH,

Exam Hint: - When a candidate is presented with a mass spectrum,
the first task should be to locate the peak associated with the molecular
ion. This will be the peak of significant relative abundance which has
the largest mass/charge ratio. From this the relative molecular mass
of the compound can be deduced.

relative abundance /%

100 [43] CH,CH,CH,*

[29] CH.CH,"

parent ion [58]

[15] CH,*
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The RMM of the compound is 58

relative abundance /% [55] CH,CCH,CH.*
100 2 23
[41] CCH.CH.* | [69] CH,C(CH,CH,)CH,
: [29] CH,CH,'
50— [84] parent ion
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The RMM of the compound is 84

Candidates should be aware that there is the possibility of small, low
relative abundance peaks further up the spectrum than the peak for the
molecular ion. These peaks are due to the occasional presence of heavy
isotopes of elements (e.g. “C, **0, 2H) which can occur in organic molecules.
These peaks can beignored.

When an organic compound is ionised by electron bombardment in the
mass spectrometer, not al of themolecular ionssurvive. Oftenthemolecular
ions are broken up into smaller pieces by aprocess called fragmentation.

electron bombardment

eg. CH,CH, CH; + CH,’

3
fragment ion radical by-product

The fragment ions are detected and are responsible for all of the other
peaks on a mass spectrum.

Fragment m/e
CH,* 16
CH,’ 15
CH,’ 14
CH* 13

c 12
H* 1

Some fragmentswill be more stable and therefore morelikely to occur than
others, hence different heights of relative abundance peaks are observed.

By assigning fragmentsto peaks on aspectrum, val uableinformation about
the structure of amolecule can be gained.

The assigning of peaks can be something of a‘ numbersgame’ using relative
atomic masses, but bearing in mind that mass spectraare usually supplied
with other analysis data this is not a difficult task.

Thefollowing datamay be useful when assigning fragmentsto peakson a
mass spectrum; these are examples of commonly occurring fragments:

Fragment m/e
CH,* 15
CH,CH," or CHO* 29
CH,NH_* 30
CH,OH* 31
CH,CO* or CH,CHCH," or CH,CH,CH.* 43
CONH._* 44
COOH* or CH_CHOH* 45
CH," 77
CH.CH, 91
CH.co* 105

Thereason that these fragments are more commonisthat they arerelatively
stable. Thisiswell illustrated if welook at the mass spectrum and structure

of benzenecarboxylic acid: C//O
@ NO—H

C.H.Cor [105] [122] parent ion

[77] CH,' \

relative abundance /%
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Note the large peaks at 77 (C,H,") and 105 (C,H,CO"). The benzenering
is especially stable due to the delocalised system of electrons, so it is
unlikely to befragmented. Consequently, if ananalytical chemist observes
apeak at 77, the presence of abenzenering is strongly suggested.
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For theworked examples and questionsin this Factsheet, usethefollowing  [Worked Example

data to help you. The following are mass spectra of simple alcohols.
Fragment m/e relative abundance /%
o [31] CH OH+ Spectrum A
CH,* 15 100 5 ’
CH,CH,* or CHO* 29 E
CH,NH,* 30 3
CH,OH" 31 E
CH.CO* or CH,CHCH," or CH,CH,CH,* 43 =
50 —
CONH; 44 3
COOH* or CH,CHOH* 45 E
CH,." 77 E
CgH,CH,’ o1 _§ [60] parent ion
C6H5C0+ 105 O E | ‘ ‘ 1 \‘ ‘ [ ‘
e e
10 20 30 40 50 60 70 80
Worked Example relative abundance /% Spectrum B
The following mass spectrum is of a hydrocarbon which does not react

with bromine water. 100 [45] CH,CHOH+

relative abundance /%

50

[60] parent ion

e

‘ ‘ 10 20 30 50 60 70 80

! ! ! m/e
29 43 57 71 85 114 It can be seen from the spectrathat both a coholshave rel ative molecul ar

masses of 60 (they are isomers).

» Thefirst task is to use the molecular ion peak to give the relative

molecular mass, 114. The formulae of the molecular ions can then be * suggested’. Knowing

*  Thefact that the compound is a hydrocarbon which does not react that we are dealing with a cohols, thefollowing elements will be present:
with bromine water suggests an alkane.

+ Alkanes general formulais C H,, ,,, where the atomic masses are Element Atomic Mass
C=12 and H=1. C 12
»  Hence suggested formulafor the compoundis. CH . H 1
(0] 16

The fragment peaks can be assigned as follows: Knowledge of the general formulaof the homologousseries(C H,, ,,OH),

chemistry ‘common sense’ and being awarethat the RMM is60 suggests

Fragment m/e : !
that the formula of each molecular ion will be: C;H,0", as
CH.' 29
CH.* 43 (3x12) + (8x1) + (1x16) = 60.
3
CH, 57 By now looking at fragments within each spectrum, some structural
CH. * 71 information can also be gained:
5 11
CH." 85 In spectrum A the base peak is at m/e = 31. This could be due to the
presence of the CH,OH" fragment. Thisfragment can only comefroma
Note that suggesting aname for the compound is not straightforward, as primary alcohol:

it would be difficult to tell whether thisisthe mass spectrum of octane or

anisomer, for example 3,4-dimethyl hexane. eg. R-CH,-OH fragmenting to give R" and CH,OH".

In spectrum B the base peak is at m/e = 45. This could be due to the
presence of the CH,CHOH" fragment. This fragment can only come
from asecondary alcohol:

f.?% Every species detected by a mass spectrometer isa positiveion.
Ensurethat you alwaysremember toincludethe+ chargewhenwriting

the formula of a molecular ion or fragment. eg. CH_-CHOH-R fragmenting to give R" and CH,CHOH".

These deductions are correct, as spectrum A is that of propan-1-ol
(CH,CH_,OH) and spectrum B is that of propan-2-ol (CH,CHOHCH,).

e e
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Practice Questions Answers
1. (@ 120
1. The mass spectrum of aliquidisgiven. Theliquid isknown to bean (b) C,H,O

presence of benzene ring, peak at 43 could be due to CH,CO".

relative abundance /%

relative abundance

relative abundance

%
Suggested formula (with RMM=120):
(d)
@ +
@ /Cxo oo CH.CO
m/e
43 51 77 105 120 2. @ CHO
) ) (b) CH,O, (as RMM = 136, deduced from spectra).
(@) Usethe mass spectrum to determine the rel ative molecular mass of ©
the compound. . . - m/e Fragment formula
(b) Combine this information with the percentage composition to 136 CHO.*
deducethe molecular formula. 105 CHO
(©) Suggest astructurefor the molecule. 91 CH+
(d) What fragment isresponsible for the peak at m/e 105? 77 C7H7*
6 5
Two organic compounds, A and B are isomers with percentage (d)

composition C 70.5%, H 5.9%, O 23.6%.
A ismoderately solublein water, forming asolution of pH 5.

B isapleasant smelling liguid. ©/CH2C\OH
(@ Whatistheempirical formulaof A and B?

mass spectrum of compound A H

100 C
/ \
904 138 O—CH3
80

70+
60 -
50 65
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30 39

20 4551
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mass spectrum of compound B
100+ 105
90
807 77
70
60— 28
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40+
30 51 136
20 32
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b) What isthe molecular formulaof A and B? ; ; ; : :
EC)) Givetheformulae of the molecular fragments corr ndina to the or students, provided that their school is a registered subscriber. No part of
. i ) . P i &0 g these Factsheets may be reproduced, stored in a retrieval system, or transmitted,
following peaks: m/e: 136; 105; 91; 77. in any other form or by any other means, without the prior permission of the

(d) Suggest structural formulae for A and B. publisher. ISSN 1351-5136






