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22.2 Mass Spectrometry

Contents

3 Mass Spectrometry

3 Isotopic Abundance & Relative Atomic Mass
3 MolecularlonPeak & Fragmentation

3 The M+1&M+2 Peaks

Page10of20

© 2015-2025 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Mass Spectrometry 4

Your notes

Interpreting Mass Spectra

= Mass spectroscopy is an analytical technique used to identify unknown compounds
= The moleculesin the small sample are bombarded with high energy electrons which can cause the
molecule tolose an electron
This results in the formation of a positively charged molecularion with one unpaired electron
= Oneof the electronsinthe pairhas beenremoved by the beam of electrons

Electron bombardment
MOLECULE > MOLECULE*e + e~

MOLECULE* e represents the molecularion

= The molecularion can further fragment to form new ions, molecules, and radicals

Fragmentation of a molecule in mass spectroscopy

MOLECULAR
ION

MOLECULE T
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FRAGMENTATION FRAGMENTATION FRAGMENTATION
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MASS SPECTROMETER WILL
ONLY DETECT THE
POSITIVELY CHARGED ION

The same molecule can produce several different fragments in mass spectroscopy

= These fragmentationions are accelerated by an electric field
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Based on their mass (m) to charge (e) ratio, the fragments of ions are then separated by deflecting
theminto the detector
= Forexample, anionwith mass 16 and charge 2+ will have a m/e value of 8

The smaller and more positively charged fragmentions will be detected first as they will get deflected
the most and are more attracted to the negative pole of the magnet

Each fragment corresponds to a specific peak with a particular m/e value in the mass spectrum

The base peak is the peak corresponding to the most abundantion

Isotopes

Isotopes are different atoms of the same element that contain the same number of protons and
electrons but a different number of neutrons.
= These are atoms of the same elements but with different mass number
= Forexample, Cl-35and CI-37 are isotopes as they are both atoms of the same element (chlorine,
Cl) but have a different mass number (35 and 37 respectively)

Mass spectroscopy can be used to find the relative abundance of the isotopes experimentally
The relative abundance of anisotope is the proportion of one particularisotope in a mixture of
isotopes found in nature
= Forexample, therelative abundance of Cl-35 and CI-37is 75% and 25% respectively
= Thismeansthatinnature, 75% of the chlorine atoms is the Cl-35isotope and 25% is the CI-37
isotope

The heights of the peaks in mass spectroscopy show the proportion of eachisotope present

Example mass spectrum of boron

A

80.1

Z ABUNDANCE

19.9

>
10 M m /e

The peak heights show the relative abundance of the boron isotopes: boron-10 has a relative
abundance of 19.9% and boron-11 has a relative abundance of 80.1%
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@ Worked example
In a sample of iron, the ions 54Fe2*+ and 5¢Fe3+ are detected.
Calculate the m/e value ratio and determine which ionis deflected more inside the spectrometer.

Answer:

54
= m/e(P4Fet)= — = 27

56

. m/e (56Fe3+) = 3 = 18.7
=19

O Examiner Tip

A smallm/e value corresponds to fragments that are either small or have a high positive charge ora
combination of both
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Isotopic Abundance & Relative Atomic Mass ,

Your notes

Calculating Relative Atomic Mass

= Isotopes are different atoms of the same element that contain the same number of protons and
electrons but a different number of neutrons.
= These are atoms of the same elements but with different mass numbers

= Because of this, the mass of an element is given as relative atomic mass (A,) by using the average
mass of the isotopes
= Therelative atomic mass of an element can be calculated by using the relative abundance values
= Therelative abundance of anisotope is either given or can be read off the mass spectrum

(relatlve abundance isotope 1 TASS oo 1) + (relatlve abundance isotope 2 TASS 4o 2) etc.

[ ] A =
’ 100

@ Worked example

Calculate therelative atomic mass, A, of oxygento 2 d.p.

Isotope Percentage abundance
160 99.76
e} 0.04
180 0.20

Answer:

- (99.76 x16) + (0.04 X 17) + (0.20 x 18)
“‘ 100

= A.=16.0044

= A=16.00(to2d.p)
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@ Worked example ,

. . o Your notes
Calculate the relative atomic mass of boron using its mass spectrum, to 2d.p.

L
o N
E 80.1
)
=z
)
i)
<
e
19.9
>
10 M m /e
Answer:
4 = (19.9 X 10) + (80.1 X 11)
! 100
= A.=10.801
= A=10.80(to2d.p)
Page 6 of 20

©2015-2025 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Molecular lon Peak & Fragmentation /

Your notes

Mass Spectrometry: Deducing Molecular Formula

= Eachpeakinthe mass spectrum corresponds to a certain fragment with a particular m/e value

= The peak with the highest m/e value is the molecularion (M*) peak which gives information about the
molecular mass of the compound

= Themolecularionis the entire molecule that has lost one electron when bombarded with a beam of
electrons

Electron bombardment R
MOLECULE » MOLECULE*e + e~

= The [M+1] peakis a smaller peak which is due to the natural abundance of the isotope carbon-13
= The height of the [M+1] peak for a particularion depends on how many carbon atoms are presentin that
molecule; the more carbon atoms, the larger the [M+1] peak s
= Forexample, the height of the [M+1] peak for an hexane (containing six carbon atoms)ion will be
greater than the height of the [M+1] peak of an ethane (containing two carbon atoms) ion
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@ Worked example ,

. . Your notes
Determine whether the following mass spectrum corresponds to propanal or butanal.

A

100
80 A
60

40

RELATIVE INTENSITY

20
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I
I
M 15 20 25 30 35 40 45 50 55 60 65 70 75m/
e

Answer:

= The mass spectrum corresponds to propanal as the molecularion peakis at m/e =58
= Propanal arises from the CHzCH,CHO*ion which has a molecular mass of 58
= Butanal arises from the CHzCH,CH,CHO*ion which has a molecular mass of 72

Page 8 of 20

©2015-2025 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Identifying Molecules using Fragmentation

= Themolecularion peak can be used to identify the molecular mass of acompound
= However, different compounds may have the same molecular mass
= To further determine the structure of the unknown compound, fragmentationis used
= Fragments may appear due to the formation of characteristic fragments or the loss of small
molecules
= Forexample, apeak at 29 is due to the characteristic fragment CoHs*
= Lossof small molecules givesrise to peaks at 18 (H20), 28 (CO), and 44 (CO»)

Alkanes

= Simple alkanes are fragmented in mass spectroscopy by breaking the C-C bonds
= M/evalues of some of the common alkane fragments are givenin the table below
m/e values of fragments table

Fragment m/e
CHs* 15
CoHs* 29
CzH,* 43
CyHo* 57
CgHy* 71
CyHiz* 85

Mass spectrum showing fragmentation of alkanes
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Halogenoalkanes

Straight chain alkanes show characteristic peaks

= Halogenoalkanes often have multiple peaks around the molecularion peak
= Thisis caused by the fact that there are differentisotopes of the halogens

Mass spectrum for a bromine containing species
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THERE ARE TWO PEAKS 4
FOR THE MOLECULAR ION Your notes
AN L
M
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Mass spectra show different halogen isotopes in the molecularion
Alcohols

= Alcohols often tend to lose a water molecule giving rise to a peak at 18 below the molecularion
= Anothercommon peakis found at m/e value 31 which corresponds to the CH,OH* fragment
= Forexample, the mass spectrum of propan-1-ol shows that the compound has fragmented in four
different ways:
= LossofH®toforma CzH;O* fragment withm/e =59
= Lossof awatermolecule to form a CzHg* fragment with m/e =42
= Lossofa*CyHstoforma CHyOH* fragment with m/e = 31
= Andtheloss of *CH,OH to form a CoHs* fragment with m/e = 29

Mass spectrum of propan-1-ol
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/\ 31 PEAKS
100 -
PROPAN—1—OL 60 = MOLESULAR ION
) C3H,0H 59 = C4H,0
80 42 = LOSS OF WATER
31 = CH,OH"
i 29 = C,H;
60
i 20 59
40 42 60
20
0 : . ‘ Al | | [ . NG
10 20 30 40 50 60 70 80
m/e

CH,CH,CH,OH" (m/e = 60)

|

CH,0" (m/e = 59) + H-

CH,OH" (m/e =31) + -CH,

—> CjHg (m/e =42) + H,0

C,H (m/e =29) + +CH,OH

Mass spectrum showing the fragmentation patterns in propan-1-ol (alcohol)
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Which of the following statements about the mass spectrum of CHzBris correct?

A.Thereis one peak for the molecularion withan m/e value of 44

B. There is one peak for the molecularion with an m/e value of 95

C.The last two peaks have abundances in the ratio 3:1and occur at m/e values of 94 and 96
D. The last two peaks are of equal size and occur at m/e values of 94 and 96

Answer:

= The correct answeris D as bromomethane (CH3zBr) will fragmentinto 3 peaks

= CH3z®Br— [CH38'Br]* + e~ atm/e 96
= CH3’9Br— [CH3/?Br]* + e~ atm/e 94
= CHzBr—[CHz]*+*Bratm/e15

= Thelast two peaks (which correspond to the molecularion peak) therefore are equal in size and

occuratm/e values of 94 and 96

N\

15

X ABUNDANCE

. [CH,

94,96
[CH,®Br1" || LCH Br1”
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@ Worked example

Which alcoholis not likely to have a fragmention at m/e at 43 inits mass spectrum?

A.(CHz)2CHCH,OH

B. CHzCH(OH)CH2CH2CH3
C. CH3zCH2CH2CH20H

D. CHzCH2CH(OH)CH3

Answer:

= Thecorrectansweris D because aline at m/e = 43 corresponds to anion with a mass of 43 for
example:

m [CH3zCH,CHjJ*
= [(CH3)CH]*

= 2-butanolis notlikely to have a fragmentat m/e = 43 asit does not have either of these fragments
inits structure
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The M+1 & M+2 Peaks f

Your notes
Determine Number of Carbon Atoms Using M+1Peak

= The [M+1] peakis caused by the presence of the carbon-13 (I3C) isotope in the molecule

= Carbon-13 makes up approximately 1.1% of all carbon atoms

= Therefore, the [M+1] peakis much smaller than the M peak as the isotope is less common
= Theratio of BCto 2Cis approximately 1:99

= Thus, the greater the number of carbon atoms presentin a molecule the greater the height of the [M+1]
peak

= The number of carbon atoms, n,ina compound can be deduced using the [M+1] peak and the following
formula:

100 X abundance of [M+ 1]
1.1 X abundace of M* ion

s N =
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@ Worked example ,

Your notes
Determine the number of carbon atoms of compound X with the following mass spectrum:

A
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Answer:

= The M*ionpeakisat m/e 58 with arelative abundance of around 85
= The [M+1] peakis at m/e 59 with arelative abundance of 3
= Therefore, the number of carbon atoms (n)is:
100 X 3
= np = — = 3.21
1.1 X 85
= There are therefore 3 carbon atoms presentin compound X
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Detecting Bromine & Chlorine Atoms Using M+2 Peak /

Your notes
= The presence of bromine or chlorine atoms in a compound givesrise to a [M+2] and possibly [M+4]

peak

Chlorine

= Chlorine exists as two isotopes, >*Cland 3/Cl
= Acompound containing one chlorine atom will therefore have two molecularion peaks due to the two
differentisotopesit can contain
= 35C|=M+*peak
s 3C|=[M+2] peak
= Theratio of the peak heightsis 3:1(as the relative abundance of 35Clis 3x greater than that of 3Cl)

= Acompound containing two chlorine atoms will have three molecularion peaks due to the different
combinations of chlorine isotopes they can contain
= 35C|+35C|=M*peak
= 35C|+3Cl = [M+2] peak
= 3/Cl+3/Cl=[M+4] peak
= Theratio of the peak heightsis 9:6:1

Mass spectra of chlorine containing compounds
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COMPOUNDS CONTAINING 41ClL ATOM ,
Your notes
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LLl
O
=
<
o
=
3
< 1(IM +21 PEAK)
e
N
I I I | | I I |
33 35 37 39 m/e
COMPOUNDS CONTAINING 2CL ATOMS
A 9 (M* PEAK)
o 6 (IM+21 PEAK)
=
<
o
=
o
b
1 (M +41 PEAK)
e
N
I I 1 I I I I ~
63 70 72 74 76 m/e

Mass spectrum of compounds containing one chlorine atom (1) and two chlorine atoms (2)

Bromine

= Bromine too exists astwoisotopes,79Brand 8igy
= Acompound containing one bromine atom will have two molecularion peaks
= “Br=M* peak
» 81Br=[M+2] peak
= Theratio of the peak heightsis 1:1(they are of similar heights as their relative abundance is the
samel)

= Acompound containing two bromine atoms will have three molecularion peaks
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79Br +79Br= M* peak

79Br+ 81Br = [M+2] peak

81Br + 81Br= [M+4] peak

Theratio of the peak heightsis1:2:1

Mass spectra of bromine containing compounds

COMPOUNDS CONTAINING 1Br ATOM
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Mass spectrum of compounds containing one bromine atom (1) and two bromine atoms (2)
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@ Worked example /

Your notes
Two stable isotope of bromine have relative masses of 79 and 81

Whichiis the correct pattern of peaks in the mass spectrum of molecular bromine?

w O w O
2 Z >z
=S ES
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— —
T <
0 T ! > 0] III >
o 80 160 0 80 160
m/e m/e
[ D ]
w Q w O
> Z > =
S =S
< Z <=
oS o3>
B @ o)
< <
0 Ill . 0 I|I >
o 80 160 0 80 160
m/e m/e

Answer:

= ThecorrectanswerisD
= Bromineis a diatomic molecule there will be 5 peaks on the mass spectrum of bromine
= Bromine consists of molecules, not individual atoms
= Whenbromine is passed through the mass spectrometer, an electronis given off to give the
molecularion, Bry*
= Some of these will fragment to make Br + Br*
= Br,"—Br+Br*
= The Bratom passes through the machine, and the Br*ions will give lines at 79 and 81
= There will also be aline for the unfragmented Bry*ion
= This will give 3 molecularion peaks
= Bry*ion containing the isotopes 79 +79 =158
= Bry* containing the isotopes 79 +81=160
= Bry* containing the isotopes 81+ 81=162

Page 20 of 20

© 2015-2025 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

