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Part 1 
Introduction and 
Basic Principles
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Introduction 

 It is classified as a destructive spectroscopy; the EMR is
expected to destroy the substance under analysis “analyte”
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Eventhough; this method can guide us to differentiate between
isomers; the formula C2H6O is the general formula of two
isomers (ethanol C2H5OH) and ether CH3OCH3). Inspite of both
have the same M.wt and the last peak in the spectrum for both
is the same, but we have the ability to Distinguish through
fragmentation peaks that are different in some of them. Also p-
toluic acid and p-methoxybenzaldehyde have the same idea.
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Fragments  might lead for structural identification
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1- Prove the identity of two compounds
2- prove isotopes ratio
3- Establish the structure of a new compound in
different ways; such as:-
a. It can give the exact molecular mass.
b. It can give a molecular formula or it can reveal the presence of

certain structural units in the molecule under analysis

The role of  mass spectroscopy 
in analysis
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The primary role  is to  determine the molecular mass ;
in more details; MS  is used to :-
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beam
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Basic theory and principle
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1)

2)

3)  

11The principle of mass spectroscopy analysis
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5)

4)  

7)
obtained

When an ion hits the metal box, its charge is neutralized by an
electron jumping from the metal on the ion; that leaves space in
the metal, and the electrons in the wire shuffle along to fill it.
And flow of electrons in the wire is detected as an electric
current which can be amplified and recording

6)

using ev pushing out  and voltage difference using Cathode and 
anode plates and deflected using magnetic field 

and 
charge
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There are four key stages in the process for Mass Spectrometry.
1. Ionisation
2. Acceleration
3. Deflection
4. Detection
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Q1] What does ionization mean in ms?

Q2]  What is the source of such ionization? Why I 
is known as thermal ionization?

Q3]  It is important to start with lower of ev then 
gradually increasing to higher energy ev?

Q4] What is the role of metal plate?



16Initial loss of electrons
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Zero 
voltage
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Positive ionization chamber “Cathode”
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The detector records either the charge
induced or the current produced when an ion
passes by or hits a surface.
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What is the difference between metal plate in ionization unit and metal plate “metal box”
In the detection unit?



1. Electron Impact Ionization (E.I.I)
2. Chemical Ionization.(C.I)
3. Field Ionization. (F.I)
4. UltraViolet. (U.V)
5. Laser Microprobe.(L.M)
  

Ionization methods
There are several methods; just we’ll focus on 
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1] Electron Impact Ionization (E.I.I)

• It is the most common method of ionization in mass spec. It
includes the gaseous substance entrance to the ionization
unit which is evacuated from air and temperature inside is
200 oC . 

• The substance molecules are exposed to an electron beam
with 10-15 ev that arises from hot filament.

• When the molecule is exposed to this high energy electrons;
they are ionized forming cations "positive ions“.
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• The used voltage 10 ev is enough to give only one molecular 
ion that means; it gives one peak that matches the M. Wt
without any fragmentation in the original molecule.

• But increasing the value of voltage " ev" 50-70; causes many 
fragments  formed which is good in the case of  trying to 
identify the full structure through puzzle reconstruction but 
for unstable molecules it is not good.
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Note:-



1. Unstable molecules are broken and fragmented
for very small ions difficult to be interpreted .

2. The molecular ion might not been seen because of
its destruction from the beginning.

3. Incomplete evacuating leads to the appearance of
sort of overlapping peaks (gases are still there).

Disadvantages of E.I.I
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2] Chemical Ionization (CI):-

• In this method; gas (methane, butane or ammonia) is used
alongside the sample in high concentration.

• Methane is ionized due to the effect of its exposure to an
electron beam after entering the ionization unit alongside
with sample under analysis.

• Then methane ions react with sample molecules; causing
altering in charges (proton transfer). It is known as indirect
ionization

• This method is very suitable for unstable molecules that are
broken and fragmented into very small fragments when
different methods are used to get analysis done.
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CH4 + CH5H

Chemical Ionization Mechanism

CH4 CH4

CH4 CH4+ CH5 + CH3

R-H       +       CH5 
+

R-H2
+

       +       CH4

R+           +    H2

You might see an  M+1 peak



Mass Spec. Terminology

Molecular ion - The ion obtained by the loss 
of one electron from the molecule (m+)

Base peak - The most intense peak in the MS, 
assigned 100% intensity

Fragment ions - Lighter cations (and radical 
cations) formed by the decomposition of the 
molecular ion.

m/z - mass to charge ratio 
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m/z



Part 2
Fragmentation Patterns
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Fragmentation Patterns

• The impact of the stream of high energy
electrons often breaks the molecule into
fragments, commonly a cation and a radical.
– Bonds break to give the most stable cation.

– Stability of the radical is less important.

• There are several rules for such
fragmentation.
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A B=A B
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One electron movement 
(homolytic)

Two electrons movement
(heterolytic)
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O O

10-15 ev

50-70 ev

OO
+

(not detected)
not seen in the spectrum

( detected)
seen in the spectrum

Homolytic cleavage

How can both radical and cation be formed through 
fragmentation?

fragmentation

Ionization
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Some common and well-known  fragments (F.)
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Homolytic alpha cleavage



When a molecule contains heteroatoms (elements such as oxygen, sulfur, and nitrogen),
breaking next to these atoms makes cations that are resonance stabilized. For example,
breaking the C-C bond next to an alcohol (carbinol) group creates a resonance-stabilized
carbocation. This type of break is called alpha cleavage and is commonly seen in alcohols,
amines and ethers.

Alpha cleavage in alcohols, amines and ethers 42
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Aldehyde might undergo alpha, beta and Mclafferty rearrangement. Explain 45

Note:- For breaking bonds; any atom left or right to carbonyl is known as alpha

Homo

Hetero 



Retro Diels-Alder fragmentation
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This reaction occurs mainly in cyclohexene and its derivatives. Upon ionization, the pi
electrons are excited and generate a charge site and a radical site. Following this, two
successive α cleavages yield a butadiene radical and a neutral ethene
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Part 3
Application 
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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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Fragmentation Patterns

• Mass spectrum of 2-methylpentane
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H3C CH3
CH3CH2CH2
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Fragmentation Patterns
• Alkenes:

– Fragmentation typically forms resonance stabilized allylic
carbocations
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Fragmentation Patterns
• Aromatics:

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

M+

CH
H

CH B r
H

C
H

H

or

91
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Fragmentation Patterns
Aromatics may also have a peak at m/z = 77 for the benzene ring.

NO2

77

M+ = 123

77
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Fragmentation Patterns
• Alcohols (M+ - 17 or M+ - 18)

– Fragment easily resulting in very small or missing parent 
ion peak

– May lose hydroxyl radical
or water

• M+ - 17 or M+ - 18

– Commonly lose an alkyl group attached to the carbinol 
carbon forming an oxonium ion.
• 1o alcohol usually has prominent peak at m/z = 31 

corresponding to H2C=OH+
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Fragmentation Patterns

M+M+-18

CH 3CH 2CH 2O H

H 2C O H

61

60

M+-29
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M-18

الاسئلة المشهورة من ضمن 

Provide a clear  interpretation for each given fragment 



Fragmentation Patterns 6463



Fragmentation Patterns
86

C H 3 C H 2 C H 2 N
H

C H 2 C H 2C H 2C H 3

72

M-Ethyl

M-Propyl

115
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Fragmentation Patterns

• Ethers
–a-cleavage forming oxonium ion 

– Loss of alkyl group forming oxonium ion

– Loss of alkyl group forming a carbocation
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Fragmentation Patterns

H O CHCH3

Diethylether (CH3CH2OCH2CH3)

CH3CH2O CH2H O CH2
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M-15

M-29



Fragmentation Patterns

• Aldehydes (RCHO)
– Fragmentation may form acylium ion

– Common fragments:
• M+ - 1 for

• M+ - 29 for

RC O

R  (i.e. RCHO - CHO)

RC O
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Fragmentation Patterns
• Hydrocinnamaldehyde

M+ = 134

C C C H
H

H

H

H

O

133

105

91

105 (M-29)

91(tropylium) !!!
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Fragmentation Patterns

• Ketones
– Fragmentation leads to formation of acylium ion:

• Loss of R forming

• Loss of R’ forming RC O

R'C O

RCR'
O
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Fragmentation Patterns

• MS for 2-pentanone
C H 3 C C H 2 C H 2 C H 3

O

M+
CH3CH2CH2C O

C H 3 C O
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86

M- 43

58 (Mclafferty)



Fragmentation Patterns

• Esters (RCO2R’)
–Common fragmentation patterns include:

• Loss of OR’ 
–peak at M+ - OR’

• Loss of R
–peak at M+ - R
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Fragmentation Patterns

M+ = 136

C
O

O CH3

105

77 105

77

72

M- OCH3
(Benzoyl)
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m/z = 45
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M- Propyl

[CO2H] +

Provide clear interpretation for the peak 60 and 45
N.B:- take care when it is carboxylic acid or ester  
( just think about Mclafferty rearrangement and 

α cleavage!!!!!!!!
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77
Provide clear interpretation for all given numerical peaks

N.B:- take care when it is carboxylic acid or ester  ( just think about Mclafferty 
rearrangement and alpha cleavage!!!!!!!!



78

Element M+  M+ +1  M+ +2

hydrogen 1H 100.0%   

carbon 12C 98.9% 13C 1.1%

nitrogen 14N 99.6% 15N 0.4%

oxygen 14O 99.8% 18O 0.2%

sulfur 32S 95.0% 33S 0.8% 34S 4.2%

chlorine 35Cl 75.5% 37Cl 24.5 %

bromine 79Br 50.5% 81Br 49.5%

iodine 127I 100.0% Mono isotpoic
feature

Natural Occurring Isotopic Abundances of 
Common Elements
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Easily Recognized Elements in MS

 Bromine:
 M+ ~ M+2  (50.5% 79Br/49.5% 81Br)

2-bromopropane

M+ ~ M+2
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Easily Recognized Elements in MS

• Chlorine:
– M+2 is ~ 1/3 as large as M+

Cl

M+2

M+
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Easily Recognized Elements in MS

• Iodine
– I+ at 127
– Large gap

Large gap

I+

M+

ICH2CN
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The combination of a peak at m/z 127 (I+) and a
large gap of 127 mass units between fragments
containing iodine and fragments lacking in iodine
allows for the compounds identification
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• Sulfur:
– M+2

Easily Recognized Elements in MS

M+

M+2

S
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Easily Recognized Elements in MS
• Nitrogen rule

– Odd number of N = odd MW
– Even or zero number of N = even MW

CH3CN
M+ = 41
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