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Mass
Spectroscopy

Part 1
Introduction and
Basic Principles



“*Mass spectroscopy 1s one of the primary spectroscopic
methods for molecular analysis available to organic chemust.

* = . = . .
“*It 1s a microanalytical technique requiring only a few
nanomoles of the sample to obtain characteristic mmformation
pertaining to the structure and molecular weight of analyte.

It is classified as a destructive spectroscopy; the EMR is
expected to destroy the substance under analysis “analyte”

“*It involves the production and separation of ionised molecules
and their 1onic decompositon product and finally the
measurement of the relative abundance of different 1ons
produced. It 1s. thus a destructive technique 1n that the sample 1s

consumed during analysis.
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3 . ~
**In most cases, the nascent molecular 1on of the analyte
produced fragment 1ons by cleavage of the bond and the resulting
fragmentation pattern constitutes the mass spectrum.

* -~ . .
** Thus, the mass spectrum of each compound 1s unique and can
be used as a “chemical fingerprint” to characterize the sample.

Eventhough; this method can guide us to differentiate between
isomers; the formula C:HeO is the general formula of two
isomers (ethanol C:HsOH) and ether CHsOCHs). 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 fo 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

>_< >7 >—< >—0CH3
H CsHgO, H

Exact Mass: 136.05

N HO

O

C,HO
Exact Mass: 46.04



The role of mass spectroscopy
in analysis

The primary role is fo determine the molecular mass ;

in more details; MS is used to :-

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



Laminated magnet

Mass Spectrometer A

The spectrometer consists of

1- Sample handling unit e

2- ionization chamber “unit” Soe Comicpris

3- lon separation unit Channeltrons

4- lon collector unit VTt Ions deflected

5. Recorder according to m/z
Heated Slit

filament

Sample
inlet

Detector

Ionizing
electron

beam LCD display



BASIC PRINCIPLES

Organic molecules are bombarded with electron beam

N/

converted into Highly energetic positively charged ions
(Molecular 1ons or Parent ions)

N/

Further break up into smaller ions
(Fragment 1ons or Daughter 10ns)

N/

The formed ions are separated by Deflection in Magnetic
field according to their Mass and Charge

\/

MASS SPECTRUM




Basic theory and principle

\J . . .
%* Though organic mass spectrometry 1s routinely used along
with IR, NMR and UV for structure detemination, its basic
theory 1s different from the others.

“* In mass spectrometry no characteristic selective absorption of
radiation 1s mnvolved as in the case of the other three methods.
secondly. i the mass spectrometry, the compound undergoes
uriversible chemical changes unlike n the others, where the

changes are reversible physical changes.

£ B B
**The mass spectral reactions are much more drastic than usual
chemuical reactions.
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* . . .

** Mass spectroscopy deals with the examination of the
characteristics fragments(ions) arising from the
breakdown of organic molecules.

“* A mass spectrum is the plot of relative abundance of
1ons against their mass/charge ratio.
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The principle of mass spectroscopy analysis H

1)The basic aspect of organic mass spectrometry consist of
bombarding the vapour of an organic compound with a
beam of energetic electron accelarated from a filament to
an energy of 10-15eV to form +ve charged ions (molecular ion)

s _ -~ B . . . s
2) The additional energy of the elecrons 1s dissipated 1n breaking
the bonds 1n the molecular 10n, which undergoes fragmentation to

yield several neutral or positively charged species.
Note:- The additional energy might reaches 50-70 eV

3) This fragmentation may result in the formation of Cations
and free radical
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4)The various positive ions, thus formed, can be accelerated

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

5) The deflection of ions, however, depends on its mass, and
charge

6) 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

7) The clear visual presentation of a mass spectum 1s usually

obtained by plotting mv/z wvalue agamst relative abundance.
assigning the most abundant 1on (base peak)in the spectrum as
100 per cent.



Principle and Instrumentation
IACCELEFIATION |

|IONISATION |
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- elechomadgnet

o vacuum

e purmp

There are four key stages in the process for Mass Spectrometry. /
1. lonisation ‘

2. Acceleration | DETECTION |
3. Deflection
4. Detection

arnplifier

chart
recordear
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» Ionisation

“*The atom is ionised by knocking one or more electrons
off to give a positive 1on. (Mass spectrometers always
work with positive 1ons).

¢ The particles in the sample (atoms or molecules) are
bombarded with a stream of electrons to knock one or more

electrons out of the sample particles to make positive 1ons.

** Most of the positive ions formed will carry a charge
of +1.

**These positive ions are persuaded out into the rest of the
machine by the 1on repeller which 1s another metal plate
carrving a slight positive charge. “cathode” and by the effect

of the focusing ev from the electron source “50-70 ev”.
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Q1] What does ionization mean in ms?

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

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

Q4] What is the role of metal plate?



Initial loss of electrons

16

More easy | non.bonding orbital > x-orbital > o-orbital | -®SS 3Y
: —— bita)
R +
\rOV/\ i [\ro\/\‘ = \ro\/\
from a x orbital

o) .eB
/u\ ——

X



- Acceleration
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“** The 10ns are accelerated so that they all have the

same Kkinetic energy.

final plate
intemmediate plate | at 0 volts
I
e ————— » <

A

High Medium  Zero
voltage voltage voltage

Q1] What does acceleration mean in mass spectroscopy?
Q2] What is the source of such acceleration?

-
%_.

-
‘.

on bearn
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**The positive ions are repelled away from the positive
1onisation chamber and pass through three slits with voltage

in the decreasing order.
Positive ionization chamber “Cathode”

**The middle slit carries some intermediate voltage and the
final at ‘0" volts.

** All the 1ons are accelerated into a finely focused beam.
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» Deflection
“*The ions are then deflected by a magnetic field

according to their masses. The lighter they are, the
more they are deflected.

“*The amount of deflection also depends on the
number of positive charges on the 1on -The more the
10on 1s charged, the more 1t gets deflected. "zl

-

elechomagnet

gh-Voltage Stack

Faraday ¢ &%
ell co"ﬂc‘m s & :
Channeltrons

Med —f «ses>esegy — ion shream C
Ion shr<am T A

/
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**Different ions are deflected by the magnetic field by
different amounts. The amount of deflection depends

O11.

“*The mass of the ion: Lighter ions are deflected more
than heavier ones.

““The charge on the ion: Ions with 2 (or more)
positive charges are deflected more than ones with only
1 positive charge.



» Detection
** The beam of ions passing through the machine is detected

electrically.

. £ ces it night ine t
pasiiva bn 0nl} 10n stream B makes 1t nght through the machine to
the 10n detector.
The other 10ns collide with the walls where they will
! pick up electrons and be neutralised.
LT They get removed from the mass spectrometer by the
® elugletey vacuum pumgp.
1 The detector records either the charge
induced or the current produced when an ion

skchors passes by or hits a surface.



22

**When an ion hits the metal box, its charge is neutralised
by an electron jumping from the metal on to the 10n.

. .
**That leaves a space amongst the electrons in the

metal, and the electrons in the wire shuttle along to fill
it.

“*A flow of electrons in the wire is detected as an
electric current which can be amplified and recorded.
The more 10ns arriving, the greater the current.

What is the difference between metal plate in ionization unit and metal plate “metal box”
In the detection unit?



ahob=

lonization methods

There are several methods; just we’ll focus on

Electron Impact lonization (E.lL.I)
Chemical lonization.(C.I)

Field lonization. (F.I)

UltraViolet. (U.V)

Laser Microprobe.(L.M)

23
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1] Electron Impact lonization (E.l.l)

* 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°C.

* 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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Note:-

* 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.

e 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.

25



Disadvantages of E.l.I|

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

. The molecular ion might not been seen because of

its destruction from the beginning.
Incomplete evacuating leads to the appearance of
sort of overlapping peaks (gases are still there).

26
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2] Chemical lonization (Cl):-

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.



Chemical lonization Mechanism 28

CH4 — Cf—ﬁ

()
® ®
o ® @
CH; + H » CHs
H
electron lost under -
electron bombardment NES CHy . & \&H
CH, » CHy » CH; + H—C.
' WY
R-H + CI']5+ _» -H2+ + CH4 H
>
proposed structure of CHs

. the two black bonds share two electrons
You might see an VH1 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,
assignhed 100% intensity

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

**m/z - mass to charge ratio

29
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MOLECULAR ION PEAK:

The i1on formed from a molecule by removal of one electron of lowest
ionization potential is known as molecular ion.

The molecular ion is detected as mass to charge ratio that corresponds to
molecular weight of molecule. The molecular ion peak gives the molecular

weight of compound . The molecular ion peak is highest mass number except

isotope peak. Base peak Molecular ion peak

Fragment ions

Abundance

m/z

15




Mass
Spectroscopy

Part 2
Fragmentation Patterns
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Fragmentation process:

“*Bombardment of molecules by an electron beam with
energy between 10-15ev usually results 1in the 1onization of
molecules by removal of one electron (Molecular 1on
formation).

“*When the energy of electron beam 1is increased
between 50-70ev, these molecular 1ons acquire a high
excitation resulting in their break down into various
fragments. This process 1s called “ Fragmentation process™.



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.

e There are several rules for such
fragmentation.

33



Fragmentation of the Molecular 1on

Fragmentation of a molecular ion, M, produces a
radical and a cation.

-Only the cation 1s detected by MS.

+
[A-B ]
Molecular ion
(a radical cation)
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More on Conventions...

When a molecule is ionized by EIMS, must decide which
electron to remove. Always best to remove an electron from
a wbond, or from a heteroatom lone pair. It will become
more clear which is the better choice when we look at

individual examples.

The bond breaking can be done either by homolytic or

N

heterolytic cleavage.

One electron movement

(homolytic)

Two electrons movement

(heterolytic)

H:;C—CH,—O—R

lEl
éHg + H,C=0O—R

Homolytic

ch“CHQ"‘Br

lEl

CHy—CH,—8r
3 2 o
CH,—CHS" + Br

Heterolytic



electrons in the
bonding pair "move"
together

electrons in the
bonding pair "move"
independently

S

- :Er:

» ‘5."'

+ Br

heterolytic
fragmentatio

I

homolytic
fragmentation

36



How can both radical and cation be formed through
fragmentation?

/\n/\ 10-15 ev /\n}{\
°0e

| ti o Homolytic cleavage
onization .Oé \ 8

fragmentation

50-70 ev
Y
® ®
/j“ = /m; N\
e O0® %0
( detected) (not detected)

seen in the spectrum not seen in the spectrum
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Some common and well-known fragments (F.)

M-
M-15
M - 29
M - 31
M - 43
M - 45
M- 57
M -2
M-18
M - 28
M - 32
M- 44
M - 60
M- 90

loss of hydrogen radical
oss of methyl radical
loss of ethyl radical

oss of methoxyl radical
oss of propyl radical
oss of ethoxyl radical
oss of butyl radical

loss of hydrogen

oss of water

oss of CO or ethylene
loss of methanol

loss of CO,

loss of acetic acid

loss of silanol: HO-Si(CH3),

3333331112

‘H ‘
CH3

'CH2CH3

OCH3
'CH2CH2CH3
'OCHQCH3
'CH2CH2CH2CH3
Hy

H,0

CO or M - CH2H4
- CH4OH

cO,

- CH4CO,H

HO - Si - (CH4)s

—




A GUIDE TO INTERPRETING MASS SPECTRA

Mass spectrometry is an analytical technique that allows us to measure the masses of atoms and molecules. The most important peak in a mass spectrum
is the molecular ion peak, which can be used to determine the mass of the molecule, but fragment ions can also provide information on chemical structure.

HOW MASS SPECTROMETRY WORKS

| o

87
it
i
h
E
§

;
é

i
i
i
fh

H

i
I
|
é

H
|
i
i
if

1
:
:
i
5
H

charges.
lons hit acharged plate & accept electrons,
a signal. The more ions that hit, the greater the
signal. The output is a complex stick diagram.

|

© 00 0o
:
:
2
i
%

2 peaks seen due to the ®Ci L
¥Cl isotopes, in a 31 ratio due
10 their natural sbundance.

2 peaks seen due to the ™Br &
e isotopes, in a 1:1 ratio due
to thei natural abundance.

Above are shown a selection of common fragment ions seen in mass spectra, along with their masses. Note that
the structures shown are general representations, and it can also be possible for isomeric structures (those with the
same constituent atoms, but a different structure) to cause the peaks in spectra. There are also many more fragments
possible than those shown, but knowledge of these should suffice to interpret spectra of most simple molecules.

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @ 0 e e
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence. —



o cleavage

» Alpha cleavage in mass spectrometry is a
characteristic fragmentation of the molecular ion derived
from carbonyl compounds, in which the bond linking the carbony]l
carbon to the atom occupying an alpha position breaks.

» It is an expected pathway for carbonyl

compounds,ethers,halides,alcohols,and amines.




MW. =128
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Alpha cleavage in alcohols, amines and ethers

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.

i

OH

NH> g
/L.s"i/
: q *
e

—

—

Resonance-stabilized cation

-:OH

<s

: NH»

.

—
o~

_._..

OH

=

Wl

Resonance-stabilized cation

" NH>5

— )

+

Resonance-stabilized cation

-/

Neutral radical
(not seen)

-/

Neutral radical
(not seen)
CHgj-

Neutral radical
(not seen)
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Mclafferty Rearrangement “

Mechanism: Abstraction of Gamm Hydrogen Followed by cleavage [ i I [ A il
of Beta bond to form two fragments (i) Olefin (Alkene) (i) Enol “-/( 1 . n/
Gamma hydrogen ! \' ) /&
H\ /Rl + I—H
o
:0~""CH 0 HC/R
N~ ] 4
A A\ CH
H, \ H,C R ‘
oets boast Enol Neutral olefin

Molecular ion Ethylene Enol radical cation



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

- . & ° 4
x «CeHiy o oL Homo
C L . e C” u-Cleavage

9,

"t" - 71
mz=29
‘ D H,C=CHO x Hetero
NN — N f-cleavage
’ ' U H M-43
m'z =57

H LA =
J( L PN te OH
i —_— ;\ McLafferty rearrangemen
H
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Retro Diels-Alder fragmentation

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 a cleavages yield a butadiene radical and a neutral ethene

+ +

7 o
> + H




Relative intensity

47

100- ©
] CeHs
] 104
50.—
N 158M*-
o 78 9 115 1
s 27 ¥ 3 : 1
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Mass
Spectroscopy

Part 3
Application



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



50

CHy—CHy+-CHy+CH, CH;,ICHzICHa CH;

85
7o 71
, 57
3 43
29
100 _
CH3(CHy)(CH; i
584 MW=114
=
v
S 60 -
o
<
v 4() -
g 29 57 85
%20 7
o ‘ | | | M (114)
0 ] - | R I, l
W E2T R BT DR InGA Rl 2l P Gk PGl BARA Rolidtel BRSET ety B ROl - Euiel] frkabdid (a0 PRy BBl bEdhd Rl T ] fif el
10 20 30 40 50 60 70 80 9% 100 [10 120
mlz

© Breoks/Cole, Cengage Leaming



Basic Fragmentation Processes
Stevenson’s Rule

® The most probable fragmentation is the one that leaves the positive charge on the
fragment with the lowest ionization energy

- fragmentation processes that lead to the formation of more stable
lons are favored over processes that lead to less stable ions

¢ Cleavages that lead to formation of more stable carbocations are favored
- cation stability is more important than radical stability

® When loss of more than one radical is possible, the largest alkyl radical will be lost
preferentially

U]y o

> ) + ©CH,CH;

51



abundance

52
Fragmentation Patterns

* Mass spectrum of 2-methylpentane

100
43
” M-43 (|3H3
CH;_CH—CHQ_CHE_'CH;
60 2-methylpentane
40 M-15
M-29 ik
20 57 M+
N YA
0 L} el il | | | | ! | ..
0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

mlz

R D> ®
H3C/\CH3 CH.CH,CH,



Mass Spectrometry

Basic Fragmentation Processes

Ease of Fragmentation

less fragmentation

more fragmentation

aromatics
alkenes

unbranched hydrocarbons
ketones

amines

esters
ethers
carboxylic acids
branched hydrocarbons
alcohols

higher relative
abundance of M*

v

lower relative
abundance of M*

53



Mass Spectrometry: Fragmentation

Branched Alkanes

2.2-dimethylbutane

Relative Intensity

100 —

80 —

N
S
|

40 —

20 —

0

CHj

CHg
MW = 86

43 o7
] M-43 M-29
71
7 M-15
-«— larger M-15
29
M-57
Loy [ - iLa l o | .
IIII[IIIIIIIII|III |llll|llll| Ill||lll|[lll| II[IIII]I!II' III|IIIJ|IIII]
10 20 30 40 50 €0 70 80
T m/z T
M* absent

base peak

|
CHS_(P_CHZ-CHS
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Fragmentation Patterns

 Alkenes:

— Fragmentation typically forms resonance stabilized allylic

carbocations

~allylic position

H CH,>?

.+_

H CH, H CH,
S P | — Y=c! — Y |
/7N | G " \
_H3C H “cleave here _H3C H H5C H
methallyl cation, m/z 55
100
P T W
30 >
trans-2-hexene
ﬂ)
g 60
=
2 40 M
= 84
20 ‘
ol Al I|| l .".

50 60 70 80 90

mlz
Copyright © 2006 Pearson Prentice Hall, Inc.

100 110 120 130 140 150 160

55

‘CH,CHj



Alkynes s6

Alkynes typically
— show a strong molecular ion peak.

— cleave readily to form the resonance-stabilized
propargyl cation or substituted propargyl cations.

. . s : +
J-Propvnyvl cation HCE/aCH2+ «—» HC=C=CH,

(Propargvl cation)

100

[Hemcon, )t

g HC e CCH,CHLCHy
_2- 80 4 MW = 68
Z 60 ’
p: | I*
> CHCH
= 40 s
=
v
2 20 | M (65)
0 B e L e L L L

10 20 30 40 50 60 70 S0

mi=



Relative Intensity

Fragmentation Patterns 57

* Aromatics:
— Fragment at the benzylic carbon, forming a resonance stabilized benzylic

carbocation (which rearranges to the tropylium ion)

100 —
-NW-267
MS-NW-2671 91
80 — H—C +Br + H—C @
i @ ) @ y
60 — l H—C®
40 — © .
20 — M*
0 llll|IllI|Illl|llII]llll[ll:I]llll|llIllIlll|Illl|I%!I!iIll|llll|lll||ll|l]llll[ Ill]lIIl'lIIl|IIll|IIII|IIII|IIllIIlll|lllI|llII|lllI]IIIIIIIII[IIII|IIII|IIII|iIII|
25 100 125 150 175

m/z



H 58

+ H H
B . Tropylimn cation
Cron] e 5 o mong
H

Toluene radical H
cation

» Tropylium ion formation

Ho .(*H . o
JH-—* H—-Ej\u

» Tropylium ion structure: @



Relative Intensity

Fragmentation Patterns

Aromatics mayv also have a peak at m/z = 77 for the benzene ring.

100 —

80 —

)
O
I

N
-
|

20 —

0

59

MS-NW-5436

o

77

123

10

i i L P |
IIll|IIII|IIII]IIII|IIII|IIIIIIII!]IIIII

20

30 40 S0

ol
ill]llllllllllllllllll

60 70

m/z

I lllllII|lllIIIIIi|IlIlIIIII[(:IIIIIII'IIIIIII

380

90

100

110
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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.

* 1° alcohol usually has prominent peak at m/z =31
corresponding to H,C=OH"*

60



Relative Intensity

Fragmentation Patterns 61
100 - M*-29

MS-NW-0074

%7 CH3CH,CH,OH

(0]
o
|
e

o
o
I

M*-18 M-

|‘|| | | ||
T 1T 1T 1

1 ol L | ]
ll[lllllllllll||l|l|l||||||

. \
I I I
10 19 20 23 30 39 40 45 50 93 60

m/z
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Provide a clear interpretation for each given fragment

100 T
3 HOCH,CHyCH,CH; [CHy=OH]? 56 M-18
= 80+ MW =74 /
T
260- 4
1 - + 1l +
i |(‘H3-('Hz]+ l( 3“7' [( -l“SI
= 40 4
.:j‘ ),
% 201 [mo]* M (74)
18 [
01v11[>"‘]rvrv]: o B g 'L'?vyvlv:'r vv[vvvtlirvvluv’-ﬁrﬂ-v-ﬁ—
[() 20 30 40 50 60 70 80
mlz
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Alpha Cleavage of Amines

R

o~ -y
R—LCH,~-N-
\

e

«a cleavage

—

sl

R-

H H

minium 1on

* The most common fragmentation of amines is

a-cleavage to give a resonance-stabilized

cation—an iminium ion.

Chapter 19

33

63



abundance

Fragmentation Patterns 64

5 :
CH3CH2—§—CH2—I\|1 —CHzCH2CH,CH3
H

100 ]
72 M-Propyl re
80
60 \
86 H
! M-Ethyl
20 ;
M115
0 | | | Il II‘I | II II | | | | | | | _
[0 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160
mlz

Copyright © 2006 Pearson Prentice Hall, Inc.



Fragmentation Patterns 65

* Ethers
—a-cleavage forming oxonium ion

H
R--CH,—O—R]’ —> =0’

—Loss of alkyl group forming oxonium ion

—~—

[_R—CHE—OJFR’_]*? 25 R CH=0—H
—Loss of alkyl group forming a carbocation
[R—CH,—O—+R]t —> R—CH,—O- + *R’

not observed alkyl cation

Copyright © 2006 Pearson Prentice Hall, Inc.



abundance

100

30

60

40

20

Fragmentation Patterns 66
Diethylether (CH;CH,OCH,CH,)
31
@ CHACH,O=CH
H_Q:CHZ Sadll’s gl
\ H- S:CHCH3 59ﬁ
, M™
45 m-29
74
| llll I I | 1 | |
10 20 30 40 50 60 70 30 Of
m/z

Copyright © 2006 Pearson Prentice Hall, Inc.



Fragmentation Patterns

* Aldehydes (RCHO)

— Fragmentation may form acylium ion
©,
RC=0:

— Common fragments:

+ ®
e M*-1 for RC=0:

« M*- 29 for R® (i.e.RCHO - CHO)

67



Relative Intensity

Fragmentation Patterns
* Hydrocinnamaldehyde

0= MS-NW-1506 |
91 (tropylium) Il
105 _
: M* = 134
o = KRG )
: E - 105 M‘29
N/ §r§rerH (M-23)
40- Hi H )
| 133 |
o1 J
204 0
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Fragmentation Patterns

7
RCR’

e Ketones

— Fragmentation leads to formation of acylium ion:

@
* Loss of R forming R'C=0:

®
* Loss of R’ forming RC=0:

69



Relative Intensity

Fragmentation Patterns 70
 MS for 2-pentanone 0
CH3CCH,CH,CH
L MS—NW-0861
_ @
CH3CEQ M-43
& @
iy CH3CH2CH2CEO:
| 86 M+
. 58 (Mclafferty) J
0 _u | -.lIH, I.il!i]! !i||||I|1i|i|ili||||l||lllllilx e

m/ z




Fragmentation Patterns

* Esters (RCO,R’)
—Common fragmentation patterns include:
* Loss of OR’
—peak at M* - OR’
* Loss of R
—peak at M* - R

71



Relative Intensity

Fragmentation Patterns 72

100 —

MS 77 M- OCH3 105
...... . (Benzoyl)
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Carboxylic Acids

» Characteristic fragmentation patterns are
a-cleavage to give the ion [CO,H]* with m/z 45.
— McLafferty rearrangement.

¥
L

O
/\).I\ a~cleavage W e + [0: C-O-H]+
OH
Molecular ion iz A
m/z 88
McLafferty - 1+
rearrangement H 0 .

-]
L )\OH.

m/z 60






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

75
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Relative Abundance
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CHyCH,CHyCOH

MW =88

M-
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‘ ' A+ 0cH;

0 I+ )
/\)l\ ' , mz’1
oCH o=cleavage

. . 0

Molecular ion A TN + |

'z 102 OCH;
m'z 39
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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
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CHyCH,CH,COCH, P
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Relative Abundance
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Natural Occurring Isotopic Abundances of
Common Elements

Element

hydrogen

carbon
nitrogen
oxygen

sulfur
chlorine
bromine

iodine
78

H

12C
14N
140
32g

35(:'

M+ M+ +1

100.0%

98.9% BC 1.1%
99.6% SN 0.4%
99.8%
95.0% 38 0.8%
75.5%

Br 50.5%

127)

100.0% Mono isotpoic
feature

M+ +2

180 0.2%
348 4.2%
37C1 24.5 %
81Br 49.5%



Easily Recognized Elements in MS

Bromine:
H M~ M+2 (50.5% 7°Br/49.5% 81Br)

100

MS-NW-4351

00
o
I

2-bromopropane

Relative Intensity
3
|

20—

\
e~
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IMU)| v+ 2

100 120

80

60
m/z

4 /\Br

20

0.0

1

804

T3

asuepunqy ‘19y

204



Isotope effects

Molecular weight Br isotopic abundance
Br =79.9040 PBr = 50.5 %

3IBr =49.5 %

Methyl bromide @ CH3;Br  93.9418I
100

CH,"Br
CH,*Br

8 & 8 8
‘IIIIT]III

o
—
-
-l
=
-




Easily Recognized Elements in MS

Chlorine:
— M+2is~ 1/3 as large as M*

100 —

MS-NW-5435

¢l M*

-

(o))
o
l

M+2

Relative Intensity
)
|
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100

o 8 8 8 8

Isotope effects

Molecular weight
Cl=35.453

Cl isotopic abundance
BSCl=175.4 %

31C1 = 24.6 %

3CI : 37CI Ratio = 3:1

83

Methyl chloride ~ CH,Cl  49.99233
- CH,*CI
i CH,YCI
= ;
I ]_ 1 l ] ' 1 L] I || l I I 1 I 1 I 1 ' 1 ‘I || l || l | l 1 I 1
20 40 60 80 100 120 140 160




84

aouepuNqy ‘19y

m/z



85

Easily Recognized Elements in MS

* lodine )
—I*at 127 Large gap —— A
_ A
— Large gap 4 N )
ICH,CN Ii
0 ;WuﬂmanwmemW !uunpm:




Rel. Abundance

86

M -] I
i L<
80+
504 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
40-
204 I IM']
-
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Easily Recognized Elements in MS

Sulfur:
— M+2

Relative Intensity

100 —

00
o
|

)]
o
I

S
o
|

20 —

MS=HW-2557

87




Nitrogen rule:-

The nitrogen rule states, that a molecule that has no or even
number of nitrogen atoms has an even nominal mass, whereas a
molecule that has an odd number of nitrogen atoms has an odd

nominal mass.

Example:-1

H

H

nominal mass

#N atoms =0
nominal mass

C O H

H

molecular formula = CH,O

= (1x12) + (4x1) + (1x16)

= 32 (even #)

0 . A
3 A-AUR=- 18

88

Example:-2 BB
.

H C N

H

molecular formula = CHsN
nominal mass = (1x12) + (5x1) + (1x14)

= 31 s

# N atoms = 1 (odd #)
nominal mass = 31 (odd #)




89
Easily Recognized Elements in MS
Nitrogen rule

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

100 —

41

=

00
o
|

IS
o
|

Relative Intensity
3
l
T
w
2

20 —




Contd....

The molecular ion appears at m/z 121, indicating an odd number
of nitrogen atoms in the structure.

100 = ==
o - 105

8 04 benzeamde
@
L& ]
60—
-
c )
=}
<40-
3

20 - 44

o v l.' S l"‘ ‘ i |‘ 'mJ- 'llll|l . 'l . ‘l v . .

0 40 80 120 160
m/z

31-Aug-14 Solairajan 80



