Mass Spectroi ;.

24.1. INTRODUCTION

Mass spectrometry (MS) is the most accurate method for determining the molecular
compound and its elemental composition. In this technique, the molecules are bombarded
high energy or energetic electrons. The molecules are ionised and broken up into many frag
of which are positive ions. Each kind of ion has a particular ratio of mass to charge (i.e., mie
most ions, the charge is one and thus, the m/e ratio is simply the molecular mass of the ion.

In mass spectrometer ions are produced from the sample, generally by electron bomb
accelerated to form a total ion beam which is deflected in a magnetic field and dispersed into a.
of beams, according to the mass to charge ratio (m/e) of the ion present.

The mass spectrum of a compound is a plot which represents the intensities of the signals atva
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Fig. 24.1. Mass spectrum of Neopentane.
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es. It is highly characteristic of a compound. No two compounds can have exactly similar mass
5. Mass spectra 1S used (7) to prove the identity of two compounds and (i) to estﬁblisi the structure
3 ‘compou.nd- The largest peak in the spectrum is called the base peak and its intensity is taken as
ensities of the other peaks are represented relative to the base peak. The mass spectrum of

fa
_ The int
100 is shown in Fig. 24.1.

qeopentant !
2. THEORY OF MASS SPECTROSCOPY

Mass SP§Ct0r5C0PY is an instrumental technique in which sample is converted into rapidly moving
Sitive 10ns which are then separated and characterised. A parent ion results when one electron 1s removed
from the parent molecule of the substance
M(g) + ¢ > M'(g) + 2¢
The m/e value of the parent ion is equal to the molecular mass of the compound. In few cases, the
ot ion peak may be the base peak and can be very easily recognised. In most of the cases, parent ion
is not the base peak and is often of very small abundance. The mass spectrometer is designed to perform

three basic functions. These are :
(@) To vaporise compounds of varying volatility.

(b) To produce ions from the neutral compounds in the vapour phase.
e ratio and to record them. The plot of

(c) To separate ions according to their mass over charg
tensities along the ordinate is called the

m/e values taken along abscissa and their relative in
mass spectrum.
M*(g) = m +m

or m + mf

Neutral particles, prod
To explain this, the following example is given :

uced in the process of fragmentation cannot be detected in the mass spectrometer.
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. with an unptind electron. The following is the mass s
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Fig. 24.2. Mass spectrum of Naphthalene.

In the above Fig. 24.2, for naphthalene (C, H,), the molecular ion is highly abundant.
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24.3. INSTRUMENTATION i

The instrument needed to produce the mass spectrum of a compound is called mass spectrometer.
It is an instrument which produces charged ions consisting of the parent ion and ionic fragments of the
original molecule, and sorts these ions according to their mass/charge ratio. Mass spectrometer is one of
the most costly and complex electronic and mechanical devices employed by the chemist.

A mass spectrometer is an instrument that is used for the determination of constitution of materials

the material may be a solid, liquid or gas. The following is the schematic representation (Fig. 24.3) of 8
mass spectrometer.
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Fig. 24.3. Schematic diagram of mass spectrometer.




, - components of a mass spectrometer are :

| Inlel system
The N source
'»n.e electrostatic accelerating system

“‘ Jon collector

{, Inlet system
The most commonly used method for the gaseous samples is the molecular leak method. For gaseous
s the Fnethod mvo-lves thg transfer of a gas from a bulb to the inlet sample reservoir via a sensitive
ing device. The gas is held in the reservoir at 10 - 10torr. In case of solids and liquids, the samples
b vapourised before .they reach the reservoir. If the solid samples are not volatile, they have to be
verted to the corresponding deviatives like acetates, esters and trimethyl silyl ehters. Usually, the sample
es from 0.1 mg to several milligrams.

ystem

e vari
3432 Ton Sources
~ Thefirst and the most important step in obtaining the mass spectrum is to ionise the sample under
' gmination. The common technique used for the production of ion in mass spectrometer is by the
wmbardment of electrons. The vaporised sample is introduced under low pressure into the ion source tube
adthe sample molecules are bombarded with a beam of electrons emitted from a hot tungston or rhenium
siie. The bombarding electrons have energy of about 70 eV. Due to bombardment, the molecules generally
lose one electron to form a parent ion radical, The bombardment of electron may result in the following
types of ions :
AB(g) + ¢ —» AB* +e¢

— AB* + 2¢

> AB"+(n+1)e

> A*+B +e

—> A*+B +2¢

— AB-
Loy {;tiengral, the energy required to remove One electo.rn from the neutral parent molecule is usually
| With this energy, no further fragmentation of parent ion takes place. But in mass spectroscopy, the
1% of the bombarding electron is around 70 eV. This results in the fragmentation of the parent ion

! 2‘(’;':"Tlﬁltion of fragement ions or daughter ions).
g Mass Analyser : (The Electrostatic Accelerating System)

1 YinThe Positively charged parent or fragment ions produced in the ion chamber are accelerated by
Lie ® 2N acceleration potential. The ions then inter the mass analyser where the fragment ions are

| ent
: 4ted on the basis of their m/e ratio. :
e following Fig. 24.4 explains the ionisation of the sample and acceleration of ions formed.

: T ionse;tr: the positive jons are directed through a slit B. RePeller potgntial is applied Petween A and B.

Lenatia) ise accelerated by applying an acceleration potential (8 kV) through the slit C. Acceleration

Wiy S pplied the plates B and C. The positive ions travel through the who!e of the analyser portion
\ Spectl'()meter with hlgh velocity and are separaled according to their m/e ratio.
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Fig. 24.4. lonisation of sample and acceleration of ions.

Dempster’s mass spectrometer is used for the purpose. It is represented schemati
The positive ions travel in a circular path through 180° under a magnetic field H. Suppe
a charge e is accelerated through a voltage V. Then the kinetic energy of the ions is expres

where

v = Velocity of the ions after acceleration
V = Applied potential . i
It may be noted that a massive ion will travel, slowly in a circular path comparecl_‘;

a circular path of radius r.
Therefore, from Newton’s second law of motion
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equation (if) ent that at a given magnetic field strength and accelerating voltage, the

From €4

e value will follow a circular path of radius r. The i i
D ons of diff
p,,s]iﬁed “nd recor dod. The mass spectrur can be obtihed by erent m/e values reach the collector,
P (@ Changing H at a constant V or
) Changing V at a constant H.
agnetic field is varied; the : ; -
When mag ied; the method is called magnetic scanning. It is called electric voltage

canning when potential is varied at constant field strength H.
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Fig. 24.5. Dempster 's mass spectrometer.

T The ions which are separated by the analyser, are detected and measured electrically or photographically.
Clqns pass through the collecting slit one after the other and full on the detector. The spectrum is scanned
Y going up the scale. The ion currents are amplified using a dircct current amplifier. The spectrum is

18C0rq . . i
¢d by using a fast scanning oscillograph.
Mass spectrum is a record of the masses an

Posig;
ilsvsely charged fragments from it by the electr
82 and the relative abundances are taken along the ordinate. Th

08{ 1y -
ense peak in the spectrum.
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SPECTRAL PRESENTATION

d the relative abundances of the molecular ion and the
on bombardment. The m/e ratios are taken along the
e base peak is the highest peak or the

ple are jonised and then fragmented into different
nals according to the m/e ratio of the ions produced

g ; : :
he, — 20Undance. Hence, the mass spectrum of a particular compound is a graphlcal record of its
f presemation of mass spectrum (Fig. 24.6). They are

iy, tagy

i bar gral(;,n Pattern. There are two simple ways © o g g

‘We alon Ph and (ji) % (able. In the bar graph system the relative intensity I plotted as ordinate and the
e, I th € abscissa and gives the following pictorial impressiofn. -

Shag, % table system, the most intense peak in the spectrum 1s given valuc of 100% and is called

pe.
k. The remaining peaks are then represented as % of the base peak.

In
s Tha mass spectrometer, the molecules of a sam
€ detector registers these ions and produces SIg




Relative Abundance

The main purpose of the mass spectrometer is to conver
products that can indicate its original structure. Thus the fra
can give some clue to its identity.

(A) Hydrocarbons

1. Alkanes : Some important features of the mass s
(a) The relative height of the p

series.
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Fig. 24.6. Mass spectral presentation.

24.5. FRAGMENTATION PATTERNS FOR DIFFERENT ORGANIC COMPOUNDS
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A - e is N0 prcferred charge stabilisation site 1o favour an
1 y specific cleava
ge.

@ :
corresponding t $ et

) i peaks Z A C"HZ'H 1ons are also accompanied by C Ht

in much Jess abundance. The mass spectrum of dodecane (C_H. ) j y C,H3, and C,Hj,_, ions

o0 for Dodecane Mass Spectrum 1,H,,) is as shown below (Fig. 24.7).

| : : s ; '

he cHe 1on with m/e -.7 |shthc base peak with 100% abundance. It is due to the formation of

! sable secondary carbonium ion and the elimination of the most stable secondary free m:"oln ‘:
radical. As

he peaks are formed at 14 mass unis apart with decreasing abundance C,H3 ion peak is much
3H7

ged, |

Lyt for the same reasons. The relative abundance goes on decreasing from m/e 57 to 71 to 85 and
o AS expected the molecular ion peak is much less intense
2, pranched Chalp Alkanes : Some important features of the mass spectra of branched chaimalkanes

o 35 follows

(g) Fragment
or testiary carbonium ion is obtained.

(b) Among the branched chains, the heaviest one is removed first as a frec radical.
() Greater the branching, the relative abundance of the molecular ion decreases and the molecular

jon may not be produced.

ation occurs preferably at branched carbon atoms. Therefore, a more stable secondary

¢ | (@) The peak corresponding to C3H3,41 peaks are accompained by weak peaks separated by 2 mass

units below them,
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_Dimethyl heptane.
Fig. 24.8. Mass spectruim of 3, 3-Dime iyl hep |
dimethyl heptane (Fig. 24.8) to illustrate the above

vl -
s, | °LUS consider the mass spectrum of 3,3
s peak) appears at m/e 57

the most abundant peak (L€~ ba
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iy ‘he ab 2
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The much abundant peak corresponding to C;H3 1on at m/e 43 appears as follows :

H3 CH}

T |
CH—CH, f CH;— CH,—CH,—> [CH3—CI{2— C—CH, :| 3 !
C

Hy CH,

v
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Rearrangement
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. + CH
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Also, the loss of n-butyl tree radial results in
much abundance. As expected, the branched chain co
in the mass spectrum,

the fomration of tertiary carbonium ionat M
mpound does not form any molecular jon (

is mole in the tase of cycloalkanes.
(b) Saturated rings lose side chains

‘ If the ring breaks, th “ the alpha carbon,
"~ (¢) If the ring breaks, there wil
() e g re will be removed of (wo carbon atoms as C,H, (



C"Hgn"‘ | )

; i|1ustration (Fig. 24.9).
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In the above spectrum, the mole
bond cleavage occurs at alpha carbon

wmesponding to the cyclohexane posit
and a fragment ion is formed at m/e 55. The a

are described as follows :

The stability of the fragment ion depends upon the size of the ri
. ng.
(€) Fragment 1ons arc removed by the removal of alkenes (e.g CI: ) or alkenyl ions (e.g
(Ll ¢ o ..

Let us consider the mass spectrum of cycloalkane with a side chain (n-propyl cyclohexane) for
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Fig. 24.9. Mass spectrum of n-propylcylohexane.
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bely, ;4. Alkyl haldies : Some importan

(@) The molecular ion abundance O

the halogen substituent decreascs: e

’ - ses with 1
(b) The relative abundance of the molecular 1on decrea

©) When alkyl halides contain a chloride
by an (M + 2)* peak duc 10 the pre

— (CH, =CH»)
1
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m/c 55

¢ characteristics of the mass spectrum of alkyl haldies are given

f a particular alkyl halide increases as the electronegativity of
u ncrease in chain length and increase
ec

ora

sence of the heavier isotopes of chlorine or bromine.

bromide, the molecular ion peak (M*) is accompained

-

cular ion (M*) peak is formed at m/e 126 and is quite intensc. The ™ -
losing the side chain, thus the base peak is formed at m/e 2 S
ive ion radical. The ion radical shows Retro-Diel’s-Alder reaction

bundance of this ion is very large. The fragmentation modles




g T : o g RI > RBr > RCI > RF B
* The following is the mass spectrum of 1-bromohexane (Fig. 24.10) :
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: Fig. 24.10. Mass spectrum of 1-Bromohexane.
The fragmentation mode of 1-bromohexane is represented below :

CH G

CH3— CHy— CH,— CH, — CH,——CH, Br > CH, - CH,

|
CH, CH,

A O P =
CHy= CH;—CH,;—CH,—~CH,— EHZ m/e = 135, 137
. =CH; —CH,;—CH,— CH,— CH,—CH,
: [CHZ— CH.— By e =85
m/e 107, 109

5. Alkenes :

1. The molecular ion peak is more intens |
et : arbon. |
. The relative abund e (e corresponding saturated hydroca™=e -

o,
3.
4

Some important features of the mass spectra of alkenes are -

intense. In |-Pentene, MacLaffert

. Yy rearra - :
(e };-hexen.e and 1-heptene this jon peak is ?ogr::::?:: (::,pesa: A
, e 56.




Cycloalkenes '
. The molecular ion peak is quite intense,
5, The peaks are separated by 14 mass units.
| f a double-bond | i -
3 The presence © ond in the ring brings ab .
3. R L out retro-Diels-Alder reaction giving rise
{0 tWO Islal?k u\:lSdlU‘I’d(Ld 1r§glllcnls one neutral and the other retains the charge C;:loh:xcne
molecular ion shows retro-Diels-Alder reaction and losing C.H, prod f .
" CH - CH = CH.}* which appe . H, produces a fragement ion [CH,
= 2 ppears as a prominent peak at m/e 54.

7. Alkynes : :"LilN f‘f ]'Bl;:)’"c and 2-Butyne, the molecular peak is the base peak. The relative
sundance of lh} molccular 1on I;Ul decreases as the molecular mass of the alkyne increases. In alkynes,
e fragment ions are gencra ly formed by the loss of alkyl radicals. Thus, the peaks like M* - 15,
M- 29, etC appear along with the molecular ion peak in the mass spectrum of alkynes.

ic Compounds : The i ;
8. Aromatic pounds : The important features of the mass spectra of aromatic compounds are:

6.

(@) The molecular ion peak is more intense in aromatic hydrocarbons as compared to that in

aliphatic, saturated and unsaturacd hydrocarbons containing the same number of carbon atoms.
(b) The mass spectra of simple aromatic compounds are mainly characteristic of that of benzenc.
(¢) In alkyl substituted aromatic ring compounds, the bond beta to the ring breaks giving risc 0

the base peak (100% abundancc) at m/e 91.
(d) In the mass spectrum of aromatic compounds, there are (M + 1)* and (M + 2)* peaks.

(¢) The doubly charged molecular ion peak appears at m/2e.
(f) If the aromatic ring is substituted by an alkyl group, a prominent peak at m/e 91 1s obtained.

To explain the above points, the mass spectrum of ethyl benzene (Fig. 24.11) is given below :
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Fig. 24.11. Mass spectrumn of Ethyl benzere.
In ¢ . vlene (Fig. 24.12). the base peak appears at m/e 91, due
10 the o he case of the mass spectrum of ’l’]’ :}i’[lf;s evident that, like alkyl benzene, xylenes also involve
a

ey 0ssrmali0n of Tropylium cation. From t
E of a|k)’l group M - CH3)‘ jon.
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Fig. 24.12. Mass spectrum of x-Xylene.
9. Alcohols : Some important features of mass spectra of aliphatic alcohols are :
1. The molecular ion peak of primary and secondary alcohols is very small. For terua:yyﬁ
molecular ion peak can not be detected.
2. The parent ion peak is formed due to the removal of one electron from the low pan'sm&
oxygen atom of primary and secondary alcohols.
R—-§—H+e_>R—°(“)L—-—-H+2e |
3. The fragmertation patterns in alcohols depend upon the type of alcohol, i.e., primary, seconds
or tertiary.
4. The cleavage of C — C bond attached to the oxygen atom (i.e., a-cleavage) is the Pfefeﬂui :
fragmentation mode.
ﬁ)KﬁaﬁLﬁ-ﬁ——échmzdnn
1° alcohol
R
Ay
v {C e R R'—CH,=0—H
2° alcohol
R 7§ .
'(,-,-,-)R'\—C-—S—H, ————Sdipe o
.- | R+ E28
e R A=0—_H

Geth « Ak aleobol, el Ly

5 Thc peakat m/e 3]I'iS ﬁhﬁ pProminent peak in the mass' spéctrﬁm of meth g



10.
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- H bond in methanol.

primary alcohols show M* — 18 peak due to loss of water (18 mass units).

primary alcohols loses water molecule to form the corresponding olefin ion which may under
g0 fragmentation giving prominent peak (base peak) at m/e 31. CH, = d - H

Secondary alcohols yield prominent peaks due to R - CH = ’ — H at m/e 45, 59, 73 etc. Tertirary

alcohols give prominent peaks due to R'=R"-C =OH at m/e 59, 73, 87 etc.

When a primary alcohol consists of a chain of four or more carbon atoms, the elimination of
2 water molecule and an olefin (C,H,, i.e., 28 mass units) from the primary alcohol yields peaks
at M* — 46, M* — 76 etc. For example.

[R - CH, - CH, - CH, - CH, - O - Hl —> H,0 + H,C = CH2
+ [R - CH, = CH,]* (M* - 46)

Long chain primary alcohols give peaks corresponding to the successive loss of H-radicals at

M* - 1, M* - 2 and M* - 3.

To explain the above, the mass spectrum of 1-Butanol (Fig. 24.13) is given below :

e

100 1 ag CHS—CH,—CH,fCHz"'OH

8 (CH,OH) ;
=
S 80 4 : { 56
=
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g 0.1 41| 43
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©
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o? 40 4
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Fig. 24.13. Mass spectrum of 1-Butanol. |

The fragmentation mode of 1-Butanol i explained below &
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(a- Cleavage)
(M* parent ion)

+
CH;—CH—CH,

I i Rearrangement

H
CHy— CH—CH,
m/e 43
1t
CH, —CH,— CH,—CH, CH, i
l : I e [
OH H,C CH;

(M* - 18) peak

10. Aromatic alcohols : Some important features of the mass spectra of aromatic alcohols ars
follows :

(/) The relative abundance of the parent ion (M*) of aromatic alcohols is fairly large.
(if) They give prominent peaks of (M* - 28) and (M* - 29) due to the loss of CO and CH0
respectively. : ,

(iif) The fragmentation patterns of benzyl alcohol are due to loss of one, two and threc hydrog®!
atoms.

(iv) The (M’ ~-4) fragment of benzy alcohol on rearrangement gives rise to hydrOkyl wopy! 2
ion. :

11. Phenols : Some important characters of the mass spectrum of phenol aré as follows *
(i) It gives an intense molecular ion peak (M") at m/e 94, :

(i) The peak due to loss of hydrogen radical (M* = H) is small.

(iii) The fragment ion due to loss of CO is most Sloms . < [ess
(M* - 28) peak. ignificant. (M* - 29) peak i :

(iv) Cresols give very intense peak (M* — 18) due to the formation of hydrox

- (v) In catechol (M* - 18) peak is intense while (M+ _ i it
in resorcinol and quinol. ‘ e (M 28),§nd (M*-29)p
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12. Aldehydes and Ketones : Some important features of the mass spectra of “ m

The following is the mass spectrum of Rentanal (Fig. 24.14).

and ketones are as follows :

(i) With increase in the length of alkyl chain, the intensity of the Mhm“
decreases.

(if) The major fragmentation processes are due to a- and B-cleavages. In a-cleavage, the ”:_; :
group on either side of the carbonyl group in ketone is preferably lost. :

(iif) When aldehydes and ketones contain a-hydrogen atom. MacLafferty rearrangement ion s

formed.

(iv) In aldehyde which is not a-substituted, a peak at mle 44 is M ﬁﬁ L'h peak.

(v) In aldehydes, methyl or alkyl radical is more easily lpu than the Wm
(vi) In lower aldehydes, a-cleavage is prominent with retention of charge on oxygen.

Fae &5 (g P W *_n.u
-C= O(——-R (IT O l ——3R-C=0
m/e 29 H+ '
MY, Ve oo 1R

ok e 1 ND
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| 13. Aromatic Aldehydes and Ketones : Some important features of the mass

aldehydes and ketones arc : o
(i) In these compounds, parent ion peak is Intense. E
(i) M - 1, M - 28 due to the climination of CO in benzaldehyde are |
dug to Cd‘{ followed by the one at m/e 51 due to C,4H3 also result. Consider b

; ~(H
) ¢ H,cHO® —£2 CH, —=

GH, =~ Cn 0 25

4 '
. C6H< __—LEZ'_II-L—) CJH]
m/e 77 m/e 51

(#i0) In ketones, the loss of larger group is preferred by a a-cleavage. This can be explaineg
the following example :

g

0
|(! &=
N = @
R -CO sbollng
= —_
(M) m/e 105 m/c 77
- C.H
Perent ion 453
m/e 51

14. Carboxylic Acids : Some important features of the mass spectrum of carboxylic acids and estn
are :

(f) The molecular ion peak is more intense in aromatic acids than in aliphatic acids.
(i) In short chain acids (M+ — OH) and (M* — COOH) pcaks are prominent.
(iif) Carboxyl group is directly removed by a-cleavage and a peak is formed at m/e 45, E¢

0

Il
{CH, - _CHE_ - CH, Z C= OH]*\Q\LC'CM&* [COOH]+ m/e 45
Butanoic acid

(M*) m/e 88 OO@ ;

\
e
& CH, - CH - CH,
(M* - COOH) m/3 43

CH, - CH,- CH,-C =0
(M* - OH) m/3 71

; 1
(iv) If a-carbon atom is not substituted in alj

hatic acid i -hydrogen =
MacLafferty rearrangement ion is formed : § containing a y-ny

at m/e 60. It is often the base pegk-
|
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H,C
N —
ik ) C\ HC O
CH, OH
m/e 60
‘ Base peak
(M2 (M.R. ion)

The following is the mass spectrum of pentanoic acid (Fig. 24.15)
(v) In ;;)ITat;cSacllfdsl,kthe Paren? ion peak is intense. Some other prominent peaks are M* — 17
an . I alkyl group is present or any other hydrogen bearing group be present ortho

to — COOH group, then a signal due to M - 18 (Loss of H,O) is also observed. This is called
ortho effect. 2
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Fig. 24.15. Mass spectrumn of Pentanoic acid.

1. Esters : The important features of the mass spectrum of esters are :

(i) The molecular ion (M) peak is weak.
(i) The fragment ion due 10 a-cleavage 1s g€
(ifi) In methyl esters, peaks duc (0
R - CO*, R+ CHO' and CH,0CO’
(m/e 59)
bstituted at the &-C

nerally observed.

are observed.
orbon atom show MacLafferty rearrangement ion
t a-carbon atom shifts the positive of rearrangement peak
s spectrum of 1-propyl ethanoate (Fig. 24.16).
atures of the mass spectra of aliphatic amines are as

(v) In methyl esters not su
at m/e 74. The methyl substitution a
at m/e 88. The following i the mas

16. Amines (Aliphatic) : The important fe

follows - : - :

(i) Thes r.nol lar ion peak is ¥ cak OF negligible in long chain or branched chain aliphatic
ecular ion p¢

s ber of nitrogen atoms. the molecular weight is odd.

(@) For an amine containing an odd num
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Fig. 24.16. Mass spectrum of n-Propyl ethanoate.

(iii) For primary amines, the base peak is formed at m/e 30 due to.CH, = N*I:Ir It resutls frop,
C - C cleavage (B-cleavage) neat to nitrogen atom in the molecular ion, provided no
branching at a-carbon atom, e.g. :

+ +
R@NH; — R +CH; - NH;
m/e 30

This cleavage also produce base peak in secondary and tertiary amines provided the amines

are not branched at a-carbon atom.
(v) The molecular ion may lose an alkene (C H, ) to yield a fragment ion at (M+ - CH.)
(v) The primary straight chain amines give rise to a homologous series of peaks with decreasing

intensity at m/e 44, 58 etc.

(vi) In higher aliphatic amines, y-cleavage takes place instead of B-cleavage.
Ethyl amine (1’ amine) :
/N

-+ ;
CH; - CH> - NH» — CH3+ CH, =T:JH3
(M*)

Base peak
m/c 45

m/e 30

Diethyl amine (2° amine) :

ClilsGhlo
_\_ ¥ LE

NIl ——> CH,=N
CH, ZCll; ¢ o

(M%) m/e 73 CH; - Cll,

Base peak

ICHy;—C11, | m/c 58

2 - C
Cliz - Cly = NI (Cally)
m/c 44 Cll=Ni I
m/e 30
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Fig. 24.17. Mass spectrum of Ethyl amine.

17. Aromatic amines : The important features of the mass spectra of aromatic amines are given
below :
(i) The loss of one electron from the low pair of electrons on the nitrogen gives rise to molecular
ion and the molecular ion peak is intense.
(ii) The loss of one hydrogen radical from the parent ion gives M* — 1 peak in primary aromatic
amine. Similarly, a loss of HCN molecule from the parent yields M — 27 peak.
(iif) Alkyl groups attached to the nitrogen atom readily undergo B-cleavage. e.g.,

H
N AT .
N N N h
N - CH; |l I
LC[H: T CH, «—> CH,
i

CH,
: m/¢ 106

= oci :fore it can be applied for the
(@) Mass spectroscopy is extremely sensitive and specific. Therefore o pp ;

o les. .
Qualitative and quantitative anaylses of the samp ther physical methods like UV, IR, NMR
() The main advantage of mass spectroscopy OVer other P

i sample is needed.
Spectroscopy, etc. is that a small quantity of the samp

i ular formula and molecular
) Wi it ;ible to determin€ the exact molec s
f spcctoscon R R e compound can be ascertained.

. th =
N Weight. Therefore, the molecular slr:Ctl;:z;’:cls formed during the thermal decomposition
This technj ; in identifying th¢ <
que helps n 1de
OF Catalytic cracking of parent compounds.

& : various componcnls in a mixture.
e) It helps in qualitative and quantitative analyses of




e G O i

— information regarding the fragmentation pattern of
 fundamental characteristics of atoms and molecule. -
(g) The masses of isotopes can be determined precisely and the relative aby
can be determined by this method accurately. ' ‘
MacLafferty Rearrangement : Maclafferty rearrangement mvolve..v, (he %
atom followed by the clearage of a B-bond. This rearrangement leads to the ‘:"mma!lon ol
from aldehydes. ketones, amines, unsaturated compounds. suhstl‘lqted aromatic compe
rearrangement proceeds via a sterically hindered six membered transition state. This can be ey,
the help of the following example.

8 o
R H : : R
A\ i , ~gi TN
CH 0 Maclaffer tr : 3
B g rearrangement : _
2 H,C C
" e | 2 :
CH, R \CHz-/ Y
H Transition state
\+.
T :
/C N
H2C/ R
One more example of this rearrangement is
d
+ . ]*‘ .
4
i CH,
|| RSP
CH,
M.R. Ion
m/c 42 ‘ o
The Nitrogen Rule , '
The nitrogen rule states that a molecule of even numbered molecular mass must contain no mw:ﬁ,
at'om or an even nanbcr of nitrogen atoms. An odd numbered molecular mass requires an 09 =, S
nitrogen atoms. This rule holds good for all co ygen

sulfur and halogens.

To explain this rules the following example is given :

o 2, 4- dinitrophenol contains two (even number) nitrogen atoms

at m/e 184. The fragment ions appear at (a) (M* :
- m/e 155. Th'us. it can be seen that the fragment ions
- number. This explains the validity of the nitrogen

mpounds containing carbon, hydrogen, oxyjfn

.
Its molecular ion (M
—4) ie, at m/e 183 and (b) (M’ -

containing both the nitrogen atoms 2
rule. '



