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5. McLofferty Rearrangement

which are not a part of the original molecule. These are known
rearrangement fons, which ane formed from the molecular ion via rearrangement of atoms or gro)
Hudrogen ransfor rearmangements ane very common. A well known example of H -transfer observed in m
spectrometry = Ml afferty rearrangement first reported by Fred McLafferty in 1952,
This i an example of fragmentation of a carbonyl compound containing radical cation via p-cleavage to g
enol radical cation and alkene.
Normaly Mcl afferty rearrangement is a two step process :

1. 4 H-atom migration to the carbonyl O-atom

% FEollowed by bond cleavage in the intermediate.

s.-_.cb rearrangement fi-cleavage with concomitant specific fransfer of a y-hydrogen atom in a six membe
Tanson sfe in monounsaturated systems taka place irrespective of whether the rearrangemen
formulared by a radical or an ionic mechanism and irrespective of the position of the charge. For exam|

I some cases, fragments am observed,
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tollowing onder amont organke compounds

alicyclics = sulphides = unbranched hydrocarbons

. conjugated alkenes =
arids = branched hydrocarbons = alcohols,
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. = carboxylic

bttt amines = oulers = el b
W e Tl o pareind e of motecular on, the exact molecular weight of sample can be calculated.
, speciiometry an electron beam of energy of 70 eV is used, the maolecular i

underaoes splitting to form many fragments. In such stz
peak and the heights of all other peaks 2

2 Base Peabke @ 1 inma
pron e by lovss o '-lnl|'|s electran further
fle parent peak i the mass spectrum i5 called the base
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setrometer, the ions generally camy a single positive char

| Multiply Charged lons: [n mass spe
Howewer. sometimes double or even triply charged ions have been observed in the mass specirum

Ihe formation of multiple charged jons have been reporied in heteroatomic molecules. The doubly

| : -
Iriphy charged ions are recor led at a hall or 2 of the m/ e value of the singly charged ion.

i Metastable lons : When the lile time of a molecular ion is so small that it undergoes decompaositi
during s movement from the source o the collector units of a spectrometer, the resulting ions betwe
ihe source and the magnelic analyser are called metastable ions. Metastable ions appear in |
spectrim as broad peaks al non-integral mass numbers. Such peaks although weaker in intensity yeti
uselul in studying the mechanism of fragmentation.

I relationship between the apparent mass/charge ratio of the metastable ion and its parent peal

iven mathematically

m,! —— my; + mg

The metastable jon is observed at a massm” which is related tomy and My as !
?
LI m:ﬂ
m =—%
i
where, m; and m; are the mass of the parent ion and metastable ion, respectively.

m" Is the apparent mass of metastable ion, while my, is mass of neutral fragment.

_ A, Fragmentation or Dissociation Process
Thtmﬂ;;ﬂhlr hnwo:luudin thz nmapﬁchumeter hmuﬁy m:ciaredmﬂ't considerable amoun
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L 1o the inlet of a mass spectrometer. The flo

ctly 1€ : w from t '

e 08 o he column is passed through a needle
rhe Mass Analyzer: Once the particle ionized, the jon are sorted and separated according to

nass-to-charge (m/ e ratio. There are a number of mass analyzers in use. The mass okl
~rks in CONCET with the ion detection system. -,

1on Detection System : The separated ions are then measured and sent to a data system where the
., ratios are stored together along with their relative abundance. A mass spectrum is in a simple

w the m - e ratios of the ions present in a sample plotted on horizontal axis against their intensities at
rical axis. Each peak in a mass spectrum shows a component of unique m/e in the sample, and
reights of the peaks indicate the relative abundance of the various components in the sample, whereas
- position of the peak gives the mass number of the particles.
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Fig. 1: Example of a mass spectrum

In reporting data, the most intense peak (the base peak) in any mass spectrum i
arbitrarily assigned a value of 100 and other peaks and reported as percentage of this.

3. Types of lons Produced in a Mass Specirometer

1. Molecular lon or Parent Peak - When a sample is bombarded with electrons of energies ol 910l
e‘u’.ihemciemlarinnisprudumdhylnssnfadnghelectmnwhlchgwﬁmetuamysimpiema
spe:lrumwﬂhnuinrﬁnppmringmunapeakcaﬂadpamntpeak.
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where r is the radius of the circular path

On putting value of v according to equation (2} in equation (4)

m [2el/
F—_— |
eH Y\ m
., m> 2eV A5
or B e e ey
e“H m
|ﬁﬂ1
o Ii3=
\ He
From eguation (5)
T 2
m_HT i€
e 2V

From equation (6], it follows that the radius of the circular path of particles depends on the accelerating voltag

" maonetic field H and the ratio M Since, e, V & H are constant, the radius of ihe ionised molecule depent
N €

on m its mass and this is the basis of separation of particles according to their masses.

2. Mass Spectrometer

Typically, mass spectrometer can be used to identify unknown compeunds via
—» molecular weight determination
— to quantify known compounds and
—+ to determine structure and chemical properties of molecules,
Every mass spectrometer consists of at least following three components :
1. lonization source
2. Mass analyzer
’ 3. lon detection system
L

) AT s are converted to gas-phase ions so that they can be moved abe
bﬂmm and magneiic fields. In laboratory, nanoelectrospray lonization method Is use

mmm couple the outlet of a small-scale chromatography colun
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Introduction to Mass Spectrometry

—

1 Introduction

e et e anallieal tool uselul for measuring the mass 1o chame mmtio (m/z) of one or more
e s presennd I e el T s ioeasuramenis are olten used 1o calculste the exsct molecular weight of
Fe e comnponsends, o mess spectiometoy, the compotnd s bambarded with a beam of electrons which
el e tome molecube o nobe Tragments of te molecuke, which are then separated according lo their
R T R (T T R Toicascd 1 bonwi o o spseetiam; I glves Information fﬂ{}ﬂl‘diﬂg varlous masses

vl and el velative rallo

1.1 Principle of Mass Spoctrometry
[l mass spectromelsr s an instniment, which help In separating the individual species due to difference in

sty 1y,
Suppose a molecule A, which Iy hombared with a beam of electrons, lonises as [ollows:

Avg” — A"+ 267

Where A* Is an lonised molecule and @™ is electron.
Tha lons are them acealerated In an electric fleld at valtage V. In this condition the energy a

1
I ‘mlﬂd ‘hll will be Iq'-l.ll (5] llnetle energy Emu" Hence,
2 A1)

lven to each particle

eV = = mu

| f"" (2)
u. ——
m

uuﬂuwlnully of particle of mass m
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