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Spectroscopy vs Spectrometry

1) Involves a physical change 1) Involves a chemical change
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Mass Spectrometry
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Energy of Accelerated Electrons

70 eV =70 x (1.6 x 10719y = 1.12 x 10717 J / partical x (6.02 x 10?%)
= 6.75 % 10°J . mol' = 6.75 x 103 kJ . mol!

1.12x 10717
since E=hv so=E/h= —— =1.69 x 105" (Hz)
6.63 x 107°%J.s
8 -1
sincec=VA SOA=c/v= 3 x 107m.s =1.78 x 108 m

1.69 x 101657}
A =17.8 nm =178 A°(VUV: 3 - 200 nm)
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A Mass Spectrometer
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Vaporizer Ionizer Fragmenter Detection
1) Heating 1) 70 eV Magnetic &
ii) Reduced Pressure 1) 1-10 eV Electric field
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Ionization Techniques

Sample I s I Electron trap
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Techniques MM (amu ¥ )
q ( ) [\N] Filament
Electron Impact (EI) 1,000
Chemical Ionization (CI) 1,000 > vagne
Atmospheric pressure 2,000

Chemical Ionization (APCI)

Fast Atomic Bobmardment (FAB) 6,000
Electro Spray Ioniozation (ESI) 10,000
Matrix Assisted Laser

Desorption Ionization (MALDI) 500,000
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Electron Impact (EI)

70 eV
>

0
N
70 eV . ).\
S,
@ .

b
4} VY, HOMO
b,

Prof Dr Abdul Rauf Raza, University o

Sargodha



Chemical Ionization (CI)

le + CH, 2%~ CH,+ 26
. @ .
CH, + CH,—— CHs + CHj,
@ ®
CH; + M - (CHy + MH
) .
le + CH, + M ~ MH + CH; + 26

lé + NH3 Del > ﬁH3 =+ 2é

o ) .
NH; + NH;——= NH, + NH,
® ®
NH, + M ~ NH, + MH

@ .
le + NH; + M ~ MH + NH, + 2¢
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APCI / ESI
lé =+ .(sz el - 6H2 + 2_6
o ) .
OH, + OH,—— OH; + OH
® ®
OH3 + M - OHz + MH

o) .
le + HLO+ M - MH + OH + 2¢

ESI:

1) Ionization takes place first rather vaporization

2) Analyte may be an organic molecule or a polymer/
biopolymer

3) Matrix is a buffer of K, Na", "NH, ions

4) Molecular 1ons [M+H], [M+Na], [M+K], [M+NH4]
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Fast Atomic Bombardment (FAB)
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COOH
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Matrix (A,,,x)

MALDI

Matrix Assisted Laser Desorption Ionization
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LASER Principle

Light Amplification by Stimulated Emission of Radiations
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LASER Principle
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Fragmentation

K.E. = Ve — mv?/2 = Ve Collecio)r Plate
vV =2Ve/m.... eq 1

since Fc a Hv H?e?”/m*>=2Ve/m
mv’/r = Hev v /v=Her/m 2V/H’r> =e/m

vV = He?r/m? .. eq 2 m/e = H'r*/2V
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o-Cleavage

AT e A@ )@ A

CsHy,
m/e = m/z: 72 amu
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s e
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a-Cleavage

at e\x\g

X =NH,, N(R)H, NR,, PR, ¢
OH, OR, SH, SR, )\/\ /K)\
Cl, Br, I etc. X0 ®

X X

\
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Fragmentation (o-Cleavage)
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Stability of Carbocation

Y @>%R>Rj@>Rﬁ
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z ‘ Tropylium cation

Prof Dr Abdul Rauf Raza, University of

Sargodha 18



B-Ketoacid Rearrangement

° H °+ ° |
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McLafferty (y-H) Rearrangement
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Retro Diels-Alder
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Isotopic Abundances of Cl

Number of [M] in MS spectrum = n + 1; where n = number of halogens
Ratio of lines in MS spectrum = (a + b)”; where n = number of halogens

(a+b) =0.75a+0.25b
=3a+ 1b

(a+b)° =a’+2ab+b’
=(0.75)%a® + 2(0.75)a (0.25)b + (0.25)°b”
= (0.56)a’ + (0.38)ab + (0.06)b’
= 03 + 6ab + 1b?

(a+b)’ =a’ +3a’b + 3ab’ + b’
=(0.75)%a% + 3(0.75)?a? (0.25)b + 3(0.75)a (0.25)°b” + (0.25)° b’
= (0.42)a’ + (0.42)a’b + (0.14)ab’ + (0.016)b’
= 30a’ + 30a’b + 10ab® + 1b°
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Isotopic Abundances of Br

(a+b) =0.5a+0.5b
=la+ 1b

(a+b)’ =a’+2ab+b’
= (0.5)%a’ + 2 (0.5)a (0.5)b + (0.5)°b’
= (0.25)a’ + (0.5)ab + (0.25)b”
= la’+ 2ab + 1b?

(a+b)’ =a’+3a’b+ 3ab’ + b’
=(0.50)%a’ + 3(0.50)?a® (0.50)b + 3(0.50)a (0.50)°b* + (0.50)’
= (0.125)a’ + (0.375)a’b + (0.375)ab’ + (0.125)b’
= 1a° + 3a’b + 3ab® + 1b°
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GCMS
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Ci3H 140,
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GC EIMS
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Fragmentation

©;(\(j\ MCLaferty ©;?/

m/z = 202 1 amu (84%) m/z = 160 amu (68%)

0L — Ot O
O

O m/z =117 amu (76%)
m/z = 145 amu (15%)
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EIMS

e ’ m/z =325, 327 amu (1:1)
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EIMS
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High Resolution ESIMS

SA-11-45_Pos_full #1-35 RT: 0.00-0.50 AV: 35 NL: 1.10E8
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High Resolution ESIMS

o ey (e 0G5 rin) Fragert SO0 ET-54H.d

Chemical Formula: C;,H,,N;04"

Exact mass: 510.279
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High Resolution ESIMS

00 | e e S0 rin Frage S0 ekt 4

Cl l
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Chemical Formula: C;,H,;CIN,O;"

Exact mass: 497.163 amu
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High Resolution ESIMS
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Chemical Formula: C;,H,sBrN,O;"

Exact mass: 541.112 amu
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High Resolution ESIMS
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Chemical Formula: C;,H,CI,N,O;"

Exact mass: 532.13 amu
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