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(Gas Phase lonization Methods

Electron Impact lonization (EI)
electron beam

Chemical lonization (Cl)
lonized molecules (CH,*, or (CH,),C*
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Gas Phase lonization Methods

El N

: H'L_r.]'_ L G, | 165 '|
= 100 _ 4 CH;
- q H.CO TE
o
= _-J‘ . 3. A-Dimethoxyacetophenone 1] 1
T CioHy 04
« 50 3 Mal. Wr.: 180 o

3. 44 TF 17

:.-! - 15 |.;|]_| -l “-1-| :|.||l._|—I l"-l

| | 1l Lial || Ll L . I. |. ;

D T T I T | ] T | T 1 I ] I I | L] [ T [| T T I ] T |
S0 (M o 156 200
Cl Reagent Gas Methane L

i 181
=] m
= 100 - |
£ 1 ‘_‘1\‘ ~ -
o -1 [M+1]" = M+H
& . IM+20]* = M+C.H,*
- | [M+41]" = M+C:H;"

| T
v 5“ = \

] 299 4

:[ \\_‘ | __I ]

1 i
“ T ] | ] T T ¥ | T ] L ] | ] | | T T | L] T T ] ]
50 100 150 200

iz

FIGURE 1.3 The El and Cl mass spectra of 3 4-dimethoxvacetophenone.
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Desorption lonization Methods

Field Desorption lonization (FD)
emits ions fro surface
Fast Atom Bombardment (FAB)
high energy Xe or Ar atoms (liguid sample)
Liquid Secondary lonization Mass Spec. — LSIMS
Cs* ions
Plasma Desorption lonization
fission product of 252Cf
Laser Desorption lonization
laser beam



General Aspects - lonization Methods m

El

94 BOSTOMN
Desorption lonization z io:
g =
[} -
Methods £
= 50 ]
& 50 100 150 200 m-- 50 300 350 400
C1 reagent gas Isobutane b
QY
_ 1
g 1003 - 399
el : :7]‘] —|
& - i
E m L."-."l-] 381 1 |"” !
E (| l | [ L d.
‘! IIIIIIIII|4III III|I'IIIIIII||IIII|III|IFIILII|I|I|I|IIIII|IIII|IIII]|rIrI
50 100 150 2000 250 (M) 330 400
FD (18 MA) ik
(IH 434
CHy : ]
2 W o T 'L".-‘
= 3 ~§ CH, N
é . L""II;'_H \ )OH On
f 50 | Cholest-5-ene-3, 16,22, 26-1etrol

o e CrH3e0;
Maol, Wr.; 434

T

LR B B s e i

50 100 150 200
mes

FIGURE 1.4 The electron impact (El). chemicul ionreation (C1), and field desarption (FD') mass spectra of

TTT B rr.rr1r|-|"r|r|-|-rf-f'rr-l>-'|

230 300 350 4010



General Aspects - lonization Methods m

BOSTOMN

Evaporative lonization Methods

Thermospray MS (TSMS)
heated capillary tube (outdated)
Electrospray MS (ESI-MS)
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FIGURE 1.5 A diagram showing the evaporation of soivent leading to individual ions1n an clectrospray
instrument,
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The Nobel Prize in Chemistry 2002
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Evaporative lonization Methods
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FIGURE 1.6 The FIand ES mass spectra of lactose
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TABLE 1.1  Summary of lonization Methods.

— =

lanization Method lons Formed Seasitivity Advantage Disadvantage

Electron impact M ng—pg Data base searchable M" occasionally absent
Structural information

Chemical ionization M+ 1M+ 18 etc ne - pg M+ usually present Little structural mformation

Field desorption M- pg—ng Non volatile compounds Specialized equipment

Fast atom M+ 1M + canion pg—mg Non volatile compounds Mainx interference

bombardment M <+ matrix Sequencing information Dnfficult to mierprel

Plasma desorption M- B —-mg MNon volatile compounds Matny interference

Laser desorption M+ |.M + matrx pg-ng Nan volatile compounds Matnx mterference
Burst of ions

Thermospray M” e -ng Non volatile compounds Outdated

Electrospray M. M** M**", ng-pg Non volatile compounds Limited classes of

elc. interfaces w/ LC compounds

Forms multiply charged Little structural information

1ons
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Maagnetic Sector Mass Spectrometers
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FIGURE 1.B 5chemanc diagram of a single locusing, 180" sector mass analyzer. The magnetic
field is perpendicular to the page The rachus of curvature varies from one instrument to an-
other,
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Magnetic Sector Mass Spectrometers
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FIGURE 1.8 Schematic of double-focusing mass spectrometer
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Quadrupole Mass Spectrometers

fon beam (Juadrupoles Resonant ions
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FIGURE 1.10 Schematic representation of a quadrupole "mass filter”™ or 1on separator,

Source lenses
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lon Trap Mass Spectrometers

Einzel lens,
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FIGURE 1.11 Cross sectional vigw of an wn trap.
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Time-of-Flight Mass Spectrometers
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MALDI TOF Mass Spectrometers

MALDI Desorption/lonization

b Optical focusing lens

to mass anakzer .
_
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" nu
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Ci

(hw ~10 to 50 Mwicm?)
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Some common MALDI
matrices at 337 nm.

Matrix

Application

2,5-
Dihydroxybenz
oic acid (DHB)

Peptides,
proteins, lipids,
and
oligosaccarides

3,5-Dimethoxy-
4-
hydroxycinnami
c acid (sinapinic
acid)

Peptides,
proteins, and
glycoproteins

o.-Cyano-4-
hydroxycinnami
c acid (CHCA)

Peptides,
proteins, lipids,
and
oligonucleotides
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Ladder sequencing of the adrenocorticotropic hormone (ACTH) fragment
18-39 utilizing the CPY dilution technique
and MALDI linear DE-TOF-MS
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Tandem Mass Spectrometry

Fragmentaton Eegion

metastable decay
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Tandem Mass Spectrometry

Fragmentation of peptides A breakage
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TABLE 1.2 Summary of Mass Analyzers

General Aspects — Mass Analyzers

Mass Analyzer

Mass Range

Waenelic Sector

Quadrupole

lon trap

[ime of I']iﬂ__-'h'l

Fourier transform

| B W T

L - 500 /=

| =S000 mfz

Unlimited

up to M0 kDa

Resolution  Sensitivity Adhantage Drisad vantage
(L0 Lova High res. Low sensitivity
Very expensive
High technical experiisc
Uil Hizh Easy to use Low res.
Inexpensive Lovw mass range
High senstivaty
unit High Easy to use Low res.
[nexpensive Low mass range
High sensitivaty
Tandem MS (M5")
LLOULL High High mass range Very high res,
simple design
(L High Very High res and Very expensive

IMHsE rnge

High technical expertise
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The mass spectrum

Relative abundance

100

50

Copyright © 2007 Pearson Prentice Hall, Inc.

Relative

/ base peak m/z abundance
i 43 (M-29) 73 0.52
- CH;CH,CH,CH,CH; 72 18.56
L 71 4.32
57/ 11.20
[ 43 100.00
B 42 55.27
B 41 37.93
i 27 39 17.75
‘ molecular ion (M) | 29 26.65
- 29 28 12.44
. (M-15) 72 27 31.22
i - | 57 15 4.22
T T I! T I l| T I‘l T iI T T T T ] L 250

20 40 60 80 100
m/z

BOSTOMN



General Aspects — Interpretation of Mass Spectra m
UMASS

BOSTOMN

The 1onization

electron
beam

CH;CH,CH,CH,CH; —— [CH_qCHgCHgCHgCH}F + e
molecular ion
m/z=72

Copyright © 2007 Pearson Prentice Hall, Inc.
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High Resolution Mass Spectra

TABLE 1.4 Exuct Masses of [sotopes

Atomic
Element Weigh Muclide Mass
Hydrogen L.(KT94 'H L0783
D *H} 200410
Carbon 1201115 12¢ (200060 {=rd)
Mitrogen L0067 M L4003 ]
Isotope Mass Isotope Mass N 15.0001
{rxveen 15,04 L [3. 94544
'H 1.007825 amu o2g 31.9721 amu h s 16,909
e 12.00000 amu e 34.9689 amu o ]’ ) :"*L;J;
Fluorine 15,9954 5,40
14N 14.0031 amu PBr 78.9183 amu Silioon 29 6854 g 77 9749
120 15.9949 amu g 189765
T 29.9738
Copyright @ 2007 Pearson Prentice Hall, Inc. |:|‘1th'|""-|'| LS AL4TIS I IA)L9T73E
Suliu 37 (Wl g 31,971
W 329715
g 33,9674
Chlorine: 35,4527 L 14 g
CT 35 06RE0
Bramine 795094 "Br 785183
SBr S A3
lodines 17 A 0148 127] 175 WA

High resolution MS - molecular formula
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M-2 peaks

+ +
CH3CH2CH2 — CH2CH=CH2 + H-
m/z =43 m/z = 41

Copyright © 2007 Pearson Prentice Hall, Inc.

Peaks are commonly observed at m/z values two units
below the m/z values of a carbocation, because the
carbocation can lose two hydrogens
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Fragmentation (EI only!!!)

atoms: the more substituted. the more likely
is cleavage. This is a consequence of the increased
stability of a tertiary carbocation over a secondary,
which in turn is more stable than a pnimary.

Cation stability order:

CHy® < R;CH," < RyCH™ < RyC*

4. Double bonds, cyclic structures, and especially
: _ aromatic (or heteroaromatic) rings stabilize the
1. The relative height -::tltht- !I!'I{J.l-‘.’CUJEIr 1on peak 1s maolecular ion and thus increase the probability of
greatest for the HET.'-I[!‘L"!I-L‘I!IFII'I‘I. L‘l‘l‘!‘n'[':ll"l'l.lni.{ and ils appearance.
decreases as the degree of branching increases (see = : . :
rule 3) 3. Double bonds favor allylic cleavage and give the
e resonance-stabilized allylic carbocation. This rule
2. The relative height ol the molecular on peak usu- . "M : :
v d "_“] _ : D e does not hold for simple alkenes because of the
dlly fdecreases wil NCreasing molecular weiwrnt . : . .
: I:!{umﬂl:} u:m u.nl*l I—:tule ik ';; e:lr i lg'u:- d']'jl ready migration of the double bond. but it does
i . ]
LM mm“E ‘FF hold for cycloalkenes.
| -
% Clenvacre & favored at slkilsibetitated carlon b. Saturated rings tend 10 lose alkyl side chains at the

a bond. This is merely a special case of branching
(rule 3). The positive charge tends to stay with the
ring fragment. See Scheme .4

_,f’ﬁx,..fR

:"\\_\_‘\ u-’{'_

(3ch 1.4)

Unsaturated rings can undergo a retro-Diels- Alder
reaction Scheme 1.5;

- Z| CH,
O —|C &
¥ = CH,

(Sch 1.5}
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Fragmentation (El only!!!1)

7. In alkyl-substituted aromatic compounds, cleavage
15 very probable al the bond 8 to the ring, giving
the resonance-stabilized benzyvl 1on or, more likely,
the tropylium ion (see Scheme 1.6).

: A
EBRES |f EJ s
o ~F

H g

\
H <
H[/,fﬁ_ x;! W shife
N
/
H

H
H

{5ech L5}

8

The C—C bonds next to a hetercatom are
frequently cleaved, leaving the charge on the [rag-
ment containing the heteroatom whose non-
bonding electrons provide resonance stabiliza-
Lomn.

Cleavage Is often associated with elimination
of small. stable, neutral molecules. such as carbon
monoxide, olefins, water, ammonma, hydrogen
sulfide. hydrogen cyvanide. mercaptans, Ketene, or
aleohols, often with rearrangement (Section
15.5).
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Rearrangements

McLafferty rearrangement
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H R
where ¥ = -D;_.s}':’ﬁ —RHC=CH
H.R. OH. H::.*; | 3
i - L
OR, NH, Y -u-'-"-.
R’
H -H H
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Mass Spectrum — 2-Me-butane )
100 -
43
CH3(|3HCH2CH3
g CH;
5 57
©
3
< | 29
% 27
=2
| 72
0 T |1!5| :I.I |'I lllll !": T ['l ||||||
20 40 60 80 100
milz
e
E + .
|CH;CHCH,CH;|* —— CH;CHCH,CH; + CH;j
molecular ion m/z =57
m/z=172
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Isotope Effects
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43
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+ +

CH:CH,CH,Z2Br: + CHLCH,CH,~28r: —— CHiCHy CHy "Byt + CHiCHyCHyBr — CHiCH,CH, + "Br: + “Br:

1-bromopropane miz =121 miz = 114 myz = 43
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Isotope Effects
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Table 12.2 The Natural Abundance of Isotopes Commonly Found
in Organic Compounds

Natural
Element abundance
Carbon e L
08.89% 1.11%
Hydrogen 'H ’H
99.99% 0.01%
Nitrogen S N
99.64% 0.36%
Oxygen L © ) 0
99.76% 0.04% 0.20%
Sulfur s 33g S 9
95.0% 0.76% 4.22% 0.02%
Fluorine 195
100%
Chlorine ol e
75.77% 24.23%
Bromine B¢ 81p;
50.69% 49.31%
Iodine 1271
100%

Copyright © 2007 Pearson Prentice Hall, Inc.
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Mass Spectrum — 2-Cl-propane

1 i
00 43
CH3(|3HCH3
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CH3(|THCH_1
Cl

43

||||||||

Fragmentation — 2-Cl-propane
C|TH3 fg 50
CHiCH + ¥k + ¢ |3
m/z =43
heterolytic
cleavage
CHj; CH;
L, 35t L3t
e CH_;CH(—;_?.I: + CH3CHCl’;?.l:
m/z=178 m/z = 80
(|‘.H3 (]:H‘q
CH;CH=Cl: + CH;CH2Cl:
2-chloropropane
—e C?Hg (EH';
— &t — ~t
CH3C;1\‘—F(;,1:‘5 + cmc@—fq??
m/z=178 m/z = 80
homolytic
cleavage

35 % 37 & .
CH;CH==Cl: + CH;CH==Cl: + °CHj

m/z = 63 m/z = 65
Copyright © 2007 Pearson Prentice Hall, Inc.




Mass Spectra of the Common Classes of Compounds

Hydrocarbons — Alkanes

- Large compounds show fairly similar spectra (M* 1)

% of Base Peak

% of Base Peak
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FIGURE 1.14 EI mass spectra of isomenc C, hydrocarbons,
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Hydrocarbons — Cycloalkanes
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FIGURE 1.18 EI mass spectrum of cvclohexane,



Hydrocarbons — Alkenes (olefins)

ik

& of Basc Py

Mass Spectra of the Common Classes of Compounds
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Hydrocarbons — Aromatics and alkylaromatics

e I:H—I
100 |
3 : M' —
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FIGURE 1.17 EI mass spectrum of naphthalene.
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Alcohols

| .
CH4CH,CH,CH,CHCH; —— CH+CH,CH,CH,CHCH,

2-hexanol

BOSTON
100 L 45
r CH}CHQCHECH2C|HCH}
§ 80 E OH
g L
c 60F
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.. n-cleavage . o7
OH CH;CH,CH,CH, + CH;CH=OH
myiz =45
miz =102 \ X .
CH;CH,CH,CH,CH—0OH + CH;

recarbon
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FIGURE 1.18 EI mass spectra of isomeric pentanols.
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FIGURE 1.19 El mass spectrum of e-ethvlphenol
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FIGURE 1.20 EIl mass spectrum of ethyl sec-butyl ether
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FIGURE 1.21 EIl mass spectrum of anisole.
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FIGURE 1.22 FEI mass spectrum of cyclohexanone
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FIGURE 1.23 EI mass specirum of p-chlorobenzophenone
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FIGURE 1.26 EI mass spectrum of decanoic acidl.
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FIGURE 1.26 EI mass spectrum of methyl octanoate
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Carboxylic Acid Esters (benzyl, phenyl esters, aromatic acids)

O _ _OH

(ArCOOH)*  (ArCOOH,)"



Mass Spectra of the Common Classes of Compounds m

BOSTOMN

Carboxylic Acid Esters (lactones)

0
1, 0’
-V alerolactone - i |
CsHyO- .0 LHLH=0 |
36 Mol. Wi: 100 F e
_— 1 \ H(
= 100 1 m/= 56
I-_F ~ r29 * l B3
= I [ | ¢
- - 43 M- 15
- , .
* 30 3 | ~—
= i M"
3 - . 100+
. ) | i LJ | L'_I_ . " .J_ | —— M - ' | I ; |
[-} T Fh | L | LI B LI | L | I- L | L L | UL | 1 ] ‘1- L | LB | L | I T I LI | L T | 1 B
30 40 50 60 /s 70 RO 90 |0

FIGURE 1.27 EI mass spectrum of y-valerolactone,
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Amines (aliphatic)
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Amines (cyclic and aromatic)
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Amides
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Nitriles
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Sulfur compounds (thiols, sulfides)
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FIGURE 1.28 EIl mass spectrum of di-n-pentyl sulfide
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Halogen compounds

TABLE 1.5 [ntensities of Isotope Peaks (Relative to the
Molecular lon) for Combination of Chlorine and Bromine
Halogen % %o % % %o %o
Present M+2 M+4 M+6 M+8 M+10 M+12
Cl 32.6

Cl, (5.3 1{h6

Cl; U7.8 319 35

Cly 131.0 639 140 1.2

Cl; 163.0 1060 347 5.7 0.4

Cl, ve0 1610 6Y4 70 22 0.1
Bi PR

Br: 195.0) 05 3

Br, 2030 2860 934

BrCl 1 300.0) 319

BrCl. 163.0) 44 104

Br.Cl 228.0 1890 31.2
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FIGURE 1.29 Predicted patternsof MM + 2 M < 4, for compounds with vanous combinations of chlorine and bromine.
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Heteroaromatic compounds
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