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FILGURE 8.1% Representative ce-cleavage fragmentations (¥ = heteroaton).
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SPECTRAL ANALYSIS BOX — Alkanes

MOLECULAR 10N FRAGMENT IONS
Strong M~ Loss of CH, units in a series: M — 14, A — 28, M — 42 etc.
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Relative Abundance
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Relative Abundance
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Helative Abundance
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_ SPECTRAL ANALYSIS B OX — Cycloalkanes

MOLECULAR ION FRAGMENT IONS

Strong M* M—28
A series of peaks: M — 15, M — 29 M — 43, M — 57, etc.
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Relative Abundance
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Relative Abundance
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SPECTRAL ANALYSIS B OX —Alkenes

MOLECULAR ION FRAGMENT IONS

Strong M™* mifz=41
A series of peaks: M — 15, M — 29 M — 43, M — 57, etc.
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Relative Abundance
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Relative Abundance
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Relative Abundance
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Relative Abundance
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_ SPECTRAL ANALYSIS BOX —Alkvnes

MOLECULAR I1ON FRAGMENT I1ONS

Strong M* mfz = 39
Strong M — 1 peak
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Relative Abundance
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SPECTRAL ANALYSIS B OX— Aromatic Hydrocarbons

MOLECULAR ION FRAGMENT IONS
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Relative Abundance
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:- SPECTRAL ANALYSIS BOX—Alcohols

MOLECULAR ION FRAGMENT IONS

M* weak or absent Loss of alkyl group
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Eelative Abundance
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group via ¢t-cleavage. As discussed earlier, the largest alkyl group is most readily lost. In the spec-
trum of l-pentanol (Fig. 8.43), the peak at m/z = 31 is due to the loss of a butyl group to form an
H,C=0H" ion. 2-Pentanol (Fig. 8.46) loses either a propyl group to form the CH,;CH=0H" frag-
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Eelative Abundance
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Fo) LY ) Cod

source of the mass spectrometer. Thermal dehydration is a 1,2-elimination of water. If the alcohol
molecules reach the ion source intact, however, dehydration of the molecular ion can still occur, but
in this case it is a 1,4-elimination of water via a cyclic mechanism:

H—OH

++
H“,,l J\H_'DH - q-+

L;':}j\ elimination R. AR
R R

n n
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Relative Abundance
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H,C=0H" ion. 2-Pentanol (Fig. 8.46) loses either a propyl group to form the CH;CH=0H" frag-

ment at m/z =45 or a methyl radical to form the relatively small peak at m/z = 73 corresponding to
CH;CH,CH,CH=0H". 3-Pentanol loses an ethyl radical to form the CH;CH,CH=0H" ion at m/z =
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corresponding to that ion even more prevalent. 2-Methyl-2-butanol (Fig. 8.48) undergoes
o-cleavage to lose a methyl radical two different ways, creating a considerable size peak at mfz =73
in addition to the peak at m/z = 59 corresponding to the (CH;),C=0H" ion formed by loss of an

ethyl radical.
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_ SPECTRAL ANALYSIS BOX — Phenols

MOLECULAR ION FRAGMENT I1ONS
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SPECTRAL ANALYSIS B OX — Ethers

MOLECULAR ION FRAGMENT I1ONS

M™ wealk, but observable o-Cleavage
mfz =43, 59, 73, etc.
M—131, M — 45, M — 59, etc.
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rearrangement of the o-cleavage products produce 1ons at m/z = 45 and 39, corresponding to

(HO=CHCH.)* and (HO=CHCH,CH.)*, respectively.
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-1+ retro

R Diels-Alder J R
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FIGURE 8.22 A retro Diels-Alder fragmentation.

H,_ + McLafferty

¥ H y
\E “"‘ marmngenmnf R\‘ \"“f - h-m:
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LY=CN,0
FIGURE 8.23 The McLafferty rearrangement.
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SPECTREAL ANALYSIS B OX — Aldehydes

MOLECULAR ION FRAGMENT IONS
M* weak, but observable (aliphatic) Aliphatic:
M+ strong (aromatic) miz =29, M — 20,
M — 43, miz= 44
Aromatic:
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_ SPECTRAL ANALYSIS BOX— Ketones

MOLECULAR ION FRAGMENT I1ONS
M* strong Aliphatic:
M — 15 M — 20 M — 43, etc.
miz =43
miz = 38, 72, 86, etc.
mfz =42, 83
Aromatic:
mfz =105, 120
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more likely to be lost, in keeping with Stevenson’s Rule. The 1on formed from this type of a-cleavage
in ketones (and aldehydes) is the acylium 1on (RC=0"). In the mass spectrum of 2-butanone (Fig.
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SPECTRAL ANALYSIS BOX—Esters

MOLECULAR ION FRAGMENT IONS

M™ weak, but generally Methyl esters:

observable M—-31,mlz=59,74
Higher esters:

M—-45 M-50.M-T73
miz="T3, 87, 101
mfiz=288,102, 116
miz==61,75, 89
mfz="T7, 105, 108

M-—-32 M—46, M- 60
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Relative Abundance
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miz =108
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Relative Abundance
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SPECTRAL ANALYSIS B OX — Carboxylic Acids

MOLECULAR ION FRAGMENT IONS
Aliphatic carboxylic acids: Aliphatic carboxylic acids:
M* weak, but observable M-17,M-45
miz =435, 60
Aromatic carboxylic acids: Aromatic carboxylic acids:
M* strong M—-17,M-45
M- 18
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_ SPECTRAL ANALYSIS BOX —Amines

MOLECULAR ION FRAGMENT IONS

M* weak or absent a-Cleavage
Nitrogen Rule obeyed miz =30
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RAelative Abundance
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Bealative Abundance
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Helative Abundance
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Relative Abundance
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Relative Abundance
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Position Oxygen Sulfur Priority
A'(c_gl')“" Thiol Root
Terminal /\OH /\SH
Hydroxy Mercapto | Substiuent
Ether Sulficle Root
Internal /0\ /S\
Alkoxy Alkylthiol | Substiuent
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Relative Abundance
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Relative Aabundance
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Alkyl halides may also lose a molecule of hydrogen halide according to the process

[R—CH,—CH,—X]* — [R—CH=CH;J" + HX
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Relative Abundance
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Relative Abundance
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TABLE 8.8 -’)}")-’ﬁ"’)\-:“-id}*’.'
RELATIVE INTENSITIES OF ISOTOPE PEAKS FOR VARIOUS e la o
COMBINATIONS OF BROMINE AND CHLORIMNE h—"-l-’“ S ¥

Relative Intensities

Halogen A M+ 2 M + 4 M+ 6
Br 1040 Q7T

Br, 1040 195.0 95.4

Brs 10{} 293.0 286.0 93.4
1 100 32.6

Clz 1O} 653 10.6

Cla 1040 7.8 31.9 3.47
Brl 100 130.0 3l1.9

BroCl 1040 228.0 159.0 31.2
Cl,Br 1O} 163.0 T4.4 10.4
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Relative Abundance
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Ralative Abundancs
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Relative Abundance
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TABLE 8.6
ISOTOPE RATIOS FOR PROPENE AND DIAZOMETHANE

Relative Intensities

Compound MolecularMass M M+1 M+ 2

C.H 42 100 334 005 S 2555 "”’UJV"@"”L’” Js-e
] 6 & a Ql”b

CH;N; 42 100 1.87 0.01

SEABRTSLNEY @ R

. Jws 3l 2 s
TABLE 8.7 Ao D12 ~
ISOTOPE RATIOS FOR CO, N3, AND CsHs

Relative Intensities

Compound MolecularMass M M+1 M+ 2

CO 28 100 1.12 0.2
N; 28 100 076
C;Hy 28 100 2323 (.01
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TABLE 8.5
NATURAL ABUNDANCES OF COMMON ELEMENTS AND THEIR ISOTOPES

Element Relative Abundance
Hydogen 0 100 M 0.016 sl Cggnldyee 4o e sl Jgd> ®
Carbon e [/ 1.08 Calides
Nitrogen N 00 BN 0.38 P
& ‘e - - . o

Oxygen & 0 "o 004 B0 0 Cow )50 S0 Ean SLS 5 b
Fuode  F 10D et 12
Silicon B 100 s 5100 g 335 : : C

; LQJL»)J‘JJJ.QL“KL;%L&W)‘
Phosphorus B 100 L.
Sulfur g m 078 ¥ 140 Rk
Chlorine 50100 I s
Bromine "Br 10 gr 080

lodine 2| 100
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TABLE 8.4
PRECISE MASSES OF 50ME COMMON ELEMENTS

Element Atomic Weight Nuclide Mass ﬁﬁ LSQJ?' > ‘ bb ‘

Hydrogen 1.00797 H 1.00783
H 2.01410
Carbon 12.01115 12c 12.0000 ‘ L ‘ ‘ ‘
3o 13.00336 L o T b v ylewo NEEE ®
° ‘5 * ) ‘S} &) ) * . Lj J . L
Nitrogen 14.0067 N 14.0031 -
158y 15.0001 .
. . ”0 . " - .
Oxygen 15.9994 150 15.9949 us‘*" calides sla J':'b P e EDIBL
17
0 16.9901 . . . - -
Fluorine 18.0084 g 18.9084 . ‘ jj‘ ‘ . *
LS Mde!l <ol 3 ealara!
Silicon 28086 g4 27.9769 e J A
g4 280765
gi 209738
Phosphorus 30.974 ip 30.9738
Sulfur 32.064 g 31.9721
g 32.9715
34g 33.0679
Chlorine 35.453 SR 34 9680
g 36.9659
Bromine 79.909 Br 780183
*lpr 80.9163
Iodine 126.904 1277 126.0045
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VAN Aromatic compounds

Conjugated alkenes Lj’jgj"o C)j'f. LSJ‘A'.’.\'%
Alicyclic compounds
Organic sulfides Qﬁ‘ﬁuéu@ﬂﬁéjuﬁj));°
Unbranched hydrocarbons Ol e 5511y Calides LS 5 LS‘JQJ"’
| Mercaptans .V.l.s\.s AP ey Ol gl
Molecular ion Ketones ) ) ) L F o
lifetime 09 byijuﬂ‘ﬁruﬁ
Amines w38 S3lsk blae 5s 50l S, g
Esters u"ﬁgﬁ"’dﬁ"("“&*’uﬁ)‘uwfg
Ethers 513 6L Sl s
Carboxylic acids
Branched hydrocarbons
Alcohols
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