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Introduction

 Provides the molecular weight.

] Helps you to determine the molecular
formula (MF).

] High Resolution Mass Spectrometry (HRMS)
can provide an accurate molecular formula.

L Provides structural information that can
confirm a structure derived from NMR and IR.

. Uses a very small sample.

 Used for protein profiling in proteomics.



Mass Spectrometry NOT Spectroscopy

1 Mass spectrometry doesn’t use light at all
(doesn’t involve absorption or emission of
light over a range of wavelengths like
spectroscopic techniques).

1 In the mass spectrometer: A sample is struck
by high energy electrons, breaking the
molecule apart. The masses of the fragments
are measured and this information is used to
reconstruct the molecule.



Electron Impact lonization
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Radical Cation: A molecule that has a positive charge and an unpaired
electron.



A During ionization, other fragments can be
formed when C—C or C—H bonds are broken.

JIn Mass: Only the positive fragments can be
detected.
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Electron Impact lonization

Advantages

* Well-established technique

* Fragmentation pattern gives structural information

* Databases (libraries) available for pattern identification
Disadvantages

 Sample must be volatile

* Only 10% of all molecules give the molecular ion peak

* Does not work well for large fragile or ionic species



Mass Spectrometer
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Simple Explanation of Mass
Spectrometer

snooker

Mass Spectrometer golf —

Analogy ping-pong




Mass Spectrometer




The Mass Spectrum
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J The Molecular lon Peak or Parent Peak (M*): Gives the molecular weight of
the compound (means a detectable number of molecular ions reach the
detector without further fragmentation).

(] Base Peak: Is the tallest peak and corresponds to an abundance of 100%.
The % abundance of all other peaks are given relative to the base peak.,




Isotopic Abundance

Isotopic Composition of Some Common Elements

Element m* M+1 M+2
hydrogen 'H 100.0%

carbon 2C 98.9% BC 1.1%

nitrogen N 99.6% N 0.4%

oxygen 0 99.8% B0 02%
sulfur 328 95.0% 333 0.8% 343 4.2%
chlorine 2 75.5% S1C1 24.5%
bromine PBr  50.5% SIBr  49.5%
iodine 2T 100.0%
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High Resolution MS

(1 Detect particle masses to an accuracy of about 1 part in 20,000 by
using extra stages of electrostatic or magnetic focusing to form a very
precise beam.

J Exact Mass: A mass determined to several significant figures using an
HRMS

1 Example: A molecule with mass of 44 could be C;H,, C,H,O, CO,, or
CN,H,.

[ For example, let’s say the compound we are looking for has mass of
44.029, What is the correct structure?

C3Hg C,H40 co, CN,H,
3C 36.00000 2. C 24.00000 1 C 12.00000 1 C 12.00000
8H 8.06260 4H 4.03130 4H 4.03130

1O 15.99491 20 31.98983 2N 28.00610

44.06260 44.02621 43.989383 44.03740
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Exact Masses of Common Elements and

1so0tope ImAss natural abundance =
mass= 38 _
Iy 1.00782 99,085 N30 32,0042
Iy 2.01410 0.015 NiHz 58.0280
CNO, 57.9929
12¢ 12.0000 08.802 CH;N-0 %S.ﬂlﬁ ]
13¢ 13.00333 1.108 CH4N;3 58.0406
C-H»04 5380054
14y 1400307 00 634 CyH4NO 58.0203
15y 15.00010 0.366 C.HgN- 58.0532
C;HsO 58.0419
16g 15.99491 99 763 sHeH 58.0657
g 16.99913 0.037 CaHig 58.0783
180 1799916 0.200
19g 18 00840 100.000
35¢1 34 96885 75.77
3 36.96590 2473
1981 7891830 5069
8lpy 20.01642 49 31
1771 126.90447 100.000
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Use of Heavier Isotope Peaks

Mass Spectrum of Bromine Containing Compounds

100 g
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The molecular ion peak M* that has 7°Br is almost as tall as the
M+2 peak that has 3'Br because bromine is a mixture of 50.5%
“Br and 49.5% 81Br.
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Mass Spectrum of Chlorine Containing Compounds
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The molecular ion peak M* is 3 times higher than the M+2
peak because chlorine is a mixture of 75.5% 3°Cl| and 24.5%
37CI.
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Mass Spectrum of Sulfur Containing Compounds
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Sulfur has three isotopes: 32S (95%), 33S (0.8%), and 34S (4.2%).
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Mass Spectrum of lodine Containing Compounds
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Examplel:
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Example 2:
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Fragmentation Patterns in Mass

Spectrometry
[ lonization
+
R:R + e > [R-R‘l. + 2e
] Radical cation
J Fragmentation (molecular ion)

+

ROR] - R 4+ R

Cation fragment Radical fragment
(observed) (not observed)

J The most stable fragments usually formed (bond
breaking doesn’t take place randomly)
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A. Mass Spectra of Alkanes

n- Hexane 71
s — CH, -+ CH, + CH, 4 CH, -} CH;
100
M-29
M_43 5? CH; _CHE_CHE_CHE_CHE_CH;

80 43 n-hexane
L
= 60
=~
= M-57 gs
5 29 M
£ 40 36

20 M-135

‘ 71
0 I T 1 '|l L II | . T T T T T T T T T
10 20 30 40 60 70 80 90 100 110 120 130 140 150 160
m/z of the charged
fragment on this side
of the broken bond \
S/
[CH3CHZCH2CH21CH2CH3]T —>  CH,CH,CH,CH,* + -CH,CH,
hexane radical cation 1-butyl cation ethyl radical (29)
M+ 86 detected at m/z 57 not detected
29
[CH3CH2CH2CH2~I:CH2CH3]T —>  CH,CH,CH,CH,- + *CH,CH,
hexane radical cation 1-butyl radical (57) ethyl cation 21

M+ 86

not detected

detected at m/z 29



Fragmentation of Branched Alkanes

100
43
= 60 thvlrentana
= 2-methylpentane
E
2 40 M-15
; 71
M-29
|l ;
0 '%' — —— I_Irl * | 'I'! | tl T T | | | T |
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
miz
(“H;
& CH,CH,CH,—CH + “CH,
CH3 ’ ///" 2-pentyl cation methyl radical
CH,CH,CH,+CH-+CH, | P

2-methylpentane radical cation \ CH
m/z 86 I .

*CH—CH,; + 'CH,CH,CH,*
isopropy! cation propyl radical
m/z 43 (base peak)

Fragmentation occurs to give the most stable cation and radical 2



B. Mass Spectra of Alkenes

_~allylic position

. + +
H CH,>? . H CH H CH
N, /% CHs N, S8 N A2 o
e CH —> C=C «—> Cc—C + ‘CH,CH-,
7 d e 2 v B / B R
H,C H -cleave here H,C H H,C H
methallyl cation, m/z 55
100
20 55 R R
trans-2-hexene
2 60
2 !
2 40 M
- 84
20 ‘
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mlz

Resonance-stabilized cations are favored.
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C. Mass Spectra of Alcohols

I "L
” H,O + | CH;—CH—CH=CH, | m/z70
| - H H |
H,O + -CH; + ct 5 C
i ' A7 7N\ +
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(base peak)
100
55| (M-18-15)
80 70
M-18
S 60 CH;
5 |
-c -
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= 40 ‘ g =
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Categories of Fragmentation

A. One-bond o-cleavages

(a) Cleavage at C-C producing a cation and radical

[—C—/C—J\—

+

- —C' 4 —C

(b) Cleavage at C-heteroatom producing a cation and a radical

SRy .
—C-C—-~Z— - —C-C + —Z
(c) a-Cleavage producing a cation and a radical
. 2\ s
—C-C-Z > cC=Z2 + —C
—C-C-Z = —C=C + 7
4 " "
—c-C=Z ~ c=z"+ —C




B. Two-bond o-cleavages or rearrangements

(d) Elimination of a vicinal H and heteroatom:

+

[—cH:—C—z

(e) Retro-Diels-Alder cleavage:

Pl

Full Mechanism

(c) McLafferty type rearrangements:

+ |
Z

Mz
E\QQKZ Z

Full Mechanism

¥

H -
UZ
o, —,

- [—C:C

* 4+ —ZH

+

+ |

Abbreviated Mechanism

_H
+ |
Z

Abbreviated Mechanism



Alkenes

H H H ) H H.H
N 5
R c|: C—C—R - R C‘B C—C
H H
B-Cleavage T T T i T N T B-Cleavage
R + C:C—ci—R1 R—(‘J—C—C—R1
] H
H - McLafferty
P +
Hz%&)(ﬁ"' RAR _ CH;
H,C.) (CH i T H
c” ezadl
H>
) *  Retro =
e _ Diels-Alder
NS
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Benzenoid Aromatics

C

Q g loss of
» - = -
'C5H11. * —C=CH
m/z 162 _ m/z 91 m/z 65
Benzyl Cation Tropylium cation Cyclopentadienyl cation
¢ _
O —— o —
. +
-C3H
> m/z 105

—(H C—C=CH> CHy |+
M > H
H McLafferty H

rearrangement
m/z 92
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Alcohols

.+ +
H. Ofﬁ H-g-H : C‘>H ﬁ)H
‘e - .o (\
/Q’di McLafferty /Jg E] C4H9—(|3—C3H7 —— C,Hg + C|:_C3H7
rearrangement C,He C,Hs
Example:
49 M - (H-0 + CH>=CH-)
27 _ 31
M = (H,O + CH3) ~._ _~_ _OH
St - S i -
" ] 17 T
i . / 35 M- H,0 l;:lf’cha::l)nl
] . 5H 2
< 50 1 | 09 Mol. Wt.: 88
; >/ M-
I R 1 il
7 f Ll L1
{} Ifllllll Ill!lllfll II|1I[I|I'III Ir[III1IFIrIII1III|I11T|l'l1i|l'llr[1II_I_|1T'I
20 30 40 50 m/z 60 70 80 90
R H R H ., _H

0 —
\l:‘; O H,C=CH, [H.?(_,=(,HR].F

( H,O

=

.. .H R H._. _H R
Wl Tt
UU ¥ Q{J "'t..\1
H.O
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Benzyl alcohols and substituted homologs

OH OH
Benzyl alcohol 1-Phenylethanol
OH H H H
—» —_—
H H
+ +

m/z 107
Hydroxytropylium m/z 79 m/z 77

ion



Phenols

H
R HI" co ’
NS
M-28 M-29
) OH
HO 'T
Hy R
C—R —/=
m/z 107
. Hydroxytropylium
Example: Aok
HO\ /a 107
R / [M — CH,J"
3 I . f/ ‘5\
% 3 ¢ Y e
= 7 L,/
: d o-Ethylphenol 122
E; 5{] . CEH'[]D ChH_t.* ”’F‘I = HgOl M* “-1
E Mol. Wi.: 122 771 J \ ~,
E rjlg . 91 1 1{}3—1
_G_'ﬁm_ﬁﬂTHﬂTmTﬁﬂmlJl|lr=||1!|||:rllil|rr[|r1'!|r -|r|-rrr|-r'rT|-
40 60 70 .. 80 90 100 110 120
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Ethers

Aliphatic Ethers
1. Cleavage of the C-C bond next to the oxygen:

2 -
C,}(.é C R C_é C
| |
oG cC—
N >
T_O C —0C O+ + C—
|

2. C-O Bond cleavage:

32



Example :

oo
CH;CH,CH :0O—CHCH
CH,  CH, CH,  CHs A 3
L e R m/z = 57
CH3;CH,CH—O—CHCH; —— CH;3CH,CH—O—CHCH;
sec-butyl isopropyl ether m/z=116 C|\H3 LFHB
CH;CH,CH—O: + CHCH;
m/z =43
A\ ?Ha ?Ha (|:H3 {’TTH:,,
T + .
CHsCH,~CH-ZO—CHCH, —298Va%e - ‘y_ O CHCH, + CH,CH,
U m/z = 87
(CHs {'T?H:,J (|3H3
- N _
CHgCHgCH\”FO CHCH, —2deavage g CH,CH—O—CHCH, + CHs
m/z =101
CH CH CH
3 N (_ 3 3

, C [ 4 .
CH,CH,CH—O CHCH, —®9eavage -y CH,CH—O—CHCH; + CHs

L
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Example :

. +
0 : Co Co.
\E \l -CH:CH, ‘49 W -H,C—=CH, ‘4’ H
i
Ethyl sec-butyl ether I .
CgH 4O Mol. Wt.: 102 .
(T' + O
! H
| 45-] r
%< 100 3 > 73 m/z 45
E : m{r -
? .
] 73
f 1 CH4CH, 1
_: 50 M - CH;4
- 414 1 . \
1] 1 1 . L nl
O lllllllllllllllllll lIIIIIIIIIIlTI'I'IlIIlllllill T[I[[FIIIIII Illl'III'IIIIIIIIII
30 40 50 60 /s 70 80 90 100
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Aromatic Ethers

+ +
Q\ O
CHs oy, -CO
e E—
m/z 93 m/z 65
"’OHH . A -
= . f"-—-!f{FH g CH:D r’r l:-\:- _H. | ‘ N—j* M
J H L“H p 108
S— A A / X \ P 1
ad I n H
:;E.. . m/z 78 m/z 77
u. -
2 E 65—1 TE-]
g 50
. 39
. 511 737
: . ol L1, S? -I oAl P . L I
0 |||1|||]|]|1r iIIIIIEIIII IIIlTlTl'lTlII IITIIITIIII IF'III Illllll FIII!IIIII!'II IIF
30 40 50 60 sz 70 80 90 100 110
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Aromatic Ethers

CHR

H
m/z 66

Acetals and Ketals B—Cleavage

| o

\'55\(:/
/ \&’SS\OR
T

' o—Cleavage
B-Cleavage is favored over a-cleavage



Carbonyl Compounds

a-Cleavage

X / X +YCO
CO or
YN X + YCO
B-Cleavage with MclLafferty RAR
:ofxli °'o|’+H
X~ x)\'
R I R
..O:_
AN

C

H

&

R

37



38



Ot . 0O+
-R :0:
R R R s
R
_H _H _H

*E)T,_/“T RHC=CH, _ j};l «—> j}i) .1—; J\

Example 1:
g + + * +
0: () CH}CHQCHQ + CHJCED:
I e / m/z = 43
CH;CH,CH,CCH; —— CH;CH,CH,CCH;
2-pentanone m/Z = 86 + .
\—) CHE,CHQCHQCEO: + CH3
m/z =71
y H
HEC‘)\J /ﬁ\ + H*x, +
= O: McLafferty
HEC{"‘} I rearrangement 1 I
B CHp;—C—CHj; > H,C=CH, + ‘CH,—C—CH;4

m/z = 86 m/z =58 39



Example 2:

<\_ / c=0 h OLEO—CI

P
m/z 105 . m/z 139
C=0 p-Chlorobenzophenone
-CO -CO C13HyCIO
ﬂ M Mol. Wt.: 216
N ™
+ -t
<\' ) 105 Y OCI
P— m/zT7 o ¢l m/z 111 206M° 100.00%
s 100: 217 M+1  19.28%
A : 1399 218 M+2  33.99%
2 e 219 M+3  6.21%
= . 779 220 M+ 0.98%
R
£ 50 3 216
. |-51
1 1 I N
. | ||] | I. | I |
D I L] L L T | T ] L | 1 T L] 'I T L ) L 'I L ] | || I 1 ] L] T '| 1 1 T ]
50 100 /s 150 200
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Carboxylic Acids

:O+
i

R
/ M-OH
+

: Ot
+ .
R)kOH > R + COOH
M-COOH
. +
R + COOH
m/z 45

Loss of 44 is loss of CO,
m/z = 45 suggests [O=C-OH]*

vy Hydrogen present? McLaffert rearrangement to alkene plus:

_H _H

H_ :
Ox j —RHC=CH3= 5 7
Ri

HO CH HO (,r“_H'

I
R’ R’
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Example

% of Base Peak

29/ 43, 570 71 85 99: 113 128) Q

1o CHy—CHz+CHz -CHy+-CHy—CHy-CHy--CHy--CHy —C——OH

HO™ "CH, (143 (129 (115 (101 (87 173 59 (45
7

73 1 Decanoic acid
CioH20;
Mol. Wt.: 172

S

taaalssay

431

W
C

EETHENEN!

112 172
1 143
|n|' . L. l ! u!l l | “h| | ..lL ] - : L l X 1l -!

() l | | I I | ¥ ' 1
50 100 150
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Esters

O+ : .
Il + RO For saturated straight-chain methyl esters
/ R frogw Cg to Cye
H.
1Ot " . ¢ P
'
)J\O’R — = R +ROCO CH, N o-CHs
. +
— > R + ROCO I
\ . H. .
CH,0 o
(in case of methyl esters) o “Hs
m/z 74
+ [_'I H fﬂ“m,—-'fﬂ.“‘ ﬂ\‘-v-"O“‘--H
_ CH,=COCH: 7 x 20
3 4 Methy! octanoate Q)
: I{}U E \- " - 11 CGHIHU.‘:
3 E "“*':'”ECFC”-‘ Mol. Wt.: 158 -
= 3 l_gg i 3?-| M - OCH; 153-l
=50 2 439 HyCOC=0 M -31
i | 559
E H / 101 13?'|J
3 |H I |1| 1 | L 1y || I 1
[} e T 1 l | 1 T T 1 T T I T | T T T 1 T T T T T | T T
50 100 150 .



Amides

. + .
T + —_—
R™ NH; R + CONH, Ar)J\NHZ A )II
m/z 44 r
For secondary and tertiary, there are too many possibilities
O
Benzamide ||
C,H,NO C+ |
Wt 12
Mol. Wt.: 121 ) L AN o N
0 f'NHE D' NH: y '1- — - = l
- Y J;Eﬂ“" \Q:,fj l-\ ~
N 2 VZ m/z 105 m/z 17
|| e —— | mx:r‘;‘ifé- -‘ +
X X | ~. | O=. _NH,
M m/z 121 m/z 44
77 105

S
=
L
=S

5]-1

|||||l“

% of Base Peak

Ln
=

[AEEEEEEE

44-|

rlS 28
|

1i 1] L] I i | i
U llllillllllllllll‘l]]]'li |'|||4I||:||||||||'||||I|||||'f|'|_|'|'|'|'lll'| lT'lIlll'I'l'l'llllllllllllIIIII IIII'I'|'|'|'||IIII| 7T

|
20 30 40 50 60,,70 8 90 100 110 120 ,




Anhydrides

O
Ot O :ﬁ+
NN >
O
Nitriles
H _
R—C —C=N — N > M-27

McLafferty ion is usually the base peak from C4 on



Amines

R . R R
+° S/ ) -R™ +ﬂ / /\V +/
H,oN C—R » H-oN C\ <«—>»H,N C
e . “r

Cyclic fragments occur during the fragmentation of longer chain amines

R
S T
NH, -R O‘Hz

m/z 86



Rule of 13

Rule of 13: assumes a C_H,, structure
Mass of a CH unit =13
So divide m/z by 13 and remainder is additional hydrogens

For m/z =78, then 78/13 =6

MF = C¢Hq ©

For m/z =132, then 132/13 = 10 and 2 remain

C,oHo + two additional Hs —C,,H,, or isomers

O

47



In this model, heteroatoms are viewed as CH equivalents:
150 = CH,

14N = CH,

19F = CH,

32§ = C,H, ,etc.

som/z=112 112/13 =8 and 8 remain

C8H8 + 8Hs o C8H16

If one O: replace CH, with O

C8H16 ' C7H120

If two O: replace C,Hg with O,




When Nitrogen is Present:

Nitrogen Rule: A compound with an even numbered MW contains zero
or an even number of nitrogen atoms; if MW is odd,
compound has an odd number of nitrogens.

m/z = 93 use rule of 13
93/13 =7 (2 H remaining)
C,H, and additional 2 Hs: C,H,

If you try to determine UN
UN=7+1—-(9/2)=3%(?)

Suspect N because of odd molecular formula CHj
Make substitution N = CH, AN
C7H9 — C6H7N (UN = 4) | P Or Isomers

N



