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R
esolution:

R
esolution:

a m
easure of how

 w
ell a m

ass 
spectrom

eter separates ions of different 
m

ass
– –

low
  resolution:

low
  resolution:refers to instrum

ents capable 
of separating only ions that differ in nom

inal 
m

ass; that is ions that differ by at least 1 or 
m

ore atom
ic m

ass units

– –
high resolution:
high resolution:refers to instrum

ents capable 
of separating ions that differ in m

ass by as 
little as 0.0001 (10

-4)
atom

ic m
ass unit
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–
C

3 H
6 O

 and C
3 H

8 O
 have nom

inal m
asses of 

58 and 60, and can be distinguished by low
-

resolution M
S

–
C

3 H
8 O

 and C
2 H

4 O
2

have nom
inal m

asses of 
60

–
distinguish betw

een them
 by high-resolution 

M
S

C
2 H

4 O
2

C
3 H

8 O

6
0

.0
2

1
1

2

6
0

.0
5

7
5

4

6
0

6
0

M
o

le
cu

la
r

F
o

rm
u

la
N

o
m

in
a

l 
M

a
ss

P
re

c
ise

M
a

s
s

F
or E

xam
ple:
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–virtually all 
elem

ents 
com

m
on to 

organic 
com

pounds 
are m

ixtures 
of isotopes

0.38
15.0001

100
14.0031

1.11
13.0034

100
12.0000

0.016
100

2.01410
1.00783

M
as

s
(am

u
)

14.007

12.011

1.0079

n
itro

ge
n

carb
o

n

h
y

d
ro

ge
n

R
e

lativ
e

 
A

b
u

n
d

an
ce

Iso
to

p
e

E
le

m
e

n
t

A
to

m
ic

w
e

igh
t

98.0
80.9163

100
78.9183

32.5
36.9659

100
34.9689

4.40
33.9679

100
31.9721

0.20
17.9992

100
15.9949

79.904

35.453

32.066

15.999

b
rom

in
e

ch
lorin

e

su
lfu

r

o
xyg

e
n

15N
14N

12C
13C 2H 1H

3
5C

l

8
1B

r

3
7C

l
79B

r

32S
34S

1
6O

1
8O

M
S

 is especially
U

seful for:
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–
carbon, for exam

ple, in nature is:
98.90%

 12C
 and 1.10%

 13C
 

–
there  are 1.11 atom

s of carbon-13 
in nature for every 100 atom

s of 
carbon-12

–
S

o, M
S

 is not as helpful as 13C
N

M
R

–
H

ow
ever, M

S
 is very valuable for 

confirm
ing halogens
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•
T

he m
ost com

m
on elem

ents giving rise to 
significant M

 +
 2 peaks are chlorine and brom

ine
–

chlorine in nature is 75.77%
 35C

l and 24.23%
 

37C
l

–
a ratio of M

 to M
 +

 2
of approxim

ately 3:1
indicates the 

presence of a single chlorine in a com
pound
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–
brom

ine in nature is: 
50.7%

 79B
r and 49.3%

 
81B

r
–

a ratio of M
 to M

 +
 2

of approxim
ately 1:1

indicates the presence of a single brom
ine in 

a com
pound
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• •T
he only elem

ents to give 
T

he only elem
ents to give 

significant M
 +

 2 peaks 
significant M

 +
 2 peaks 

are C
l and B

r
are C

l and B
r

–if no large M
 +

 2 peak is 
present, these elem

ents are 
absent 
	�����������	������
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•
S

ulfur is the only other elem
ent com

m
on 

to organic com
pounds that gives a 

significant M
 +

 2 peak
–

32S
 =

 95.02%
 and 34S

 =
 4.21%

•
B

ecause M
 +

 1 peaks are relatively low
 in 

intensity com
pared to the m

olecular ion 
and often difficult to m

easure w
ith any 

precision, they are generally not useful for 
accurate determ

inations of m
olecular 

w
eight
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•
Is the m

ass of the m
olecular ion odd 

or even?

• •
N

itrogen R
ule:

N
itrogen R

ule:
if a com

pound has
–

zero or an even num
ber of nitrogen 

atom
s, its m

olecular ion w
ill have an 

even m
/z

value
–

an odd
num

ber of nitrogen atom
s, its 

m
olecular ion w

ill have an odd
m

/z
value
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•
T

o attain high efficiency of m
olecular ion 

form
ation and give reproducible m

ass 
spectra, it is com

m
on to use electrons 

w
ith energies of approxim

ately 70 eV
[6750 kJ (1600 kcal)/m

ol]
–

this energy is sufficient not only to dislodge 
one or m

ore electrons from
 a m

olecule, but 
also to cause extensive fragm

entation
–

these fragm
ents m

ay be unstable as w
ell and, 

in turn, break apart to even sm
aller fragm

ents
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F
ragm

entation of a m
olecular ion, M

, 
produces a radical and a cation

–
only the cation is detected by M

S

A
-B

A A

B B

• +

M
o

le
cu

lar ion
(a rad

ical catio
n

)

+
•

•
+

+

+

C
ation

R
ad

ical

R
ad

ical
C

atio
n
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A
 great deal of the chem

istry of ion 
fragm

entation can be understood in term
s 

of the form
ation and relative stabilities of 

carbocations in solution
–

w
here fragm

entation occurs to form
 new

 
cations, the m

ode that gives the m
ost 

stable cation is favored
–

the probability of fragm
entation to form

 new
 

carbocations increases in the order

C
H

3
+

1°
2°

1° allylic
1° b

e
n

zy
lic

<
<

<
3°

2° allylic
2° b

e
n

zy
lic

<
3° allylic

3° b
e

n
zy

lic
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A
lkanes

A
lkanes

•
F

ragm
entation tends to occur in the 

m
iddle of unbranched chains

rather 
than at the ends

•
T

he difference in energy am
ong allylic, 

benzylic, 3°, 2°, 1°, and m
ethyl cations is 

m
uch greater than the difference am

ong 
com

parable radicals
–

S
o, the m

ore stable carbocation tends to 
form

 in preference to the m
ore stable 

radical
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–
M

S
 of octane (F

ig 14.5)

base: C
3 H

7
=

 43

M
-29 

M
-43 

M
-57 

A
lkanes

A
lkanes
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–
M

S
 of octane (F

ig 14.5)

base: C
3 H

7
=

 43

M
-29 

M
-43 

M
-57 

14 
14 
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–
M

S
 of 2,2,4-trim

ethylpentane (F
ig 14.6)

M
olecular Ion is not alw

ays observed-
especially if high tem

p reactions can occur

M
-57 

M
-71 

A
lkanes

A
lkanes
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•
A

lkenes characteristically 
–

show
 a strong m

olecular ion peak
–

cleave readily to form
 resonance-stabilized allylic 

cations

C
H

C
H

2 C
H

3
H

2 C
C

H
C

H
2

H
2 C

C
H

3

��������������

�

M
-15 

A
lkenes

A
lkenes
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•
O

ne of the m
ost com

m
on fragm

entation 
patterns of alcohols is loss of H

2 O
 to give 

a peak w
hich corresponds to M

-18
•

A
nother com

m
on pattern is loss of an alkyl 

group from
 the carbon bearing the O

H
 to 

give a resonance-stabilized oxonium
 ion 

and an alkyl radical:

•

   M
o

le
c

u
la

r io
n

(a
 ra

d
ic

a
l ca

tio
n

)
A

 ra
d

ica
l

•
• •
+

+
O

H
C

R
•

•

•
•

+
R

'-C
O

H

A
 re

s
o

n
a

n
ce

-sta
b

iliz
e

d
 

o
xo

n
iu

m
 io

n

R

R
"

R
'

R
"

R
'-C

=
O

-H
R

"

+

A
lcohols

A
lcohols
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•

   M
o

le
c

u
la

r io
n

(a
 ra

d
ic

a
l ca

tio
n

)
A

 ra
d

ica
l

•
• •
+

+
O

H
C

R
R

R
"

R
'

•
•

•
•

+
R

'-C
O

H

A
 re

s
o

n
a

n
ce

-s
ta

b
iliz

e
d

 
o

x
o

n
iu

m
 io

n

R
"

R
'-C

=
O

-H
R

"

+

A
lcohols

A
lcohols
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–
M

S
 of 1-butanol (F

ig 14.8)

M
 -

18

Lose H
2 O

 so easily that the m
olecular ion is rarely observ

ed

A
lcohols

A
lcohols
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A
ldehydes and K

etones
A

ldehydes and K
etones

•
C

haracteristic fragm
entation patterns are 

–
cleavage of a bond to the carbonyl group (a-

cleavage)
–

M
cLafferty rearrangem

ent

m
/z 128

+•

aaa a
-cleavage

m
/z 43

+

• +

+

m
/z 113

C
H

3

O

O

•O

+

• +

m
/z 58

  M
cLafferty

rearrangem
ent

M
olecular ion

m
/z 114

• +
O

H
O

H
+
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–
M

S
 of 2-octanone (F

ig 14.9)

• +

m
/z 58

  M
cLafferty

rearrangem
ent

M
olecular ion

m
/z 114

• +
O

H
O

H
+

A
ldehydes and K

etones
A

ldehydes and K
etones
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C
haracteristic fragm

entation patterns are
-

a
-cleavage to give the ion [C

O
2 H

] +
of m

/z
45

–
M

cLafferty rearrangem
ent

aaa a
-cleavage

•
+

m
/z 45

O
=

C
-O

-H
O

H

O

M
olecular ion

m
/z 88

+

C
arboxylic A

cids
C

arboxylic A
cids
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–
M

S
 of butanoic acid (F

ig 14.12)

• +
• +

+

M
cLafferty

rearrangem
ent

m
/z 60

O
H

O
H

O
H

O
H

M
olecular ion

m
/z 88

C
arboxylic A

cids
C

arboxylic A
cids
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a
-cleavage and M

cLafferty rearrangem
ent

++

•
+

• +
m

/z 71

m
/z 59

M
olecular ion

m
/z 102

aaa a
-cleavage

O
C

H
3

O
C

H
3

O

O

O
C

H
3

O
+

m
/z 74

  M
cLafferty

rearrangem
ent

+

+•
+•

O

O
C

H
3

H
O

H

O
C

H
3

M
olecular ion

m
/z 102

E
sters

E
sters
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–
M

S
 of m

ethyl butanoate (F
ig 14.13)

E
sters

E
sters
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–
m

ost show
 an intense m

olecular ion peak
–

m
ost alkylbenzenes show

 a fragm
ent ion of m

/z
91

+•

+
T

ropylium
cation

(m
/z 91)

T
oluene

radical
cation

C
H

3
H

H
H

HH

H
H

-H
•

A
rom

atic H
ydrocarbons

A
rom

atic H
ydrocarbons
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•
T

he m
ost characteristic fragm

entation pattern of 
1°, 2°, and 3°aliphatic am

ines is 
b-cleavagem

/z 30 +
+

•
bbb b-cleavage

C
H

3
C

H
3

C
H

3
-C

H
-C

H
2

-C
H

2
-N

H
2

C
H

3
-C

H
-C

H
2

C
H

2
=

N
H

2

A
m

ines
A

m
ines
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M
=

72

M
-15 (57)

�
� �

� �
�

�
� �

� �
�

� �
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�

M
-29 (43)
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�
� �


 �
�

�
� �

��
�

�
� �

�
� �

�

���������

15



��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�

����
��

��

���������

��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�

����
��

��

1

2
3

4

���������



��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�

����
��

��

3

4
2

1

N
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M
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M
-15 (57)

M
-29 (43)

N
ote: there are 22 possible (know

n) com
pounds w

ith the M
W
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