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13C
-N

M
R

 S
pectroscopy

•
E

ach nonequivalent 13C
 gives a different signal

–
a 13C

 signal is split by the 1H
 bonded to it according to 

the (n
+

 1) rule 
–

coupling constants of 100-250 H
z are com

m
on, w

hich 
m

eans that there is often significant overlap betw
een 

signals, and splitting patterns can be very difficult to 
determ

ine, so:

•
T

he m
ost com

m
on m

ode of operation of a 
13C

-N
M

R
 spectrom

eter is a hydrogen-
decoupled m

ode, w
hich results in singlets.
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•
In a hydrogen-decoupled m

ode, a sam
ple 

is irradiated w
ith tw

o different radio 
frequencies
–

one to excite all 13C
 nuclei

–
a second broad spectrum

 of frequencies to 
cause all hydrogens in the m

olecule to 
undergo rapid transitions betw

een their 
nuclear spin states.

•
O

n the tim
e scale of a 13C

-N
M

R
 spectrum

, 
each hydrogen is in an average or 
effectively constant nuclear spin state, w

ith 
the result that 1H

- 13C
 spin-spin interactions 

are not observed; they are decoupled.
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–
hydrogen-decoupled 13C

-N
M

R
 spectrum

 of
1-brom

obutane
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–
hydrogen-decoupled 13C

-N
M

R
 spectrum

 of
E

thyl A
cetate

O

O
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–
hydrogen-decoupled 13C

-N
M

R
 spectrum

 of
E

thyl B
enzene

2 peaks
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Interpreting N
M

R
 S

pectra
• •

A
lkanes

A
lkanes

–
1H

-N
M

R
 signals appear in the range of d

0.8-1.7
–

13C
-N

M
R

 signals appear in the considerably w
ider 

range of d
10-60

• •
A

lkenes
A

lkenes
–

1H
-N

M
R

 signals appear in the range d
4.6-5.7

–
1H

-N
M

R
 coupling constants are generally larger for 

trans
vinylic hydrogens  (J=

 11-18 H
z) com

pared w
ith 

cis
vinylic hydrogens (J=

 5-10 H
z)

–
13C

-N
M

R
 signals for sp

2
hybridized carbons appear in 

the range d
100-160, w

hich is dow
nfield from

 the 
signals of sp

3
hybridized carbons
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• •
A

lcohols
A

lcohols
1H

-N
M

R
 O

-H
 chem

ical shifts often appears in 
the range d

3.0-4.0,but m
ay be as low

 as d
0.5. 

–
1H

-N
M

R
 chem

ical shifts of hydrogens on the carbon 
bearing the -O

H
 group are deshielded by the 

electron-w
ithdraw

ing inductive effect of the oxygen 
and appear in the range d

3.0-4.0

• •
E

thers
E

thers
–

a distinctive feature in the 1H
-M

N
R

 spectra of ethers 
is the chem

ical shift, d
3.3-4.0, of hydrogens on 

carbon attached to the ether oxygen
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–
1H

-N
M

R
 spectrum

 of 1-propanol (F
ig. 13.34)

–
A

n exam
ple of the hydroxyl (alcoholic) proton
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• •
A

ldehydes and ketones
A

ldehydes and ketones
–

1H
-N

M
R

: aldehyde hydrogens appear at     
ddd d

9.5-10.1
–

1H
-N

M
R

: a
-hydrogens of aldehydes and 

ketones appear at d
2.2-2.6

–
13C

-N
M

R
: carbonyl carbons appear at 

ddd d
180-215

• •
A

m
ines

A
m

ines
–

1H
-N

M
R

: am
ine hydrogens appear at d

0.5-
5.0 depending on conditions
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• •
C

arboxylic acids
C

arboxylic acids
–

1H
-N

M
R

: carboxyl hydrogens appear at 
ddd d

10-13, 
–

13C
-N

M
R

: carboxyl carbons in acids and esters 
appear at d

160-180

ddd d=
 13.4
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M
ass S

pectrom
etry (M

S
)

•
A

n analytical technique for m
easuring the 

m
ass-to-charge ratio (m

/z) of ions in the 
gas phase
–

m
ass spectrom

etry is our m
ost valuable 

analytical tool for determ
ining accurate 

m
olecular m

asses

–
also can give inform

ation about structure
–

proteins can now
 be sequenced by M

S
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M
ass S

pectrom
etry (M

S
)
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A
 M

ass S
pectrom

eter
A

 m
ass spectrom

eter is designed to do 
three things

1.
convert

neutral atom
s or m

olecules 
into a beam

 of positive (or negative) 
ions

2.
separate

the ions on the basis of their 
m

ass-to-charge (m
/z) ratio

3.
m

easure
the relative

abundance of 
each ion
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A
 M

ass S
pectrom

eter
•

E
lectron Ionization M

S
–

in the ionization cham
ber, the sam

ple is 
bom

barded w
ith a beam

 of high-energy 
electrons

–
collisions betw

een these electrons and the 
sam

ple result in loss of electrons from
 sam

ple 
m

olecules and form
ation of positive ions

+
+

+

C
H

H
HH

CH H
H

e
-

2
e

-
H

M
o

le
cu

lar ion
(a rad

ical cation
)
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• •
M

olecular ion (M
):

M
olecular ion (M

):
a radical cation form

ed 
by rem

oval of a single electron from
 a 

parent m
olecule in a m

ass spectrom
eter

•
It does not m

atter w
hich electron is lost; 

radical cation character is delocalized 
throughout the m

olecule; therefore, w
rite 

the m
olecular form

ula of the parent 
m

olecule in brackets w
ith

–
a  plus sign to show

 that it is a cation
–

a dot to show
 that it has an odd num

ber of 
electrons
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–
at tim

es, how
ever, it is useful to depict 

the radical cation at a certain position in 
order to better understand its reactions

C
H

3 C
H

2 O
C

H
(C

H
3 )

2
.

C
H

3 C
H

2 O
C

H
(C

H
3 )

2

.


