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Textbook Assignment: Chapter 13 finish

Homework (for credit): POW 2 posted-

Today’s Topics: Equivalent protons; splitting and integration
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NMR Spectrum

• 1H-NMR spectrum of methyl acetate

–– Downfield:Downfield: the shift of an NMR signal to the left on the chart paper

–– Upfield:Upfield: the shift of an NMR signal to the right on the chart paper

O

O
CH3H3C O

O
CH3H3C
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Equivalent Hydrogens

•• Equivalent hydrogens:Equivalent hydrogens: have the same 
chemical environment
– a molecule with 1 set of equivalent hydrogens 

gives 1 NMR signal

H3 C

C C

CH3

H3 C CH3

CH3 CCH3 ClCH 2 CH2 Cl

Propanone
(Acetone)

1,2-Dichloro-
ethane

Cyclopentane 2,3-Dimethyl-
2-butene

O

��������	
����
�

��
���������	
����
�

��
���������	
����
�

��
���������	
����
�

��
�

��� �

Equivalent Hydrogens

– a molecule with 2 or more sets of equivalent 
hydrogens gives a different NMR signal for 
each set

CH3CHCl

Cl Cl
C C

CH3

H H

O

Cyclopent-
anone

(2 s ignals)

1,1-Dichloro-
ethane

(2 signals)    

(Z)-1-Chloro-
propene

(3 signals)

Cyclohexene
   (3 signals)
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Signal AreasSignal Areas
• Relative areas of signals are proportional to 

the number of H giving rise to each signal

• Modern NMR spectrometers electronically 
integrate and record the relative area of each 
signal
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ChemicalChemical
ShiftsShifts
11HH--NMRNMR

RCH2OR

(CH3 )4Si

ArCH3

RCH3

RC CH

RCCH3

ROH
RCH2OH

ArCH2R

O

O

RCH2R
R3CH

R2NH

RCCH2R

R2C=CRCHR2

R2C=CHR

RCH

O

RCOH

O

RCH2Cl
RCH2Br
RCH2 I

RCH2F

ArH
O

O

R2C=CH2

RCOCH3

RCOCH2R

ArOH

9.5-10.1

3.7-3.9

3.4-3.6

Type of 
Hydrogen

0 (by definition)

Type of 
Hydrogen

Chemical 
Shif t (dddd)

1.6-2.6
2.0-3.0

0.8-1.0
1.2-1.4
1.4-1.7

2.1-2.3

0.5-6.0

2.2-2.6

3.4-4.0

Chemical 
Shif t (dddd)

3.3-4.0

2.2-2.5
2.3-2.8

0.5-5.0

4.6-5.0
5.0-5.7

10-13

4.1-4.7
3.1-3.3

3.6-3.8
4.4-4.5

6.5-8.5

4.5-4.7
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Chemical Shift - 1H-NMR
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Chemical Shift

• Depends on (1) electronegativity of nearby 
atoms, (2) the hybridization of adjacent atoms, 
and (3) diamagnetic effects from adjacent pi 
bonds

• Electronegativity

CH3OH

CH3F

CH3Cl

CH3Br
CH3 I

(CH3 ) 4C
(CH3 ) 4Si

CH3 -X
Electroneg-
ativity of  X

Chemical 
Shift (dddd)

4.0
3.5

3.1

2.8
2.5

2.1

1.8

4.26
3.47

3.05

2.68

2.16

0.86

0.00
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Chemical Shift

•• The higher s character, the greater the The higher s character, the greater the 
deshieldingdeshielding

RCH3 , R2 CH2 , R3 CH

R2 C=CHR, R2 C=CH2

RCHO

R2 C=C(R)CHR2

RC CH

Allylic

Type of Hydrogen
(R = alkyl)

Name of
Hydrogen

Chemical 
Sh ift (dddd)

Alkyl

Acetylen ic

Vinylic

Aldehydic

0.8 - 1.7

1.6 - 2.6

4.6  - 5.7

9.5-10.1

2.0 - 3.0

��������	
����
�

��
���������	
����
�

��
���������	
����
�

��
���������	
����
�

��
�

������ ��

Chemical Shift
•• Diamagnetic effects of pi bondsDiamagnetic effects of pi bonds

– a carbon-carbon triple bond shields an acetylenic 
hydrogen and shifts its signal upfield (to the right) to a 
smaller d value

– a carbon-carbon double bond deshields vinylic 
hydrogens and shifts their signal downfield (to the left) 
to a larger d value

RCH3

R2 C=CH2

RC CH

Type of H Name

Alkyl

Vinylic
Acetylenic

0.8- 1.0

4.6  - 5.7
2.0 - 3.0

Chemical 
Shift (dddd)
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Chemical Shift
– magnetic induction in the pi bonds of a carbon-

carbon triple bond (Fig 13.9)

d 2.0-3.0

Triple bond will 
shield this proton
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Chemical Shift
– magnetic induction in the pi bond of a 

carbon-carbon double bond (Fig 13.10)

d 4.6-5.7
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Chemical Shift
– magnetic induction of the pi electrons in an 

aromatic ring (Fig. 13.11)

d 6.5-8.5
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Signal Splitting & the (n + 1) Rule
•• Peak:Peak: the units into which an NMR signal is split; 

doublet, triplet, quartet, etc.

•• Signal splitting:Signal splitting: splitting of an NMR signal into 
a set of peaks by the influence of neighboring
nonequivalent hydrogens

•• ((nn + 1) rule:+ 1) rule: if a hydrogen has n hydrogens 
nonequivalent to it but equivalent among 
themselves on the same or adjacent atom(s), its 
1H-NMR signal is split into (n + 1) peaks
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Signal Splitting (n + 1)

– 1H-NMR spectrum of 1,1-dichloroethane

CH3 -CH-Cl
Cl

For these hydrogens, n = 1;
their signal is split into
(1 + 1)  = 2 peaks;  a doublet

For this hydrogen, n = 3;
its s ignal is  split into
(3 + 1) = 4 peaks; a quartet
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Signal Splitting (n + 1)
ProblemProblem: predict the number of 1H-NMR signals 
and the splitting pattern of each

CH3 CCH2 CH3

O

CH3 CH2 CCH2 CH3

O

CH3 CCH( CH3 )2

O

(a)

(b)

(c)

a

b

c

H3C C
H2

CH3

O

C
H2

C
H2

CH3

O

b

a
H3C

b

a

cH3C CH
CH3

O

b

CH3

a

c

NMR

NMR

NMR
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a

b
c

H3C C
H2

CH3

O
c  triplet

n = 2

b  quartet
n = 3

a  singlet
n = 0
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a
b

C
H2

C
H2

CH3

O

b  quartet
n = 3

a  triplet
n = 2

H3C
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c  doublet
n = 1

H3C CH
CH3

O b  septet
n = 6

CH3

a  singlet
n = 0

a

b
c


