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Chemical Shift: Chemically equivalent protons 

Each set of chemically equivalent protons in a compound 
gives rise to a signal in an 1H NMR spectrum of that  

compound 

Question 

•  How many chemically non-equivalent 
kinds of protons are there in 2,2-
dimethylbutane? 

•   A)  2 
•   B)  3 
•   C)  4 
•   D)  5 

1H NMR spectrum of  
1-bromo-2,2-dimethylpropane 

Question 

•  How many proton signals would you 
expect to find in the 1H-NMR spectrum 
of 2-chloropentane? 

•   A)  2 
•   B)  3 
•   C)  4 
•   D)  5 



 

  

Question 

•  How many proton signals would you 
expect to possibly find in the 1H-NMR 
spectrum of 2-chloropentane? 

•   A)  6 
•   B)  7 
•   C)  8 
•   D)  9 
•       E)    More than 9 
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coupled protons are vicinal (three-bond coupling) 
CH splits CH3 into a doublet 
CH3 splits CH into a quartet 





1H NMR Splitting 
Question 

•  What is the multiplicity (spin-spin 
splitting) of the protons of 1,2-
dichloroethane? 

•   A)  one singlet 
•   B)  two singlets 
•   C)  one doublet 
•   D)  one triplet 

Splitting Patterns: 
The Ethyl Group 
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Splitting Patterns: 
The Isopropyl Group 
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Question 

•  Which isomer of C4H9Br has only one 
peak in its 1H-NMR spectrum having the 
chemical shift δ 1.8? 

•   A)  1-bromobutane 
•   B)  2-bromobutane 
•   C)  1-bromo-2-methylpropane 
•   D)  2-bromo-2-methylpropane 

Which compound is the most reasonable for the NMR spectrum above? 

Question 

Splitting Patterns: 
Pairs of Doublets 



The Difference between a Quartet  
and a Doublet of Doublets 

A Splitting Diagram for  
a Doublet of Doublets 

Coupling Constants 
The coupling constant (J) is the distance between two 

adjacent peaks of a split NMR signal in hertz 

Coupled protons have the same coupling constant 

A trans coupling constant is greater than a cis  
coupling constant 



To observe well-defined splitting patterns, the difference 
in the chemical shifts (in Hz) must be 10 times the 

coupling constant values 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

 

Question 

•  Which isomer of formula C4H6Cl4 has 
two signals at δ 3.9 (doublet, 4H) and δ 
4.6 (triplet, 2H) in its 1H-NMR spectrum? 

•  A)      B) 

•  C)     D) 

Complex Splitting Patterns 

A Splitting Diagram for  
a Quartet of Triplets 

 



 

 

1H NMR Spectra of Alcohols & 
Amines 



Protons Bonded to  
Oxygen and Nitrogen  

These protons can undergo proton exchange  
with deuterium. 
They appear as broad signals. 

The greater the extent of the hydrogen bond, the greater 
the chemical shift 

Question 
Which of the following statements is false? 
•   A)  Splitting of the hydroxyl proton of 

an  alcohol is not usually observed. 
•   B)  Alcohol protons shift to lower fields 

in more concentrated solutions. 
•   C)  Addition of D2O to alcohol will result 

in an increased intensity of the hydroxyl 
proton signal. 

•   D)  The chemical shift of the hydroxyl 
proton depends on solvent, temperature, and 
concentration of the solution. 

The signals for the Ha, Hb, and Hc protons do not overlap 

The signals for the Hc, Hd, and He protons overlap 


