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1H NMR: Number of Signals 
 
How many 1H NMR signals does a compound exhibit? The number of NMR signals equals 
the number of different types of protons in a compound. 
 
General Principles 

• CH3OCH3: Each CH3 group is bonded to the same group ( –OCH3), making both CH3 groups 
equivalent. 
 
• CH3CH2Cl: The protons of the CH3 group are different from those of the CH2 group. 
 
• CH3OCH2CH3: The protons of the CH2 group are different from those in each CH3 group. 
The two CH3 groups are also different from each other; one CH3 group is bonded to 
–OCH2CH3 and the other is bonded to –CH2OCH3. 
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In some cases, it is less obvious by inspection if two protons are equivalent or different. To 
rigorously determine whether two protons are in identical environments (and therefore 
give rise to one NMR signal), replace each H atom in question by another atom Z (for 
example, Z = Cl). If substitution by Z yields the same compound or enantiomers, the two 
protons are equivalent, as shown in following Sample Problem 
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Determining Equivalent Protons in Alkenes and Cycloalkanes: 
To determine equivalent protons in cycloalkanes and alkenes that have restricted bond 
rotation, always draw in all bonds to hydrogen. 

Then, in comparing two H atoms on a ring or double bond, two protons are equivalent 
only if they are cis (or trans) to the same groups, as illustrated with 1,1-dichloroethylene, 
1-bromo-1-chloroethylene, and chloroethylene. 

• 1,1-Dichloroethylene: The two H atoms on the C=C are both cis to a Cl atom. Thus, both 
H atoms are equivalent. 
• 1-Bromo-1-chloroethylene: Ha is cis to a Cl atom and Hb is cis to a Br atom. Thus, Ha 
and 
Hb are different, giving rise to two NMR signals. 
• Chloroethylene: Ha is bonded to the carbon with the Cl atom, making it different from 
Hb and Hc. Of the remaining two H atoms, Hb is cis to a Cl atom and Hc is cis to a H atom, 
making them different. All three H atoms in this compound are different.  
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Proton equivalency in cycloalkanes can be determined similarly. 
 
 
 
 
 
 
 
 
• Cyclopropane: All H atoms are equivalent, so there is only one NMR signal. 
 
• Chlorocyclopropane: There are now three kinds of H atoms: Ha is bonded to a carbon 
bonded to a Cl; both Hb protons are cis to the Cl whereas both Hc protons are cis to 
another H. 
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This Table illustrates that absorptions 
for a given type of C – H bond occur in a 
narrow range of chemical shift values, 
usually 1–2 ppm. For example, all sp3 
hybridized C – H bonds in alkanes and 
cycloalkanes absorb between 0.9 and 
2.0 ppm. By contrast, absorptions due 
to N – H and 
O– H protons can occur over a broader 
range. For example, the OH proton of 
an alcohol is found anywhere in the 1–
5 ppm range. The position of these 
absorptions is affected by the extent of 
hydrogen bonding, making it more 
variable. 
The chemical shift of a particular type 
of C – H bond is also affected by the 
number of R groups bonded to the 
carbon atom. 
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