
The N + 1 Rule

If a signal is split by N equivalent protons, it is split into 
N + 1 peaks.



Range of Magnetic Coupling

•Equivalent protons do not split each other.

•Protons bonded to the same carbon will split each other only 
if they are not equivalent.

•Protons on adjacent carbons normally will couple.

•Protons separated by four or more bonds will not couple. 
                                                                



Splitting for Ethyl Groups





Splitting for 
Isopropyl Groups



Spin-Spin Splitting

• Nonequivalent protons on adjacent carbons have magnetic fields 
that may align with or oppose the external field.

• This magnetic coupling causes the proton to absorb slightly 
downfield when the external field is reinforced and slightly 
upfield when the external field is opposed.

• All possibilities exist, so signal is split. 



1,1,2-Tribromoethane
Nonequivalent protons on adjacent 
carbons.



Doublet: 1 Adjacent Proton



Triplet: 2 Adjacent Protons



Coupling Constants

• Distance between the peaks of multiplet

• Measured in Hz

• Not dependent on strength of the external field

• Multiplets with the same coupling constants may come from 
adjacent groups of protons that split each other. 
                                                               









Some Nonequivalent 
Protons



Time Dependence

• Molecules are tumbling relative to the magnetic field, so NMR is 
an averaged spectrum of all the orientations.

• Axial and equatorial protons on cyclohexane interconvert so 
rapidly that they give a single signal.

• Proton transfers for OH and NH may occur so quickly that the 
proton is not split by adjacent protons in the molecule. 
                                                                 





N-H Proton
• Moderate rate of exchange.

• Peak may be broad.



Identifying the O-H 
or N-H Peak

• Chemical shift will depend on concentration and solvent.

• To verify that a particular peak is due to O-H or N-H, shake 
the sample with D

2
O

• Deuterium will exchange with the O-H or N-H protons.

• On a second NMR spectrum the peak will be absent, or 
much less intense.
                                                           



Combined 13C and 1H Spectra





Spin-Spin Splitting

• It is unlikely that a 13C would be adjacent to another 13C, so 
splitting by carbon is negligible.

• 13C will magnetically couple with attached protons and 
adjacent protons.

• These complex splitting patterns are difficult to interpret. 



Proton Spin Decoupling

• To simplify the spectrum, protons are continuously irradiated 
with “noise,” so they are rapidly flipping.

• The carbon nuclei see an average of all the possible proton 
spin states.

• Thus, each different kind of carbon gives a single, unsplit 
peak. 
                                                          





    Interpreting 13C NMR

• The number of different signals indicates the number of 
different kinds of carbon.

• The location (chemical shift) indicates the type of functional 
group.

• The peak area indicates the numbers of carbons (if integrated).

• The splitting pattern of off-resonance decoupled spectrum 
indicates the number of protons attached to the carbon. 



   Two 13C NMR Spectra




