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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. 
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Hydroxyl Proton

• Ultrapure samples of 

ethanol show splitting.

• Ethanol with a small 

amount of acidic or 

basic impurities will not 

show splitting. D
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N-H Proton

• Moderate rate of exchange.

• Peak may be broad.
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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 D2O

• 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.
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Fourier Transform NMR

• Nuclei in a magnetic field are given a radio-frequency 

pulse close to their resonance frequency.

• The nuclei absorb energy and precess (spin) like little 

tops.

• A complex signal is produced, then decays as the 

nuclei lose energy. 

• Free induction decay is converted to spectrum.                                         
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Chapter 13 7

Hydrogen and Carbon Chemical Shifts
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Combined 13C and 1H Spectra
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Differences in 1H and 13C Technique

• Resonance frequency is ~ one-fourth, 15.1 MHz 

instead of 60 MHz.

• Peak areas are not proportional to number of 

carbons.

• Carbon atoms with more hydrogens absorb more 

strongly. 
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Thank You
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