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•  An NMR spectrum is a plot of the intensity of a peak against its 
chemical shift, measured in parts per million (ppm). 

1H NMR Spectra 
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Integration of Peak Areas: The Integral Curve 

•  The area under each signal corresponds to the relative number of hydrogen atoms. 

•  The height of each step in the integral curve is proportional to the area of the signal underneath the step. 

•  Modern NMR spectrometers automatically calculate and plot the value of each integral in arbitrary units. 

•  The ratio of integrals to one another gives the ratio of absorbing protons in a spectrum.  
•  Note that this gives a ratio, and not the absolute number, of absorbing protons. 

Peak Characteristic!
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•  Signal Splitting!

•  The signal from a given proton will be split by the effect of magnetic 
fields associated with protons on adjacent carbons"

•  Characteristic peak patterns result from signal splitting related to 
the number of protons on adjacent carbons"

Example: 1,1,2-trichloroethane 

Peak Characteristic!
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Spin-Spin 
Coupling 

n  Two of these combinations involve pairings of magnetic 
moments that cancel each other, causing no net 
displacement of signal. 

n  One combination of magnetic moments reinforces and 
another subtracts from the applied magnetic field. 

n  Ha is split into a triplet having a 1:2:1 ratio of signal 
areas. 

n  When two adjacent 
protons Hb are coupled 
to Ha, there are four 
possible combinations of 
the magnetic moments 
for the two Hb’s. 

n  When three adjacent protons are coupled to 
Ha, there are 10 possible combinations of 
the magnetic moments for the Hb’s. 

n  Four unique orientations exist and so Ha is 
split into a quartet with intensities  1:3:3:1 

Spin-Spin 
Coupling 
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1H NMR of 2-Bromopropane 

•  The 6 Ha protons are split by the one Hb proton to give a doublet. 

•  The Hb proton is split by 6 equivalent Ha protons to yield a septet. 

1,4-dimethylbenzene!

Examples of compounds 
with no signal splitting"
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•  Since Ha and Hc are not equivalent to each other, we cannot always add them 
together and use the n + 1 rule. 

•  However, since the coupling constants, Jab and Jbc, are very similar, the signal for 
Hb is a sextet (follows the n + 1 rule). 

1H NMR of 1-Bromopropane 

•  Under usual conditions, an OH proton does not split the NMR signal of adjacent protons. 

•  The signal due to an OH proton is not split by adjacent protons. 

•  Protons on electronegative atoms rapidly exchange between molecules in the presence of trace amounts 
of acid or base. 

•  Thus, the CH2 group of ethanol never “feels” the presence of the OH proton, because the OH 
proton is rapidly moving from one molecule to another. 

•  This phenomenon usually occurs with NH and OH protons. 

1H NMR of OH Protons 


