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Solutions to Exercises – chapter 11 

 
 

11.1) Two bottles, both labelled trichloromethane contain liquids which 

have different boiling points. When their nmr is checked, each bottle 

gives a different spectrum. 

 

Bottle A has two groups of peaks, a doublet at 4.0 ppm (relative intensity 

2) and a triplet at 5.9 ppm (relative intensity 1). Bottle B gives a much 

simpler spectra, only a singlet at 2.9 ppm being visible.  

 

Identify the two compounds. 

 

Bottle A: The spectrum indicates that the protons are split between the two 

carbons in a 1:2 ratio. Therefore the only possible structure for this compound 

is CH2ClCHCl2 (1,1,2-trichloroethylene). 

 

Bottle B: This indicates all the three protons are equivalent and must therefore 

belong to a methyl group. It follows the only possible structure for this 

compound is CCl3 CH3 (1,1,1-trichloroethylene). 
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11.2) In NMR spectrometry explain what are the advantages of using a 

magnet with as large a field strength as possible. 

 

The resolution obtainable from the instrumentation increases with the 

frequency of oscillation; however, higher frequencies necessitate the use of 

stronger magnetic fields. 

11.3) Sketch the expected form of a high resolution NMR spectrum for: 

 
 (a) acetic acid 
 
 (b) acetone 
 
 (c) cyclohexane 
 
 
 
 
11.4) Explain what is meant by a frequency lock system for am NMR  
 
spectrometer. 
 
 

The frequency lock system is used to ensure the uniformity of the magnetic 

field. This is required since it is necessary for an exact field-to-frequency ratio 

to be maintained to bring a particular nucleus to resonance. The magnetic 

field should normally be maintained to within 1 part in a million per MHz 

frequency.   
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11.5) What are shims within NMR spectrometers and what are they 
used  

 
for? 

 
 

Shimming coils are used to maintain frequency control (as described within 

problem 11.4 - and section 11.4.1 within book). Shimming coils take the form 

of auxiliary windings around the main electromagnet. A DC current is passed 

through the shimming coils to counteract any inhomogeneity in the magnetic 

field. 

 

 
11.6) How could nmr be used to distinguish the three isomers of  
 
pentane  (C5H12)? 
 
 

The easiest way for this is to simply integrate the spectra and compare the 

ratios of the methyl and methylene peaks. N-pentane contains two methyl and 

three methylene groups, so an integrated spectrum would show the two 

groups (triplet for the methyl group and complex multiplet for the methylene 

groups) in 1:1 ratio, whereas 2-methylbutane (iso-pentane) would give a 

methyl:methylene ratio of 9:4 and 2,2,-dimethylpropane would simply give a 

singlet since all protons are equivalent. 

 

 

 

 

 



Higson: Analytical Chemistry 
 

 

 H i g h e r   E d u c a t i o n

© Oxford University Press, 2005. All rights reserved. 

11.7) A compound has been isolated from a reaction and shown to have 

the empirical formula C2H4O. The nmr give peaks at 1.3 ppm (triplet), 2.0 

ppm (singlet) and 4.1 ppm (quartet) in the ratio 3:3:2. Give possible 

structures for the compound. 

 

 
We know from the ratios that the compound contains at least 8 hydrogens so 

its formula is probably C4H8O2. The combination of a triplet and quartet in the 

ratio 3:2 is characteristic of an ethyl group suggesting we have the unit C2H5 

present. The singlet containing 3 hydrogens is characteristic of a methyl group 

which is attached to a carbon containing no hydrogens, but some other atom; 

in this case only O is available. The methyl and ethyl group combined make 

C3H8, leaving only CO2 as the possible bridging group. This leaves us with 

either CH3CO2CH2CH3 or CH3CH2CO2CH3 as reasonable structures. Careful 

comparison with chemical shift tables would be required to tell us exactly 

which compound it is. 

 


