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HOMEWORK PROBLEMS:  IR SPECTROSCOPY AND 13C NMR 
 
1. You find a bottle on the shelf only labeled C3H6O. You take an IR spectrum of the compound and find 
major peaks at 2950, 1720, and 1400 cm-1. Draw a molecule that might be the compound in the bottle. 
 
 
2. For each of the following compounds, draw an isomer that changes the functional groups in the 
molecule. Name all the functional groups. Indicate the major absorbances you would expect to find in 
the IR spectrum for each isomer, and highlight how you could use IR to tell them apart. 
 
a.  
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f. 
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3. For the three infrared spectra below, pick out the molecule from the list that would correspond to the 
spectrum for that compound. 
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3a. 

 
 
3b. 
 

 
 
 
 
 
 
 



CHEM 31          Dr. Spence 

3c. 

 
 
 
4. For the infrared spectra below (numbers 1-6; and letters A-G), pick out the molecule from the list that 
would correspond to the spectrum for that compound. 
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5. For each case, draw at least one possible isomer that is consistent with the molecular formula and the 
IR spectrum. 
a. MW 82, C6H10 

 
 
 
b. MW 88, C5H12O 
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c. MW 88, C4H8O2 

 
 
 
 
d. MW 116, C6H12O2 
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e. MW 143, C9H21N 

 
 
 
 
f. MW 136, C8H8O2 
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6. The product of the reaction below gives the IR spectrum shown. Although you are unfamiliar with the 
reaction, use your knowledge of IR spectroscopy to predict a likely product. (Note: the number of 
carbon atoms remained the same.) 
 

OH Al(OiPr)3

acetone
?

 

 
 
7. Is the following compound an aldehyde, ketone, ester, or carboxylic acid? Explain the location of the 
cabonyl in the spectrum.  

 
8. When a ketone is in conjugation with a -bond, the C=O peak in its IR spectrum comes at a lower 
frequency: the peak that usually comes at 1720 cm-1 moves to about 1690 cm-1. Where would you expect 
the C=O peak of an ester with conjugation to come in the IR spectrum? 
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9. For each of the following compounds, indicate how many peaks you would expect in its 13C NMR 
spectrum and the approximate location of each peak. 

OH

HH

O O
O

OH

OH
 

 
 
 
 
10. For each set below, draw an isomer of the given formula that would show the given number of peaks 
in its 13C NMR spectrum. 
 formula 13C NMR peaks 
 C3H6 1 
 C6H10 3 
 C4H10O 3 
 C5H9Br 3 
 C6H8 6 
 C6H8 4 
 
 
11. You have been given a sample of one of the C6 compounds shown below. You take the 13CNMR 
and find 2 peaks in the spectrum. Which compound do you have? 

CH3

H3C

CH3

CH3

H3C
H3C

CH3

CH3

CH3  
 
 
12. You have an unknown that you are told is one of the four compounds below, and it exhibits the 
following spectral data. Which compound do you have? 
13CNMR: 3 peaks 
IR major peaks:  
 1710cm-1 Large and Sharp 

 3300cm-1 Large and Broad 

 3000cm-1 C-H Aliphatic (mostly obscured by 3300cm-1 broad peak).  
O

OH

O

OCH3
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N OH
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How to Approach IR 
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(two bands 1600 and 1500)

all values listed are for 
bond stretching

Aldehyde
C-H                       2800 - 2700           Medium

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAMPLE IR SPECTRA 
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Sample IR Spectra: Carbonyl Compounds 

 
 
 

 
 
Note how conjugation reduces wavenumber for C=O stretch
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Note how aldehydes and esters differ from ketones (both higher wavenumber for C=O stretch; aldehyde 
also has additional C-H stretch at 2700 cm-1 and ester has C-O near 1200 cm-1) 
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Note how acids and amides differ from ketones (acid has very broad O-H stretch, amide has N-H stretch 
along with lower wavenumber for C=O stretch) 
 

 
 
 
 
 


