Chapter 13. Proton NMR Problem Set

1. Answer the following series of questions regarding the molecule diethyl ether (CH3CH2OCH2CH3).

a. Looking at the symmetry of the ether molecule, how many different types of hydrogens are present?

b. Based on your answer to a, how many peaks should the proton NMR spectrum of diethyl ether have?

c. What should the position or chemical shift of each peak be?  (Consult the attached chart.)
d. Draw a preliminary/approximate drawing of what the proton NMR spectrum of diethyl ether should look like on the graph below.  USE A PENCIL, NOT A PEN.
e. What should the area under each peak be, given the number of hydrogens of each type present in the molecule?  Modify your drawing so that your areas look approximately correct.

f. What about splitting?  How many H neighbors are next door to the methyl (CH3) group?  How many H neighbors are next door to the methylene (CH2) group?  Use the n+1 rule 
(# of lines = # of next door neighbors +1) to determine how many lines each peak should have due to the influence of its next door neighbors.  Modify your drawing below accordingly.
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2. Solve the following NMR puzzle using the step by step instructions below.  This is a general NMR puzzle solving strategy that I want you to use/learn/master!
Molecular Formula:  C3H7Cl
Proton NMR Spectrum
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a. How many UNITS OF UNSATURATION does this molecule have?  (You can use a formula to figure this out or you can just draw out a hypothetical molecule.)
b. Based on your answer to a, how many double bonds or rings does this molecule have?

c. Based on the NUMBER OF PEAKS in the spectrum, how many different types of hydrogens are present in this molecule?

d. Given the number of carbons present, what does your answer to question c tell you about the symmetry of the molecule?

e. Based on the AREA under each peak (listed above), how many hydrogens are represented by each peak?  

f. Based on your answer to e, what group (methyl CH3, methylene CH2 or methyne CH) is represented by each peak?  How many methyl (CH3) groups must be present in this molecule?
g. Draw what you know so far (all the methyl, methylene and methyne groups present) next to each peak above.

h. What else is present in the molecule (based on the molecular formula)?

i. What electronegative atom has caused the CHEMICAL SHIFT of one of the peaks to appear at ~ 3.8?  What atom is directly attached to the group that appears at 3.8?  Draw the attachment above.
j. Now it is time to look at SPLITTING.  Why is the group at 1.2 split into two lines?  How many next door neighbor hydrogens does it have?  What carbon group is it attached to?  
k. Why is the group at 3.8 split into 7 lines?  How many next door neighbor hydrogens does it have?  What carbon groups is it attached to?
What is the structure of the compound?

3.  Solve the following slightly more difficult NMR puzzle using the step by step instructions below.  

Molecular Formula:  C3H7Cl

Proton NMR Spectrum
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a. How many UNITS OF UNSATURATION does this molecule have?  
b. How many double bonds or rings does this molecule have?

c. Based on the NUMBER OF PEAKS in the spectrum, how many different types of hydrogens are present in this molecule?

d. Given the number of carbons present, what does your answer to question c tell you about the symmetry of the molecule?

e. Based on the AREA under each peak (listed above), how many hydrogens are represented by each peak?  

f. Based on your answer to e, what group (methyl CH3, methylene CH2 or methyne CH) is represented by each peak?  
g. Draw what you know so far (all the methyl, methylene and methyne groups present) next to each peak above.

h. What else is present in the molecule (based on the molecular formula)?

i. What electronegative atom has caused the CHEMICAL SHIFT of one of the peaks to appear at ~ 3.4?  What atom is directly attached to the group that appears at 3.4?  Draw this attachment above.
j. Now it is time to look at SPLITTING, starting with the simpler splitting patterns, saving the most complex one for last.  Why is the group at 3.4 split into three lines?  How many next door neighbor hydrogens does it have?  What carbon group is it attached to?  Draw this attachment above.
k. Why is the group at 0.9 split into 3 lines?  How many next door neighbor hydrogens does it have?  What carbon group is it attached to?  Draw this attachment above.
l. Explain why the group at 1.6 is split into so many lines.
m. Draw the final structure of the compound.

4.  Solve the following NMR puzzle using the step by step instructions below.  

Molecular Formula:  C4H8O

Proton NMR Spectrum
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a. How many UNITS OF UNSATURATION does this molecule have?  

b. How many double bonds or rings does this molecule have?

c. Based on the NUMBER OF PEAKS in the spectrum, how many different types of hydrogens are present in this molecule?

d. Given the number of carbons present, what does your answer to question c tell you about the structure or symmetry of the molecule?

e. Based on the AREA under each peak (listed above), how many hydrogens are represented by each peak?  

f. Based on your answer to e, what group (methyl CH3, methylene CH2 or methyne CH) is represented by each peak? 

g. Draw what you know so far (all the methyl, methylene and methyne groups present) next to each peak.

h. What else is present in the molecule (based on the molecular formula)?

i. What electronegative species has caused the chemical shift of one of the peaks to appear at ~ 2.1?  Don’t forget about the units of unsaturation!  Draw this attachment above.

j. What electronegative species has caused the CHEMICAL SHIFT of one of the peaks to appear at ~ 2.5?  Draw this attachment above.

k. Now it is time to look at SPLITTING, starting with the simpler splitting patterns, saving the most complex one for last.  Why is the group at 2.1 a singlet?  How many next door neighbor hydrogens does it have?  What carbon group is it attached to?  

l. Why is the group at 1.0 split into 3 lines?  How many next door neighbor hydrogens does it have?  What carbon group is it attached to?  Draw this attachment above.

m. Why is the group at 2.5 split into 4 lines?  How many next door neighbor hydrogens does it have?  What carbon group is it attached to?  Draw this attachment above.

n. Draw the structure of the product.

5.  Solve the following NMR puzzle.  

Molecular Formula:  C4H9Cl

Proton NMR Spectrum
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a. UNITS OF UNSATURATION 
How many double bonds or rings does this molecule have?

b. NUMBER OF PEAKS 
How many different types of hydrogen are present in this molecule?

c. AREA 
Which group (methyl, methylene or methyne) is represented by each peak? 

d. CHEMICAL SHIFT

What electronegative species has caused of one of the peaks to appear at ~ 3.5?  

e. SPLITTING

Why is the peak at 3.5 a triplet?  What must it be attached to?

Why is the peak at 0.9 a triplet?  What must it be attached to?

f. PUTTING IT ALL TOGETHER

Where are the missing bonds (each carbon needs 4 bonds)?  How can you attach everything together so that each carbon will be happy.
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