Homework Problems NMR

Theory of nmr: 
What are the four major pieces of information obtained from a proton nmr spectrum? 
Why can't you obtain nmr spectra of 12C or 16O? 
Why is the magnetic field necessary for nmr? 
How does the nmr frequency vary with magnetic field strength? 
How does the magnitude of the magnetogyric ratio affect the nmr spectrum? 
What are three reasons that large magnetic fields are preferrred for nmr? 
How does the energy difference in nmr compare with the energy of molecules at room temperature, and what are the consequences of this? 
What is meant by "saturation?" 
What is meant by precession of a nucleus, and what determines the precession frequency? 
What is meant by "resonance?" 
What is the origin of diamagnetic shielding of nuclei by surrounding electrons? 
Why is the magnitude of diamagnetic shielding dependent upon the electronegativities of neighboring atoms? 
What is the "chemical shift?" 
What is the advantage of expressing chemical shift in terms of , rather than Hz? How can you calculate one from the other? 
What are the typical ranges of  in carbon and in proton nmr? 

Instrumentation: 
Why are internal standards such as TMS added to samples? 
What is the structure of TMS, and why is it a good standard? 
Why is CDCl3 the most common nmr solvent? 
Why does a superconducting cryomagnet produce such a strong magnetic field? 
What temperature is the magnet? How is it maintained at that temperature? 
What is the temperature of the sample when it is in the magnet? 
Why is the magnet filled with liquid nitrogen every week? 
What are shim coils, and why are they necessary? 
Why is the sample tube spun? 
What frequency does our nmr use for proton spectra? 
How can a monochromatic transmitter excite all of the protons at once? 
What is meant by a "90o pulse?" 
What is meant by "relaxation?" 
How does relaxation of nuclei generate a signal in the detector? 
What is the FID, or interferogram? 
Why does the detector substract the carrier frequency from the detected FID? 
Why does adding multiple scans increase the signal-to-noise ratio? 
How does the signal-to-noise ratio vary with the number of scans? 
Why is it necessary to lock onto the solvent? 
How does the solvent lock actually work? 
What does a Fourier transform accomplish? Be rather specific about the inputs and the outputs. 
What does the integration of the spectrum do? 

Interpretation of Proton Spectra: 
Where do “normal” methyl, methylene and methine protons occur? Why do they come in this order? 
How does an electronegative substituent affect the chemical shift? 
How does distance away from an electronegative substituent affect the chemical shift? 
Why do alkene protons appear downfield? 
Why do aromatic protons appear even farther downfield? 
Why are aldehyde proton farther downfield than aromatic or alkene protons? 
Why are alkyne protons farther upfield than alkenes? 
Why are OH or NH chemical shifts variable? 
What is the N+1 rule for nuclei with I= 1/2, and when does it apply? 
What is the origin of spin-spin splitting? 
Why do split peaks have intensities corresponding to Pascal’s triangle? 
What is the coupling constant, and what units does it have? 
Why are coupling constants independent of the magnetic field in the spectrometer?  
How do cis, trans and geminal coupling constants compare? 
Why are high field nmr spectra often more simple to interpret than low field spectra? 
Why don’t OH or NH protons show splitting? 
Why is there only one peak in the spectrum for all the OH and NH protons? 
How does the exchange rate of an OH proton affect the shape of the nmr peak? 
What are second-order spectra, and when are they observed? 
Why do alkanes often show second order spectra? 
Why do alkenes and aromatic rings generally exhibit second order spectra? 
What are diastereotopic protons, and what is the significane of this in nmr spectra?  
What is the nuclear Overhauser effect? 

Carbon-13 Spectra: 
What percentage of carbon atoms are 13C? 
How does the magnetogyric ratio of 13C compare with that of 1H, and what are the consequences of this? 
Why do carbon-13 spectra require so many scans? 
How do carbon-proton coupling constants compare with proton-proton coupling constants? 
What is proton decoupling, and why is it used in 13C nmr? 
Why are the chemical shifts so much larger in 13C nmr than in proton nmr? 
Why aren’t the number of peaks in the nmr always the same as the number of carbon atoms in the molecule? 
Why don’t carbon peaks overlap with each other as is seen in proton nmr? 
Why isn’t integration reliable in 13C nmr? 
Why are methyl peaks generally largest, and quaternary carbons generally smallest? 
Why is the CDCl3 signal a “triplet?” 
You should be able to calculate expected chemical shifts using the tables in Chapter 5. 

