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Dr. Stone  and  Dr.  Russel     There  are  50  NMR points  and  10  bonus  NMR points
Some  useful  information:
Nucleus Magnetogyric  ratio

(radian/Tesla*sec)
Isotope  
abundance

Relative  
sensitivity

1H 2.88  x 10 8 99.98% 1.00
31P 1.08  x 10 8 100.0% .066
13C 6.73  x 10 7 1.11% 0.016

 =  ν Bγ 0

    2π
h=6.636  x 10 - 34  J*sec n =d(sin  i +  sin  r)λ A =  -  log  T

Bo =  Bapp - Bσ app

vs = k (1- σs)
vr =  k (1- σr)

k  =  Bγ o/2π
 =  (δ σr - σs) x 10 6

E =  hν

c =  3.00  x 10 8 m/sec
 =  c/ν λ
 =  /ν ν λ

v =  c/n  

 =  1/δ Δν
 =  (1/2 c)(k/ )ν π μ ½

 =  3.14159π

NMR Spectroscopy
1. (15 points) NMR instruments  are named by the size of  their  magnet.   The chemistry  

department  has 300MHz adn 500  MHz instruments.   Some chemistry  departments  have 
600 MHz instruments.   
a. What is the magnetic  field  strength  (in Tesla) of a magnet,  if  protons  resonate at 

600MHz? 

b. What frequency will  31P resonate in the 300 MHz magnet?

c. The cost of a 500  MHz instrument  is about  30% less than the cost of a 600 MHz 
instrument.   Also, the larger magnet  requires more helium  and nitrogen  for  
maintenance.  Describe the advantages of  having a 600 MHz instrument.   

d. Why are helium  and nitrogen  needed?  

e. What is the chemical shift  for  a proton  that  resonates at 600Hz (relative to the 
standard) at 300  MHz?  What is the chemical shift  for  this same proton  at 600  MHz?
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3. (5 points)  Describe the two relaxation  processes that  occur in proton  NMR.

4. ( 5 points) In a pulsed NMR experiment,  why should  the time between pulses be at least as 
long  as the time it  takes for  the nuclei  to relax?

5. (5 points)  In a 300 MHz NMR spectrum,  a doublet  has a chemical shift  of  2.4 ppm  and the 
distance between the peaks is 3.5 Hz.
a.  What will  the chemical shift  be for  this signal in a 500 MHz instrument?

b.  What will  the coupling  constant  be for  this signal in the 500 MHz instrument?  

6. (5 points)  You have run several different  spectra on an unknown.   Each time you do another  
experiment,  you make up a new sample.  There is a peak in the proton  spectrum  at 2.05  that  
sometimes integrates for  5 protons and sometimes integrates for  20 protons.   Give an 
explanation  for   this signal and its inconsistent  integration.
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9. (5 points)  What is the +/ -  problem  in FT NMR data acquistion  and how does quadrature 

detection  solve this problem?

10.   (10 points) Predict  the appearance of  the high resolution  (500MHz) spectra of  several 
molecules.

a.  Draw the Broad Band Proton Decoupled Carbon- 13 Spectrum  of acetylpropionate.

b.  Draw the proton  spectrum  of 2- butanol.
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c.  Draw the expected 2D COSY spectrum  of  2- butanol.
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11.  (10 bonus points)  A 2D spectrum  is shown on the next  page.  
a.  What is the name of this experiment?  What does the acronym stand for?

b.  What information  can be obtained from  this type of  experiment?

c.  Identify  the compound,  draw the structure  on the spectrum  and label all of  the peaks on 
each of the 1D spectra.


