
Problem Set I – CH767 – Spetember 2010 
 

Let me know if you have trouble (g.moyna@usp.edu) 
 
 
 
1) You have signals at the following chemical shifts: 7.28 ppm, 5.33 ppm, 4.70 

ppm, 2.49 ppm, and 2.05 ppm, all relative to TMS (0 ppm). Express the 
chemical shifts in terms of their relative frequency (Hz) at magnetic fields of 
2.35, 7.05, and 18.80 Tesla. 

 
 
2) A certain sample shows two (unrelated) doublets at 1.20 and 1.30 ppm, each 

integrating to one proton. The doublet at lower field has a coupling of 12 Hz, 
and the other one of 15 Hz. Draw a ‘stick-spectrum’ of the signal you would 
see if you take the spectrum using a 1.4 Tesla instrument. Repeat this, but using 
a 9.40 Tesla instrument. Can you tell me what is one of the purposes of buying 
a big NMR from your results? 

 
 
3) The energy levels of an olefin with structure CXD=CXH (D is deuterium, 
 I = 1) at a certain magnetic field Bo are: 

 
 mH mD Frequency (Hz) 

1 -½ -1 +261,457,945 

2 -½ 0 +200,000,000 

3 -½ +1 +138,542,055 

4 +½ -1 -138,542,057 

5 +½ 0 -200,000,000 

6 +½ +1 -261,457,943 

 
a) Build an energy diagram for this two spin system taking into account that 

one of them has an I of 1 (the D) and the other one an I of ½ (the 1H). 
 
b) Based on this energy diagram, the absolute energies/frequencies presented 

in the table, and the allowed transitions between different spin states, 
calculate/predict the following: 

 
 i) The 1JHD coupling constant. 
 ii) The ratio between the D and H gyromagnetic ratios (i.e., γH/γD). 



iii) The magnetic field Bo at which the experiment is being carried out. 
iv) The patterns of the 1H and the D spectra for this molecule, making 

emphasis on the frequencies and relative intensities of the different lines 
in both subspectra. 

 
 
4) Suppose that you have a sample that is only soluble in the worst NMR solvent: 

H2O. The only water you have around is not fully deutareted, but 10% D2O – 
90% H20 (the more Hs, the bigger the water signal). Your sample is something 
that has one singlet with a relative frequency of 1 ppm WRT the carrier, and the 
ratio of this 1H line versus the water 1H is 100. Water is at 4.7 ppm WRT the 
carrier. You also know that the T1 for the sinlget is 0.05 s, and the T1 for water is 
0.70 s. 

 
a) You first do a simple acquisition scan (90-FID), and acquire a spectrum. 

Assuming that there is no delay before acquisition, what are the relative 
intensities of both signals in the spectrum and their positions? 

b) Now you do a 180-td-90-FID sequence (inversion recovery) sequence on the 
same sample, with a td of 0.485 s. Again, what will be the relative intensities 
of your singlet and the water peak in the spectrum (as well as their δs)? 

c) According to your results from a) and b), what can we use the inversion 
recovery sequence for? 

 
 
 
Useful stuff: γ(1H) = 26.7510 * 107 T-1 s-1 γ(13C) = 6.7263 * 107 T-1 s-1 

h = 1.05459 * 10-34 J s  kB = 1.38066 * 10-23 J K-1 
ν = γ * Bo / 2π    ω = 2π * ν 

 


