
CH-314 Structural Analysis 
ruben.rodriguezmadrid@epfl.ch 

ray.cowen@epfl.ch 

Jigsaw 1C 

Introduction to Nuclear Magnetic Resonance 

1. * [Keeler Sections 2.1 and 3.2] The international reference compound used in NMR
to set up the chemical shift scale is tetramethylsilane, Si(CH3)4, commonly known as
TMS. Consider a sample containing pure liquid TMS for analysis. See also: Jigsaw 1B.1

Isotope Nuclear Spin Natural Abundance γ / rad⋅s-1⋅T-1 
1H ½ ~100% 2.675×108 

   
  
  
  

 

a. Complete the table above by filling in the most common isotope(s) present in
the sample (list all isotopes with ≥ 1% natural abundance), the nuclear spin,
the natural abundance, and the gyromagnetic ratio of each isotope. Which
isotopes are NMR-active? Why?

b. [Keeler Section 3.3] Consider a magnetic field strength (B0) of 11.7467 T. What
are the resonance frequencies of the active nuclei (in MHz)?

c. Considering the high symmetry of the molecule and neglecting all couplings,
each nucleus gives rise to a single peak in the spectrum at the resonance
frequency. Draw the spectrum, using an absolute frequency axis (in MHz).
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All isotopes with a nuclear spin are NMR-active . So 'H
,

"C andSi have

a nuclear spin of 12
,

which makes them energetically active and therefore visible in NMR
.

To calculate the resonance frequencies ,
we used this formulai

Vo=UB where Bo is the magnetic field streght and j the gyromagnetic ratio in rad.s.T

we only calculated the resonance frequency for the NMR-active isotops.
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all isotopes with a nuclear spin different than 0!
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d. * [Keeler Section 2.4] Why is it not possible to detect this theoretical
spectrum, i.e. to detect heteronuclei in one single experiment?

2. * [Keeler Section 2.3] The following 1H spectrum is of a molecule with the chemical
formula C4H10O. Predict the structure of the molecule, assign the spectrum, and give
the relative intensities of the signals.

To obtain the SilCHzly molecule's spectrum drawn in the previous question ,
the

experiment analysis should cover frequencies between99 to 2 500 MHz
,
which

covers an approximately 400MHz range. However
,

NMR spectrometers frequency ranges
are much smalles

.
For example ,

in fig .
2

.
12 of Keelen 2

.
4

,
the frequency range is

around 0
.
07MHz for quinine 500 MHz spectrum. In conclusion

, only one nuclei type can

be observed in a single experiment.

First
,
we calculate the degre of insaturation :
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Then
,

thanks to the NMR Chemical shift values table
, we could deduce that the molecule was

probably an aliphatic compound ,
which typical values are included between 3

,

5 and ro
,
S
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CuteoO : I triplet = 2 I near

66% intensity

1 singlet = 0 I neal

=> singlet -Oriensing1 sextet = 5 (3+2) I near
100 % intensity I

1 triplet = 2 I nea triplet
66% intensity

This gave CHzCHzCHzOCHz
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d. * [Keeler Section 2.4] Why is it not possible to detect this theoretical
spectrum, i.e. to detect heteronuclei in one single experiment?

2. * [Keeler Section 2.3] The following 1H spectrum is of a molecule with the chemical
formula C4H10O. Predict the structure of the molecule, assign the spectrum, and give
the relative intensities of the signals.

Different nuclei have different U, meaningthat they resonate at different
frequency for a given Bfield strength
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Within the same nuclei the differences in frequency are really small so we need 
to focus on one region to observe their difference. 
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