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Outline

◼ Introduction to NMR:

◼ Nuclear properties:

❑ Nuclear spin.

❑ Magnetic dipole moment.

❑ Nuclear shell model.

❑ Electric quadrupole moment.

❑ Table of nuclides.
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❑ Rabi (1937): nuclear magnetic resonance in molecular beams.

◼ Nobel Prize in Physics - 1944.

❑ Bloch (1946): radiofrequency absortion in water.

◼ Nobel Prize in Physics - 1952.

❑ Purcell (1946): radiofrequency absortion in paraffin.

◼ Nobel Prize in Physics - 1952.

❑ Hahn (1949): spin echoes.

❑ Packard (1951): chemical shifts in ethanol.

❑ Andrew, Lowe (1959): solid-state NMR.

❑ Ernst (1964): Fourier transform NMR.

◼ Nobel Prize in Chemistry - 1991.

❑ Wüthrich (1968): NMR applied to the study of biological macromolecules.

◼ Nobel Prize in Chemistry - 2002.

❑ Lauterbur, Mansfeld (1973): magnetic resonance imaging (MRI). 

◼ Nobel Prize in Medicine - 2003.

Some historical benchmarks of NMR
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Nuclear spin and magnetic dipole moment

Nuclear spin:

•Quantum number I.

•Integer or half-integer.
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Nuclear shell model and nuclear spin

Modern Physics, Tipler & Llevellyn, 2014.

Nuclear magic numbers:
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Nuclear shell model and nuclear spin

j l s+=

Notation:

jn l

Multiplicity of 

each level:

2 1j +

Angular momentum of 

each nucleon:

1/ 2j l =

Introductory Nuclear Physics, Krane, 1988.
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Predictions from the nuclear shell model:

pnpn jjIjj +−

pI j=

nI j=

Z N A I

even even even zero

even odd odd half-integer

odd even odd half-integer

odd odd even integer

Nuclear shell model and nuclear spin
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Nuclear shell model and nuclear spin

Predictions from the nuclear shell model:
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Electric quadrupole moment
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Table of nuclides – NMR active nuclei

Harris et al., Pure Appl. Chem. 2001;73:1795-1818.
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Table of nuclides – NMR active nuclei

Harris et al., Pure Appl. Chem. 2001;73:1795-1818.
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NMR periodic table

http://www.grandinetti.org/Research/NMR

http://www.grandinetti.org/Research/NMR
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Nuclear spin interactions: combined magnetic and 

electric interactions

http://www.grandinetti.org/Research/NMR

http://www.grandinetti.org/Research/NMR
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➢ Principles of NMR:

▪ “Os núcleos atômicos e a RMN”, J. C. C. Freitas, T. J. Bonagamba. In: J. D. Figueroa 

Villar (editor), Fundamentos e Aplicações de Ressonância Magnética Nuclear, no 1, 

AUREMN, 1999.

▪ “Introductory Nuclear Physics”, K. S. Krane, John Wiley & Sons, New York, 1988.

▪ “Spin dynamics”, M. H. Levitt. John Wiley & Sons, 2002.

▪ “Principles of magnetic resonance”, C. P. Slichter. Springer, 1996.

▪ “Ressonância magnética nuclear: fundamentos, métodos e aplicações”, V. M. S. Gil, 

C. F. G. C. Geraldes. Fundação Calouste Gulbekian, 1987.

▪ “NMR nomenclature. Nuclear spin properties and conventions for chemical shifts 

(IUPAC recommendations 2001)”, R. K. Harris, E. D. Becker, S. M. Cabral de 

Menezes, R. Goodfelow, P. Granger. Pure Appl. Chem. 2001;73:1795-1818.
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