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Nuclear Magnetic Resonance (NMR) Spectroscopy
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<« Figure 13.2

The greater the strength of
the applied magnetic field,
the greater the difference in
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Chemical shift

The magnetic field at the nucleus is not equal to the applied magnetic field; electrons around the nucleus shield it from the
applied field. The difference between the applied magnetic field and the field at the nucleus is termed the nuclear shielding.

Consider the s-electrons in a molecule. They have spherical symmetry and circulate in the applied field, producing a magneti
field which opposes the applied field. This means that the applied field strength must be increased for the nucleus to absorb
at its transition frequency. This upfield shift is also termed diamagnetic shift.
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Electrons in p-orbitals have no spherical symmetry. They produce comparatively large magnetic fields at the nucleus,
which give a low field shift. This "deshielding" is termed paramagnetic shift.
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[18] annulene (4n + 2 electrons with n = 4)

1Z outer protons 0 9.3
6 inner protons 6 -3.0 ppm
X-ray structure of [18] annulene shows that it is very nearly planar — no bond alternation
(double / single) supports delocalisation
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A Figure 13.18
'H NMR spectrum of nitrobenzene.




