Introauction

In 1946, NMR was co-discovered by Purc |
Pound and Torrey of Harvard University &
Bloch, Hansen and Packard of Stanf«
University. The discovery first came about whel
it was noticed that magnetic nuclei, such as 't
and °'P (read: proton and Phosphorus 31) wer
able to absorb radio frequency energy whel
placed in a magnetic field of a strength that wa:
specific to the nucleus. Upon absorption, th
nuclei begin to resonate and different atom:
within a molecule resonated at differen
frequencies. This observation allowed a detailes
analysis of the structure of a molecule. Sinci
then, NMR has been applied to solids, liquids ant
gasses, kinetic and structural studies, resulting
in 6 Nobel prizes being awarded in the field o
NMR. More information about the history o
NMR can be found in the NMR History page
Here, the fundamental concepts of NMR ar«

presented.
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Spin and Magnetic Properties S

The nucleus consists of elementary particico
called neutrons and protons, which contain [
ntrinsic property called spin. Like electrons, uie
spin of a nucleus can be described using
quantum numbers of | for the spin and m for the
spin in @ magnetic field. Atomic nuclei with even
wumbers of protons and neutrons have zero spin
and all the other atoms with odd numbers have a
non-zero spin. Furthermore, all molecules with a
non-zero spin have a magnetic moment, u, given

oy

w=n~I (NMR.1)

~vhere ~ is the gyromagnetic ratio, a
oroportionality constant between the magnetic
dipole moment and the angular momentum,
specific to each nucleus (Table 1).

Table NMR.1: The gyromagnetic ratios for several
common nuclei

H
1/2
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42.576
99.9985

13C
1/2
10.705
1.07

31P
1/2
17.235
100

27 A
S/2
11.103
100

23Na
3/2
11.262
100
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The magnetic moment of the nucleus forces *
nucleus to behave as a tiny bar magnet. In u.
absence of an external magnetic field, e [J
magnet is randomly oriented. During the NMrk
experiment the sample is placed in an external
magnetic field, By, which forces the bar magnets
to align with (low energy) or against (high
energy) the By. During the NMR experiment, a
spin flip of the magnets occurs, requiring an
exact quanta of energy. To understand this rather
abstract concept it is useful to consider the NMR
experiment using the nuclear energy levels.
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Figure NMR.1: Application of a magnetic field
to a randomly oriented bar magnet. The red arrow
denotes magnetic moment of the nucleus. The
application of the external magnetic field aligns
the nuclear magnetic moments with or against
the field.
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