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The layout of a typical NMR spectrometer. The link from the transmitter
to the detector indicates that the high frequency of the transmitter is
subtracted from the high-frequency received signal to give a low-
frequency signal for processing.
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'H  99.985 1/2 500.000 26.7510

‘H  0.015 1 76.755  4.1065 0.277
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“N  99.63 1 36.13 1.9331 0.16

N 0.37 1/2 50.685  -2.7116

O  0.037 5/2 67.78 -3.6264 -0.26

“F 100 1/2 470.47 25.181

'P 100 1/2 202.405 10.8289
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1- i) NMR (1)
«1936 Negative result of an Attempt to
Detect Nuclear Magnetic Spins, Physica, I/, p.995

Cornelius J. Gorter ,
1.4T 20MHz 1H LiF

1942 Negative result of an Attempt to

Observe Nuclear Magnetic Resonance
In Solids, Physica IX, p.591 Gorter and Broer
NMR 7LiClI K9F

1938

Isidor Isaac Rabi
The Nobel Prize in Physics 1944

Chiian
Al
T

"for his resonance method for recording
the magnetic properties of atomic nuclei"

Columbia University
New York, NY, USA
1898 - 1988



1- i) NMR (2)
1946 (Bloch) (Purcell)
(*H)

I' The Nobel Prize in Physics 1952

i

"for their development of new methods for
nuclear magnetic precision measurements and
discoveries in connection therewith"

Felix Bloch Edward Mills Purcell
Stanford University Harvard University
Stanford, CA, USA Cambridge, MA, USA
1905 - 1983 1912 - 1997
1966-76 Richard R. Ernst
NMR NMR The Nobel Prize in Chemistry 1991

"for his contributions to the development of
the methodology of high resolution nuclear
magnetic resonance (NMR) spectroscopy"

Eidgenossiche Technische
Hochschule

(Federal Institute of Technology)
Zurich, Switzerland 1933 -




1- i) NMR (3)

2002

Kurt Withrich . 1986

Eidgendssische
Technische
Hochschule (Swiss
Federal Institute of
Technology)
Zurich, Switzerland

1938 -

The Nobel Prize in Chemistry 2002

"for the development of methods for identification and structure
analyses of biological macromolecules”

NMR

"for his development of nuclear magnetic resonance
spectroscopy for determining the three-dimensional structure of
\biological macromolecules in solution”




Nicolaas .. Norman F.
Bloembergen Ramsey

Harvard University

Cambridge, MA,
USA 1920 -

Harvard University

Cambridge, MA,
USA 1915 -

The Nobel Prize in Physics 1981 f The Nobel Prize in Physics 1989

"for their contribution to the "for the invention of the separated
development of laser oscillatory fields method and its use
spectroscopy" in the hydrogen maser and other
atomic clocks"
» NMR ~
BPP 1950

(N. Bloembergen, E. M. Purcell

and R. V. Pound,
Phys. Rev. 73, 679, 1948).
v ) Y,
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with spin

Spin Y2 particle
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“Improved” Stern-Gerlach Experiment

Spin Y2 particle
(e.g. silver atoms)




“Improved” Stern-Gerlach Experiment
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18.26
The vector model of angular momentum for a single spin-1/2 nucleus.

The angle around the z-axis is indeterminate.
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(@)

(b)

The magnetization of a sample
of spin-1/2 nuclei is the
resultant of all their magnetic
moments.

In the absence of an externally
applied field, there are equal
numbers of o and 3 spins at
random angles around the z-
axis (the field direction) and the
magnetization is zero.

In the presence of a field, the
spins precess around their
cones (that is, there is an
energy difference between the
o and [} states) and there are
slightly more o spins than 3
spins. As a result, there is a net

magnetization along the z-axis.



Net

magnetization,

FPrecession



m= (-1,

| +1...,1 —11)

: 21+1




(W

(v)




(B)

.u B )

NMR

(1)







Boltzmann







(v)

(w

0! “Boltzmann excess’




L(D)




Bloch

(u=yl




dM(t)

dt

Bloch

= M(t) x yB(t)
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