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The Nobel Prize in Physics 1952

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

Felix Bloch E. M. Purcell
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Proton signal from water at 7.76 MHz, sinusoidal field modulation,
Bloch, Hansen, and Packard Phys. Rev. 70, 474 (1946)

First NMR signals, 1946

The nuclear magnetic resonance of protons in water was first detected in early
January 1946 by graduate student Martin Packard, working with Bloch and Hansen
F. Bloch, W.W. Hansen, and M. Packard, “Nuclear Induction,” Phys. Rev 69,127 (1948).
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Chemical Shift Observed in Ethanol, 1951

At Stanford in 1951, Jim Arnold, Martin Packard, and Shrinavas Sharmati
observed a chemical shift between protons within the same molecule J. Chem.
Phys., 19,507 (1951). Russell Varian had long been an advocate of NMR, and the
significance of this advance and its potential impact on chemical analysis

prompted the initiation of an active NMR applications development effort,
headed by a new employee Jim Shoolery.




Russell Varian

Russell Varian returned to Stanford
in July 1946 from his radar work
at Sperry Laboratories on Long
Island. He believed that nuclear
magnetic resonance would be used
for more than just the measure-
ment of magnetic field strength
and nuclear magnetic moments,
and felt that NMR would be even
more useful in chemical analysis.
Bloch and Hansen were not
convinced but requested that he

prepare an initial draft of a patent

for them.




Sample Spinning,

FIRST EXPERIMENTS WITH SAMPLE SPINNING 1954

7 ;5 _ The resolution of NMR was greatly

% AIR TURBINE 7K : :

’””g’ < = enhanced by the introduction of
% | sample spinning, a concept

developed by Felix Bloch and first
RECEVER COL demonstrated by Wes Anderson

SAMPLE “ and Jim Arnold at Stanford. The

drawing shown here is from the
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patent filed for Bloch by Varian

MIXING SPINNING in 1954.

A Line-Narrowing Experiment

W. A, ANDERSON AND J. T. ARNOLD
Stanford Unisversity, Stanford, California
(Received February 19, 1954)

Phys. Rev. 94, 497 (1954)
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The Varian A-60, 1961

The Varian A-60 NMR spectrometer, introduced in 1961, was designed for
the laboratory chemist. It included calibrated chart paper and a built-in
signal integrator.




From Weston Anderson's Engineering Notebook dated June 3, 1964,
outlining the idea of pulse-excited high resolution NMR spectroscopy.
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Pulse-Excited High Resolution NMR, 1964

This diagram from Wes Anderson's engineering notebook, dated June 3, 1964,
outlined the idea of pulse-excited high resolution NMR spectroscopy. The
practical application of the idea was later implemented by Richard Ernst,
working in Anderson’s laboratory.
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The First High
Resolution
“Supercon” NMR

After receiving his PH.D. at
Stanford under Professor Block,

Harry Weaver joined Varian in
1954. Here he developed the first
superconducting NMR magnet

using a niobium-titanium alloy.
The result was the Varian HR-200,
the HR-220 (shown here) and later
the HR-300 high resolution NMR
spectrometers.




FT NMR in Practice, 1965

Ernst's apparatus worked well, but was limited by the computing technology
of 1965. NMR data was read out of the C-1024 averaging computer on paper
tape, transferred to punched cards, and taken to the IBM 7090 computer in
an adjacent building. Several days later, after waiting for payroll and factory
inventory processing, the Fourier transform was complete.




The Nobel Prize in Chemistry 1991

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

) KN APSAKADEMIEN Richard R. Ernst

THE ROYAL SWEDISH ACADEMY OF SCIENCES
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Table 1.1 Nuclear properties of nuclei important for the n.m.r. spectroscopy of organic
compounds
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gyric  Resonance sensi-
Spin  Magnetic  ratio, y frequency tivity ~ Natural
quan- moment, #  (10% vo (MHz at abum- Quadrupole
nurnber,  (units rad T™'  atafield constant dance moment,

Nucleus 7 of ) s™h of | Ty field (%)  (eX1072% m?)
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“N i —028298 -0271 4315 0001 0365 ~0.004
Yo £ —1.8930 -0363 5772 Q.02  0.037 —
F ! 2.6273 2517 40055  0.834 1000 —
i i —0.55492 -0.531 B460 0079 470 —
Ip 1 1.1316 1.083  17.235 0066 100.0 —
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Table 7.1 Longitudinal proton relaxation times 7, for
benzene (s)

Benzene (degassed) at 20 °C 199
Benzene in CS; (11 vol.-%4, degassed) 60.0
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Figure 7.9  Influence of atmospheric oxygen on the shape of the resonance signal: shown are
the lines from the spectrum of o-dichlorobenzene previously presented in Figure 3.6 (d). (a) A
degassed sample; (b) an air-containing sample. Both signals were recorded with the same
spectrometer adjustments—only the field homogeneity was optimized
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In the course of the routine use of NMR as an aid for
organic chemistry, a day-to-day problem is the identifica-
tion of signals deriving from common contaminants
(water, solvents, stabilizers, oils) in less-than-analyti-
cally-pure samples. This data may be available in the
literature, but the time involved in searching for it may
be considerable. Another issue is the concentration
dependence of chemical shifts (especially 'H); resulis
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Table 1. '*H NMR Data

proton mul CDCla {CD3):C0O (CD3)2S0 CsPs CDsCN CD30OD D0
sotvent residual peak 7.26 2.05 2.50 7.16 1.94 3.31 479
H.0 s 1.56 2.842 3.332 0.40 213 4 .87
acetic acid CH3; s 2.10 1.96 1.91 1.55 1.96 1.99 2.08
acetone CH 3 S 2.47 2.09 2.09 1.55 2.08 2.15 2.22
acetonitrile CH3 s 2.10 2.05 2.07 1.55 1.96 2.03 2.06
benzene CH 8 7.36 7.36 7.37 715 7.37 7.33
tert-butyl alcohol CH3 S 1.28 1.18 1.11 1.05 1.16 140 1.24
OH¢ s 419 1.55 2.18
tert-butyl methyl ether CCH3 s 1.19 1.13 1.1 1.07 1.14 1.15 1.21
OCHs s 3.22 3.13 3.08 3.04 3.13 3.20 3.22
BHT®P ArH S 6.98 6.96 6.87 7.05 6.97 6.92
OHe¢ s 5.01 6.65 4,79 520
ArCHs S 2.27 222 2.18 2.24 2.22 2.21
ArC(CHs)s s 1.43 1.41 1.36 1.38 1.39 1.40
chioroform CH s 7.26 8.02 8.32 6.15 7.58 7.90
cyclohexane CH» S 1.43 1.43 1.40 1.40 1.44 1.45
1,2-dichloroethane CH» s 3.73 3.87 3.90 2.90 3.81 3.78
dichioromethane CH» s 5.30 563 576 4,27 5.44 5.49
diethyl ether CH3 t,7 1.21 1.1 1.09 1.11 1.12 1.18 1.17
CH» q,7 3.48 3.41 3.38 3.26 3.42 3.49 3.56
diglyme CH- m 3.65 3.56 3.51 3.46 3.53 3.61 3.67
CH» m 3.57 3.47 3.38 3.34 3.45 3.58 3.61
OCH3; s 3.39 3.28 3.24 3.11 3.29 3.35 3.37
1,2-dimethoxyethane CH3; s 3.40 3.28 3.24 312 3.28 3.36 3.37
CH> s 3.55 3.46 3.43 3.33 3.45 3.52 3.60
dimethylacetamide CHsCO s 2.09 1.97 1.96 1.60 1.97 2.07 2.08
NCH3 S 3.02 3.00 2.94 2.57 2.96 3.31 3.06
NCH3 s 2.94 2.83 2.78 2.05 2.83 2.92 2.90
dimethylformamide CH s 8.02 7.96 7.95 7.63 7.92 7.97 7.92
CH3; s 2.96 2.94 2.89 2.36 2.89 2.99 3.01
CH3 S 2.88 278 2.73 1.86 2.77 2.86 2.85
dimethyl sulfoxide CH3 s 2.62 2.52 2.54 1.68 2.50 2.65 2.71
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2-3  Joyu Mcasurement Using INEPT (inept_nondecoup)
The sensitivity is drastically enhanced in this method. The
spectrum obtained in this method has better S/N than in
the "noe” method and is casy 10 analyze because coupled
signals give pairs of signals in the opposite directions,
upward and downward. Signals of the quaternary carbons
are eliminated.

2-3/  Sample: a-Santonin in CDCI, (50 mg/0.55 ml)

o kpanireron amiata
© Xmg/0 S5l Sateen
T ovept _sondecoup

L83 zoirss
108 so1res
%0 I W
1MW
148 wsac
1.9 ssac
% .9 wsac

O-Santonin

Standard signal patterns for different
atomic groups and their features
respect to measurement copditions
are shown below:

inept-nondecoupt

>C< | -CH< cn,.l «CH,
(s) (d) 0] Q)
t=1%J

[ (L |1

+ Effective only when t=%J,

+ The pulses can be repeated in a
cycle corresponding to the 'H
relaxation time.

* Signals of (he quaternary carbons
and deuterated sofvent are sup-
pressed.
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Jen Measurement Using DEPT (dept_nondecoup)

The sensitivity is drastically enhanced in this method. The
spectrum obtained in this method has better S/N than in
the “"noc” method and is casy to distinguish different
atomic groups because each atomic group has an inherent
phasc character. Signals of the quaternary carbons are
eliminated.

2-4/  Sample: a-Santonin in CDCI, (50 mg/0.55 mi)
Standard signal patterns for different
Coment’  Snat stal Smtonin 4 aomic groups and their features
oot * 90N pomotce respect to measurement conditions
PNt gb,a et are shown below:
e v
oiLAY BT g, depi:nondecoup
AT 129 see
s i s
et sl s >C< | «CH< | -CH;- | -CH,
" Evg' ot 3 — ® | @ [ 0| @
et 9 -‘s
16ivt 5.0000 wsec ! I I I
i 8.5 vaec — L
DBLC X 6,=90
850 W0 49 e
(2] RS0 OO e Ll
g“ a ’7? e 8,=135
» {
- SR T e
T ™
G 399,68 miz I
sty 134300.00 e * The spectrum for each atomic
“ne . 28 Ly group can be edited from the
sme Se <5 spectra for 6,~6,.
+ Signals of the quaternary carbons
/—_\ and devterated solvent are sup-
pressed.
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CHAPTER 3 'H OBSERVATION 2D NMR

3-1-1 Homonuclear Shift Correlation (cosy)
Correlations between the J-coupled signals are observed.
The spin coupling network of "H nuclei in a molecule can
be clarified by this experiment, By adjusting parameters,
small long-range couplings can also be observed.

3-1-1/ Sample: Cinchonidine in CDCly (25 mg/0.55 ml)
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Both f; and f, axes represent the 'H chemical shift,

- 23 -

Correlation signals appear as cross
peaks at coordinates (8,,5y) and
(8x.8,), where &, and 8 arc chemi-
cal shifts of the nuclei A and X
between which J-coupling is present,
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3-2-1 Homonuclear NOE Correlation (noesy)
The correlation signals due to NOE and chemical exchange
are observed, By observing NOE, information on muclei
spatially close can be obtained. The method is useful in
analysis of three-dimensional structures of compounds.

3-2-1/ Sample: Cinchonidine in CDCI, (25 mg/0.55 ml)

Both the f; and f; axes represent the 'H chemical shift.
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Linkage between the "C and “C nuclei is observed.
Signals of “C nuclei bonded with “C nuclei are elimi-
nated. The method is useful for clarifiying carbon ske-
letons of compounds.

4-3-1/ Sample: Menthol in CDCI, (200 mg/0.55 ml)
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The f, axis represents the V'C chemi-
cal shift and the f, axis the double-
quantum frequency of a two-"C spin
system. Correlation signals are
observed 2t equal distances to the left
and right sides from a straight line
drawn from the right 10p to the left
bottom with a gradient of about
63.4°,
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=3-1/ Sample: Menthol in CDCI, (200 mg/0,55 ml)
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