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non-destructive: the total sample is recoverable with more
or less difficulty depending on the NMR solvent used.

Owing to the smallness of the nuclear magnetic moment
NMR is at least an order of magnitude less sensitive than
IR spectroscopy and several orders of magnitude less sen-
sitive than uv/visible spectroscopy and mass spectrometry.
Sample sizes routinely used are around 1 mg for 1H and
around 10 mg for 13CNMR. Smaller samples may be run
at the expense of longer acquisition times.

Provided an NMR acquisition is run under suitable con-
ditions signals will be present in the resulting spectrum for
all magnetic nuclei of the observed species present in the
sample and the intensity of each signal will be directly pro-
portional to the number of nuclei giving rise to it. These
features give the technique a unique advantage over other
common forms of spectroscopy.

For spin 1/2 nuclei the spectral dispersion is similar that
of high resolution mass spectrometry and increases with the
strength of the magnetic field. Most NMR spectra therefore
provide a high level of accessible information and spectra
can commonly be fully interpreted. NMR is the most ver-
satile of the common spectroscopic methods and may offer
several approaches for the solution of a problem.

For example it may be possible to record the spectra
of several different nucleides on a particular sample and
thereby gain complementary information. Where more than
one spectrometer is available it may be helpful to record
spectra on a higher fieldstrength instrument to increase
spectral dispersion.

With the pulsed excitation used on all modern instruments
many experimental variants are available providing infor-
mation such as connectivity in molecules (for structural
elucidation), proximity of atoms (for molecular conforma-
tion), conformational and chemical exchange, molecular
diffusion etc. Much of this work cannot be easily under-
taken by other techniques.

In consequence NMR spectroscopy with General User
instruments, often but not necessarily in combination with
mass spectrometry and IR spectroscopy, has been, for many
years, the main method for determining the structures of
organic molecules of synthetic or natural origin. If samples
are adequately soluble and contain suitable nuclear species
the method is equally applicable to covalent inorganic com-
pounds.

In contrast to X-ray diffractometry, the definitive method
of structural determination, NMR does not require a pure
or crystallisable sample and is thus more widely applica-
ble. Variable temperature NMR is widely employed for the
study of processes like tautomerism and conformational
exchange.

Through its interpretability and quantitativeness NMR
is of particular value in chemical development where the
products of a reaction and the major solvents and impurities
can often be identified and the relative amounts approxi-
mately estimated from inspection of a simple 1D spectrum.

NMR methods have considerable potential for monitor-
ing processes in chemical production but, for reasons of
low instrumental sensitivity, expense and the environmen-
tal sensitivity of the magnet, have so far been little ex-

ploited. With the introduction of actively shielded magnets
and the recent large advances in sensitivity achieved with
cryogenic probes this situation may change.

In recent years advances in instrumentation have ex-
tended the use of NMR well beyond small molecule chem-
istry. The use of NMR methods to determine the structure of
small proteins utilises sophisticated high field instruments
but spectrometers of the General User type are often em-
ployed in the study of cell suspensions (e.g. for following
cell metabolism using labelled substrates) and the investi-
gation of ligand-to-protein binding (by observing changes
in the spectrum of the small ligand molecule or in the pro-
tein if suitably isotopically labelled).

New methods of sample introduction requiring modifica-
tions to conventional probe geometry have been developed
for particular purposes e.g. HPLC probes for on-line analy-
sis of chromatographic fractions and flow injection probes
for use with a multisampler for mass screening of combi-
natorial chemistry products. High resolution MAS probes
(already mentioned) have been much used in combinatorial
chemistry for the on-bead analysis of bound products.Of
these three types of probe only the latter is easily accom-
modated in a General User environment.

NMR spectroscopy, which separates the signals of nu-
clei according to chemical shift, is to be distiguished from
Magnetic Resonance Imaging (MRI), a technique with im-
portant medical and non-medical applications. In MRI the
combined NMR signal of all nuclei of a particular species
(in medical imaging normally 1H) is detected from a re-
stricted volume in the intact sample, which is selected by
applying an appropriately shaped external magnetic field
gradient. An image of the total sample is built up from
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(2) effectiveness of solvent suppression in recording
1HNMR spectra of aqueous solutions

(3) effectiveness of autosampler - test by running a number
of samples in a variety of solvents and look for any me-
chanical problems, the ease with which field/frequency
lock is established, the time required to adjust resolu-
tion and the quality of the resulting spectrum in terms
of signal-to-noise, lineshape and phase correction.

(4) if 19FNMR spectra are likely to be required only occa-
sionally this facility can often be provided by retuning
the coil of a 1
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