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SPECTROSCOPY

NMR down to Earth

Janez Stepisnik

High-precision nuclear magnetic resonance spectroscopy generally
requires the use of powerful magnets. But using Earth's magnetic field
allows us to gain some of the same information onthe cheap.

Are expensive superconducting magnets
necessary to perform high-resolution nuclear
magnetic resonance (NMR) spectroscopy? Not
absolutely, say Stephan Appelt and his col-
leagues in the February issue of Nature Physics'.
They use a far less pricey source of magnetism
— Earths own magnetic field — to distingnish
the chemical structures of various molecules
containing hydrogen, lithinm and fluorine.
Thelevel of accuracy they achieve isan order of
magnitude better than that possible with the
most advanced superconducting magnets.

When an external magnetic field is applied
to an atomic nucleus, it induces a polarization
in the direction of the intrinsic rotation, or
‘spin, of that nucleus’ constituent protons and
neutrons. These spins align either parallel or
antiparallel to the field, causing the quantum-
mechanically allowed energy levels of the
nudeus to split. At a frequency corresponding
exactly to the difference between these energy
levels, the nucleus can absorb electromagnetic
radiation: the phenomenon known as nudear
magnetic resonance or NMR, first observed by
Felix Bloch and Edward Mills Purcell in 1946
{for which achievement they won the Nobel
Prize in Physics in 1952).

Soon after the initial discovery, it became
clear that the effective magnetic field on a
nucleus — and consequently the observed
NMBR frequency — is subtly changed by the
effects of both orbiting electrons (the ‘chemi-
cal shift')* and the spins of neighbouring
nuclei { T-coupling’)’. This was the beginning
of the triumphant success of NMR as a spec-
troscopic tool for exploring the composition
and chemical environment of molecules in
the liquid state. In the decades since, the need
for higher sensitivity and lower spectral dis-
persion has demanded higher, more homo-
geneous magnetic fields, fuelling the devel-
opment of powerful superconducting magnets.

Nowadays, the highest-resolution NMR tech-
niques, using magnets producing field
strengths of between 1 and 10 tesla, reproduce
the hydrogen spectrum with a broadening of
spectral lines caused by the instrumentation of
less than a tenth of a hertz.

Compared with the fields that can be
attained with superconducting magnets,
Earth’s magnetic field is wealc it varies from
about 25 microtesla {uT) at the Equator to
75 T at the poles, with geomagnetic field lines
inclined, in Europe and North America, at an
angle of about 60° to the (horizontal) surface.
The field i= not constant: currents in the iono-
sphere and disturbances from Earths interior
produce slow daily variations in the field with
amplitudes of some 25 nanotesla (nT), and
superimposed on these are further oscillations
with periods of a few seconds and amplitudes
of about 1 nT. Far encugh from electric instal-
lations and other sources of artificial magnetic
perturbation, however, proper shielding can
reduce these shorter variations to about
0.1 nT 57, and local spatial gradients to below
1 0T m™. These variations are comparable to
those found in the fields of artificial magnets.

The first observation of a nuclear magnetic
effect in Earths magnetic field — the free pre-
cession of proton spin®, akin to the precession
of a spinning top in Earthis gravitational field —
came not long after the discovery of NME. The
wealmess of the geomagnetic field is such that
it causes only a slight natural polarization in
proton and neutron spins. Before an NMR
measurement in the Earth field can be made,
therefore, these spins generally have to be
polarized by a high magnetic field, or polariza-
tion has to be transferred from more-readily
polarizable electrons using a method known as
dynamic nudear polarization. Such techniques
have been used for measurements of the precise
‘Larmor’ precession frequency for protons, of
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50 YEARS AGO

...you reveal more than | think
youwereaware of when writing
“anation using..a minority
language cannot escape
bilingualismifitdesires toattain
highstandards of scholarship®,
If the sentenceis understood

as referring to the use of minor
languages for publishing, itis
indisputable; butall too
frequentlyit turns the other way
— scholars within the major
language groups neglecting the
literature outside their own
language... Toillustrate this point
I havemade a small survey of
world scientific literature... That
our Soviet colleaguesknow mone
about 'Western' literature than
the reverse isnothing new, but it
is deplorable... That the English
and even more the American
literature should emerge

as the namowest is scarcely
unexpected... It is awaste, and
itis also inconsid erate, to publish
primary scientific materialina
minor language.

From Nature 18 February 1956,

100 YEARS AGO

Dr. H. Charlton Bastian
re-expounds his well known
biological heresies with a vigour
and industry worthy of a better
cause, The first heresy is that
“archebicsis” isa present
occurrence, that living organisms
may hereand now arise from
non-living materials... weare
recommended to take an infusion
of turnip or fresh beef, to filter
this throughtwo layers of the
finest Swedish paper, to let a
drop fall on a cleaned microscope
slip, to puta cover-glass on,

to remove excess of fluid with
blotting paper, to allow one

or more air bubbles to remainin
the film, to seal up withmelted
paraffin wax...toincubate at
blood-heat for two to three
hours, and toawait events. The
expected happens — multitudes
of livingparticles appear... While
we must stand aloof from

Dr. Bastian'sheresies, we cannot
but admire his dogged supportof
what seems tous a lost cause. It
is something to stand unus contra
mundurm with no loss of courage
or good humour.

From Mature 15 February 1906.
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