
In a very highly homogeneous magnetic field generated by
the 270 MHz high resolution NMR magnet system, the acceler-
ated dissolution of atmospheric oxygen into water was con-
firmed. 

Using a magnetic force induced by a highly homogeneous
magnetic field for experiments such as the crystallization of
proteins has attracted much attention as an alternative method
for a non-gravitational environment in the Space Shuttle.1,2 It is
due to the development of the superconducting magnet for
NMR spectroscopy which has a highly homogeneous magnetic
flux density in the magnetic center, followed by advances in
superconducting technology.3 We measured the acceleration
process of the dissolution of oxygen from the atmosphere into a
liquid using a magnetic field gradient4 in the bore of a High-
Temperature super conducting (HTSC) magnet using an elec-
trochemical method.5 Furthermore, we postulated that even in
a homogeneous magnetic field, the magnetic force caused by
the gradient in the magnetic susceptibility of the paramagnetic
oxygen in the solution generated the accelerated dissolution
process phenomenon and clarified it in a relatively homoge-
neous magnetic field in the bore of the HTSC magnet.6 In this
case, however, the three-dimensional distribution of the mag-
netic field in the bore was measured by a Gauss meter with a
hole probe and the position in the bore where the experimental
cell was placed was determined, so that there existed a slight
nonuniformity in the magnetic flux density, especially in the
perpendicular direction though it was an inherent feature of the
HTSC magnet.  Therefore, it is important to confirm this phe-
nomenon in a highly uniform magnetic field.  A superconduct-
ing magnet for NMR spectroscopy has provided a uniform
magnetic field for long time, therefore, it is appropriate to
investigate the reaction process in a highly homogeneous mag-
netic field.  For example, an NMR magnet was used to investi-
gate the effect of a magnetic field gradient and homogeneous
field up to 9.4 Tesla (T) on the electrode reaction using
microdisk electrodes by Ragsclale et al.7

In this communication, we describe the initial dissolution
process of atmospheric oxygen into water using an NMR mag-
net. 

The 270 MHz high resolution NMR system designed for
liquid and solid state NMR (Oxford Instruments Co.) was
employed.  This magnet generates 6 T at its magnetic center in
a persistent mode, which has an 89 mm diameter bore in the
perpendicular direction.  Since uniformity of the magnetic field
at the magnetic center in the bore was guaranteed to be 7 ppm

for 10 mm in the horizontal direction, a glass cell of 22 mm
diameter was used for the homogeneous magnetic field.  The
experimental cell without a cover, which was filled with 10 mL
of pure water degassed with nitrogen, was placed in the bore
center of the NMR magnet, and the gas-solution interface was
vertically adjusted to the point where the uniformity of the
magnetic field was the highest.  After the water was exposed to
the 6 T magnetic field for 10 min and then stirred with a cover,
the steady state voltammograms were obtained using a
microdisk electrode outside the NMR magnet for quantification
of the dissolved oxygen.  Electrochemical measurements were
carried out using a conventional three-electrode potentiostat
(Nikko Keisoku Co., NPGS-2501-10 nA), a function generator
(Toho Technical Research Co., FG-20) and an X-Y recorder
(Rikin Denshi Co., Model F-45).  A platinum disk microelec-
trode with 30 µm diameter, which was locally constructed, was
used as the working electrode.  Platinum wires were used as the
auxiliary and the quasi-reference electrodes.  The reduction
potential of the oxygen was confirmed by a comparison with
the data using an Ag/AgCl reference electrode.  The experimen-
tal setup is indicated in Figure 1.  The NMR magnet has a mag-
netic flux density distribution in the vertical direction as shown
in Figure 2.  The point of the magnetic center at a distance of
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1039 mm from a floor level in the bore of the magnet is assured
to be a 7 ppm homogeneous magnetic field of 10 mm in the
horizontal direction in which we placed the cell there.
Determination of the dissolved oxygen was performed by an
analysis of the value of the limiting currents using microelec-

trode voltammetry as previously noted.5,6 Figure 3 illustrates
the current-potential curves of 10 mL pure water which had
been in contact with the atmosphere in the bore under a homo-
geneous 6 T condition for 10 min. The dissolution of oxygen
increases with the 6 T homogeneous magnetic field. The limit-
ing current corresponds to a 4-electron reduction of the oxygen

molecule. The values of these limiting currents are proportional

to the concentration of the electroactive species, oxygen in this
case, in the following equation,8

In order to ease the comparison between the present data and
previous one,6 we call the former case A and the latter case B
for convenience.  The average concentration value of dissolved
oxygen was 6.2 × 10-5 mol dm-3 (case A).  The oxygen concen-
tration value was converted into a volume of 6.2 × 10-7 mol,
indicating that this value was smaller than the previous one (1.2
× 10-6 mol in 10 mL of water, case B)6.  These experimental
conditions were almost the same except for the intensity of the
homogeneous magnetic field and the diameter of the experi-
mental cell, as we used over a 1.0 T conditions, and the amount
of dissolved oxygen was almost a constant value.6 As one
probable reason for the difference in the concentration of dis-
solved oxygen, we can consider the difference in the diameter
of the experimental cell.  The diameter of the cell in case B
(32.5 mm), as we previously reported, was larger than that in
case A (22 mm), resulting in an area where the water contacted
the atmosphere in case A being about twice that of case B.  If
we take into account the volume of dissolved oxygen from the
stand point of the flux, f, which is normalized in time (t = 600 s)
and the area of the interface (S = π(r/2)2), the values of fA and fB
are 6.80 × 10-11 mol cm-2 s-1 and 6.03 × 10-11 mol cm-2 s-1,
respectively.  These values are in fair agreement with each
other and indicate the acceleration of oxygen dissolution would
occur in a highly homogeneous three-dimensional magnetic
field.  In addition, though the HTSC magnet had a relatively
uniform magnetic field in the horizontal direction, there was a
small magnetic field gradient in the perpendicular direction at
the same point in case B, therefore, paramagnetic oxygen
should be subject to a magnetic force in the upward direction.
This can explain that the dissolution flux in case A is a slightly
larger than that in the previous case B.  Thus, the acceleration
of atmospheric oxygen dissolution into water can certainly
occur in highly homogeneous magnetic field generated by an
NMR magnet. 
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