The new substances for dynamic polarization of
3He : the EPR, NMR and magnetic susceptibility
measurements
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~ The usage of liquid oxygen-nitrogen solution and carbonizate powders for nuclear
dynamic polarization of noble gas has been studied.

The electron paramagnetic resonance (EPR) spectra and magnetic susceptibility have been
measured at temperatures 45-90 K temperature and at all possible O, concentration in liquid
oxygen-nitrogen solution. The suggestion about 0,-0,-O, clusters appearing allows to explain
the observed broad EPR line and high magnetic susceptibility. The very broad EPR lines make
impossible the usage of dynamic polarization.

The EPR spectra, nuclear spin lattice relaxation (NSLR) and magnetic susceptibility have
been measured in carbonizate powders at temperatures 1.6-280 K. The 3He nuclear magnetic
moments are found to interact with surface paramagnetic centers. The pyrolysis doesn’t remove
the protons possessing fastest NSLR which represent the channel for polarization leakage.
Frequency dependences of >He and 'H NSLR time show the magnetic field suppression of
exchange process in paramagnetic center (PC) clusters.

The carbonizate powder with 150-250 um particle size is appeared to be the best for
dynamics polarization. The applied magnetic field must be below 0.5 Tesla to avoid the

suppression of exchange interaction between paramagnetic centers.
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The dynamic polarization of nuclear spin represents an efficient method for production of
hyperpolarized gases. The method is based on polarization transfer from an electron subsystem

to the magnetic moment of *He gas nuclei.

The first studied electron subsystem is liquid O»-N; solution. The fine noble gas bubbles
passes throw liquid and the oxygen magnetic moment interacts with *He spins on bubble
boundaries. The special type of carbonizate powder is suggested as the second system. All
paramagnetic centers (PC) are located on surface [1] near absorbed 3He atoms, and the dynamic
polarization of water protons had been observed [2].

The main object of present work is systematical study of magnetic properties of these two
systems.

The electron paramagnetic resonance (EPR) spectra and magnetic susceptibility have
been measured at temperatures 45-90K and all possible O, concentration in liquid oxygen-
nitrogen solution [3]. At low concentration the EPR linewidth is anomalous broadened up to
6000 O, and effecitve magnetic moment of one oxygen molecule (A) growths up to 2 .

The quantum chemical calculations (Aminova R.M.) show the possibility of 0,-0,-O>
clusters appearance [4]. The effective spin of clusters increases up to 3/2 and consequently M is

| 1.66-2 up. The intraclusters interaction split energy levels by D227 GHz, and EPR line is highly
broadened.

The phase diagram can be subdivided on two parts. The first part is 0-20 mol. %
concentration area where clusters don’t interact with each other (probability <1%). Then the
intercluster averaging is negligible and EPR linewidth and magnetic susceptibility have their
maximal values without temperature dependence. In 20-80% area there is short distance between
clusters. The relative motion of cluster probably averages EPR spectrum. The transformation of
adjacent clusters average magnetic moment. In contrast to motion averaging this process doesn’t
depend on temperature. |

It was established that liquid oxygen-nitrogen solution cannot be used for dynamic
polarization because of very wide EPR spectra.

Our measurements show that the paramagnetic centers (PC) in carbonizate are highly
concentrated, possess an narrow spectrum and strong interaction with absorbed nuclear spin .
The EPR spectrum can be saturated, so the dynamics polarization on *He nuclear magnetic
moment can occur. It was appeared that the 150-250 pm powder are the most suitable for
dynamic polarization method. However there are some restrictions for succesfull polarization.
The main trouble is polarisation leakage throw protons just near PC with short nuclear spin

lattice relaxation (NSLR) time (~0.02 sec. at 4.2 K). However these protons can be almost
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removed after cleaning off by 900°C water steam. The B¢ nuclei show the slowest relaxation
and cannot be considered as the sources for polarisation leakage.
At low temperature the *He atoms are absorbed by carbonizate. The NSSR time 3He and
EPR linewidth of paramagnetic centers show Curie temperature dependence, that corespond to
adsorbed solid helium. The Hanh measurement [5] show that among adsorbed atoms there are
located and high mobile helium atoms with self-diffusion coefficient ~10 cm’sec” (1.8K).
The frequency dependence of NSLR time for He and 'H nuclei gives the evidence for
two processes of relaxation. The first process coresponds to relaxation via isolated paramagnetic
_centers. At 50-70 K the corresponding NSLR time has minimum [6] like the minimum in .EPR
line width oxygen atmoshere [7]. The helium at this temperature is quickly disabsorbed, that
| leads to the NSLR time increasing in 10 times. Possibly the some transformation on surface
occurred. |
The second SLR process is temperature independent exponential decay. The temperature
independence indicate tunneling character of exchange into PC clusters. Since exchange can
partially be broken by rare gase- [7], the magnetic field also can suppress it. At assumption about
weak overlapping of outer electronic shells the corresponding NSLR rate should be exponential
dependent on the apllied magnetic field or resonance frequency.
Such the dynamics polarization in *He-carbonizate systems can occur after cleaning off
the fast relaxing protons. The applied magnetic field must be below 0.5 Tesla to avoid the

suppression of exchange interaction between paramagnetic centers.
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