Spin relaxation of polarized Xe atoms at the liquid-solid interface
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We study the spin relaxation of hyperpolarized 1?°Xe atoms at the interface between liquid and solid. The
polarization of Xe atoms decays in bulk solvents mainly due to the magnetic dipole interaction with the nuclei in
solution. Since the moving magnetic dipoles interact transiently with each other, the lower viscosity leads to
the smaller decay rate at the fast motion limit. On the other hand, the wall relaxation can be dominant in the
low-viscosity solution because Xe atoms collide with the cell walls within the relaxation time of bulk solution.
Therefore, the minimal value typically appears in the temperature dependence of decay rate. If we succeed in
suppressing the wall relaxation, the resonance signals will be detected many times without the replacement for
depolarized atoms. In addition, we can find the weak perturbations hidden under the veil of both relaxations in
the finite size of cell. The spin relaxation at the gas-solid surface has been reported as to the cross-relaxation of
129X e nuclei with the protons of coating material [1] and the relaxation of 3He nuclei due to the magnetic sites [2].
The wall relaxations in solutions are, however, not fully understood.

We measured the decay rate of spin polarization of Xe atoms dissolved in the deuterated ethanol (ethanol-ds).
The walls of glass cell were coated with the deuterated paraffin (eicosane-dsz). The use of deuterated materials
is essential to investigating the surface interaction. The Xe atoms were polarized by the spin-exchange optical
pumping with a flow-type Xe polarizer [3]. The polarization was approximately 4 %, and total pressure of
mixed gas (“He, Nz, and natural abundant Xe) was 290 kPa. The decay rate of Xe gas is less than that of the
dissolved atoms.  The polarizations of Xe atoms in liquid and gas phases are subject to the wall relaxations with
the different time constants.  This situation induces the complex decay phenomena if Xe atoms pass freely over
the gas-liquid boundary. We used the glass cell designed to minimize the exchange rate of Xe atoms between
both phases [4]. The translational motion of Xe atoms and ethanol molecules was of the convection rather than
the diffusion at the time scale longer than 0.1 s. It was confirmed by the steady-gradient spin-echo
diffusiometry. Therefore, Xe atoms collides many times with the walls within the relaxation time. Figure 1
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