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Introduction: Recent reports of '*’Xe dynamic nuclear polarization (DNP) [1,2] spurred renewed interest in producing large quantities of highly polarized xenon for

human-lung MRI. Compared to well-established '’Xe optical pumping schemes, DNP is performed in the solid state, with 10° times higher Xe density and, potentially,
higher production rates. However, the reported '*Xe polarizations vary widely and are still considerably lower than *C DNP. One of the reasons for these limitations
may be a lack of experimental access to microscopic DNP parameters. Another reason is a poorly understood process of forming a solid sample from a gaseous
ingredient. DNP requires an intimate mixture of the target (xenon) with the source of unpaired electron spins, e.g. a free-radical molecule. Crystallization often leads to
exclusion of foreign molecules from the solid, therefore a glassing agent (1-propanol) is added to achieve a homogeneous mixture of the radical with the target
substance. Glassing behavior, however, is difficult to predict and to control, as slight variations in molecular mobility and affinity during freezing are thought to
significantly affect polarization levels in otherwise similar organic molecular targets. To resolve these issues, we used '“Xe NMR spectroscopy with part-per-million
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evolution of '*Xe spin polarization in pure-Xe clusters strongly suggests nuclear spin diffusion from the cluster boundary inward, while at the same time the 7 process
is relaxing the entire cluster towards its thermal equilibrium. Figure 1C shows the early DNP evolution of '*’Xe spectra in an extreme case of cluster formation in a
different sample, after gradually warming it up to 120 K over 21 hours. The narrow peaks in Fig. 1C are narrower and much larger compared to Fig. 1B, and their
response to DNP at v™ is inverted starting from /=0. However, the most striking difference with sample I is in the late-time evolution of the '*Xe signals (Fig. 2D). Even
after 24 hours of DNP, '*’Xe magnetization in pure xenon clusters keeps growing, exceeding that of '*’Xe in the surrounding matrix. However, the average polarization
remains fairly low. A simple model, incorporating spin diffusion and 7 relaxation effects [3] was developed for a pure-xenon spherical cluster surrounded by a well-
mixed xenon/1-propanol/trityl matrix, to fit the pure-xenon polarization data as a function of time ¢ in Fig. 2C. The assumption of continuous '*’Xe polarization across
the cluster boundary is not supported by the data (e.g., compare polarizations in Figs. 2A and 2C), nor is it plausible, given the poor spectral overlap of the two '*Xe
NMR peaks. Instead a polarization bottleneck at the cluster boundary was introduced, with the magnetization flux across the boundary proportional to the discontinuity
in polarization: 9P/ 9r = K(F,. = Pu) . The resulting model is rather insensitive to the cluster radius R, but shows a high sensitivity to the intrinsic sample temperature
T and a fair sensitivity to 7 in the clusters. A fit of this model to the data of Fig. 2C gives: 7, =151+ 11min, 7 =2.8+0.1 K, R =3.6 2 um, x =0.5+0.2 um .
Conclusion: We observed that achieving a homogeneous mixture requires vigorous mechanical stirring of liquid xenon and 1-propanol/ trityl-radical solution at 195 K,
followed by rapid freezing below 90 K. Inefficient stirring and/or exposure to warm temperatures spontaneously creates pure xenon clusters in the solid-state glassy
matrix, ultimately segregating '*’Xe spins from the unpaired electrons of the radical molecules. '*’Xe atoms inside the clusters cannot be pumped by the DNP process
directly, relying instead on the nuclear spin diffusion through a chain of '*Xe neighbors. This process is substantially restricted by the polarization bottleneck at the
cluster boundaries and by significant overheating of the sample due to the microwaves.
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