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Introduction: Hyperpolarized *He MRI has found many ground-breaking applications for in-vivo human lung imaging. However, due to the limited world supply of
’He, development of hyperpolarized '*’Xe as an alternative is receiving renewed interest. Many properties of '*’Xe, such as its much higher solubility in blood and
lipids, lower diffusion coefficient, and a possibility of polarization storage in the frozen state can offer an advantage over *He as an imaging agent, despite the weaker
magnetic moment and modest natural abundance of the '*Xe isotope. Optical pumping of '*Xe is a well-established method for producing hyperpolarized xenon gas,
but offers challenges in scaling up the production volume due to low density of xenon gas in the optical pumping cell. On the other hand, recent reports [1,2] show a
potential for Dynamic Nuclear Polarization (DNP) to produce large volumes of hyperpolarized '*’Xe in the solid state. Storage and transportation of such cryogenically-
produced 'Xe is crucial in clinical applications and requires long spin-lattice relaxation times. On the other hand, DNP rates and achievable polarization levels are
dependent on 7, values as well. In this study we investigated how 7' relaxation times are affected by spontaneous formation of pure-xenon clusters in xenon/1-
propanol/trityl matrix typically used for DNP. By using vigorous mechanical stirring of the liquid mixture at 195-K temperature and 4.2-atm pressure followed by a
rapid cool-down to 77 K, we could achieve a nearly homogenous Xe/1-propanol/trityl solid mixture. Exposing this mixture to ~125 K temperature for several hours led
to partial clustering of pure xenon in the solid matrix, as did a delay in cooling down the liquid after stirring it. Cluster formation led to effective segregation of '*’Xe
spins from the unpaired electrons of the radical molecules and was observed to significantly increase spin-lattice relaxation times, as well as DNP time constants, both
inside the clusters and in the solid matrix.
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B linear combination of a microwave frequency (A,C) and after thermally relaxing 1.43 K (B,D).
120 - Gaussian and a Lorentzian of A, B: Solid (dashed) lines: spectra in sample I before (after) the annealing
< 100 — Sample chamber the same full width at half process of Fig.2A.  C, D: Spectra in sample II after extreme annealing.
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B: Extreme annealing of imperfectly mixed sample I1. had also reduced the line width and increased the chemical shift of the broad peak, indicating a reduced
number of 1-propanol molecules surrounding an average '**Xe atom in the matrix after annealing.
Figure 1B shows the averaged thermal-polarization spectra at 1.43 K before (solid line) and after (dashed line) the annealing, providing further evidence that this
process forced the majority of Xe atoms into pure-xenon clusters. An extreme case of annealing (sample II, Fig. 2B) can be seen in '*’Xe spectra shown in Figs. 1C and
1D, where the narrow peak appea.red to be much more pronounced. Figure 3 | Before Annealing | After Annealing ,
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Xe clusters), as shown in Fig. 3B. A case of extreme annealing resulted in T, =700 % 20 min Sample 11 i
T7,=604 = 14 min for the broad peak (matrix) and T;=2076 + 45 min for the
narrow peak (clusters) in sample II (Fig. 3C).

Conclusion: T relaxation times of hyperpolarized '*Xe in DNP experiments
strongly depend on the preparation method and the thermal history of the
sample. Annealing solid samples at 125 K significantly prolongs 7 relaxation
times, thus making it easier to store hyperpolarized '*’Xe for clinical imaging.
However, both the polarization rate and the ultimate achievable polarization
were found to decrease upon annealing due to spontaneous formation of pure
xenon clusters in the Xe/solvent/radical matrix.
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Figure 3: '¥Xe 7T} relaxation data at 1.43 K, 5 T (squares: broad peak - '*Xe in the matrix;
circles: narrow peak - '’Xe in pure Xe clusters) and the exponential fits (solid and dashed lines).
Sample I before (A) and after (B) annealing. Sample II (C) after extreme annealing.
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