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Dynamics of nuclear spins in unexplored arenas
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Dynamics of nuclear spins in solids plays an essential role in solid-state
nuclear magnetic resonance (NMR) spectroscopy in various aspects, from the
fundamental concepts to applications to structural analysis of materials of
chemical interest. Even though nuclear spin dynamics under the conventional
conditions has already been studied extensively and well understood, we stil
1 find arenas in which spin dynamics has yet to be explored. In this work, w
e address two examples of such, which are not only of interest from the acad
emic viewpoint but also of importance in applications of solid-state NMR in
future.

The first topic addresses nuclear spin diffusion, i.e., diffusive transpor
tation of nuclear magnetizations in space. So far, studies on nuclear spin d
iffusion have implicitly assumed that the spin polarization is orders of mag
nitude lower than unity, in spite of the important role it plays in nuclear
hyperpolarization experiments. In this work, we extended the Lowe—Gade formu
la for calculating the spin—-diffusion coefficient, originally developed undu
e high temperature approximation, to a more general case in which the nuclea
r spins are polarized. We discovered that the spin diffusion coefficient nee
ds to be scaled using averaged spin polarization p by the factor given by 1
/\[Itrﬁg. The implication of this correction is such that the spin diffusion

ought to accelerate as the nuclear spin system is hyperpolarized.

In the second part of the thesis, we study Cross Polarization (CP) taking
place in such reference frame that has never been studied so far, in contras
t to the conventional doubly rotating frame where the heteronuclear spins ar
e made to undergo exchange of the spin states under irradiation of radio—fre
quency pulses that satisfy the Hartmann—Hahn condition. Here, we employ such

rf irradiation that drives DOuble NUTation (DONUT), namely, simultaneous nu
tation of the spin around two separate, orthogonal axes, letting CP take pla
ce in what we call the nutation frame of reference, where the spin system ac
quires the time dependence with the frequencies corresponding the sum and th
e difference of the original two of DONUT. We show experimental results exhi

biting interesting characteristics that can lead to further studies.
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