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Abstract

Long-lived spin-order or state (LLS) possesses lifetime that is much longer than
the longitudinal relaxation time. Since its first demonstration in molecules lacking
symmetry, LLS has found application in areas such as slow diffusion, chemical ex-
change, protein-ligand interactions, quantum computation, and hyperpolarization.
LLS methodology has also advanced in parallel and now numerous methods exist
that can excite LLS from thermal magnetization and convert it to an observable
state. The first half of this thesis details an exploration performed for a geometrical
description of LLS excitation during spin-locking pulses. This exploration has been
successful in providing a geometrical description for weak coupling regime and also
reveals novel pulse sequences for a diverse range of coupling regimes. The findings
and implications of this investigation open new opportunities for further advancing
the LLS methodology and extending the range of LLS applications. In addition to
this exploration, a new two-dimensional J-resolved sequence is also presented in the
first half. Based on the concept of LLS, this new sequence provides a faster and
simpler way of accessing selective scalar couplings from highly congested spectra.
The second half entails cross-polarization (CP) that is now a well-established phe-
nomenon and has become an integral part of solid-state NMR for investigating nuclei
with low gyromagnetic ratios and natural abundance. However, cross-polarization
in quadrupolar systems is still challenging under magic-angle spinning (MAS). A
new pulse sequence for CPMAS in half-integer quadrupolar systems is proposed
that has the potential to emerge as a successful alternative to the conventional

sequence. In addition to cross-polarization, a somewhat different and relatively



unknown concept—>Spherical Tensor Analysis of Free Induction Decay—is also ex-
plored in the second half. This exploration suggests the possibility of free induction
decay decomposition into spherical harmonic functions and anticipates its use for

shimming of magnets.
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