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Abstract

Since the invention of the NMR, it has proved its potential in the field of biomedical, medical,
chemical, material, physical, and even other sciences. Applications of this potent technique
range from structure determination of large and small molecules, molecular dynamics,
chemical kinetics, quantum computing to MRI (Magnetic Resonance Imaging). One of the
reasons for such a wide array of applications is rooted in the higher lifetime of the excited
state which is limited by longitudinal relaxation (~T1) and transverse relaxation (~T2).
Endeavors of further enhancement or extension of the life-time travelled a long way through
Transverse Relaxation Optimized Spectroscopy (TROSY), which relies on relative
cancellation of relaxation due to dipolar tensors and chemical shift anisotropy tensors, to
recently developed Long-Lived States (LLS) and Long-Lived Coherences (LLC). Out of
these two lifetime enhancing techniques, the main part of the thesis is dedicated to the
removal of restrictions in LLC and its applications. Apart from LLC, spin dynamics during

Spin Lock Induced Crossing (SLIC) is also analyzed. The thesis is composed of five chapters.

In the introductory chapter, the Hamiltonians, operators, superoperators and product
operator formalism are discussed. An introduction to various bases, i.e., product operator
basis (PB), singlet-triplet basis (STB) and the single transition operator basis (STOB) is
provided. Further, the fundamental theory and basic pulse sequences to create LLS and LLC
are discussed in detail. Redfield theory of relaxation is described for most dominant
relaxation mechanism, dipolar, in a liquid state. The application of Redfield theory to find
out the effect of dipolar relaxation on LLS and LLC, in superoperator basis, is thoroughly

presented.
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Chapter 2 presents a thorough study on the Spin-Lock Induced Crossing (SLIC)
sequence, a sequence to create LLS in nearly equivalent two-spin system. This chapter
provides a vector picture explanation in product-operator basis (POB) and single transition
operator basis (STOB). Further in this chapter, the functional form of the operators are
determined by Fourier transforming the time domain simulated data. This functional
variation modifies the earlier fitting equation of DeVience to find out chemical shift
difference between two nearly equivalent protons. The Liouville-von Neumann equation is
solved to find the dependence on the initial condition of operators generated during the spin

locking interval. A two-parameter optimization technique is also a part of this chapter.

After this foray into LLS, the rest of the thesis is aimed at LLC in three-spin systems and

multiple two-spin systems.

Chapter 3 is divided into two parts, i.e., A and B. Part A is about the application of
basic LLC sequence to find out relative signs of coupling constants. A three-spin system LLC
spectrum result in three peaks at a combination of three coupling constants. The mathematical
formulation of these combinations is derived for determining the relative sign of the coupling
constants and unobservable coupling constant. The process is exemplified with three-spin
systems, such as 2-furoic acid, ethyl vinyl ether, phenylalanine, acrylonitrile and 2, 3-
dibromo propionic acid. Part B provides an alternative sequence, composed of soft pulses, to
filter out the systems with different relative signs of the coupling constants. The sequence is

successfully tested on furfural, ethyl vinyl ether, and phenylalanine.

The extension of the LLC to a pair of two-spins in a three-spin system is the prime

focus of chapter 4. The two-spin dipolar relaxation theory of LLC is extended to three-spin

Vii



systems, and the theoretical relaxation lifetime of LLC is calculated for furfural and ethyl
vinyl ether. Experiments, which utilizes soft pulses to excite and lock the desired coherence,
are designed for the confirmation of the theory. The experimental LLC lifetime for two three-
spin compounds, i.e., ethyl vinyl ether and furfural, is determined and compared with the
theoretical one. The chapter ends up with possible reasons of mismatch between the

theoretical and experimental values.

The final chapter extends the LLC to multiple two-spin systems. The main restriction
to the extension is to lock the coherence at the average of the chemical shift of the two peaks
(on-resonance locking), which is not possible in a system with multiple two-spins. Hence,
the effect of off-resonance locking (locking away from the average of the two peaks) is
studied theoretically and experimentally on 2, 3 dibromothiophine (DBT), which suggests a
composite low-power locking instead of continuous wave (cw) locking. The density operator

3 IL,— L, i=1to 3 was generated in the mixture (citric acid, DBT and 2, 3, 6-
trichlorbenzaldehyde (TCB)) with selective inversion IBURP-2 pulses, and LLCs were
successfully created in all pairs of the mixture. The sequence is termed as Broad Band LLC
(BBLLC.) The use of BBLLC is also demonstrated as a filter for two-spin systems in a
mixture of four (AA’XX') and two-spin systems (furan + TCB + citric acid), and in a
compound, 1, 3-di-p-tolyl-propenone, having two four-spin systems and one two-spin

system.
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