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Abstract

Nuclear magnetic resonance (NMR) spectroscopy is one of the most powerful non-destructive
techniques available today for probing the structure of matter. High resolution NMR is an
important tool for determining the structure of molecules ranging from small chemical compounds
to large macromolecules, is a well-established method for determining the 3-D structures of
biomolecules in solution. Similarly, solid state NMR, provides structural information on polymeric
powdered crystalline and polycrystalline substances. Relaxation of spins play a decisive role in
various applications of NMR spectroscopy and development of new methods in NMR. Earlier it
was believed that spin-lattice (T1) and spin-spin relaxation time (T2) set the upper limit of
relaxation. But creation of long-lived states in a two-spin system confirmed that lifetimes longer
than T1 and T» are possible. Since then various studies were conducted to generate, sustain and
sense long lived states in a number of systems and to explore the structure and dynamics of

molecules.

This thesis entitled “Applications of NMR Spectroscopy to Exchanging Systems, Long Lived
States, and Solids” showcases applications of NMR spectroscopy to different problems along
with creation and sustenance of long-lived states at off-resonance with a number of pulses. The
first chapter introduces important concepts of solution state and solid-state NMR starting with brief
history and development of NMR spectroscopy. Later, a quantum mechanical description of

important concepts is also provided.

Chapter 2 describes in detail about generation of long-lived states (LLS) at on resonance and off
resonance by applying several composite pulses, windowed pulses, and continuous wave. Here, a
comparative study of LLS lifetime is done to see the effect of different sustaining pulses on the

efficiency of off-resonance sustenance. These results are compared with results obtained from
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simulations for the same. Important findings in this study are that WALTZ-16 composite pulse is
most efficient for sustaining LLS off resonance in a weakly coupled two spin system, and

windowed acquisition can be used in place of continuous wave method for sustaining LLS.

Chapter 3 demonstrates application of LLS for measuring numerical value of chemical exchange
rate in a sample having restricted rotation about the C-N bond in p-Chloroformanilide which has
partial double bond character. Earlier a proof of concept has been demonstrated that the long
lifetime of LLS can be used for measuring slow chemical exchange, but a measurement of the
exchange rate was not accomplished. In this study we created LLS in an inequivalent two spin
system having exchange, by applying 1D LLS pulse sequence, and successfully measured
numerical value of exchange rate and the activation energy. We also compared exchange rate value
with the value obtained for the same system at variable temperature using conventional methods
like 2D NOESY and selective inversion recovery method. We also demonstrated that in acetone,

p-Chloroformanilide does not exist in a single conformer as suggested in earlier study.

Chapter 4 is about synthesis and structural study of vanadium based yellow foam using solid state
NMR, X-ray diffractograms and other complimentary techniques. The structural study of
vanadium oxides, xerogels and foams are important for modifying their properties and their
applications at industrial scale. In this study we analysed the structure of yellow foam using solid
state NMR, small angle X-ray diffraction, and powder X-ray diffractogram (PXRD), IR, TGA and

provided a new model for structure of vanadium yellow foam.

The thesis contains three appendices on our attempts to extend applications of LLS and NMR

spectroscopy to other systems.



The first appendix is ‘Monitoring Aggregation in Solution State Using NMR Spectroscopy’. In
this study we focused on studying interaction between an acid 5-hydroxybenzene-1,3-dicarboxlic
acid and a base 4,4-bipyridyl using liquid state NMR and PXRD. In CSD database we found no
cocrystal or salt between these two and on the basis of ApKa rule these two lays in transition range
where salt, cocrystal or proton transfer is possible. We found favorable evidence of proton transfer

between acid and base after studying this system.

The second appendix discusses about a problem which is ‘Measurement of H/D Exchange Rate
in lonic Liquid - H20 - D20 Mixture Using NMR Spectroscopy.” H/D exchange occurs at faster
rate in bulk water or aqueous system, making it difficult to monitor by NMR. In highly viscous
medium, like some room temperature ionic liquids, for example, confined water shows different
behavior than bulk and the H/D exchange rate becomes slow and can be monitored by NMR. Here,
we used selective inversion recovery method to measure exchange rate and obtained a numerical

value using nonlinear curve fitting.

The third appendix contains study on ‘Measuring Paracetamol Interaction With g-Cyclodextrin
Using LLS Method.” At present, emphasis is given to discover target-based drug delivery systems
which could bring about decrease in drug quantity required for treatment of a disease as compared
to indirect delivery of the drug to the site of infection. In this study we want to measure maximum
amount of paracetamol drug that can be loaded in drug carrier S-Cyclodextrin. We started with
simple drug paracetamol and measured its LLS lifetime as it has inequivalent two spin system.
When it was mixed with s-Cyclodextrin in different molar ratios then we found maximum decrease
in LLS lifetime of 1:1 complex. It provides a new way to measure maximum amount of drug that

can be loaded in drug carrier if one of them has inequivalent two spin system.

Vi
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