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ABSTRACT

The fascinating and unique properties of lonic Liquids (ILs) and of Deep Eutectic
Solvents (DESs) coupled to their wide range of applications in various industries and
academia render them solvents of utmost importance. However, still not much has been
explored about the interactions present within these solvents which restrict their use. In
this context, a detailed study of the interactions within neat and cosolvent/salt-modified
ILand DES-based systems will help fine tune their physicochemical properties, thereby
increasing the overall utility of ILs and DESs.

The thesis entitled ‘Spectroscopic Investigation within lonic Liquid and Deep
Eutectic Solvent Based Systems’ is concerned with the understanding of interactions
within neat and cosolvent/salt-modified IL and DES-based systems. The thesis features
a detailed investigation of judiciously selected cosolvent/salt-added IL and DES mixtures
by using various optical spectroscopic techniques along with bulk property and micro
property measurements. The experimental observations are used to assess the solute-
solvent and solvent-solvent interactions within multicomponent IL- and DES-based
systems.

The thesis has been divided into seven chapters. Chapter 1 (Background and
Introduction) provides a brief introduction to the ILs, DESs, and cosolvent/salt that are
employed for the research work along with the motivation behind choosing the particular
systems. It also describes the long- as well as short-term aims of the investigation.
Chapter 2 titled ‘Materials and Methodologies’ is about chemicals used, purification and
storage as well as techniques used during the investigation. Specifically, UV-Vis

molecular absorbance, steady-state and time-resolved fluorescence, FTIR absorbance,



Raman spectroscopy, density, and dynamic viscosity measurements are used to acquire
the requisite information.

Chapter 3 titled ‘Density, Viscosity and Fluorescence Quenching within Lithium
Salt-Added lonic Liquid Media’ presents excited-state fluorescence lifetime quenching
of a popular fluorophore pyrene by well-known quencher nitromethane within LiTf2N-
added IL [emim][Tf2N] up to 0.40 LiTf2N mole fraction (xiir¢,n) in the temperature
range 298.15 to 358.15 K. The main aim of this chapter is to gain insight into the solute
diffusion behavior and structural changes in the ionic media with the addition of Li* ions.
Chapter 4 titled ‘Microfluidity of Ionic Liquids and Glycol-Modified lonic Liquids’
provides detailed investigation of various microfluidity probes dissolved within neat ILs
and their equimolar mixtures with TEG. The interactions present within the solubilizing
media constituted of IL govern the outcomes of chemical processes carried out within
such media by controlling the behavior of solutes dissolved therein. The response of
spectroscopic microfluidity probes dissolved in IL and IL-based solvents, in this regard,
reveals information on both solute-solvent and solvent-solvent interactions present
within the system. Chapter 5 titled ‘Photophysical Behavior and Florescence Quenching
of L-Tryptophan in Choline Chloride-Based Deep Eutectic Solvents’ presents the
detailed investigation of the photophysical properties of L-Trp in two common and
popular representative DESs - reline and glyceline - over a temperature range of 298.15-
358.15 K. Photophysical properties, such as, absorbance and emission maxima, steady-
state anisotropy, fluorescence quantum vyield, excited-state intensity and anisotropy
decay, and their temperature dependence of L-Trp have potential to offer key insights to
the protein dynamics in these neoteric solvents. Further, in this chapter we also reported
the outcomes of our investigation of fluorescence quenching of L-Trp within Reline by

acrylamide, a well-established electron/charge acceptor quencher; acrylamide is often
VI



used to probe the protein conformation during the quenching of intrinsic L-Trp
fluorescence. Chapter 6 titled ‘Spectroscopic Probing of Tetraethylene Glycol Modified
(Choline Chloride + Urea) Deep Eutectic Solvent’ explores the effect of cosolvent TEG
on the properties of DES reline using solvatochromic probes along with noninvasive

techniques, such as, density, viscosity, FTIR and Raman spectroscopy over the complete
composition regime within 298 K-358 K. Empirical solvent polarity parameter, E.',

obtained using solvatochromic absorbance probe response of a betaine dye, along with
Kamlet-Taft parameters suggest the presence of interactions, mainly H-bonded, between
TEG and the components of reline. HBA basicity () of TEG-modified reline is found to
be unusually high. Responses from dipolarity as well as intramolecular charge-transfer
fluorescence probes further support these outcomes suggesting a small amount of TEG
can effectively alter properties of reline.

Chapter 7 titled ‘Conclusions and Future Prospects’ covers the conclusions drawn
from the overall investigation. In brief, it is concluded that addition of a cosolvent or a
salt to ILs and/or DESs can result in considerable modification/alteration of physical and
physicochemical properties; even favorably enhanced properties can be observed with
the appropriate combination of the components. It is suggested that such cosolvent/salt-
modified ‘hybrid’ systems may prove to be an inexpensive environmentally benign

solubilizing media with potential applications in both academia and industry.
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