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ABSTRACT

The peculiar and beguiling features of deep eutectic solvents (DESs) coupled to
their wide range of applications in various industries and academia make them solvents
of sheer importance. However, since not much has been explored about these neoteric
solvents, overall use of DESs as green media is still restricted. In this context, a detailed
study of neat DESs and cosolvent-modified DES systems will help fine tune their
physicochemical properties, thereby increasing the overall utility of DESs.

The thesis entitled ‘Spectroscopic Investigation of Deep Eutectic Solvents and
their Cosolvent—Modified Mixtures’ is concerned with the understanding of the
interactions within neat DESs as well as cosolvent-modified DES—based systems. The
thesis presents a detailed analysis of the solubilizing ability of popular DESs and
judiciously selected cosolvent-added DESs systems utilizing various optical
spectroscopic and other techniques. The experimental observations are used to assess the
interactions within several multicomponent DES-based systems.

The thesis comprises of seven chapters. Chapter 1 (Background and Introduction)
presents a compact introduction of DESs and the issues that lead to this particular
research work along with approaches to resolve them. It also describes the long- as well
as short-term aims of the investigation. Chapter 2 titled ‘Materials and Methodologies’ is
about chemical procurement, purification and storage as well as techniques used during
the investigation. Specifically, uv-vis molecular absorbance, molecular fluorescence,
excited-state fluorescence intensity decay and fluorescence correlation spectroscopy

(FCS) measurements coupled with non-invasive techniques such as FTIR absorbance and
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Raman spectroscopies, and density and dynamic viscosity measurements are used to
acquire the necessary information.

Chapter 3 titled ‘Polarity of Choline Chloride-Based Deep Eutectic Solvents’
provides an estimate of the polarity associated to these solvents. Detail knowledge of the
dipolarity of DESs is essential for the development of them as green media. The
solvatochromic optical spectroscopic response of various uv-vis absorbance and
molecular fluorescence probes has been used to assess the polarity of DESs. Information
on the cybotactic region that surrounds several solvatochromic probes within four
common and popular choline chloride based DESs, named Ethaline, Glyceline, Reline
and Maline, is obtained and used to assess the effective dipolarity afforded by each of
these DESs. Chapter 4 (Solvatochromic Probe Behavior within Choline Chloride—Based
Deep Eutectic Solvents: Effect of Temperature and Water) deals with the changes in the
spectroscopic behavior of absorbance probes and fluorescence dipolarity probes with
temperature within the DESs— Ethaline, Glyceline and Reline and their aqueous mixtures.
Variations in temperature and addition of water, a benign cosolvent, can alter the
physicochemical properties of a DES.

Chapter 5 titled ‘Fluorescence Quenching of Polycyclic Aromatic Hydrocarbons
within Deep Eutectic Solvents and their Aqueous Mixtures’ explores the applicability of
nitromethane as a selective fluorescence quenching agent for the analysis of polycyclic
aromatic hydrocarbons (PAHs) within Glyceline and Reline. Interestingly, the different
PAHs dissolved in Glyceline and Reline were differentiated into two groups based on
their quenching efficiencies. Diffusion dynamics of pyrene in aqueous mixtures of both

the DESs has also been discussed and shown to be independent of the identity of the
VI



solute. Chapter 6 (Hydrogen Bond Donor/Acceptor Cosolvent-Modified Choline
Chloride Based Deep Eutectic Solvents) provides details of the solvatochromic probe
behavior within Glyceline and Reline on addition of HB donor/acceptor cosolvents— TFE
and HMPA, respectively. Addition of cosolvents TFE and HMPA having contrasting
features of very high HB donating acidity and HB accepting basicity, respectively,
significantly modifies the physicochemical properties of Glyceline and Reline. Addition
of HB donor/acceptor cosolvent appears to disturb the salt-HB donor equilibria within
DES via complex interplay of interactions within the system.

‘Conclusions and Future Perspectives’ are presented in the final chapter (chater 7) of
the thesis where the inferences withdrawn from the overall study are discussed. In short,
it is concluded that DESs are effective solvents with solvation capability similar to many
ionic liquids and other conventional solvents. Also, the addition of a cosolvent to DESs
may significantly modify/change the physicochemical properties of the DES; task-
specific DES-based multicomponent systems with favorably enhanced physicochemical
properties can thus be developed. The work done towards this thesis will increase the

overall effectiveness of the newly developed DESs.
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