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ABSTRACT

The unusual and fascinating features of the molecular aggregation of surfactants
and dye within 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 the surfactants and dye aggregation within these
neoteric solvents, overall use of DESs as green media is still restricted. In this context, a
detailed study of neat DESs and water added DES systems will help fine tune their
physicochemical properties, thereby increasing the overall utility of DESs.

The thesis titled ‘Surfactant and Dye Aggregation within Deep Eutectic Solvent-
Based Systems’ is concerned with the understanding of the molecular aggregation within
DES media. The thesis features detailed investigation of the aggregation of popular
surfactants and common carbocyanine dyes within neat and water added DESs using
various optical spectroscopic and other techniques. Chapter 1 ‘Background and
Introduction’ provides a brief overview of the various systems that are investigated in this
work. It also provides concise introduction to the problems that this particular research
work is based on along with the strategies adopted to solve them. Both long- and short-
term objectives of the investigation are also discussed. The basic intent of the work is to
understand the aggregation of surfactants and carbocyanine dyes within DES-based
solubilizing media.
However, the basic science involved with fully characterizing these DESs as solvent

systems is still in its infancy, holding back more efficient utilization of these “green”



solvents. Phenomenon of molecular aggregation within DES-based solvent systems is of
great importance due to its immense application potential in various fields.

Chapter 2 titled ‘Materials and Methodologies’ is about chemical procurement,
preparation, purification and storage as well as techniques used during the investigation.
Specifically, uv-vis molecular absorbance, steady-state and time-resolved fluorescence,
refractometer, DLS (dynamic light scattering), SAXS (small-angle X-ray scattering),
transmission electron microscopy (TEM), conductometry, density and dynamic viscosity
as well as surface tension measurements were used to gather requisite information.
Chapter 3 is titled ‘Self-Aggregation of Surfactants within Choline Chloride Derived
Deep Eutectic Solvents’. In this chapter, we have presented self-aggregation of cationic
surfactants within (choline chloride + glycerol) DES. Specifically, self-aggregation of
cationic surfactants of the n-alkyltrimethylammonium family within an archetypical DES
glyceline was found to take place spontaneously. Estimated thermodynamic parameters
suggest this self-aggregation process to be less entropically driven than that in water. The
self-assembly process was found to be thermodynamically favorable.

The responses of fluorescence dipolarity and microfluidity probes, pyrene and
1,3-bis-(1-pyrenyl) propane, respectively, were used to establish the existence of these
aggregates. Surface tension, electrical conductivity, DLS, SAXS, TEM, density, and
dynamic viscosity measurements were effectively used to characterize the aggregates
(e.g., micelles and/or microemulsions). We next present clear lines of evidence for self-
aggregation of a popular anionic surfactant within a DES containing a small fraction of
water. Namely, well-defined assemblies of sodium dodecyl sulfate (SDS) apparently

form in the archetype DES reline. Significant enhancement in the solubility of organic
VI



solvents that are otherwise not miscible in choline chloride-based DESs was achieved
within reline in the presence of SDS. The remarkably improved solubility of cyclohexane
within SDS-added reline is attributed to the presence of spontaneously formed oil-in-DES
microemulsions by SDS under ambient conditions. The novel water-free self-assemblies
presented in this work might serve as dynamic soft templates to direct the growth of size-
or shape-tailored nanoparticles within water-restricted media under ambient conditions.
Chapter 4 titled ‘Properties of Aqueous Micellar Solutions in the Presence of Deep
Eutectic Solvents’, presents changes in the physicochemical properties of aqueous
surfactant solutions above their critical micelle concentrations (cmc) as DESs reline and
glyceline, respectively, are added. It is shown that the properties of aqueous surfactant
solutions can be tuned in favorable fashion by adding appropriate amount of DES. The
main emphasis of this investigation is to establish the versatile role of DESs in modifying
properties of aqueous surfactant solutions which may enhance the applications of
aqueous surfactant systems; potential applicability of DESs will increase as well.

Further, for comparison sake, the effect of IL addition on the physicochemical
properties of aqueous micellar solutions of various surfactants is also assessed. The
overall outcomes of this work infers that appropriate addition of DES can result in
desirable changes in the physicochemical properties of surfactant solutions.Chapter 5 is
titled ‘Aggregation of Carbocyanine Dyes in Choline Chloride-Based Deep Eutectic
Solvents in the Presence of Aqueous Base’. The self-aggregation behavior of two
common and popular carbocyanine dyes, 5,5',6,6'-tetrachloro- 1,1'-diethyl- 3,3'-di(4-
sulfobutyl)-benzimidazole  carbocyanine (TDBC) and  5,5'-dichloro-3,3'-di(3-

sulfopropyl)-9-methyl-benzothiacarbocyanine (DMTC), was investigated within DES
VI



glyceline and reline, under ambient conditions. Effect of the addition of aqueous base on
aggregation was explored. The optical spectroscopic responses of uv-vis absorbance and
molecular fluorescence probes mentioned above indicate that both DESs in the presence
of base are found to support J-aggregates of TDBC. Under similar conditions, DMTC
forms fluorescent H-aggregates along with J-aggregates within the above DES-based
systems. A comparison of the carbocyanine dye behavior in various aqueous base-added
DES systems to that in aqueous basic media reveals contrasting aggregation tendencies
and/or efficiencies. Surfactants as additives were demonstrated to control and modulate
carbocyanine dye self-aggregation within DES-based media.

Chapter 6 titled ‘Conclusions and Future Prospects’ presents the summary of the
overall investigation. In brief, it is concluded that common anionic and cationic
surfactants and popular carbocyanine dyes within DES-based systems can self-aggregate.
These novel, non-toxic, and inexpensive solubilizing media present themselves as
alternate diverse systems that sustain surfactant and cyanine dye aggregation. The overall
outcomes of this work may help establish the surfactant and dye aggregation within DES-
based systems as novel heterogeneous media for various application. It is particularly
interesting to apply these novel surfactant self-assemblies as soft templates for
nanomaterials synthesis, chemical analysis, extractions, material synthesis, and
electrodeposition. The work done towards this thesis will increase the overall
effectiveness of the molecular aggregation of surfactants and dye within the newly

developed DESs.
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