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ABSTRACT

Certain types of fluorescent materials exhibit an overall enhancement in their luminescence
properties in their aggregated/condensed state—a phenomenon known as aggregation induced
emission (AIE). Unlike typical fluorophores that may exhibit reduced fluorescence in
aggregated states (known as aggregation caused quenching), AIE luminogens become more
emissive as they aggregate. The unique properties of these intrinsically emissive aggregates
open up new avenues for the development of advanced fluorescent materials with tailored
functionalities. Judiciously designed AIE exhibiting systems may be developed with
control/variation on the chromophoric/fluorophoric moiety(ies) as well as on the molecular
backbone. A thorough exploration of AIE emanating from such systems also helps provide the
understanding of the interactions present in complex fluidic systems under investigation. Deep
eutectic solvents (DES) have arisen as eco-friendly alternatives to traditional solvents,
showcasing distinctive properties that render them versatile in a range of chemical processes.
Demonstrating the potential of AIE within DESs becomes a crucial endeavor in unraveling the
practical applications of these solvent systems.

The thesis titled ‘Investigation of Intramolecular Aggregation Induced Fluorescence in
Different Molecular Scaffolds’ is centrally focused on the molecular-level understanding of
AIE, especially within the modern green solvents i.e. DESs. Additionally, the study extends to
explore the diverse intramolecular aggregation properties afforded by novel molecular
frameworks. A number of popular pyrene (Py) appended molecules are employed to study the

diffusion of end groups/folding of long-chain entities (including macromolecules) in a range of



hydrophilic as well as hydrophobic DESs along with other common solvents. Notably, the thesis
introduces a groundbreaking dipyrenyl compound characterized by an exceptionally strong
fluorescence signal for its excited-state aggregate as well as an unprecedented occurrence of
intramolecular aggregation in tryptophan (Trp) containing peptidomimetics.

The thesis is structured into eight chapters. Chapter 1 (Background and Introduction)
provides an account of evolution in the conceptualization of AIE processes, first understood as
the antithesis of aggregation caused quenching effect (ACQ). It is common knowledge that Py
aggregates intramolecularly post photo illumination to yield an excimer (excited-state dimer).
Intramolecular excimer formation has also been utilized effectively in a variety of
chemosensing applications mostly based on ratiometric measurements involving wavelengths
of the monomer and excimer emissions, respectively. Moreover, intramolecular aggregation of
Trp, the most abundant intrinsic fluorophore in proteins, offers an approach to study the
biomolecular interactions of proteins through novel peptidomimics.

Chapter 2 titled ‘Materials and Methodologies’ provides an in-depth description of all
the techniques and protocols involved in procurement/synthesis of chemicals as well as the
investigative procedures followed. Specifically, UV-vis molecular absorbance, steady-state and
time-resolved fluorescence, dynamic viscosity and dynamic density measurements have been
employed to establish the findings of this thesis. Type ‘III’ hydrophilic choline chloride (ChCl)-
based DESs and type V decanoic acid (DA)-based DESs constitute the major novel solvent
systems employed in the study.

Chapter 3 titled ‘Contrasting Ground- and Excited-State Intramolecular
Aggregation in Choline Chloride-Based Deep Eutectic Solvents versus a Liquid Polymer’

marks the first experimental investigation of a dipyrenylalkane dissolved in choline chloride
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(ChCl)-based DESs. Two specific DESs with a common hydrogen-bond acceptor, ChCl and
hydrogen-bond donors urea and glycerol (Gly), respectively, in a mole ratio of 1 : 2, are utilized.
The deliberate selection of relatively higher viscosity solubilizing media, with dynamic
viscosities (77) of ChCl:Urea and ChClL:Gly being 1372.0 mPa.s and 473.0 mPa.s, respectively,
at 293.15 K, aims to explore potential alterations or modifications in the dimerization process
under these conditions. Additionally, the hydrogen-bond donor (HBD) component of one of the
DESs, namely, glycerol (n = 1412.0 mPas at 293.15 K) and a liquid polymer,
polydimethylsiloxane with number average molecular weight (MW) 2000 (PDMS2000) and #
of 21.4 mPa.s at 293.15 K are investigated for the purpose of comparison. Similar to the
behavior observed in common organic solvents, the two Py moieties of 1Py(3)1Py exhibit
exclusive aggregation in the excited-state, forming a classical intramolecular excimer when
dissolved in the liquid polymer PDMS2000. However, in contrast to several low viscosity
organic solvents where two kinetically-distinguishable excimer conformations are
simultaneously populated by one excited monomer, PDMS2000 displays only one detected
excimer conformation. This behavior aligns with observations in other relatively viscous liquids
such as liquid polyethylene glycols (PEGs). In the context of high viscosity DESs and glycerol
(Gly), while intramolecular aggregation in 1Py(3)1Py does occur, it is not exclusive to the
excited-state. The presence of ground-state heterogeneity is evident through both static and
time-resolved fluorescence, indicating weak interactions between the two Py moieties in the
ground-state that may lead to partial aggregation. The very high viscosity and/or extensive
hydrogen-bonding network within the DESs/Gly are proposed as reasons for this observation.

Chapter 4 titled ‘Classifying Deep Eutectic Solvents for Polymer Solvation via

Intramolecular Dimer Formation’ is the first report on experimental investigation of
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solvation characteristics of a common and useful polymer polydimethylsiloxane (PDMS) in
choline chloride-based DESs. Similar to the previous chapter, DESs ChCl:Urea and ChCl:Gly
are employed along with the liquid polymer PDMS2000 and glycerol. In the study,
polydimethylsiloxane (PDMS) end-tagged with two pyrenyl moieties (Py-PDMS-Py) serves as
a dipyrenyl fluorescence probe. The investigation reveals that the intramolecular aggregation
of the two pyrenyl groups is influenced by the dissolution state of PDMS, which can be either
coiled or uncoiled. The static and dynamic fluorescence behavior of Py-PDMS-Py indicates that
dimerization by Py-PDMS-Py exclusively occurs in the excited-state when the solvent is
PDMS2000. However, when Py-PDMS-Py is dissolved in DESs ChCl:Urea and ChCl:Gly, as
well as in glycerol, clear ground-state heterogeneity, signifying the presence of Py-Py
interactions in the ground-state, is revealed by the data. Based on the overall data, it is concluded
that PDMS is predominantly present in coiled or tangled state in DESs and glycerol, whereas it
prefers uncoiled state in liquid PDMS2000. Thus, similar to glycerol, DESs ChCl:Urea and
ChCl:Gly could be characterized as the “bad” solvents for PDMS, whereas PDMS2000, due to
its similarity with the polymer PDMS, acts as a “good” solvent. This straightforward
spectroscopic approach proves useful for characterizing polymer solvation within complex
fluidic media, providing insights into the preferred states of PDMS in different solvents.
Chapter 5 titled ‘Probing Decanoic Acid-Based Hydrophobic Deep Eutectic Solvents
for Olefin Metathesis via Excimer Formation of 6-(1-Pyrenyl)hexyl-11(1-
pyrenyl)undecanoate’ showcases the inaugural endeavor to introduce hydrophobic deep
eutectic solvents (HDESs) into ring closing metathesis (RCM)-like reactions. A diene
[H2C=CH(CH2)sCOO(CH2)4sCH=CH:] previously studied by the Leitner and Fiirstner groups

has been end-labelled with pyrene to yield our fluorochrome, 6-(1-pyrenyl)hexyl-11(1-
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pyrenyl)-undecanoate [1-Py(CH2)10COO(CH2)s1-Py]. A series of DESs composed of naturally

derived constituents, namely, decanoic acid (DA), along with monoterpenoids, menthol (Men)
and thymol (Thy) have been utilised to generate DESs with different pair of constituents in
different molar ratios, namely, Thy : Men (1 : 1 and 1 : 2), DA : Men (1 : 1 and 1 : 2), and Thy
:DA(2:1,1:1,and 1: 2). The studies have unveiled the formation of classical excimers, i.e.,
aggregates formed solely post optical stimulation in all of the eleven DESs. Time-resolved
investigations reveal that for each of the DESs, the excimer formation dynamics adheres to the
standard Birks’ scheme at temperatures (T) > 333.15 K. The estimated rate constants for
intramolecular excimer formation or association (ka) show values slightly higher as reported
previously for the same probe in ionic liquids and tetraethylene glycols (TEGs). Plots of In 4,
versus 1/T demonstrate an excellent linear correlation between the two, clearly indicating the
conformity to the empirical Arrhenius expression for each of the DESs. This research aims to
assess the proficiency and tunability of HDESs for various chemical applications, particularly
in the context of RCM reactions.

Chapter 6 titled ‘Highly Efficient Intramolecular Excimer Formation in a Disulfide-
Linked Dipyrenyl Compound: Proton Recognition and Fluidity Assessment’ features a
novel end-tagged dipyrenyl compound, named DTP, that stands out for its remarkable ability
to exhibit significantly high intramolecular excimer formation efficiency, particularly in polar
solvents. DTP (featuring disulfide and diamide functionalities on the linker chain) exhibits both
high excimer-to-monomer intensity ratios (/g/Ilm), as well as rapid kinetics of excimer
formation, as indicated by relatively higher rate constants (ka). The presence of functional
groups like -NH—(CO)— and/or —S—S— on the linking chain between the two pyrenyl groups

contributes significantly to these favorable characteristics. Notably, the /g//m and k. values
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exhibit a strong dependence on the nature of the solvent, whether polar-protic or polar-aprotic.
This observation is corroborated by DTP's remarkable ability to recognize H" with high
sensitivity and selectivity, making it an effective chemosensor for protons. Moreover, the
scalability of both /e/Im and ka with the viscosity of the solubilizing environment positions DTP
as an efficient microfluidity probe. This efficacy is demonstrated through the monitoring of a
mixture constituted of acetonitrile (ACN) and dimethyl sulfoxide (DMSO) and the assessment
of trace amounts of water in a representative ionic liquid and DES. The strategic design of DTP,
with careful consideration of its molecular structure and functional groups, contributes to its
exceptional performance in promoting the formation of intramolecular excimers. This
innovative compound holds promise for applications in various fields, particularly in contexts
where efficient intramolecular excimer formation is of importance, such as, in fluorescence-
based sensing or imaging in polar environments.

Chapter 7 titled ‘Unprecedented Intramolecular Association-Induced Fluorescence in
Tryptophan-Conjugated Peptidomimetics’ chronicles a breakthrough in the area of Trp-Trp
intramolecular aggregate formation. A bispidine-derived bicyclic scaffold was rationally
chosen to append Trp units in order to study intramolecular through-space association between
the fluorophores. The studies revealed the formation of a newly established Trp-Trp dimer. UV-
vis absorbance spectra were successfully able to record a low-energy absorbance band in the
region 320-420 nm at concentration of probe as low as 25uM in each of the investigated polar
[ACN and methanol (MeOH)] as well as non-polar [ethylacetate (EtOAc), toluene, and
dichloromethane (DCM)] solvents. This was in addition to the characteristic band of the
monomeric Trp in the region 260-300 nm. The steady-state fluorescence did not produce a

representative band for the aggregate in each of the neat solvents, hinting at the existence of a



“dark aggregate”. Gradual addition of H" leading to a new and rising low-energy fluorescence
band established the spectacle of proton-induced modulation of fluorescence in the novel
scaffold. Investigations with control compounds were carried out which helped ascertain that
the origin of these spectral features was infact the dimeric Trp-Trp entity and not a manifestation
of the localized excited-state. Sensing experiments with some typical ions further demonstrated
the selectivity and sensitivity of the probe towards H'. Subsequently, the studies serve as an
excellent foundation for understanding biomolecular aggregations and encourage scientists to
design such superior sensor systems.

Chapter 8 titled ‘Conclusions and Future Prospects’ encapsulates the key findings and
insights derived from the comprehensive investigations undertaken. The detailed investigation
into the properties of Py and Trp-containing scaffolds serves a dual purpose. Firstly, it sheds
light on the fundamental principles governing intramolecular aggregation in diverse solvents,
particularly within the context of DESs. Secondly, the studies provide a roadmap for tailoring
probes that exhibit responsive behavior to specific environmental cues or triggers. The findings
from this thesis contribute not only to the fundamental understanding of fluorescence
phenomena in unique solvents but also hold promise for the future development of advanced

probes with applications in stimuli-responsive systems.
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