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Abstract

The designing small organic molecules with high-efficiency luminescence in the solid-state,
for use in many areas such as chiral supramolecular assemblies,® sensing imaging
applications,? organic light-emitting diodes,® and many more have attracted the attention of
many researchers, Although small organic molecules have proved attractive due to their
near-unity fluorescence (PL) quantum yield in dilute solution, current fluorescent materials
suffer drawbacks due to aggregation caused quenching (ACQ), in aggregates and the solid-
state, as a result of attractive dipole-dipole interactions and/or effective intermolecular 7-7-
stacking inter-actions, and thus cannot be used ‘as is’ for mechanochromic luminescent
materials.* To overcome the ACQ effect in aggregated states new photoluminescent
materials are required. Earlier work, by the Tang group, demonstrated the new phenomenon
of aggregation-induced-emission (AIE).> However, designed and synthesized AlE-active
molecules for chiral supramolecular assembly and sensing application. Detailed
characterization studies such as Nuclear Magnetic Resonance(NMR) Infrared
Spectroscopy(IR), CHN-Elemental analysis, High-Resolution Mass Spectroscopy(HRMS),
Matrix-Assisted Laser Desorption/lonization-Time Of Flight (MALDI-TOF) Mass
spectrometry, Liquid Chromatography with mass spectrometry (LCMS), UV-Vis.
Spectroscopy (UV-Vis.), Photoluminescence Spectrometer(PL), Scanning Electron
Microscopy (SEM), Circular dichroism (CD), Powder X-ray Diffraction(XRD), Time-
correlated single-photon counting (TCSPC), have been performed on synthesized
molecules. The thesis, studied the solvent-induced assembly of tetraphenylethene derivative
(TPE-BTA) and naphthalene diimide derivatives (NDI-R/S-BINOL). In addition, designed
and synthesized TPE derivatives for C60 encapsulation and release, detection of fluoride
anion, and copper (I1) ion. In the sensing, study stoichiometry was calculated by using Job’s
Plot, and the binding and association constant was calculated by using Benesi-Hildebrand
polt. and also using fluorescence intensity the Stern-Volmer (Ksv) quenching constant and
limit of detection(LOD) were calculated. The exciting results obtained from all the above

research have been briefly summarized in this synopsis.

Thesis objectives
The aim of the thsis objectuives are:
» Aim is to synthesize tetraphenylethylene (AIE-active) derivatives for hierarchical

assembly
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» Main purpose to prepare induction of chirality within the supramolecular assembly to
naphthalene diimide (NDI) using R/S-BINOL chiral derivatives

» To prepare the azo-system bearing AlE-active TPE derivatives for encapsulation and
release of fullerene derived by light

Y

To synthesize tetraphenylethylene urea derivative for fluoride ion sensing

» To synthesize TPE derivative bearing thiophenylbipyridine moiety for selective

sensing of copper(ll) ion

Thesis organization and results:
“SYNTHESIS OF TETRAPHENYLETHYLENE AND NAPHTHALENE DIIMIDE
DERIVATIVES FOR SELF-ASSEMBLIES AND SENSING APPLICATIONS” is divided

into five chapters as follows:

Chapter 1: Introduction and literature review

Section I: literature study on chiral self-assembly

Section 11: literature study on sensing application

Chapter 2: Solvent-induced hierarchical self-assembly of tetraphenylethylene derivative
Chapter 3: Synthesis and characterization of naphthalene diimide derivative bearing
BINOL moiety for chiral assembly

Chapter 4: Synthesis and characterization of tetraphenylethylene derivatives for sensing
applications

Section I: Study of the azo-tetraphenylethylene molecule for encapsulation and release of
C60

Section 1I: Study of tetraphenylethylene cyclic urea molecule for fluoride ion sensing
Section I11: Study of tetraphenylethylene derivative bearing thiophenylbipyridine moiety for
sensing of copper (1) ion

Chapter 5: Conclusions of the thesis

A brief highlight of each chapter is presented below:

Chapter 1: Introduction and literature review

Section I: literature study on chiral self-assembly
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This chapter included a brief introduction to small organic molecules for chiral
supramolecular assembly and sensing application in two sections. Section | described
general approaches toward supramolecular chiral molecules the synthesis and self-assembly
of an achiral molecule to contolled chiral supramolecular nanostructures with their
photoluminescent properties, which may further can be used for sensitive, selective and
rapid detection of analytes with a choice. Various small molecules were discussed for achiral

to chiral along with induction of chirality and controlled chiral helical structures

(\W]}) Chiral solvent / /

s Chiral licand ~ ,5
@ 3 N &=

_\ /‘ / Metal ion ?/,”'\Oﬁ

J (4 pH

Racemic self-assembly Chiral self-assembly

Figure 1. The schematic representation of chirality induced and controlled in organic molecules by varying

solvent, ligand, metal ion, pH, etc.

in detail. The chirality of molecules is controlled and regulated by varying solvent,® pH,’
metal ions,® and temperature® (Fig. 1). Moreover, In section Il, covered the sensing
application of photoluminescent molecules. Recently most researchers attracted to use of
the photoluminescent molecules such as TPE,*%12 NDI,%3-%5 Porphyrin,617 Schiff’s bases,8
conjugate polymer,**?° various COFs, and MOFs?2? for various applications like

chemosensors, host-guest, and biological probes.

Section 11: literature study on sensing application

This part focused on recently used photoluminescent molecules for chemosensors of anions,
cations, and neutral guests.?>?> Further, discussed a general mechanism involved in
chemosensing. where the most common chemosensor has three parts binding site, spacer,
and signaling unit. The signaling unit gets a response when the analyte bind at the binding
site (Fig. 2). The maximum sensing mechanism involved the following mechanisms such

as Photoinduced Electron Transfer(PET),?® Fluorescence Resonance Energy
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Transfer(FRET),?” Intramolecular Charge Transfer(ICT),222° Chelation Enhanced

Fluorescence (CHEF),*® and Excited State Intramolecular Proton Transfer(ESIPT)! etc.

Binding
site

Figure 2. The schematic illustration of chemosensing mechanism.

Chapter 2: Solvent-induced hierarchical self-assembly of TPE-derivatives

As per literature the induction of chirality in self-assembly via achiral compounds, Cs-
symmetrical molecules, m—conjugated molecules, and chiral molecules by using the
sergeant-soldier method. In this case, synthesized Cs- symmetrical molecule having an
amide functional group. Discussed the synthesis and characterization of a TPE-BTA. In
this chapter, synthesis started McMurry reaction of benzophenone gives TPE 2 with 90%
yield. After mono nitro-TPE 3 by using AcOH in HNO3 at -5 °C for 15 Min. then followed
by reduction of mono nitro TPE gives Mono amino TPE (4) with 93% vyield. In the final
step compound 4 reacted with 1,3,5-benzenetricarbonyl trichloride in presence of DMAP
at room temperature giving TPE-BTA (88%). After synthesis of the TPE-BTA molecule,
it was confirmed by IR, NMR, and Mass spectroscopy. Furthermore, mechanochormic,
Aggregation induced emission, and solvatochromic study of TPE-BTA was carried out.
Absorption spectra of TPE-BTA showed a band near 335 nm in THF and emission spectra
(Aex=330) give a band at 490 nm. UV-Vis. and fluorescence study performed in various
solvents, from the results the aggregation and self-assembly were observed in THF/Water
and CHCI3/MCH. The self-assembly study was carried out in CHCIls/ MCH solvent
system. The SEM images showed flower and helical structures in CHCIz and

CHCI3/MCH respectively, and also the cotton effect was observed in CD analysis.
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Figure 3. a) Synthetic route of TPE-BTA, b) & c¢) SEM images of TPE-BTA in CHCI; and
CHCI3/MCH(1:99) respectively.

Chapter 3: Synthesis and characterization of naphthalene diimide derivative bearing
BINOL moiety for chiral assembly

Herein, designed and synthesized NDI-R/S-BINOL molecules (Fig. 4). The synthesis
targeted molecules were we stated with bromination of naphthalene dianhydride(NDA) by
using 1,3-dibromo-5,5-dimethyl hydantoin(DBH) gives 4-Br-naphthalene
dianhydride(95%). Further, 4-Br-naphthalene dianhydride 4-Br-NDA converted into 4-Br-
NDI(60%) treated with octyl amine in AcOH. In the final step, the targeted molecule NDI-
R/S-BINOL (45%) was obtained from R/S-BINOL moiety reacted with 4-Br-NDI in
presence of sodium hydride in dry DCM. The synthesized NDI-R/S-BINOL were confirmed
by IR, NMR, and Mass spectroscopy. After successfully synthesized and characterized by
various spectroscopic methods, then performed UV-Vis. and fluorescence study, both
isomers NDI-R-BINOL and NDI-S-BINOL showed similar absorption spectra with two
bands appearing at 310 nm and 425 nm. Solvatochromatic studied in various solvents such
as  Methanol,  Acetonitrile,  Tetrachloroethane,  Tetrahydrofuran,  Toluene,
Methylcyclohexane, and the results possess that charge transfer band at near 680 nm. After
that performed UV-Vis. and fluorescence study in tetrachloroethane(TCE) and
methylcyclohexane(MCH) solvents. Finally, circular dichroism study of both molecules,

where both the molecules showed an opposite cotton effect. NDI-R-BINOL exhibited a
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positive cotton effect, on the other hand, NDI-S-BINOL showed a negative cotton effect in
TCE: MCH solvent system.

TCE: MCH(v/v)
a) %  TEE 100:00
— e e 30:70
0] ™., NDIR-BINOL| _ 40:90
S .‘_}-c l\' "'.'_-': ".._ ...... 01:99
) e HTRNE TR =
E i - NN . a
8 " —01:99
o —10:90
NDI-S-BINOL | "0
§ 201 —100:00
S NDI-S-BINOL 350 4(')0 450 560 550
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Figure 4. a), b) Structures and CD spectra of NDI-R/S-BINOL

Chapter 4: Synthesis and characterization of tetraphenylethylene derivatives for

sensing applications

The recent year scientist interested in the development of photoluminescent dyes for sensing
applications, due to they can use for naked-eye detection, and low-cost instrumentation, and
also it will easy to utilize chemosensors in remotes area. This chapter focused on developing
tetraphenylethylene derivates for sensing applications. This chapter-4 is distributed into

three subsections (I-111) as follows:

Section I: Study of the azo-tetraphenylethylene molecule for encapsulation and release of
C60

In this section, a photoswitchable azobenzene-TPE 1 (host) was designed and successfully
synthesized for encapsulation and release of C60 (guest) in presence of light (Fig. 5). The
synthesis of the host azobenzene-TPE 1 molecule was prepared by a Suzuki reaction
between reacting  (4-(1,2,2-triphenylvinyl)phenyl)boronic acid with  1,2-bis(4-
bromophenyl)diazene. The synthesized molecule 1 posses two forms E/Z. Further, the
photoisomerization studies of synthesized azobenzene-TPE 1 upon exposure to UV light
radiation it shown a forward reaction to form Z.1 isomer form of the molecule, while E.1
isomer formed through backward reaction by irradiating with visible light. In the

photoisomerization, E.1 isomer converted yellow color into Z.1 isomer as an intense orange
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color. And this phenomenon is also visualized by fluorescence and NMR spectroscopy. The
fluorescence spectra of E.1 isomer (Aex = 405nm) exhibited a broad band with peaks at 440
and 470 nm and a shoulder peak appears near at 550 nm. whereas Z.1 isomer band at 480
nm with less intense. However, the light-triggered encapsulation of C60 in Z.1 isomer were
confirmed by various spectroscopic method. In the fluorescence spectra upon addition of 0
to 4 Equiv. of C60 in the Z.1 isomer (6 uM, CS) intensity was decreased at 520 nm and a
new peak at 725 nm was observed. Although the encapsulation study was executed with an
E isomer no change was observed in fluorescence spectra. Moreover, the MALDI-TOF MS
of Z.1.C60 shown perfectly matches the calculated isotopic pattern. And also a **C NMR of
C60 displayed differences in the presence and absence of Z.1 isomer. DFT calculation
demonstrated clear interactions between the Z.1 isomer and the C60. As one can see that
TPE-based Z-form of 1 perfectly act as a recpeptor for C60 iluustrated in Figure 5a. Phenyl
rings of molecule 1 gathered around to accommodate the C60 with a perfect shape
complementarity to form the supramolecular assembly. finally, the light-triggered release
of C60 from the Z form of molecule 1, the Z.1.C60 irradiate with visible light, Z form
converted into E form, while this conversation the C60 was released. This release of C60

was seen in UV-Vis., fluorescence spectra, and NMR spectra.
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Figure 5. a) Structural illustration of host-guest complex and release of a guest and (b & c¢) shows the
emission of the receptor 1 (6 uM) in Z-form with C60 , however, in E-form with C60 (0 to 24 uM) in CS;

doesnot show the similar interactions (d).

Section I1: Study of tetraphenylethylene cyclic urea molecule for fluoride ion sensing

In this section, synthesized a tetraphenylethylene molecule bearing cyclic urea 1 a functional
group (Fig. 6). The accidentally synthesized cyclic urea while preparing diamino-TPE for
other purposes. All the synthesized derivatives was fully characterized by means of FT-IR,
NMR and Mass spectroscopy. After confirmation, compound 1 showed color change while
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the addition of fluoride ion. Further, the addition of other anions like AcO", NOs", H2POy',
HSO4, I, and CI- compound 1 not shown any color change. A receptor 1 (20 uM) in DMSO
exhibited a very strong absorption band at 330 nm, while the addition of the F~ion (as its
tetrabutylammonium fluoride salt) band shifted to 385 nm with a new peak observed at 290
nm. However, with the addition of other anions in receptor 1, no significant changes were
observed. In the fluorescence study, receptor 1 (20 uM) displayed a strong band at 445 nm
(Aex= 330 nm), whereas intensity was decreased by the addition of fluoride ion. Addition of
other anions no changes observed in fluorescence intensity.

Moreover, 'H NMR of receptor 1 was recorded in DMSO-ds, and the urea two N-H protons
appeared at 10.52 and 10.61 ppm. Further addition of F ions(5 Equiv.) gives the complete
disappearance of N-H proton. While more addition, the hydrogen bifluoride ion complex

was formed, which resulted in a new broad peak at 16.46 ppm
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Figure 6. a) Synthetic route of TPE-cyclic urea 1, b) Fluorescence emission spectra of 1 (30 uM, Aex = 330
nm), after the addition of F~ (10 equiv.) and addition of methanol to complex 1-F in DMSO,

Section I11: Study of tetraphenylethylene derivative bearing thiophenylbipyridine moiety
for sensing of copper (I1) ion

In this section, synthesized and characterized TPE-based molecule 1 bearing
thiophenylbipyridine moiety as a binding site. Whereas, multistep reaction performed to
synthesis of the receptor 6-(thiophene-2-yl)-4-(5-(4-(1,2,2-triphenylvinyl)phenyl)thiophen-
2-yl)-2,2'-bipyridine 1 reaction between compound 8 and pyridine salt 9 in presence of
ammonium acetate (Fig.7). The synthesized molecules were confirmed by IR, NMR, Mass
spectroscopy, and elemental analysis. Molecule 1 has shown an efficient highly selective
and sensitive to the detection of Cu?* ion in acetonitrile. The sensing study of receptor 1 for

different metal ions was studied via colorimetric, UV-Vis absorption, fluorescence
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emission, and *H NMR titration. Photoinduced Electron Transfer “Off-on” involved in
sensing mechanism of 1 towards Cu?* ion. While receptor 1 coordinated with Cu?* ions,
the electron-donating nature of TPE- moiety was boosted, and a significant decrease in
absorption peak intensity was observed, which facilitates the colorimetric detection of Cu?*

with the naked eye and complexation of Cu?* ion with 1 resulted in a fluorescence

quenching via 1 a PET ‘turn-off’ sensor for Cu?*.
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Figure 7. a) Synthetic route of receptor 1 b) Sensing mechanism of 1 towards Cu?* ion.

Chapter 5: Conclusions of the thesis

Designed, synthesized, and characterized Cs-symmetrical TPE-BTA molecules for chiral
assembly, synthesized Cs- symmetrical molecule having an amide functional group.
synthesized molecules confirmed by IR, NMR, and Mass spectroscopy. Furthermore, a
mechanochormic study of TPE-BTA resulted from a molecule that exhibited similar
fluorescence properties in various states. Aggregation-induced emission behavior was
observed in THF/water and CHCI3/MCH. TPE-BTA has shown aggregation in 99% H,O
in THF and 99% MCH in CHCIs solvent system. A solvatochromic study of TPE-BTA
was carried out in various rations of THF/water and CHCI3/MCH solvent system.
Absorption and emission study performed in various solvents, from results the
aggregation and self-assembly were observed in THF/Water and CHCIs/MCH. Flower-
like and helical structures in CHCIlz and CHCI:/MCH were observed in SEM. Circular
dichroism shows the cotton effect. From obtaining results conclude that inducing chirality

in an achiral molecule by treating with various solvents.
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Designed, synthesized, and characterized NDI-R/S-BINOL molecules. The synthesized
NDI-R/S-BINOL were confirmed by IR, NMR, and Mass spectroscopy. Further
investigated absorption and emission spectra, both isomers NDI-R-BINOL and NDI-S-
BINOL showed similar absorption spectra with two bands appearing at 310 nm and 425 nm.
Solvatochromatic effect shown NDI-R/S-BINOL in various solvents such as Methanol,
Acetonitrile, Tetrachloroethane, Tetrahydrofuran, Toluene, Methylcyclohexane, and the
results posses that charge transfer band at near 670 nm. Moreover, the self-assembly of NDI-
R/S-BINOL was performed by wusing UV-Vis. and fluorescence study in
tetrachloroethane(TCE) and methylcyclohexane(MCH) solvents. Circular dichroism study
of both molecules were both the molecules shown perfectly mirror image to each other.
NDI-R/S-BINOL exhibited positive and negative cotton effects, respectively in TCE: MCH
solvent system. The obtained results concluded that chiral BINOL molecules were induced

and controlled chirality in planar, achiral NDI molecule.

A TPE-based azobenzene photoswitchable molecule has been synthesized and characterized
by IR, NMR, and Mass spectroscopic techniques. The structural conversion of the structure
upon E—Z photoisomerization of compound 1 offers the possibility of the formation of a
complementary cavity (host) for the housing of the C60 guest molecule. Various
spectroscopic techniques investigated a host-guest interaction with both the E and the Z
isomers of 1 and the C60 molecule. Whereas, It was observed that the Z-1.C60 association
(4.02x10* M1) was prominent as compared to the isomer E-1.C60 (1.76x10% M1). Job’s
plot revealed stoichiometry of host-guest was 1:1. The Z-1.C60 association was shown
reversed by the irradiation with visible light that converts the Z-1 form to the E-1 form, and
resulted in releasing of C60. Therfore, this one of the first eample which demonstrated of
the stimuli-responsive host system that may be used for light-induced association and

dissociation of a C60 molecule.

The tetraphenylethylene cyclic-urea-based receptor 1 was synthesized and characterized by
various spectroscopic techniques. Receptor 1 was displayed to be highly selective and
sensitive for the detection of fluoride anions. The recognition of fluorides anion over other
anions, such as CN-, AcO", NOz, H2PO4, OH", ClOs4, SCN-, HSO4, I and ClI- was
confirmed by UV-Vis absorption spectroscopy, a decrease in fluorescence and strip-based
sensing. In the 'H NMR spectrum, the disappearance of the N2H proton resonances in the

cyclic urea was attributed to the formation of a hydrogen bonding complex of fluoride ion
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with urea i. e. HF,". The stoichiometry of the receptor was calculated from Job’s plot and it
showed 1:2. And a limit of detection(LOD) calculated by using formula 3s/s, of receptor
LOD was 30uM. Remarkably, reversible anion sensing was confirmed upon addition of
methanol to the complex of 1-F. Moreover, a strip test to detect F~ anions by receptor 1 was
also developed. Thus, this work gives an idea to the development of these types of cyclic
urea derivatives for real practical applications in sensing as well as for the preparation of

fluorescence devices in a solid state.

Designed, synthesized, and characterized new AlE-active receptor 1 and studied
mechanochromic properties of receptor 1. Receptor 1 displayed various quantum yields in
different solvents. Receptor 1 shows colorimetric, naked eyes, and fluorescent sensing of
Cu?* metal ions. The association constant of 1 with Cu?* is shown to be 2.34x10-° M. Job’s
plot investigated a stoichiometry of receptor 1 with Cu?* shown 2:1 and limit of detection
(LOD) found as low as 7.93 nM. The highly selective for the Cu?* metal ions over other
metal anions, such as Zn?*, Pb?*, Mg?*, Mn?*, Al3+, Hg?*, Co?*, Ba®*, Ni%*, Fe?*, Cd?*, Ag™
and K*, was studied by UV-Vis absorption and fluorescence emission spectroscopy, and
paper strip-based sensing. The binding constant prompted us to explore chromophore 1 as a
paper strip sensor for Cu?* to develop kits for real-world practical application Overall, the
outcome of this thesis led to the development of chiral assemblies from achiral molecules

and chemosensors from AlE-active molecules.
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Jean-Marie Lehn introduced supramolecular chemistry in the 1970. The term
supramolecular chemistry was defined as “the chemistry of the intermolecular bond,
covering the structures and functions of the entities formed by the association of two or
more chemical species” by J. M. Lehn.'* Supramolecular chemistry is a multidisciplinary
field, which involves biological -systems inspired by nature, building blocks generated from
supramolecular synthons in organic and inorganic chemistry, and the study of properties
that come in under physical chemistry. Currently, studying all kinds of intermolecular non-
covalent bond formation in engineered molecular systems referred to as supramolecular
chemistry, which also includes dynamic covalent chemistry. Donald J. Cram, Jean-Marie
Lehn, and Charles J. Pedersen received the Nobel Prize in Chemistry (1987)° for their
contributions to this field, particularly in the host-guest binding molecules, and Bernard L.
Feringa, Sir J. Fraser Stoddart, and Jean-Pierre Sauvage received it in 2016 for their
contributions to the development of molecular machines.®

Organic supramolecular chemistry involves non-covalent bonding such as hydrophobic
interaction, electrostatic interaction, hydrogen bond interaction, van der Waals interaction,
cation —r interaction, n—n stacking. Generally, the bottom-up approach was utilized for
building a superstructure in supramolecular chemistry. Design a molecule with different
electronic functions group for self-assembly into the supramolecular superstructure.”® Due
to the wide range of applications, researchers are interested in working in supramolecular
chemistry. This thesis mainly focuses on self-assembly and sensing application.

In this chapter, two sections briefly introduced small organic compounds for chiral
supramolecular assembly and sensing applications. Synthesis and self-assembly of an
achiral molecule to controlled chiral supramolecular nanostructures with their photo
luminescent features were discussed in Section I. These structures may also be employed
for sensitive, selective, and efficient detection of analytes with a range of options. Tiny
compounds for achiral-to-chiral conversion, chirality induction, and controlled chiral helical
architectures were discussed. Section Il, concentrated on recently developed chemosensors
for anions, cations, and neutral visitors using photo luminescent molecules. Besides, a
generic mechanism underlying chemo sensing was discussed. The most classic chemosensor
consists of three components: a binding site, a spacer, and a signaling unit. When the analyte

binds at the binding site, the signaling unit responds.
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Section I: literature study on chiral self-assembly

1.1 Introduction
1.1.1 Origin of Chirality

Chirality, which regulates the handedness of biochemical reactions and primarily directs
biological structures to choose a specific chirality at the beginning and amplification of bio-
molecular chirality, determines the origins of life and evolution. Chirality is one of nature's
most amazing phenomena.'®! It is unclear how, at various biological structural levels,
natural processes transform molecular chirality into selective left- or right-handed
homochirality in animals.*2 One of the most beautiful examples of chiral self-assembly in
natural systems is the tobacco mosaic virus (TMV). TMV is made up of a single type of
protein, which is typically arranged into a right-handed nucleoprotein helix and
interconnected by an RNA string.®® The capacity to destabilize the capsid structure once
inside the host cell is the greatest trait of self-assembled TMV viruses. Usually, anionic
amino acid residues, such as glutamate (Glu) residues, are crucial in causing the TMV capsid
superstructure's chirality to collapse.** To replicate the shape and operation of bio molecular
chirality within biological systems, various efforts have been made to create chirality in
dynamic supramolecular assembly.*>-1” However, it failed to replicate the intrinsic intricacy
of even the most basic biological system that is similar to TMV. However, one instance of
artificial supramolecular helicity that is connected to the discussion of chirality propagation
is of the highest importance.® The complexity of chirality-directed biological processes may
be realistically modelled by changing the dynamic helicity in response to physical and
chemical stimuli.1®2?

In order to regulate the chirality of superstructures, a variety of triggers have been used,

including stirring,? magnetic fields,?* redox forces,?® solvophobicity,?® pH,?” and light.?8-30

1.1.2 Chiral nanoscience and nanotechnology

Exciting developments in study are being made towards the advancement of materials and
devices that specifically profit from molecular chirality, which is a prerequisite for chiral
nanotechnology.?® Chiral molecules play an advantageous part in nano-science and
technology. Nanoscience is described as the study of molecules at the nano level, which is
typically 1 to 100 nm.*® It is impossible to superimpose a chiral item on its mirror copy.
Keys, palms, screws, blades, and other objects are examples. The right and left hands of an
individual are nearly similar, but inverted (Fig. 1) Despite being mirror pictures, they cannot
be superimposed on one another. Because gloves from the left hand cannot be used on the

right hand, it is simple to understand why the left and right hands cannot be superimposed
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(Fig. 1a). There are molecules with left- and right-handed shapes and chirality throughout
the biological universe and in all living entities (Fig. 1b). Enantiomers are the terms used to
refer to a chiral molecule's two possible configurations. Asymmetric carbon centers or
supramolecular structures that create chain helicity are two important requirements for a
molecule to be chiral. The majority of chiral biomolecules and polymers found in nature

include proteins, nucleic acids, and carbohydrates.

Figure 1.1: Non-superimposable mirror images a) left and right hand of person b) left and

right-handed supramolecular helical fibers.

Since the "machinery of life" evolved over a long period of time, the genesis of the current
study, we do not understand how or why certain biological systems have dominated over
others. The key elements and compounds of these systems have been successfully isolated
and studied by chemists, but we are still a long way from being able to assemble and recreate
these supramolecular biological systems in the lab and use them for practical purposes,
particularly drug delivery in targeted cells. In nano- and biotechnology, a supramolecular
self-assembled chiral structure is essential.**-3° Researchers have created chiral devices that
are multi-stimulus sensitive. CPL (Circularly Polarized Luminescence), one of the created
chiral systems, has applications in many technological fields, including quantum computing,
3D displays, and bio-responsive sensing.3!

For the creation of molecular logic gates and memory devices, various research groups
have created optical and molecular switches. Naaman and colleagues have looked into the
possibility of using the CISS (Chiral Induced Spin Selectivity) phenomenon to influence the
course of electrochemical processes.®? The polymer P3HT was combined with a chiral
helicene molecule as an additive to create organic photovoltaic devices, which Josee et al.

found to have a fivefold better power conversion efficacy.3® According to Shang and
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colleagues, the pendant chirality of perylenediimides in self-assembled crystalline
nanowires impacted the efficacy of organic solar systems.34

Building a supramolecular system capable of performing constantly autonomous
movements will pave the way for the subsequent generation of bio-inspired mechanical
systems. Supramolecular synthesis can be constructed using both bottom-up and top-down
methods. In living systems, the formation of spatio-temporal structures with dissipative
structures is driven by hierarchical molecular coordination. Building such self-organized
functioning things using artificial means is still challenging. The regulation of helicity in
man-made supramolecular ensembles is, however, without a question, of paramount
importance because it is closely related to the discussion of chirality transmission'® and has
significant mechanistic ramifications for the life sciences. Notably, groups of non-covalent
interactions control the biomolecular self-assembly in nature. Non-covalent interactions are
inherently dynamic, and because of this and the fact that they can be influenced by physical
and chemical triggers, it is theoretically possible to replicate the intricacy of chirality-
directed biological self-assembly.?3-27:2°

Scientists have made significant progress in controlling chirality with exterior stimuli that
imitate naturally chiral objects in order to show the chirality phenomenon using smaller
organic molecules. Since small-molecule chirality has always intrigued scientists and offers
a mentally taxing exercise for selective chemical synthesis and catalysis, it has attracted
their attention. Small-molecule chirality has not typically been a crucial component for the
creation of novel materials for popular technological uses, despite the important biological
antecedent. Thus, new methods for designing novel materials that take into consideration
chirality are now developing through the use of small molecules, which is resulting in new
usefulness in technological uses. Another problem with evolved tiny molecules is that they
emit less light when they aggregate into supramolecular chiral helical structures. The
synthesis of achiral molecules and their self-assembly into active chiral molecules are
addressed in this section along with the investigation of controlled supramolecular chiral
nanostructures with their photo-luminescent properties for the quick, sensitive, and targeted
detection of desired analytes. Numerous small compounds have been thoroughly explored
for conversion from achiral to chiral, as well as chirality induction and regulated chiral
helical shapes. Lastly, we will investigate the tetraphenylethylene (TPE) conjugates' photo-
responsive helicity characteristics. Despite the enormous possibilities that small-molecule
chirality has brought to certain systems, many of these instances are still in the early stages

of technological development. The transition from proof-of-concept to practical uses
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requires a lot of effort. Small molecules, which have benefits over other systems and can
produce such material through straightforward synthetic methods, can be used to resolve
this. In the end, we think that methodical and thorough work is required to take advantage

of small-molecule chirality and their application in technical advancement.

1.2 Induction of chirality

The development of life and the chiral amplification found in nature are both closely linked
to the inductions of chirality in supramolecular structures through hierarchical self-assembly
of achiral compounds, as well as the regulation of their handedness. There are not many
instances that show how chirality in amphiphiles, homo-chiral molecules, C3-symmetrical
molecules, n-conjugated molecules, or a combination of chiral and achiral molecules is
transmitted to the handedness of the self-assembled helical structure to produce twisted

fibers.

1.3 Controlled chiral structures

The system having non-covalent bonding in molecules, chiral, achiral molecules, solvent,
temperature, pH, or chemical compounds are just a few examples of the variables that can
control and transmit chirality. Chiral handedness can also be specifically controlled by
adjusting the odd or even number of carbons in side chains, and chirality in achiral
molecules can be controlled by adjusting carbon chains via amide linkage to
tetraphenylethylene63> The chirality of achiral compounds could also be controlled by
varying the ratios of different liquids.®® Chirality is induced and controlled in the self-
assembly of achiral molecules by optically active compounds.3”28 When chiral solvents
were added in tiny amounts during assembly, helical shapes of the assembly were produced.

When the chiral solvent was removed, the self-assembly still maintained its chirality.

1.3.1 Achiral molecules to controlled chiral supramolecular helical superstructure

Understanding the function chirality performs in these systems requires the design and
synthesis of achiral organic functional molecules that can assemble into chiral with specific
handedness in the absence of chiral substances. In this regard, Anuradha et al.?® reported the
self-assembly-based tuning of an achiral molecule to a right-handed chiral superstructure.
The authors began with the achiral aggregation induced emission (AIE) active TPE

molecule, which was carrying four long alkyl chains 2 (Scheme 1.1) via amide linkage to
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tetraamino-TPE. Which was induces and controls chirality by Circular Dichroism was used
to validate the chirality of the formed structures after scanning electron microscopy (SEM)
pictures showed the formation of a right-handed helical structure self-assembly (CD). The
formation of a right-handed chiral superstructure is supported by both techniques.
Surprisingly, neither CD activity nor any chiral helical structures were produced by the

oligoethylene-substituted TPE via amide 3 (Scheme 1.1) bond that was examined.

H H H H
WW\[‘rN N\n/\/\/\/\/ \O/\/O\/\O/\IrN N\n/\o/\/o\/\o/
O O O O O O
| |
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Scheme 1.1: Previously reported achiral molecules to controlled chiral supramolecular
helical superstructure achiral molecules.

TPE's naturally occurring propeller-like structure enables the creation of chiral assemblies
upon interaction of an amide linkage with a long alkyl chain via hydrogen bonding with a
hydrophilic as well as the development of an amide linkage with a hydrophobic alkyl chain.
The same group invented the first chiral self-assembling molecule, a tetra phenyl ethylene
(TPE) molecule with four alkyl chains and an amide bond. The alkyl chains have different
methyl groups, such as C7, C8, C9, and C10. It's interesting to note that the helical structure
of supramolecular assembly was controlled by using odd and even numbers of carbon atoms
in alkyl groups. Right handed helical structure was obtained from structures bearing an even
number of carbon atoms in the alkyl group, whereas left handed superstructure is obtained
in odd numbers, typically: C7-TPE and C9-TPE (anticlockwise twist), C8-TPE and C10-
TPE (clockwise twist), respectively(Fig. 1.3).
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Figure 1.2: TPE (4-7) derivatives used for this study, a) CD spectra of 4-7 in THF and in
MeCN/THF. SEM visualisation of twisted superstructures of 4-7 deposited on silicon wafers
from MeCN/THF (9:1 v/v) by solvent evaporation. b) C7-TPE 4 (anticlockwise twist), c)
C8-TPE 5 (clockwise twist), d) C9-TPE 6 (anticlockwise twist) and e) C10-TPE 7

(clockwise twist).

Shaikh et al.** developed and produced the urea-functionalized achiral naphthalenediimide
(NDI) compounds NDI-D1 8 and NDI-D2 9 (Scheme 1.1). In Methanol:THF (40:60)
solution, NDI-D1 creates chiral ribbons with the other two molecules. The hydrogen
bonding between urea groups, the stacking of the NDI aromatic centre and the van der
Waal’s contacts between the long alkyl chains all contributed to the formation of the chiral
ribbons in compound 8. CD and SEM studies verified the existence of chiral structures.
While Molecule 9 does not form any chiral assemblies, as demonstrated by the CD
spectrum's lack of optical activity, it does produce nano-belt structures that can be seen in
SEM pictures. Nano-belt shapes might be justified by the non-covalent contact between

iodine and hydrogen.

The transformation of the achiral pyridinium derivative 2-APB; 10 (Scheme 1.1) into chiral
supramolecular structures was reported by Wang and his team.*® In molecule 10, a
hydrocarbon chain connects the hydrophilic pyridinium units and the hydrophobic

anthracene units. The formation of Left/Right-handed helical structures with widths ranging
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from 20 to 100 nm and near hundred micrometres was observed in the initial chiral
supramolecular assemblies made from 10 and potassium iodide (KI) in water. Additionally,
upon using pseudo-anion of similar radii such as (OCN, SCN, SeCN), the formation of
Left/Right-handed helical structures with widths ranging from 20 to 100 nm and near
hundred. Bingzhu and his team®®¢ looked into the water-controlled helicity of supramolecular
nanofibers made of an achiral monopyrrolotetrathiafulvalene (MPTTF; 11) (Scheme 1.1)
variant. In purified DMF, the clustering of 11 results in the formation of left- (M) and right-
(P) helical structures. It was discovered that all fibres were transformed into right-handed
helical structures upon the addition of a tiny quantity of water. Atomic force microscopy
(AFM) images and CD spectra verified the existence of solution-based chiral structures.
Due to hydrogen bonding, n—mn-stacking, and c—c interaction within the molecules, this

regulated and forced chirality was possible.

1.3.2 Cs-symmetrical molecules

In this type of C3-symmetrical molecules, building elements are benzene substituted at
positions 1, 3, and 5 with amide or urea bonds, tricarboxylic acids, triamines, or any other
functional groups to create chiral nano-assemblies. Due to steric hindrance caused by
substituents on the central aromatic core and polar groups that form hydrogen bonds during
stacking, the C3-symmetrical molecules resemble blades and cause chirality in the
assemblage. In some instances, chirality is produced or controlled using chiral or achiral

liquids.

Sun and his*! team used an achiral molecule via hydrogen bonding to show light-controlled
supramolecular construction. One melamine core M (Fig. 1.3) and three-photo addressable
azobenzene A (Fig. 1.3) units were combined by hydrogen bonding to form a supercoil that
self-assembled. Hydrogen bonds create a structure that looks like a turbine. Azo group-
containing structures are light sensitive and readily change from one shape to another in the
presence of light. Transmission electron microscopy (TEM), atomic force microscopy
(AFM), CD spectroscopy, and X-ray diffraction (XRD) methods used to assess the
crystallinity of the generated assemblies all served to corroborate the assembly formation
(Fig. 1.3).

Dinesh Nagnath Nadimetla, Ph.D. Thesis, Goa University Page 9



N. N o /@/S o H H
O O O ~O0" )LN C3 symmetric 15

0 0 H HN._O R= «
BTAC C3 Symmetric 13 C6 Symmetric \r A S
14 A

Scheme 1.2: C3 and C6 symmetric molecules.

H-bonding
n-nt stacking

Figure 1.3: AFM images of the self-assembled helixes and supercoils with identified

handedness and the schematic depiction of the M*A3 complex are shown.

Another technique described by Wua et al.*! includes adjusting the self-assembly of achiral
to chiral molecules, which also produce dual fluorescence-phosphorescence. The C6-
symmetric achiral molecule BTAC 14 (Scheme 1.2) has a low molecular weight and six
amide bonds that form numerous, powerful intermolecular hydrogen bonds that cause self-
assemblies to form in the DMF solvent. The chiral twists growing over time in this report
was an interesting finding. Additionally, authors investigated the nature of assembly in
various water concentrations, and it was found that as the water concentration rises, the
molecules aggregate tightly and exhibit an increase in chiral twisting. According to Kim et
al.*? supramolecular chirality in achiral molecules can be induced and regulated by light.
Compound 15 (Scheme 1.2) was made by using EDC, HOBT, and trimethylamine in an
amide coupling process with triphenylamine and diacetylene moieties. Furthermore, they
used R/L CPL to regulate supramolecular chirality while studying the self-assembly of 15
in a chlorinated solvent under the exposure of visible and UV light.

In order to organize achiral Au nanoparticles in supramolecular construction, Jung et al.*3

used helical nanofiber frameworks. First, a gelator 16 (benzene-1,3,5-tricarboxamide)
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derivative was used to synthesize a chiral supramolecular helical structure (Fig. 1.4). Then,
to control the helical nature of the gel, chiral components (D/L form) that co-assemble with
gelator 16 form a left/right handed helical structure were added. Additionally, helically
templated gold nanoparticle superstructures were seen after the inclusion of Au (I)
nanoparticle in components 17 or 18 and exposure to Ultraviolet light. UV-irradiation
regulates the size of the Au nanoparticles on the spiral framework over time (Fig. 1.4).
According to Shen et al., n—mn- Stacking induced supramolecular gel to develop.
Additionally, it was proposed that stacking could disrupt the C3-symmetric achiral
molecule's symmetry in solvents, resulting in chiral construction with right and left
handedness. Organogels 1,3,5-tricarboxylate 19-22 (Fig. 1.5) substituted with methyl
cinnamate were produced in a variety of organic solvents, specifically cyclohexane, where
symmetry breaking gel was produced. Helix-like structures of the assembly were also
produced with the addition of small amounts of chiral solvents like (R) or (S)-terpinen-4-ol.
Self-assembly also maintains its chirality after the elimination of the chiral fluid.3’

1.3.3 Chiral molecules controlled chirality of achiral building blocks

By using this technique, chirality is transmitted from a chiral molecule to an achiral
molecule and transformed into chiral self-assembly. A key factor in the development of
chirality is the interplay between achiral and chiral molecules. The transmission of chirality
between chiral and achiral compounds depends heavily on non-covalent bonds such as
hydrogen bonds, van der Waals forces, host-guest interactions, electrostatic interactions,
and hydrophobic interactions. In some circumstances, chiral surroundings or places can also
give achiral components chirality. This could be accomplished through the straightforward
synthesis of useful achiral molecules, which when combined with chiral molecules that are
readily accessible on the market could result in useful supramolecular chiral assemblies.
Amino acids are a major source of widely available chiral molecules, and they can affect
the chirality of achiral molecules by acting in combination with long alkyl chains that
contain chiral amino acids. Additionally, the benefits of using excellent gelators can be

investigated.
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Figure 1.4: Gelator 16 as well as chiral elements 17 (D-form) and 18 (L-form). TEM
pictures of the gold nanoparticle superstructures formed on the helical nanofiber template
using hydrogel 16 containing 1 equivalent of 17 (D-form) or 1 equivalent of 18 (L-form) for

varying UV-irradiation periods.
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Figure 1.5: The add-remove chiral solvents method and the supramolecular chirality
memory provide a graphic representation of symmetry breakdown in cyclohexane and the

molecular structure of the achiral C3-symmetric (19-22) derivatives.
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A naphthalene diimide compound with phosphonic acid groups 23 (Scheme 1.3) was
previously developed by our group.** In water at pH 9, phos-NDI bonded to arginine
produces spherical clusters and nano-belts. L-arginine and D-arginine together with phos-
NDI produce nano-belts and globular clusters, respectively. We examined the absorption
and CD spectra of 23 molecules of D/L-arginine at various values. Understanding how
proteins construct particular self-assemblies on various surfaces may be gained from
research on NDI-arginine nanoparticles. By using chiral amino acids in water, the Bhosale
group reported regulated chiral supramolecular assemblages of achiral porphyrins. First,
they created the chiral supramolecular assemblage using water-soluble chiral amino acids
D/L-arginine (D/L-Arg) and octaphosphonate-tetraphenylporphyrin 24 (Scheme 1.3).
Using CD, SEM, and TEM pictures, it was possible to clearly see how the chirality in the
system was caused by chiral D- and L-arginine to produce contorted ribbons of right- and
left-handed helical structure in water, respectively. The phosphate groups' association with
D/L-arginine via hydrogen bonds and the n—r interaction is crucial for the development of

chiral self-assembly.*®
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Scheme 1.3: Previously reported structures for chiral assembly.

In the interest of producing chiral molecules 25 that self-assembled into right-handed helical
structures, Wagalgave et al.*® combined an achiral NDI core molecule with bile acid
derivatives linked by amide links (Fig. 1.6). The highly orderly spiral structures, according
to the authors, transformed into super-structures through solvophobic effect, hydrogen
bonding, and =- interaction. THF-H2O solvents can produce helical shapes, and the same
solvents were used to compare various ratios of fluorescence and absorbance. Helical
structures were visible in SEM and TEM images, and CD spectra verified the creation of
chiral assemblies. This research may aid in understanding the bio-molecular mechanisms

and relationships that occur in DNA and protein.
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Figure 1.6: Chemical structures of the prepared NDIs with head groups of face amphiphilic
cholic acid 25. SEM images of 25: a) helical structures from 70% water in THF solution

and b) self-assembled rings from 75% water in THF solution.

The chiral memory effect is achieved with macroscopic enantiomerically pure helical and
controlled handedness supramolecular strands, according to Olson and his team*’ who are
working on supramolecular helical chemistry. Tryptophan (Trp), a natural amino acid, has
the capacity to donate electrons when assembled into chiral helix structures, and bis-
bipyridinium derivatives 26 (Scheme 1.3) function as electron acceptors. Racemic Trp was
found to combine with 26 to create equivalent quantities of racemic M (left handed) and P
(right handed) helical fibres. Further, M helical fibres were seen when enantiomerically pure
L-Trp was used as the source, whereas D-Trp primarily produced P helical fibres.
Additionally, fiber-fiber bundling was seen in large, enantiomerically pure helices as a result
of numerous smaller helices merging. Melatonin and DAN-DEG, when used to substitute
D/L Trp further, both demonstrated a powerful a -electron donor and the preservation of
an enantiomerically pure helical fibre. SEM pictures of pure enantiomerically helical achiral
donors being formed. The function of the achiral molecule in multicomponent chiral self-
assembly is described by Deng et al.*® In the beginning, authors could create self-assembly
using purines A or G and (Fmoc)-protected glutamic acid 27 (Scheme 1.3). AFM pictures
M-helical structures are produced by Fmoc-L-Glu 27/A, whereas P-helical structures are
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produced by 27/A. In supramolecular assembly, chirality is transferred from chiral to achiral
molecules as evidenced by the formation of spiral structures. It's interesting to note that
thioflavinT (ThT) addition resulted in both chirality transfer and (CPL) circular polarised
luminescence.

Yang et al., described the synthesis of chiral nano-helix assembly, which is based on an
achiral acceptor termed 9,10-bis(phenylethynyl)anthracene 28 (Scheme 1.3) and a chiral
donor named N,N'-bis(dodecyl)-L(D)-amine-glutamic diamide, a stilbene that is cyano-
substituted and is in charge. They first produced a chiral nano-helix through the gelation of
the donor, which exhibits supramolecular chirality and CPL. Next, they combined the donor
gelator with an achiral 28 acceptor to create a D-A composite nano-helix through hydrogen
bonding, =-m interaction, and electrostatics. They noticed that not only was energy
transferred, but that the circularly polarised fluorescence was also amplified, and they came
to the conclusion that this was a novel.* In ethanol and toluene, respectively, Duan et al.>®
prepared co-gel assemblies of chiral N,N'-bis(octadecyl)-L/Boc-glutamic diamide-D
(LBG/DBG) with achiral perylene bisimide 29 (Scheme 1.3). Although the aforementioned
components were capable of producing strong CD signals that corresponded to PBI in
ethanol, faint fluorescence was seen and no CPL signal was found. It’s interesting to note
that both a powerful fluorescence and a CPL signature could be seen in an acidic
environment. In contrast, adding ammonia produces both CPL signs and no release. These
structures then exhibit active and passive luminescence in an acidic and basic atmosphere,
respectively. Yang and colleagues created a universal method for co-gelating achiral chain
polymers to produce helix nano-assemblies. The nano-assemblies are made up of
amphiphilic L- or D-glutamide gelator 30 and two achiral main chain polymers PCz8 and
Psi8 (Scheme 1.3). CD spectroscopy and SEM analysis both supported the finding that
macroscopic supramolecular chirality for polymers was only seen during the creation of co-
gels with gelator. The standout feature of the formed structures was supramolecular chirality
that persisted after the gelator was removed.>!

In a different study, Cao et al.>? explained how the introduction of a low amount of chiral
molecules, temperature, and solvent in the self-assembly formation was investigated to
transform achiral amino acid derivatives 32(Scheme 1.3) into dendritic chiral nano-twist. A
glycine-based achiral molecule was intended to self-assemble, and gelation in an organic
solvent was used to achieve this. This self-assembly produces a variety of nanostructures,
either at room temperature with a greater concentration or at a lower temperature with a

lower concentration. With time, the nanofibers evolved into branching micro-belts. While
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microbelts are produced at ambient temperature, nanofibers are formed at low temperatures
(-15 °C). The authors were able to regulate the left and right helical shape by adding a small
quantity of pure enantiomer (L-FAC18 and D-FAC18). Micro-belts can be further diluted
with liquids to produce left and right helical nanofibers. Cheng and group® reported chiral
binaphthayl sulphonates 33 (Scheme 1.3) and bipyrene-based pyridinium 34 as the source
of helical nano-rods of supramolecular assembly (BNS-BPP) (Scheme 1.3). The chirality
was transferred from chiral 33 to chiral 34 with the help of =—= and electrostatic interaction,
forming the chiral supramolecular assemblage of 33.34. R/S-BNS was used to create the
M/P helical nonorods, which regulated the self-assembly of BPP through layering. In
addition to robust CD signals in MeOH: H20 (1:1) and SEM images with M/P helical Nano-
rods at 500nm, the helical nano-rods generate red-coloured CPL signals. Asymmetric
noncovalent manufacturing of self-assembled one-dimensional stacks, twisty stacks of
achiral oligo(p-phenylenevinylene)ureidotriazine 35 (Scheme 1.3) monomers, was reported
by George et al.®® The chiral supplementary dibenzoyl tartaric acid 36 (Scheme 1.3) D- or
L-TA molecules engage with the orthogonal two-point ion pair in the achiral 35 to give it
chirality. Curiously, 35 still exhibited chiral memory after the chiral auxiliary was deleted.
Guo et al.> described the self-assembly of the achiral nucleobase thymine with chiral and
achiral oligo-(p-phenylenevinylene) compounds 37-39 (Scheme 1.4) to reduce surface
chirality in multicomponent systems. A chiral OPV created clockwise (CW) and
anticlockwise (CCW) rosettes in 1-octanol via hydrogen bonding, whereas an achiral OPV
produced both. CW and CCW rosettes were produced by S/R chiral OPV, respectively.
Additionally, writers noticed that enantiopure OPV and achiral thymine work together to
create supramolecular distreoisomers. At the liquid-solid interface, chiral supramolecular
monolayers were shown to develop by Xu et al.® using achiral oligo(p-phenylene vinylene)
OPVA4T 40-47(Scheme 1.4) and achiral/chiral solvents. In this study, chiral solvents,
sergeant-and-soldiers, and pure enantiomers were used for the production and enhancement
of chirality in achiral building blocks. The construction of supramolecular monolayers at
the liquid-solid boundaries was observed using these techniques. It was a simple way to

prepare chiral
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Scheme. 1.4: Chiral molecules used for chiral assembly

surfaces using achiral construction elements. As massive sergeants, chiral molecules
transform achiral molecules into chiral monolayers. Supramolecular manufacturing of
materials on surfaces involves first applying chiral molecules to the surface, removing extra
material, and adding a second component that forms building blocks without interfering

with supramolecular assembly. This method demonstrates to be very practical for chirality
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induction in achiral molecules 40 (Scheme 1.4) and their uses in chiral resolution and
asymmetric catalysis. Co-assembled supramolecular chirality calix[4]arene derivatives
were reported to have undergone chirality transfer and reversal by Park et al.®® By
combining achiral bipyridine parallels (48 & 49) with a calix[4]arene-based building block,
supramolecular chiral nanostructure can be formed (Fig. 1.7). The achiral bypyridine
derivatives' chirality was transferred by calix[4]arene derivatives (3D and 3L; 50). A curious
difference between 3D and 3L was observed, with 3D having a 48 form (right handed) P-
helical structure and 3L having a 2 form (left handed) M-helical structure. Additionally,
inverting a 2D sheet into a coiled tubular construction by adding bipyridine to 0.2 to 0.6
equivalents of 3D or 3L is another method. Chirality inversion is greatly influenced by the
amount of glycine molecules present in an achiral building block. Additionally, the reversal
of chirality is influenced by the hydrogen bonds between achiral and chiral compounds.
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Figure 1.7: Chemical structures of glycine-appended bipyridine derivatives 48, 49 and
alanine appended calix[4]arene 3D, 3L 50. CD spectra of a) co-hydrogel 1D (1+3D) b) 1L
(1+3L)

Wang et al.>” used the phenylalanine-glycine 51 chirality produced by bipyridines (52 and
53) derivatives to study the regulation of chirality in supramolecular assembly. Initial
synthetic bipyridines (DPa) 1,2-di(pyridin-4-yl)ethane, (DPe) (E)-1,2-di(pyridin-4-
yl)ethane, and (left-handed LPPG and right-handed DPPG) did not produce the chiral
nanostructure. Additionally, when the bipyridine was used as (DPb) 1,4-di(pyridin-4-
yl)benzene with (Fig. 1.8). Additionally, it was discovered that a shift in the stoichiometry
of bipyridine (DPb; 53) resulted in the chirality of the co-assembly being inverted. When
the ratio is adjusted to PPG/DPb=1:2, one other pyridyl of DPb binds only with one end of
PPG and forms co-assembly due to n—n stacking and hydrogen bonding in the molecule.
The strong hydrogen bonds between pyridine-carboxylic acid result in co-assembly of

PPG/DPb = 1:1. By altering the stoichiometry of the compound used in synthesis, the
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technique described in this paper can be used to initiate and control chirality. By adjusting

the stoichiometry, the works may aid in the study of living and self-assembling aggregates.
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Figure 1.8: Molecular structures of LPPG 51 and bipyridines (DPx), and schematic
illustration of nanostructures co-assembled from LPPG 51 with achiral bipyridines (DPa 52,
DPe 53 and DPb 54) at different ratios. SEM images a), d) M and b), ¢) P denote left- and

right handed chiral nanostructures, respectively.

A technique for reversing the helicity of supramolecular hydrogels caused by achiral
substituents was described by Liu and colleagues.>® From phenylalanine-based gelators 55-
58 (Fig. 1.9), which displayed chirality reversal through the change of acid to ester
functionalities, hydrogels self-assemblies were created. By using SEM, CD, diffraction, and
molecular dynamics computations, these inversions of helicity were verified. This study is
unique in that it shows how achiral substituents can cause chirality to reverse. The same
group® created two-component hydrogels with supramolecular chirality using
phenylalanine-based enantiomers 59 (Fig. 1.9) and achiral bis(pyridinyl) compounds 61 and
62 (Fig. 1.9). It was discovered that hydrogels had spiral fibrous shapes. The switch from
H to J-aggregation of bis(pyridinyl) compounds caused the helix to invert (Fig. 1.9). CD,
SEM, FTIR, and a solitary XRD set of data verified the chirality inversion. In LCHF, the
helix P and M were produced by switching the bis(pyridinyl) DPDS and E-DPAz derivatives
from H to J aggregation, respectively, whereas in DCHF, the helix P and M were produced

by J and H aggregation of the above derivatives.
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Figure 1.9: SEM images of helical fibers obtained from xerogels and schematic illustration

of formation of helical fibers.

1.3.4 7—conjugated molecules

In the area of research, a m-conjugated molecule in supramolecular chirality of self-
assembled systems holds a significant place. There are many reasons why r-conjugated
molecules are used in field effect transistors (FETS), light emitting diodes (LEDs), solar
cells, and other electrical devices. They also have high absorption in the UV-Vis region,
which makes it simple to characterise them during CD analysis. Left-handed helix
polyanthracene nanofibers were produced by the self-assembly of achiral anthracene
monomer, according to Han et al.%° Dehydrocyclization at locations 4, 8, and 16 of the
benzene ring of the anthracene monomer in the presence of inert FeCls was used to explain
the creation of polyanthracene (Scheme. 1.5). Left-handed helical strands were produced
using the liquid evaporation process. This kind of research provides insight into the
transformation of achiral compounds into chiral helical shapes. SEM pictures supported the

idea that more condensed material produces dense helical formations.

1.3.5 Amphiphiles

Molecules that contain both hydrophobic and hydrophilic groups are known as amphiphilic
substances. The non-polar hydrophobic group is referred to as the tail, and the polar
hydrophilic group as the head. In water or an organic fluid, amphiphilic molecules self-
assemble to form a range of structures, including micelles, micro emulsions, and vesicles.
Chiral hierarchies could create helices, cylinders, ribbons, fibres, and more. According to

Barclay et al.%* chiral self-assembly of the amphiphilic molecules 66 and 67 (Scheme. 1.5),
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which have a glutamic acid (Glu) head group linked to a diphenyldiazenyl (Azo) group by
an 11-carbon alkoxy chain and a variable length alkyl chain at the termination, was studied.
Originally, a number of amphiphiles were investigated, and it was found that D,L-10-Azo-
11-Glu produces nanotubes in TEM images. The intentional production of single
enantiomers by authors L-10-Azo-11-Glu and D-10-Azo-11-Glu resulted in chiral

aggregations that can be seen in TEM pictures and CD spectra.
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Scheme 1.5: n-conjugated and amphiphiles structures for chiral assembly.

1.4 Regulation of chirality of achiral molecules

In achiral molecule building elements, chirality can be controlled by altering the solvent,
pH, temperature, or metal particle. The self-assembly constructed differently in polar and
non-polar solvents that controls the supramolecular system's chirality molecules ability to
switch between inter-electron transfers on and off can be used to tune the chirality of a
system by altering pH in conjunction with protonation or deprotonation in the system.®?
Various temperatures can adjust the chirality of self-assembly, as well as the reversal of
different metal ions and the chirality of supramolecular systems.

1.4.1 Solvents

Because of specific interactions between the solvent and the solute, solvents play a
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significant role in the self-assembly processes and may have a significant effect on self-
assembly. Basic characteristics of the fluid include its solubility, polarity, and volatility.
This can help the total supramolecular assembly acquire particular chirality. The chiral
structures from naphthalenediimide-tetraphenylethylene with alanine 68 and 69 were
reported by Goskulwad et al.%® (Fig. 1.10). The chirality of alanine is what causes helicity
to be induced in NDI-Ala-TPE self-assemblies. In THF: H20O at a 40:60 solvent ratio, L/D-
alanine produces Left/Right (M/P) handed helix structures, respectively. Since specific
clusters were seen when the solvent ratio was changed to 20:80, it can be concluded that
solvent ratio is crucial for chiral self-assembly. CD spectra and SEM pictures verified the
presence of helical structures (Fig. 1.10). Due to the n-type characteristics produced by the
NDI core and TPE-based structure, this form of helical structure may be helpful as models
for helical crystallisation and optoelectronic devices. The supramolecular self-assemblies of
NDI-TPE conjugates with l-alanine 68 and d-alanine 69 were also examined (Fig. 1.10).
One end of the NDI was connected to chiral arginine, and the other end was connected to a
lengthy alkyl chain. Different liquid ratios of THF and H>O were used to discuss the self-
assemblies of 68 and 69. Microbelts are created by mixing THF and water in a ratio of 40:60,
whereas granular microsphere supramolecular formations are created by mixing THF and
water in a ratio of 20:80. 10% THF in water; derivatives 68 and 69 create microspheres and
belt-like structures, respectively. Using circular dichroism and SEM, the solvophobic
impact on the self-assemblies of 68 and 69 was investigated.®*
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Figure 1.10: NDI-(L-Ala-TPE)2 68 and NDI-(D-Ala-TPE)2 69 self-assembly from helical
ribbon and nanoparticles as a function of solvophobic effect when adjusted by THF water

ratio is shown schematically on the left and right, respectively.

According to Han et al.®® in polar liquids, achiral trigonal molecules 70 (Fig. 1.11) were
used to build luminous supramolecular nanostructures. Three sterically crowded aromatic
rings were directly linked via azo groups to a central benzene centre in C3-symmetric
molecules that were created (Fig. 1.11). Electron microscopy and X-ray diffractograms
backed the hypothesis that n—m stacking and hydrogen bonding contacts led to the self-
assembly of an achiral azo-benzene. Interestingly, various aggregation forms (from adhesive
helical nanoparticles to crystalline bands and sticks) were produced with various liquids.
These arrays have demonstrated the ability to change their helicity and fluorescence strength
in reaction to heat and light, making them better candidates for use as artificial light- or heat-
based monitors in the future.

The supramolecular assemblage of 1,3-dihydroxyl functionalized naphthalene diimide 71-
76 (Scheme 1.6) compounds was described by Ghosh et al.®® Tetra-chloroethylene (TCE)
causes R-NDI and S-NDI to consolidate, forming ladder-like H-bonded chains with a left-

handed and a right-handed helix, respectively. R- and S-isomers in a 1:1 ratio did not gel in
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TCE, but the substance did separate out of the examined liquids. Additionally, the
precipitated substance yielded unfavourable CD findings. Flash photolysis time-resolved
microwave conductivity was used to evaluate the charge-carrier transport properties of
supramolecular structures (FP-TRMC).
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Scheme 1.6: Solvent induced and controlled previously reported molecules for chiral
superstructures.

A solvent-controlled supramolecular chirality of achiral conjugated oligoaniline compounds
was reported by Zhou et al. 77 (Scheme 1.6). In a 35% i-propanol/water solvent system,
self-assembly was created, and in a 40% i-propanol/water solvent system, contorted
nanoribbons with nearly equal amounts of left- and right-handed nanoribbons were created.
The method produced fewer left-handed ribbons when the solvent proportion was increased
from 40% to 45%, while producing more right-handed ribbons. An essential factor in the
formation of chiral self-assembly is the hydrogen bonding between the solvent and achiral
molecules, which regulated the chirality and n—= stacking in the oligo aniline derivatives.
The positive and negative cotton effects seen in CD spectra verified the right and left twist

ribbons creation.®® The Deng group®’ revealed that achiral molecules can self-assemble
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through hydrogen bonding to produce chiral diversity. A variety of solvent systems was
used to study the morphologies of (2-hydroxyl-7-pentadecyloxy-9-fluorenone) 78 (Scheme
1.6). Initially, varying ratios of mixed solvent (1-octanoic/ 1-octanol, 1/1, v/v) were used,
and distinct patterns were observed. The alternative pattern was achieved by further
adjusting the solvents volume ratio from (1-octanoic/ 1-octanol = 2/1 to 5/1, v/v), in which
two Nano patterns were observed, one with a clockwise rotation and the other with an
anticlockwise rotation linked to a particular molecular orientation. A chiral assemblage was
also produced by switching the fluid systems from 1-octanoic acid/1-octanol, which is 6/1
to 10/1. The arrangement of molecules at the liquid/solid boundary is altered by numerous
intermolecular hydrogen bonds, resulting in chiral polymorphic nanostructures. Li et al.%8
created chiral nanotwists and nanotube structures using their self-assembled system
components gelator 81, C60 79, and TPP 80 (Fig. 1.11). When doped into the polymer,
achiral donor 80 and acceptor guests 79 showed solvent-regulated self-assembly 81. In
DMSO solvent, chiral gelator self-assembles into chiral nanotubes; in toluene solvent, it
creates nanotwists. For the first time, the chirality transmission was just controlled by the
liquids.
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Figure 1.11: Schematic representation of formation chiral assembly.

A sequence of pyrene sandwiches were created by the Takaishi and Ema groups®® in
collaboration, using axially chiral 1,1-binaphthyls. They also looked into the solvent-
dependent sign reversal of circularly polarised luminescence (CPL). Their research showed
that the hydroxyl-containing molecule (R,R)-3 generates (-)- and (+)-CPL in nonpolar and
polar solvents, respectively, with gium values of -0.012 and +0.012. This flipping behaviour
is brought on by the reversal of excimer chirality, which results from intermolecular
hydrogen bonding present or absent, respectively. The aforementioned discovery may thus

be helpful for the creation of CPL sensing in supramolecular chemistry in the future.
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Recently, we described the creation of naphthalenediimide (NDI) amphiphiles with tartaric
acid hydroxyl groups that are either acylated or deacylated.”® Further, we investigated
solvent-triggered hierarchical self-assembly of both structures. It's interesting to note that in
a solvent system of 30:70 v/v THF/MCH, NDI bearing acylated derivative produces
biomimetic hairy caterpillar-like superstructures, whereas long helical ribbons are produced
in a solvent system of 90:10 v/v MCH. Because of the formation of excimers, this derivative
shows aggregation-induced emission properties in higher MCH in THF; however, NDI
bearing deacylated amphiphile exhibits the complete opposite phenomenon, i.e.,
aggregation-cause quenching (ACQ) effect and self-assembly of deacylated NDI produces
sheets-like microstructures. So, it is evident from this study that solvophobic contact plays
a significant part in self-assembling structures.

1.4.2 pH

By altering pH, achiral molecules can be made chiral, which can be used to influence the
shape of a self-assembling supramolecular system. Goskulwad et al.”* created the NDI-L-
Glu molecule, which combines anionic amino acid L-glutamic acid (L-Glu) as an
attachment with n-conjugated naphthalenediimide (NDI) as a central component. The
planar, aromatic, and = -conjugated nature of the NDI molecule allows for a variety of uses,
including good n-type conductivity, stability, and the capacity to self-assemble into
supramolecular structures. L-Glu is a key component of protein agglomeration in biological
processes; it causes sickle cell anaemia in people by switching glutamate for valine in the
-globin chain of haemoglobin in blood cells. This study describes how NDI-L-Glu self-
assembles into a chiral helical structure with a mixture of left- and right-handed helices at
neutral pH. It's interesting to note that when the pH changes from neutral to acidic, the
helicity tunes towards left handedness, while at basic conditions, the right helical structures
are visible in TEM analysis (Fig. 1.12). Synthesized NDI-L-Glu supramolecular self-

assembly even exhibits temperature-dependent helical shape switching.
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Figure 1.12: TEM imaging to visualise different pH-dependent self-assemblies. Helix shape
shown schematically at different pH levels.

Chiral nanotubes made from a commercially advantageous achiral anthraquinone derivative
were reported by Aydogan et al.”? In ethanolamine, it has been found that achiral molecules
self-assemble into chiral nanotubes by disrupting their symmetry. And when it was
discovered that certain assemblies were pH sensitive, the pH was changed in order to
regulate the nanotubes' structure. Additionally, NaOH was replaced by ethanolamine in
these assemblies, resulting in a combination of helix, tube, and ribbon. Adams group created
dipeptides with low molecular weight in water and demonstrated that by adjusting pH, a
single dipeptide can be tuned to produce potential enantiomers, diastereomers, and
racemates.”® By adjusting pH, Parquette and colleagues' synthesized coumarin-tetrapeptide
compound generates chiral nanotubes and nanoribbons that experience interconversion.’
This study unequivocally shows that the change from nanotubes to nanoribbon

nanostructures was accompanied by an M-P helical inversion, which is a two-step process.
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First, coumarin-tetrapeptide conjugate produces nanoribbons through p-sheet and n—=n
interactions; second, with a slight drop in pH, nanoribbons wound into helical ribbons and
simultaneously developed into smooth nanotubes. This study is the first to show that minor
pH variations can adjust the chiral supramolecular structures. This finding sheds light on
how to regulate chiral nanomaterials made from optically active small peptides and may
help with the creation of biomedical or optoelectronic devices in the future. The co-assembly
of phenylalanine gelator and achiral cationic polyacrylamide led to the creation of chiral
supramolecular superstructures, according to research by the Feng group.” Additionally,
they noted that even small pH changes have a significant impact on the chirality of
nanostructures. For instance, at pH 7, co-assembled hydrogels containing L-enantiomers
provide right-handed structures; however, at pH > 7, handedness of supramolecular
structures changes to left-handed nanostructures. This work provides useful information on
how to regulate chirality in biological systems by merely changing biochemical cues, such
as pH, and it may be crucial for future research on living systems. Thus, it is evident that
chirality in supramolecular helical superstructures can be adjusted and regulated by

adjusting pH.

1.4.3 Temperature

The chirality of supramolecular achiral molecules that self-assemble also depends on
temperature; at different temperatures, the chirality is inverted or an achiral sheet is formed.
According to Cheng et al.”® temperature has a significant impact on the tuning of achiral to
chiral self-assembly at the liquid-solid interface. Chiral 2D nanostructures were designed to
form achiral molecules, and at certain temperatures, R and S flower-like structures were
observed for the 1 and 2 systems, respectively, at 55 and 60 °C. In scanning tunnelling
microscopy STM, the additional chiral fluid was particularly interesting because octanol
only produced one R and S flower. Hu et al.”” described achiral porphyrin-derived chiral
supramolecular structures in a different study. They discovered that at the beginning of CPL
irradiation, porphyrin form regulated handedness of supramolecular structures that are
enantioselective and curiously, the chiral structures can be eliminated to the beginning by
simple heating. As a result, this occurrence is very intriguing for both heating-induced
symmetry breakdown as well as adjusting the achiral porphyrin to chiral supramolecular
assemblies. The fabrication of new chiral conducting nanostructures for use in chiral

catalysis and optoelectronics may therefore have a bright future in this research. When
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temperature, glucose levels, light intensity, and pH levels are altered, phenylboronic acid-
capped gold nanorods (PBA-Au NRs) reversibly self-assemble under the guidance of a
supramolecular glycopeptide mimic template. They use four cues in this first study to direct

reversible supramolecular nanostructures.’®

1.4.4 Metal

On the basis of how metal ions coordinate to related functional groups of molecules during
assembly, metal ions can now also induce or regulate the chirality of supramolecular
structures. Two achiral molecules, phthalocyanine (Pcl), which contains eight short alkoxy
chains, and cerium double-decker phthalocyanine (Ce(Pc1)2), which contains tetrapyrrole
macrocycle rings, were used in Wang et al.” study on achiral assembly changed to chiral
assembly. Phthalocynine was created by n—mn interaction and was a good building block.
This report stated that interest was moving towards the creation of achiral double-decker
phthalocynine (sandwich-type) with metal ions. At room temperature, these achiral double-
decker phthalocynines were transformed into optically active supramolecular assemblies by
interference of air-water and atmospheric pressure on Pcl and Ce(Pc1)2 (Fig. 1.13). In
supramolecular systems, Wang et al.®® described chirality of chiral hydrogel under metal
ion regulation. In this study, supramolecular hydrogelators are developed by the
coordination of the L-phenylalanine derivatives 85 and 86 with metal ions. Coordination
with various metal ions has the potential to invert the supramolecular chirality of the gelator
structure. The hydrogen bonds between the amide groups in the metal ion align with the

carbonyl group of the amide group already control the chirality of the hydrogel's

supramolecular system.
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In order to investigate for the first time kinetically controlled chiral supramolecular
polymerization formed through multiple steps with coordination structural change, Choi et
al.8! synthesised a number of bipyridine-based ligands with hydrazine and D- or L-alanine
moieties at the alkyl chain groups. Future research on metal-coordinated materials with
improved functional characteristics for supramolecular systems and an improved grasp of
the chiral assembly process in intricate biological systems may both benefit from their
discoveries. In addition to being transmitted to supramolecular self-assembled structures,
these control and induction of chirality in supramolecular self-assembly by modulating
internal (natural) or external stimulation are also greatly enhanced when combined with a
self-organization process. which specifically incorporates one enantiomer or achiral
molecule into the particular handedness in helical superstructures that are typically guided

by various stimuli like temperature, CPL, solvent, pH, light, glucose, metal, etc.

1.5 Conclusion

In supramolecular chemistry, the study of chirality in self-assembly is one of the most
fascinating and fortunate topics. The process of creating supramolecular structures that
contain chiral and achiral molecules is dependent on a number of variables, including
solvent, temperature, pH, light, and chemical compounds. Asymmetry breaking has been
used to transform achiral molecules into supramolecular chiral self-assemblies. Despite this,
new supramolecular structures can be created. Typically, chiral supramolecular frameworks
are easily constructed in nature using achiral compounds. Additionally, it is more cost-
effective to create chiral supramolecular frameworks using achiral molecules than chiral
molecules. Because of the majority-rule principle and the sergeant-and-soldier principle,
supramolecular chirality from achiral molecules also demonstrates some characteristics,
such as chiral memories in assemblages. In self-assembled systems, supramolecular
chirality has been shown to be advantageous for chiral molecular identification, chiral
detection, asymmetric catalysis, CPL, and chiroptical switching. Supramolecular assemblies
are linked to structural regulation, intermolecular interactions, function development, chiral
recognition, and many other characteristics. The ability to tune molecules into numerous
distinct chiral systems in a cooperative or syndetic manner and be studied is not well

understood in biological systems. Ultimately, groundbreaking ideas from organic
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supramolecular chemistry, nanosciences, materials science, biology, medicine, and medical
science should be incorporated into study on supramolecular chirality.

It's important to remember that controlling helicity with achiral molecules may give full
control over how supramolecular chirality is assessed using a variety of stimuli, including
light, temperature, fluid, pH, metal, etc. Therefore, we think that chiral catalysis, chiral
recognition, chiral sensing, chiral discriminations, and other chiral uses may be made

possible in the future by tuning achiral to chiral supramolecular helical superstructures.
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Section Il: literature study on sensing application

1.6 Introduction

Chemosensors for anions and cations detections are widely used in medicine, environmental
science, biology, and chemistry, among other fields. The subfield of supramolecular
chemistry that this is has been studied for more than 150 years. It concerns chemosensors
that distinguish between and find anions and cations using optical or electrical signals.
Currently, a wide range of reliable chemosensors is in place to find both anions and cations.
Chemosensors can also be used to create sensory devices, remove anions and cations, and
divide them. Chemosensors can identify poisonous cations like mercury as well as anions
like fluorine and cyanide. Chemosensors are now a popular subfield of supramolecular
chemistry as an outcome. This part concentrates on the use of optical chemosensors for
anions and cations detection using colorimetric and fluorometric methods.*

A "molecule of abiotic origin that indicates the existence of matter or energy"” is how
Czarnick describes the chemosensor.? Additionally, chemosensors are molecular receptors
that have the ability to detect, accurately engage with, and produce a detectable signal in
reaction to an analyte. Electric or optical signals are both acceptable. It comprises of a
signalling portion and a sensing portion. Both discrimination and binding effectiveness are
the responsibility of the detection group. The signaling component is responsible for
transforming information into a signal that can be detected.

Chemosensors have received a lot of attention recently due to their photophysical
characteristics that are sensitive to the environment. Optical signal changes can reveal
information about chemistry factors like pH and analyte concentration.® To detect heavy
metal ions, chemosensors are intensively investigated.*> Colorimetric and fluorometric
chemosensors are two categories of optical chemosensors. The benefit of colorimetric
receptors is that they can easily notice changes in color with the naked eye, simplifying the
procedure. The ratio between the intensities of two emissions, on the other hand, makes
fluorometric chemosensors more preferred for ratiometric responses and enables correction
of the sensor's analysis concentration as well as the effects of the environment, such as
temperature and orientation.® Chemosensors that are sensitive towards particular hazardous
ions are in high demand right now. Researchers have created chromophores that are
selective to a particular anion or cation because some anions and cations are harmful to both

people and animals.”® Many heavy metal ions are prohibited by various international
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organizations due to their toxicity and lack of biodegradability, which causes them to
accumulate in the ecosystem,0:11

For many uses and in many different areas of science, medicine, politics, and security, the
capacity to identify a wide range of analytes under a wide range of real-world situations is
essential. In overall, scientists have had great success developing detection techniques for
small organic molecules,’*** anions,>?6 and cations,?”*’ biological macromolecules
including peptides*-58 and oligonucleotides,> and whole cells®® and organisms, including
bacteria®%? and fungi.®®*%* Notable successes include the use of these systems for the

detection of explosive compounds.®>-7°

Sensitivity
Low Selectivity
cost
Chemosensor
Short
response Applicability
time

Figure 1.14: These aspects makes an ideal chemosensor: Sensitivity, Selectivity,

Applicability, Short response time, and Low cost to synthesis

Scientists and researchers are currently working to create chemosensors that can be used to
analyse environmental and commercial sample data. Due to their high sensitivity, high
selectivity, faster response time, high spatial and temporal resolution, low cost, and ease of
use even in remote areas, fluorometric chemosensors have drawn growing interest in the

detection of selective anion or cation.
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1.7 Optical chemosensors

Investigation methods that measure light strength include optical instruments. Upon
substance (guest) attachment to the receptor (host), they alter the photophysical
characteristics of the receptor. These modifications are identified using UV-Visible and
fluorescence spectroscopy devices, depending on the sort of sensor. Colorimetric,

fluorometric, and luminous chemosensors are the three main categories of chemosensors.

1.7.1 Colorimetric chemosensors

The color change that takes place after the receptor binds with a particular substance is
known as a colorimetric chemosensor. The sensing element of the chemosensor changes
color after engaging the receptor and analyte. Since it is possible to collect both qualitative
and quantifiable data using colorimetric chemosensors, there has been a lot of interest in this

technology.’*7°

1.7.2 Fluorometric chemosensors.

Fluorescence is one of the most useful responding techniques for optical sensing. Due to
their sensitivity, selectivity, fast reaction time, on-site and real-time detection, simple
performance, flexibility, and low molar estimate of the analyte, fluorescence chemosensors
have generated a great deal of interest. Fluorometric chemosensors experience a shift in
fluorescence activity when the analyte binds to the receptor.”® Goppelsroder first reported
the synthesis of a highly luminous morin chelate as the first fluorescent chemosensor for
detecting aluminium ions in 1867. The colorimetric sensors can only identify concentrations
at micromolar levels, while the fluorescent chemosensor provides for detection at the
picomolar scale.

The benefits of the fluorometric chemosensor are primarily attributable to the
proportionality of the light emission to the analyte content. In comparison, the fraction of
intensities recorded before and after the beam travels through the sample in absorbance tests
indicates a relationship between the analyte concentration and the absorbance. The detection
and signalling molecules, which are shown in Figure 1.15, are the fundamental components
of fluorescent chemosensors. As a result, a fluorophore that converts the recognition into a
photophysical signal (such as spectra, fluorescence quantum yield, and lifetime) is coupled
to a receptor (ionophore) to produce a fluorescent chemosensor. The attachment of a specific
analyte to the receptor, which results in a fluorescence signal and either an increase or a

quenching of fluorescence, can change the photophysical characteristics. Turn-on
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chemosensor is a term for the increased light intensity that results from the analyte's
attachment to the receptor.””-”® While the chemosensors turn-off happens because of the
analyte binding to the fluorophore and a decrease in fluorescent intensity quenching. There
are two types of fluorescent chemosensors, depending on how fluorescence and receptor are
connected: combined and separated model The fluorophore is linked to the receptor by a
spacer and signalling molecules that block conjugations in the separated model's proposed
architecture. The fluorescence and receptor are conjugatively linked to one another in the
integrated model; in this model, the receptor is a component of the fluorophore's -electron
system., 980

This section concentrated on newly developed chemosensors for anions, cations, and neutral
guests using photo-luminescent molecules. Moreover, a general process underlying
chemosensing was addressed. The most typical chemosensor consists of a binding site, a
spacer, and a signaling unit in three sections. When the substance binds at the binding spot,
the signaling unit responds (Fig. 1.15). Intramolecular Charge Transfer (ICT), Chelation
Enhanced Fluorescence (CHEF), Photo-induced Electron Transfer (PET), Fluorescence
Resonance Energy Transfer (FRET), Excited State Intramolecular Proton Transfer (ESIPT),
Aggregation Induced Emission (AIE), and others were all involved in the maximum sensing

mechanism.

Signaling | Spacer @
Unit | ) ™

Binding
site

Binding
site

Figure 1.15: The graphic representation of chemo sensing mechanism.

1.8 Mechanism of Chemosensors

Essentially, a Jablonski diagram is an energy outline with energy on a vertical line. Although
the energy levels can be expressed numerically, most of these diagrams only represent the
energy levels schematically. Columns are used to organize the remainder of the diagram.
Typically, each column corresponds to a particular spin number for a given species. The
energy levels within the same spin multiplicity are sometimes divided into separate sections

in schematics. Horizontal lines in each section denote the eigenstates of that specific
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chemical. Horizontal lines in bold type indicate the boundaries of electronic energy levels.
There are various vibronic energy states within each electronic energy state, and these

vibronic states can be combined with the electronic state.
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Figure 1.16: Jablonski diagram

Due to the enormous number of potential vibrations in a molecule, typically only fractions
of these vibrational eigenstates are represented. Rotational energy levels can be further split
into each of these vibrational energy states, but standard Jablonski diagrams skip these
intricate levels of detail. The difference in energy decreases steadily as electronic energy
levels rise, ultimately transforming into a continuum that can be studied using classical
mechanics. The intersection of vibronic energy levels also grows as the electrical energy

levels get closer together.81-83

1.8.1 Photo-induced electron transfer

A photo-induced electron transfer (PET) triggers the fluorescence quenching; the normal
state recovers when a non-luminescent process occurs after the PET process. Based on the
molecular orbital theory, the PET procedure might be able to describe the "on-off" toggling
of fluorescent chemosensors. The fluorescent chemosensors based on PET have a

fluorophore- spacer- receptor as their fundamental structure. This model has a gap between
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the fluorescence and the receptor, which electrically isolates the fluorophore and receptor
from the -electron systems as a result. Reductive PET and oxidative PET are the two
subtypes of the PET procedure, respectively, based on the electron acceptor or donor
connections to the fluorescence and receptor®® Figure 1.17 shows the fluorescent
chemosensors construction. Because the electron transfer process from the quinoline moiety
(the electron acceptor) to the imine nitrogen (the electron donor) has been stopped, the
fluorescence enhancement was suppressed when Fe?* ion was added to the probe solution.
Because of the PET process being stopped after the complex between the probe and metal
ion formed, the electron shift from the HOMO to LUMO level took place in a non-

radioactive route, which caused the fluorescence to become quenched. (Scheme 1.7)

E E
LUMO LUMO
PET On PET On
P Donor Donor
HOMO HOMO
Acceptor Acceptor
Energy Energy

Figure 1.17: Schematic presentation of molecular orbital diagram of the photo-induced

electron transfer process (PET).

Blocked

F62¢

Turn-ON

Blocked
PET

Turn-OFF
Scheme 1.7: Detection of Fe?* ion, which involves PET mechanism
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1.8.2 Intramolecular charge transfer

Intramolecular charge transfer (ICT) for Valeur et al. first introduced cation detection. ICT
is described as an energized state in which the conjugation of an electron-donating unit (like
-NHz2, -N(CHs)2, or -OCHj) to an electron-accepting unit (like >C=0, -CN) in one molecule
is shown to rise a "pushpull” rt- electron system which has been extensively used for cation
sensing.r When the electron donor reacts with the analyte, lowering the electron-donating
character, a blue change in the absorption band is seen. However, an evolved ICT causes a
red shift because of the analyte’s reaction with the electron acceptor portion (Figure 1.18).
Additionally, changes in the quantum yields and fluorescence lifetimes are seen. Numerous
fluorescent imaging molecules have so far been produced by the ICT method by altering the
fluorophores' ability to function as an electron donor, electron acceptor, or as a m-conjugate
in order to combine with the target analyte. Based on the spectrum results, Scheme 1.8
illustrates the ICT-based fluorescence "switch-on" process. The weak fluorescence emission
at 415 nm is caused by ICT, which happens when a lone pair of electrons from the pyridine
ring's "N" position and a free rotation of the -C = N- (imine) moiety occur in the Schiff base
chemosensor L1. The imine free rotation is constrained and the ligand becomes totally rigid
during the creation of the chemosensor L1+Bi** complex, which enhances the fluorescence

while constricting the ICT process.®
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Figure 1.18 Schematic illustration of ICT mechanism
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1.8.3 Excited-state intramolecular proton transfer

For their distinctive and extraordinary spectral sensitivity to the environmental medium,
fluorescent chemosensors have been designed using excited-state intramolecular proton
transfer (ESIPT). An intramolecular hydrogen bond, which is a key component of the ESIPT
process, facilitates the proton transfer from a proton source (hydroxyl or amino unit) to a
recipient unit (carbonyl oxygen or imine nitrogen) atom in the excited state of a
fluorophore.?® Figure 1.19 represents a graphical explanation of the ESIPT procedure. The
ESIPT-based method significantly reduces the photochemical reactivity of excited
molecules by switching between the enol and keto forms, which results in enhanced
photostability. Furthermore, a significant Stokes change will be seen. Therefore, the ESIPT
method is compatible with fluorescent chemosensor designs that require spectrum shift for

specific detection.
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Figure 1.19: Schematic illustration of ESIPT sensing mechanism

The ESIPT mechanism can be used to explain the fluorescence quenching of both sensors
by Cu?*. Both ligands displayed intense fluorescence due to the powerful intramolecular
hydrogen link, O-H-N. The ESIPT process was blocked upon binding with Cu?*, and as a
result, a reduction in fluorescence efficiency had been seen.8¢ (Scheme 1.9).

Aex= 327 nm

H ESIPT H ) .
L N N
r i \r\N e Cu?* Gt
o._ N —_— AN
Y "l }{ \\ \\ ’

N O\ N
| N Y j
N
L Enol-Form Keto-Form - H

Fluorescence On
\ Fluorescence OFF \

.. =474 nm ESIPT Inhibited

em

Scheme 1.9: Sensing of Cu?*ion

1.8.4 Fluorescence Resonance Energy Transfer
Another type of fluorescence modification is called fluorescence resonance energy transfer
(FRET). A couple of fluorophores that function as energy donors and acceptors,

respectively, transfer energy through the FRET mechanism.?42% The FRET is dependent on
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the distance at which the electrically excited states of two chromophores engage so that non-
radiative dipole-dipole coupling transfers the excitation energy from a donor to an acceptor
(Fig. 1.20). The donor and receiver go through roughly similar vibrational changes. If FRET
is active in the molecules, it is usually used to intentionally increase the stokes shift. With a
ratio of the fluorescence levels of the donor and acceptor emissions controlled by the target
analytes, the emission of the donor at comparatively short wavelengths triggers the acceptor
emission at longer wavelengths for sensing uses. When there are significant spectral
similarities between the donor emission spectrum and the acceptor absorption spectrum, the
FRET effectiveness is increased.?® When energy is transferred from the donor to the
recipient under excitation at 370 nm, the anthracene fluorophore’s strong purple
fluorescence emission at 434 nm is weaker and the rhodamine fluorophore’s strong orange
fluorescence emission at 608 nm is increased. In Scheme 1.10, the proposed detecting

method was described.8’
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Figure 1.20: Schematic representation of FRET sensing mechanism
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Scheme 1.10: Sensing of Hg?* ion.

1.8.5 Chelation enhanced fluorescence

In this mechanism, the chemosensor initially exists as a non-fluorescent state, but after
chelating with metal ion shows highly fluorescence. (Fig. 1.21) In bis-tris buffer solution,
the fluorescent activity of chemosensors towards different metal ions was investigated (10
mM, pH 7.0). The fluorescence emission from the chemosensor when stimulated at 355 nm
was weak (Amax 521 nm), compared to that (37-folds) when Zn?* was detected. Other metal
ions, such as Na*, K*, Mg?*, Ca?*, AI**, Ga®*, Cr¥*, Mn?*, Fe?*, Fe®*, Co?*, Ni%*, Cu?*, Zn?*,
Ga®*, and Pb?*, on the other hand, did not cause an increase in intensity. As a consequence
of these findings, the sensor was shown to be a potential fluorescence chemosensor for Zn?*.
The efficient coordination of Zn?* with chemosensor over other metal ions may be
responsible for the specific fluorescence enhancement response to Zn?*, which may be

explained by the functioning of the CHEF mechanism.88
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Figure 1.21: Schematic illustration of chelation enhanced fluorescence sensing mechanism
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Scheme 1.11: Sensing of Zinc (1) ion.

1.8.6 Aggregation induced emission

Recently, AIE concept playing very important role in supramolecular chemistry, last two
decade most of chemosensors were reported by using this mechanism. In 2001, Tang group
introduced AIE effect.89-91 A process for the fluorescence enhancement of probe to Al(l11)
was suggested (Scheme 1.12) on the basis of the following findings: The deprotonated form
of probe has excellent water solubility, which accounts for its modest fluorescence strength
at 466 nm in aqueous solutions. When probe and Al(111) bond to one another, they can form
the complexation polymer (probe-Al(I11)), which causes probe to aggregate in the solution.
Due to the restriction of TPE moieties intramolecular rotations in probe-Al(ll1), blue

fluorescence was increased.%
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Figure 1.22: Schematic illustration of AIE mechanism for chemosensor
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Scheme 1.12: Detection of Al**ion

1.9 Common luminophores

A number of theoretical and/or practical variables may impact the sensible choice of
fluorophores for a given sensing application, including the requirement that fluorophores
emit or absorb in a target spectral region in order to function as efficient energy acceptors.
To achieve high performance for biological, aqueous-phase uses, there are concerns about
the fluorophores solubility in a wide range of circumstances. The fluorophore's resistance
to a variety of temperatures, solvents, pH, and other experimental conditions, as needed by

the intended use.
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Scheme 1.13: Structures of mostly used luminophores for chemosensor

The convenience with which fluorophores can be obtained through synthesized methods
and/or from commercial sources. Most regularly interested luminophores are TPE,?° Rylene
Luminophores,®®  Coumarins,®* BODIPY,*®%  Squaraines,®®® Cyanine Dyes,*

Fluorescein,'® Eosin Y, Pyronine Y,%? Rhodamines,®” Methylene Blue,*® Thionine,'
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Neutral Red,*% Thiazole Orange,'% Thioflavin T,2%” and Diketopyrrolopyrrole Dyes'® so
on. (Scheme 1.13)

1.10 Calculating Supramolecular Complexation

1.10.1 Benesi—Hildebrand Binding Constants.

Based on the appearance of a novel absorption peak when both species were mixed, Benesi
and Hildebrand understood that association complexes were developing between iodine and
aromatic hydrocarbons. The binding strength between iodine and an aromatic hydrocarbon,
as described in a later release by the same authors, was quantified using an equation; this
binding strength's numerical expression is now known as an association constant. While
other binding stoichiometry have also been reported, this method is only useful when the
concentration of the host is significantly greater than the concentration of the complex. It is

also usually only used for 1:1 host-guest complexes.10®110

1.10.2 Stern-Volmer Quenching Constants

The dynamic, or collisional, quenching process of a fluorescence is described by the Stern—
Volmer equation, which was first published in 1920. This process results from diffusive
interactions between the fluorophore and quencher. Eq. 1 below, where Fo is the
fluorescence intensity in the lack of a quencher, F is the fluorescence intensity in the
presence of a quencher, [Q] is the quencher concentration, and Ksy is the Stern—Volmer

constant, expresses the Stern—Volmer relationship.t*

Fo
- = (L +Ks[QD 0

1.10.3 Job’s Plots

In many instances of supramolecular binding events, other stoichiometries are preferred,
including 1:2 complexes, 2:1 complexes, and complex combinations of simultaneous, co-
occurring multiple stoichiometry. The aforementioned Benesi—Hildebrand and Stern—
Volmer relationships depend on the assumption of a 1:1 host—guest binding stoichiometry.
Paul Job first introduced the Job’s plot, Job’s method, or the technique of continuous
variation in 1928, as a way to calculate the stoichiometry of a binding event. This technique
involves varying the relative amounts of A and B while maintaining a fixed overall
concentration of an A and B solution. The standardized physical measure (P), which is
determined using a number of spectroscopic methods (fluorescence, absorbance, NMR,
etc.), is then plotted against the mole fraction of A (xa). When (xa) = 0.5, Pmax happens when
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a 1:1 AB stoichiometry is in play. The A2B binding mode's Pmax occurs at (xa) = 0.67, while
the AB2 binding mode is Pmax 0ccurs at (xa) = 0.33. This method cannot be used to identify
more complex stoichiometric combinations or situations where numerous stoichiometries
are present, so caution must be exercised when using it. Because sharper peaks typically
correlate to higher constants and wider peaks to lower constants, these graphs are also

helpful for estimating host-guest association constants roughly.!'2

1.10.4 Limit of Detection

For the analysis of any sensor that might have a commercial or industrial application,
determining a detection limit. The smallest amount of analyte that will give a distinctive
signal and a quantification limit the smallest amount of analyte that can be accurately
quantified of a given system is invaluable. To determine the concentration of analyte at the
point where the signal is three times the standard deviation of the blank for the detection
limit or ten times the standard deviation of the blank for the quantitation limit, the most
common method is to obtain a calibration line for the system in question and use the
equation of that line. However, a review by Belter et al. describes a large number of

techniques for determining these limits, 3

1.11 Conclusion

The chemosensors area has advanced significantly since Goppelsroder first described
fluorescent chemosensors that were Al®*-selective. Notably, the area of fluorometric
chemosensors has undergone tremendous growth over the past 50 years. Consequently, over
the past few years, researchers have developed an enormous number of chemosensors. A
potential device for identifying poisonous anions and cations in an aqueous medium is
chemosensors. This addition provided an overview of the science of chemosensors and their
uses. However, various photophysical phenomena, such as PET, CHEF, FRET, ICT, and
ESIPT, are required for the identification of these harmful pollutants. The majority of
common fluorophores show an ACQ effect, which is thought to be harmful and restricts
their use in future applications. It is interesting to note that the AIE occurrence was
developed to counteract the ACQ impact. In AIE, molecules originally fluoresce poorly in
the solution state but brighten up when they are aggregated. Moreover most common
luminophores were discussed such as TPE, Rylene Luminophores, Coumarins BODIPY,
Squaraines, Cyanine Dyes, and so. Finally calculation of association constant, stoichiometry
and limit of detection was described.
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2.1 Introduction

To develop systems that can strengthen our understanding of some life processes and enable
or potential applications in fields like sensors, liquid crystals, and optical activity. The
induction and control of supramolecular chiral assembly from achiral functional organic
molecules is an important challenge.r* The self-assembly of small organic molecules with
chiral groups, such as bola-amphiphile, peptides, lipid bilayers, glucose, and =-conjugated
oligomers, has typically been found to produce supramolecular helical or twisted
structures.>® In some examples, homochiral molecules or a mixture of chiral and achiral
molecules have been used to develop twisted or helical fibers. This can also be accomplished
by using chiral molecular templates, in which the handedness of the self-assembled helical
structure accepts the molecule chirality.*®14 It has also been reported that achiral molecules
containing azobenzene can assemble supramolecular chiral structures by being exposed to
circularly polarized light.’>'" Only a few reports report the formation of helical
nanoparticles from achiral molecules, including asymmetric porphyrins, quinacridone,
cationic surfactants, amphiphilic cyanine dyes, and cationic surfactants.*®-2* However, most
of these small compounds suffer from aggregation induced quenching (ACQ) effects,?®
which is very essential in the creation of mechanochromic luminescent materials.
Investigations into the self-assembly and use of the helices produced by the photo-
luminescent achiral molecules are still in their beginnings. The formation of contorted
nanoparticles by two achiral luminescent quinacridone (QA) derivatives from THF/ethanol
mixtures is described by Zhao et al*®. The develop of achiral organic functional molecules
which can be self-assemble into an architectures with selective handedness and aggregation
induced emission (AIE) in the absence of chiral molecule is an crucial step in understanding
the role chirality plays within these systems.2¢

Tetraphenylethylene (TPE) and its derivatives unique fluorescence properties have attracted
a lot of interest recently. The AlE-effect causes these chromophores, which are weak or non-
emissive as unassociated monomers, to become highly fluorescent upon aggregate.?”-? AIE
properties are of interest in various areas including fluorescence chemosensors?® and
electroluminescent organic materials (OLDs).%° The building of nanofibers made of pyridyl-
substituted TPE derivatives and their luminescence properties were recently studied with
respect to pH.3! The self-assembly of TPE-based porphyrin molecules that self-assembled
into unique ring nanostructures was also described in a different study; the outcomes are

comparable to those of the natural photosynthesis system-11.32 The assembly of
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supramolecular helical structures using achiral AlE-active TPE luminophores as building
blocks has never been studied, despite the fact that TPE compounds have been used to
examine the interaction of AIE molecules (AIEs) with DNA,* proteins,3% or other

biostructures.36

2.2 Experimental

2.2.1 Material and Methods

All reagents and chemical including solvents were purchased from Sigma-Aldrich, TCI, and
AVRA and used without purification. tH-NMR spectra were recorded on 400 MHz Bruker
spectrometer and '3C-NMR using 100 MHz spectrometer as CDClIs-d solutions
(trimethylsilane as an internal standard). Mass spectral data were obtained from Bruker
ultraflexTOF (MALDI-TOF). IR spectra were recorded on a Perkin Elmer FT-IR
spectrometer. UV-Vis absorption spectra were recorded by UV-Vis-1800 Schimadzu and
fluorescence emission measured on Agilent Carry Eclipse photoluminescence. Circular

dichroism were performed on JASCO.

2.2.2 synthesis of 1,1,2,2-tetraphenylethene 2 :

Compound 2 was synthesized by the reported procedure®’; a two-neck round bottom flask
and reflux condenser were flushed with dry nitrogen gas. To stir a suspension of
benzophenone (5 g, 27 mmol) and zinc powder (5.3 g, 82 mmol) in 200 mL dried THF under
nitrogen gas at 0 °C. TiCl4 (5.9 mL, 54 mmol) was injected slowly dropwise by syringe
over a period of 30 min. at the same temperature. The resulting black suspension of the
reaction mixture was slowly heated up to room temperature under stirring. Afterward, the
mixture was reflux at 70 °C for 12 h. The reaction was quenched by an aqueous solution of
K2CO3 and extracted with ethyl acetate (2x150 mL). The organic phase was combined,
washed with brine, and dried over anhydrous Na>SO4. After filtration, the filtrate was
concentrated under a vacuum to afford the crude product, further washed with dry ethanol
to get pure as a white solid 2 (90%), M.P = 222-224 °C; 'H NMR (400 MHz, CDCI3): §
(ppm): 7.18-7.7.16 (m, 2H), 7.12-7.02 (m, 18H). 3C NMR (100 MHz, CDCI3): 143.72,
143.46, 140.95, 131.32, 128.52, 128.14, 127.63, 126.40, 126.00, 125.84.

2.2.3 Synthesis of (2-(4-nitrophenyl)ethene-1,1,2-triyl)tribenzene 3: The compound
3 was prepared by using the reported literature procedure3®: Placed tetraphenylethylene 2 (2
g, 6 mmol) then added glacial acetic acid (1.38 mL, 24 mmol), and dichloromethane (60
mL) and the reaction mixture is cooled to -5 °C using ice-salt bath after cooling added conc.

nitric acid (1.13 mL, 18 mmol) while vigorous stirring. Stirred the reaction mixture for a
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further 15-20 min maintaining the -5 °C temperature and the progress of the reaction was
monitored by TLC. After completion, the reaction mixture was quenched with ice-cold
water, separate the organic phase, and wash with water three times (3x30 mL). The organic
phase was dried over anhydrous Na,SO4 and filtered. Evaporate the solution to dryness
under vacuum. Crude residue obtained was purified by column chromatography (Ethyl
acetate: hexane, 5:95) to afford 3 as a yellow solid, 2 gm, 88% yield. (M.P. 76 °C) Elemental
analysis (C2sH19NO>): cal. C, 82.74; H, 5.07; N, 3.71., Obs. C, 82.23; H, 5.28; N, 3.59. IR
(cm):3053, 3022, 1595, 1514, 1344, 752, 698. 'H NMR (CDCls, 400 MHz) & ppm: 7.98-
796(d, J=8 Hz, 2H), 7.20-7.12(m, 11H), 7.05-7.00(m, 6H). 3C NMR (CDCls, 100 MHz) &
(ppm): 149.56, 146.77, 146.42, 141.73, 141.43, 136.56, 132.05, 131.95, 131.09, 131.03,
128.53, 128.26, 128.02, 127.74, 123.39, and 123.14.

2.2.4 Synthesis of 4-(1,2,2-triphenylvinyl)aniline 4. Compound 4 was synthesized by
literatureprocedure®: 4-nitro-tetraphenylethene (3) (1 g, 2.6 mmol) was added in EtOH (50
mL) then degassed reaction mixture with dry nitrogen, subsequently, added 10% Pd/C (0.50
g), and hydrazine-hydrate (6.00 g, 120 mmol). Kept reaction mixture for 4 hours, after
completion of reaction, to remove Pd/C from reaction mixture, filtered the hot reaction
mixture through cellite pad. Upon evaporation of reaction, mixture under reduced pressure
gives 4-tetraphenylethenylamine (4) in 0.85 gm (93% yield). (M.P. 204 °C) Elemental
analysis (C2sH21N): cal. C, 89.88; H, 6.09; N, 4.03 Obs. 89.68; H, 6.40; N, 3.91. IR (cm™)
3471, 3379, 3057, 3022, 1620, 1514, 1286, 750, tH NMR (CDClIs, 400 MHz) 6 (ppm): 7.14-
7.04 (15H, m), 6.83 (2H, d, J = 8 Hz), 6.45 (2H, d, J = 12 Hz), 3.59 (2H, s). 3C NMR
(CDCls, 100 MHz) 6 ppm: 144.95, 144.52, 144.38, 144.35, 141.12, 139.49, 134.21, 132.66,
131.64, 131.58, 131.53, 127.83, 127.71, 127.69, 126.41, 126.23, 114.50.

2.25 Synthesis of N1,N3,N5-tris(4-(1,2,2-triphenylvinyl)phenyl)benzene-1,3,5-
tricarboxamide 1: In a clean 25 ml round bottom flask compound 4 (0.563 g, 1.5 mmol)
and DMAP (0.2 Equiv.) dissolved in dry DCM (10 ml), Kept the reaction mixture 5 min at
the same temp. Then compound 5 (0.1 g, 0.3 mmol) was added to the reaction mixture.
Further completion of reaction confirmed by TLC, the reaction mixture extracted with
DCM, washed with brine solution, the extracted organic layer dried over anhydrous Na;SOa,
and filtered. Evaporate the solution to get a solid product through reduced pressure. Crude
product purified by column chromatography (Ethyl acetate: hexane, 10:90) to afford 1 as a
light yellow solid. (0.40 g, 88%) Elemental analysis (Cs7Hs3N303): cal. C, 87.19; H, 5.30;
N, 3.51, Obs. C, 86.98; H, 5.45; N, 3.36, IR values in cm™ 3632, 3089, 3067, 3021, 1683,

Dinesh Nagnath Nadimetla, Ph.D. Thesis, Goa University Page 73



Chapter 2

1523, 1327, 'H NMR (CDCls, 400 MHz) & ppm: 8.54 (1H, s),8.24 (1H, s), 7.30 (2H, d, J =
8 Hz), 7.08 (9H, m), 7.04 (6H, m), 6.97 (2H, d, J = 8 Hz). 3C NMR (CDCls, 100 MHz) §
ppm: 143.68, 141.16, 132.07, 131.34, 127.85, 127.76, 127.67, 126.57, 119.59., (MALDI-
TOF, m/z): Cg7He3sN303 [M] cal. for: 1197.486, found: 1198.609(M+H), 1220.582(M+Na)*

2.2.6 UV-Vis spectroscopy: UV-Vis spectra were recorded using a Shimadzu UV-1800
spectrometer. A 3 mL quartz cuvette with a 1 cm length was used for UV-Vis studies. The

all readings recorded at room temperature.

2.2.7 Fluorescence spectroscopy: On a Spectrophotometer Carry eclipse (Agilent),
fluorescence emission spectra were measured. A 3 ml quartz cell with a 1 cm path length

was used for all experiments at room temperature.

2.2.8 Circular Dichroism: At room temperature, CD spectra were recorded using a Jasco

spectrometer.

2.2.9 TCSPC: The samples for the TCSPC analysis were prepared in used solvent system
evaluated using a 1 cm cuvette at room temperature. Average lifetime measured on
(FluoroLog3-Triple Illuminator, IBH Horiba JobinYvon) using a picosecond light emitting
diode laser (NanoLED, Aex = 330 nm). The samples for the TCSPC analysis were prepared

in used solvent system evaluated using a 1 cm cuvette at room temperature

2.2.10 Scanning electron microscopy: The SEM analysis performed on a Carl-Ziess
Scanning Electron Microscope operating at a high vacuum, providing direct visualization
of self-assembled nano-structures. The samples were prepared, first the silicon wafers were
washed with acetone followed by distilled water and then Methanol and dried. After samples
were placed on silicon wafers by drop cast method, further solvent was evaporated, and then

the air-dried sample was sputter-coated with gold for 15 min at a 10 mA (Quorum).

2.2.11 X-ray diffraction: XRD measurements were performed on a Bruker D8 FOCUS

diffractometer using a Cu target radiation source (A = 0.15418 nm).

2.3 Result and discussion

2.3.1 Synthetic route of N!,N3N°-tris(4-(1,2,2-triphenylvinyl)phenyl)benzene-1,3,5-

tricarboxamide 1

The synthesis of NT, N3, N5-tris(4-(1,2,2-triphenylvinyl)phenyl)benzene-1,3,5-

tricarboxamide 1, started with McMurry reaction of benzophenone in presence of Titanium
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(1) chloride and zinc dust gives TPE 2. Further, TPE 2 reacts with nitric acid in presence of
acetic acid at -15 °C gives mono nitro TPE 3. However, mono amino TPE synthesized by
reduction of 3 by using palladium carbon 10% and hydrazine hydrate in ethanol. In final
step, the synthesized mono amino TPE 3 molecule reacted with 5 in presence of DMAP as

catalytic amount in DCM at room temperature gives final product 1.

9 Zn- dust
‘)\‘ TiCly, 0 AcOH:HNO; (2: 1)
O O Dry THF, reflux S (%Cl;/g .
Benzophenone 12h - , 15 min o,

00/ 3 88%
° Pd/C 10%
NH,-NH, H,0 (75%)
. EtOH
QUG N
|
SRCEE
N
DCM, DMAP
rt,3h NH,

93%

TPE-BTA
1

88%

Scheme 2.1: Synthesis of compound 1
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2.3.2 Characterization of synthesized compounds
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Figure 2.1: FT-IR spectrum of 1,1,2,2-tetraphenylethene 2
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Figure 2.2: *H NMR spectrum of 1,1,2,2-tetraphenylethene 2
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Figure 2.3: 3C NMR spectrum of 1,1,2,2-tetraphenylethene 2
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Figure 2.4: FT-IR spectrum of (2-(4-nitrophenyl)ethene-1,1,2-triyl)tribenzene 3
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Figure 2.5: 'H NMR spectrum of (2-(4-nitrophenyl)ethene-1,1,2-triyl)tribenzene 3
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Figure 2.6: 3C NMR spectrum of (2-(4-nitrophenyl)ethene-1,1,2-triyl)tribenzene 3
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Figure 2.8: *H NMR spectrum of 4-(1,2,2-triphenylvinyl)aniline 4
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Figure 2.9: 13C NMR spectrum of 4-(1,2,2-triphenylvinyl)aniline 4
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Figure 2.10: FT-IR spectrum of N,N3 N5-tris(4-(1,2,2-triphenylvinyl)phenyl)benzene-
1,3,5-tricarboxamide 1
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Figure 2.11: *H NMR spectrum of N,N3 N°-tris(4-(1,2,2-triphenylvinyl)phenyl)benzene-
1,3,5-tricarboxamide 1
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Figure 2.12: C NMR spectrum of N,N3 N°-tris(4-(1,2,2-triphenylvinyl)phenyl)benzene-

1,3,5-tricarboxamide 1
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Figure 2.13: MALDI-TOF spectrum of NT, N3 N5-tris(4-(1,2,2-

triphenylvinyl)phenyl)benzene-1,3,5-tricarboxamide 1

2.3.3 Mechanochromic study
Compound TPE-BTA also shows moderate mechanochromic luminescence in a change of

fluorescence colors. The TPE-BTA exhibited a sky-blue fluorescence in powder form under
UV-light (365 nm). After grounded with a pestle, changed to a pale yellowish blue color.
Interestingly, when the grounded mixture was fumed with the vapor of an Acetone, as
illustrated in Figure 2.14, the yellowish-blue colored fluorescence of TPE-BTA was
observed. The fluorescence spectra of TPE-BTA was recorded with excitation of 330 nm

in the powder, grinding, and fuming form and its shown slight fluorescence quenching.

| Grinding

—Powder

——Grinding
40 ——Fuming

PL Intensity (a.u.)
s @ 8 0B

w

0 T T T T r
400 430 460 490 520 550

‘Wavelength (nm)

Figure 2.14: Fluorescence color changes of TPE-BTA upon grinding and fuming with
acetone vapor. Images taken under UV excitation at 365 nm. Fluorescence spectra of TPE-

BTA in powder, grinding and fuming form was recorded.
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2.3.4 Absorbance and emission spectra of TPE-BTA in different solvents

The UV-Vis absorption and fluorescence spectroscopy employed to characterise TPE-BTA
absorption and fluorescence properties were recorded in different organic solvents, as shown
in Figures 2.15 a & b, respectively. The absorption spectra in chloroform show a prominent
peak with a maximum absorption wavelength of 334 nm and an extinction coefficient of 5.6
x10* M-tcmL. It was determined that the m-transition in the molecular architecture was the
cause of the relatively high extinction coefficient (~10* M-tcm) in all of the solvents.
Moreover, those extinction coefficient values are mentioned in table 2.1. When the
solvent’s polarity was increased, the form of the absorption peak remained unchanged but
in MCH the absorption in decreased (Fig. 2.15a). Additionally, the results of a study on the
emission characteristics of TPE-BTA upon excitation at (Aex = 330 nm) are shown in Figure
4.55b. The TPE-BTA was excited (Aex = 330 nm) in various solvents, and the emission
spectra were observed at various wavelengths with a low intensity except in MCH. In
various solvents, the TPE-BTA band location and shape are almost unchanged by the
excitation wavelength. In MCH, TPE-BTA shown high intensity at 426 nm, it shown 65%
more intensity as compare with chloroform. The TPE-BTA shown aggregation in MCH,

due to aggregation molecule showed high intensity in fluorescence spectra.
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. i I\
08 - Chloroform 600 :"\‘ ',' '|' Chloroform
IR
07 4 DMSO ~500 A i \ 11‘ DMSO
o MeOH = ! \
20.6 1 3 i v MeOH
= ——THF 2400 ! Yy
= 0.5 4 ‘o ] “ ——THF
= U. = Toluene = ! \
z 2300 ' ‘
_{Q: 0.4 4 —==MCH .E :' \“ ——Toluene
0.3 - e 200 ! ™ oo MeH
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2 [} ~
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Figure 2.15: a) UV-Vis. and b) PL of TPE-BTA (1 x10° M) spectra in various solvent
respectively (Aex = 330 nm).
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Table 2.1: UV-Vis absorption data of TPE-BTA in different solvents

Solvent Maximum  wavelength | Extinction coefficient &
(nm) (M-tcm™)
Acetonitrile 316 6.4 x 10
Chloroform 334 5.6 x 10*
DMSO 330 6.1 x 10*
MeOH 324 6.6 x 10*
THF 330 5.7 x 10*
Toluene 334 6.2 x 10*
MCH 327 2.8 x 104

2.3.5 AIE Study of TPE-BTA

The compound TPE-BTA is creamy-white color in solid form and non-emissive in visible
light, however in the presence of UV-light molecule shown emissive (Fig. 2.16 a & b).
Further, the molecule TPE-BTA in THF solution shown non-emissive and high emissive
99% water, which can see by naked eye (Fig. 2.16¢). The absorption spectra recorded
increasing water fractions(fw) in THF; the absorption value was decreased in 99% water
(Fig. 2.16d). In the emission spectra, water fractions between 0 and 60%, molecule TPE-
BTA was non-fluorescent, but interestingly, it was shown to be emissive (Amax 490 nm) at
fw = 80% (Figure 2.16e) When f,, was raised to 99%, an emission at 495 nm with a 5 nm
red-shift ensued, which is an improvement of 70 times over fw = 0%. When estimated using
Rhodamine B as a standard with ®r = 70% in ethanol, the quantum yield (®f) of TPE-BTA
in pure THF solution was 0.03%, which was increased 25-fold to 2.05 and 7.35% with fy =
80 and 99%, respectively. The molecule TPE-BTA shown highly aggregation in 99% water
which leaded high fluorescent this phenomenon provide clear evidence that it is AIE active.
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Figure 2.16: TPE-BTA powder under a) visible light b) UV light (365) c) Photograph of
TPE-BTA (1 x10° M) in various solvent ratios of THF/water, d) UV-Vis., e) and f) PL of
spectra TPE-BTA in THF/water respectively(tex = 330 nm).

2.3.6 UV-Vis. and Fluorescence study of TPE-BTA in CHCIz/MCH

The absorption and emission study of TPE-BTA were studied in a mixture of CHCl3 and
MCH with changing ratios of MCH (0-99%) as shown in Figure 2.17. TPE-BTA in CHCI3
exhibited an absorption maxima peak at 334 nm (e= 5.6x10* M cm). The absorption
bands are nearly same of (0-80%) MCH in CHCl3. Additional increasing concentration of
MCH up to 99%, v/v ratio, the absorption band of TPE-BTA at 327 nm shows blue shift

with decrease in intensity and the H-type of aggregates.
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Figure 2.17: a) UV-Vis and b) Fluorescence emission spectra of TPE-BTA in CHCIl3:MCH
(fmcH = 0 to 99%).

Further, emission study of TPE-BTA in chloroform and MCH, where in TPE-BTA
shown less emissive in the chloroform (Fig.2.17b) solution. While increasing of MCH
(fmch= 20%), emission bands gradually increased in intensity 8% compare to Chloroform.
Then MCH (fmch= 40-80%) which shown nearly same emission intensity up to (20 to 32%).
Finally, increased MCH fraction up to 99%, which leads aggregation of TPE-BTA
molecule, gives 62% emission. This reveals the AIE nature of TPE-BTA.

2.3.7 Circular Dichroism study of TPE-BTA

Circular dichroism (CD) spectroscopy was used to elucidate on the chiral aggregation
behavior of the TPE-BTA. The CD spectra of the self-assembled TPE-BTA aggregates at
various CHCI3/MCH volume ratios. TPE-BTA was CD-inactive in the CD signal when it
was in CHCIs, which indicates the molecule is not aggregated. It is normal for achiral
compounds to exhibit this behavior in solvated forms. As shown in Figure 2.18 a, when
MCH (10%) was gradually added to the CHCIz solution, a significant CD signal was
observed. One peak at 302 nm appeared due to a positive Cotton effect indicating solvent-
induced chirality in the supramolecular self-assembled materials. Furthermore, when the
MCH (20, 40 and 60%), well-resolved CD signals with a strong positive Cotton effect were
observed at 305 nm. Moreover, 80% of MCH in CD spectra shown negative cotton effect.

However, in 99% of MCH gives positive cotton effect.
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Figure 2.18: Circular dichroism study of TPE-BTA (5x10* M) in CHCIs/MCH a)
Concentration of MCH in 10 to 99%. b) Comparison of CD spectra in CHCIz and 99%
MCH.
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Figure 2.19: Circular dichroism study of TPE-BTA (5x10* M) in THF/H.O a)
Concentration of H.O in 10 to 99%. b) Comparison of CD spectra in CHCIz and 99% H-0.

CD spectra of TPE-BTA also employed in THF/H20 solvent system. Were in THF CD
spectra shown inactive, while increasing percentage of H20 (20-99%) in THF the TPE-
BTA shown positive and negative cotton effect in absorption range of it. From this it clearly
reveal that achiral TPE-BTA molecule can produce chiral assembly by varying solvent

systems.
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2.3.8 Field-emission scanning electron microscopy study of TPE-BTA
To examine the morphologies of the solid assemblies of TPE-BTA, SEM analysis was
employed. Samples were deposited by drop cast method then evaporation of solvent on a

silicon wafer from a 1x10° M solution various solvent system.

4
2 um

Figure 2.20: SEM images of TPE-BTA in a) THF, ¢) THF/H20 (1:99 v/v), e) CHCIs, g)
CHCI3/MCH (1:99 v/v), b), d), f), h) zoomed images of a), c), e), and g) respectively.

TPE-BTA shown cotton effect in CD spectra at aggregate state. TPE-BTA was produced
particles type morphology (Fig. 2.20a&b) in THF and twisted ribbons (Fig. 2.20c&d) were
observed in THF/H20 (1:99, v/v) solvent system. While in chloroform, it shown flower-like
superstructures (Fig. 2.20e&f) and in CHCIz/MCH (1:99, v/v) helical fibers were obtained
(Fig. 2.20g&h), due to intermolecular hydrogen bonding of amide group present in TPE-
BTA, and aromatic phenyl group were may induce n—= stacking which leads formation of

helical fibers.

Dinesh Nagnath Nadimetla, Ph.D. Thesis, Goa University Page 88



Chapter 2

2.3.9 X-ray diffraction (XRD) analysis

To examine the mode of nano-structural self-assembly of TPE-BTA in various solvent
system, X-ray diffraction (XRD) measurements were performed. The degree of the twist is
reflected in the variation from perfect order in a crystalline structure and is associated with
the helical fibers, according to XRD results, which support the microstructure seen by
electron microscopy. The 99% MCH in chloroform, which more crystalline nature was
observed in XRD plot (Fig. 2.21), which may be aggregation that is more regular, occurred
in same solvent system.

CHCI1;:MCH(1:99)
CHCl,
THF:H,O(1:99)
THF

APttt
wmwmmwumu
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Figure 2.21: X-ray diffraction patterns of TPE-BTA in various solvent systems.

2.3.10 Lifetime study of TPE-BTA

The emission behavior of TPE-BTA in various solvents was further investigated using time-
correlated single-photon counting (TCSPC) with picosecond (ps) using Aex = 330 nm
excitation and results showed in Figure 2.22 and all the results are summarized in Table
2.2. Biexponential fitted decay curve was obtained for TPE-BTA. In THF, lifetime t1 was
0.90 ns (96.70%), 12 was 5.68 ns (3.30%) and average lifetime t 1.05 ns. Whereas in
THF/H20 (1:99, v/v), the lifetime t1 was 0.97 ns (73.62%) and 12 was 7.73 ns (26.38%) and
average lifetime t 2.75 ns. Similarly in CHCI3 TPE-BTA shown lifetime t1 was 0.92 ns
(97.58%), 12 was 3.71 ns (2.42%) and average lifetime t 0.99 ns. However, in CHCIs/MCH
(1:99, v/v) the lifetime t1 was 1.00 ns (94.57%) and 12 was 3.91 ns (5.43%) and average
lifetime t 1.16 ns. From results its reveal that molecule TPE-BTA shown different average

lifetime various solvent system.
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Figure 2.22: TCSPC decay profile of TPE-BTA in various solvent system, (Aex = 330 nm).

Table 2.2: TCSPC Calculation for TPE-BTA (1 x 10~ M) and average life time in following

solvent system.

Solvents T, (Ns) | o, 7, (Ns) | a, Ayerflge
Lifetime
T (ns)
THF 0.90 96.70 5.68 3.30 1.05
THF:H20 (1:99) 0.97 73.62 7.73 26.38 2.75
CHCl; 0.92 97.58 3.71 242 0.99
CHCl3:MCH (1:99) 1.00 94.57 3.91 5.43 1.16

2.4 conclusion

Designed and synthesized Csz-symmetrical TPE-BTA molecule for chiral assembly,
synthesized Csz-symmetrical molecule having an amide functional group. Synthesized
TPE-BTA confirmed by IR, NMR, and Mass spectroscopy. Additionally, a
mechanochromic analysis of TPE-BTA was the outcome of a molecule that displayed
comparable fluorescence features in various conditions. In THF/water and CHCI3/MCH,
aggregate-induced emission behavior was seen. In 99% H,O in THF and 99% MCH in
CHCIs solvent systems, TPE-BTA has demonstrated agglomeration. TPE-BTA was
subjected to a Solvatochromism analysis using different ratios of the solvent systems
CHCI3/MCH and THF/water. According to the results of an absorption and emission,
studies conducted with various solvents, aggregation and self-assembly were seen in
THF/Water and CHCIs/MCH. In SEM, flower-like and helical structures were seen in
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CHCIz and CHCI3/MCH. The cotton effect is apparent across circular dichroism. It’s also

shown changed average life time in several solvent system. Conclusion drawn from these

results is that using different solvents to manipulate an achiral molecule could indeed

trigger chirality.
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3.1 Introduction

Naphthalene diimide (NDI) and perylenediimide (PDI) are homologue of the rylenediimides
(RDI).12 Both NDIs and RDIs are ideal options for organic electronics applications,
photovoltaic devices, and flexible displays due to their high electron affinity, strong charge
carrier mobility, and outstanding thermal and oxidative durability.?4® On the alternative
side, 1,4,5,8-naphthalenetetracarboxylic acid dianhydride (NDA), which serves as the
primary starting material for the synthesis of a number of NDI compounds, has also been
used as a starting material for the synthesis of perinone pigments that are useful for the
industrial sector.” and it is easily functionalized with arylamino or alkylamino groups in the
anhydride position. Due to their excellent fluorescent properties, PDI1238 and its higher
analogues, the rylene diimides,®*! have been used for a long time.'? Most research on these
molecules has focused on their practical application, such as in fluorescence spectroscopy,*?
organic electrical and photovoltaic devices,>* metallo- and supramolecular structures,>16
and their interactions with DNA and RNA.Y

Supramolecular chemistry, as well defined as "chemistry beyond the molecule,” generally
studies molecular recognition and high-order assemblies produced by noncovalent
interactions.*® In the building of thermodynamically stable structures at the cellular and
subcellular levels, within nanometer to millimetre dimensions, self-assembly and self-
organization of molecules play significant roles and implement a "bottom-up” or
"bioinspired" strategy. Structural systems that are linked together by noncovalent
interactions to form supramolecular systems are capable of responding to stimuli.®

The study of design principles has benefited from the use of naphthelene diimides (NDIs),
which are simple to prepare, have n-type electron-accepting properties, are neutral, planar,
and chemically adaptable. They share some common features with the naturally occurring
acceptors of bacterial photosynthesis reaction centers because they are also redox-active and
have high melting temperatures.?%-22 NDIs are one of the most favored groups of molecules
from this perspective. These molecules having optical and electrical properties are highly
dependent on their structural characteristics, so it is possible to modify them by substituting
at either of the diimide locations or directly on the NDI core. The self-assembly of NDlIs
and their application in the formation of various self-assembled architectures, such as cages,
catenanes and rotaxanes, nanotubes, nanowires, sensors, ion channels, and their
applications, have both been extensively exploited. Another method for changing the

electronic properties is by inducing intermolecular interaction using noncovalent forces such
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as H-bonding, coordination, and n—r stacking.

In many applications, including self-assembly, aggregation, production of chirality,
molecular recognition, molecular machines, molecular sensors, gas absorption,
nanoreactors, chemical catalysis, drug delivery, optoelectronics, and chemosensors, core-
unsubstituted NDI derivatives have been used.?®?6 Because of this, supramolecular study
frequently involves multiple disciplines, including materials science, biological science,
engineering, organic, physical, coordination, and polymer chemistry.?” For the formation of
supramolecular nanostructures, aromatic (n—mn stacking) interactions and solvophobicity are
important.?® In this respect, large macrocyclic polyaromatics like hexabenzocoronene and
PDI have been used to produce well-defined nanostructures like nanowires, vesicles,
nanobelts, and gels.?**” However, NDIs have attracted significant interest among aromatic
compounds that have been useful, particularly in the design of conducting materials, because
of their fascinating electro-optical properties and potential to make n-type semiconductor
materials.*

Importantly, NDIs have four polar carboxyl groups and an aromatic core that exhibit
stacking in the solid state through n-n stabilization. As a result, depending on the imide's
substituent, they are typically soluble in low polarity solvents like DCM, CHCIs, and toluene
as well as polar aprotic solvents like acetonitrile and DMF. This behavior can help develop
continuous stacks in supramolecular uses, but if the solubility is big a problem, it can also
create an enormous challenge. The solubility of NDIs accordingly majorly depends on the
substituents in the imide position, and normally, NDIs with long and bulky aliphatic
substituents have enhanced solubility.®® The aggregation of NDI in both the solution and

solid phases can advantage from this feature as well.*°
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Figure 3.1: NDI molecules previously reported various nanostructures.*

The development of chiral nanostructures is a crucial step in better understanding some
aspects of biological function, and it may also open up opportunities for sensing, liquid
crystal, and optical activity applications. Particularly for molecules like planar NDIs, the
induction and regulation of supramolecular chiral assembly from achiral/homochiral
functional organic molecules is a significant task.*> Recent research from the George group
describes chirality-derived self-sorting to regulate supramolecular structure of donor-
acceptor molecules in multilayer self-assembly in solution.*® These results are therefore
especially interesting because the present system is built on an optically active NDI
component and may have uses in the design and production of novel materials for
optoelectronic devices. In order to accomplish precise regulation of molecular structure in
solution, alternate aromatic donor and acceptor interactions, which are directed by =-
7 interactions, are frequently used. Because the donor and acceptor in m-n stacked
components are excited, these systems usually show charge-transfer (CT) absorption

properties.
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3.2 Experimental

3.2.1 Materials and Methods

All reagents and chemical including solvents were are purchased from Sigma-Aldrich, TCI,
and AVRA and used without purification. 'H-NMR spectra were recorded on 400 MHz
Bruker spectrometer and 3C-NMR using 100 MHz spectrometer as CDCls-d solutions
(trimethylsilane as an internal standard). Mass spectral data were obtained from Bruker
ultraflex TOF (MALDI-TOF). IR spectra were recorded on a Perkin Elmer FT-IR
spectrometer. UV-Vis absorption spectra were recorded by Jasco V-750 UV-Visible
spectrophotometer and emission spectra were recorded on FLS1000 spectrometer, Circular
dichroism were performed on Jasco

3.2.2 Synthesis of 2,3,6,7-tetrabromo-NDA

In round-bottom flask, NDA (1 g, 3.72 mmol) was dispersed in concentrated sulfuric acid
(20 mL) at room temperature. DBH (3.19 g, 11.1 mmol) was added in portions.** The
subsequent brown solution was stirred at room temperature for 4 h and then the reaction
mixture was heated at 80 °C for 12 h. The reaction mixture was poured into ice water to
precipitate the solid. The precipitated solid was filtered, washed with water and methanol,
then lastly dried under vacuum to obtain 4-Br-NDA as yellow solid (2.06 g, 95 %); IR (cm’
1) 3086, 1788, 1730, 1404, 1369, 1190, 1141, 1079, 775, 700.

3.2.3 Synthesis of N,N’-bis(n-octyl)-tetrabromo-NDI 2

As per literature®® 4-Br-NDA (1 g, 1.71 mmol) was treated with of n-octylamine (0.66 g,
5.14 mmol) in glacial acetic acid (15 ml) at 120 °C for 30 min, its gives ring-opened 2,3,6,7-
tetrabromo-4,8-bis(n-octylcarbamoyl)naphthalene-1,5-dicarboxylic acid. After which was
further treated with PBrsin toluene at reflux for 6 h to gives ring-closed product N, N -bis(n-
octyl)-tetrabromo-NDI 2 (0.82 g, 60%). IR (cm™) : 2956, 2920, 2849, 1712, 1667, 1435,
1409, 1373, 1286, 1172, 1145, 789. *H NMR (400 MHz, CDCls), & (ppm): 4.22-4.19 {t,
4H), 1.77-1.74(m, 4H), 1.42-1.34(m, 8H), 1.30-1.27 (m, 12H), 0.89-0.86 (t, 6H). *°C NMR
(100 MHz, CDCls), 6: 159.82, 135.58, 126.66, 125.67, 42.92, 31.77, 29.24, 29.21, 27.98,
27.10, 22.64, 14.10. in DEPT135 -CH> groups shown negative peaks at 5 : 42.92, 31.77,
29.24,29.21, 27.98, 27.10, 22.64.
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3.2.4 Synthesis of NDI-R-BINOL

The R-BINOL (44 mg, 0.15mmol) was dissolved in dry DCM and NaH(10 mg, 0.37mmol)
was added to form sodium salt of BINOL. After 30 min of stirring the 4-Br-NDI(50 mg,
0.06 mmol) was added in reaction mixture and kept it room temperature for 24 h. it gives
yellow color product which was further purified by column chromatography(1:9, ethyl
acetate: hexane) yielded (29 mg, 45%) IR (cm™): 3055, 2952, 2925, 2854, 1712, 1672, 1413,
1252, 1056, 944, 820, 753. *H NMR (400 MHz, CDCls), & (ppm): 7.93-7.87 (m, 8H), 7.66-
7.61(m, 8H), 7.47-7.43(m, 4H), 7.38-7.33(m, 4H), 4.14-3.98 (m, 4H), 1.69-1.59(m, 4H),
1.31-1.21(m, 12H), 1.14(m, 8H), 0.77-0.74(t, 6H). 3C NMR (100 MHz, CDCls), 5: 159.39,
152.57, 149.48, 131.13, 130.80, 129.98, 127.42, 125.91, 124.81, 124.30, 120.62, 119.72,
116.69, 40.30, 30.71, 28.68, 28.19, 26.92, 26.19, 21.57, 13.03. DEPT135 -CH> groups
shown negative peaks at 6: 40.30, 30.71, 28.68, 28.19, 26.92, 26.19, and 21.57. MALDI-
TOF for C70HssN20g mass cal. 1054.419[M*], Obs. 1055.507 [M+1]

3.2.5 Synthesis of NDI-S-BINOL
Previous synthesis protocol followed for NDI-S-BINOL it give yield (31 mg, 48%) IR(cm"

1): 3055, 2948, 2930, 2849, 1717, 1672, 1467, 1404, 1257, 1070, 941, 820, 758. 'H NMR
(400 MHz, CDClz), & (ppm): 7.92-7.87 (m, 8H), 7.66-7.60(m, 8H), 7.45(m, 4H), 7.37-
7.35(m, 4H), 4.14-3.99 (m, 4H), 1.65-1.60(m, 4H), 1.31-1.15(m, 20H), 0.77(t, 6H). 13C
NMR (100 MHz, CDClg), 6:159.38, 152.56, 149.47, 131.12, 130.79, 129.98, 127.41,
125.90, 124.81, 124.29, 120.61, 119.72, 116.69, 40.29, 30.89, 30.71, 30.40, 29.16, 28.67,
28.19, 26.92, 26.18, 21.56, 13.02. DEPT 135 -CH> groups shown negative peaks at 6: 40.27,
30.68, 28.66, 28.16, 26.89, 26.16, and 21.54. MALDI-TOF for C70HsgN20Og mass cal.
1054.419[M*], Obs. 1055.482 [M+1]

3.2.6 UV-Vis spectroscopy: At room temperature, UV-Vis spectra were recorded using a
Jasco V-750 UV-Visible spectrophotometer. A 10x2 mm cuvette was used for UV-vis
investigations.

3.2.7 Fluorescence spectroscopy: On a spectrofluorometer Jasco FLS1000 spectrometer,
fluorescence emission spectra were measured. A 10x2 mm cuvette for all experiments.
3.2.8 Circular dichroism: Circular Dichroism (CD) spectra were recorded on a Jasco J-815
spectrometer where the sensitivity, time constant and scan rate were chosen appropriately.
3.2.9 TCSPC: Fluorescence lifetimes were performed on a Horiba Delta Flex time-
correlated single-photon-counting (TCSPC) instrument.

3.2.10 Dynamic Light Scattering: The measurements were carried out in Malvern
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Zetasizer ULTRA instrument. The size measurements were carried out in a 10 mm glass
cuvette at 25 °C.

3.3 Result and Discussion

3.3.1 Synthesis of NDI-R/S-BINOL

The synthesis of started with 4-Br-NDA from NDA via bromination by using DBH at 80
°C for 4 hour. Then 4-Br-NDA was treated with octyl amine to convert it into product crude
product which continued for next step, in presence of acetic acid and further reflux with
PBrzin toluene for 6 hour gives product 2. Finally, the compound 2 reacted with R-BINOL
and S-BINOL to produce NDI-R-BINOL and NDI-S-BINOL respectively, in presence of

NaH in DCM at room temperature.
Oy 0O Oy 00 1) n-CgH,NH,,
Conc. H,SOy, AcOH, 120 °C,
DBH (3 eq.), OO Br 30 min
4h rt, 12h, Br 2) PBr;, toluene,
80 °C. 6 h, reflux
07 0" O 07 70" S0
4-Br-NDA
60% 2

95%
0N 0
OO OO S-BINOL R-BINOL OO O
o) O NaH DCM, rt OO Br  NaH, DCM, rt 0 OO Y
o g g Molecular sieve Molecular sieve o) O OO
OO 0° N g g O~ N O

NDI-S-BINOL 2 NDI-R-BINOL
48% 45%

Scheme 3.1: Synthesis of NDI-R/S-BINOL.
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3.3.2 Characterization of synthesized compound by IR, NMR, and Mass spectroscopy
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Figure 3.2: FT-IR spectrum of 2,3,6,7-tetrabromo-NDA 4-Br-NDA

lOO—-
90 -
80—-
70

60

Transmittance (%)

50
40

30

4-Br-NDI

1373 1145

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber(cm™)

Figure 3.3: FT-IR spectrum of NN’
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Figure 3.5: 13C NMR spectrum of N,N-bis(n-octyl)-tetrabromo-NDI 2
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Figure 3.9: 3C NMR spectrum of NDI-R-BINOL
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Figure 3.11: MALDI-TOF mass spectrum of NDI-R-BINOL
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Figure 3.15: DEPT135 NMR spectrum of NDI-S-BINOL

Dinesh Nagnath Nadimetla, Ph.D. Thesis, Goa University Page 109



Chapter 3

s 1055.482

Cglly5

0. _N__O
=~
(o L L oL
o =N ’
OO 07 "NTT0 T
C8H|7

Chemical Formula: C;qHsgN,Og
Exact Mass(Cal.): 1054.419
Molecular Weight: 1055.240
Exact Mass(obs.): 1055.482

se0 I} “ 1sssis 1281349 1319030

200 1000 1100 1200 1400 s 1600 1700 1500 1500

Figure 3.16: MALDI-TOF mass spectrum of NDI-S-BINOL

3.3.3 Solvatochromism

The photophysical properties of NDI-R-BINOL was studied by means of the electronic
absorption and emission techniques in both polar aprotic and polar protic solvents including
methanol (MeOH), acetonitrile (ACN), tetrachloroethane (TCE), tetrahydrofuran (THF),
toluene (Tol), and methyl cyclohexane (MCH), at room temperature. NDI-R-BINOL shows
the absorption peak ~425 nm in all used solvents, (Fig. 3.17a) it is due to aromatic core of
NDI. The emission spectra of NDI-R-BINOL was recorded in above mention solvents and
its shown broad range of emission 540 to 610 nm (Aex=425nm). Were in TCE, the molecules
shown emission at 610 nm. (Fig. 3.17b) However, in methanol and acetonitrile the emission
spectra was shown 680 nm peak due to ICT effect. ICT effect may be due to charge transfer
from BINOL moiety to NDI core.
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Figure 3.17: a) Absorption and b) normalized emission spectra of NDI-R-BINOL (1.5%10"

5M) recorded in various solvents (Aex= 425nm).

3.3.4Absorption and circular dichroism study

The absorption spectra of both derivatives recorded in TCE and its shown similar peak
pattern and Amax at 425 nm with two-shoulder peaks at 400 nm and 380 nm (Fig. 3.18a). To
understand the chiral nature of both derivative, CD spectra was employed and it reveals that
both the isomer was opposite (Fig. 3.18b). The NDI-R-BINOL shown positive cotton effect
and while NDI-S-BINOL was Negative. gCD value at CD maxima 380nm was same for
both just opposite in sign. There was no change spectral features of CD on different solvent
composition of TCE/MCH. CD spectra was retained cotton effect of both derivative while
changing solvent composition of TCE/MCH (Fig. 3.18c). From CD data, it concluded that
the BINOL moieties were induced and controlled the chirality in planar and achiral NDI

molecule.
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Figure 3.18: a) UV-Vis and b), ¢) CD spectra of NDI-R/S-BINOL (5x10°M) in TCE: MCH

solvent system

3.3.5 Absorption and Emission study

The absorption and emission study of both derivatives NDI-R/S-BINOL were performed
in TCE/MCH solvent system. Where TCE was good solvent for both derivatives and MCH
was bad. The absorption spectra of NDI-R/S-BINOL were recorded in various composition
of TCE/MCH, and its shown Amax at 425 nm. (Fig. 3.19a & 3.20a) While increasing of MCH
percentage in TCE the hypochromic shift was observed, it may be due to aggregation of
molecule in non-polar solvent. And excitation spectra also were recorded in same solvent
system, collected at 670 nm (Fig. 3.19b & 3.20b). Excitation spectra reveals decreasing
intensity while increasing percentage of MCH. Further, emission spectra were studied in
various solvent composition of TCE/ MCH. Emission peak observed at 560 nm (Fig. 3.19c
& 3.20c). Where the normalized emission spectra at 560 nm, reveals that ICT effect was
obsessed in both derivatives (Fig. 3.19d & 3.20d)
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Figure 3.19: a) UV-Vis, b) excitation, c) Emission (Aex= 425nm), d) Normalized emission
spectra at 560 nm of NDI-R-BINOL (5x10° M) in TCE:MCH solvent system.
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Figure 3.20: a) UV-Vis, b) excitation, c) Emission (Lex = 425nm), d) normalized emission
spectra at 560 nm of NDI-S-BINOL (5x10-° M) in TCE/MCH solvent system.

3.3.6 Dynamic light scattering

To determine the size of aggregates in different solvents, such as 100% TCE, 01% TCE in
MCH. Dynamic Light Scattering (DLS) was utilized at room temperature. NDI-R-BINOL
in 100% TCE and 01% TCE in MCH displayed the hydrodynamic radius (Rn) of 100 nm
and 600 nm, respectively (Fig.3.21). The increasing Rn value suggesting noticeable
aggregation of NDI-R-BINOL in 01% TCE in MCH
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Figure 3.21: DLS spectra of NDI-R-BINOL (5x10° M) a) 100% TCE/MCH and b) 01%
TCE/MCH.

3.3.7 Lifetime

The emission behavior of NDI-R-BINOL in various solvent composition of TCE/MCH was
further investigated using time-correlated single-photon counting (TCSPC) with picosecond
(ps) using Aex = 405 nm excitation and collected at 600 nm, results showed in Figure 3.22
and all the results are summarized in Table 3.1. triexponential fitted decay curve was
obtained for NDI-R-BINOL. In 100% TCE, lifetime t1 was 0.8 ns (40.67%), 12 was 3.4 ns
(47.90%), 13 was 14.98 ns (11.43) and average lifetime t was 3.7 ns. Whereas in 01% TCE
in MCH the lifetime t1 was 0.48 ns (45.54%) and 12 was 2.72 ns (32.60%), t3 was 9.16 ns
(21.87) and average lifetime t 2.75 ns. From data, clearly suggest these results due to ICT
effect.

Table 3.1: TCSPC Calculation for NDI-R-BINOL (5x10° M) and average life time in
following solvent system

Solvent | Wavelength | 1 (ns) | Rel % | 12 (ns) | Rel % | 13 (ns) | Rel % | 1(avg.)
(nm)

100% | 600 0.8 40.67 | 3.4 47.90 | 1498 |1143 |3.7ns

TCE

01% 600 048 | 4554 |2.72 3260 [9.16 |21.87 |3.1ns

TCE
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Figure 3.22: Average lifetime of NDI-R-BINOL in TCE/MCH.

3.4 Conclusion
Designed and successfully synthesized NDI-R-BINOL and NDI-S-BINOL molecules.

Confirmed by IR, *H and *C NMR, and Mass spectroscopy. Both molecules shown same
absorption and emission properties. Further, CD spectra reveals that both derivatives have
opposite CD spectra. However, the absorption and emission study of both derivatives, where
recorded in TCE/MCH it shown very similar results. Finally, the DLS study reveals that
the NDI-R-BINOL was aggregating at 01% TCE in MCH. From all data, it concluded that
the planar NDI molecule converted into chiral via inducing BINOL molecule, and controlled
by using R and S isomers of BINOL. This type of molecule may be useful to study of circular

polarized luminescence and various optoelectronic application.
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4.1 Introduction

New photo-luminescent materials are required to eliminate the aggregation-caused
quenching (ACQ) effect in the aggregated state. Naphthalene, porphyrins, perylene diimide,
pyrene, anthracene, phenanthrene, fluoranthene, perylene, carbazole, triphenylamine,
phenothiazine, cyanine, diketopyrrolopyrrole, and fluorescein are all examples of aromatic
molecules that have been used for a comprehensive range of potential application.
Nevertheless, all these molecules shows ACQ effect.! Aggregation-induced emission (AIE),
a novel phenomenon, was first described by Tang group in 2001. It describes how normally
tiny organic molecules, which are low emitters when fully dissolved in solvents like toluene,
THF, and chloroform, become extremely luminous in the supramolecular aggregated state
as well as in solid films.2 Understanding the underlying processes for the AIE phenomenon
is vital to the search for fundamental photophysical knowledge, and it will also direct our
efforts to create innovative luminogens, consider useful applications, and improve
technological breakthroughs. Restriction of Intramolecular Rotations (RIR), Restriction of
Intramolecular Vibrations (RIV) and Restriction of Intramolecular Motions (RIM) are the
three primary theories for the mechanistic reasons of the AIE effects.® Tetraphenylethylene
(TPE) derivatives have garnered a lot of interest among the AIlE-active luminophores
created because of their weak intermolecular contacts and great solubility in organic
solvents. They also feature a structure that is accessible to functionalization on the planar
phenyl groups, which may result in AIE activity.* The TPE shows weakly emissive in 100
% THF while adding water in increasing order TPE got aggregate in 99% water were its
exhibited highly emissive as shown in Figure 4.1

THFT 10%\] /2@ 30% | 50% ! 60% (70% [

RSN AN |un an i

Figure 4.1: Emission properties of TPE molecule in solution phase and aggregated phase
under UV light of 365 nm.

The oldest synthetic process for synthesizing TPE was published by Boissieu in 1888. It
entailed brominating diphenylmethane to produce dibromodiphenylmethane, which was
then heated, distilled, and recrystallized from benzene to produce TPE with a satisfactory
yield.®> The copper-catalysed self-coupling of dichloro diphenylmethane 6 in DMSO occurs
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at room temperature to produce TPE in a decent yield, according to a technique Tezuka and
colleagues published in 1990.  Afterword, in 2004, Okuma proposed a synthetic procedure
for the synthesis of TPE molecules, in which seleno-benzophenones 4 interacted with
diphenyl diazomethane 5 in DCM at 78 °C to produce TPE in good yields.” Laschat?
reported utilizing a McMurry coupling method to produce TPE. TiCls and Zn powder were
used in this process, which involves the reductive coupling of benzophenone 3 in dry THF
at -5 °C. The synthesis of symmetrical and asymmetrical TPE derivatives has made
considerable use of this synthetic technique. A method for producing TPE with a 100% yield
was described by Woollins et al. in 2007 by heating two equivalents of ketone 3 in toluene
with the Woollins reagents.® Using a phosphapalladacycle catalyst, Rafiee et al.1° developed
another efficient high yield synthetic approach for the synthesis of TPE in 2009. Another
synthetic method was reported by Kumara Swamy et al. ** for TPE preparation in 2010.
The following strategy the utilizing phenylboronic acid, the double arylation process of
diphenyl acetylene 7 was carried out. Palladium (I1) acetate is present in the reactions of
boranic acid 8 and iodobenzene 9 in DMSO produces TPE. An intermediate tertiary alcohol
was produced by treating the diphenylmethane 1 with n-BuLi in dry THF at 0 °C and then
adding benzophenone 3. In order to produce a white solid of TPE with a good yield, the
produced tertiary alcohol was subjected to a dehydration process using para-toluene
sulphonic acid (pTSA) in toluene. 2 Lin et al.®® published a reductive synthesis approach
for synthesis of TPE in 2014 that involved treating a range of ketones and aldehydes with
ytterbium (Yb) in conjunction with TiCl4 (cat.) in dry THF.

In a diluted solution, the isolated TPE molecules produce no light. The exciting energy is
non-radioactively dissipated by the dynamic rotations of the aromatic rotors against the
olefinic stator around the single-bond axis. The central olefinic double bond may open in
the excited state, producing two units of diphenylmethylene (DPM). The exictions relax
without emitting radiation because of the friction that their rotating or twisting movements
against one another and the solvent media generate. The restricted intramolecular rotation
(RIR) and the highly twisted molecular shape that restrict the intermolecular stacking

interaction have a synergistic impact on the emission of TPE after aggregation formation.?
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Scheme 4.1: Synthetic methods for the preparation of the TPE

Why Tetraphenylethylene derivatives are important, because they are largely applicable
(Fig. 4.2) in various application such as biomolecule sensing,'**® bio molecular imaging,*-
23 pH responsive,>28 detection of explosives compounds,?®3* sensing of organic volatile
and gaseous compounds.®®>8Further they are also used in Sensing of peroxide®® and
hazardous species*®-4? and real-world application for fingerprints,* induction of chirality**-
47 stimuli response towards viscosity*® and temperature,*® self-assembly, organic light-
emitting diodes (OLEDs),*%! organic field-effect transistors (OFETS), circularly polarized
luminescence (CPL),%%%* and chemo-sensing of cations*®554 anions%-"0 and neutral
molecules.** 8, This part mainly focus on tetraphenylethylene derivatives, which were
utilized for chemo sensing of cations and anions.

Because the TPE core is a typical AIE fluorophore, TPE derivatives require an ion chelating
or binding moiety in order to establish a stable complex with the target ions in the detecting
medium. A change in the electronic and molecular properties of the TPE-based fluorophore
core is often required for a variation in observable fluorescence to be induced by the binding
site of an ion to a TPE derivative. These modifications can be made by electron transfer or
photo excited TPE luminogens, which can switch on due to the TPE derivatives strong AIE

fluorescence.
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Figure 4.2: Various applications of TPE derivatives

Based on this process, a number of AlE-active TPE derivatives have been designed and
employed as chemosensor substitutes for the detection of cations such Hg?*, Zn?*, Fe3*, Cr3*,
AlR*, Cu?*, Ag*, Cd?*, Sb3*, Pb?*, Th?*, and UO2?*.

In 2013, Ozturk et al.”* reported selective and sensitive detection of Hg?* by using
tetraphenylethene based 10 popularity-dependent “turn-on” fluorescence strategy in an
aqueous medium and in living cells. Zhang and his group’? described the “Turn-on” of the
fluorescence of tetra(4-pyridylphenyl)ethylene 11 by the synergistic interactions of Hg?*
and hydrogen sulfate anion. Ruan et al.”® in 2012 has synthesized a novel thioketal
containing AlE-active probes 12 &13 for Mercury (I1), based on the Hg?*-promoted
deprotection of thioketal. In 2016, Neupane et al.” synthesized AIE-active TPE derivative
14 probe for selectively and sensitively detecting Hg?* ion in 100% aqueous solution and
cells. Tang et al.>° in 2019, reported chemosensor for Hg?* tetraphenylethylene (TPE)-based
fluorescent sensor 15 with aggregation-induced emission enhancement (AIEE) activity. It's
interesting that the synthesized luminogen were detect Hg?* in an acetonitrile solution with
good selectivity and the detection low limit without interference from other competing metal

ions. Additionally, the luminogen displayed intriguing solvatochromis activity and
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improved cell-imaging capabilities. In 2022, Wang et al.®* reported a NH-pyrazolate-
functionalized AlEgens 16 which were utilized to highly specific and selective fluorescent
chemosensor for sensing of Hg?*. Yuan and his group’ conjugated TPE-C4-L2 molecules
17 were constructed as a graphite-based self-assembled monolayers (SAM) that was utilised
for detecting tiny quantities of Zn (I1). That SAM's quenched FL response to Zn?* was the
reverse of whatever occurred to TPE-C4-L2 molecules in aqueous solution when Zn (I1)
was added, which was a FL enhancement. Hong et al.5” synthesized AIE-based terpyridine-
substituted tetraphenylethenes 18 & 19 for fluoregenic Zn?* and chromogenic Fe?* sensors.
Sun et al.”® reported tetraphenylethylene derivative 20 which was “turn-on” sensor for Zn?*
in aqueous condition and also intracellular Zn?* imaging. Afterword, Weijiang He and his
group® synthesized AlE-active molecules 21 for Fe3*.  AlE-active molecule
tetraphenylethylene (TPE)-based chemosensor bearing triazole, pyridine, and thiophene
moieties. That molecule 21 exhibited AIE quenching mechanism with highly sensitive and
selective sensing toward Fe®* in THF/water solution. And A pyridinyl-functionalized
tetraphenylethylene fluorogen 22 was synthesized by Chen et al.”” for trivalent metal cations
sensing (M®*, M = Cr, Fe, Al). Fluorogen 22 was shown highly sensitive toward only these
three trivalent metal cation over a other of divalent and monovalent metal cations. Shilang
Gui, et al.®? synthesized a new AlE-active molecule TPE having carboxyl group 23, the
molecule shown “turn-on” fluorescence against AI** cation in aqueous environment and also
in living Hela cells. There are many reports on chemosensor based on TPE as a core
molecule, after trivalent metal cation in this section focused on some other divalent metal
cations such as follow. Yang et al.®* synthesized a TPE-based rhodamine hydrazone 24 for
colorimetric and reversible detection of Cu?*, A distinct color change from colourless to
purple was produced when Cu?* were detected because the metal causes spirolactam to open
its ring. The detection limit was reported very low 10® mol/L in normal water, and it was
shown that there was a non-linear connection between the intensity of the absorbance and
the concentration of Cu?*. It could operate in a wide pH range (5.0 to 9.0), with pH 6.0 to
8.0 providing the optimum Cu?* detection. The Job's plot demonstrated that the interaction
of 24 with Cu?* through the O-N-O binding site was a 1:1 mode. By adding EDTA, the ring-

opened 24 may be recovered and used as a reversible "naked eye" indicator for Cu?* ions.
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Scheme 4.2: Previously reported TPE-based chemosensor for cations such as Hg?* (10-16),
Zn?*(17-20), Fe®*(21-22), AIF*& Cr3*(23), Cu?*(24-26), Ag*(27), Cd?*(28), Pb?*(29),
Sb3*(30), Th**(31), and UO2?*(32)
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Chen and his group® synthesized tetraphenylethylene derivative 25. lonic self-assembly of
25 was developed by using quaternary ammonium salt which enhanced fluorescence
efficiency. However ionic self-assembly shown highly selective sensing of Cu?* with very
low LOD. Feng et al.”® synthesized TPE Schiff base macrocycle 26, further it aggregated
and formed fluorescent nanofibers and it shown high potential for the selective and sensitive
detection of Cu?* in pure and real water. Yong et al.2% reported a “turn on” fluorescent sensor
for the rapid detection of Ag* ions. TPE-based 27 shown large stokes shift while sensing
with Ag* cation. Binding aggregation of 27 with Ag* which proven by NMR and DLS
spectra. Zhang et al.®! reported detection of Cd?* by using triazole bridged TPE-cyclodextrin
molecule 28. By utilizing click chemistry 28 was synthesized combining with cyclodextrin
with TPE molecule. Further synthesis they have been performed sensing studies, and they
found that 28 shown “turn-on” fluorescence response towards Cd?* in neutral condition and
0.01 uM LOD. Khandare et al.2? designed and synthesized phosphate functionalized TPE
molecule 29, which further used for lead ions detection. In this report the phosphate
functionalized tetraphenylethylene derivative and lead forms lead—TPE complex has very
low solubility in working solvent and causes aggregation induced emission. It shown highly
efficient, cost-effective and 10 ppb a low detection limit. Yuansong et al.2% 30 in this report
designed and synthesized a new fluorescent probe TPE-2IPH 30 for the specific detection
of antimony (Sh?®*). Sensing mechanism shown fluorescent response of TPE-2IPH to Sh3*
was due to coordinate of Sh3* and the IPH functional groups in TPE-2IPH under aggregate
state. Wen et al.*0 synthesized 2,6-pyridinedicarboxylic acid-Substituted tetraphenylethene
31 for turn-on fluorescence sensor for the recognition of Th** in aqueous solution. Due to
AIE phenomenon Th* was detected by the naked eye at ppb levels. And they complex
formation of Thorium ion and probe studied by DFT calculations. Same group®* reported
another chemosensor for uranyl ion, were they synthesized a 2-(4, 5-dihydrothiazol-2-
yl) phenol-containingTPE 32. The probe shown turn-off fluorescence for uranyl ion (UO2%*)
in aqueous solution. Because its AIE is quenched upon binding, uranyl detected with the
naked eye using the designed sensor. And also author described that the sensor demonstrated
a broad effective pH range, superior selectivity for uranyl ions as compared to all other
tested metals, and no interference from other metals when trying to detect uranyl ions.

Recent year the scientist in the field of sensing are highly interested towards anions sensing
because of wide range of applications in biological and environment. A significant class of

anions is made up of halides and other anions because of their prevalence in nature,
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usefulness in industry, and critical involvement in biological processes. In this section, AIE-
based fluorescent sensors for the selective detection of fluoride ion (F), cyanide (CN),
hypocholorous acid (HCIO), hypochlorite (CIO"), Nitrate (NO3") and pyrophosphate are also

summarized in this section.

Scheme 4.3: Previously reported TPE-based chemosensor for anions such as F-, CN-, HCIO"
, C|O', NOs and P2074'.
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Ben Zhong Tang and his group® synthesized blue AlIEgen basesd on TPE 33, which is
further utilized for fluorine ion sensing and organic light-emitting diode. A blue emissive
TPE derivative 33, which is containing dimesitylboryl and fluorene groups which also
posses a good thermal stability with high Tg and Td of 121 and 354 °C, respectively, and
exhibits worthy AIE characteristic, with a high ¢ of 64% in solid film. Jiang et al.®
synthesized TPE derivative 34, a tetraphenylethylene derivative with a pyridinium pendant
and the pyridinium moiety rendered

MOTIPS-TPE. some solubility in water, and as a result, the solution of 34 exhibited weak
emission in PBS. The fluoride ion promoted cleavage of the triisopropylsily group in 34
accompanied by the subsequent elimination of p-quinone- methide generated deported TPE
derivative with poor water solubility. Resulting the turn-on fluorescence toward fluoride
ion.

Atilgan and his group®’ reported fluoride ion sensor in aqueous media, based on TPE
derivative 35. Pyridinium group was fused with tetraphenylethene gives 35. This reported
a new methology for sensing of fluoride ion by using TPE-salt 35.

Wang et al.®® reported a tetraphenylethylene-based chemosensor phenanthro[9,10-
d]imidazole-TPE 36 for Cyanide ion. According to changing fluorescence and visible
colour, the probes demonstrated very sensitive real-time naked-eye detection. In the
meanwhile, the sensor used to detect CN-qualitatively and quantitatively on test paper strips.
Chua et al.28 synthesized the middle acceptor of six new compounds with donor-acceptor-
donor (D-A-D) configurations was bordered by two electron-rich triphenylthylenyl
moieties. It was discovered that compounds 37, 38 & 39 were sensitive to the cyanide ion's
nucleophilic attack, hence their potential as optical cyanide sensors were studied. The
primary cyanated byproducts of 37 and 39 were discovered to be aggregation-induced
emission (AIE) active and were effectively separated and thoroughly described.
Tetraphenylethene (TPE) derivatives 40 and 41 with dicyanovinyl groups were synthesized,
according to Zhang et al.®2® and they exhibit exceptional dual characteristics of
Solvatochromism and aggregation-induced emission (AIE). Both compounds have a
significant Solvatochromism effect due to the interaction between the electron-donating
TPE and the electron-accepting dicyanovinyl group. Emissions changed from blue to red by
switching the solvent from apolar to polar. Both compounds can function as colorimetric
and fluorescence sensors for the very sensitive and selective detection of CN- in aqueous
environments with the help of cetyltrimethylammonium bromide because of the AIE
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property of TPE and the nucleophilic addition of cyanide (CTAB). Low detection limit of
0.2 uM.

Hypochlorous acid (HCIO), a crucial signal molecule in the living organism, takes part in a
number of physiological procedures. Too much hypochlorous acid will result in some
oxidative harm. Tetraphenylethylene (TPE)-based organic aggregation-induced emission
luminogens (AlEgens) 42, which are fluorescent probe materials, have lately attracted a lot
of study attention. Pan et al.®” reported a water-soluble fluorescent probe 42 for the detection
of HCIO based on TPE and morpholine-thiourea compounds. The addition of morpholine
structures improved the TPE-water solubility. The polarity of the solvent has a significant
impact on the fluorescence characteristics of the 42. The fluorescent probe 42 also showed
a single identification characteristic for HCIO due to the presence of thiourea structures,
according to the cation-anion and reactive oxygen species recognition assays. the limit of
detection found for HCIO is 0.25 uM. Huang et al.®® have successfully constructed a highly
fluorescent and ratiometric nano-probe 43 for CIO- detection and imaging by utilizing the
AIE technique. This sensor has a quick fluorescence response and detect ClO™ preferentially
over other similar species. Importantly, live cell and in vivo imaging investigations
demonstrate that this nano-probe successfully detect endogenous CIO . Hypochlorite (OCI
), a reactive oxygen species (ROS), is a critical component of oxidative stress and signal
transmission, which regulates a variety of physiological activities. Furthermore, if the
residual quantity of OCI- was too high, it may be dangerous to human health to use it widely
in the treatment of food and water. Sensitive technologies used to selectively monitor OCI
in aqueous samples in situ are still currently rare and desperately required. Because of its
consistent reactive activity, boric ester or acid is regarded as a good functional group for the
detection of hydrogen peroxide. Wang et al.®*synthesized 44 a very sensitive and specific
OCI probe TPE-based on the mechanism of aggregation-induced emission has been created
in this study (AIE). Tang and his group® synthesized series of pyridinium-functionalized
tetraphenylethylene salts 45 with various alkyl chains, and the impact of chain length on
their optical properties were examined. Because of their distinctive hydrophobic properties,
the fluorogens display opposing emission behavior in aqueous conditions, and their solid-
state emission changed from green to red due to their distinctive molecular arrangement.
Further the microstructure of the self-assembled fluorogens changes from microplates to
microrods with a variety of emission colors when the chain length is increased. Also, 45

(n=1) shows dual-mode fluorescence "turn-on™ sensitivities to NOz™ and CIO4 in aqueous
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conditions because the anions drive fluorogens to self-assemble. The fluorogens also exhibit
cellular uptake selectivity, and the exact alkyl chain drives them to pass through the cell
membrane and accumulate with great specificity in the mitochondria. Liu et al.®®* TPE
derivative 46 which has been synthesized using diethylenetriamine functionalization,
interacts efficiently and specifically with pyrophosphate, leading to an intermolecular self-
assembly and FL shown turn-on emission. The cross-linking phenomena were fully
resolved, and a direct pyrophosphate analysis LOD of 66.7 nM was observed. The system's
rapid reaction to pyrophosphate enabled it to detect ALP with great sensitivity (LOD =0.09
mU mL™1). Finally, the biosensor system was effectively used in an immunoassay to replace
the traditional chromatic substrate with one that was more sensitive and stable. This finding
suggests that the novel approach may be more widely used in immunoassays for biomedical

diagnostics.
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Section I: Study of the azo-tetraphenylethylene molecule for

encapsulation and release of C60

4.2 Introduction

In the history of organic nanomaterials, the discovery of fullerene is considered as a turning
point.%+°6 C60 is a spherical framework devoid of any functional groups, making it difficult
for chemists to build its receptor. Several host molecules for C60 serve as examples of the
inventiveness of molecular architecture.®” By addressing the difficult synthesis of molecular
bowls, hoops, peapods, and various other flexible structures that undergo induced-fit around
the molecule, complementarity of the buckyball's spherical form has been accomplished.
Cycloparaphenylene acetylenes enable supramolecular complexation with fullerene
derivatives.®® It has also been claimed that platinum-based molecular cages can enclose the
C60.%° C60 and other analogues of fullerene are encapsulated by aromatic compounds such
as cycloparaphenylene rings.1°%10! |t has been shown that an aza-buckybowl-based system
works as effective receptors for C60 and C70 with a high association constant.%> Molecular
"peapods" are formed by larger aromatics, such cyclochrysenylenes. Concave bowl-shaped
molecules like corannulenes, sumanenes, and even an extended rosarin derivative have
proved successful in complementing the convex surface of the buckyball.13-10¢ Recently,
even a buckybow! with nitrogen and its construction with C60 have been reported.*?” Due
to the geometric complementarity of their concave forms to the spherical surface of the C60,
non-planar hydrocarbons like triptycene also form complexes with fullerenes.!%® The
fullerene guest was more attractive to fusion of several receptor units in a single host
molecule. For instance, it has been noted that a receptor with two corannulene units is a
"bucky-catcher" with a high binding constant.1%

The possibility of managing bucky balls and other carbon-based frameworks with greater
controls utilizing stimuli like pH, electrical or magnetic fields, electrochemical signals, and
photonic signals is made possible by stimulus-responsive supramolecular hosts for
fullerenes.'%-114 One of the most often employed stimuli is light because of its non-
invasiveness and ease of modulation through careful exposure area of focus, wavelength
adjustment, and intensity adjustment.1>11¢ Recent reports have described several light- and
redox-triggered releases of guest compounds.*’-12° In the presence of an Ag(l) ion, a
bispyridine ligand with embedded anthracene panels selectively recognized C60, and its
light-mediated release was investigated.'?® By including photochromic units in the
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supramolecular systems, it is possible to create reversible host-guest complexation and
decomplexation that is activated by light.'?> Azobenzene is a strong photo responsive
compound that may undergo considerable chemical and structural changes when exposed
to UV and visible light. Numerous biological processes have been rapidly and precisely
modulated using these photoswitches. 123138

Further experimental synthesis of photo responsive hosts is anticipated as a result of a
theoretical investigation into the host-guest interactions between C60 and a photo
responsive group host that contains nanorings.'3® Reversible binding and release of C60 are
still difficult to achieve. It is known that C60 may create stable supramolecular complexes
with a number of substances that have adaptable phenyl rings.*° Tetraphenylethene (C60-
TPE)-containing crystal structures provide evidence of non-covalent van der Waals
interactions between the two species.'*! TPE have been quite popular in recent years because
of their unusual characteristics, such as being non-luminescent in a solution state and
becoming extremely emissive upon solidification (also known as aggregation induced

emission, or AIE).34

Cycloparaphenylene (CPP) Azabuckybowl Dimers

Scheme 4.4: Previously reported some receptors for C60 and C70.

4.3 Experimental

4.3.1 Materials and Methods

All reactants and reagents were commercially available and used without further
purification. tetraphenylethelene (TPE), chloroform (CHCIz), chloroform-d (CDCls),
methanol (MeOH), dichloromethane (DCM), tetrahydrofuran (THF), NN’-
dimethylformamide (DMF) were purchased from Aldrich and used without purification
unless otherwise specified. Solvents used were purified and dried by standard methods. The

structures of the compounds were confirmed by nuclear magnetic resonance spectroscopy
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and other spectroscopic techniques. *H-NMR spectra were recorded on 300 and 400 MHz
Bruker spectrometer and 13C-NMR using 78 and 100 MHz spectrometer as CDCls solutions
(trimethylsilane as an internal standard). Chemical shifts were reported in 6 values relative
to the solvent peak. The solvents used for the spectroscopy experiments were of the
spectroscopic grades and free from any fluorescent impurities. Double distilled water was
used for the spectroscopy experiments. UV spectra were recorded with a Hitachi U-4100
UV-Vis spectrophotometer. Fluorescence measurements were carried out using a
Fluoromax-3 (Horiba Jobin Yvon). Mass data were obtained from an Acquity TM ultra-
performance LC. Mass spectra (MS) were obtained by using Bruker AutoFlex Matrix
Assisted Laser Desorption lonization (MALDI) Time of Flight (TOF)-Mass Spectrometer
(MALDI-TOF-MS). Mostly, all reactions were carried out under an inert and dry
atmosphere of nitrogen or argon.

4.3.2 Synthesis of (2-(4-bromophenyl) ethene-1, 1, 2-triyl) tribenzene 4: This compound
was prepared by following a known literature procedure.>” A solution of n-butyl-lithium in
hexane (2.5 M; 9.5 mL, 23.79 mmol) was added drop wise to a solution of 2 (4.0 g, 23.79
mmol) in dry THF (175 mL) at O °C under nitrogen atmosphere and stirred at same temp
for 2 h. Then to it was added a solution of 3 (4.88 g, 18.79 mmol) in THF (30 mL), and
resultant was stirred at RT for 10 h. Reaction completion was checked by TLC analysis.
Reaction mixture was quenched with ag. NH4CI solution and extracted with DCM (3 x 50
mL). The organic layer was dried over anhydrous MgSQs, evaporated on rotary evaporator
to give a crude alcohol intermediate. This crude intermediate was further dissolved in
toluene (50 mL), and to it was added pTSA (2 g). Resultant was then further refluxed for 16
h. Reaction mixture was cooled to RT, evaporated on rotavapour and crude residue obtained
was purified by silica gel chromatography (40—60 nm) to give compound 4 as white solid
in 81.6% yield (7.96 g). IR (cm™): 3072, 3019, 1605, 1485, 1444, 1391, 1065, 1012, 811,
753, 704. 'H NMR (400 MHz, CDCls) 6: 7.22-7.20 (d, J = 8 Hz, 2H), 7.14-7.09 (m, 9H),
7.02-7.00 (m, 6H), 6.90-6.88 (d, J = 8 Hz, 2H); 13C NMR (100 MHz, CDCls) & : 143.37,
143.28, 143.18, 142.66, 141.54, 139.59, 132.95, 131.26, 131.21, 131.19, 130.81, 127.84,
127.74, 127.65, 126.66, 126.61, 126.56, 120.40.

4.3.3 Synthesis of (4-(1, 2, 2-triphenylvinyl) phenyl) boronic acid 5:This compound was

prepared by following a known literature procedure.'? To a stirred solution of 4 (4.11 g,
9.997 mmol) in anhydrous THF (80 mL) was added 2.5 M solution of nBuL.i in hexane (4.8
mL, 11.99 mmol) at -78 °C and stirred at same temp for 3 h. Then, trimethyl borate (2.28
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mL, 19.99 mmol) was added at -78 °C and resultant was allowed to warm at room
temperature for 16 h. Reaction completion was checked by TLC analysis. After completion,
reaction was quenched by adding conc. HCI and water and then extracted with DCM (3 X
30 mL). Organic layer was separated, dried over MgSO4 and evaporated to get crude residue
which was then purified by flash column chromatography to afford 5 as white solid in 75.6%
yield (2.85 g). IR (cm™): 3055, 3019, 1600, 1489, 1445, 1244, 1070, 1030, 758, 691, 624.
'H NMR (400 MHz, CDCls) &: 7.32-7.30(d, J=8 Hz, 2H), 7.10-7.03(m, 17H), 1.25(s, 2H).
13C NMR (100 MHz, CDCls) 143.74, 142.73, 141.04, 140.53, 138.23, 131.75, 131.40,
131.34, 127.76, 127.66, 127.63, 126.46, 126.41, 125.89.

4.3.4 Synthesis of 1, 2-bis (4-bromophenyl) diazene 7:This compound was prepared by
following a known literature procedure.**® A finely grinded mixture of KMnO4 (2.9 g, 18.38
mmol) and CuS04.5H,0 (2.93 g, 18.38 mmol) was added to a stirred solution of 6 (1 g, 13.7
mmol) in degassed DCM (80 mL) and stirred at room temperature for 3-days. After
completion, reaction mixture was filtered through celite bed and the residue washed with
excess of DCM. Filtrate was evaporated to complete dryness to obtain the crude product.
which was further purified by column chromatography to afford 7 as an orange solid in 91.9
% yield (1.81 g). IR (cm™): 3090, 2920, 1569, 1467, 1396, 1056, 999, 829. *H NMR (400
MHz, CDCIs) 8:7.79 (d, J= 8Hz, 4H), 7.60(4H),*C NMR (100 MHz, CDCls)
0:151.15,132.42, 127.25, 125.78, 123.92.

4.3.5 Synthesis of 1, 2-bis (4'-(1, 2, 2-triphenylvinyl)-[1, 1'-biphenyl]-4-yl) diazene 1:
To a stirred solution of 7 (0.15 g, 0.441 mmol) in degassed 1,2-dimethoxyethane (10 mL)
was added 5 (0.497 g, 1.323 mmol), 2M NaCOs solution (3 mL) and resultant was degassed
for 15 min using nitrogen atmosphere. Then to it was added Pd(PPhs)s (0.025 g, 0.022
mmol) and again degassed for 10 min. Resultant suspension was allowed to heat at 100 °C
for 24 h. Reaction completion was confirmed by TLC analysis. After completion, solvent
was evaporated to complete dryness and obtained crude product, which was purified by
flash column chromatography (40-60 nm) to afford 1 as an orange colour solid in 69.5%
yield (0.26 g). *H NMR (300 MHz, CDCls) & (ppm): 7.87 (d, J = 8.6 Hz, 4H), 7.58 (d, J =
8.6 Hz, 4H), 7.32 (t, J = 7.4 Hz, 4H), 7.12 — 6.92 (m, 34H); 13C NMR (78 MHz, CDCls) &
(ppm): 151.78, 143.60 143.14, 141.41, 140.38, 137.79, 131.93, 131.38, 127.67, 126.58,
126.28, 123.34, 77.68, 76.83, 76.59; MALDI-TOF: for CesHssN2 calculated [M*]:
842.3661; found: 843.3721 [M+1]*.
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4.3.6 Photoisomerization studies

Photoisomerization experiments of azobenzene-TPE 1 were carried out in CSz. By exposing
the sample to 254 nm UV light (8W, sample put 12 cm from the source) under ice-cold
conditions, the E to Z photoisomerization of compound 1 was observed (0 °C). Exposure to
visible light (more than 400 nm, 200W, and 14 cm) caused the reverse isomerization (Z to
E). The isomerization of the targeted molecule was examined by UV-Vis. absorption

spectroscopy, fluorescence spectroscopy, and *H NMR spectroscopy.

4.3.7 Binding studies with C60

For absorption and emission study, stock solutions of compound 1 (1.0 mM) and C60 (1.0
mM) were prepared in CHCIz and CSy, respectively, Increasing quantities of C60 in CS>
were added to 6 uM solutions of 1 in both E and Z forms for all tests. By examining the
alteration in the UV-Vis. absorption spectra, fluorescence spectra, and NMR spectra, the

binding of C60 with both the E and Z forms was investigated.

4.3.8 Molecular modeling
The Gaussian 09 software package was used to perform density functional theory (DFT)

calculations without taking dispersion interactions in the gas phase into account.

4.4 Result and Discussion

4.4.1 Synthesis of azobenzene-TPE 1

Azobenzene-TPE1 (Scheme 4.5)was synthesized by reacting 1,2-bis(4-
bromophenyl)diazene with 3 equivalents of (4-(1,2,2-triphenylvinyl)phenyl)boronic acid in
degassed mixture of 1,2 dimethoxyethane (DME) and2 M Na;COs using
tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)s) as a catalyst. The mixture was
refluxed at 100 °C for 24 h to yield 1 in 69.5%.
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4.4.2 Characterization of compound 1 by IR, NMR and Mass spectroscopy
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Figure 4.3: FT-IR spectrum of (2-(4-bromophenyl) ethene-1, 1, 2-triyl) tribenzene 4
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Figure 4.4: 'H NMR spectrum of (2-(4-bromophenyl) ethene-1, 1, 2-triyl) tribenzene 4
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Figure 4.5: 13C NMR spectrum of (2-(4-bromophenyl) ethene-1, 1, 2-triyl) tribenzene 4
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Figure 4.8: 13C NMR spectrum of (4-(1, 2, 2-triphenylvinyl) phenyl) boronic acid 5
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Figure 4.9: FT-IR spectrum of 1, 2-bis (4-bromophenyl) diazene 7
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Figure 4.10: *H NMR spectrum of 1, 2-bis (4-bromophenyl) diazene 7
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Figure 4.11: 13C NMR spectrum of 1, 2-bis (4-bromophenyl) diazene 7
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Figure 4.13: 3C NMR spectrum of azobenzene-TPE 1
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Figure 4.14: MALDI-TOF HRMS spectrum of azobenzene-TPE 1

4.4.3 Crystal structure of azobenzene-TPE 1

A gradual diffusion of CH>ClI> solution was used to produce single crystals of azobenzene-
TPE 1. A SuperNova, Dual, Cu at zero, Eos diffractometer was used to obtain crystal data
using graphite monochromated Mo K, radiation (A= 0.71073 A). The crystal was kept at
100.00 K during data collection. Using Olex2,'#*the structure was solved with the ShelXs4®
structure solution program using direct methods and refined with the Shel XL refinement
package using the least square minimization. All hydrogen atoms were added according to
the riding model. Crystallographic parameters for azobenzene-TPE 1 were included in
Table 4.1 The selected bond lengths and bond angles of azobenzene-TPE 1 comprised in

Table 4.2 and Table 4.3 respectively.

Figure 4.15: ORTEP diagram of 1 (thermal ellipsoid plot with 50% probability).
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Figure 4.16: Crystal structure of 1.

Table 4.1: Crystallographic parameters for 1.

Empirical formula C128 Hos N4
F.W. 1690.09
Crystal system Monoclinic
Space group P2,
a(A) 9.7559(7)
b(A) 9.2557(3)
c(R) 59.868(2)
a(®) 90
B(°) 93.802(5)
v(°) 90
V. AS 5394.1(5)
7 2
2 A 0.71073
Pecalc, mg/mm3 1.040
Crystal size, mm? 0.39 x 0.26 x 0.13
T, K 100
w, mm-d 0.06
F(000) 2006
20 range for data collection 4.0-54.4°
|ndeX ranges -12§h§ 12, -12§k§5, '28§1§79
Reflections collected 15644
Independent reflections 15644[R(int) = 0.047]
Data/restraints/parameters 15644/5/566
Final R indexes [I>=20c (I)] R1=0.091, wR2 = 0.212
GOF 1.355
Largest diff. peak/hole / e A3 0.70,-0.70
W 1/[c?(Fe?) + (0.2P)?]
where P = (Fo? + 2F?)/3
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Table 4.2: Selected bond lengths (A) of 1

Cl4  C34 1.366 (7) | C31 N1 1.478 (8)

C28  Cl12 1.49 (7) | N1 N2 1.187 (11)

Table 4.3: Selected bond angles (deg) of 1

c3 C2 cC1 1200 | C30 C31 N1 119.9 (6)
cC2 Cl cCl14 1195@3)| N1 N2 C39 115.8 (7)
Cl00 cu4 c1 1156 (4) | C34 C14 c1 121.8 (5)

4.4.4 Photoisomerization study of 1 by UV-Vis. and PL spectroscopy

The forward and backward reactions of the molecule 1 display E-Z photochromism, which
is entirely reversible upon exposure to UV and visible light, respectively. The E isomer can
be converted to the Z isomer as demonstrated in Figure 4.17a by selectively excitation of
the n-7* band under 254 nm light. This phenomenon may be seen with the naked eye when
exposed to 254 nm light (Fig. 4.17b). The band at 400 nm, which has a molar extinction ()
of ~1.04x10° M~tcm™) grows wide by the exposure of 254 nm UV radiation, and its
intensity increases with exposure timeframe. The n-n* transition of the Z isomer, which
intensifies with the 254 nm radiation, results in a new broad peak at 550 nm (¢ = ~9.8x10°
M~ cm™). During the Photoisomerization reaction, a visible change in color was observed
where, the yellow color of E isomer has changed to intense orange color of Z isomer.(Fig.
4.17c). A first order kinetics with a rate constant of 6.6x102 m™* was used to analyse the E
to Z conversion using *H NMR spectroscopy. Using visible light and a 400 nm cutoff filter,
the reverse Z-E conversion process was accomplished. The conversion obtained using the
NMR techniques has a rate constant of 8.3x10 m™. In addition, the E-1 fluorescence
spectra at Aex = 405 nm showed a wide band with two peaks at 440 and 470 nm (®r = 0.01)
and a shoulder at ~550 nm. However, the fluorescence intensity of the Z isomer was less
intense (®r = 0.004) with a single band at 480 nm (Figure 4.17d).
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Figure 4.17: Photoisomerization studies of 1, a) chemical illustration of E-Z isomerization
of the molecule 1. b) Naked eye visualisation of E-Z isomers. ¢) The changes in absorption
spectra of the E to Z isomerization of the molecule 1 (6 uM) in CS,. d) Fluorescence spectra
of the azobenzene-TPE 1 in both E and Z forms.

4.4.5 Photoisomerization study of 1 by 'H NMR

'H spectroscopy was used to monitor the E-Z isomerization of 1 when it was exposed to 254
nm light using CS as the solvent and a little quantity of CDClIs to lock the instrument. The
azobenzene moiety of the E-isomer of molecule 1 has shown the characteristic signals at
7.87 (Ha), 7.58 (Hp), and 7.32. (Hc). When exposed to 254 nm UV radiation, the 'H
resonances underwent conversion to the Z-isomer, which resulted in protons appearing at
7.34 (H¢), 7.19 (Hy’), and 6.83 (Ha’) Hz, respectively (Fig. 4.18). Due to the existence of
overlapping multiplets, the TPE protons appeared as multiplets and the change in the *H
NMR spectra could not be used to identify them. The composition exposed to radiation in
the NMR tube equaled the ratio of the Z to E isomer by around 3:1.
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Figure 4.18: *H NMR spectra of E to Z isomerization of the molecule 1.

4.4.6 Light triggered encapsulation of C60

The immediate shift in the absorption spectra upon the addition of C60 to Z-1 revealed the
formation of Z-1.C60. The spectra reveal an increase in the peak at 540 nm in the presence
of C60, in addition to the clear visual change in the solution Z-1 with C60 following mixing
(Figure. 4.19b). The interaction between the molecule 1 Z form and C60 is shown by an
increase in the absorbance band in the range >470 nm. The chemical representation shown
in Figure 4.19a. However, with E-1, similar alterations were not noticed (Fig. 4.19c¢). In the
presence of C60, a new band at 725 nm was seen in fluorescence spectra (Fig. 4.19d & e).
In addition, it was discovered that the intensity of Z-1 initial fluorescence band and its
shoulder at 520 nm had decreased. An association with 1:1 stoichiometry of the host 1 and
guest C60 was clearly shown in a plot of continuous variation (Job's plot, Figure. 4.20)
measured at 460 nm. From the emission data, the binding constant of C60 with Z-1 and E-
1 have both been calculated. As expected, 4.02x10* M was determined to be the
association constant(Figure. 4.21) between C60 and Z-1, whereas 1.76x10° M* was found
to be the binding constant between E-1 and C60. Employing *C NMR spectroscopy, the
interaction between Z-1 and C60 was also clearly visible (Figure. 4.19g). The peak of the
C60 at 143.0 ppm underwent an upfield shift to 142.9 ppm upon addition of C60 to Z-1 in
CDCls and CSz (1:10, v/v) due to the encapsulation inside the aromatic rings of Z-1. The
shift of the host's 13C resonance also revealed the binding site associated with the formation
of the Z-1 and C60 host-guest complexes, respectively. Importantly, a sample containing Z-
1.C60 shown by MALDI-TOF MS revealed the existence of a species that closely fits the
predicted isotopic pattern (Figure. 4.19h).

The interactions between the receptor and fullerene were clearly visible in a three-
dimensional model of the system created by computer modelling utilising DFT calculations
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at the B3LYP level. In the aromatic cavity of the Z-1 form, the C60 molecule fits exactly.
The supramolecular structure was formed in such a way that phenyl rings few of the

molecule's puckered around to perfectly compliment the C60’s shape (Fig. 4.22).
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Figure 4.19: Encapsulation and release of C60 by the Z form of the molecule. a structural
illustration of host-guest complex and release of guest. b, ¢ Absorbance spectra of the
molecule 1 (6 pM) in Z forms with Ceo and E form with C60 (6 uM) in CSy, respectively.
d, e Fluorescence spectra of the molecule 1 (6 uM) in Z forms with C60. f E form with C60
(0 to 24 uM) in CSy, respectively. g Changes in 13C NMR spectra of Cgo in presence and in
absence of Z-isomer of the molecule 1. h The MALDI-TOF MS of a sample containing Z-
1.Ceo indicated the presence of the species perfecly matches well with the calculated isotopic
pattern. Changes in (i) UV-Vis spectra and (j) fluorescence spectra of Z form of the molecule
1 with Cgo under the exposure of visible light in CSz, which clearly shows release of Ceo

from Z form i.e. converting Z to E isomer with excitation at Amax >490 nm.
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Figure 4.20: The Job’s plot of the molecule 1 in Z form in CSo.
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Figure 4.21: Stern-Volmer plots of the compound in E-1 and Z-1 form and C60 association.

Figure 4.22: Molecular modeling studies of the encapsulation of C60 with the Z form of the

molecule 1.
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4.4.7 Light-triggered release of C60 from the Z form of the molecule 1

Once the Z form of molecule 1 was exposed to visible light at a wavelength more than 490
nm while being in the presence of C60, the broad characteristic charge transfer band in the
area above 470 nm gradually decreased (Fig. 4.19i). The band at >700 nm also eventually
disappeared in fluorescence spectra (Fig. 4.19j). The UV-Vis spectra showed that the
azobenzene unit was nearly quantitatively converted to the E form. This was verified by
comparing the spectra (Fig. 4.19c) to the one produced by adding C60 to the pure E form of
1, and by Z-1 and C60 spectroscopic investigations, which also suggested the formation of
a host-guest complex between the two. In the presence of visible light, the encapsulated
guest molecule (C60) is released. The encapsulation and release of C60 by the Z form of the
molecule is further demonstrated by the sharp changes in the NMR spectra. The Z form of
molecule 1 was used in the *H NMR investigation along with one equivalent of C60 in CS..
The modifications in the *C NMR were obvious, even though they were less pronounced
in the 'H NMR (Fig. 4.23) except from the somewhat lessened peaks at 7.34, 7.19, and 6.83.
There, the C60 peak at 143.0 ppm moved upfield to 142.9 ppm (Fig. 4.199). Under the
impact of visible light, this transformation was reversible. This is expected because the C60
undergoes a shielding effect after being encapsulated by the host TPE groups in Z form,
which causes an upfield shift to the C60 nuclei. The earlier absorption spectroscopy

observation of this shift was reversible under the influence of visible light.

T T T T T T
7.2 7.1 7.0 6.9 6.8 6.7

Figure 4.23: 'H NMR spectra of Z form of the molecule 1 with C60 in CDCIs/CS; (1: 10).
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4.5 Conclusion

A TPE-based azobenzene-TPE 1 is photoswitchable molecule has been synthesized and
characterized with the help of different spectroscopic methods. The E-Z isomerization of
compound 1 results in a structural alteration that may allow a complementary pocket to
develop, which might house a C60 visitor molecule. With both the E and Z isomers of 1 and
the C60 molecule, host-guest interactions have been studied using various spectroscopic
techniques. It was found that the Z-1.C60 association was stronger than the interaction
between the E-1.C60 isomer. When the system is exposed to light of higher wavelength
(more than 490 nm), the Z-1 form converted into the E-1 form and weakened the host-guest
binding. As a result, the Z-1.C60 association can be destroyed. The construction of the host
system is highly stimuli responsive and can be exploited for light-induced association and

dissociation of a C60 molecule and can be demonstrated by this study.4’
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Section I1: Study of tetraphenylethylene cyclic urea molecule
for fluoride ion sensing
4.6 Introduction

Anion sensing has become a highly difficult and significant problem in a range of recent
decades, including biological, medicinal, and environmental sciences.®? The optical
signaling unit of many chemosensors, such as those made of urea, 3 thiourea, &’ amides,?
phenols,®1? pyrroles,!* dipyrrolyl-bis-sulphonamide,*? imidazolium salt, triazole, azide,*
and quinoxaline* subunits, is covalently associated (or bonded) to a neutral receptor. These
groups offer one or more donor sites for H-bonding, which are commonly used to sense
anions like F, AcO-, H.POy, etc. However, the basicity of the anion and the H-bonding
moieties have a characteristics significant impact on the sensor's selectivity. Fluoride anions
(F) are particularly significant since they are essential in preventing tooth decay and treating
osteoporosis.t>1® Therefore, it is important to develop a perfect novel strategies for the
selective detection of F~ions. Depending on the intrinsic acidity of the H-bond donor group
of the artificial receptor, fluoride ions make strong H-bonds with the NH or OH fragments
of the receptor, which may result in proton transfer processes.t’1° This is applicable for
amide-, phenol-, and urea-based receptors with electron-withdrawing substituents,
respectively. However, a significant difference in the optical characteristics of the
chemosensor in the presence and absence of ions should be visible, either with the naked
eye or under UV irradiation.

Ben Zhong Tang and his group designed and synthesized blue AlEgen using TPE 8, which
is also used to build organic light-emitting diodes and fluorine ion sensors. A blue emissive
TPE derivative 8 with a high quantum yield of 64% in solid film with dimesitylboryl and
fluorine groups that also demonstrate notable AIE characteristics and strong thermal
stability.?° Jiang et al.?* developed the TPE derivative 9 (a tetraphenylethylene derivative
with a pyridinium pendant and pyridinium moiety rendered MOTIPS-TPE), which had a
modest emission in PBS due to its solubility in water. The triisopropylsilyl group in 9 was
encouraged to cleave by the fluoride ion, and this was followed by the removal of the p-
quinone-methide-generated deported TPE derivative with weak water solubility. Triggering
the fluorescence to turn on toward the fluoride ion. Based on a TPE derivative 10, Atlgan
and his group? proposed a fluoride ion sensor in aqueous environment. Tetraphenylethylene

and the pyridinium group fused together produce 10. This article described a new method
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for detecting fluoride ions using TPE-salt 10.
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Scheme 4.6: Previously reported molecules for fluoride ion detection.

From straightforward synthetic starting materials, Kunchala?® et al. and his coworkers
rationally developed and produced a new ESIPT-based ratiometric fluorescence sensor.
When the fluoride ions were added, the non-ESIPT chromophore probe 11, which had
previously produced normal Stokes shifted emission (386 nm), was transformed into the
ESIPT chromophore deprotected -OH group, which produces significant Stoke's shifted
emission (473 nm). Due to the great affinity of silicon towards fluoride ions, the probe 11
demonstrates high fluoride ion selectivity over a number of other anions, which were
significant. In order to produce the AlE-active 2-(2’-hydroxyphenyl)benzothiazole (HBT)
product, Man et al.?* devised a fluorescence sensor 12 that takes use of the desired properties
of the dimethylphosphinothionyl group as a fluoride triggering-based cleavable group. The
HBT moiety's excited state intramolecular proton transfer (ESIPT) is prevented by the
probe's design. The recovery of the ESIPT is achieved by removing a free HBT moiety by
hydrolysis as a result of fluoride ion chemodosimetric approach to the probe.

Due to its aggregation induced emissive (AIE) behaviour?® and absence of alternative
chromophores, such as naphthalene diimide, porphyrin, etc., are frequently employed for
sensing applications,?%2226  tetraphenylethylene (TPE) has lately been exploited as a
versatile luminophores. The study's AlE-active receptors may be employed to detect
fluoride ions with the naked eye. Since other receptors often only exhibit one of the two
signaling qualities, the impact of selective fluoride binding may also be seen with the naked
eye and optical devices. 121819
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4.7 Experimental

4.7.1 Materials and Methods

'H-NMR spectra were recorded on 400 MHz Bruker spectrometer and 3C-NMR using 100
MHz spectrometer as DMSO-ds or CDCls solutions (trimethylsilane as an internal standard).
Mass spectral data were obtained using the positive ion electrospray ionization (ESI-MS)
technique on an Agilent Technologies 1100 Series (Agilent Chemistation Software) mass
spectrometer. High-resolution mass spectra (HRMS) were obtained by electrospray
ionization quadrupole time-of-flight mass spectrometry (ESI-QTOF-MS). IR spectra were
recorded on a Perkin Elmer FT-IR 400 spectrometer. UV-Vis absorption spectra were
recorded by UV-Vis-1800 Shimadzu spectrophotometer and fluorescence emission

measured on RF-6000 (Shimadzu, Japan) spectrofluorophotometer.

4.7.2 Synthesis of N, N'-di-(tert-butoxycarbonyl)-3,4-diaminobenzo phenone 3

This compound was prepared following a literature procedure.’® Typically, to a stirred
solution of guanidine hydrochloride (Gu.HCI, 0.27 g, 15 mmol %) in 20 mL ethanol was
added  di-tert-butyl  dicarbonate (13 mL, 56.52 mmol) and (3,4-
diaminophenyl)(phenyl)methanone 2 (4.0 g, 18.86 mmol). The reaction was monitored by
thin layer chromatography (TLC) and upon completion, the solvent was removed by
evaporation, residue was dissolved in 100 mL dichloromethane (DCM) and washed with
water (2x30 mL). After separation and evaporation of the DCM, a light-yellow solid of 3
was obtained (6.5 g, yield 86%). Spectroscopic characterization of 3 perfectly matched with
the reported in the literature.'® M.P.: 137-138 °C, IR (cm™): 3303, 2983, 2938, 1730, 1703,
1641, 1516, 1244, 1145, 713. 'H NMR (400 MHz, CDCls) & ppm: 7.82 (br, s, 1H), 7.80 (d,
J=8.39 Hz, 1H), 7.72 (d, J = 7.61 Hz, 2H), 7.68 (t, J = 7.62 Hz, 2H), 7.56 (t, J = 7.61 Hz,
1H), 7.47 (dd, J = 8.4, 2 Hz, 1H), 7.19 (br. s, NH), 6.39 (br. s, NH), 1.45 (s, 9H), 1.43 (s,
9H). $3C NMR (100 MHz, CDCls) & ppm: 195.33, 154.25, 152.96, 137.61, 132.29, 129.92,
128.26, 81.46, 81.23, 28.24, 28.20.

4.7.3 Synthesis of 5-(1,2,2-triphenylvinyl)-1H-benzo[d]imidazol-2(3H)-one 1

Under an argon atmosphere, n-BuLi (1.6 M in hexane, 7.4 mL, 11.9 mmol) was added
dropwise to a solution of diphenylmethane 4 (1.0 g, 5.95 mmol) in dry THF (50 mL) cooled
to 0 °C. After stirring for 2 h at this temperature, N,N'-di-(tert-butoxycarbonyl)-3,4-
diaminobenzophenone 3 (2.0 g, 4.51 mmol) in 8 mL of dry THF was added and the mixture

was allowed slowly to warm at room temperature. The reaction was monitored by TLC and
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quenched with 20 mL aqueous NH4ClI solution after completion of the reaction.. Compound
was extracted with DCM (3x25 mL), the solvent was removed by evaporation to give
quantitative yield of compound 5. Compound 5 (as received) was dissolved in toluene (20
mL), p-toluenesufonic acid (p-TSA, 0.8 g) was added and heated to 110 °C for 16 hr. The
reaction was monitored by TLC and after complete conversion evaporated solvent to obtain
crude product 6, which was used in the next step without purification. The reaction mixture
was dissolved in 10 mL DCM and added 1 mL trifluoroacetic acid dropwise at room
temperature to produce 1.13 g of compound 1 (overall yield 60%). M.P. = 144 °C, *H NMR
(400 MHz, DMSO-ds) 6 ppm: 7.05-7.13 (m, 9H), 6.92-6.96 (m, 6H), 6.68-6.70 (d, J = 6.48
Hz, 1H), 6.52-6.58 (m, 2H), 10.47 (s, 1H, N-H), 10.60 (s, 1H, N-H); 3C NMR (100 MHz,
DMSO-ds): & ppm:155.89, 144.05, 143.97, 143.89, 141.35, 140.18, 136.37, 131.09, 130.98,
129.54, 128.60, 128.30, 128.26, 128.23, 126.95, 126.85, 124.24, 111.39, 108.54; IR (cm):
3641, 3125, 1711, 1602, 1508; MS-TOF Chemical Formula: C27H20N2NaO, Exact Mass
(cal.) : 411.1473, (Obs.): 411.3445. Anal. Calcd. For C27H20N20 C, 83.48; H, 5.19; N, 7.21;
Found: C, 83.29; H, 5.21; N, 7.31.

4.7.4 UV-Vis absorption spectroscopy

The probe 1 (20 uM) was prepared in DMSO corresponding to the maximum of UV-Vis
absorbance in range ~0.4 for the experiments. The solution of the probe was placed in a
quartz cuvette (I = 1 cm, Vo = 2 mL), and the various anions were added. All the UV-Vis
measurements were performed at room temperature.

4.7.5 Fluorescence spectroscopy

For fluorescence emission studies, the molecule 1 was excited at 330 nm. The anion was
added to a solution of probe 1 (20 uM) in DMSO. Emission spectra were recorded at room
temperature, for each successful addition of anion. (slit width =5 mm)

4.7.6 'H NMR spectroscopic experiments

Compound 1 (10 mg) was dissolved in DMSO-ds (0.4 mL) and the *H NMR spectrum was
recorded. Thereafter, 1, 2, 3, 4 and 5 equiv. of fluoride (as its TBA salt prepared in DMSO-

ds) were added to separate solutions of 1 and the *H NMR spectrum recorded.

4.8 Result and Discussion

4.8.1 Synthesis of 5-(1,2,2-triphenylvinyl)-1H-benzo[d]imidazol-2(3H)-one 1

A straightforward and uncomplicated chemosensor has been successfully synthesized by
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utilizing cyclic urea as a proton-transfer signaling unit for the selective detection of Frions.
While attempting the synthesis of diamino-TPE 7 for possible purposes, the cyclic urea was
accidentally discovered (scheme 4.7). The partly deprotected TPE derivative 6 was
produced when lithium diphenylmethanide is combined with N,N'-di-(tert-butoxycarbonyl)-
3,4-diamino benzophenone in presence of p-toluenesulfonic acid (p-TSA). Further when
compound 6 was reacted with trifluoroacetic acid to complete the deprotection process, the
anticipated diamino-TPE compound 7, rather than the cyclic urea compound 1, was
produced instead.

: Ve
Boc- anhydrlde
OH
O O GuHCl EtOH, O O —> H
NH, rt,4h NHBoc n-BuLi, (1.5M in O O

NH, NHBoc hexane) dry THF,
2 3 0°C—rt, 10 h 5 NHBoc

O O p-TSA, toluene,
>< reflux, 16 h

NH,

’ g g
Expected [FA, DCM,
rt, 12 h O O

| 6

SASW
. HN~§)

Obtained

A

A

Scheme 4.7: Synthesis of the tetraphenylethylene-cyclic urea 1.
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4.8.2 Characterization of Synthesized compounds by IR, NMR and Mass spectroscopy
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Figure 4.24: FT-IR of N, N'-di-(tert-Butoxycarbonyl)-3,4-diaminobenzophenone 3
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Figure 4.25: 'H NMR spectrum of N, N'-di-(tert-Butoxycarbonyl)-3,4-
diaminobenzophenone 3
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Figure 4.26: 13C NMR of N, N'-di-(tert-Butoxycarbonyl)-3,4-diaminobenzophenone 3
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Figure 4.27: FT-IR of 5-(1,2,2-triphenylvinyl)-1H-benzo[d]imidazol-2(3H)-one 1
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Figure 4.28: 'H NMR of 5-(1,2,2-triphenylvinyl)-1H-benzo[d]imidazol-2(3H)-one 1
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Figure 4.29: 13C NMR of 5-(1,2,2-triphenylvinyl)-1H-benzo[d]imidazol-2(3H)-one 1
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Figure 4.30: MS-TOF of 5-(1,2,2-triphenylvinyl)-1H-benzo[d]imidazol-2(3H)-one 1

4.8.3. Mechanochromic and AIE studies of synthesized molecule 1

Compound 1 also exhibits mechanochromic luminescence with variety of colors. When 1
was in powder form, UV irradiation (365 nm) produced a sky-blue fluorescence that, after
being ground with a pestle, changed to a bluish-green color. Fascinatingly, when the
grounded mixture was fumed with the vapor of a polar solvent such methanol, as illustrated

in figure 4.31, the original sky-blue colored fluorescence of 1 was regained.

Powder

Grinding

Figure 4.31: Fluorescence color changes of 1 upon grinding and fuming with methanol

vapor. Images taken under UV excitation at 365 nm

4.8.4. Optical properties

Basically, receptor 1 is non-emissive in THF solution but after of addition of water resulted
"turned on" in fluorescence. Therefore, Solvatochromism characteristics of receptor 1 were
assessed at different water fractions (fw). Molecule 1 is non-fluorescent at the initial water
fractions from 10 to 70%, but intriguingly, it was shown to be quite emissive (Amax 450 nm)
at fw = 80% (Figure 4.32a).
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However, when f, was raised to 99%, an emission at 465 nm with a 15 nm red-shift ensued,
which is an improvement of 73 times over fw = 0%. When estimated using Rhodamine B as
a standard with ®r = 70% in ethanol, the quantum yield (®¢) of 1 in pure THF solution was
0.05%, which was increased 22-fold to 1.98 and 6.65% with f, = 90 and 99%, respectively.
Receptor 1 has lower solubility and exhibited enhanced molecular self-assembly with
gradual increase in water fractions. This provided clear evidence for AIE activites of
molecule 1(Figure. 4.32b & c). Figure 4.32c illustrates how the AlE-activity of 1 may be
observed with the naked eye at 365 nm when exposed to UV radiation. It is important to
note that Receptor 1 partly aggregates in DMSO and emits fluorescence (® = 1.3%) which
is equivalent to the emission generated by 90% water in THF. Molecule 1 is hon-emissive
in THF (® = 0.05%) due to its high solubility (Figure. 4.32a),because TPE and its
derivatives are highly emissive in polar solvents, and the fluorescence emission intensity
increases with increasing solvent polarity. This compound was found to be more emissive
in DMSO than THF due to the relative polarity of DMSO being (0.444), which was found
to be twice that of THF (0.207). The outcomes are comparable to those reported by Chen et
al., who found that TPE derivatives fluoresced more strongly in DMSO than they did in
DCM, ether, acetone, or DMF, respectively.?’

a) 600 N b)
~ 500 4 \\ | ) {1
5 i / \ Lo '% 'iﬂﬂ*h!ﬁ if 20 W
~ = 1 999, T i \ Tl =3 | 1 1 B v i
B z 99% Water in THF . i Lol E_ E _ s i
2300— / t \ S —
2 | / \ 0 10 20 30 40 50 60 70 80 90 99
= 200 / THF \
/ .
100 B ol g \\
B S ———— S
0 1 T —T 1
400 450 500 550

W
0
o

Wavelength (nm)

Figure 4.32: a) Fluorescence emission spectra of 1 (30 uM, Aex = 330 nm), after addition of
water fraction 0-99% v/v in THF. Naked eye color changes of 1 (30 uM) after addition of
water fraction 0-99% v/v in THF: b) under ambient light and c¢) under UV irradiation (365

nm)

Start by diluting 1 (20 uM) DMSO solutions with 5 equivalents of different anions. Figure
4.33a demonstrates that only the presence of the F-ion had a notable effect on receptor 1,
causing the change in color of the solution colorless to yellow-green. None of the other
anions examined had a discernible impact on the solution appearance. It is known that TPE
is a AlE-active luminophores which can be observed under UV light (365 nm). Our TPE
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based receptor 1 resulted decrease in fluorescence emission in the presence of F- whereas
the other anions did not exhibit any impact (Fig. 4.33b).

CN- AcOr NOs- HxPOs HSOs~ T &) § F- 1

Figure 4.33: Solutions of 1 (20 uM) in DMSO upon addition of 5 equiv. of CN-, AcOr,
NOgz’, H2POgs, HSO4, I, Cl, F, and only 1 without any anions: a) under ambient light and
b) under UV light 365 nm.

Since, it was found that 1 was not highly soluble in several popular organic solvents, such
as CHCIs, CH2Cl> and CH3CN, DMSO was chosen for further investigation. During the
process of analyzing receptor 1, rapid color change was observed on addition of fluoride
ions, these interesting results led us to carry out its further study Several anions were used
in the form of their tetrabutylammonium (AcO-, NOs", H2PO4, HSO4, I, ClI- and F) or

tetraethylammonium (CN") salts for the anion-detection studies of chemosensor 1.

4.8.5. UV-Vis absorption and H-NMR titration

The qualitative analysis for sensing properties of receptor 1 were demonstrated with UV-
Vis absorption spectroscopy. Figure 4.34a represents the UV-Vis absorption spectra of a
20 uM solution of receptor 1 in DMSO, which typically showed a very high absorption band
at 330 nm. Even at high concentrations of anion, the UV-Vis absorption spectra of 1 in the
presence of CN-, AcO", NOz", HoPO4, HSOy', I and CI- (as its TBA salts, with the exception
of CN-employed as TEA salt) did not show observable differences (up to 100 equiv.) A

band at 385 nm and a new peak at 290 nm (presumably connected to intermolecular
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hydrogen bond interactions) were first seen in the spectra of 1 following the addition of 5
equiv. of F- ion, which is an important red-shift of 55 nm for the peak maxima (as its TBA
salt). The titration experiments were performed with recording UV-Vis. absorption spectra,
to study the interaction of 1 (20 uM) in DMSO with the fluoride ion (Fig 4.34b). It can be
observed that the absorbance of maximum absorption band was gradually decreasing with
successive addition of fluoride ions from 0 to 2.0 equivalents and started reaching to
maximum with increasing addition of F-, ranging from 2.5 to 5.0 equivalents. At the same
time new band was appearing at wavelength of 385 nm during addition of fluoride ions. .
Accordingly, we proposed at first, the F ions bind to receptor 1 and disrupt the
intermolecular H-bonding between nearby molecules. The band at 385 nm achieves a peak
with a distinct isosbestic point at 355 nm upon subsequent addition of F~ ions, resulted in
the appearance of new band at 385 nm. Similarly, PMR spectroscopic titrations were carried
out in DMSO-ds solvent for verification of complex formation of receptor 1 with F ions.
The two N-H protons of receptor 1 appeared at 10.52 and 10.61 ppm, as illustrated in Figure
4.34c. The resonance peaks observed to be broadened and became less powerful with the
addition of 2.0 equiv. of F- ions, but continuous addition up to 5.0 equivalents resulted entire
diminishing of N-H proton peaks

These results are in agreement with the UV-Vis absorption spectroscopic data wherein, the
first equivalent of F-ion forms H-bond with the N-H group in 1-Furtheraddition of fluoride
ions results in two hydrogen bifluoride ions forming complex with 1. This proves that the
formation of hydrogen bifluoride ion, [FHF]". In Addition to this broadening of the peaks
and absence of the N-H resonances was observed with the appearance of a new broad peak
at 16.46(Fig. 4.35).28:2°
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Figure 4.34: a) UV-Vis spectra of 1 (20 uM) in DMSO and addition of 5 equi. of various
anions, such as CN-, AcO", NOs, H2PO47, HSO4, I, CI- and F (as their TBA salts except
for CN-, which was a TEA salt). b) UV-Vis spectra of 1 (20 uM) in DMSO with gradual
addition of 0-5 equiv. of fluoride ion and, ¢) *H NMR spectra of 1 in DMSO-dswith
successive addition of 0 to 5 equi. of fluoride ions, respectively.

a) 1+ 5 equiv. TBAF + MeOD b)
F-H-F 1+ 5 equiv. TBAF

1 N-H of urea
1%

f T T T T T T T T
16 15 14 13 12 11 10

9
ppm
Figure 4.35: a) 'H NMR signals (400 MHz) of 1 in DMSO-ds without addition of

tetrabutylammonium fluoride (TBAF) (bottom) and with TBAF (middle) and upon addition

of methanol (top) and b) shows respective images of NMR tube as: a) only compound 1 (30
um) in DMSO-de, b) with addition of TBAF (5 equiv.) and c)with addition of MeOD,

respectively.

The development of the hydrogen-bonding complex of the fluoride ion with urea, i.e. HF2,

was linked to the elimination of the N-H proton resonances in the *H NMR spectrum of the
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cyclic urea. Interestingly, the addition of a polar solvent (methanol) to the complex of 1-F
resulted the confirmation of reversible anion sensing. Finally, in order to develop practical
applications a strip test was carried out with the chemosensor 1 for selective sensing of

fluoride ions.

4.8.6. Fluorescence properties

Fluorescence emission spectroscopy was used to get a detailed understanding of the optical
characteristics of 1 in presence of different anions. Figure 4.36 is representation of the
fluorescence emission spectra of receptor 1 in DMSO solvent (20 uM) exhibited a
prominent band at 445 nm (Aex = 330 nm, with quantum yield = ® = 1.3), whose intensity
was markedly reduced and red-shifted by 80 nm with the addition of fluoride ions (® =
0.07). On the other hand, the addition of CN", AcO", NOs", HoPO4, HSO4', I, CI, OH", CIO4
and SCN-, did not result in change of fluorescence intensity. The shift with rapid quenching
of the fluorescence is clearly seen with progressive addition of F~ (0-5 equiv. Aex = 330 nm)
in DMSO to assess the selectivity of receptor 1 for F- ion (Fig. 4.36b). The preferential
interaction of receptor 1 to F via the strong hydrogen bonding with the urea N-H is
determined from this experiment and confirmed by the UV-Vis measurements (Fig.
4.34a&b) and 'H NMR spectroscopy (Fig. 4.34c).

a) 100 -
) land 1+ CN-, AcO, NO;‘.b) 100
~ 80— / HoPOs, HSO4, I, CI
5 = 807
‘; ‘g 601
g 40 2
g g 40
- 20_ E ‘)0_, > v j”’
0+F——— I.------;—’— T I- T 0 T T T T 1
385 425 465 505 545 585 385 425 465 505 545 585
Wavelength (nm) Wavelength (nm)

Figure 4.36: a) Fluorescence emission spectra of 1 in DMSO (20 uM, Aex = 330 nm) after
addition of different anions (as TBA salts), and b) fluorescence titration spectra of 1 in

DMSO (20 uM, Aex = 330 nm) with gradual addition of F~ (0-5 equiv.)

The polar protic solvent methanol was added to a solution of 1-F to further demonstrate that
the detection of fluoride ion by receptor 1 was accomplished by strong hydrogen bonding
with N-H groups. The solution's rapid recovery to its former bluish hue and immediate
recovery of the fluorescence (Fig. 4.37a) were evidence that the reverse situation

protonation of 1-F by methanol had taken place. The continuous variation approach of the
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Job's plot was employed to estimate the binding stoichiometry of the final complex between
1 and F (Fig. 4.37b). With a constant increase in the molar fraction of receptor 1, the final
concentration of receptor 1 and F-was maintained at 50 uM. With regard to receptor 1 and
F-, the strong peak confirms that the dominating species is the 1:2 complex, which is
consistent with the titration results from the UV-Vis, 'H NMR, and fluorescence
spectroscopy techniques. In order to confirm the high selectivity of receptor 1 at low F
concentrations in DMSO, the association constant (K) of receptor 1 for F ions was
calculated from the fluorescence titration experiments and was to be 4.90x10% M-? (Fig.
4.36b and Fig. 4.38), and the detection limit (LOD), calculated using 3/c formula, was 30
1M 30

a) b)
- Receptor 1 80
_7/,:\ = 70— Job’s Plot 0.65
A~ V() \\ : -1/ - ’
g 500 /// \ g 60— Receptor 1/ F ’,‘f"
~ 400 / \\\ ‘é’ 50 ”” 1
«?‘ 300 \ Receptor 1 8 40 ’/‘ ' .\\
& " \+F+MeOH & % : \
o 3 301 »” [ \
= 200 / \ 2 P : Y
— 27 Receptor 1 \ 5 20+ " ! ‘e
1004 2/ .p X 3 A . %
27 \ = 10+ _.® ! .
0 v g TS (O W - V v \\
T I T P T L e S R U B IS S B B
350 390 430 470 510 0 0102 03 04 05 0.6 07 08 09 1.0
Wavelength (nm) 1/1+F

Figure 4.37: a) Fluorescence emission spectra of 1 (30 uM, Xex = 330 nm), after the addition
of F~ (10 equiv.) and addition of methanol to complex 1-F in DMSO, and b) Job's plot for
the association of 1 with F-in DMSO.

4.8.7. The Benesi-Hildebrand analysis

1/F-Fmin = 1/Ka-(FmaX'Fmin).[F']2 + 1/Fmax-Fmin ===========s=s=nmnmmm e e e e ee (1)

Above equation (1) is used to calculate the binding strength based on the 1: 2 stoichiometry
of 1 with F~. The plot of 1/[F-Fmin] against 1/[F]? is found to be linear(Figure 4.38). From
the Benesi—Hildebrand analysis, the association constant is determined to be 4.90x108M-2
where,Fmin and F are the fluorescence intensity of receptor 1 in the absence and presence of
fluoride anion, respectively. K is the association constant of the F- complex of 1, Fmax the

fluorescence intensity obtained with a large excess of F-, and [F7] is the concentration of F.
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Figure 4.38: The Benesi-Hildebrand plot of 1/[F-Fmin] against 1/[F].

4.8.8 Acid-Base effect and strip-based sensing

When the deprotonation and protonation effects were examined in the presence of NaOH
and HCI, it was found that the earlier happened with NaOH and the latter occurred with the
acid, i.e. HCI (Fig. 4.39). Additionally, when confirmed by *H NMR, deprotonation was
seen after the addition of NaOH (0.1 M) and that the addition of HCI restored the proton
signal of N-H to its original position 1. (Fig. 4.40). As anticipated, only minor alteration
was seen in the UV-Vis and fluorescence spectra, leading us to believe that structurally TPE
core is unaffected by the deprotonation of the N-H of urea with base. However, *H NMR
(Fig. 4.40) demonstrated complete deprotonation in the presence of base and reverse with
HCI.

2
. 50 X10
ITDMSO — —1+DMSO
05 | T LiDNsO-BASE 5 40 - —1*DMSO+ACID
) = —1+DMSO+BASE
Q S
(¥
W 4
5 061 g 30
= S
2 20 4
S 04 Z
= 5
0.2 1 = 10 A
=
0 T T T L]
0 T . s
270 320 370 420 386 426 466 506 546 586
Wavelength [nm] Wavelength [nm]

Figure 4.39: Moleculel (20 um) in the presence of acid (HCI) and base (NaOH) showing

deprotonation and protonation effect of the cyclic urea.
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Figure 4.40: 'H NMR of compound 1 (20 um) in the presence of acid and base showing

deprotonation and protonation effect of the cyclic urea.

Further, an easy strip-based sensor was built, as shown in Figure 4.41, which clearly
illustrates that, when the strip is submerged in fluoride solution, the fluorescence emission
of receptor 1 is quenched under UV irradiation (365 nm), whereas solutions of other anions
have no impact. As a result, this experiment unequivocally shows how useful receptor 1 is

for the specific detection of fluoride anion.

5 BEPNARE

1+F- 1+Cl- 1+]- 1+HSO; 1+HPOs 1+NO;5- 1+AcO-  1+CN-
Flgure 4.41: Strip based selective detection of fluoride anion, over other anions.

4.9 Conclusion

In conclusion, the novel cyclic-urea-based receptor 1 was designed and synthesized, and its
potential for use in AIE activity and anion sensing was studied. It has been demonstrated
that Receptor 1 is very selective for the detection of fluoride anions. UV-Vis absorption
spectroscopy, a drop in fluorescence, and strip-based sensing were used to establish the
selective and sensitive detection of fluorides anion over other anions, such as CN-, AcOr,
NOz, HoPO4, HSO4, I, OH", ClO47, SCN-and CI. As a result, this give new idea that these
particular cyclic urea derivatives may have useful practical uses in both sensing and the
development of solid-state fluorescence devices. Therefore, believe that, this particular type

of cyclic urea receptor and others like it may have useful applications in the future.
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Section I11: Study of tetraphenylethylene derivative bearing
thiophenylbipyridine moiety for sensing of copper (I1) ion
4.10 Introduction

One of the most significant metals used in both domestic and commercial applications is
copper.t Copper is the third most prevalent metal ion in all living things among transition
metals.> Through the copper cycle, elemental copper plays a critical role in the basic
physiological processes in biological, environmental, and chemical systems.3* Additionally,
copper is a critical component of vital biological functions including respiration,> DNA
synthesis, and metabolism at ideal concentrations. But both an abundance and a lack of
copper can cause a number of illnesses, including neurological problems, Wilson disease
(WD), Menkes disease (MD), haematological manifestations, kidney and liver damage,
among others.®*2 The World Health Organization (WHO) recommends a 2-ppm upper limit
for Cu?* ions in drinking water.'314 Therefore, it is relatively challenging to create a highly
effective and straightforward technique of preference for Cu?* ion detection with high
selectivity and sensitivity in environmental and biological materials. Over time, a number
of analytical methods for the detection of Cu?* metal ions were developed, including atomic
absorption spectroscopy(AAS),'®> cathodic stripping voltammetry(CSV),'® inductively
coupled plasma-mass microscopy(ICP-MS),*”  surface  enhanced Raman
spectroscopy(SERS),*8 liquid chromatographic mass spectrometry(LCMS),'® and nuclear
quadrupole resonance(NQR),?° and energy dispersive X-ray diffraction(EDS).?* These
techniques have a number of flaws, including the need for handling expensive devices,
transportation, and inability to be applied to real-world live monitoring scenarios.
Researchers have designed fluorescent chemosensors that can be turned on or off to get
around these constraints.?? Due to their great selectivity, sensitivity, and operational
simplicity, these approaches are simple to use, affordable, and allow for immediate reaction.
Therefore, researchers are interested in developing colorimetric and fluorescent techniques
with excellent selectivity and sensitivity for the detection of Cu?* ions. According to a
review of the literature, several small organic molecules have been successfully developed
into colorimetric and fluorescence sensors, including pyrene,” anthracene,® 1,8-
naphthalimide,?®® rhodamine B,?* amino-functionalized zirconium MOF,?" bis(N-
methylindolyl)methane,?® triarylamine-based dendrimer,?® coumarin derivative, 3! 1,3,5-

triphenylbenzene,® and princer type.3 A significant issue still exists in the availability of
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such synthesised fluorophores and their selectivity towards the Cu?* ion in the presence of
other interfering metal ions with poor detection limits.3* Due to their superior selectivity,
sensitivity, and ease of analysis, aggregation induced emission (AIE) properties of
tetraphenylethylene (TPE) based sensor materials have attracted significant interest in recent
years for the detection of metal ions in biological and environmental systems. Due to their
AIE properties,®>*#! TPE derivatives are the most common chromophore to investigate for
the complexation with metal ions.34? An elegant method to create new chromophores for
metal ions detection is to functionalize the TPE molecular structure with pendent
coordinating sites for metal ions.®842 The interaction between the receptor sites for the
chromophore and the analytes determines the detection effectiveness of the TPE, which is
reliant on its AIE features.*® TPE and other AIE derivatives, for instance, have been shown
to be used for the detection of Cu?* ions.*** It's noteworthy to note that because
chromophores attached to terpyridine have strong binding affinities for transition metal ions,
they have attracted a lot of interest.*’>! For metal ion sensors, it surprises us that
bithiophenepyridine and thiophenylbipyridine attached chromophores are rarely
studied.5252 With all of these details in mind, the primary objective of our research was to
examine the association between transition metal ions and TPE sensors with
thiophenylbipyridine attached.

The synthesis and characterization of TPE 1, which has a pendant thiophenylbipyridine
receptor site, are discussed in this part with the goal of examining a highly effective,
sensitive, and selective chemosensor for the detection of the Cu?* ion. The sensing
mechanism of 1 towards the Cu?* ion is based on the photo induced electron transfer (PET)
"off-on," in contrast to the reported chemosensors. The capacity of TPE-subunit to donate
electrons is improved when probe 1 coordinates with Cu?* ions, leading to a considerable
reduction in absorption peak intensity and enabling the colorimetric detection of Cu?* with
the naked eye. Cu?* ion complexation with 1 causes fluorescence quenching concurrently,

making 1 a PET Cu?* "turn-off" sensor.

4.11 Experimental

4.11.1 Material and Methods

Compounds 4 and 6 were prepared using methods described in the literature,>* while
compound 1 was synthesized via the reaction of compound 8 with the pyrindine salt 9 in the
presence of acetate of ammonium. Different metal ions and Acetonitrile were acquired from

Spectrochem and TCI. Copper perchlorate salt is made from Cu?*, while Zn?* Pb%*, Ni?*,
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Mg?* and Ag* were obtained from nitrate salts and Fe3*, Cd?*, Mn?*, AI¥*, Hg?*, Co**,
Ba**and K* were obtained from chloride salts. *C NMR was done using a Bruker
spectrometer operating at 100 MHz, while *H NMR was done at 400 MHz. The internal
standard utilized was tetramethylsilane (TMS). Both CDClz and DMSO-ds were deuterated
solvents. Using an Agilent Technologies 1100 Series (Agilent Chemistation Software) mass
spectrometer, positive electron spray ionization (ESI-MS) was used to collect mass
spectrometric data. The UV-Vis-1800 Shimadzu spectrophotometer was employed to record
UV-Vis absorption spectra, while the Agilent Carry Eclipse spectrophotometer was utilized

to analyze fluorescence.

4.11.2 Synthesis of 1-(4-bromophenyl)-1,2,2-triphenylethene 4

This molecule was synthesized using a method described in the literature.> Dropwise
additions of n-butyl-lithium (1.6 M in hexane, 18.5 mL) were added to a solution of
diphenylmethane 2 (5.0 g, 29.7 mmol) in dry THF (200 mL) at 0 °C while nitrogen was
maintained. The mixture was then kept at the ambient temperature for two hours. Then, 5.79
g, (22.2 mmol) of (4-bromophenyl)(phenyl)methanone 3, was added in 30 ml of THF. TLC
was employed to maintain a check on the mixture as it was stirred at room temperature.
After the reaction was confirmed to be complete, it was quenched with NH4Cl, extracted
with DCM (3x50ml), dried with Na>SOa, and evaporated to dryness.After obtaining the
crude alcohol, it was dissolved in toluene (80ml), pTSA (1.5gm) was added, and the solution
was then refluxed for 16 hours. After the toluene was evaporated, the crude product was
purified with column chromatography using n-hexane to obtain analytical pure compound
4 as a white solid with an 80% yield (9.7 g), IR (cm™): 3072, 3019, 1605, 1485, 1444, 1391,
1065, 1012, 811, 753, 704. *H NMR (400 MHz, CDCls) &: 7.24-7.19 (m, 2H), 7.15-7.08
(m, 9H), 7.04-6.99 (m, 6H), 6.91-6.88 (m, 2H); 1*C NMR (100 MHz, CDCI3) & :143.43,
143.34, 143.24,142.71, 141.59, 139.65, 133.01, 131.32, 131.27, 131.25, 130.87, 127.90,
127.80, 127.70, 126.72, 126.67, 126.62, 120.46

4.11.3. Synthesis of 5-(4-(1,2,2-triphenylvinyl)phenyl)thiophene-2-carbaldehyde 6

Under an argon atmosphere, compound 4 (1.0 g, 2.4 mmol) was added to a solution of
dimethyloxyethane (DME):2 M Na;CO3 (3:1, 40 mL). Subsequently, compound 5 (5-
formylthiophen-2-yl)boronic acid 5 was added (0.49 g, 3.16 mmol). Using argon, the
resultant reaction mixture was degassed for 15 to 20 minutes. The mixture was then heated
to reflux for 24 hours at 150 °C by adding Pd(PPhs)s (0.085 g). TLC analysis was used to
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examine the completion of the reactions. After the reaction was finished, it was extracted
with DCM (3x50 mL) and quenched with water. The mixed organic layer rinsed with water,
then dried over anhydrous sodium sulphate before being evaporated. The crude product was
purified using column chromatography, and 6 was obtained as a yellow solid with a 60%
yield after the column was eluted with 8:92 ethyl acetate and hexane (0.65 g). IR (cm"
1):3075, 3017, 2922, 2848, 1668, 1455, 1225, 1070, 806. *H NMR (400 MHz, CDCls) 6:
9.88-9.87 (m, 1H), 7.72 (d, J=4.0 Hz, 1H), 7.45-7.42 (m, 2H), 7.35 (d, J=3.9 Hz, 1H), 7.17-
7.10 (m, 10H), 7.10-7.02 (m, 7H). **C NMR (100 MHz, CDCls) & : 182.80, 154.23, 145.31,
143.42, 143.40, 143.29, 142.07, 141.98, 139.93, 137.52, 132.16,131.37, 131.33, 131.31,
130.85, 127.93, 127.85, 127.71, 126.82, 126.72, 126.68, 125.64, 123.88.

4.11.4. Synthesis of 1-(thiophen-2-yl)-3-(5-(4-(1,2,2-triphenylvinyl) phenyl) thio-phen-
2-yl)prop-2-en-1-one 8

A solution of potassium hydroxide (5%, 25mL) was gradually added to a mixture of 5-(4-
(1,2,2-triphenylvinyl)phenyl)thiophene-2-carbaldehyde 6 (0.50 g, 1.13mmol) and 1-
(thiophen-2-yl)ethanone 7 (0.17 g, 1.36mmol) in ethanol (25mL). For 24 hours, the mixture
was mixed. After being filtered, washed with water, dried, and recrystallized from ethanol,
the precipitated product yielded 8 (0.57 g, 89%), a yellow solid. IR (cm):3082, 3022, 2924,
2854, 1670, 1639, 1575, 1411, 1239, 807, 661. H NMR (400 MHz, CDCls3) &: 7.92 (d,
J=16.4 Hz, 1H), 7.84 ( d, J=4.4 Hz, 1H), 7.69 - 7.66 (m, 1H), 7.57(m, 1H), 7.38 (d, J=7.6
Hz, 2H), 7.30 (dd, J=3.6, 10.0 Hz, 1H), 7.24 (d, J=5.2 Hz, 1H), 7.20 - 7.16 (m, 1H), 7.16 -
7.02 (m, 17H). C NMR(100 MHz, CDCI3) & :181.50, 147.82, 147.68, 147.61, 147.09,
145.66, 144.31, 143.52, 143.40, 141.71, 140.11, 139.07, 138.55, 138.45, 136.58, 133.80,
133.74, 132.05, 131.55, 131.39, 131.33, 131.32,128.24, 127.88, 127.80, 127.68, 126.72,
126.65, 126.59, 125.18, 124.47, 124.10, 123.99, 119.83, 119.11, Elemental Analysis:
Ca7H260Sz2: Cal. C, 80.69; H, 4.76; Obs. C, 80.73; H, 4.70.

4.11.5. Synthesis of 6-(thiophen-2-yl)-4-(5-(4-(1,2,2-triphenylvinyl)phenyl)thiophen-2-
yl)-2,2'-bipyridine 1

Ammonium hydroxide (25%) (5 gm), glacial acetic acid(15 mL), and a stirring solution of
compound 8 (0.5 g, 0.91 mmol) and 1-(2-oxo-2-(pyridin-2-yl)ethyl)pyridin-1-ium 9 (0.36
g, 1.81 mmol) were heated under reflux conditions for 12 hours. After the reaction was
complete (confirmed by TLC), ice cold water (30 mL) was added, and the precipitate that
resulted was filtered, water washed, dried, and purified by column chromatography to get
the yellow solid 1 (0.27g, 45%). IR(cm): 3082, 3027, 2915, 2854, 1639, 1569, 1415, 1244,
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968, 853, 698. 'H NMR (400 MHz, DMSO) § :8.22 (d, J=3.8 Hz, 1H), 8.05 - 8.02 (m, 1H),
7.85 (d, J=15.2 Hz, 1H), 7.66 (d, J=3.6 Hz 1H), 7.55 (d, J=5.8 Hz, 1H), 7.53 - 7.48 (m, 3H),
7.31-7.27 (m, 1H), 7.19-7.09 (m, 11H), 7.05-6.95 (m, 10H). **C NMR(100 MHz, DMSO)
8: 147.25, 145.79, 144.09, 143.49, 143.31, 141.68, 140.29, 139.14, 136.27, 135.88, 135.20,
133.78, 132.05, 131.46, 131.20, 131.13, 131.09, 129.44, 128.46, 128.41,128.30, 127.29,
127.20, 127.13, 125.68, 125.47, 120.46. Elemental Analysis: C44H30N2S2: Cal. C, 81.20; H,
4.65; N, 4.30; Obs. C, 81.23; H, 4.63; N, 4.35. ESI (M/z) CasH30N2S,, Calc. 650.1850 [M™].,
Found. 651 [M*].

4.11.6 General sensing procedure

Fluorescent probe 1 prepared in a stock solution (10 M in CH3CN). UV-Vis absorption
and fluorescence emission were measured in a quartz cuvette (path length = 1 cm), and the
results were then titrated with different cations and their corresponding salts. The minerals
Zn%* Pb?*, Ni%*, Mg?* and Ag* were derived from nitrate salts, whereas Fe®*, Cd?*, Mn?*,
Al**, Hg?*, Co?*, Ba?*and K* were obtained from chloride salts. Copper is the source of

copper perchlorate salt.

4.11.7 Determination of LOD

The following equation was used to determine the limit of detection based on the
fluorescence titration: where k is the slope between the fluorescence intensity vs. Cu?* conc.
and o is the standard deviation of blank data.

Limit of detection = 3 6/k

Titration was carried out by adding 20 uL of the 1 in 2 mL acetonitrile in a quartz cell and
scanned fluorescence (Aex= 410) to evaluate the sensitivity of the sensor 1 to various
concentration of Cu?*. The emission was then measured while the ion concentration was
changed by the addition of 10 pL dilutions. It was discovered that the chemosensor 1's Cu?*
binding association constant (Ka) was 2.34x10° M. A comparable linear response was seen,

and the detection limit was shown to be as low as 7.83 nM. (Fig. 4.62)

4.11.8 Determination of Stoichiometry by Job’s plot

A 20 uL of Cu?* ion was gradually added to the solution of 1 in order to understand the ratio
of Cu?* with chemosensor, and fluorescence emission was recorded and assessed using Job's
plot. According to Fig. 4.61, which indicates that the coordination ratio of the 1 and Cu?*
ion was 2:1, the fluorescence intensity at 630 nm was plotted as a function of molar ratio

(Cu?*/[Cu?*+1]), and a point of intersection was found at the molar ratio = 0.31.
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4.12 Results and Discussion

4.12.1 Synthesis of Compound 1

Synthesis of the receptor 6-(thiophen-2-yl)-4-(5-(4-(1,2,2-triphenylvinyl)phenyl)thiophen-
2-yl)-2,2'-bipyridine 1 was obtained via multistep synthetic reaction strategy. In the first
step 2-(4-bromophenyl)ethene-1,1,2-triyl)tribenzene 4 was prepared by reacting
diphenylmethane and (4-bromophenyl)(phenyl) methanone in presence of n-BuL.i followed
by reflux the with p-tolunesulfonic acid (PTSA) in dry toluene to obtain compound 4. Then
formation of 5-(4-(1,2,2-triphenylvinyl)phenyl)thiophene-2-carbaldehyde (6) was achieved
by Suzuki coupling reaction between 4 and (5-formylthiophen-2-yl)boronic acid. In the next
step formation of chalcone 8 by treating with acetyl thiophene in presence of KOH, in final
step the synthesis of receptor 1 reaction between compound 8 and pyrindine salt 9 in
presence of ammonium acetate to gives compound 1. The structure of compound 1 was

confirmed by *H NMR, 3C NMR, elemental analysis and mass spectroscopy.

H

o QL)
1. n-BuLi 1.6M in hexane O O l Y B\Oll 5
2 | .

2. PTSA, toluene, reﬂux,' -
+ Bri6n Pd(PPhs),, DME, s H
Br 2 M Na,CO;, reflux \
4 6 7 o

80%

(0]

NH,OH,
AcOH, reflux

A

Scheme 4.8: Synthesis of Compound 1.
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4.12.2 Characterization of synthesized compounds by IR, NMR, and Mass
spectroscopy
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Figure 4.42: FT-IR spectrum of (2-(4-bromophenyl) ethene-1, 1, 2-triyl) tribenzene 4
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Figure 4.43: 'H NMR spectrum of (2-(4-bromophenyl) ethene-1, 1, 2-triyl) tribenzene 4
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Figure 4.44: 13C NMR spectrum of (2-(4-bromophenyl) ethene-1, 1, 2-triyl) tribenzene 4

140

120

(%)

o 100

80

Transmittanc

1668

60

40

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™")

Figure 4.45: FT-IR spectrum of 5-(4-(1,2,2-triphenylvinyl)phenyl)thiophene-2-
carbaldehyde 6
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Figure 4.46: 'H NMR spectrum of
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Figure 4.47: 3C NMR spectrum of 5-(4-(1,2,2-triphenylvinyl)phenyl)thiophene-2-

carbaldehyde 6
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Figure 4.48: FT-IR spectrum of 1-(thiophen-2-yl)-3-(5-(4-(1,2,2-triphenylvinyl)
phenyl)thiophen-2-yl)prop-2-en-1-one 8
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Figure 4.49: 'H NMR spectrum of 1-(thiophen-2-yl)-3-(5-(4-(1,2,2-triphenylvinyl)phenyl)
thiophen-2-yl)prop-2-en-1-one 8
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Figure 4.50: 3C NMR spectrum of 1-(thiophen-2-yl)-3-(5-(4-(1,2,2-triphenylvinyl)
phenyl)thiophen-2-yl)prop-2-en-1-one 8
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Figure 4.51: FT-IR spectrum of Synthesis of 6-(thiophen-2-yl)-4-(5-(4-(1,2,2-triphenyl
vinyl)phenyl)thiophen-2-yl)-2,2'-bipyridine 1
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b
Figure 4.52:'H NMR spectrum of Synthesis of 6-(thiophen-2-yl)-4-(5-(4-(1,2,2-triphenyl
vinyl)phenyl)thiophen-2-yl)-2,2'-bipyridine 1.
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Figure 4.53: 13C NMR spectrum of Synthesis of 6-(thiophen-2-yl)-4-(5-(4-(1,2,2-triphenyl
vinyl)phenyl)thiophen-2-yl)-2,2'-bipyridine 1.
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Figure 4.54: ESI-Mass spectrum of Synthesis of 6-(thiophen-2-yl)-4-(5-(4-(1,2,2-triphenyl
vinyl)phenyl)thiophen-2-yl)-2,2'-bipyridine 1

4.12.3 Absorbance and emission spectra of 1 in different solvents

The UV-Vis absorption and fluorescence spectroscopy employed to characterise 1
absorption and fluorescence properties were recorded in different organic solvents, as shown
in Figures 4.55a and b, respectively. The sensor 1’s absorption spectra in hexane show a
prominent peak with a maximum absorption wavelength of 400 nm and an extinction
coefficient of 2.600x10% M-cm. It was determined that the r-transition in the molecular
architecture was the cause of the relatively high extinction coefficient (~10° M-cm) in all
of the solvents. When the solvent's polarity was increased, the form of the absorption peak
remained unchanged (Fig. 4.55a). Additionally, the results of a study on the emission
characteristics of sensor 1 upon excitation at (Aex = 370 nm) are shown in Figure 4.55b. The
probe 1 (25 uM) was excited (Aex = 370 nm) in various solvents, and the emission spectra
were observed at various wavelengths with a change in intensity. In various solvents, the
probe 1's band location and shape are unchanged by the excitation wavelength. With a
quantum yield (® = 1.51), the emission peak in a less polar solvent, such as hexane, emerged
at 488 nm. Inversely, as shown in Table 4.4, the emission band of sensor 1 in DMSO
occurred at 570 nm with a quantum yield (® = 3.73). This demonstrates that the fluorescence
peak of 1 is blue-shifted in a less polar solvent (Fig. 4.55b). In various solvents, 1, the
fluorescence quantum yield is variable. As a result, the polarity of the solvents affects the
emission peak position and quantum yield of 1, and the fluorescence quantum yield of the

probe was calculated using Rhodamine B as the reference substance.>®
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Figure 4.55: a) UV-Vis and b) Fluorescence emission spectra of sensor 1 (2.5x10* M) in

different solvents

Table 4.4: UV-Vis absorption and fluorescence emission data of 1 in different solvents

Solvent Maximum wavelength/nm Quantum yield
L
Absorption (¢/M*cm™) Emission @
Hexane 404 (2.600 x 10°) 488 1.51
Chloroform 417 (2.485 x 10°) 542 4.73
THF 410 (2.770 x 109) 521 4.54
Acetonitrile 406 (2.495 x 10°) 577 3.47
MeOH 413 (2.800x10%) |- N/A
DMSO 417 (2.795 x 10°) 570 3.73

Additionally, the spectra of 1's emission and absorption when dissolved in THF with 99%
water were investigated. Figures 4.56a and 4.56b, respectively, show the emission and UV-
Vis spectral data. The peak of 1’s absorption in THF was visible at 410 nm (¢ = 2.600x103
M-tcmt). When water was added, the absorption peak acquired a bathochromic shift, and a
band at 430 nm (e = 1.980x10-3 M-cm) was observed. When polar solvent (H20) is added,
the shape of the absorption spectra broadens and a noticeable red shift (17 nm) of the
absorption peak (Fig. 4.56a). The emission spectra of 1 in THF were visible at 521 nm (®
= 4.54) after excitation (Aex = 370 nm) (Fig. 4.56b). In the presence of 99% H,0 in a THF
solution, the shape and emission band region at 542 nm with ® = 1.29 are changed. This is
due to the sensor 1's aggregation induced quenching (ACQ) in THF:H20 (1:99%, v/v ratio).
This suggests that ACQ effect rather than AIE phenomena is being displayed by probe 1.
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This is not immediately apparent due to the fact that TPE AlEgen has a polar receptor site
(containing a pendant thiophenylbipyridine receptor), which causes the molecule to dissolve
in a THF/water solution at high water content and result in an ACQ effect rather than an
AIE event.
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Figure 4.56: a) UV-Vis and b) Fluorescence emission spectra of receptor 1 (2x10* M) in
THF and THF:H20 solvent mixtures

4.12.4 Mechanochromic properties of 1

As TPE exhibits aggregation-induced emission (AIE), its mechanochromic properties were
examined in their solid form. Compound 1 displays a green fluorescent colour in solid form.
The emissive colour of the probe 1 solid immediately changes from green to bright yellow
after being ground in a mortar and pestle. Furthermore, annealing and fuming with solvent
vapours affected the colour of 1's solid state. Chromophore 1 changes from bright yellow to
dark rocky green and back to bright yellow after annealing at 200 °C and fuming with
acetone, respectively. Here, we found that acetone fuming and annealing at 200 °C did not

return the material to its natural colour. (Fig. 4.57).
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Grinding

Figure 4.57: The mechanochromic properties of sensor 1 displaying the luminescence

changing of it after grinding, fuming and heating.

4.12.5 Sensing performance of probe 1

Through tests in colorimetry, UV-Vis absorption, fluorescence emission, and *H NMR
titration, the sensing behaviour of receptor 1 for various metal ions was investigated. A
simple and appealing method is to investigate the selectivity of sensor molecules towards
specific ion colorimetric sensing. Therefore, visual colorimetric changes were used to test
the probe 1's colorimetric sensing capability toward various metal ions, including Cu?*,
Zn?*, Pb?*, Ni%*, Fe*, Cd?*, Mg?*, Mn?*, AI**, Hg?*, Co?*, Ba?*, Ag* and K*. In acetonitrile,
Sensor 1 displays a yellow colour. It was discovered that the yellow solution in a solution
of receptor 1 transforms to a green solution when Cu?* ions are added, as shown in Figure
4.58a. Other ions such as Zn?*, Pb?*, Ni?*, Fe3*, Cd?*, Mg?*, Mn?*, AlI**, Hg?*, Co?*, Ba?*,
Ag* and K* do not, however, cause any visible colour changes in the solution of receptor 1
under the same circumstances. As a result, one of the most efficient approaches to
demonstrate the selectivity of receptor 1 towards the Cu?* ion is through naked-eye tests.
Additionally, when copper ion was added to the receptor 1 that was fluorescing in
acetonitrile, the fluorescence was quenched as a result of the photoinduced electron transfer
action (Fig. 4.58b).
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Figure 4.58: Colorimetric behaviour of solution of receptor 1 (2.0x10# M) in acetonitrile
upon interaction with various metal salts (10 equiv.) salts, a) under visible light and b) under
UV light 365 nm at 25 °C.

4.12.6 Absorption study

The extent of the interaction, as well as the selectivity and sensitivity of the probe towards
the cations, were also investigated using UV-Vis absorption spectroscopy techniques. The
outcomes of the UV-Vis experiment in acetonitrile at room temperature are illustrated in
Fig. 4.59a and b. At 406 nm (e = 2.495x103), the receptor 1 (2.0x10* M) displays high
absorption maxima. The characteristic peak of the n=—=* transition is the absorption peak
at 406 nm. To explore the receptor 1's capacity for selective sensing, several metal ions,
including Zn?*, Pb?*, Ni%*, Fe3*, Cd?*, Mg?*, Mn?*, AI¥*, Hg?*, Co?*, Ba®*, Ag* and K* were
used to alter the position and intensity of this absorption band. Only with the addition of
Cu?* ions did receptor 1's UV-Vis absorption spectra show a noticeable alteration (10
equiv.). Under the same research conditions, the UV-Vis absorption spectra of the other
cations, including Zn?*, Pb?*, Ni?*, Fe3*, Cd?*, Mg?*, Mn?*, AI¥*, Hg?*, Co?*, Ba®*, Ag* and
K* did not significantly differ from those of the free receptor 1. Cu?* ion addition
significantly altered the absorption spectra of receptor 1, which suggests a complex has
formed between the receptor and the ion. To look into how adding Cu?* ions causes a
consistent shift in absorption spectra, UV-Vis titration experiments were conducted. The

absorption peak intensity at 406 nm gradually decreased with the addition of copper ions
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(0-10 equiv.) to a 4.5x10* M solution of 1 in acetonitrile, and it totally disappeared at 10
equiv. of Cu?* ion addition. As a result, receptor 1 has been proven a selective sensor for the

detection of Cu?* ions by both UV-Vis absorption investigations and the naked eye.
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Figure 4.59: a) UV of sensor 1 (2.0x10* M) with the addition of various metal salts (10
equiv.) in acetonitrile and b) UV titration of sensor 1 (4.5x10** M) with the addition of Cu®*

(0 to 10 equiv.) in acetonitrile.

4.12.7 Fluorescence emission study

The binding interactions of receptor 1 with Cu?* ions in acetonitrile were examined using
fluorescence emission spectroscopy. Fig. 4.60a and b shows the emission spectrum data of
sensor 1 and their interactions with various metal ions. The receptor 1 has a strong emission
peak at 577 nm in response to stimulation at Aex = 370 nm. In response to stimulation at Aex
=370 nm, the receptor 1 emits with a prominent peak at 577 nm. With the addition of several
metal ions (10 equiv. ), including Cu?*, Zn?*, Pb?*, Ni%*, Fe3*, Cd?*, Mg?*, Mn?*, AI3*, Hg?*,
Co?*, Ba?*, Ag* and K* the first fluorescence emission spectra of receptor 1 were captured.
Metal ions Zn?*, Pb?*, Ni?*, Fe3*, Cd?*, Mg?*, Mn?*, Al**, Hg?*, Co?*, Ba?*, Ag* and K*
were added to a solution of receptor 1, however it was determined that there were no
appreciable changes in the emission spectrum intensity (Fig. 4.60a). The fluorescence
emission peak intensity significantly decreased with the addition of Cu?* ion (10 equiv.).
Furthermore, the fluorescence titration studies were carried out by gradually adding Cu?*
ions (0-10 equiv.) to the acetonitrile solution of receptor 1 in order to gain a thorough
understanding of the binding capability of sensor 1 towards Cu?* ions. It was discovered

that adding 10 equivalent Cu?* ions reduced the emission peak intensity at 577 nm. The
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reversible PET 'on' process that results from the complexation of receptor 1 with the Cu?*
ion is responsible for the fluorescence quenching effect. From the TPE core moiety to the
thiophenylbipyridine ligand's interaction with Cu?* ions, the “PET on” step occurs. As a
result, the probe 1's fluorescence behaviour demonstrates the PET “off-on” process after

interacting with copper.
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Figure 4.60: Emission spectra of sensor 1 (5.0x10* M) upon excitation at 370 nm
wavelength. a) PL of 1 with the addition of various metal salts (10 equiv.) in acetonitrile
and b) PL titration of 1 with the addition of Cu?* (0 equiv. to 10 equiv.) in acetonitrile.

4.12.8 Stoichiometry of complexation

To evaluate the stoichiometry of the complex 1:Cu?* produced by the receptor 1 and Cu?*
ion, Job's plot from the emission titration experiments was used. The fluorescence emission
bands for the 1:Cu?* complex indicated a maximum around 0.31 mole fraction of Cu?* to
the receptor 1, as shown by the Job's plot in Figure 4.61a. The Job’s plot result for showed
that the complex stoichiometry was 2:1. Benesi-Hildebrand plot of 1 with acetonitrile-
containing Cu?* (Fig. 4.61b). The measured wavelength was 577 nm, while the excitation
wavelength was 370 nm. When the Cu?* ion was bound to receptor 1, the binding constant
was 2.34x10° M.
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Figure 4.61: a) Job’s plot for sensor 1:Cu?* in the ratio 2:1 complexation in acetonitrile. b)

Benesi—Hildebrand plot of 1 with Cu?* in acetonitrile.

4.12.9 Limit of detection

The limit of detection was estimated using the formula 3c/slope, where slope is the slope
from the linear plot and is the standard deviation of blank probe samples. The detection limit
of probe 1 for Cu?* was determined from the fluorescence titrations (Fig. 4.62), and it was
discovered to be as low as 7.93 nM. This clearly illustrates that probe 1 has a significant

deal of potential to detect copper ions selectively and precisely.
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Figure 4.62: Emission spectra of 1 (2.0x10* M) in acetonitrile presence with the addition

of Cu?* (0-4 equiv.) and detection limit.

4.12.10 Competitive binding study
The results of the fluorescence studies, which were carried out to investigate the selectivity
of the receptor 1 towards Cu?* in the presence of competing cations, are shown in Figure

4.63. The competitive binding studies for receptor 1 were conducted using a variety of
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cations, including Cu®*, Zn%*, Pb?*, Ni?*, Fe®*, Cd?*, Mg?*, Mn?*, AI**, Hg?*, Co%*, Ba?*,
Ag* and K* (10 equiv.). Similar to what the Cu?* ion alone does, the interfering ions have
an impact on the emission properties. With the addition of the Cu?* ion in the presence of
the investigated cations, it was observed that the fluorescence emission intensity of 1 was
dramatically reduced. As a result, it is seen that the other metal ions have no effect on how
Cu?* binds to receptor 1. In view of this, the results demonstrated that sensor 1 is a selective
fluorescence sensor capable of detecting Cu?* ions even when the majority of competing

metal ions are present.

4.12.11'H NMR spectra of 1 and 1 plus Cu?*

The *H NMR spectra of 1 and 1+Cu?* in deuterated DMSO-d6 were collected. When H
NMR spectra of 1 and 1+Cu?*are compared, the peaks in 1 look well-defined but all of the
peaks in 1+Cu?* are moved towards the up field (Fig. 4.64). This shows that copper ion

binds to receptor 1, and copper ion's paramagnetic properties affect the peaks.5®
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Figure 4.63: Pictogram fluorescence spectra of 1 (2.0x10* M) exposed to 10 equiv. various

metal ions and to the mixture of 1 and 10 equiv. Cu?* with in ACN solution.
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Figure 4.64: 'H NMR spectral changes of 1 (a) in DMSO-ds and (b) upon addition of 1

equiv. Cu?* ions.

4.12.12 Test strip for Cu?* detection by sensor 1

The utilization of receptor 1's strip-based sensing for real world application as well. Figure
4.65 shows the dark yellow fluorescence that was produced during the production of the
paper strip in acetonitrile solution under UV illumination (365 nm). This fluorescence is
suppressed when receptor 1 binds to copper ions. However, other metals have little impact

on receptor 1 that may be seen in fluorescence.

l 1 l
Figure 4.65: Paper strip (prepared in acetonitrile solvent of 1: 3.5 mM) as a shown in left

strip, and detection of copper metal ions (strip is shown in right) upon dipping strip in copper
solution (10 mM), picture is taken under UV light 365 nm.

4.12.13 Sensing mechanism
The compound 1 initially not showing PET in acetonitrile at Aex= 370 nm emitted
fluorescence while the compound 1 were bind with Cu?* ion shows the PET effect therefore

fluorescence quenching observed as illustrated in Figure 4.66.
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Figure 4.66: Sensing mechanism of 1 towards Cu?* ion.

4.13 Conclusions

In conclusion, novel AlE-active receptor 1 was synthesized, and its mechanochromic
characteristics were investigated. Receptor 1 displays different quantum yields in various
solvents. However, receptor 1 is helpful in metal ion sensing owing to its AlE-active
characteristics. Colorimetric, visual, and fluorescence detection of the Cu?* metal ion are all
demonstrated by receptor 1. The limit of detection (LOD) for 1 with Cu?* was found to be
as low as 7.93 nM and the binding constant was 2.34x10° M.

UV-Vis absorption and fluorescence emission spectroscopy, as well as paper strip-based
sensing, were used to study the extremely selective for the Cu?* metal ions over other metal
anions, such as Zn?*, Pb?*, Ni%*, Fe3*, Cd?*, Mg?*, Mn?*, AI**, Hg?*, Co?*, Ba?*, Ag* and
K*. In addition, investigated the chromophore 1 as a paper strip sensor for Cu?* in response

to the binding constant in order to build kits for future use in the real world.
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Chapter 5

In this chapter, we conclude all thesis work, by studying scope of self-assembly and
chemosensor of TPE and NDI derivatives. We choose this topic and focus on novel organic
photoluminescence materials based on TPE and NDI. For better understanding, we were
carry out a detailed literature survey on tuning achiral molecule to chiral superstructures and
chemosensor.

In first chapter divided into two sections, in that one literature survey on chiral assembly
and another on chemosensor. In first section, we discussed general strategies for
supramolecular chiral molecules, including the synthesis and self-assembly of an achiral
molecule to controlled chiral supramolecular superstructure with their photo luminescent
properties. These strategies may also be used for sensitive, selective, and quick analyte
detection. Different small compounds for achiral to chiral conversion, chirality induction,
and controlled chiral helical structures were all addressed. In second section, we discussed
the use of photo luminescent molecules, such as TPE, NDI, Porphyrin, Schiff's bases,
conjugate polymers, different COFs, and MOFs, has recently caught the eye of the majority
of researchers for a wide range of applications, including chemosensors, host-guest, and
biological probes. Additionally, attention was given to recently developed photo luminous
molecules for cations, anions, and neutral guests’ chemosensors. Moreover, a general
process underlying chemosensing was addressed. The most typical chemosensor consists of
three components: a binding site, a spacer, and a signalling unit. When the substance binds
at the binding site, the signaling unit responds. Excited State Intramolecular Proton Transfer
(ESIPT), Photo induced Electron Transfer (PET), Fluorescence Resonance Energy Transfer
(FRET), Intramolecular Charge Transfer (ICT), Chelation Enhanced Fluorescence (CHEF),
and other mechanisms contributed to the majority of the detection mechanism. These all
mechanisms with one example were discussed in this section.

In Second chapter, we have successfully designed, synthesized achiral TPE-BTA molecule
for chiral assembly. The synthesized all compounds were characterized by various
spectroscopic techniques like IR, NMR and Mass spectroscopy. TPE-BTA having amide
functional group with C3 symmetry. Furthermore, a molecule that exhibited comparable
fluorescence features in various states led to a mechanochromic analysis of TPE-
BTA. According to the findings of an absorption and emission, study in various solvents,
aggregation and self-assembly were seen in THF/Water and CHCIs/MCH. In SEM, flower-

like and helical structures were seen in CHClz and CHCIs/MCH. From CD spectra, it expose
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the formation of chiral assembly of TPE-BTA in used solvent system. Based on this, it is
clearly suggesting that solvent induced chiral assembly is formed by using achiral molecule.
In third chapter, we have designed, synthesized, and characterized NDI-R/S-BINOL
molecules. And synthesized novel and known molecules were confirmed by IR, NMR, and
Mass spectroscopy. Further, we examined absorption and emission spectra of both isomers
NDI-R-BINOL and NDI-S-BINOL, and showed comparable absorption spectra.
Afterword, we performed absorption and emission analysis NDI-R/S-BINOL in various
solvents such as tetrahydrofuran, toluene, methyl cyclohexane, methanol, acetonitrile,
tetrachloroethane, and the results possess that charge transfer band. Moreover, we
performed the self-assembly study of NDI-R/S-BINOL in tetrachloroethane (TCE) and
methyl cyclohexane (MCH) solvents by using UV-Vis. and fluorescence study. NDI-R-
BINOL and NDI-S-BINOL exhibited positive and negative cotton effects, respectively in
TCE: MCH solvent system. From DLS data resulted aggregation occurred in 01% TCE in
MCH. Finally, concluded that chiral BINOL molecules were induced and controlled
chirality in planar, achiral NDI molecule in TCE and MCH solvent system.

In forth chapter, we mainly focused on sensing study by using TPE derivatives. This chapter
divided into three sections. In section first, we designed, synthesized TPE-based azobenzene
1 photoswitchable molecule, and characterized by IR, NMR, and Mass spectroscopic
techniques. Further, we described TPE-based azobenzene possess structural conversion of
the structure upon E—Z Photoisomerization. In addition, compound shown complementary
cavity (host) for the housing of the C60 guest molecule. We employed various spectroscopic
techniques examined a host-guest interaction with both the E and the Z isomers of TPE-
based azobenzene and the C60 molecule. Whereas, we found that the Z-1.C60 association
was prominent as compared to the isomer E-1.C60. However, we also explored Job’s plot
for stoichiometry of host-guest was observed 1:1. Further, we studied release of C60 from
Z-1.C60 association by the irradiation with visible light that converts the Z-1 form to the E-
1 form. Therefore, this one of the best example which demonstrated of the stimuli-
responsive host system that may be utilized for light-induced association and dissociation
of a C60 molecule. In section second, we have designed and synthesized tetraphenylethylene
cyclic-urea-based receptor. Characterized by various spectroscopic techniques. Receptor
was exhibited to be highly selective and sensitive for fluoride anion. We confirmed detection
of fluoride ion by UV-Vis. and emission spectroscopy, over other anions, such as CN-, AcO"
, NO3", H.PO4, OH-, ClO4,, SCN-, HSO4, I and CI-. We also employed *H NMR analysis

to find the binding site of analyte, from this it reveals that the disappearance of the N2H
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proton resonances in the cyclic urea was attributed to the formation of a (HF2") hydrogen
bonding complex of fluoride ion with urea. We calculate the the stoichiometry of the
receptor was by using Job’s plot and it showed 1:2. And a using for limit of detection (LOD)
was calculated 30uM. We also studied reversible anion sensing by adding of methanol.
Finally, we developed test-strips for fluoride anion sensing on the real world application. In
last section, where we have designed, synthesized, and characterized new AIlE-active
receptor for copper (I1) ion. Initially we studied mechanochromic properties of receptor.
Receptor exposed various quantum vyields in different solvents. Receptor displays
colorimetric, naked eyes, and fluorescent sensing of Cu?* metal ions. Further we calculate
association constant of with Cu?* was shown be 2.34x10° M. and also we investigated
stoichiometry of receptor by using Job’s plot, receptor shown with Cu?* 2:1 and limit of
detection (LOD) found as low as 7.93 nM by using 36/S formula. To find selectivity of
receptor we used other metal anions, such as Zn?*, Pb%*, Mg?*, Mn?*, AI¥*, Hg?*, Co?*, Ba?*,
Ni?*, Fe3*, Cd?*, Ag* and K*. we employed UV-Vis absorption and fluorescence emission
spectroscopy for sensing confirmation. And finally we also developed strip-based sensing
for copper (1) ion.

Finally, we conclude from this thesis work, the design and synthesis of novel organic photo-
luminescent materials based on TPE and NDI systems exhibits a promising potential for its
applications in self-assembly and chemosensor. We believe that this type of photo-

luminescent material will beneficial to scientific world for enhanced applications.
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