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ABSTRACT

In the present work, we have observed the formation of micelles using
different surfactants like SDS, CTAB, and SDS. Micelles are formed
when concentration exceeds the critical micelle concentration. The
coumarin 480 dye was used as a solute probe to understand the
behaviour of water molecules inside the stern layer of micelles. The
blue shift observed in the PL spectra of coumarin 480 was due to its
presence in the stern layer of micelles which restricts the motion of
water molecules. Furthermore, the behaviour of solute probe coumarin
480 was studied when encapsulated inside the ATP/PDADMAC
droplet. The electrostatic interactions between negatively charged ATP
and positively charged PDADMAC results in the fabrication of
ATP/PDADMAC coacervates. The presence of coumarin 480 dye

inside the ATP coacervates was confirmed using CLSM.

Next, different hybrid coacervate droplets were fabricated to study
their interior environment using solvation dynamics. Here, we utilized
negatively charged carbon dots (CDs), quantum dots (QDs) with a
counterpart positively charged polymer (PDADMAC) to obtain CD-
embedded coacervates and QD-embedded coacervates. The fabrication
of these droplets was confirmed using CLSM and FESEM imaging and
further, we fabricate HSA condensate @AuUNCs.

Vi
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CHAPTER 1

1. INTRODUCTION

1.1 Solvation dynamics:

Solvation means stabilization of a probe molecules because of
interaction of probe molecules with the solvent molecules present in
the surrounding of probe molecules. Evidence said that solvation
dynamics studied when the solvent is polar, and probe solute is dipolar
or lonic [1]. The solvation dynamics talks about how the solvent
dipoles show rearrangement around charge or dipole created, is known
as solvation dynamics. when polarity increases red shift of the
absorption and emission maximum shown by such a molecule. A
dipole is created when such a solute molecule in a solution is excited
by a light pulse. Initially, solute dipole is remained oriented by solvent
dipoles. Since the dipolar solute is in the excited state, it continuously
emits energy of the excited dipole decreases when solvent dipoles
reorient around solute dipole with increase in time [2]. Thus, emission
maxima shift toward longer wavelength i.e., toward lower energy .
This phenomenon is known as time dependent fluorescence stokes
shift (TDFSS). Commonly used some solute probes are dyes coumarin
480 (C-480), coumarin 343 (C-343) and coumarin 314 (C-314), eosin
Y, DCM (4-dicyanomethylene)-2-methyl- [6-p-(dimethyl amino)
styryl]-4H-pyran), and 4-aminophtalimide(4-AP). The solvation
dynamics is understable by the decay of the solvent correlation
function C(t) calculated by given mathematical equation,

Where, v(0), v(co)and v(t) are peak frequency at time 0, oo, and t

respectively.



Researchers get interested to understand micro heterogeneous
organized assemblies because of recent success in homogeneous
solutions. some biological process happening in organized and
restricted environment. An interest has been developed to understand
how the organized assemblies affecting ultrafast process.

In this report, | wish to present the work on solvation dynamics of
coumarin 480 in micelles which is already reported and explore the
reported work mainly on the solvation dynamics of solute probe C480
dye inside the SDS micelle aggregates. An idea has been generated
from this reported work and from some recent work in the solvation
dynamics field; mainly inside the organized assemblies to further
extend my study on solvation dynamics of solute probe C480 inside

the Polymer/nucleotide droplet.

1.2 MICELLE

Surfactants form nearly spherical micelle aggregates when their
concentrations exceed from a critical micellar concentration (CMC).
The shape and size of a micelle are functions of the molecular
geometry of its surfactant molecules and solution conditions such as
surfactant concentration, temperature, pH, and ionic strength. The
process of forming micelles is known as micellization. A micelle in
water forms an aggregate with the hydrophilic “head” in contact with
solvent around it, sequestering single-hydrophobic tail region in the

centre of micelle [4,33].

Micelles are widely used in industrial and biological fields for their
ability to dissolve and move nonpolar substances through an aqueous

medium, or to carry drugs.
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Figure 1. Structure of Micelle

In figure 1, blue spheres represent polar head group or hydrophilic

head, and yellow lines represent hydrophabic tail.

1.3 STERN LAYER

The micelle core is “dry” and containing the hydrocarbon chain. At
the periphery of micelles, there is shell (6-9A) i.e., stern layer which
contains polar group, the counterion and enough water quantity. This

stern layer is quite polar [4].

STERN LAYER

Polar or -
TIonic
head

group

Counterion

Figure 2. Structure of Stern layer



In recent experiments, we observed coumarin 480  was not giving
time dependent stokes shift and does not fluorescence decay
(wavelength dependent) in aliphatic hydrocarbon solvents. It is
expected that coumarin 480 exhibit time dependent solvent shift in
aliphatic hydrocarbon. But the question is what happens when solute

probe coumarin 480 is reside in the stern layer.

1.4 Nucleotides

Nucleotides are organic molecules consisting of a nucleoside and a
phosphate group. Nucleotides are composed of three subunit molecules
which are covalently bonded: a nucleobase, a five-carbon sugar (ribose
or deoxyribose), and a phosphate group. Nucleotides play a vital role
in metabolism at a fundamental cellular level. In the form of adenosine
triphosphate (ATP), nucleoside triphosphate, uridine triphosphate
(UTP), cytedine triphosphate (CTP) and guansine triphosphate (GTP),
they provide chemical energy throughout the cell that demand energy
to perform many cellular functions. Nucleotides are negatively
charged, and they are commonly used in the research of complex
coacervation such as coacervate nanodroplets. Nucleotide (negatively
charged) interact with the polyelectrolyte or polymer (positively

charged) in the formation of coacervate nanodroplet.

NH,
N
2 2 9 1)
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Figure 3. Structure of Adenosine triphosphate (ATP)



1.5 Nanoparticles

A nanoparticle usually defined as a very small entity or particle of size
in nanometres specifically that have a size range of 1 nm to 100 nm.
These nanoparticle are not easily detectable by the eye. These
nanoparticle have different properties mainly chemical and physical

properties to large matter counterparts.

Various types of nanoparticles consist of hundreds to thousands of

entity like atoms.
1.5.1 Types of Nanoparticles

Developing nanoparticles with different structure, properties, and
functions became a matter of an interest. In recent times, scientists
show interest to develop organic nanoparticles due to their various

applications like, OLED, medical diagnosis, and sensors.
Composition based classification of nanoparticles are given below:

1. Organic nanoparticles:  Liposomes, Layered Biopolymer etc.
2. Inorganic nanoparticles: Quantum Dot, Carbon Dot, Gold Shell,
Metal nanocluster etc.

3. Hybrid Nanoparticles:  Polymer Hydrogel

To understand the solvation dynamics of confined system, firstly we
synthesis the desired confined system. In our present work, we
endeavour to understand the solvation dynamics of mainly three
confined system namely, carbon nanodroplet, quantum nanodroplet
and ATP nanodroplet. The nanoparticles used to synthesis these

confined system is described below:

1. Carbon dots: This nanoparticle is the young member in the
nanoworld. Carbon dots are generally spherical with average size less
than 10 nm. These are derived from the organic material and stable in
aqueous median, this is significant in biological view [5]. Carbon dots
have photophysical and photoluminescence properties which are used
for bioimaging applications. Nanocomposite (multiphase solid)



material of carbon dots have enormous importance in biosensing
simply, sensing, and medical research [6]. Nano carbon dots are stable
in broad range of ionic strength and pH. N-CDs has fluorescence
property, emission maxima observed at 415 nm upon excitation of 340
nm. It is found that in aqueous media, carbon dots detect metals like,
Hg*2 and Cu*[7].

2. Quantum dots: In 1980, Russian physicist Alexey I. Ekimov first
found these quantum dots in crystals of glass. After one more decade,
colloidal quantum dots were discovered with some optical properties.
Quantum Dots are little particles with size of few nanometers. Optical
and electronic properties contrast from their larger particles. These are
nanoscale particles, which are made up of semiconductor matters, they
are bind either electron holes or electrons [8].

1.6 Nanoclusters

Nanoclusters are pile of atoms specifically it is a stack of atoms up to
number of 150 atoms. Nanoclusters have core-shell shape contains a
ligand shell and atomic core and they are smaller in shape and size up
to 1-2 nm. They are photostable, good conductor of electricity and
highly fluorescent. Atom present in the nanocluster show magnetic
behaviour and more than that of larger quantity matter. Structural
change in the structure of nanocluster leads to the formation of
nanomagnet. Nanocluster can act as catalyst for example gold
nanocluster because of their unique reactivity and they may also show
optical properties. Nanoclusters have numerous applications because of
unique magnetic, optical etc. properties. The valence band and
conduction band are not continuous for longer time since they contain

few 100 atoms, so the levels are not continuous, they are discrete [9].
1.6.1 Gold Nanocluster (AuNCs)

Gold nanoclusters are very small clusters that contains up to a few 1-
150 atoms Au atoms of small size that has diameter lower than 2 nm.

AuUNCs have various types of optical properties like photodynamic,



photothermal conversion and photon absorption. Gold nanoclusters
play an important role in various fields like, drug delivery,
nanothermometry , imaging, vaccine development etc. They show
different types of fluorescent behaviour in different type of capping
ligands and luminescent property. AUNCs used as an important tool in
various therapy like, photodynamic therapy, photothermal therapy,
radiation therapy. The fluorescence intensity and position of emission
maxima are depending on the chemical structure of gold nanocluster
and synthetic procedure of AuNCs is very facile and they are quite
stable [9].

1.7 Polyelectrolytes or polymer

Polyelectrolytes are simply polymers which are water soluble due to
the presence of ionic charge along their polymer chain. They are
commonly used in the research of complex coacervation. They are
classified as the linear or branched macromolecule chains which have
many ionic groups in their structure. They are usually soluble in polar
solvent, generally water. In positively (or negatively) charged
polyelectrolyte solution, a single species polymer with random
polydispersity and one species of counter-ions which are small ions
with oppositively charged sign to that of macromolecular charge are
present. The charge of counter-ion and macromolecular structure must
be equivalent to attain the condition of electroneutrality. The
commonly used polyelectrolytes are polyethyleneimine (PEI),
poly(diallyl dimethylammonium chloride) (PDADMAC), and poly
(sodium 4-styrene sulfonate) (SPS).

Few characteristics of PDAMAC polymer:
1. Itis a high charge density cationic polymer.
2. Under the normal temperature, it is quite stable, unhydrolyzed, non-

flammable with small excitability to skin and low toxicity.
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1.8 Coacervate droplets

Coacervation is an electrostatically induced spontaneous liquid-liquid
phase separation process between positively and negatively charged
polyelectrolytes. Two phases of liquid coexist at the site of
coacervation: a thick, polymer- rich phase (droplet phase or
coacervative phase) and a highly diluted, polymer deficient phase
defined as the dilute phase. As a result of this procedure, Spherical
colloidal coacervate droplets with size ranging from a few nanometers

to few micrometres are formed [10].

Few characteristics of coacervates nanodroplets:

1. These are organic droplets formed by different organic molecules.
2. These are membrane-less nanodroplets.

3. These can uptake substances from surrounding.

Coacervates have attract researchers mind in artificial protocell
investigations due to the preferential  sequestration  of
biomacromolecules like dye, enzymes, and proteins and their intrinsic
membrane-less crowding environment. Earlier, Mann and co-workers
tested the preferential sequestration of the water insoluble
solvatochromic dye, Nile red dye, into the PDDA/ATP inorganic
droplet and found that the interior of these nanodroplets was much
more polar as compared to DMSO but less hydrophilic than water. In

this regard, in our present work, we investigated the behaviour of

8



coumarin 480 dye inside the ATP/PDADMAC droplet and understand
the interior of droplet. Hence, we shall understand the solvation
dynamics of coumarin 480 in ATP/PDADMAC droplet.

NH; cf
RN - g
Tl 4

OH OH M O ch,
ATP. PDADMAC

Scheme 1. Synthesis of ATP/PDADMAC coacervate nanodroplet.

1.8.1 Quantum dot droplets

These droplets are spherical coacervate droplets with size ranging from
a few nanometers to few micrometres [11]. Earlier Mann and co-
workers show the demonstration of coacervation of PDADMAC
polymer and polypeptides with many mononucleotides which are
anionic in nature [12-13]. Tirell and workers talk about the mechanism
of formation of nanodroplet with various polypeptides (oppositive
charged) and polymer in aqueous phase [14], In recent times of study,
Hwang et al. report the demonstration of coacervate of two cationic
polyelectrolytes and conclude that driven force of coacervation is
cation — pi interactions of short range [15]. Although past studies
provide information of coacervate driven droplets synthesised from
organic molecules but quantum nanodroplets are hybrid droplets
because they are generated from the inorganic and organic matter. Q-
NDs are hybrid nanodroplets and have membrane free interior
structure. Due to this membrane free structure, Q-NDs are used in

artificial protocol research area .

These Q-NDs are synthesised by the simple mixing of CdTe-QDs and
polyelectrolyte PDADMAC in water due to electrostatic interaction
between negatively charged CdTe-QDs and positively charged
polyelectrolyte PDADMAC. Hydrophobic and electrostatic interaction
between outside molecule and nanodroplets accomplished the

sequestration activity, specific sequestration of large range of



substrates like, organic molecule, enzymes, and proteins [16]. Inside
these nanodroplets, sequestered enzymes show catalytic action [17].
Due to this property, coacervate nanodroplet are auspicious
bioreactors. These hybrid quantum nanodroplets are retaining the
character or quality of inorganic and organic correspondent, it is
expected that the application and stability of structure are increased at
that same instance. These quantum nanodroplets are exhibiting two
photon fluorescence, which may be used in various applications like,

tissue imaging and vivo cell.

1.8.2 Carbon dot droplets

Carbon dot droplets are result of coacervation having spherical shape
with size ranging from a few nanometers to few micrometres. In past,
there is development of nanocarrier setup made up of liposomes but
there loading capacity of drugs is much poor, short retention period
and leakage of loaded drugs instantly after loading is another
considerable limitation of these types of nanocarriers made up of
liposomes. In this regard, coacervate nanodroplets like, carbon dot
nanodroplet provide a distinctive and special advantage because of
their membrane less structure [18-19].

The stability of this carbon nanodroplet is impacted by change in pH,
ionic strength, and equilibrium time. There are two different types of
nanodroplets are formed upon changing the equilibrium time i.e., at
1hr of equilibration, small nanodroplets are formed while at 18 hr of
equilibration, large nanodroplets are formed. These nanodroplets are
not stable below pH 5 while they are quite stable in a range of pH 6 -
12. Similarly, in media of high ionic strength, disassembly of
nanodroplets is reported. Anti-cancer drugs and organic dyes are
preferential sequestered inside these droplets due to their membrane

less structure [20].

10



CHAPTER 2

2. EXPERIMENTAL PROCEDURE

2.1 MICELLES

2.1.1 Materials: Hexadecyltrimethylammonium bromide (CTAB)
(> 96.0%), Triton X-100 reduced (TX-100, AR grade), sodium dodecyl
sulphate (SDS) (> 98.5%), coumarin 480 (MW =255.32 gm/mL) were

bought from Sigma-Aldrich and DI water was taken from distillation

unit.

2.1.2 Preparation of micelles: Purified Surfactants (2 mM TX-100,
3.5 mM CTAB, and 32 mM SDS) were added in DI water (pH 6.8)
separately in 15 mL glass vials after that sonicate the samples of
CTAB and SDS for 10 minutes for properly dissolving of surfactants,
further put all three samples for 30 min incubation.

2.1.3 Assembly formation (or assimilation): Solute probe 2.08 uM
coumarin 480 dye was added in the prepared micelle results to

assembly formation.

2.2 ATP/PDADMAC droplet

2.2.1 Materials: All used chemicals are purchased from Sigma
Andrich.  Adenosine  5-triphosphate  (ATP)  disodium  salt
hydrate(99%), poly(  diallyl  dimethylammonium  chloride)
(PDADMAC) (20 wt. % in water), sodium hydroxide (NaOH),
coumarin 480 (MW: 255.32 gm/mL and DI water was obtained from a

distillation unit purifier system.

2.2.2 Preparation of ATP/PDADMAC coacervate droplet:
Nucleotide Adenosine 5'-triphosphate (ATP) and
polyelectrolyte/polymer poly( diallyl dimethylammonium chloride)
(PDADMAC) was added to DI water to form an aqueous solution. To
ATP solution, NaOH was added to maintain the pH 8 for the better

coacervation of nucleotide and polyelectrolyte and put the aqueous

11



solution of ATP and PDADMAC at incubation for 40 minute. See

synthesis of droplet in scheme (1).

2.2.3 Preparation of coumarin 480 loaded ATP/PDADMAC
droplet: 1.66 pL coumarin 480 dissolved in ethanol was added to
droplet and give around 2 hr incubation for proper loading of dye

inside the droplet.

NH; o
N
0o o o /f\N /% -
HO—}%—O—}I:‘)-O—IFI‘)-O ,,o\<N v ) . _Stirring 2
o o o k /7 N h

N
OH OH Hie” @ ch,

ATP PDADMAC Droplet

+C480 3 !

C480 loaded droplet

Scheme 2. Synthesis of loaded coumarin 480 loaded ATP droplet.

2.3.1 Quantum dot droplet

2.3.1 Materials: Cadmium chloride (CdCl;) was purchased from
sigma aldrich, poly(diallyldimethylammoniumchloride) (PDADMAC),
Trisodium citrate dihydrate (NasCeHs07.2H20), Sodium tellurite
(Na;TeOs), Mercaptosuccinic acid (MSA), Sodium borohydride
(NaBH4), the Pur-A-Lyzert dialysis kit was bought from Sigma-
Aldrich company and DI water was obtained from a distillation unit

purifier system.

2.3.2 Preparation of quantum dot: 0.04 M cadmium chloride in 4
mL DI water was diluted to a 50 mL flask and then ), trisodium citrate
dihydrate (Na3CsHs07.2H20) (100 mg) Sodium tellurite (0.01 M, 1
mL), MSA (50 mg), and NaBH4 (100 mg) were added with stirring
continuously When there is appearance that the colour changed to
green, the flask was connected to condenser and give reflux for 0.5

and 5.0 h to get green and quantum dots , respectively then the mixture

12



obtained was dialysis against DI water and at last purified sample was
kept at cold place [21].

2.3.3 Preparation of quantum dot droplet: Quantum dot droplets
were prepared by using prepared quantum dot (80nM) and cationic
polymer PDADMAC ( 33uM) in deionised (DI) water and put for
equilibration for 4 hr at normal room temperature to get stabilised

spherical droplet.

2
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Scheme 3. Illustration of coacervate droplet Formation via QD-
PDADMAC Nanocomposite Formation.

2.4 Carbon dot droplet

2.4.1 Materials: Citric Acid monohydrate (99.5%) bought from Merck
(Germany) . PDADMAC, (poly- (diallyldimethylammonium chloride))
(20 wt. % in water), MW = 100k—200k, Ethylenediamine (EDA,
99.5%), sodium hydroxide(NaOH), deionised water (DI water) was

obtained from a distillation unit purifier system.

2.4.2 Preparation of carbon dot: Carbon dots are synthesised by
hydrothermal methodology [22-23]. In brief, first citric acid (1.015 g)
was dissolved in 10 mL of DI water by sonicate it for 10-15 minutes.
After proper complete dissolution of citric acid in DI water,
ethylenediamine (335 uL) was properly added slowly to it and further

sonicating the solution for 10-15 minutes. Then a dissolved solution

13



formed was transfer to a Teflon-padded autoclave (25 mL) and put the
prepared solution in the oven for 5 hours and set the temperature to
200 °C. After 5-hour, reactor was cooled naturally at room
temperature, and prepared solution was dialysed by using a Pur-A-

Lyzer (MWCO 3.5 kDa) to remove free reactants from solution.

2.4.3 Preparation of carbon dot droplet: Carbon dot droplet were
prepared by using prepared carbon dot (0.06 mg/mL) and cationic
polymer PDADMAC (32um) at pH 10 adjusted by the 0.1M NaOH
put for equilibration for 16 hour at nor room temperature to get

stabilised spherical droplet.

o A
/ A\
HO' on” o //, ~\ e
I Hydrothermal 4 \
Citric acid T method 1 % \ -~ Stirring
o - o
+ 200%C,5h ! !
K K/
/
N /s

@
HZN\/\\NH2 » HyC CHs

~
Carbon Dots

PDADMAC

Carbon dot
Ethylenediamine nanodroplet

Scheme 4. [lllustration of carbon dot formation by using
ethylenediamine and citric acid and formation of
coacervate droplets in presence of cationic polymer

PDADMAC.

2.5 N,P-Carbon dot droplet

2.5.1 Materials: ortho-Phenylene diamine was purchased from Sigma
Aldrich and phosphoric acid (HsPOa4). Deionised (DI) water was
obtained from a distillation unit purifier system and used in all

experiments.

2.5.2 Synthesis of N,P-CDs: N,P-CDs were synthesised by taking 100
mg ortho-Phenylene diamine in 40 mL autoclave chamber that
contains 13.5 mL of DI water after this add phosphoric acid (1.5 mL)
dropwise into this autoclave chamber. Then after, this reaction mixture

put in oven at 160 °C for 6 hr. After this thermolysis, autoclave
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chamber cools down naturally at room temperature. Then, product was
centrifuged at 15,000 rpm for 15 min then filter product by using
syringe (0.22 pum-pore filter). Then in last step, N,P-CDs purified using
dialysis kit [24].

2.5.3 Synthesis of N,P-Carbon dot droplets: N,P-Carbon dot droplets
were synthesised by using 100 pL of purified N,P-CDs and 350 uM
PDADMAC in 3 mL of DI water maintaining pH 10 adjusted by using

0.1M NaOH and put for equilibration for 16 hour at room temperature

to get stabilised spherical droplets.
NH2 9 Tydrothermal ’7 o
" + HO-P-OH o™ L+ M
z OH = N
o-Phenylenediamine Phosphoric acid DIALYSIS 2 hr He™ ® e,

PDADMAC

Stirring

N,P- Carbon dot droplets

Scheme 5. Illustration of N,P-Carbon dot formation by using o-
Phenylenediamine and phosphoric acid and formation of
coacervate droplets in presence of cationic polymer
PDADMAC.

2.6 Gold Nanocluster

2.6.1 Materials: Human serum albumin (HSA), cell culture tested was
purchased from himedia, Chloroauric acid (HAuCls ), Poly(ethylene
glycol) Bio ultra 8,000 (PEG) was purchased from sigma Aldrich,
Sodium hydroxide (NaOH), deionised water (DI water) was obtained

from a distillation unit purifier system.

2.6.2 Preparation of HSA capped gold nanoclusters: HSA capped
AUNCs were synthesised by using Human serum albumin HSA
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(20mg/mL) and Chloroauric acid (HAuCls , 5 mM) in DI water
maintaining pH 9.5 by adding 0.1 M sodium hydroxide and stir the
solution for 24 h at 37 °C then solution was dialysed for 4 hr by using
dialysis kit .

2.6.3 Preparation of HSA condensates @ gold NCs: HSA
Condensates @ gold nanoclusters were synthesised by taking HSA
capped gold NCs in the presence of 10% PEG 8000 at 37 °C and
incubated for 1 day.

Stirring 24 h at 37 °C Dialysis for 4 h
HSA (20 mg/ml) + 5 mM HAuCl, —_—
Slightly basic medium(~pH 9.5)

HSA capped GNCs

|:| 10% PEG @

HSA capped GNCs Condensates of HSA@GNCs
. HSA
HAuCIO, ‘ / J  NaOW ) +10% PEG 8000
E Step-1 Step-2 i
I —
P — \ P
(r*===" ===
HSA capped GNCs | Condensates of HSA@GNCs I

Scheme 6. Illustration of synthesis of HSA capped Au NCs (20 mg/ml
HSA+5 mM HAuUCL,).
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2.7. INSTRUMENTATION

2.7.1 UV-Visible Spectrophotometer

Absorption spectra was recorded in a cuvette using a Perkin Elmer
lambda 750 spectrophotometer by taking base line of water to subtract

the absorption of water.
2.7.2 Fluorescence spectrofluorometer

Emission spectra were recorded in a cuvette (10*10 mm) using by
using a Fluoromax Spectrofluorometer (Horiba Jobin Yvon, modelFM-
100) slit width at 2 nm.

2.7.3 Time-correlated single photon counting (TCSPC)

TCSPC set up from IBH Horiba Jobin Yvon (USA) was used to collect
lifetime of decay range from wavelength 450 nm to 600 nm at intervals
of 10 nm and slit width less than or equal to 4 nm. The excitation
wavelength for time-resolved and steady state study is 405 nm. All the
decays were analysed using the software named IBS DAS 6.0. Data
was fitted to biexponential or triexponential using analysis software.

Ludox solution was used to record the decay of instrument response

Nd:YVO, laser '

function.

eference dlode

- ) / =

Autocorrelator

Polarization control \

Focusing lens 2
using lens /2

4
| o]
Sample — /'
PMT Integrated detection
Monochromator electronics
Mlcroscope

objective
Polarizing
beam-splitter

Figure 5. Diagram of TCSPC
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2.7.4 Field Emission Scanning Electron Microscopy (FE-SEM)

The nanodroplet were confirmed by using the FE-SEM technique. The
FE-SEM, supra 55 Zeiss was used to collect SEM images of
nanodroplet. Prepared sample was drop casted on SEM slides
overnight and gold coating on slides before performing FE-SEM

technique.
2.7.5 Confocal Fluorescence Microscopy

Confocal images of nanodroplets were detected by confocal
microscope (Olympus model no.FV1200MPE, 1X-83) by using oil
immersion objective (100X, 1.4 NA). To excite samples using desired
dichroic a 405 nm laser source was used and in the optical path, filters

are used. The samples are drop casted on confocal slides.
2.7.6 Thermogravimetric Analysis (TGA)

The water content inside the ATP/PDADMAC droplet at pH 8 was
detected using thermogravimetric analysis (TGA). The water content
inside droplet was known by knowing the weight loss at 110 °C , with
subsequent uphold the temperature at 110 °C for around 5 hour and
after 5 hour increase the temperature up to 800 °C. The concentration
of ATP and PDADMAC is 30 mM and molar ratio of
ATP/PDADMAC is 1:1 and separate out the droplets by centrifuging
the sample at 5000 rpm for 15 minutes to get the coacervate thick

phase.
2.7.7 Fourier-transform infrared spectroscopy (FTIR)

This technique is used for the identification of different types of
functional groups present on the nanoparticles. Infrared spectra were
noted by Bruker spectrometer (Tensor-27) by using thin pellet mainly
thin KBr pellet. All Infrared spectra(IR) were recorded in range of

wavenumber 4000 cm™ to 800 cm™ on an average of 10 scans.
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CHAPTER 3

3. Results and Discussion
3.1 Micelles

3.1.1 Steady state spectrum: C-480 exhibits an emission maxima at
around 490 nm in water. When concentration of surfactant is less than
cmc, emission spectra of coumarin 480 remain unchanged or negligible
change but if concentration of surfactants is more than cmc, the
emission spectra of coumarin 480 changed exhibit shift to 475 nm in
CTAB and SDS and 470 nm in TX-100 which indicates solute probe
coumarin 480 is transferred from aqueous medium to polar micelle
which is less polar. Emission peak of coumarin 480 in micelles is like
that of alcohol medium which is homogeneous. Some parts of solute

probe experience lower polarity as compared to bulk water.

—( 4 50W

s 430W + CTAB
o 430W + SDS
—C430W + TX100

=
=
']

0.0 T T e
400 450 500 550 600 650

Wavelength(nm)

Nor.FL Intensity(a.u.)
=]
i

Figure 6. Emission spectra of probe coumarin 480 in water, 3.5 mM
CTAB, 2 mMTX-100, and 32 mM SDS.

SDS MICELLE

3.1.2 Steady state spectrum

In aqueous media, emission maxima of coumarin 480 show blue shift
from 490 nm to 475 nm in presence of SDS micelle at excitation of

390 nm, it indicates that coumarin 480 is transfer from polar region to
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low polar micelle area. In ,micelle region, probe solute i.e., coumarin

480 experiences lower polarity in comparison to bulk water.
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Figure 7. Emission spectra of probe coumarin 480 in water and 32mM
SDS micelle.

3.1.3 Time-resolved studies

To obtain information about solvation dynamics of coumarin 480, the
time resolved emission spectra (TRES) of probe coumarin 480 in
Water in presence of sodium dodecyl sulphate (SDS) above the critical
micelle concentration see figure(8). Few dyes do not exhibit time-
resolved emission spectra in hydrocarbon core while solvation of these
dyes is fast in bulk water observed in our work. Reconstruct the
response function for extracting the time constant of coumarin 480 in

the stern layer of SDS micelle.

leﬂs- R —IRF
4 W 450

ax10'q |44 o

530
540

3x10°

Counts
Counts

2x10°4

1x10°

0 5 1015 20 25 30 35 40 45
"I‘ Time(ns) 1 Time(ns)

Figure 8. Lifetime Decays of solute probe coumarin 480 in 32 mM
SDS at range of wavelength 450-600 nm.
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Wavelength(nm) T, (ns)

Table 1. Data of average lifetime, lifetimes, pre-exponential factor and
chi-square of each decay.

3.1.4 Construction of TRES:

Time-resolved emission spectra of SDS micelle is obtained by using
given mathematical equation [25]:

=t
XLy a; (e
Yy, ai(v)ri(v)

I(v,ty) = I55(v)

Where Iss(v) represent fluorescence intensity of steady state.

I(v, t) represent fluorescence decay.

Y, ai(v)ri(v) represent average lifetime of each decay.

3.1.5 Interpretation of time resolved emission spectra (TRES):

TRES in figure (9) shows that intensity get decreases with the time
and minor differences in the shape of spectrum at different range of
time are invisible because intensity is decreasing continuously.
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Figure 9. Time resolved emission spectra of coumarin 4800 in SDS
micelle at different times.
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To construct the time response function, we construct TRES with
normalised fluorescence intensity and wavenumber at different times
see figure (10)
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Figure 10. TRES of coumarin 480 in SDS micelle.

Interpretation of TRES: As we clear see from the time resolved
emission spectra (TRES) figure (10) with increasing the time, blue
shift is observed represented by arrow or stoke sift is observed with

time.

3.1.6 Construction of time-response function C(t)

To obtain the time constant of coumarin 480’s solvation dynamics in
the stern layer of micellar region, we construct the response function

C(t) by using the given mathematical equation.

v(t) — v(o)

¢ = v(0) — v(o0

Where, v(0), v(o)and v(t) are peak frequency at time 0, oo, and t
respectively, Figure(11) shows decay of C(t)for SDS micelle.
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Figure 11. C(t) of coumarin 480 in 32 mM SDS.

We can say that solvation dynamics in micelle is faster than solvation
dynamics observed in water pool of reverse micelle (2-8 ns). The
observed solvation dynamics of water in in stern layer (180-350 fs) is
slower than in ordinary water (310 fs). The solvation behaviour of the
ionic micelle is different than neutral or cation micelles because of

presence of counterion in ionic SDS micelle.

3.2 ATP/PDADAMAC droplet

3.2.1 Characterisation of ATP/PDADMAC droplet

The synthesized ATP droplet have been characterized by field electron
scanning electron microscopy (FE-SEM) and Confocal laser scanning

microscopy (CLSM) see figure(12).

Figure 12. FE-SEM and confocal image of ATP/PDADMAC droplet.
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3.2.2 Characterisation of coumarin 480 loaded ATP/PDADMAC
droplet

The synthesised ATP/PDADMAC droplet have been characterised by

microscopic confocal images see figure (13).

FL

Figure 13. Confocal images of coumarin 480 loaded ATP droplet.

3.2.3 UV-Visible spectra: Absorption spectra of coumarin 480 loaded
ATP/PDADMAC droplet shows no shift in absorption maximum with
respect to time from 0 to 160 minute. We have not concluded much

from absorption spectra see figure (14).

350 385 420 455 490
Wavelength(nm)

Figure 14. Absorption spectra of coumarin 480 loaded
ATP/PDADMAC droplet.
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3.2.4 Steady state emission spectra

Emission spectra of coumarin 480 in water and ATP/PDADMAC
droplet shows emission maximum at 490 nm at excitation of 390 nm
but no stoke shift shown in water and ATP droplet.

-
= 1.0+ — CA80+water
: e c480+ATP droplet

o
(e}
»

0.64
0.4+
0.24
0.04

400 450 500 550 600 650 700
Wavelength(nm)

Nor.FL Intensity(a

Figure 15. Emission spectra of coumarin 480 in water and ATP

droplet

3.2.5 Time dependent emission spectra

Emission spectra of coumarin 480 in ATP/PDADMAC droplet shows
a time dependent shift in emission maximum at excitation of 390 nm.
This time dependent shift in emission maximum of coumarin 480 may
be because of time dependent loading of coumarin 480 inside droplet.
From figure (16), We can say that coumarin 480 dye is loaded inside
ATP droplet with respect to time, it means coumarin 480 loaded inside
the ATP/PDADMAC droplet.
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Wavelength(nm)

Figure 16. Emission spectra of coumarin 480 in ATP/PDADMAC

droplet at different interval.

3.2.6 Time-resolved studies

To obtain information about solvation dynamics of coumarin 480, the
time resolved emission spectra (TRES) of probe coumarin 480 in
ATP/PDADMAC are constructed at different times from decays taken
in a range of wavelength from 440 to 600 nm at interval of 10 nm.
Reconstruct the response function for extracting the time constant of

coumarin 480 (figure 17).
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Figure 17. Decays of solute probe coumarin 480 in ATP/PDADMC
droplet at range of wavelength 440-600 nm.

26



ol Nl I

0.08 0.78 5.82 0.22 134 1.14
460 0.08 0.51 5.84 0.49 2.90 117
470 0.065 0.34 5.85 0.66 3.91 1.09
480 0.45 -0.04 5.83 0.96 5.64 1.09
490 2.82 -0.03 5.77 0.97 5.67 1.16
500 2.65 -0.04 5.78 0.96 5.69 1.15
510 2.75 -0.01 5.85 0.99 5.83 1.07
520 2.72 -0.01 5.84 0.99 5.84 %13
530 2.77 0.01 5.88 0.99 5.88 1.07
540 0.11 0.25 5.86 0.75 4.41 1.05
550 0.09 0.46 5.87 0.54 3.18 1.05
560 0.08 0.61 5.84 0.39 2.34 1.04
570 0.08 0.72 5.83 0.28 1.67 1.10
580 0.081 0.80 5.81 0.20 1.24 1.14

Table 2. Data of average lifetime, lifetimes, pre-exponential factor and
chi-square of each decay of coumarin 480 in ATP/PDADMAC
droplet.

3.2.7 Construction of TRES

Time-resolved emission spectra of SDS micelle is obtained by using
given mathematical equation [25].

—tk

X a; (v)es®

Yy, ai(v)ri(v)

I(U, tk) SS( )

Where Iss(v) represent fluorescence intensity of steady state.
I(v, tx) represent fluorescence decay.

Yt ai(v)ri(v) represent average lifetime of each decay.

3.2.8 Interpretation of time resolved emission spectra (TRES)
TRES in figure (18) shows that intensity get decreases with the time
and differences in the shape of spectrum at a various range of time are

invisible because intensity is decreasing continuously.
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Figure 18. Time resolved emission spectra of coumarin 480 in
ATP/PDADMAC droplet.

To construct the time response function, we construct TRES with
normalised fluorescence intensity and wavenumber at different times

see figure (19).
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Figure 19. TRES of coumarin 480 in ATP/PDADMAC droplet.

3.3 Quantum dot droplet
3.3.1 Characterization of green quantum dot droplets

The synthesised green quantum droplets were characterised by using
UV-vis spectroscopy, fluorescence spectroscopy, and Confocal laser
scanning microscopy (CLSM). The synthesised green quantum dots
and green quantum droplets show absorption maxima at 490 nm in

UV-vis spectroscopy (Figure 20A). The emission maxima of green
28



guantum dot show shift from 525 nm to 532 nm after addition of
polymer PDADMAC with red shift of wavelength 8 nm upon
excitation at 450 nm and fluorescence intensity of quantum dot is
decreasing significantly due to quenching in presence of polymer
PDADMAC (Figure 20B). Figure 20C shows the confocal images of
green quantum droplets in CLSM.
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Figure 20. (A) Absorption spectra, (B) Fluorescence spectra of green
quantum dots and green quantum droplets, and (C)
Confocal images (DIC, FL, and merge) of green quantum
droplets.

3.3.2 Characterization of red quantum dot droplets

The synthesised red quantum droplets were characterised by using UV-
vis spectroscopy, fluorescence spectroscopy, and Confocal laser
scanning microscopy (CLSM). The synthesised red quantum dots and
red quantum droplets show absorption maxima at 585 nm in UV-vis
spectroscopy (Figure 21A). The emission maxima of red quantum dot
show shift from 620 nm to 628 nm after addition of polymer
PDADMAC with red shift of wavelength 8 nm upon excitation at 450
nm and fluorescence intensity of quantum dot is decreasing

significantly due to quenching in presence of polymer PDADMAC
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(Figure 21B). Figure 21C shows the confocal images of red quantum
droplets in CLSM.
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Figure 21.(A)Absorption spectra, (B) Fluorescence spectra of red
quantum dots and green quantum droplets, and (C)
Confocal images (DIC, FL, and merge) of red quantum

droplets.

3.4 Carbon dot droplets
3.4.1 Characterization of green quantum droplets

The synthesised droplets were characterised by using UV-vis
spectroscopy, fluorescence spectroscopy, and confocal microscopy
(CLSM). The synthesised carbon dots and carbon dot droplets show
absorption maxima at 339 nm in UV-vis spectroscopy (Figure 22A)
and emission maxima at 448 nm upon excitation on 365 nm in
fluorescence spectroscopy (Figure 22B). Figure 22C displays the
confocal images (DIC, FL, Merge), DIC image show the presence of
stabilised coacervate droplet while in FL, blue colour emission indicate
that carbon dots are distributed uniformly inside these coacervated

carbon dot droplets.
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Figure 22. (A) Absorption spectra, (B) Fluorescence spectra of carbon
dots and carbon dot droplets, and (C) Confocal images
(DIC, FL, and merge) of carbon dot droplets.

(©)

3.5 N,P-Carbon dot droplet
3.5.1 Characterization of N, P-Carbon dots: The synthesised

coacervate droplets were characterised by using UV-vis spectroscopy,
fluorescence  spectroscopy, and Fourier transform infrared
spectroscopy (FTIR). Absorption spectra of dialysed or purified N,P-
Carbon dots, crude N,P-Carbon dots and dialysate N,P-Carbon dots
were recorded by using UV-vis spectroscopy as shown in figure 23A,
B and C respectively. Emission spectra of dialysed or purified N,P-
Carbon dots, crude N,P-Carbon dots and dialysate N,P-Carbon dots
were recorded at different wavelengths (280-600 nm) by using
fluorescence spectroscopy as shown in figure 24 A, B and C
respectively. IR spectra of N,P-Carbon dots were recorded by using
Fourier transform infrared spectroscopy as shown in figure 25. The
absorption spectra of synthesized N,P-CDs displays absorption band at
404 nm, which belong to n-n* transition of C=N, C=0 etc. and peak
around 470 nm can belongs to nitrogen containing molecular state as
reported earlier [26-27]. N,P-Carbon dots display a wide absorption

shoulder in region of longer wavelengths with maxima at around 576
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and 610 nm, respectively. However, this wide band is not found for
pure N-Carbon dot. So, this absorption band in the region of longer
wavelength may be related to functional groups of phosphorous
containing surface and their noncovalent interactions with the solvent
media in surrounding [28-29]. N,P-CDs show PL emission behaviour
at different excitation wavelengths. The emission maxima have been
found at 621, 576, and 387 nm at excitations of 560, 400 and 340 nm
wavelength, respectively. FTIR spectra at region of longer wavelengths
displays intense and broad peaks at 3032—3674 cm™ , due to stretching
vibrations of the —OH/-NH functional groups present on surface. The
peaks of less intensity in region of 2800—-2940 cm™ belongs to the
C—H stretching vibration. The additional peaks of low intensity at
~1635 cm? and ~1760 cm™ belongs to C=C and C=0 functional
groups, respectively, the peaks in middle region at 1435 cm—1 can be
belongs to C=N stretching vibrations , the peaks corresponds to 1157
and 998 cm™ belongs to P-O/P=0 and C—O/C—O—C ; the peak around
550 confirms the presence of PO4% [30-31].
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Figure 23. Absorption spectra of (A) dialysed or purified N,P-Carbon
dots, (B) crude N,P-Carbon dots and (C) dialysate N,P-Carbon dots.
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Figure 24. Emission spectra of (A) dialysed or purified N,P-Carbon
dots, (B) crude N,P-Carbon dots and (C) dialysate N,P-Carbon dots.
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Figure 25 . FTIR spectra of dialysed or purified N,P-Carbon dots.

3.5.2 Characterization of N, P-Carbon dot droplet

The synthesised coacervate droplets were characterised by using UV-
vis spectroscopy, fluorescence spectroscopy, and Confocal laser

scanning microscopy (CLSM).
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Figure 26. (A) Absorption spectra of N,P-carbon dot and coacervate
droplet and (B) Emission spectra of N,P-carbon dot and coacervate

droplet.

Figure 27 . Confocal images of synthesised N,P-Carbon dot droplet.

3.6 Gold Nanocluster

3.6.1 Characterization of HSA capped gold AuNCs and HSA
condensate @AUNCs

The HSA capped gold nanoclusters and HSA condensates @AUNCs
were characterised by UV-vis spectroscopy, Fluorescence
spectroscopy, CLSM, and FE-SEM. The HSA capped gold
nanoclusters show a broad shape absorbance spectra in the UV-Vis
spectroscopy (Figure 28A) shows a nanocluster size of less than 3 nm
and emission maximum at 670 nm after excitation of 500 nm (Figure
28B). Next, we formed HSA condensates @AUNCs in the presence of
10% PEG 8000 which was confirmed by CLSM images (Figure 28C)
and FESEM images (Figure 28D).
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Figure 28. (A) Absorption and (B) fluorescence spectra of HSA
capped gold nanoclusters. (C) Confocal and (D) FESEM
image of HSA condensates @AUNCs.
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CHAPTER 4

Conclusion and Future outlook:

In the present work, we observed that coumarin 480 shows blue shift in
its PL spectrum in the presence of SDS micelle. Furthermore,
coumarin 480 shows shift in its time-resolved spectra upon entering the
stern layer of the micelles. Notably, Coumarin 480 molecules reside in
the stern layer of micelles and motion of water molecules is restricted
in stern layer and properties of water in stern layer are different those

in bulk water.

Next, we successfully fabricated ATP droplets and characterized using
CLSM and FESEM imaging. Subsequently coumarin 480 was
encapsulated inside the ATP droplets which was further confirmed
using CLSM imaging. The encapsulation of coumarin 480 inside the
droplets is time dependent i.e., as time increases coumarin 480 loaded
inside the droplet shows red shift. The time dependent stokes shift i.e.,
blue shift of coumarin 480 in ATP droplets and its time-resolved
emission spectra shows that intensity decreases with time and small
changes in shape of spectrum is invisible because intensity is

decreasing with time.

We further fabricated quantum-dot, carbon-dot and nanocluster
embedded hybrid droplets which were confirmed using CLSM and
FESEM imaging. In future, we will be investigating the behaviour of
coumarin 480 inside the carbon dot, quantum dot, and nanoclusters
hybrid droplets to understand the behaviour of the interior environment
of these hybrid droplets.
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