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ABSTRACT

The quantum confined I1-VI semiconductor material becomes interesting area of research due
to its large photonic band gap. A series of thiol capped CdSe quantum dot has been
synthesized at different temperature in aqueous solution using thioglycollic acid
(HSCH,COOH, TGA) as stabilizer and optimized reaction temperature 85°C for the growth
of CdSe quantum dots, heaving high quantum yield corresponding to photoluminescence.
The overall growth mechanism of CdSe quantum dots depends upon the various factors
affecting the experimental conditions, including the Se-to-Cd ratio, temperature, time, and
precursor concentration, which was optimized with the help of different set of experiments
and getting characterized for their optical properties with the help of UV-Vis and
Photoluminescence spectroscopy.

Fluorescence spectroscopy revealed that the valence band of CdSe quantum dot is
situated at higher energies with respect to the radox level of most thiols, and hence inhibiting
hole trapping as a result of that maintains a high luminescence efficiency. The average size
(7nm) of TGA capped CdSe quantum dots prepared at 85°C was confirmed by Transmission
Electron Microscopy (TEM) and getting dispersed into ferroelectric liquid crystal for
improvement in electro-optic switching and molecular relaxation behaviour of CdSe quantum
dot doped FLC composites with the help of polarization rewersal technique and dielectric
spectroscopy. Temperature dependent dielectric properties of dielectric properties of 0, 0.25,
0.5,1 weight % CdSe doped FLC was investigated, which shows the phase transition
behaviour in CdSe doped FLC composites. Polarization switching current response of these
composites shows the improvement in electrical switching, which reflects the switching
response time.
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Chapter 1: Introduction

Matter is defined as:
It is any substance which has mass and occupies space. All physical objects are composed of

matter. Which exists in three states:-

a) Solid
b) Liquid
c) Gas

Each has some characteristics feature which distinguishes one from the other. During
heating, ice to water is an example of these three states for a single compound. Like solid has

order and liquid has disorder.

Some substances can exist in states other than solid, liquid, and vapor. For example,
cholesterol myristate (a derivative of cholesterol) is a crystalline solid below 71°C. When the
solid is warmed to 71°C, it turns into a cloudy liquid. When the cloudy liquid is heated to
86°C, it becomes a clear liquid. Cholesterol myristate changes from the solid state to an
intermediate state (cloudy liquid) at 71°C and from the intermediate state to the liquid state at
86°C. Because the intermediate state exits between the crystalline solid state and the liquid

state, it has been called the liquid crystal state.

1.1. Liquid Crystal

Liquid crystals [1-4], as their name implies, are substances that exhibit properties of both
liquids and crystals. Specifically, these molecules possess high orientational order as well
as the low positional order depending on nature. Most liquid crystals are thermotropic; their
degree of orientational and positional order depends on temperature and so their liquid
crystalline phase occurs within a limited temperature range between the solid and

liquid phase.
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Fig 1.1: The schematics of (a) crystal, (b) liquid crystal and (c) liquid.

The term liquid crystal describes a state of matter that exhibits between the anisotropic
(solid) crystal and the isotropic (liquid) liquid. The liquid crystalline or mesomorphic
substances exhibits strong anisotropic in certain properties, yet certain maintain a certain
extent of fluidity. Liquid crystals were first discovered in 1888, by Austrian chemist
Friedrich Reinitzer; but the first detailed observations characterizing these phase were made
by Lehmann (1890).

((m’[

Fig 1.2: Reinitzer (Reproduced with kind permission from Merck KGaA, Germany) and (b)
Lehmann (Universitatsarchiv Karlsruhe).

Liquid crystal phases, almost without exception, appear in a class of molecules called
mesogens, which is derived from the Greek phrase ‘species in between’. These molecules
possess an anisotropic shape, i.e. either their molecular axes have differing lengths or the
properties of the constituent parts of the molecules vary (e.g. hydrophobic—-hydrophilic or
rigid—flexible parts). In addition, in order to display mesogenic properties, the molecules

have to interact with each other through non-covalent interactions. These intermolecular

Page | 2



interactions are mainly responsible for the liquid crystalline properties exhibited by
mesogenic materials and for their interactions with the surface (vide infra), which are critical
for device applications. In order to fully appreciate how a liquid crystalline device can be
modified or manipulated by these interactions, it is worthwhile to highlight the basic
principles of liquid crystals, from the molecules involved through to the phases they form; all
of which are a result of intermolecular forces. A liquid crystal is a substance that behaves
optically like a crystal, but flows like a liquid. Overall, the molecules of a liquid crystal have
the same orientation. A unit vector called the director is used to designate the preferred
orientation of the molecules in a liquid crystal. By convention this vector is symbolized by

the letter n. An important property of the director is that “n and —n” are equivalent vectors

Fig 1.3: Schematic representation of molecules in thermotropic liquid crystal(nematic liquid crystal).

A highely anisotrophic shape of the molecules is necessary for mesomorphism, like for
example the long and narrow rod-like or disc like shape. The transition to mesophase can
take place due to purely thermel processes (thermotropic mesomorphism) or due to the
influence of solvents (lyotropic mesomorphism). The fig. 1.3 shows the molecular structure
of a typical rod-like liquid crystal molecule. It consists of two or more ring systems

connected by a central linkage group.

Although the phenomenon of liquid crystallinity was discovered in 1888 and the term of
“liquid crystals” was first used in 1890 (Priestley 1974; Meier, Sackmann et al. 1975;
Hans and Rolf 1980; Finkelmann 1987; Pavel, Ball et al. 2002) liquid crystallinity has
attained prominence only in the last two decades. Liquid crystals can exhibit intermediate
phases where they flow like liquids but possess some physical properties of crystals.
Accordingly, they are also called mesogens and various intermediate phases in which they

could exist are termed mesophases or mesomorphic phases. LCs are anisotropic materials
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whose flow properties strongly depend on their structures and molecular orientation. The
mesomorphic phases appear as a more or less viscous fluid which can be identified
visually by their characteristic turbidity or by optical birefringence. Many organic
compounds, including macromolecules, would possibly form liquid crystals when they
are heated above their melting temperatures. The well-known and widely studied liquid
crystals are thermotropic and lyotropic (Priestley 1974; Meier, Sackmann et al. 1975;
Hans and Rolf 1980). Thermoropic liquid crystals are of interest both from the
standpoint of basic research and also for applications in electro-optic displays [5-7],
grating [8], shutter [9-12] temperature and pressure sensors (Meier, Sackmann et al. 1975).
Lyotropic liquid crystals, on the other hand, are of great interest biologically and appear to
play an important role in living systems (Meier, Sackmann et al. 1975). Depending on
temperature, pressure, constitutes, concentration, substitutes, and so on, mesogens can
exhibit rich mesophases, including nematic (N), smectic (S), cholesteric (Ch), and blue
phase (Priestley 1974; Meier, Sackmann et al. 1975; Hans and Rolf 1980; Finkelmann 1987;
Leadbetter 1987).

1.1.1 Characterizing Liquid Crystals
The following parameters describe the liquid crystalline structure:
% Orientational order: Measure of the tendency of the molecules to align along the
director
on a long-range basis.
% Positional order: The extent to which the position of an average molecule or group of
molecules shows translational symmetry.
+ Bond orientational order: Describes a line joining the centers of nearest-neighbor
molecules without requiring a regular spacing along that line. Thus, a relatively long-
range order with respect to the line of centers but only short range positional order

along that line.

1.1.2 Chemical Structure of Liquid Crystals:

Most liquid crystalline molecules are highly anisotropic and to a good approximation they
can be regarded as rigid rods or ellipsoids of revolution with lengths is greater than their
widths. The basic structure of low molecular mass liquid crystals or monomers of liquid

crystalline polymers is schematically shown below
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where X is a side group, R is a terminal group, A and B are aromatic rings, and H is a linking
group.

1. Side group:

The following side chains are extensively studied: alkyl group (C,H,,.4); alkoxy group
(C,H5,:,0) and alkenyl (C,H,,_4) or alkenyloxy (C,H,,-10) group. The length and
flexibilty of the side chain affect the type of liquid crystal phases and the phase transition. In
general, for homologues, the compounds with small n show no mesogenic phase. As n
increases, the monotropic liquid crystal phase appears. As n further increases the nematic
phase occurs and thereafter smectic phases may appear. As n varies the even-odd alternation
occurs: the compounds in odd carbon numbers in the side chains have the higher transition
temperature whereas compounds in even numbers have lower transition temperatures.

2. Terminal group:

The terminal group primarily contributes to the dielectric anisotropy and the refractive
indices, which in turn affects the threshold voltage and optical properties in display
applications, respectively. Common terminal groups are alkyl, alkoxy, cyano, nitro,
isocyanate (NCS), sulfide and halides such as F, Cl, CF; and OCF,

3. Aromatic rings:

Most liquid crystal compounds consist of two or more aromatic rings. Those aromatic rings
can be a totally saturated cyclo-hexane, a cyclo-cyclohexane, an unsaturated biphenyl,
terphenyl, or combinations of them. Usually, the longer the ring, the higher the melting
temperature.

4. Linking group:

The linking group makes an important contribution to the phase transition and physical
properties such as the birefringence. The following linking groups have been well studied

+ Saturated groups, such as ethylene (C;H,)

% Esters
¢+ Unsaturated groups containing a double bond or a triple bond such as stilbene, azoy,

schiff base, tolane or acetylene, and diacetylene.
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5. Lateral group:
By substituting the hydrogen in the 2-, 3-, or 4-position of a phenyl ring by cyano, fluoro, or
chloro polar group, one can modify the physical properties of liquid crystals. In most cases,
the lateral substitution will broaden the molecule, thus reducing lateral attractions and
lowering the nematic and smectic phase stability. Not only do the nature and size of the
substitution affect the liquid crystal properties, but also the position of the group can have a
significant effect.

6. Chiral center:

Replace the terminal group by a chiral center and the chiral nematic and smectic phases can
be obtained. The liquid crystal molecules or monomers are generally 2-4 nm in length and
0.4-0.6 nm in width. Experiments and theories demonstrate that for compounds showing the
liquid crystal phase, their axial ratio or ratio of length to width (or to diameter) must be
greater than a certain value, approximately 4.

Linkage s

group

Terminal Group {Ring % {Ring »— Side Chain

Fig 1.4: Shape of a liquid crystal molecule

1.2 Classification of Liquid Crystal
The liquid crystals [13] are of two types:-

®,

%+ Thermotropic liquid crystals

®,

¢ Lyotropic liquid crystals

A liquid crystal is a substance that behaves optically like a crystal, but flows like a liquid.
Overall, the molecules of a liquid crystal have the same orientation. A unit vector called the
director is used to designate the preferred orientation of the molecules in a liquid crystal. By
convention this vector is symbolized by the letter n. An important property of the director is

that “n and —n” are equivalent vectors.

A highely anisotrophic shape of the molecules is necessary for mesomorphism, like for
example the long and narrow rod-like or disc like shape. The transition to mesophase can
take place due to purely thermel processes(thermotropic mesomorphism) or due to the

influence of solvents (lyotropic mesomorphism)
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Fig 1.5: Classification of liquid crystal

1.2.1 Thermotropic Liquid Crystals

A mesogen is thermotropic [14-18] if the order of its components is determined or changed
by temperature (Priestley 1974; Hans and Rolf 1980; Pavel, Ball et al. 2002). If
temperature is too high, the rise in energy and therefore in motion of the components will
induce a phase change. The LC will become an isotropic liquid. If, on the contrary,
temperature is too low to support a thermotropic LC phase, the LC will become a
crystal. The liquid crystallinity of thermotropic LC appears only in a particular
temperature range, as schematically shown in Fig. 1.5. Smectic, nematic and
cholesteric are three main types of thermotropic LC phases (Pavel, Ball et al. 2002).

Crystaline solid  py, Liqud crystal  Tp  Isetropac Liguid

| | -

/ L / Tetnperahire

tlzking tempersiurs Clearing Temgeraliing

Fig 1.6: Thermotropic liquid crystalline transition. (Pavel, Ball et al. 2002)

There are a number of sub-classifications in smectic liquid crystals in terms of position and
direction arrangements of molecules. In addition, the complicated textures of thermotropic

LCs have been designated by the observations of columnar and blue phases.
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1.2.1 (a): Nematic Liquid Crystals

Nematic liquid crystals [19-23] differ from ordinary liquids by a long range
orientational order of the long molecular axes and the long molecular axes are aligned
parallel to a preferred direction (Cladis and Kleman 1972; Cladis 1974, Priestley 1974), as
seen in Fig.1.7. The molecules are allowed to rotate freely about their long axes and the axes
of symmetry are identical with the preferred axis of the structure. Although the
molecules are directionally correlated, they are positionally random or the centers of gravity
are randomly distributed like an ordinary liquid. The physical properties of nematic
molecules are the same along the direction of alignment and optically uniaxial
direction. Characteristic "Schlieren™ texture is observed in nematic director (Fig.1.8 (a)
and (b)) the dark threads that are observed throughout the colored regions correspond

to molecular domains which are aligned with one of the optical polarizer.

At
!l‘u I

N(u"[ C
DTN

Fig 1.7: Schematic representation of molecular arrangements in nematic.

1.2.1(b): Smectic Liquid Crystals

Smectic liquid crystals [24-28] have a layered structure as presented in Fig 1.8 (b). The
position of smectic molecules is correlated in some ordered patterns. Unlike nematic liquid
crystals, X-ray diffraction from smectic phase would exhibit diffraction peaks due to the
position order. The centers of gravity of the elongated molecules are arranged in equidistant
planes (Cladis 1974; Cladis 1976; Fayolle, Noel et al. 1979). The long axes of smectic
molecules are parallel to a preferred direction that may be normal to the planes (smectic A)
or tilted by a certain angle (smectic C). The arrangement of the centers of gravity within the
plans may be at random or regular. Typical textures of smectic liquid crystals, such as

fan-shaped, focal conic, and Schlieren textures, are presented in Fig.1.10.
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Fig. 1.8: a). Schematic representation of molecular arrangements in smectic.

b). Schematic representation of the smectic A, smectic C and smectic O phases

1.2.1(c): Cholesteric Liquid Crystals

Cholesteric phase [29-32] is often referred to as “twisted nematic” or “chiral nematic” phase
but differs significantly in that the director (the unit vector describing the average
direction of molecular long axes) is not constant in space (Candau, Le Roy et al. 1973; Saupe
1973; Bonnett, Jones et al. 1989). The cholesteric phase is characterized by layers of
nematic molecules where each layer is twisted with respect to the ones above and below it.
As a succession of layers is passed through, the director turns through 360 (as shown in
Fig.1.9) and the thickness of such a period represents a pitch length of the helix. The
fingerprint texture of cholesteric phase is shown in Fig.1.10. The cholesteric fingerprint
texture is observed for samples with a helical pitch in the order of several micrometers. The
helix axis basically lies in the plane of the substrate, i.e. in the plane of the image and the
distance between adjacent dark lines is equal to the half the pitch of a helical superstructure.
The main chemical feature which distinguishes a cholesteric material from an nematic
liquid crystal is that its molecular structure is chiral and therefore not super imposable on its

mirror image.
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Fig. 1.9 Schematic representation of cholesteric liquid crystalline phase.

The importance of structural optical activity and the special relationship between the N and

Ch phases have been demonstrated by two noteworthy observations (Levine 1974;

Priestley 1974).

“ N phases are made Ch by dissolving in their optically active enantiomers

which themselves may or may not be LC materials.

+¢+ A racemate exhibiting an N phase can be resolved into its enantiomers, each of which

will exhibit a Ch phase. A further point to note is that the helical twist senses of

the phases formed by the two enantiomers are opposite in sign, indicating a

relationship of helical sense to molecular structure.
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Fig 1.10: Some textures of the basic types of LCs. (Drzaic 1995)

1.2.2: Lyotropic Liquid Crystals

There is a class of materials that exhibit liquid crystal behaviour only when in solution with a
solvent. Liquid crystalline phases formed in such solutions are said to be lyotropic
(Priestley 1974; Hans and Rolf 1980). A lyotropic LC [36-40] can consist of two or more
components that exhibit liquid-crystalline properties in appropriate concentrations. Lyotropic
liquid crystalline transition process is presented in Fig.1.11. In lyotropic phases, solvent
molecules fill the space around the compounds to provide fluidity to the system. In contrast
to thermotropic LCs, the lyotropics have another degree of freedom of concentration that

enables them to induce a variety of different phases.
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Fig 1.11: Lyotropic liquid crystalline transition. (Pavel, Ball et al. 2002)

A molecule which possesses immiscible hydrophilic and hydrophobic parts is called an
amphiphilic molecule (Priestley 1974; Hans and Rolf 1980). Many amphiphilic molecules
show lyotropic liquid-crystalline phase sequences depending on the volume balances
between the hydrophilic part and hydrophobic part. These structures are formed through
the micro-phase segregation of two incompatible components on a nanometre scale.
Soap is an everyday example of a lyotropic LC (Finkelmann 1987; Drzaic 1995). The content
of water or other solvent molecules changes the self-assembled structures of amphiphilic
molecules. At very low concentrations, amphiphilic molecules will be dispersed randomly
without any ordering. At slightly higher (but still low) concentrations, amphiphilic
molecules will spontaneously assemble into micelles or vesicles. This is done so as to
‘hide’ the hydrophobic tail of the amphiphile inside the micelle core, exposing a
hydrophilic (water-soluble) surface to aqueous solution. These spherical objects do not
order. A typical phase is a hexagonal columnar phase, where the amphiphiles form long
cylinders that arrange themselves into a roughly hexagonal lattice or the middle soap

phase.

bbodbOLDOOG G ooédgbooéaobo‘oobooooéo
©

o

. iug @

3 e

C <CMC o

C>CMC 1)
w:raprabi:J\/\’O polar o0
tail head Q Ll 0 spherical
) i [ 1t 8 D micelle
schematic representation o /&0
of a molecule (a) (8] 00

Fig 1.12: Micelle formation in Lytrophic crystal
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As the concentration is further increased, a lamellar phase may form, wherein extended
sheets of amphiphiles are separated by thin layers of water. For some systems, a cubic
(also called viscous isotropic) phase may exist between the hexagonal and lamellar
phases, wherein spheres are formed that create a dense cubic lattice. These spheres may
also be connected to one another, forming a bicontinuous cubic phase. The objects created by
amphiphiles are usually spherical (as in the case of micelles), but may also be disc-like
(bicelles), rod-like, or biaxial (all three micelle axes are distinct) (Yang, Kikuchi et al.
2003). These anisotropic self-assembled nano-structures can then order themselves in
much the same way as LCs do, forming large-scale versions of all the thermotropic phases

(such as a nematic phase of rod-shaped micelles).

For some systems, at high concentration, inverse phases are observed. That is, one may
generate an inverse hexagonal columnar phase (columns of water encapsulated by
amphiphiles) or an inverse micellar phase (a bulk LC sample with spherical water cavities).
A generic progression of phases, going from low to high amphiphile concentration, is
(Kronberg, Bassignana et al. 1978; Hans and Rolf 1980; Finkelmann 1987):

%+ Discontinuous cubic phase (micellar phase)
% Hexagonal columnar phase (middle phase)
¢+ Bicontinuous cubic phase

%+ Lamellar phase

%+ Bicontinuous cubic phase

% Reverse hexagonal columnar phase

¢ Inverse cubic phase (Inverse micellar phase)

Even within the same phases, their self-assembled structures are tunable by the
concentration: for example, in lamellar phases, the layer distances increase with the
solvent volume. Since lyotropic LCs rely on a subtle balance of intermolecular interations,

it is more difficult to analyse their structures and properties than those of thermotropic LCs.

1.3 Quantum Dot:
Quantum dots (QDs) are semi-conducting nano crystalline structures, ranging from 2 to 100

nm depending on the types of surface coating or functional group added (Lewinski et al.
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2008), made from materials such as cadmium selenide or cadmium telluride (Tan and Zhang
2005). For biological applications, QDs typically have a core/shell conjugate structure, with
the core composed of atoms from groups 11-VI (e.g. CdSe, CdTe, CdS, PbSe, ZnS, and
ZnSe) and groups 111-V (e.g. GaAs, GaN, InP, and InAs) on the periodic table (Lewinski et
al. 2008). QDs absorb white light which is then re-emitted as a specific colour after a couple
of nanoseconds. QDs range from 10 to 250 atoms in diameter and contain anywhere from
100 to 20000 electrons. Energy levels of QDs can be controlled by changing their shape and
size in order to control the depth of the potential. The science of QDs started to develop
during the 1980s when their potential was realised to build nano-scale computer applications
in which light is used to process information. Since this time more recent medical
applications have included ‘molecular tagging’ in order that proteins, viruses, antibodies or
DNA can be tracked in the human body. In these applications, QDs behave as a ‘fluorophore’
absorbing energy at a particular wavelength and re-emitting energy at a different longer

wavelength.

— Quantum size effect
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Important parameters which should be taken into consideration while doping
nanomaterial into liquid crystal composites are:[41]

1). Size of nanomaterial

2). Method and time of preparation of nanomaterial.

3). Solvent used for dispersion of nanomaterial in liquid crystal for example NMP, THF, DEE
etc.

4). Method used for mixing whether it is centrifugation, ultrasonication or simple stirring.

5). Time

6). Nature of liquid crystal used.

7). Among all type and nature of nanomaterial (ie shape).

8). Type of alignment (whether random homogenous, or heterogeneous).

Problems in deal with nano-materials as a dopant in LC are’ [42]

1). Proper dispersion of nanomaterial in LC composites cannot possible.

2). Amount of nanomaterial which is being used as a dopant is very less (usually.0lwt %
upto 1-2 wt% at max.) larger amount leads serious problem like agglomeration and
retardation of electro optic application.

Solutions in order to overcome these problems are: [43]

1). 100% dispersion can’t be achieved even with mechanical method like sonification. But
sufficient mixing can be achieved by performing sonification for longer time (even though
this can damage the basic properties of solvent).

2). Proper dispersion can also by using proper capping agent.

3). We used to functionalized the given nanomaterials

1.4. Review of Literature:
Various research group from the globes have made an attempts to improve the optical and
dielectric properties of FLC by dispersing nanomaterials. The improved properties are listed

below in literature

> In 2007, X. Tong et al. [44] have investigated the liquid crystal gel dispersed
guantum dots system and obtained the self assembled physical network.

» In 2008, H. Qi et al. [45] studied the effect of functionalized nanomaterials on the
optical (texture, alignment, defect formation, luminescence) and electro-optic

properties of nematic liquid crystal composites.
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In 2009, R. Basu et al. [46] investigated process of self-assembly of quantum dots in
a nematic liquid crystal.

In 2009, B. Kinkead et al. [47] investigated the effect of size, capping agent and
concentration of quantum dot (CdSe and CdTe) on the optical and electro-optic
properties of the liquid crystal.

In 2010, A. Kumar et al. [48] studied that doping of cadmium telluride quantum dots
CdTe-QDs in different ferroelectric liquid crystals FLCs (LAHS19, LAHS18, FLC
6304, and KCFLC 7S) and observed pronounced memory effect.

In 2010, N. A. Shurpo et al. [49] studied the effect of CdSe/ZnS semiconductor
quantum dots on the dynamic properties of nematic Liquid- Crystal composite and
observed that the presence of QDs leads to reduction in the time of transformation of
liquid crystal molecule from planar to homeotropic position.

In 2011, A. Anczykowska et al. [50] investigated that on the doping of metallic and
semiconductor quantum dot leads to an strong enhancement of optical properties of
hybrid liquid crystal composite.

In 2011, A. Kumar et al. [51] studied that addition of quantum dot (CdTe) in
different liquid crystal (LAHS18, CS1016, KCFLC7S, FELIX 17/100, SCE-13,
CS1026) composites leads to an alteration in the alignment and dielectric anisotropy.
In 2011, E. A. Konshina et al. [52] investigated the effect of doping of different sized
and different concentration [0.1-0.2 wt %] of CdSe/ZnS quantum dots on the optical
and Electrical properties of positive dielectric anisotropic nematic liquid crystal
(cyanobiphenyls).

In 2011, A. Kumar et al. [53] studied the effect of doping of cadmium telluride
quantum dots (CdTe QDs) on the electro-optical properties of ferroelectric liquid
crystals (LAHS19). [50]

In 2011, Javad Mirzaei et al. [54] studied the effect of doping of magic-sized
nanocrystals (MSNCs) semiconductor CdSe quantum dot on the optical, alignment
and electro-optic properties of a nematic liquid crystal.

In 2012, A. Kumar et al. [53] studied that study that on the dispersion of TOP/TOPO
capped CdSe quantum dot leads to the enhancement of diffraction efficiency in

nematic LC cells.
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10.

11.

> 1In 2012, A. L. Rodarte et.al [54] study the ability to control and direct self-assembly
of nanostructures into specific geometries with new functionalities, while preserving
their original optical and electronic properties.

> In 2012, S. G. Lukishova et al. [55] demonstrates the coupling between quantum dot
fluorescence and the cholesteric microcavity.

> 1In 2012, A. Kumar et al. [56] studied the effect of doping of ZnS quantum dot on the
photoluminescence property of ferroelectric liquid crystal (KCFLC 75).

> 1n 2013, S. K. Gupta et al. [57] studied the effect of doping of CdSe quantum dot on
the electro-optic properties of FLC (DOBAMBC) in Sm A* phase.

> In 2013, A. Kumar et al [58] studied the effect of dispersion of doping of ZnS and
CdS quantum dots in FLC mixtures (LAHS 19 and KCFLC 7 S). and they concluded
that addition of quantum dots leads to enhancement in PL intensity and significantly

shift the emission emission band of FLC mixture.
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Chapter 2: Experimental Techniques

2.1. Growth and Nucleation Mechanism of TGA Capped Cdse Quantum Dot:

During the synthesis of CdSe quantum dot, we choose an appropriate solvo-chemical (co-
precipitation) route for the preparation. Cadmium Chloride and Selenium [purchased from S
d fine chemical limited (SDFCL)] was used to prepare the precursors and Thio-glycolic acid
(TGA) [purchased from S d fine chemical limited (SDFCL)] was used as a capping agent.
The methodology of preparation of both Cadmium and Selenium source is given in the flow

chart below as shown in the fig. 1.

The overall reaction mechanism during the formation of Cadmium and Selenium source

involves following steps:

Cd2+ +TGA — Cd (TGA) 2 N (1)
HYO 2 H o O @
OH + HSe —H,0 + Se?
...................................................................................................................... 3)

Cd(TGA)2+ + Se2+_} CdSe (TGA) ..................................................................................................... (4)
NCASE(TGA) =[CUSE(TGA]y 5)

Equations (1) and (4) demonstrate that the slightly basic solution is good for the formation of
Cd(TGA)**complex, while the presence of stronger base leads to the formation of Cd(OH)..
Here Cd**, Se’ and TGA instantly formed CdSe (TGA) nuclei as indicated in Equation (7):

Cd(OH)Z:Cd2+ + ZOH- ........................................................................................................................ (6)
CU?* 4+ SEP HTGA 3 CASE(TGA) 7)

Now, Cadmium and selenium source is mixed in ratio 1:3 in round bottom three neck flask
under the presence of nitrogen gas atmosphere. The reflux temperature of the reaction during
synthesis is optimized by different set of experiments with varying temperature and pH
conditions with constant refluxing time (10 hrs.).[1-3] Yellow color appearance in the
solution indicates the formation of flouroscent TGA capped CdSe quantum dots. After that

the water content is removed by the centrifuge the final solution at 12000 rpm, for 15
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minutes. The impurities were removed by washing CdSe QD’s with ethanol solvents. Then

CdSe QD’s was filtered out and dried at 45°C temperature in vacuum oven.

a).

Se powder + NaBH,+De-
ionzed water (18MQ)
b)- Cadmium chloride + TGA+ De-
s
Black Mixture
Continuouslystired | ultrasonication for 10
minute.
Continuouslystimed | ultrasonication for
10 minute.
A 4
Y Cd Source
Colorless solution of selenium
source
c).
Se source + Cd source
Bubbled with N, Reflux for 10 hrs in three
atmosphere neck flask
Appearance of Yellow color of TGA
capped CdSe quantum dot quantum dot
A
Characterization
\4 A4
Morphological Optical analysis by
analysis by TEM UV,PL,FTIR

Fig 1: Flow chart for the preparation of CdSe quantum dot

In any synthesis method, Preparation of colloidal nano-crystals consists of mainly three
components: 1) precursors, 2) organic surfactants and 3) solvents. And overall yield and
properties of product depends on various factors like selection of preparation methods,
reaction temperature, reaction time etc. Under suitable reaction conditions, the precursors

chemically transform into atomic or molecular species or clusters.

A cluster can form homogeneously within the original phase or heterogeneously on various
irregularities such as pre-existing small particles or ions, which assist in surmounting the free
energy barrier associated with formation of an interface between the small cluster of the new

phase and the original phase. The lifetime of clusters is extremely short, but since a very
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large number of clusters form and dissociate at any time, a few can reach the critical size and
continue to grow spontaneously to form larger particles. They undergo nucleation process
and leads to the formation of final product (nano-crystals).

Formation of molecular clusters occurs through random collisions and rearrangements of
atoms or molecules of the existing phase. Growth of a cluster can be represented as a
reversible stepwise kinetic process. From an energetic perspective, the free energy of cluster

formation (AG;) increases with cluster size prior to but decreases after the critical nucleus,

reaching a maximal value at the critical size, r=r*. After reaching a critical size, further
growth of the cluster becomes spontaneous.

For (r—=r"

FAG
_ = ':I
dr

The rate at which nucleation occurs is related to the chemical makeup of the critical nucleus.
The growth of nano-crystals involves mainly two steps: nucleation of an initial seeds or
clusters, which is being followed by the growth process. For nucleation during the
transformation of nuclei into final product, the Gibbs free energy is the main driving force.

This process is characterized by a decrease in both enthalpy and entropy of the nucleating
system (i.e. AH< 0 and AS< 0). Although thermodynamically favorable according to the first
law of thermodynamics, (i.e., exothermic) nucleation is hindered in entropy according to the
second law of thermodynamics. A free energy barrier, AG (AG=AH-TAS> 0), is often
involved and needs to be surmounted before transformation to the new phase, which becomes
spontaneous. The decrease in Gibbs free energy of the systems governs whether the
transformation is feasible or favorable. Overall mechanism of nucleation and growth is
shown in fig. 2. The nucleation process is not that simple and its rate as well as overall
kinetics depends upon various factors like presence of surfactant molecules, direction of heat
flows(or temperature gradients) and behavior of solvent used etc. Nucleation of Nano-
crystals is analogous to that of freezing of liquids, crystallization of supersaturated solutions,

and formation of vapor bubbles inside the bulk liquid.[4-6]
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Fig 2: General outlook for the nucleation and growth phenomena

2.2 Characterization Techniques used for the Detection Of TGA Capped Cdse
Quantum Dots:
Once the synthesis of TGA Capped CdSe quantum dots was done. For the characterization of

formed quantum dot some instrumentation are required. These techniques are listed below:

1). FTIR (Fourier Transform Infra-Red spectroscopy)

2). UV Vis spectroscopy (Ultra-violet Visible spectroscopy)
3). PL spectroscopy (Photo-luminescence spectroscopy)

4). TEM (Transmission electron microscope)
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2.2.1. FTIR (Fourier Transform Infra-Red):

An  FT-IR (Fourier Transform Infra-Red)
Spectrometer is an instrument which acquires
broadband NIR to FIR spectra. Infrared (IR)
spectroscopy is one of the most common

spectroscopic techniques used for the determination

structural elucidation and compound identification.

Simply, it is the absorption measurement of IR

Fin 3 Samnle holder for FTIR snectra

frequencies of different chemical bonds existing in organic sample positioned in the path of

an IR beam.[6-10] The main goal of IR spectroscopic analysis is todetermine the chemical

functional groups in the sample. Different functional groups absorbs characteristic

frequencies of IR radiation.

Analog

Sourc Interferomete Sample —| Detecto [

Amplifie

to digital

Fig 4: Basic components of an FTIR spectrometer

An FT-IR Spectrometer is a method of obtaining infrared spectra
by first collecting an inter-ferogram from the sample placed on
the sample holder [fig 3]. The signal using an interferometer, and
then performing a Fourier Transform (FT) on the inter-ferogram
to obtain the spectrum. An FT-IR Spectrometer collects and
digitizes the inter-ferogram, performs the FT function, and

displays the spectrum and is shown in the fig 4.

The basic phenomenon of absorption IR spectra depends upon
random motion (such as rotational or vibrational) of atoms inside
the molecules at room temperature. When the frequency of a

specific vibration is equal to the frequency of the IR radiation

%
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Fig 5: Different major vibrational
modes for a non-linear group
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directed on the molecule, the molecule absorbs the radiation, corresponding to the absorption
frequency. Each atom has three degrees of freedom, corresponding to motions along any of
the three Cartesian coordinate axes (X, Y, z). A polyatomic molecule of n atoms has total 3n
degrees of freedom. However, 3 degrees of freedom are required to describe translation, the
motion of the entire molecule through space. Additionally, 3 degrees of freedom correspond
to rotation of the entire molecule. Therefore the remaining 3n— 6 degrees of freedom are true,
fundamental vibrations for nonlinear molecules. Linear molecules possess 3n— 5 fundamental
vibrational modes because only 2 degrees of freedom are sufficient to describe rotation.
Among the 3n— 6 or3n— 5 fundamental vibrations (also known as normal modes of
vibration), those that produce a net change in the dipole moment may result in an IR activity
and those that give polarizability changes may give rise to Raman activity. Naturally, some
vibrations can be both IR- and Raman-active. The total number of observed absorption bands
is generally different from the total number of fundamental vibrations. It is reduced because
some modes are not IR active and a single frequency can cause more than one mode of
motion to occur. Conversely, additional bands are generated by the appearance of overtones
(integral multiples of the fundamental absorption frequencies), combinations of fundamental
frequencies, differences of fundamental frequencies, coupling interactions of two
fundamental  absorption frequencies, and coupling interactions between fundamental
vibrations and overtones or combination bands (Fermi resonance). The intensities of
overtone, combination, and difference bands are less than those of the fundamental bands.
The combination and blending of all the factors thus create a unique IR spectrum for each
compound. The major types of molecular vibrations are stretching and bending. The various
types of vibrations are illustrated in fig. 5. Infrared radiation is absorbed and the associated
energy is converted into these types of motions. The absorption involves discrete and
quantized energy levels. However, the individual vibrational motion is usually accompanied
by other rotational motions. These combinations lead to the absorption bands, not the discrete
lines, commonly observed in the mid IR region. For these analyses, we have used FTIR
spectrophotometer (MODEL PERKIN ELMER SYSTYEM BX 51) as shown in the fig 6.
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Fig 6 : FTIR system for determination of various group present in compound

2.2.2. UV Vis Spectroscopy:

Many molecules absorb ultraviolet or visible light. The absorbance of a solution increases as
attenuation of the beam increases. Absorbance is directly proportional to the path length,b,
and the concentration, c, of the absorbing species.

Beer Lambert law states that
A :Ioglo% =e*b*c,

where e is a constant of proportionality, called the absorbtivity.

Different molecules absorb radiation of different wavelengths. An absorption spectrum will
show a number of absorption bands corresponding to structural groups within the molecule.
For example, the absorption that is observed in the UV region for the carbonyl group in
acetone is of the same wavelength as the absorption from the carbonyl group in diethyl
ketone.

2.2.2.1. Principle of UV Spectroscopy:

Absorption of visible and ultraviolet light produces changes in the electronic states of
molecules associated with the electronic states of molecules associated with the excitation of

an electron from a lower to a higher energy level. But it must be noted that each electronic
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level in a molecule is associated with a number of vibrational sub levels (with small energy
separations) and each vibrational level in turn associated with a number of rotational sub
levels (with still smaller energy separation). Therefore in its transition to higher energy level,
an electron can go from any of the sub levels- corresponding to various vibrational and

rotational states-in the ground state to any of the sub-levels in the excited state.

2.2.2.2. The Origin of the Absorptions

Visible light lies in the wavelength range 4.0 — 7.0 x 10'm.To keep the numbers more
manageable, it is usually quoted in nano-metres (10°m) so that the range becomes 400-700
nm. When light is absorbed by a material, valence (outer) electrons are promoted from their

normal (ground) states to higher energy (excited) states.

7y —— | Rotational
Vibrational energy levels \ y — | energy levels
Electronic excited state Z
Electronic excited state

Fig 7: Electronic and vibrational levels

Valence electrons can generally be found in one of three types of electron orbital:
1). single, or o, bonding orbitals;

2). double or triple bonds (n bonding orbitals); and

3). non-bonding orbitals (lone pair electrons).

Sigma bonding orbitals tend to be lower in energy than n-bonding orbitals [fig.7], which in
turn are lower in energy than non-bonding orbitals. When electromagnetic radiation of the

correct [11-14]
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2.2.3. Photo-Luminescence Spectroscopy:
2.2.3.1. Luminescence

Luminescence is a science closely related to spectroscopy, which is the study of the
general laws of absorption and emission of radiation by matter. The existence of luminous
organisms such as bacteria in the sea and in decaying organic matter, glow worms and
fireflies have mystified and thrilled man since time immemorial. A systematic scientific
study of the subject of luminescence is of recent origin, from the middle of nineteenth
century. In 1852 English Physicist G.C.Stokes identified this phenomenon and formulated
his law of luminescence now known as Stoke's law, which states that the wavelength of the
emitted light is greater than that of the exciting radiation. German physicist E. Wiedemann
introduced the term ‘luminescence' (weak glow) into the literature in 1888. The phenomenon
in which certain kinds of substance emitting light on absorbing various energies without
heat generation is called luminescence. Luminescence is obtained under variety of excitation
sources. The wavelength of emitted light is characteristic of the luminescent substance and
not of the incident radiation. The various luminescence phenomena are given names based

on the type of radiation used to excite the emission are shown in the table 1.

Photoluminescence (PL) is the spontaneous emission of light from a material under optical
excitation. The excitation energy and intensity are chosen to probe different regions and
excitation concentrations in the sample. Typical experimental setup of PL instrument is
outlined in the figure 8. PL investigations can be used to characterize a variety of material

parameters like absorption spectrum, emission spectrum etc.

PL spectroscopy provides electrical (as opposed to mechanical) characterization, and it is a
selective and extremely sensitive probe of discrete electronic states. Features of the emission
spectrum can be used to identify surface, interface, and impurity levels and to gauge alloy
disorder and interface roughness. PL analysis is nondestructive. Indeed, the technique

requires very little sample manipulation or environmental control.
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Table 1: Various luminescence phenomena and there basic details.

Type Detail

Internal Conversion Radiationless transition to lower state when vibrational

energy levels "match

External Conversion Radiationless transition to lower state by collisional

deactivation

Intersystem Crossing Transition with spin change (e.9. S — T)

Fluorescence Emission not involving spin change (e.g. S—S, T—T),

efficient, short-lived <10-5 s

Dissociation Excitation to vibrational state with enough energy to break
bond
Pre-dissociation: Relaxation to state with enough energy to break bond
Laser »| Excitation filter > Sample »| Emission filter
PMT

Fig 8: Typical experimental set up for PL measurements.

Because the sample is excited optically, electrical contacts and junctions are unnecessary and
high-resistivity materials pose no practical difficulty. In addition, time-resolved PL can be

very fast, making it useful for characterizing the most rapid processes in a material. The
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fundamental limitation of PL analysis is its reliance on radiative events. Materials with poor
radiative efficiency, such as low-quality indirect band gap semiconductors, are difficult to
study via ordinary PL. Similarly, identification of impurity and defect states depends on their
optical activity. Although PL is a very sensitive probe of radiative levels, one must rely on

secondary evidence to study states that couple weakly with light.

Fig 9: Photograph of experimental set up for PL spectrophotometer [model cary eclipse in
material research lab]

2.2.3.2. Factors Affecting Quantitative Accuracy

It is essential to examine the quality of solvents periodically since small traces of
contaminants may be enough to produce high black values. If the solvent blank is
appreciable it can usually be reduced to a reasonable value by distillation or washing with

acid, base or water.

« Water is the most common solvent and de-ionized-distilled water should always be

employed.

* Solvents should not be stored in plastic containers since leaching of organic additives and

plasticisers will produce high blank values.
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Fig 10: Partial energy level diagram of a photo-luminescent molecule. 51

& 82 are singlet states and T1 the triplet states

* All other reagents used in the assay should be carefully controlled and high quality grades

are to be recommended.

» Reagent blanks should always be carried through the analytical procedure and the actual

value of the blank determined before the instrument is re-zeroed.

* High or changed blank values should immediately cast suspicion upon the solvents and

reagents employed.

As frequency is absorbed, a transition occurs from one of these orbitals to an empty orbital
shown in fig. 10, usually an anti-bonding orbital (c*or n*). The exact energy difference
between the orbitals depends on the atoms present and the nature of the bonding system.
Most of the transitions from bonding orbitals are of too high a frequency (too short a
wavelength) to measure easily, so most of the absorptions observed involve only n—n*,

n—o*and n—n*transitions and are shown in the fig 11.
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Fig 11: Electron transitions in Ultra-violet\visible spectroscopy

2.2.4. Transmission Electron Microscope:

Ernst Ruska developed the first transmission electron microscope (TEM), with the assistance
of Max Knolls in 1931. After significant improvements to the quality of magnification,
Ruska joined the Sieman’s Company in the late 1930s as an electrical engineer, where he
assisted in the manufacturing of his transmission electron microscope, which now become
one of the most powerful and important characterization equipment for the quantitative as
well as qualitative analysis of nanomaterials. It helps in characterizing the particle size, size
distribution and morphology of hanomaterials. The basic operation of TEM is same as that of
optical microscope. But here in TEM, electron replaces photons and electro-magnetic lenses
replace the glass lenses. These major changes leads to significantly much higher resolution
than simple light based imaging techniques. [15-17]

The basic components of transmission electron microscope (TEM) can be listed as in the fig.
12:

K/
L X4

An electron source

s Thermionic Gun

¢ Electron beam

%+ Electromagnetic lenses
¢ Vacuum chamber
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Fig 12: Schematic image of Transmission electron microscope

In the TEM only thin samples, which allow a fraction of the incident electron beam to go
through the sample can be studied. When an accelerated beam of electrons impinges upon a
sample a rich variety of interactions takes place. Amplitude and phase variations in the
transmitted beam provide imaging contrast that is a function of the sample thickness (the
amount of material that the electron beam must pass through) and the sample material
(heavier atoms scatter more electrons and therefore have a smaller electron mean free path
than lighter atoms). Successful imaging of nano-particles using TEM depends on the contrast

of the sample relative to the background. Samples are prepared for imaging by drying nano-
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particles on a copper grid that is coated with a thin layer of carbon. Materials with electron
densities that are significantly higher than amorphous carbon are easily imaged. These
materials include most metals (e.g., silver, gold, copper, aluminum), most oxides (e.g., silica,
aluminum oxide, titanium oxide), and other particles such as polymer nano-particles, carbon

nano-tubes, quantum dots, and magnetic nano-particles.
2.3. Characterization of TGA capped Quantum Dot Doped Liquid Crystal Composites

2.3.1. Material used:
For the present research study, FLC 4327-100 was used. The various physical properties and

phase sequence of ferroelectric liquid crystal [18-21] is listed in table given below:

Table 2: Physical properties of liquid crystal

Parameter Properties

Name ZL14237-100

Phase transition 20°C 61°C 73C  83°C

Cr—Sm C* — Sm A—N *—Iso

Pitch(um) 10
Spontaneous polarization(:—::) 20
Tilt angle 24.5°
Rotantional viscosity(¥) 0.185Pas
Complex Dielectric constant 35t04.5
Conductivity 1.3*10°Q"m™

2.3.2. Sample Preparation:

Sample cells were made using two optically flat glass substrates ITO coated. To obtain
planar alignment the conducting layer were pretreated by polyamide and then dried in oven
for 50min. After that it was rubbed in anti parallel direction with vevlet cloth. The cell

thickness was fixed by placing a Mylar spacer (5um in present study) in between the glass

substrate and then sealed with UV sealant (NOA 65). The empty sample cells were calibrated
using analytical reagent (AR) grade CgHgs (Benzene) as standard references for dielectric

study. The Quantum dot LC suspension was prepared by dispersing synthesized CdSe
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quantum dots with varying concentration from 0.25, 0.5, 1, and 2wt % in the pure FLC(ZLI -
4237-100), purchased by E merck. The assembled cells were filled with the pure and
different doped FLC at temperature slightly higher than the isotropic temperature by means
of capillary method and then cooled gradually up to room temperature. The alignment of the
sample was checked by the polarizing microscope under the crossed polarizer-analyzer
arrangement. Overall flow chart regarding the preparation of quantum dot liquid crystal cell
is shown in the fig 13[22]

2.4. Analysis for Quantum Dot Doped Liquid Crystal Composite
For the complete analysis of variation in the properties of liquid crystal due to the dispersion

of Quantum dot, we have to perform the following studies:

1. Morphological analysis
2. Dielectric analysis

3. Polarization analysis

2.4.1. Morphological Analysis:

Morphology is generally defined as the study of shape, size, texture and phase distribution of
physical objects. In liquid crystal, Morphological analysis includes identification of various
phases present, study of phase transition, texture analysis, and switching etc. For this analysis
we have used Polarizing optical miocroscope from Curl Zeiss (Model Scope Al) with hot
Stage (model THMS 2028) connected with temperature controller (model T96-HS)
interfaced with computer controlled software Axio vision (Carl Ziess).

The polarized optical microscope is deviced to analyze the specimens that are visible
mainly due to their optically anisotropic character. Every microscope generally has four basic
components: 1).Eye piece 2). polarizer 3). objective and 4). Analyzer as shown in the fig. 14.
Among these polarizer and analyzer are the crucial and basically are optical filters. Polarizer
is used to polarized the white light into certain specific direction known as plane polarized
light. This plane polarized interacts with birefrigent specimen to produce two individual
wave components, which are polarized in mutually perpendicular planes. These resulting
components have different velocity as well as direction of propagation and are also out of
phase. After interaction, these components recombine either by constructive or destructive

interference. In the end, these are analyzed by another polarizer known as analyzer. [23-25]
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2.4.2. Dielectric Analysis:

A dielectric is generally defined as the electrically insulating material between the metallic
plates of a capacitor. An effective dielectric typically contains polar molecules that reorient
in external electric field. This dielectric polarization increases the capacitor's capacitance (i.e

charge storing capacity).

Now, dielectric dispersion is the dependence of the permittivity of a dielectric material on the
frequency of an applied electric field. Because there is always a lag between changes in
polarization and changes in an electric field, the permittivity of the dielectric is a
complicated, complex-valued function of frequency of the electric field. [26-30]

Total dielectric constant = electronic polarization + ionic polarization + orientation
polarization + space charge.

Electronic  contribution is due to +

movement of electrons and observed in Ql

Dipolar T @

all frequency. lonic polarization isdueto A

ions exchange and observed in the
frequency range Orientation polarization
is due to orientation of dipole and
generally observed in the material

having fluidity property for example

liquid , liquid crystal etc. Space charge

polarization is due to interface, grain 1& e - r r

boundary etc. All these different MW R VoW
polarization are shown in the figurel5. Out Fig 15: Different types of polarization

of these contributions electronic polarization is observed in all materials but its contribution
is least. In liquid crystal, orientation polarization majorly contributes to dielectric constant. It
is very important for the application of dielectric materials and the analysis of polarization
systems. Dielectric constant shows characteristic variation with variation of temperature and
pressure. Generally dielectric permittivity decreases with increase in temperature and
frequency. Some interesting points regarding the dielectric constant variation with frequency

are listed. When the frequency becomes higher:
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e it becomes impossible for dipolar polarization to follow the electric field in
the microwave region around 10*° Hz;

e in theinfrared or far-infrared region around 10" Hz, ionic polarization loses the
response to the electric field;

e Electronic polarization loses its response in the ultraviolet region around 10*° Hz.

Fig 16: Programmable RCL meter [Model- FLUKE PM6306] for dielectric analysis

In the wavelength region below ultraviolet, permittivity approaches the constant g, in every
substance, where g is the permittivity of the free space. Because permittivity indicates the
strength of the relation between an electric field and polarization, if a polarization process
loses its response, permittivity decreases.[27-30]

In brief decrease in the dielectric constant is due to increase in the randomizations of dipole.
This further leads to an increase in the entropy of the system. This leads to increase in
instability. So, dipole in liquid crystal tries to return to their mean position. But this process
consumes time. This overall phenomenon is known as relaxation process. For these analysis
of dielectric constant of liquid crystal composite we have used RCL meter having model
no.PM 6306 having frequency range up to from 50Hz to 1MHz, which is shown in the fig.
16.
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Chapter 3: Results and Discussion

3.1. Characterization of TGA Capped CdSe Quantum Dot

3.1.1. FTIR Analysis:

FTIR spectrum of the TGA capped CdSe quantum dot is shown in the figure 1. The peaks at
1380 cm™ are due to shifting of asymmetrical vibration of carboxylic group of in TGA. The
peak at 1672 cm™ corresponds to the co stretching of carboxylic group. The peaks around
2969 and 3225 cm™ are due to sp® stretching of C-H and due to vibration of O-H group
present in TGA. There is shifting of S-H group peak from 2560 cm™ to 2342cm™, this may
be attributed to formation of S-Cd bonds[1-5] between thioglycolic acid (TGA) and CdSe as
shown in the figure 2, which confirms the TGA capping on the CdSe quantum dots.[1-4]

92

Transmission (a.u.)

85 T T T T T T T T
3500 3000 2500 2000 1500

Wavenumber (cm™)

Fig 1: FTIR spectra of TGA capped CdSe quantum dot
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Fig 2: Pictorial representation of chemical reaction for the preparation of TGA capped CdSe quantum dot

Table 1: various peaks present in the FTIR spectra

Wave-number (cm™) | Peaks and their details

A | 1380
Shifting of asymmetric vibration of carboxylic group in TGA
B | 1533
C | 1672 C=0 stretching of carboxylic group.
D | 2342 S-H peak from 2560cm™to 2342 cm'™.
D | 2969 Sp*® stretching of C-H

3225 Broad absorption band around 3400 cm™ was assigned to O-H vibration of the
absorbed COOH
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3.1.2. Photo-Luminescence Analysis:

The growth of CdSe quantum dots have investigated with the help of fluorescence
spectrophotometer from Agilent technology (Model Cary Eclipse Fluorescence
Spectrophotometer). The excitation and emission slit size [6-8] is kept constant at 5nm
during the whole set of experiment. As we raise the reaction temperature 55°C to 85°C, TGA
capped CdSe quantum dots solution is taken out from the three neck flask at 55°C, 65°C,
70°C and 85°C. To investigate the formation of CdSe quantum dots, we compare the
fluorescence spectra of all samples which is shown in the fig. 3. The excitation and emission
spectra shows clearly the effect on growth of CdSe quantum dot. The various parameters like
Stoke shift and quantum yield listed in the Table 1 & 2 can be controlled as a function of
reaction temperature. The Stoke shift is calculated by the difference between emission and
excitation wavelength of quantum dots. The shape of excitation spectra in fig. [1(b-c)] is not
exactly as gaussian fitted, which represents the asymmetry in the excitation spectrum. But
this asymmetry is getting controlled as we raise the reaction temperature upto 85°C fig.1 (d)
and the maximum excitation wavelength get red shifted from 419.9 nm to 488.96 nm with
the increase in reaction temperature from 55°C to 85°C. This clearly reflects the change in
energy band gap with change in shape and size of the growth CdSe quantum dots [5-7].
Quantum vyield of the sample a to d was calculated with the help of flouroscence
spectroscopy as a function of reaction temperature from the spectrum shown in the fig. 3 by
the formulae

Number of emitted photons

Quantum yield = number of excitted photons
As shown in figure 3(a), Fluorescence intensity in excitation spectra is very high as compare
to emission which represents low quantum vyield. But as we raise the temperature, the PL
intensity of excitation and emission beam comparable (in fig3 (b-c)). On further raise to the
temperature at 85°C, number of photons excited become less than as compared to numbers of
photons emitted as shown in figure 3(d), which suggestes, there is increase in quantum yield
as describes in table 1. This effect is clearly visible in the image taken during the synthesis of

CdSe quantum dots shown in the fig. 4.
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Table 1: various parameters measured at different temperature regarding the TGA capped CdSe quantum

dot

Sr. | Temperature | Aex Aem Stoke Shift | PL intensity | PL intensity Quantum
No. (°C) (nm) (nm) (nm) at A (au) |at Agn (au) yield

1 55 419.9 | 547.17 127.27 946.56 603.28 0.63734
2 65 421.17 | 621.37 200.2 740.20 730.86 0.98738
3 70 422.42 | 596.23 173.81 409.39 417.04 1.01869
4 85 488.96 | 528.54 39.58 110.098 188.102 1.708496

Table 2: Emission and excitation parameters measured reaardina TGA canped auantum dot

Excitation (Gaussian fitting ) Emission (Gaussian fitting )
Temperature
(°C) FWHM (nm) Peak Centre Aey (NM) FWHM (nm) Peak CentreAgm(nm)
55 64.762 417.61 120.34 553.88
65 106.01 424.91 120.92 624.56
70 38.28 419.96 131.33 591.65
85 17.575 489.78 17.744 527.12

3.1.3. UV Vis Spectroscopy:
Fig.5 shows the UV- Vis spectra of TGA capped CdSe quantum dots for the optimization of
pH value. At pH =8, there is no peak found in the wavelength range [8-13] 350-550 nm.

Whereas at pH = 10 absorption peak is found at 385nm which matches to reported literature
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values [ref.]. It gives the confirmation of CdSe quantum dots hence the energy band gap is

calculated here by using formulae.

he

E=7—7—
Rcutoff

Where as ... o¢ 1S the cut off wavelength to calculate the band gap energy which is found to

be 2.37 eV [referance]. On the contrary, the band gap energy of bulk CdSe is 1.8

eV[referance].
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Fig 5: UV-Vis spectra of TGA capped CdSe quantum dot as function of pH

3.1.4 TEM Analysis

In order to further investigate the particle morphology and size of particle in TGA
capped CdSe quantum dot, TEM image was taken and is as shown in Figure 6. For
the analysis of TEM, specimen was prepared by dispersing synthesized CdSe quantum dot in
ethanol and then well sonicated ultra-sonicately. The particles were picked up using carbon

coated copper grid and examined. The TEM instrument was [13-15] equipped with a
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system performing SAED to further characterize nanostructure of powder. The TEM
image confirms that the average particle size is 6-7 nm, spherical in shape and are
polycrystalline in nature [fig. 6(d)]; which is confirmed by the circular bright continuous
rings in the SAED pattern corroborate. [16-17]

Fig 6: TEM imaging of CdSe quantum dot.

3.2 TGA Capped CdSe Quantum Dot Doped Ferroelectric Liquid Crystal: [18-21]

3.2.1 Morphological Investigation by Polarization Optical Microscope:

Fig. 7(a) shows that bookself geometry in pure ferroelectric liquid crystal (ZLI 4237-100),
which have chiral Sm C* phase, having pitch (p) 10um. As the pitch (p) is greater than cell
thickness (d), so the ferroelectric liquid crystal molecules are getting suppressed by the
pretreated polymide coated conducting (ITO) surface. Hence the idealized bookself texture
appears with symmetrical zig zag effects (shown in fig. 7(a). But the dispersion of CdSe
quantum dots in ferroelectric liquid crystal creates more surface stabilized domains, [appears
in yellow color in texture (a-d)], which improves the optical stability by enhancing the

stabilized ferroelectric domains upto the concentration of 1 wt% CdSe quantum dots. But as
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Fig 7: Optical texture of CdSe quantum dot doped Ferroelectric liquid crystal dot.at various concentration
of CdSe quantum dots (a) 0% (b) 0.25% (c) 0.5% (d) 1% (e) 2%

we raise the concentration of CdSe quantum dot further upto 2 wt%, these domains gets
disappear due to more hindrance of CdSe quantum dots in ferroelectric liquid crystal. Hence,

this may cause decrease in the dielectric as well as optical properties.

3.2.2. Molecular Relaxation Phenomenon in CdSe Doped FLC:

The dielectric spectroscopy is a useful tool to investigate the relaxation processes, which
arises due to the rotational fluctuations of the molecular dipoles. In the SmC* phase
(or ferroelectric phase), chiral FLC molecule are tilted by an angle 0 to the director. Two
types of fluctuations are possible in this situation i.e. along the phase angle (®) and tilt angle
(0). These two fluctuation result in the appearance of the Goldstone mode (GM) and the Soft
mode (SM) respectively due to molecular relaxation phenomenon. In the present
investigation, we have observed the phase angle fluctuation near 100 Hz, which is analogous
to Goldstone relaxation mode. The soft mode was absent in the entire SmC* phase and also
near the SmC*-SmA phase transition temperature. The real part of permittivity in SmC*
phase is the highest, which identifies the maximum helix strength in the FLC sample. It
decreases sharply near SmC* to SmA phase transition because helix starts unwinding. Real

part (') of dielectric permittivity shows 11.3%than pure liquid crystal an increase for the
concentration (0.25%) of Q.D dispersed in the liquid crystal upto frequency range 100 Hz as
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shown in the fig. 6. With the increase in frequency, Real part (¢*) decreases due to effect of

different polarization phenomenon with frequency. This trend is shown by all conc. This may
be due to the reason that at low frequency dipole can easily aligned in the direction of electric
field (applied) and is given by the relation

PoE

Where P is the polarization and E is the electric field.

As we further increase the frequency it becomes very difficult for the dipole to follow (or get

aligned) in the direction of electric field. So with increase in frequency, the real part €' starts

decreasing as very less number of dipole can align.

For the imaginary part of the dielectric permittivity, two peaks are found [shown in
fig. 8]. It corresponds to relaxation mode (soft mode, goldstone mode, ITO mode etc)
presents. The first corresponds to Goldstone mode (GM) and the second mode signifies the
ITO mode, present due to high conduction phenomenon of ITO surface. For first hump

observed in the e**graph, relaxation phenomena are responsible. Here molecules are in higher

energy unstable). So in order to attain stability molecule starts returning to the state of
minimum energy (i.e equilibrium state). But this process consumes certain amount of time
interval. For the higher concentration of quantum dot (i.e from 0.5% to 2%) real part of
dielectric permittivity shows no significant variation than pure LC. This may be due to the
agglomeration or aggregation of CdSe Quantum dot in Ferroelectric Liquid Crystal (FLC)
matrix. With increase in concentration of the quantum dot, they hindered the motion of
dipole moment and hence have to do more work in order to get align in the direction of

electric field. The overall dielectric permittivity can be understood by the formulae:

PR . |

As from the fig. 9, we can see that even though there is not much increase in the real part of
dielectric permittivity. But there is sufficient decrease in the imaginary. Hence it enhances

the overall dielectric properties of the system.
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Fig. 8. Dielectric properties- (2): Real part (b) Imaginary part of relative permitivity (c) loss tangent (d)
Cole- Cole plot of CdSe quantum dots doped FLC as a function of various concentration of CdSe quantum dots

Temperature dependence of dielectric properties of dielectric properties of 0, 0.25, 0.5,1
weight % CdSe doped FLC was investigated.The temperature dependent behavior show the

different phase transition behavior. The Real part (¢*) of dielectric permittivity has maximum

value has maximum value in Sm C* phase and the minimum value shows the N*phase
present in the CdSe quantum dots doped FLC composites. Hence it is clearly observed from
the graph that dielectric properties of CdSe quantum dot doped FLC are influenced by
temperature and gives the information about the phase presents in the liquid crystal. The peak
shifting to higher frequency [fig.8] shows the fastest relaxation of CdSe doped FLC

molecules with raise in temperature.
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Fig. 9.: Temperature dependence of dielectric properties in real (a,b,c) and imaginary (d,e,f) part of
dielectric permittivity in pure , 0.25 and 2 wt% CdSe doped FLC composites

3.2.3. Electro-Optic Polarization Switching and Response Time:

Spontaneous Polarization and Response time of CdSe quantum dots By this we measure the
current peak in the overall current response with the application of triangular wave The
experimental set up of the electro-optic polarization switching is shown in the fig.10. The
triangular and square wave pulses were applied to the cells through Function generator
(HCL, Model HIL2821). The current and voltage pulses were detected on a Digitizing
storage oscilloscope (TEKTRONIX TDS210 having 1GS/s sample rate and 60 MHz

bandwidth) across 100 k€2 standerd resistor. The whole set up was interfaced with computer

(PENTIUM-II) for data acquisition and analysis was done using done wave star software and
the output response collected in software is shown in the fig.11. In order to study the
molecular re-orientation processes associated with the helix dynamics, the symmetric -10V-
0V- +10V (20Vpy), the square and triangular wave pulses were applied to the sample cells.
The symmetric triangular or square wave pulses to CdSe doped FLC mixture reorients the

dipoles between two stable polarization states (Up and Down). As the field is switched on,
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molecular alignment in the form of voltage drop is detected on the storage oscilloscope.

[shown in fig. 11]

 J
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Fig 10: Electro-optic setup for measurement of polarization by polarization reversal

In SmC* phase for certain applied voltage V, the current (1) response consists of three

components:
1). The capacitive term I; 2). The ionic conduction term Ig 3). Polarization current Ip
Thus total measured output current I(t) across the standard resistor R can be written as:

V() dv(tj

|:|R+IC+IP_ +C

Sdt

€| *Eg*d
Whereas C=—2—2—2 s the capacity of a cell; d.,a.and R are the thickness, area and

5

resistance of the cell respectively. V (t) is the voltage across the cell.
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We observed that polarization enhances in 0.5% CdSe doped FLC composite than pure FLC
whereas response time decreases 19% from the pure FLC in case of 1% CdSe doped FLC
which slows down the switching of FLC molecules due to highest hinderance of CdSe
quantum dot But in case of 0.25% CdSe doped FLC response time decreases upto 20% than

pure which improve the switching response of FLC.
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Chapter 4: Conclusions and Future Scope

We have successfully synthesized the CdSe quantum dot with high quantum yield at
optimized reaction condition such as reaction temperature 85°C for 10 hours and prepared
cadmium and selenium source heaving Cd*": Se: TGA is 0.035:0.01:0.07 at adjustable
pH=10 of the solution.

Then the final product of fluorescent TGA quantum CdSe quantum dots are characterized as

>

>

TEM studies show that the size of spherical TGA capped CdSe quantum dots is 7nm.

FTIR spectroscopy confirms the chemical bonding and TGA capping on the CdSe
quantum dots.

UV-Vis confirm the band gap of TGA capped CdSe quantum dots increases upto 2.37
eV due to quantum confinement on CdSe nanocrystals whereas the band gap of bulk
CdSe is 1.8 eV

PL spectroscopy confirms the yellow emission corresponding to 528nm wavelength
with high quantum yield value in different set of experiments.

The molecular relaxation phenomenon of CdSe doped FLC composite was investigated as

>

Real part (¢) of dielectric permittivity of 0.25% CdSe doped FLC improves 11% than

the undoped ferroelectric liquid crystal whereas at higher concentration 1% of CdSe
quantum dot, dielectric permivitivity decreases due to agglomeration or aggregation
of CdSe quantum dots in FLC matrix.

Imaginary part (¢") of dielectric permittivity of 0.25% CdSe doped FLC decrases %

than the undoped ferroelectric liquid crystal whereas at higher concentration 1% of
CdSe quantum dot, loss again increases due to agglomeration or aggregation of CdSe
Quantum dot in FLC matrix, which restricts the motion of electrical dipoles in FLC
composite.

Polarization and electro-optic switching response of CdSe doped FLC shows
improvement in response time during the application of electric field.

Hence we conclude that synthesized TGA capped CdSe quantum dots improves the
ferroelectric switching and dielectric responses of FLC composites.
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