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Chapter 1

Introduction

With the advent of technology, dimensions of semdtetor devices and integrated
circuits are decreasing. This miniaturization isaupanied with new and advanced functions
which have made electronics more reliable, fastesre powerful and less expensive. The
comparison of latest laptops with the bulky computakes the picture clear. The demand of
small sized products with improved qualities isvohg the research towards further lowering of
device dimensions. Accordingly sizes have shrurk there are convincing indications that we
are entering a new era, namely the age of nano finenage of micro. The term micro refers to
the size of a device’s active zone which is in wiceters (10”-6m), e.g. the channel length of a
field effect transistor or the thickness of theegaielectric. Nano refers to the typical geometrica
dimension of an electronic device which is in naeten (10"-9m or one billionth of a meter)

that is 1000 times less than micrometer.

Nanotechnology is the fabrication of nanomateriatgl to make good use of their
improved physical, chemical or biological propestie develop superior materials, engineering
processes and symmetric products. Nanoparticlesharéuilding blocks of nanotechnology.
They can be just about anything whose dimensiores ar the nanometer scale while
nanocrystals usually are the nanometric sized syetaimiconductors or insulator. It is basically
considered as a three-dimensional particle box hickvphoton absorption and annihilation of
some elementary excitations in an electron subsysturs. These excitations are described in

terms of quasi particles known for bulk crystafsttis, electrons, holes and excitons [1].

Quantum dot is a term applied to semiconductor aastals in a size limit whose
volume is smaller than the volume defined by theiter Bohr radius of that particular
semiconductor. It is an ideal nanocrystal and carctnsidered as a bit of a crystal with a

spherical or cubic shape. The behavior of quantata i@ dictated by quantum mechanics. They
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behave as artificial atoms. They can confine sirgdew electrons inside them where the
electrons occupy discrete energy levels.

1.1 Quantum confinement

The reason behind such extraordinary expectatiam hanomaterials lies behind their
properties. They are different from their bulk ctarparts in the degree of freedom of the
particles inside them. In a bulk material, the iohes are free to move in all the three dimensions
whereas in low dimensional structures, the moverétihe particle is confined or restricted in
one or more dimensions. At the nanometer scaleizef slassical description of solid state
properties breakdown and quantum mechanics comesthe picture. Quantum confinement
approach explains a lot of features connected Wigse low dimensional structures. Due to
confinement of charge carriers inside a potentialanomaterials, the electronic structure of bulk
and nanostructure of same material differs. Thetelric structure of bulk semiconductors is
characterized by delocalized state and by quastiremus spectrum of energies in the
conduction and valance bands, while in semicondusaostructures, when the charge carriers
are confined in the small regions of space in drege of few tens of nanometers or below, the
energy spectrum is profoundly affected by the cwrhent, acquiring mainly following
characteristics [2, 3, 4],

» Anincrease in band gap.

» The allowed energies becomes discrete in zero dilmeal systems and forms mini
bands in one and two-dimensional systems.

» The particle shows a non vanishing probability amales outside the confined walls. In
particular, it has a chance of penetrating a naghbpotential with high walls. So there is
a possibility of so-called tunneling.

» There is enhanced volume-normalized oscillatomgfite of exciton features. This arises
because the oscillator strength becomes conceditoatr sharp electron-hole transitions,
rather than being distributed over a continuum t#tes as for the case of bulk
semiconductors. There is enhanced exciton nonliyeand a reduction in optical power

required for the optical saturation relative to bhgk semiconductors.
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» There is enhanced exciton nonlinearity and a réaludh optical power required for

optical saturation relative to the bulk semicondust

1.2 Nanoparticle

In nanotechnology a particle is defined as a swoigkct that behaves as a whole unit in
terms of its transport and properties. Particlesfarther classified according to size in terms of
diameter; fine particles cover a range between dfd 2500nm. On the other hand, ultrafine
particles are sized between 1 and 100 nanometengasto ultrafine particles, nanoparticles are
sized between 1 and 100 nanometers. Nanopartickes on may not exhibit size-related
properties that differ significantly from those ebged in fine particles or bulk materials.
Although the size of most molecules would fit ithke above outline, individual molecules are

usually not referred to as nanopatrticles.

Nanoparticle research is currently an area of se#escientific interest due to a wide

variety of potential applications in biomedicaltiopl and electronic fields.

1.3 Classification of nanoparticles

The term of nanomaterials covers various typesnaosturctured materials which
possess at least one dimension in the nanomeitge.rdhere are two ways, depending on which
nanoparticles can be classified. First on the bafstheir properties and second on the basis of

reduction in their dimensions,

1.3.1 Metal and Semiconductor nanopatrticles

Depending on the properties nanoparticles can assified into two types. These are

metal nanoparticles and semiconductor nanoparticles
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Metal nanoparticles are generally synthesized Hygslb method, in which we use
capping agents to prevent aggregation for contiglthe size. The quantum confinement in
metal nanoparticles occurs when the electrons mosidimited by the size of the nanoparticle.
The electronic energy levels of the particle arotimel Fermi level are affected only for very
small sizes in these nanoparticles. These nanofestshow a very weak photoluminescence but
exhibit UV-visible absorption which is determiney the surface Plasmon resonance, which is
size and shape dependent. Metal nanoparticles exrergly used as catalyst in the reaction
processes.

Semiconductor nanoparticles are synthesized withargety of chemical methods to
produce desired size, shape and structure. In thaseparticles quantum confinement occurs
when the radius of the nanoparticles is compardbldghe exciton’s Bohr radius. These
nanoparticles show strong luminescence and vissiplectra. The UV-visible absorption is
determined by the band edge transition, whichrsnglly size and shape dependent (band gap
energy increases as the size decreases) and higinte tanable. Theses nanoparticles have

application in various fields due to their advanpeaberties [5].

1.3.2. Low dimensional structures (on the basis tieir dimensions)

The structures, in which the movement of the plagics restricted in either one, two or
three dimensions, are called low dimensional stinest Nanosize effect occurs even if only one
dimension is of nanometer size. This confinementlm@obtained by creating a structure whose
dimension (one, two or three) are greater thandttiee constant; and are comparable or less
than the length parameters of the quasiparticles,de Broglie wavelength of an electron and
hole @, and,, respectively) and the exciton Bohr radiys|[1]. It is possible, because in most
semiconductors, the de Broglie wavelength and xiocgan Bohr radius are much larger than the
lattice constant. In these structures, the elemgnéxcitations will experience quantum
confinement and thus have finite motion along thefiocement axis and infinite motion in other
directions. When the size is restricted in oneatigion, we get a two-dimensional structure
called quantum well. In case the confinement i$nio dimensions, we get a one dimensional

structure called quantum wire and finally, if thetron of the electrons, holes and excitons is
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restricted in all the three dimensions then we iobtha quasi-zero dimensional system, the so-
called quantum dot.

Quantum confinement effect present in these thrategories of low dimensional
structure can be explained in terms of densitytafes obtained for these systems. Density of
states is the number of electronic states perwahitme per unit range around an enefgyt is
denoted byN (E). N (E) dE denotes the number of states in a unit volume iereergy interval
dE around an enerdy. N (E) is given by [6],

\/imB/Z (E _ U0)1/2
m2h3

N(E) = (1.1)

Where,U, is some background potential amds the electron mass. Important physical
properties such as optical absorption, thermalspart etc. are intimately depend upon density

of states.

1.3.2.1 Quantum well

A quantum well is a particular kind of heterosturetin which one thin "well" layer is
surrounded by two "barrier" layers. Both electr@ml holes see lower energy in the "well"
layer, hence the name (by analogy with a "potentel"). This layer, in which both electrons
and holes are confined, is so thin (typically ab®0® A or about 40 atomic layers) that we
cannot neglect the fact that the electron and hodeboth waves. In fact, the allowed states in
this structure correspond to standing waves inditextion perpendicular to the layers. Because
only particular waves are standing waves, the gystequantized. The difference between the
potential in the well and in the barriers definkes tonfining potential(r) which is commonly
approximated as the square potential depending upencoordinatex. Schrodinger wave

equation for this case is given by[2, 7],

0°P(x) 2m
— T E-U@IYE) =0 (1.2)

The solution of the above equation will have therfp
h2k?

E

+ EX (1.3)
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Where, k is the propagation constant andL, 2..... The density of states is then given by,

N(E) = A Z O — EX) (1.4)

Where,Ais a constant, an@l(x) is equal to 1, ik>0 and 0 otherwise. Thus the DOS (figure 1.1)
in a two dimensional system is a staircase funatvdh a discontinuity at each; whereas in a
3D system the DOS becomes a continuous functicgnefgy. It is also important to point out
that the 2D DOS s finite at the bottom of the Istveub band whereas the 3D one is equal to

zero, which has fundamental consequence on thesgiiep of 2D systems, for example the gain
of quantum well lasers.
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Figure 1.1 Electronic densities of states of semigductors with 3, 2, 1 and 0 degree of
freedom
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1.3.2.2 Quantum wire

Quantum wire is a 1D structure in which motion loé tparticle is free in one direction
and restricted in other two directions. So, herehaee confinement in two directions. (exand
y). Using the square potenti&l(x, y) in y and z directions we have the solution of the

Schrodinger equation [7],

n2k2 . y
Einn, = S—+ Ex, + Ex, (1.5)

The first term in the right hand side of the abeg@&ation gives the kinetic energy of the

carriers along the wire axis. The DOS is given by,

N(E)=B Z (E—-EX — E,{y)l/2 (1.6)
NNy,
Where, B is a constant amg and n,, = 1, 2.... The DOS (figure 1.1) is equal to zero

when E<€; + Efl’y for n=1. Thus the quantum confinement leads to@ening of the band gap

like in 2D systems but the 1D DOS is highly peaksidce it represents singularities at each

value ofE; + Efl’y. The 1D sub bands are often referred to as chanmben discussing

transport phenomenon of quantum wires.
1.3.2.3 Quantum dots

In quantum dot, confinement takes place in all theee directions of space. The
electronic spectrum in this case consists of disdevels, like in isolated atoms. Now the square

potential is in all three directions. The eigenuea in this case is given by [8],
Enenyn, = EX, + Ey + EFf, (1.7)

The DOS (figure 1.1) consists &functions at discrete energies,

N(E)=2 Z 8 (EX, + E,{y + EZ) (1.8)

NyNy Ny
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Where,n,,n, andn,= 1, 2..... In quantum dots or 0D systems, the cenfiant not only

widens the band gap, but it also converts the nootis energy bands into discrete levels.

1.4 Height calculation of nanoparticles

Lu et al. [9] in their paper have given a relationship betwaeight and band gap under

guantum confinement circumstances. It is given by,

p=p,+ (L2 (1+1) E 1.9
ST 2 \mp omy ) \R2 g2 T (1.9)

Where, E; is the bulk band gap of the materiat; & m; are the electron and hole

effective masses, h is the height of the nanodd,tde diameter of the nanodot afd is the

bulk excitonic energy of the material.

1.5 General properties of the nanoparticles/nanomatials

Nanomaterials have the structural features in batwef those of atoms and the bulk
materials. While most micro structured materialgehaimilar properties to the corresponding
bulk materials, the properties of materials witinoraeter dimensions are significantly different
from those of atoms and bulks materials. This isniyadue to the nanometer size of the

materials which render them:

» Large fraction of surface atoms
» High surface energy

» Spatial confinement

» Reduced imperfections

These characteristics do not exist in the corregipgnbulk materials. Due to their small

dimensions, nanomaterials have extremely largeaserfirea to volume ratio, which makes a

Delhi Technological University Page 8



ZnS nanoparticles — Synthesis, Characterizationpfligation

large fraction of atoms of the materials to be sh&face or interfacial atoms, resulting in more
“surface” dependent material properties. Especiallyen the sizes of nanomaterials are
comparable to Debye length, the entire material gl affected by the surface properties of
nanomaterials. This in turn may enhance or modify properties of the bulk materials. For
example, metallic nanoparticles can be used as &etiye catalysts. Chemical sensors from
nanoparticles and nanowires enhanced the sengiwitl sensor selectivity. The nanometer
feature sizes of nanomaterials also have spatidlrement effect on the materials, which bring

the quantum effects.

The quantum confinement of nanomaterials has prafoeffects on the properties of
nanomaterials. The energy band structure and cheageer density in the materials can be
modified quite differently from their bulk countem and in turn will modify the electronic and

optical properties of the materials.

For example, lasers and light emitting diodes (LED)n both of the quantum dots and
guantum wires are very promising in the future efgotronics. High density information storage
using quantum dot devices is also a fast developmeg@. Reduced imperfections are also an

important factor in determination of the properidéshe nanomaterials.

Apart from the quantum confinement effect classeféct also plays an important role
in affecting the properties of a material whenaines to the nanoscale dimension. This is due to
the fact that the mean free path for inelastictedag becomes comparable with the size of the

system leading to a reduction with scattering e$fec

Nanostructures and nanomaterials favors of a seifigation process in that the
impurities and intrinsic material defects will motee near the surface upon thermal annealing.
This increased materials perfection affects theygnies of nanomaterials. For example, the
chemical stability for certain nanomaterials may éhanced, the mechanical properties of
nanomaterials will be better than the bulk matseridlhe superior mechanical properties of
carbon nanotubes are well known. Due to their natensize, nanomaterials are already known
to have many novel properties. Many novel applaceti of the nanomaterials rose from these

novel properties have also been proposed.

Delhi Technological University Page 9



ZnS nanoparticles — Synthesis, Characterizationpfligation

1.5.1 Mechanical properties

Due to the nanometer size, many of the mechanicgiepties of the nanomaterials are
modified to be different from the bulk material€liding the hardness, elastic modulus, fracture
toughness, scratch resistance and fatigue stretgttAn enhancement of mechanical properties
of nanomaterials can result due to this modifiggtmhich are generally results from structural
perfection of the materials. The small size eithenders them free of internal structural
imperfections such as dislocations, micro twingj anpurity precipitates or the few defects or
impurities present cannot multiply sufficiently tause mechanical failure. The imperfections
within the nano-dimension are highly energetic amfl migrate to the surface to relax
themselves under annealing, purifying the matenmal leaving perfect material structures inside
the nanomaterials. Moreover, the external surfatesanomaterials also have less or free of
defects compared to bulk materials, serving to eobathe mechanical properties of
nanomaterials. The enhanced mechanical properfigheo nanomaterials could have many
potential applications both in nano scale such ashanical nano resonators, mass sensors,
microscope probe tips and nano tweezers for nase sbject manipulation, and in macro scale
applications structural reinforcement of polymertenials, light weight high strength materials,

flexible conductive coatings, wear resistance omgti tougher and harder cutting tools etc.
1.5.2 Thermal properties

The recent advances of nanotechnologies in thedeastdes have resulted in the burst of
promising synthesis, processing and characterizagohnologies, which enables the routine
production of a variety of nanomaterials with highbntrolled structures and related properties.
By controlling the structures of nanomaterials aha scale dimensions, the properties of the

nanostructures can be controlled.
Heat is transported in materials via two differer@chanisms. These are:-
1. Free electrons

2. Lattice vibrations (phonons)
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In metals the electron mechanism is of thermalsjpart is significantly more efficient
then phonon process due to the fact that metalegedsigh no of electrons and they are not as
easily scattered. But in case of nanomaterials ph®rare the main mechanism of the thermal
transport due to the lack of availability of thedrelectrons and because phonon scattering is

much more efficient.

As the dimension goes down to nano scales, theo$itee nanomaterials is comparable
to the wavelength and the mean free path of théoplspso that the photon transport within the
materials will be changed significantly due the foimoconfinement and quantization of photon
transport, resulting in modified thermal propeftl€§. For example, nanowires from silicon
have a much smaller thermal conductivities compaoebulk silicon. The special structure of
nanomaterials also affects the thermal properéasihg high anisotropy in the heat transport in
the materials. The in interfaces are also very mamd factor for determine the thermal
properties of nanomaterials. Generally, the intemi@rfaces impede the flow of heat due to
photon scattering. At interface or grain boundastween similar materials, the interface
disorder scatters phonons, while as the differenoe®lastic properties and densities of
vibrational states affect the transfer of vibraibenergy across interfaces between dissimilar
materials. As a result, the nanomaterials strustwigh high interfaces densities would reduce
the thermal conductivity of the materials. Theséernconnected factors joined together to

determine the special thermal properties of thenaterials.

1.5.3 Electrical properties

The electrical properties of nanomaterials higigpehd upon quantum confinement and

classical effects. So, electrical conductivity didfiferent types of nanomaterials is different.
(a) Three-Dimensional nanomaterials

In a 3-D nanomaterial all three spatial dimensians above nanoscale so these two
effects can be ignored.
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Bulk nanocrystalline materials exhibit high grédoundary area to volume ratio leading
to increase in the electron scattering. As a resahiosize grain tends to reduce electrical
conductivity.

(b) Two-Dimensional nanomaterials

In a 2-D nonmaterial confinement occurs along tliekhess direction. As the thickness
is reduced to the nanoscale, the wave functioh@fetectrons is limited to a very specific value
along the cross section. This is because only tletsetron wavelengths, which are multiple
integers of thickness, will be allowed. In otherrd®there is a reduction in no of energy states
available for the electron conduction along thidedirection. The electrons became trapped in
a well called potential well of width equal to theckness. The effects of confinement on the
energy states for a 2-D nanomaterial with thickre#ssanoscale can be written as [11],

w2 h?
En = || n? (1.10)
Where,

h=_

m= mass of electron
L = length of the well
n = principle quantum number

Thus carriers are free to move along the planéheéts Thus total energy of carrier has

two components-

(a) Term related to confinement dimension

(b) Term associated with unrestricted motion alongh@ane dimension.

Let Z direction be the thickness direction and X,a¥ in-plane direction in which
electrons are delocalized. So unrestricted motemm lwe characterized by two wave vecioxs
and Ky which are related to the electron’s momentum alivegX and Y direction respectively

such that:-
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Px= hKx (2.12)
Py= hKy (1.12)

So the energy corresponding to these delocalizsdrehs i.e. Fermi energy is given by,
h2
Ef = |o—| kf? 13)

Thus total energy of electron (due to confinemertt eestricted motion) in a 2-D nanomaterial

with thickness is given by,

En= |2 02 4 | 2 kg2 (1.14)

2m

Since the electron states are confined along thekrtbss, the electron momentum is
relatively only in in-plane direction. As a resstltattering by phonons and impurities occurs in
in-plane leading to 2-D electron conduction. Bugggaamount of grain boundary area in 2-D
nanomaterials provides an additional source of lamg scattering, thus providing better

electrical conductivity.

(c) One-Dimensional nanomaterials

In 1-D nanomaterials confinement occurs in the tlivections that is unrestricted motion
is only along the long axis of nanotube/nanoroddmare. Thus for a 1-D nanomaterials, the

energy states depend upon two quantum,nandh, [11]. Thus,

oy, = 5]+ [ @19

Nyng
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Thus electronic states of a 1-D nanomaterial doextiibit a single energy band but
instead spread into the sub-bands. Because obtifenement, the nanoscale dimensions of 1-D
acts as reflectors; not allowing the electronsxib the surfaces. In addition to that scattering by
the phonons and impurities restricted to the lors @f the tube, despite the fact that the
boundary scattering is more pronounced due to lsgiface to volume ratio of 1-D

nanomaterials, providing good electrical condutyias in the case if CNT.
1.5.4 Optical properties

One of the most fascinating and useful aspectawbmaterials is their opticploperties.
Applications based on optical properties of nanemals include optical detector, laser, sensor,
imaging, phosphor, display, solar cell, photo gatal photo electrochemistry and biomedicine.
Many of the underlying principles are similar iretle different technological applications that
span a variety of traditional disciplines includirdpemistry, physics, biology, medicine,
materials science and engineering, electrical antpciter science and engineering.

The optical properties of nanomaterials dependavarpeters such as feature size, shape,
surface characteristics, and other variables imetpudoping and interaction with the surrounding
environment or other nanostructures. The simplesimple is the well-known blue-shift of
absorption and photoluminescence spectra of sedhimbor nanoparticles with decreasing
particle size, particularly when the size is snadbugh. For semiconductors, size is a critical
parameter affecting optical properties [1].

In case of metallic nanoparticles, color may changd size due to surface plasmon
response. The indirect band gap materials, likengaium and silicon, which do not emit light in
their bulk form, emits light as their size is redddo nanometer range. Due to this these indirect
band gap materials can also be used in the lighittiegh applications. Sometimes in
nanopatrticles there is enhanced volume normalizedlator strength of excitons gives rise to
non linear optical properties.

1.5.5Magnetic properties

The basic magnetic properties of a material arenoffescribed by a B-H curve (B

Magnetic flux density, H Magnetic field strengtWaterials either slightly reject magnetic fields
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(diamagnetism) or reinforce them (paramagnetismlimited set of materials (Fe, Co, Ni, and
some transition metal oxides) exhibit ferromagmetis.e. spontaneous alignment of atomic
spins. Ferromagnetism of bulk materials disappaadstransfers to super-paramagnetism in the
nanometer scale due to huge surface energy. Aleodibappearance of magnetization on
removal of external magnetic field depends upotiglarsize. The magnetization of the material
responds promptly with the external magnetic fielden the particle is small enough but it
decreases with increase in size. Due to this phenom gold nanoparticles which are stable as

bulk shows catalytic behavior as nanoparticles.

1.6 General application of nanomaterials

The application of nanomaterials is almost everyeheStarting from medical to
engineering, from plastic to metals, from paintoaours to cosmetics, almost all the products
are influenced by its application. It has touchkdhe field of sciences, which are benefitted by
its advanced properties. The first quantum dot pabably made inside glass matrix while

making colored glasses.

The localized Plasmon response of metallic nanmbestis used in bio and chemical
sensors for sensing the affinity between molecifldénity biosensors) and for providing
vibration spectrum in Raman sensor [12]. Metal mpamticles are used in various field, for
example Ag nanopatrticles paste is developed tosbd to prepare fine electronic circuit pattern
by screen printing [12]. Nanoparticles have beesigied for oral drug delivery of peptide-based
pharmaceuticals which were different to take earhs they were decomposed easily by
proteolytic enzymes existing in the body. This peobis solved after using nanoparticles for the
delivery. They have the ability to protect the drdgbm harsh gastrointestinal environment and
also translocates it to intestinal membrane. Usaamfomaterials as phosphorus is widespread
now. Many diagnosis tests in biomedical field anging fast and accurate results after
incorporation of nanoparticles [13]. Optical engineg of these laboratory tests has evolved
after use of fluorescent biomarkers like quanturtsdBio-imaging using quantum dots gives

much better results compared to the conventionakdéiscence dyes. The strong intensity of the
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fluorescent makes it possible to detect immunoklgreaction by the small amount of the
antibody by using quantum dots labeling [12]. Carboanotube (CNT) is one of the
nanomaterials which have vast application includéfgrtron emission source of field emission
display (FED), cantilever of scanning electron msmope (SEM) etc. Recently, Xiabal. [14]
have made practical carbon nanotube thin film lped&ers, which possess the merits of
nanometer thickness and are transparent, flexibtestchable, and magnet-free. Bright
phosphorus is developed by incorporating semicailmdunanoparticles in glass substrate.
Ultrafine particles of titanium oxide are used urfactant lotions from 1980’s. The absorption
and scattering phenomena of titanium oxide and mxide are used to protect the skin from
ultra-violet rays. Ultra fine pressure emulsificatiis used to reduce the size of the active
ingredients to nano range which are smaller than dhps in skin cells, to improve the
permeability and absorbability.

In recent years, a large variety of nanometer sdalgces have been investigated for
using them in place of semiconductor devices, amtinometer scale devices are more suitable
physically and economically. In this context, aassance may be expected in the field of
computer memory with the introduction of memrisg@sistor with memory), having hysteresis
effect. A new type of ultra dense non-volatile ramdaccess memory (RAM), could be created
where bits are stored as the ‘on’ and ‘off’ staika series of memristor. Memristor according to
Leon Chua [16] is the fourth two-terminal circuitilding passive element (the other three being
resistor, inductor and capacitor) which, accordméim, exists due to the sake of completeness
of the circuit theory.

1.7 Zinc sulfide (ZnS)

Zinc sulfide is a chemical compound with the foremdnS. Zinc sulfide is a white to
yellow colored powder or crystal. It is typicallyn@untered in the more stable cubic form,
known also as zincblende or sphalerite. The hexalgonm is also known both as a synthetic
material and as the mineral wurtzite. A tetragoioain is also known as very rare mineral

polhemusite (Zn,HQ)S. Both sphalerite and wurtait intrinsic, wide-band gap semiconductors
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[17]. ZnS, well-known direct band gap 11-VI semicluetor, is promising materials for photonic,
optical, and electronic devices. Nanosturcturedensls have lent a leading edge to the next
generation technology due to their distinguishedfopmance and efficiency for device
fabrication. As one of the most suitable matenaith size and dimension dependent functional
properties, wide band gap semiconducting ZnS namgiste has attracted particular attention in
recent years. For example, this material has besanabled into nanometer-scale visible-light-
blind ultraviolet (UV) light sensors with high sémgty and selectivity, in addition to other
applications such as field emitters and lasers.irThagh-performance characteristics are

particularly due to the high surface-to-volumeaatfSVR) and rationally designed surfaces.

Table 1.1 Physical properties of fundamental ZnS siicture

SN PROPERTY ZnS

Zinc Blende Wurtzite

1 Lattice parameters (at 300k) a= 0.541nm a= 0.3811

nmc= 0.6234nm

2 | Density (at 300k) 4.11 g.ch 3.98 g.crit

3 Dielectric constant 8.9 9.6

4 Refractive index 2.368 2.356/2.378
5 Energy Gap E(at 300k) 3.68 3.91

6 Exciton binding energy (meV) 39 39

7 Positions of UV emissions 330-345nm 330-345nm

1.7.1 Review of experimental research works on naorystalline ZnS

ZnS is al-VI group semiconductor material having wide bandwhjch becomes wider
as we deal with the nanostructure of these maserfélese materials are suitable for applications
in devices with optical range from UV to visiblegien. Beckeret al. [19] synthesized colloidal
ZnS dispersions and studied its photoluminescenagpepties. They reported the high

luminescence of ZnS and inferred that the photesighy properties of ZnS are very sensitive to
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surface effects. Yang al. [20] synthesized ZnS nanocrystals in polymer mand studied the
properties through photoluminescence and electrioessence. The absorption and
luminescence of ZnS nanopatrticles of different sszstudied in detail by Cheat al. [21] they
observed two absorption bands in their absorptectsa. They considered the origin of the
additional band from the surface states. ZnS natiofes without any stabilizer were prepared
by Xu et al. [22] they studied the properties of the prepaaahple by various characterization
techniques. Passlet al. [23] studied the temperature dependence of exg@tak energies of
epitaxial films of 1I-VI materials (including ZnSyrown by molecular beam Epitaxy (MBE).
Qadriet al. [24] reported a significant reduction in the Dhlende to wurtzite phase transition
temperature in nanometer sized ZnS particles agpamd to the bulk state. Photo physical
properties of ZnS Nanoclusters, synthesized by alemical route, were studied in detail by
Kumbhojkaret al. [50]. They studied the effects of various defdetsels on the luminescence
behavior of ZnS nanoparticles. Nanobelts, nanocaamiosnanowindmills of wurtzite ZnS were
synthesized and studied by Christopbeal. [26]. Chakrabortyet al. [27] prepared nanoscale
semiconductor particles of ZnS in polymer surfattgel matrix. They infer that absorption and
emission characteristics substantially depend ugavironment in which the particles were
dispersed or embedded. ZnS nanoparticles wereestddr field emission devices by Ghogh
al. [28]. Ding et al. [29] controlled the deposited ZnS nanostructureisd zincblende phase,
wurtzite phase or a mixture by adjusting the sysiheonditions through a vapour-liquid-solid
process. Rathoret al. [30] reported the energy increase band gap of @atiysynthesized ZnS
nanoparticles with increase in molar concentrabbmeactant solution. Very recently in 2009,
the luminescence of undoped and Cu doped ZnS quathbis have been studied by Nathal.
[31]. They used zeolite as a matrix, which playew role in controlling the size of the quantum

dots.

Bhargavaet al. [13] was the first to study the Mn doped ZnS raystals. Their work
revealed both a high luminescent efficiencies aratec change in spontaneous decay rate of
Mn?* ions embedded in nanocrystals, as compared wigh k. They opened the research in
doped nanocrystals. Khosratial. [33] studied the structural and optical properté Mn doped
ZnS nanocrystals synthesized by aqueous methodngHea al. [34] prepared ZnS:Cu
nanocrystals in polymer networks using chemical teouThe photoluminescence and
electroluminescence of Cu doped ZnS nanocrystats also studied by Quet al. [35]. They
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prepared their samples in an inverse micro emulbiothe hydrothermal technique. They also
studied the I-V curves of the Cu doped ZnS nandalysThe luminescence quenching in ZnS
nanoparticles due to Fe and Ni doping was studieB8drseet al. [36]. Structural, optical and
luminescence properties of Cu doped ZnS thin filweye studied as a function of dopant
concentration by Jayanthi al. [37]. Surface passivation and photo luminesceriddrodoped

ZnS nanocrystals are studied by Yagl. [38].

1.7.2 Review of application of ZnS

ZnS is 11-VI semiconductor material is used in maagplications primarily for its
luminescent properties. It has a wide band gap&8e3/, a small exciton Bohr radius of 2.5nm
and an exciton binding energy of 40meV, which igeghigh [17]. Cu doped ZnS bulk is an
inorganic material used for light emitting diodé&D). Owing to its wide band gap, it is used in
violet and blue regions. Huang et al. has fabritalight emitting diode with ZnS:Cu
nanocrystals as the emitting layer of the Led. @ual. [35] has studied the current-voltage
characteristics of Cu doped ZnS polymer composiigles layer structure electroluminescence
(EL) device. They reported ear inversion symmefrthe characteristic and concluded that the
direction of the applied bias is not important tlee electrical properties. ZnS quantum dots have
been grafted to rod-shaped viruses through pemtigemediaries which at high concentration
assemble into a thin transparent film that can ioked with tweezers. These films in which a
viral rod pack together likes liquid crystal findauas high density storage media or in displays.
ZnS has become a useful material for bio-imagingliegtions. CdSe quantum dots surface-
conjugated with ZnS are known to have high phoabilties and as a result they can be traced
much longer when used for luminescent tagging [12]addition with the photo stability,
brightness of IlI-V materials also increases whegirtsurfaces are conjugated with ZnS. Warad
et al. [40] has reported the synthesis of Mn doped Zh8sphors, capped with chitosan.
Chitosan is a bio-compatible polymer and Warad shwvuse of above particles in biological

labeling.
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1.8 Motivation of the present work

As ZnS, a lI-VI semiconductor material have largect band gap which can be further
increased by reducing the size, nanocrystals ontquadots of 1I-VI material can be formed by
using chemical route, without much difficulty [41Xkood photo sensitivity of 1I-VI materials
make them better candidates for application incogtid photonic device [42]. The wide band
gaps of these materials make them suitable maferiapplication as luminescent materials in
the UV to visible region. ZnS is better for apptioa as phosphor due to its better chemical
stability as compared to the other chalcogenidesh sas ZnSe [37]. ZnS has short
cathodoluminescence decay time, making it suitdblethe luminescent application [41].
Exciton binding energy of for ZnS is also quitethighe high exciton binding energy supports
stable high-yield luminescence and makes theseri@atenuch better candidate for applications
in lasers and the excitonic-related device appboat Also as shown by the following equation,
the PL intensity increases almost exponentiallywitrease in the binding energy [44],

I

I(T) = (1.16)

Eq
1+ Ae D
Where,l is the PL intensity], is the peak intensity at Ok, is the activation energy or

the binding energy, is the Boltzmann constant and T is the temperature.

The repeatable electrical characteristics of Ziy8rldy layer device has been studied by
Jafri et al. [45]. They observed that the current-voltage abi@ristics of the devices were
reversible when sufficient discharge time is giy@ior to repeating a measurement. It is an
important property for the future application ofetldevice in electronics. The unintentional
useful defects in these materials are advantagéousapplication in various fields like
optoelectronics. Doping of these materials furtimereases the applications in various fields

because of the improved optoelectronic properties.

PVOH is widely used surfactant for the polymer qrstdated nanocrystals. It is easily

soluble in water and has excellent film forming @utesive properties. It is non- toxic and also
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has the advantage of being biocompatible. It hasety spaced uniform gaps which are
distributed in the form of array. So the nanopseticembedded in PVOH are generally of
uniform size [42]. PVOH is a non corrosive matemdlich helps to fabricate and study the

electrochemical device if the samples on this matri

The size of the particle embedded in the PVOH @il be controlled by varying the
reaction time of temperature. We can have the swligquid form of the samples as required for
the characterization techniques. By taking the athge of developments in the preparation and
characterization of direct band gap semiconduchorpolymer matrices, the semiconductor

nanocrystals have been constructed [34-35].

In the view of the above, an attempt has been ndgnthesize undoped nanocrystals of
ZnS embedded in polymer matrix (PVOH). We have &etbghemical route to prepare the ZnS
nanocrystals. The samples prepared have been tdrézad by several characterization
techniques. For chemical characterization of thepared samples, we have employed optical

absorption spectroscopy, photoluminescence andjgiépersive X-ray spectroscopy.

For structural characterization we have employethy-diffraction technique and the

scanning electron microscopy.
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CHAPTER 2

Synthesis
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Chapter 2

Synthesis

2.1 Introduction

The synthesis of nanoparticles had started cestage. Gold nanopatrticles and colloidal
gold were used extensively in some countries foloua purposes. Around thousand years ago,
gold nanoparticles was used in an organic dye inaciThey used it for giving red color to the
ceramic porcelains. Colloidal gold has its majoplagation in medical field, for example, for the
treatment of arthritis, which still continues. 1185, Faraday published his study on the
preparation and properties of colloidal dispersadigold and the samples prepared by him were

stable for almost a century before being destrajgthg world war.

The research in the field of nanometer scale waddelerated after the advent of the
technologies which could see and manipulate théemat this dimension. Modern quantum dot

(Nanopatrticle) technology traces its origin backhe mid 1970s.
2.2 Methods adopted to prepare nanoparticles

There are many methods to synthesize nanoparadéslso many ways to group these
methods. On the basis of the approaches followéabticate the nanoparticles, they are grouped
as top-down and bottom-up approaches, which maggaén grouped broadly as chemical and

physical methods.
2.2.1 Top-down approach

Top-Down approaches remove, reduce, subtract, ldidde a bulk material to make
nanoparticles. Top-Down methods, therefore, aresidened to be subtractive. Top-Down
fabrication methods logically resides within thealne of engineering and physics. Top-Down
fabrication dominates nanotechnology today althosmgmificant ground has been gained by

bottom-up methods. It can be done by following fowathods,
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(@)Milling - This method is mainly used to produce nanopasicfor use in
nanocomposites and nanograined bulk materials. mktvod suffers from the following
drawbacks.

» The nanopatrticles formed by milling have a broazesishape and geometry
distribution.

» Lots of impurities from milling medium come.

» Defects are noticed in the nanoparticles produgenhiling. But the preparation
of nanocomposites and nanograined bulk materiaipiine lower sintering
temperature and in these materials the defectbeamnealed by sintering.

(b)Attrition — Nanoparticles produced by this method have sizagimg from few tens
to several hundred nanometers in diameter.

(c)Repeated thermal quenching- This also produces nanoparticles by breaking a
bulk material into small pieces, provided that thaterial has low thermal conductivity
and large volume charge with increase in tempegatBut this method is difficult to
control.

(d)Lithography - It is the process of transferring a pattern mteactive polymer film,
termed as resist, which will subsequently be usedeplicate that pattern into an

underlying thin film or substrate.

Lithography is sometimes considered as hybrid agagrpsince the growth of thin films
is Bottom-up whereas the etching is Top-down apgrpawhile nanolithography and

nanomanipulation are commonly a Bottom-up approach.
2.2.2 Bottom-up approach

Bottom-up fabrication approaches selectively combatoms or molecules to form
nanomaterials. Bottom-up fabrication methods, tioeecare considered to be additive. Bottom-

up fabrication methods reside within the realmiwéristry and biology.
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It has two approaches, namely, thermodynamic ametiki

1. Thermodynamic approach — This method follows the following sequence to
fabricate the nanoparticles.
» Generation of super saturation
> Nucleation

» Subsequent growth

The steps followed, specifically for metals, nondaxand oxide semiconductors are as follows,

(1) Metallic nanoparticles — By reduction of metal complexes in dilute solatibereby
producing metal colloidal dispersions.
(2) Non-oxide semiconductors- Pyrolysis of organometallic precursors dissoli@d

anhydrate solvents at elevated temperature in rggssienvironment in the presence of
polymer stabilizer or capping material.

(3) Oxide nanoparticles— By sol-gel processing, forced hydrolysis, cornémirelease of

ions, vapor phase reactions and solid state pleagegation.

The above methods follow homogeneous nucleatioowimg methods uses heterogeneous
nucleation method

» Thermal oxidation
» Sputtering

» Argon plasma

2. Kinetic approach - In this method formation of nanoparticles is agbd by any one of

following techniques

» By limiting the amount of precursors available the growth as in Molecular Beam
Epitaxy (MBE).

» By confirming the process in limited space. Thidase by following four ways
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(a) Liquid droplets in gas phase in aerosol synthasisspray Pyrolysis.
(b) Liquid droplets in liquid as in micelle and micrmealsion synthesis.
(c) Template based synthesis

(d) Self terminating synthesis

In Top-down approach, some problems are faceditigerfection in surface structure,
crystallographic damage to the processed pattelefects due to etching. These may leads to
changes in physical properties and surface chemsitice the surface to volume ratio is very
large in nanoparticles. These imperfections mayinaggad to reduced conductivity due to
inelastic surface scattering which leads to theeggtion of excessive heat and thus impose extra
challenge to the device design fabrication.

Bottom-up approach is comparatively better in casenanomaterials, because in
nanometer scale all the tools are too big to détl tne dimensions. Bottom-up approaches also
give structure with less defects, more homogeneougosition and better short and long range
ordering. In Bottom-up approach, the synthesis agnig driven by the reduction of Gibbs free
energy, so the nanomaterials produced are clogbetequilibrium state. In Top-down approach,
there is internal stress in addition to defects @mtamination.

2.2.3 Chemical and physical methods

These methods are also grouped broadly into chéraié physical techniques. All the
above methods are mainly chemical methods exctmigliaphy. Following are the physical

technigues used to synthesize the nanopatrticles,

1. Lithographic techniques
» Photolithography
Phase shifting optical lithography
Electron beam lithography
X-ray lithography
Focused ion beam lithography

Neutral atomic beam lithography

YV V. V V V VY

Deep ultra-violet lithography
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2. Nanomanipulation
» Scanning tunneling microscopy (STM)
» Atomic force microscopy (AFM)
» Near-field scanning electron microscopy (NSOM)
» Nanomanipulation
» Nanolithography
3. Soft lithography
» Micro-contact printing
» Molding
» Nanoimprint
> Dip-pen lithography
4. Self assembly of nanoparticles or nanowires
» Capillary forced induced assembly
Dispersion interaction assisted assembly
Shear force assisted assembly
Electric field assisted assembly
Covalently linked assembly

Gravitational field assisted assembly

YV V. V V V VY

Template assisted assembly

The main advantage of chemical method is that dingple and less expensive. In the
chemical techniques, there is a possibility of rpatdtion at the molecular level. Because of
mixing at the molecular level, good chemical homu can be achieved. Also, by
understanding the relationship between how masteassembled on an atomic and molecular
level, and the material macroscopic properties,ecwdhr synthetic chemistry can be tailor
designed to prepare novel starting componentseBetintrol of the particle size, distribution
can be achieved in particle synthesis. To get liteinefn the advantages of chemical processing,

an understanding of the principle of crystal cheémmjshermodynamics, and phase equilibrium
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and reaction kinetics is required. Chemical metisodlso having some problems like; in some
preparation the chemistry is complex and hazard&mtapment of impurities in the final
product are found, which needs to be avoided oimmzed to obtain desired properties. For
some of the systems, it may become difficult tdeseg for economical production of a large
guantity of material. Agglomeration is also a peshland must be avoided at any stage of the
synthesis process.

2.3 Properties in the fabrication of nanoparticles
When a nanoparticle is fabricated it must have

Identical size (uniform size distribution)
Identical shape or morphology
Identical chemical composition

Identical crystal structure among different paeschnd within individual particle

S

Mono dispersed that means there should not be gglgraeration.

2.4 Present work

In the present investigation, Chemical methodsfaltewed to prepare samples of ZnS.
Poly-vinyl alcohol (PVOH) is used as the matrix.t34% solution of Poly-vinyl alcohol is taken
as a matrix (capping agent). It is prepared byistr5 gm of PVOH in 100 ml of water at 70°C
and 300 rpm for 3hrs. Aqueous solution @fCl, and Na,S are used to prepared ZnS
nanocrystals. These solutions are prepared in gaugly that the molecular weight ratio of the
chemicals in the solution becomes 1:1. PVOH Zndl, solutions are then mixed in 2:1 volume
ratio in magnetic stirrer at controlled temperatane rotations per minute. To the above solution
Na,S solution is added drop by drop, to make the smtutiompletely milky. The solution is then
kept overnight at room temperature for stabilizatioThe samples thus prepared are

characterized. The reaction followed in the synthesZnS nanocrystals is as follows:

PVOH +ZnCl, + Na,§ ——  PVOH + ZnS + 2NaCl
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Chapter 3

Characterization

3.1 Introduction

Structural and chemical characterization technicaresadopted to obtain the important
properties of nanomaterials. In the research ofometerials, most important thing is the
availability of technology to visualize interior ¢ie nanomaterials and to have the capability to
modify and manipulate in that nanometer range. Maghwanced characterization techniques are

now-a-days available that have made extensive n@s@ananometer range possible.
3.2 Characterization Technigques

The characterization techniques can be divided the® following two categories,

according to the type of information provided bg techniques.
3.2.1 Chemical characterization techniques

These techniques give internal details of the sanipincludes the following techniques

Optical Absorption Spectroscopy (OAS)
Energy Dispersive X-ray Spectroscopy (EDS)
Photoluminescence (PL) Spectroscopy
Raman Spectroscopy

Fourier Transform Infrared Spectroscopy
Electron Spectroscopy

lonic Spectrometry

Rutherford Backscattering Spectrometry (RBS)

YV V.V V V V V VYV V

Secondary lon Mass Spectrometry (SIMS)
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3.2.2 Structural characterization techniques

These Techniques give the information about thetahgtructure, crystallinity, lattice
constants, shape and size of the nanoparticlag:tBtal characterization includes the following

Techniques:

X-ray Diffraction (XRD) Study

Scanning Electron Microscopy (SEM)
Transmission Electron Microscopy (TEM)
Small Angle X —Ray Scattering (SAXS)
Scanning Probe Microscopy (SPM)

YV V V V V

(a) Scanning Tunneling M&copy (STM)
(b) Atomic Force MicrosgofAFM)

3.3 Characterization Techniques used in Present wkr

Following Techniques are used to characterize stumples prepared in the present

investigation.
3.3.1 Optical Absorption spectroscopy (OAS)

If light is made to fall on them, most of the m#&és absorb some portion of it. The
amount and wavelength of light absorbed depends tip® chemical and electronic structure of
the absorbing material. This phenomenon is utiline@ptical Absorption spectroscopy to know
the structure and properties of the sample. Therpben spectrometer records the absorption of
the sample with respect to wavelength. This spsattisithen used to get various information
about the material. It gives us the band gap, glisor coefficient and absorbance. Further, using
these data we can get the particle size and tréilasioe of the material. The basic phenomena

and instrumentation behind this spectroscopy isride=sd below:

Electromagnetic radiation in the ultraviolet (20004m) and visible (400-800nm) region
have energies between 36 to 143Kcal/mol [46]. Thisch of energy is sufficient to excite

electrons from one molecular orbital to a highevagupied molecular orbital to a higher energy.
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Let us suppose that the molecule is in ground stat&hown in fig (3.1). If in the ground state, it
receives electromagnetic radiation of wavelengtiresponding to the energy difference (E2-
El), the sample absorbs radiation and the eleatrane E1 level is excited to higher E2 level
and the sample is said to be in the excited sidie. spectrometer records the wavelength at
which absorption occurs along with the degree cfogfition. The lowest energy transition is
most favored i.e., between the highest occupiedecutdr orbital (HOMO) and the lowest
unoccupied molecular orbital (LOMO).

State 2 (E2) °

+hV|:>

State 1 (EL) [

Ground state Excited state

Figure 3.1 Excitation of electron after absorptionof electromagnetic radiation

The optical absorption spectrometer is of two types

» Single beam optical spectrometer

» Double beam optical spectrometer

The class depends on the fact whether the absorpfiche sample and references are
measured sequentially or simultaneously. The basiaits of both the types are shown ion the
fig. (3.2).

The fundamental absorption which corresponds tctrele excitation from the valence band
to the conduction band can be used to determingahe of the optical band gap. The relation
between absorption coefficienk)(and the incident photon energy), described by Tauc is

used for the calculation and it is given by [32]:

(ahv)/™ = K (hv — Eg) (3.1)
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Wherea can be calculately the following relatior

o = 2.3;)3A (3.2)

Wherea is the absorption coefficient cm™1, h is the Planck’s constary is the frequency of
the incident lightK is a constaniE, is the band gap of the materiéljs the absorbance of tl
material, t is the sample thickness or the lengthe light path through the sample (cuvette)

the value of n depends upon transition. It has a value 6t/2 for the direct allowed transitiol

2 for the indirect allowed transitio?’/2 for the direct forbidden transition and 3 for tinelirect
forbidden transition. The value of the optical bgapo of the material is obtained
extrapolating the straight line portion (ahv)? versushv (e.g. for direct band gap materia
plot to the fwv) axis, fora = 0, gives the value of the band gap. The bandtigap obtained i
then utilized for determining the particle sizengsivariousrelations.Optical absorption studie
are made on a HITACHI 3210 double beam spectrophotom:

Adjustable aperture. photoresistor Output

Light source - "]_j_ ’ I / \
\ S CI——{> A 0260

1
— Sample

Amplifier

Monochromator Cuvette

Figure 3.2 Single beam UV-visible spectrometer
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Figure 3.3 Double beam UV-visible spectrometer

3.3.2 Photoluminescence (PL) spectroscopy

All solids including semiconductors have so-calleshergy gap” for the conducting
electrons. In order to understand the conceptgdpin energy, first consider that some of the
electrons in a solid are not firmly attached to dt@ms, as they are for single atoms, but can hop
from one atom to another. These loosely attachectrens are bound in the solid by differing
amounts and thus have much different energy. Elesthaving energies above a certain value
are referred to as conduction electrons, whiletedas having energies below a certain value are
referred to as valence electrons. This is showrthan diagram where they are labeled as
conduction and valence bands. The word band is beeduse the electrons have a multiplicity
of energies in either band. Furthermore, thereniemergy gap between the conduction and
valence electron states. Under normal conditiorscteins are forbidden to have energies
between the valence and conduction bands. If & figtticle (photon) has energy greater than the
band gap energy, then it can be absorbed and theaiete an electron from the valence band up
to the conduction band across the forbidden engagy(See diagram.). In this process of photo

excitation, the electron generally has excess gnetgch it loses before coming to rest at the
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lowest energy in the conduction band. At this pthet electron eventually falls back down to the
valence band. As it falls down, the energy it losesonverted back into a luminescent photon
which is emitted from the material. Thus the enesfiyhe emitted photon is a direct measure of
the band gap energy, Eg. The process of phototatieti followed by photon emission is called

photoluminescence.

Conduction band —4 \\ Nonradiative / \\
\ relaxation \
|
Donor level
— >
Photo excitation Photoluminescence  m—
—> —> —> —>
Acceplevel
Valance
band
Pure crystal Impure crystal showingdiBe to

shallow donor and acceptor levels

Figure 3.4 Photoluminescence

In pure samples, an electron-hole pair, called»ant@ can move between these two carriers
with a small binding energy. The energy of the &diphoton from a band-to-band transition, an
exciton recombination, or any of a number of otpessible transitions is then characteristic of
the energy levels involved [39]. In doped samptesgtive recombination can also occurs via
shallow donor or acceptor levels. Three possildasitions are donor level to valence band,
conduction band to acceptor level and donor tofgoc€Fig 3.4). These peaks will appear at the
low energy side of the exitonic transitions in Pleasurements, a sample is irradiated with a
visible light source, which stimulates the matettahn excited electronic state. In this process of

photo excitation of electrons from their groundeta the valence band to the upper state of the
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conduction band, the electrons generally have exeegrgy which they loses through non-
radiative relaxation before coming to rest at lowergergy in the conduction band. At this point
the electrons have a probability of radiativelyambining with holes in the valence band. The

photoluminescence is recorded with HITACHI F-25Q@fescence spectrophotometer.

3.3.3 X-Ray Diffraction

X-ray is a form of electromagnetic radiation which hasawvelength in the range of 10 to
0.01 nanometers, corresponding to frequenciesdrrdhge 30 petahertz to 30 exahertz. Each
crystalline solid has its unique characteristic ay-rpowder pattern which is used as the
“fingerprint” for its identification. Once the matal has been identified, X-ray crystallography
may be used to determine its structure, interatodigtance, unit cell dimension etc. As
wavelength of X —rays is about the same as sizanchtom, they are ideally suited to probe
crystalline structure at the atomic level.
A typical diffractometer consists of a source otliation, a monochromator to choose the
wavelength, slits to adjust the shape of the beamsample and a detector. When a
monochromatic X-ray beam with a wavelengths projected onto a material at an angle
diffraction occurs from different atoms. Diffracteghves from these atoms can interfere with
each other and the resultant intensity distribut®strongly influenced by this interference. If
the atoms are arranged in a periodic fashion, asystals, the diffracted waves will consist of
sharp interference peaks as in the distributiomtoms. The X-ray radiation most commonly
used is that emitted by copper, whose charactemsivelength for the K radiation is 1.5418 A.
when the incident beams strikes a sample, diffbacticcurs in every possible orientation éf 2
The diffracted beam may be detected by using a blevdetector which is connected to a chart
recorder. Basically counter is set to scan ovanae of P values at a constant angular velocity.
In general, a@range of 5 to 80 degrees is sufficient to coverrttost useful part of the powder
pattern. The scanning speed of the counter is lysalbf 2degrees/min and therefore, about 30
minutes are needed to obtain a trace. X- Ray diifva: X-ray diffraction is recorded on Pro X-

ray diffractometer, using @&y, radiation §{ = 0.15406 nm).
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Incident beam Scattered beam

20,

Sample

Only planes of atoms that share this normal will beseen in thef - 26 Scan
Figure 3.56 - 20 Scan

In 1913, Bragg predicted a simplest explanatiorttfe observed diffraction pattern that
result from the passage of X-rays through a crystedording to him Constructive interference
occurs only for certaif’s correlating to ahkl) plane, specifically when the path difference is
equal to n wavelengths [43]. Thus when this lagasfied, it produces a consecutive
interference among the diffracted waves. It is gilsg

Nt =2dsind (3.3)

Wheren is an integer representing the order of the pg&kthe characteristic X-ray wavelength
(in angstrom),d is interatomic spacing (in angstrom) afidis the angle of diffraction (in

degrees).
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Figure 3.6 Bragg’s Law

By varying the anglé, the Bragg’'s law conditions are satisfied by d#éf& d-spacing in
polycrystalline materials. Plotting the angularifoss and intensities of the resultant diffracted
peaks of radiation produces a pattern, which isagtaristic of the sample. Where a mixture of
different phase is present, the resultant diffrgeam is formed by addition of individual
patterns. The above diffraction condition can bitam in vector form

@k+G?= 0, (3.4)

Where
k is the incident wave vector
k' is the reflected wave vector
G is areciprocal lattice vector such that
GAk =k - K 5B

Diffraction peaks are accurately measured with XRbDich makes it the best method for
characterizing homogeneous and inhomogeneous stidinrmogeneous or uniform elastic strain
shifts the diffracted peak positions. From thetshijpeak positions, one can calculate the change
in d-spacing, which is the result of the change ofdattonstant under strains. Inhomogeneous
strains vary from crystallite to crystallite or hih a single crystallite and these causes a
broadening of the diffraction peaks that increasiis sin 8. Peak broadening is also caused by
the finite size of crystallites, but here the breaidg is independent of sih. When both
crystallite size and inhomogeneous strains coniilio peak width, these can be separately
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determined by careful analysis of peak shalfékere is no homogeneous strains, the crystallite

sizeD, can be estimated from the peak width with they@eBcherer’s formula given by [47],

KA
- BcosO

(3.5)

WhereK is the Scherer’s constant, having a value of Di9the X-ray wavelengthg is the full
width at half maximum (FWHM) of diffraction peakn(radians) and is the Bragg's diffraction
angle in degrees.

Scherer’s relation works only if stress-related anstrument-related broadening is
negligible in comparison to particle size effeckbis condition is often met with particle size
below 100 nm and this technique is very useful étednine particle size in nanometer range.
The information on lattice strain on the partickfter applying the correction for instrument
broadening can be obtained from the following refabetween strain and particle size given by
[48],

Bcosd 1  nsinb

1 D 2

(3.6)

Wheren, is the effective strain. The slope of the plotweenfcos6/A andnsinf /A gives the
value of strain. The inverse of y-axis interceptaiiied by extrapolation of the same plot gives
the average particle size.

3.3.4 Scanning electron microscope (SEM)

SEM is an electron microscopy technique. The images SEM is produced by scanning
the sample with a focused electron beam and detgttie secondary or backscattered electrons.
The resolution of the SEM approaches a few nanasietad the instruments can operate at
magnifications that are easily adjusted from 1@wer 1, 00,000. SEM produces topographical
information like optical microscope as well aslgaprovides chemical composition information

near the surface.
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Figure 3.7 Scanning Electron Microscope

In a typical SEM we have a source (electron gun)th&f electron beam which is
accelerated down the column; a series of lenseslérser and objective) which act to control
the diameter of the beam as well as to focus tlamnben the specimen; a series of apertures
through which the beam passes and which affecteptieg of that beam; controls for specimen
positions (X, y, z- height) and orientation (titgtation); an area of beam that generates the
several types of signals that can be detected evakgsed to produce an image or spectra. The
whole setup is maintained at high vacuum level.

When the beam of electrons strikes the surfacdh@fspecimen and interacts with the
atoms of the sample, signals in the form of secgnééectrons, back scattered electrons and
characteristic X-rays are generated that contaifiornmation about the sample's surface
topography, composition, etc. The SEM can prodwsg Wigh-resolution images of a sample
surface, revealing details about 1-5 nm in sizetsnprimary detection mode i.e. secondary
electron imaging. Characteristic X-rays are thesdanost common imaging mode for an SEM.

These characteristic X-rays are used to identiéy dlemental composition of the sample by a
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techniqgue known as energy dispersive X- ray (EDWhen a high energy primary electron
interacts with the atom, it undergoes either inetascattering with atomic electrons or elastic
scattering with atomic nucleus. In an inelastidis@n the primary electron, transfer part of its
energy to the other electron. When the energy feans large enough the other electron will
emitted from the surface of the sample. If the taditelectron has energy less than 50eV, it is
known a secondary electron. Backscattered electamasthe high energy electron that are
elastically scattered and essentially possess dnme s=nergy as the primary electrons. The
probability of backscattering increases with themdat number of the sample material. Back-
scattered electrons (BSE) that come from the samplg also be used to form an image. BSE
images are often used in analytical SEM along withspectra made from the characteristic X-
rays as clues to the elemental composition of #mapte. In a typical SEM, the beam passes
through pairs of scanning coils or pairs of defyegilates in the electron column to the final lens,
which deflect the beam horizontally and verticadly that it scans in a raster fashion over a
rectangular area of the sample surface. Electrdaigces are used to detect and amplify the
signals and display them as an image on a cathayléube in which the raster scanning is
synchronized with that of the microscope. The imdigplayed is therefore a distribution map of
the intensity of the signal being emitted from #oanned area of the specimen. SEM requires
that the specimens should be conductive for thetrele beam to scan the surface and that the
electrons have a path to ground for conventionalgimg. Non-conductive solid specimens are
generally coated with a layer of conductive matey low vacuum sputter coating or high
vacuum evaporation. This is done to prevent theiacatation of static electric charge on the
specimen during electron irradiation [49]. Datagsorded on HITACHI S 750 and ZEISS SEM

analyzer.

3.3.5 Energy Dispersive X-ray Spectroscopy (EDS)

Energy dispersive X-ray analysis is a techniqueralyze near surface elements and
estimate their proportion at different positionyshgiving an overall mapping of the sample. This
technique is used in conjunction with SEM. An electbeam strikes the surface of a conducting
sample. The energy of the beam is typically in rdwege 10-20keV. This causes X-rays to be
emitted from the material. The energy of the X-raysitted depends on the material under

examination. By moving the electron beam acrosarhterial an image of each element in the
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sample can be obtained. When an incident electr@haton such as X-ray, strikes an unexcited
atom, an electron from the inner shell is ejected Eraves a hole or electron vacancy in the
inner shell (). An electron from an outer shellsfithe hole by lowering the energy, and

simultaneously the excess energy is released throlg emission of an X-ray. If incident

photons are used for excitation, the resulting attaristic X-rays are known as fluorescent X-
rays. Since each atom in the periodic table hasigque electronic structure with a unique set of
energy levels, X-ray spectral lines are charadters the element studied. By measuring the
energy of the X-rays emitted by a material, itsroloal composition can be determined. The
output of an EDS analysis is an EDS spectrum wisighst a plot of how frequently an X-ray is

received for each energy level. An EDS spectrunmiadly displays peaks corresponding to the
energy levels for which the most X-rays had beeeived. Each of these peaks is unique to an
atom, and therefore corresponds to a single eleféethigher a peak in the spectrum, the more

concentrated the element is in the specimen.

Vacuum hv=E, — I%Ll

Valance band Valance band Valance band

M 3s efc /

e o o o o], 200 e o o o o o o o o
(I ) L, S (I ) °
°
o 0 K 1s o / o 0
Initial State Electron ejected X-ray emission

Figure 3.8 Electron energy transitions in EDS analsis
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Chapter 4

Data Analysis & Results

Following characterization techniques have beerd Uee characterization of fabricated ZnS

samples;-

1) Optical Absorption Spectroscopy (OAS)

2) Photoluminiscence (PL) Spectroscopy

3) Energy Dispersive X-ray Spectroscopy (EDS)
4) X-ray Diffraction (XRD)

5) Scanning Electron Microscopy (SEM)

4.1 Results obtained from chemical characterization

(a)Optical Absorption Spectroscopy
The UV-visible spectra for ZnS samples 1,2,3 ans diven in figure 4.1, 4.2, 4.3, and
4.4 respectively. Band gaps from these curves atermined by following the procedure of
Tauc [32].

From UV-visible spectra of ZnS samples, it is olsedrthat the band gap lies in between
3.72 to 4.31 (table 4.1). this is larger than th@dgap of bulk ZnS (3.68). Hence there is an
obvious blue shift in all the samples, which isdevice for the effect of quantum confinement in
nanoparticles. Furthermore for samples 1 and 2 neegyatting excitonic peaks around 309 and
308 nm respectively. The presence of these nearp skacitonic peaks manifests the
monodispersity of the ZnS samples [50]. While @hsence of these prominent sharp excitonic
peaks in case of samples 3 and 4 indicates thedlsiz& distribution of particles in these
samples. Also for samples 1 and 2 , we have a shaldbund 248 and 243nm respectively., in
addition to the main excitonic peak. These shosldmrresponds to narrow excitonic bands.
Similar peaks are also observed by other workehnskfabortyet al. [27] obtained the shoulder
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at 202-261 nm for ZnS nanoparticles prepared inyrpel surfactant gel matrix, while
Kovtyukhova et al. [27] reported two absorption peaks at 250nm and B60 for ZnS
nanoparticles prepared in Si film by sol-gel methRdBhadraet al. [51] also obtaind shoulder

at 250 and 227 nm for ZnS nanopatrticles embedd®¥/@H matrix..
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Figure 4.1 absorption spectra for sample 1
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Figure 4.2 absorption spectra for sample 2
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Figure 4.4 absorption spectra for sample 4
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Using the band gaps obtained , the average pasiiazes obtained from the following
models [48],

Effective mass approximation
Empirical pseudo-potential method

Hyperbolic band model

Y V VY V

Nosaka effective mass approximation

The size estimated from EMA is taken to be the exiprate size for the fabricated samples
from UV-visible absorption, because EMA and HBM aatimost coincides and both vary
monotonically with band gap. But no such regulgreselence of size have not been observed in
case of data obtained by EPM and NEMA. Data givetable 4.1 indicates gradual decrease of
height with increase in the band gap and almostlinelationship between height and size of
nanopatrticle.

Table 4.1 Band gap, size and height of ZnS samples

Sample ng Band gap| Size from| Size from | Size from Size from Particle
EMA (nm) | HBM (nm) | EPM (nm) | NEMA (nm) | height (nm)

1. 3.76 8.06 8.052 3.99 3.99 4.46
2. 4.25 3.49 3.42 2.04 2.04 2.38
3. 3.88 7.12 7.08 3.98 3.98 4.14
4. 3.85 6.56 6.53 3.16 3.16 3.92

(b)Photoluminiscence (PL) Spectroscopy

The photoluminiscence spectra for fabricated Zn@pdas 1,2,3 and 4 embedded in
PVOH is given in figures 4.1, 4.2, 4.3 and 4.4 ezd$pely. The excitations and emission
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energies are given in table 4.3. all the samplesacited at energies greater than 4ev. From the
photoluminiscence curve of ZnS nanoparticles embéedd PVOH matrix, we observe that the
samples are luminiscent in the range 2.88ev toe¥.Géable 4.3). Broad emission band is
obtained in almost all the samples. It may be b&eanf interaction of nanocrystals with the
polymer[35, 48].
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Figure 4.5 PL spectra for sample 1
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Figure 4.6 PL spectra for sample 2
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Figure 4.7 PL spectra for sample 3
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Figure 4.8 PL spectra for sample 4

Delhi Technological University Page 49



ZnS nanoparticles — Synthesis, Characterizationpfligation

The emission at the higher energy region (~ 3.6&hich is slightly red shifted
compared to the bulk band gap of ZnS (3.68), caattibuted to the band gap luminescence.
The peak around 414nm is obtained in samples l4am¢hich is the typical luminescence of
ZnS (classically termed as self activated luminesegand occurs due to trapped state emission
arising from the bulk defects such as vacancies48152]. The sulphur vacancy in the samples
is also confirmed from the EDS measurements. Tleemhtion also confirms that the relative
energy position of sulphur vacancy with respecth® valence band remain unaltered whereas
the position of valance and conduction band maygeavith change in particle size.

The observation of these selectively excited lusieace spectra depends mainly on the size
distribution of nanocrystals [53]. If the size dilstition is very broad, a large no of particles of
different size will always be excited, resultingdrbroad PL spectrum with no distinct features
and independent of excitation energy. But if thetrdbution is extremely narrow, the emission
peak will always occurs at the same energy detahioy the unique crystallite size. In the
intermediate case of distribution which is not tmoad not too narrow, appropriate excitation
energy can excite several nanoparticles simultssigquoducing a PL spectrum which contains
more than one peak. The photoluminescence is redondth HITACHI F-2500 fluorescence

spectrophotometer.

Table 4.2 Excitation and Emission Energy of ZnS saptes along with FWHM

Sample no | Excitation Energy (e\Y) Emission Energ¥) (e FWHM (eV)
1. 4.96 3.55 0.64
2. 4.13 3.37 0.97
3. 4.13 3.58 0.36
4. 4.27 3.64 0.48
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The full-width-at-half-maximum (FWHM) of luminescea peaks have been estimated
and presented in table 4.2. Sample 2 have the $tigh&HM and sample 3 have lowest. The

samples with high FWHM typically more than 50nm amensidered as poduminescent
applications (such as LED).

(c) Energy Dispersive X-ray Spectroscopy (EDS)
EDS chemical characterization curves for ZnS sasyplare shown in Figure,
respectively. The spectra confirm the compositibArS particles. In addition to Zn and S some
other elements are also present. Among them, GCangksults from the grid whereas Si results

from the detector. Au is present in the spectrursamhpleS; due to gold coating.
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Figure 4.9 EDS pattern for sample 1
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Table 4.3 Composition of Zn in different sample fron EDS

Sample No Weight % of Zn Atomic % of Zn
1 36.8( 19.61
2 14.29 3.54
3 20.68 5.80
4 33.28 12.37
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Figure 4.10 EDS pattern for sample 2
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4.2 Results from physical characterization

(a) X-Ray Diffraction (XRD)

XRD pattern for ZnS nanocrystals embedded in PVQiitim taken at room temperature
are shown in figures. The X-Ray pattern of the damghows a broadening of peaks, which
indicates the decreament in the size of the pa#tict the sample. To detect the peak positions
due to matrix we have taken the XRD of the matepaksited over a glass slide. In all samples
the first broad peak &9 = 19.5 degrees, is due to the matrix. The other diffraction peéiable
4.4) shows the material to be ZnS and preferredttire to be hexagonal (wurtzite) according to
the standard JCPDS card. Slight shift in the sogakp from standard position is due to residual
stress. The size has been calculated from halfh&idt full maximum of the diffraction peaks
using Debye Scherrer formula [47]. From each sarsjzle is calculated for at least three peaks
except sample 2 and average value is taken (tah)eSize estimation from XRD results support
nanodimensions and indicate confinement to be gtréncomparison of size estimated from

UV-visible and XRD reveals that both charactermatiechniques confirm nano formation.
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Figure 4.13 XRD spectrum for sample 1
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Figure 4.16 XRD spectrum for sample 4

Table 4.4 Size for ZnS samples obtained from XRD pi&rns

Sample no Size in nm
1 5.78
2 2.70
3 5.68
4 6.72
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Table 4.5 Various parameters for ZnS samples obtaed from XRD patterns

Sample| 260= 195 FWHM d-spacing (hkl)

no. degree (radian) YRD JCPDS

1. 29.43 .084 3.043 3.139 (002)
31.86 .018 2.8260 2.936 (101)
46.24 .020 1.853 1.918 (110)

2. 28.81 077 3.162  3.139 (002)
48.42 .060 1.735 1.918 (110)

3. 27.39 .021 3.286  3.322 (100)
38.94 .036 2.312  2.281 (102)
67.06 .031 1.382 1.418 (104)

4. 27.54 .021 3.198  3.139 (002)
29.58 .023 3.173  3.139 (002)
38.95 .033 2.299  2.283 (102)
58.19 .021 1.591 1.606 (201)
65.29 .024 1.254  1.48] (104)
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Chapter 5

Application

5.1 Introduction

Nanometer materials have been attracting stromgntaan due to their interesting
structure and properties. Many important potendigplications have been demonstrated for
nanometer material based on their unique properfibss application is based on memory
application of resistive-switching devices usingio@aterials as the active components. Though
the mechanism for the electrical switches has lie@ngument, it is generally believed that the
resistive switches are related to charge storagth@manoparticles. The resistive switches are
due to electromechanical behavior of the materiigse nanoelectromechanical devices can be

used as fast-response and high-density memoryekeas well.

Comparing with traditional flash memories that @mtthe continuous silicon floating
gate, the devices with the nanoparticle floatintedsave advantage of high density and long
retention time. Recently, resistive switches wdoseoved on a two terminal electronic devices
with metal or semiconductor nanoparticles as onta@factive materials [54]. These devices can
be electrically switched between two states witinigicant different resistances for numerous
time and have good stability in both states. Theseterminal devices have fast response to the
external electric field and can have extremely higimsity due to the nanometer size of the
active material. Thus they can potentially solvetethnical difficulties in the three leading
memory devices: dynamic random access memories [DRAard disk drives (HDDs) and

flash memories [55].

Nanoparticles devices are promising to be the gereration memory devices; because
the electronic structure and properties of nanapest can be manipulated by controlling their
shape and size, and nanoparticles can be solubdelvents. The devices can be fabricated
through several of chemical techniques, which dgnifscantly lower the fabrication cost. In
addition, these memory devices utilize the chartgeage on nanoparticles. Due to this these

devices can have high flexibility, rendering theighty compatible with other flexible electronic
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devices that are regarded as next generation @ctdevices. One example is the combina
of resistive-memaorywitching device with ligr-emitting diode, which can be used in electrc
books [54].

5.2 Memristor

In generalthere are six different mathematical relations emting pairs of the fot
fundamental circuit variables: electric currentaltage v, charge q and magnetic flux Q. On
these relations (the charge is the time integrdahefcurrent) is determinerom the definitions
of two of the variables, and another (the fluxhie time integral of the electromotive force,
voltage) is determined from Faraday’s law of indwct Thus, there should be four basic cir
elements described by the remaining tions between the variables (Fig. 1). The ‘miss
element—the memristor, with memristance provides a functional relation between charge
flux [56].

In the case of linear elements, in which M is astant, memristance is identical
resistance andhus, is of no special interest. However, if Mtself a function of q, yielding
nonlinear circuit element, then the situation isrenmteresting. The-v characteristic of such
nonlinear relation between q and Q for a sinusoidjalit is generall a frequenc-dependent,
and no combination of nonlinear resistive, capaeitind inductive components can duplicate
circuit properties of a nonlinear memristor (altbuncluding active circuit elements such
amplifiers can do so). Because mostuable circuit functions are attributable to nondin
device characteristics, memristors compatible wwitbgrated circuits could provide new circ

functions such as electronic resistance switchirexaemely high tw-terminal device densitie

The memristor is essentially a t--terminal variable resist, with resistance depende

on the amount of charggthat has passed between the term [57].

V=T-M(g) (5.1)
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To relate the memristor to the resistor, capacéod inductor, it is helpful to isolate term

M (q), which characterizes the device, and writes @ ddferential equation:

M = ddp, / dQ (5.2)
()
Reza'ator Capacitor
dv=Rd dg= Cdw

=5 )
raw r‘l-ll-l ~

Inductor Memrigtor
dg=Ldi dp = Mdg
Memristive syatama

Figure 5.1 The four fundamental circuit elements

Where Q is defined by | = dQ/dt, adyg, is defined by V = &,/dt. Note that the above
table covers all meaningful ratios fQ, @, andV. No device can relateto Q, or @, to V,

becausé is the derivative of and®y, is the integral oV.

The variable?, ("magnetic flux linkage”) is generalized from tbiecuit characteristic of
an inductor. Itdoes not represent a magnetic field here, and its physieaning is discussed

below. The symbot,, may simply be regarded as the integral of voltaggsr time.

Thus, the memristor is formally defined as a tworieal element in which the flux
linkage (or integral of voltagep,, between the terminals is a function of the amairelectric
chargeQ that has passed through the device. Each memisstbiaracterized by its memristance

function describing the charge-dependent rate ahgh of flux with charge.
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dd,,
M(qg) =
@ ="4 (5.3)

Substituting that the flux is simply the time intalgof the voltage, and charge is the tir

integral of current, we may write the more convahferm

de,/dt V()

dg/dt — I(t) (5.4)

M (q(t))

It can be inferred from this that memristance sy charg-dependet resistance. 1M
(q(t)) is a constant, then we obt Ohm’s lawR(t) = V(t)/ I(t). If M(q(t)) is nontrivial, however
the equation is not equivalent becaq(t) andM(q(t)) will vary with time. Solving for voltage ¢

a function of time we obtain
V(t)= M(q(t))I(t) (5.5)

This equation reveals that memristance definerealirelationship between current ¢
voltage, as long agl does not vary with charge. Of course, nonzero atiireplies time varying
charge. Alternating currenbowever, may reveal the linear dependence in ticqeration by
inducing a measurable valie without net charge movemas long as the maximum clge in

g does not cause muchange irM.

Furthermore, the memristor is static if no curnsnapplied. Ifl(t) = 0, we findV(t) = 0
andM(t) is constant. This is the essence of the memdegt

The power consumptiocharacteristic recalls that of aistor, I°R.
P(t)= I({t)V(t)= I*(t)M(q(t)) (5.6)

As long asM (q(t)) varies little, such as under alternating curréme memristor will appear as
constant resistor. IM (q(t)) increases rapidlyhowever, current and power consumption

quickly stop.
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5.3 Review of experimental research work

Because of interesting structure and propertiesafoparticles, they have a strong
attention of researcher in various field includimgmory devices. Yangt al. [55] shows two
types of device architectures. One has a triplerlastructure sandwiched between two Al
electrodes. The top and bottom layers of the tigfer structure are made up of organic
semiconductors, which have a thickness of 20-50wingreas they used Al as the middle layer.
Beside the metal nanoparticles, core shell CdSefZam®particles were also reported as the
middle layer of the triple-layer structure by F. &i al. [58]. Another device structure has single
layer sandwiched between two metal electrodes. @ygaal. [18] were the first to report such
devices in 2005. Au nanopatrticles capped with demglrwere also used in the single layer
devices by Kinet al. [25]. Resistive switches were also observed omcgswith semiconductor
nanopatrticles such as ZnO, ZnS, CdS, CdSe, andsheleCdSe/ZnS [51, 54].

Bipolar switching has been experimentally obsenvedarious material systems such as
organic films Scottanet al. [15]. Scottand reported typical hysteresis |-V @which shows the
memristic behavior. Strukost al. [56] fabricate the device in which critical 5 nmicth oxide
film initially contained one layer of insulating j and one layer of oxygen-poor OGi_y.
According to him, oxygen vacancies act as mobilecharged dopants which drift on the

application of electric field giving hysteresis.
5.4 Present work

Inspired by the encouraging work by many peoples, ekectrochemical device is
fabricated as discussed below to investigate théclswg properties of the fabricated

nanopatrticles.
5.4.1 Experimental details

Four-probe method is used for analyzing the $wng behavior of nanoparticles. Four
very thin wires of Cu are used as electrodes. Allsonece of printed circuit board (PCB) and

glass slide (having thin film over it), are pasteda glass slide (as shown in fig 5.2) such that
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there exists no gap between sample and PCB. Twairtals are made on PCB by using wet
soldering. On both terminal two-two thin wires aipper are soldered. The contacts between the
terminals and sample are made by using silver pastieh acts as electrodes. For analyzing, we
use high precision 8-bit calibrator and high precis8-bit multimeter. Calibrator is used for
supplying DC voltage, while multimeter is used ffecording current. One of the wires from first
terminal of the PCB is connected to the high endabbrator, while other wire is connected to
the high of multimeter. Similarly the two wire frothe other terminal of the PCB are connected
to the low point of calibrator and multimeter resipeely as shown in figure. The data so
obtained is plotted. The voltage is given in mV,iethin turns gives the current in mA. The
above procedure is repeated for all the samples.

Figure 5.2 Experimental set-up for measuring I-V cave of ZnS samples

5.4.2 Results

For memristor, any asymmetrical alternating curnesitage bias results in double-loop
current-voltage hysteresis that collapses to sttdige for high frequencies (figure 5.3). If there
is any sort of asymmetry in the applied bias, rpléticontinuous states are obtained. Thus for

DC voltages, the current voltage characteristicy bma expected to exhibit hysteresis and for
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successive observations, multiple loops may beaggeHowever we did not get multiple loops

for successive observations.

The hysteretic I-V characteristics detected in @leve samples can be understood as
memristive behaviour defined by coupled equatiohanotion: some for (ionized) atomic
degrees of freedom that define the internal statievice and others for the electronic transport.
Due to this even on the application of small vadtag the range of mV, causes movement of
charged species, which results into drastic changeurrent. It is evident from the I-V
characteristics of all the samples that on theieajpbn of voltage in the range of -200 to 200mV
there is no significant current but as we applyageé above 220 mV, there is a drastic change in
the current specification of the device. It incesasabruptly at this point and increases
continuously after that point up to 400 mV. Aftdrat point there is no change in current
specification on further application of voltage neiment. i.e. saturation point is obtained after

that we apply voltage in reverse direction and pdoce is repeated for taking the data.
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Figure 5.3 V-1 curve for sample no 1
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Fig 5.4 V-I curve for sample no 2
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Fig 5.5 V-I curve for sample no 3
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Fig 5.6 V-I curve for sample no 4

The current-voltage curve shows that the condugtnd the sample is low as compared
to similar experiments done earlier by other waskérhis may be because of less tunneling
current in the present experiment due to largeredsion of non-conducting matrix compared to
earlier experiments and due to absence of exaitétam laser source. Conductivity may also be

improved by using conducting polymer for the matrix

All the samples show hysteresis as explainedezafdiong with hysteresis, we have also
obtained binary switching property which is simitarthat modeled by Struka al. [56]. In all
the samples the current starts decreasing afteiniiy its maximum value and the saturation

region in all these samples is very narrow. Therewtearly shows the switching property.

Another interesting feature of the I-V curves leit frequency behaviour. This is a
manifestation of the fact that at low frequencies system behaves essentially as a non-linear
resistor. Physically, at low applied voltage freqggies, the electron spin polarization in the
semiconductor has enough time to adjust to anyeptegalue of the voltage. Therefore, the
current through the system at low frequency is tioear because of spin-blockade but

essentially history independent (no hysteresis).
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5.3 Conclusion

The samples of ZnS embedded in PVOH matrix are dotm be exhibit switching
properties. The general behaviour of the sampldésuisd to be retained. Nanoparticles of ZnS
samples show low conductivity. This is due to nonducting matrix of PVOH. The concept for
application of the nanocomposites fabricated adckimg as well as memristive device is
developed in the present work and with advancelnt@ogical facilities for device fabrication
from these samples can be developed for relevanticapons in the field of electronics
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CHAPTER 6
General conclusion and future

direction of present work
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Chapter 6

General conclusion and future direction of present work

6.1 Conclusion

In the present investigation, ZnS nanoparticles are fabricated embedded in PVOH matrix
by adopting chemical route. The chemical route was chosen and each fabrication process is
carried out by varying various physical parameters such as rotation per minute, temperature,
and time duration and weight ratio.

Chemical characterization results confirm quantum confinement. Photoluminescence
spectra peaks originating from near band edge emission, intrinsic defects states as well as
extrinsic defects levels. Chemical composition of the fabricated sample is confirmed by the EDS
analysis.

Structural characterization done by XRD gives size around 7 nm and the structure to be
hexagonal. Other structural characteristics such as d-value of the lattice planes obtained from
XRD matches with the standard JCPDS data.

Luminescence spectroscopy discloses the idea and possibilities of nanoparticles to act as
LED. For luminescence in the visible range, intrinsic and extrinsic defects levels are more
important. In the present study, suitable luminescence peaks for such defects levels are observed

for the samples.

The samples of ZnS are found to have switching properties. Thus the concept for
application of the nanocomposites in the present work and with advanced technological facilities
suitable devices with these samples can be developed for applications as LED, switch and

memory unit in the field of electronics.

6.2 Future work
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With different matrix, the whole investigation can be repeated for getting better
characteristics, if possible, for application as LED, electronic switch and memristor. Moreover,
for reducing the resistivity for switch as well as for memristor applications, non conducting
matrix can be replaced by conducting matrix. Charge storage in semiconductor nanoparticles
can result into resistive switches. These devices can be switched between ON and OFF states for
numerous times and have good stability in both cases. This renders the strong application of
these devices as the two terminal memory devices. They can have extensive application in both
high and low-end systems.

However fully exploring all the advantages of these devices will consume time and needs
close collaborations among the material scientists, chemists and physicists. For example, one
big problem in these devices is the repeatability, arising from the difficulties in precisely
controlling the sizes of the nanoparticles. Thereis also technical difficulty in preparing thin films
uniformly dispersed with nanometer materials. In addition the eectrical conductivity of
nanoparticles strongly depends on the experimental conditions. Thus, laboratories sometimes
reported quite different data in the resistance ratio of OFF to ON, endurance and retention time
of the devices. It is believed that all these problems will be solved with the rapid devel opment of

nanosci ence and nanotechnologies in future.
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