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Preface

Nanocomposite materials have emerged as a suitable alternatives to overcome the
limitations of microcomposites, include the preparation challenges related to control
the elemental composition. The use of inorganic nanoparticles instead of micrometer
particles can provide high performance, novel materials for many industrial
applications. As the dimensions of the materials reach in the nanometer level,
interactions of phase interfaces become largely improved and this is the important
thing to aggrandize the materials properties. Surface area to volume ratio of the
reinforcement materials employed in the preparation of nanocomposites are decisive
to understanding their structure-property relationships.

When the dimension of the nanocomposite comes into low dimension, it will
exhibit excellent electronic, optical and thermal properties due to their large surface
areas and possible quantum confinement effects. It is obvious that low
nanostructures with well controlled dimensions and crystallography explored a new
class of intriguing system for applications. The thermal stability of low dimensional
nanostructure is of critical importance in nanoscale electronic and photonic devices.
It is well documented that the melting point of a solid material will be greatly
reduced when it is processed as nanostructures. Understanding the mechanical
properties of nanostructures is essential for the atomic scale manipulation and
modification of the materials. These materials behave qualitatively different when
the dimensions are reduced from micro to nanoscale. Magnetic propertics of low
dimensional particles show a variety of unusual magnetic behaviour compared to
bulk materials, mostly due to surface-interface effects, including symmetry
breaking, electronic environment/charge transfer and magnetic interactions. As the
critical dimension of an individual device becomes smaller and smaller, the electron-
transport properties of their components becomes an important issue to study.

This research work mainly focused on the synthesis of one dimensional (1D)
mesoporous nanocomposite like ZnNiO, Al:ZnNiO, Pd:ZnNiO, Cu:ZnNiO,
Dy:ZnNiO and Ce:ZNiO) through a soft template method and characterized them for
using sophisticated techniques such as X-Ray Diffractometer(XRD), Field Emission
Scanning Electron Microscopy (FESEM), Energy Dispersive Spectra(EDS), Surface



area analyzer, Diffuse reflectance spectra, Fluorescence spectra and Vibrating
sample spectrometer (VSM). The aim of thesis was to contributing to a deeper
understanding on the surface modification effects on adsorption, magnetic and
optical properties of ZnNiO, Al: ZnNiO, Cu: ZnNiO, Pd: ZnNiO, Dy: ZnNiO and
Ce: ZnNiO nanocomposites for various applications.

In the introduction chapter, I discussed about the importance and review of
mesoporous nanocomposites with one dimensional morphology. Second chapter
comprises various synthesizing strategies for preparing mesoporous materials and
the role of surfactant. The principle and me~chanism of various sophisticated
methods like X-ray difﬁ"actometer, Field Emission Scanning Electron Microscopy,
Energy Dispersive Spectra, Diffuse Reflectance Spectra, Fluorescence Spectra and
Vibrating Sample Magnetometer are discussed.

The results in the third chapter of the thesis were devoted to the study of
crystal structure, morphology and composition of ZnNiO and polymer capped
ZnNiO and their composites. Surface passivation effects on crystal structure of
(ZnNiO  ALl:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO and Ce:ZnNiO)
nanocomposites reveal that this passivation by polyvinyl pyrrolidone doesnot
damage the hexagonal structure of ZnNiO. Grain size calculated from X-ray
diffraction studies showed that, size decreases when ZnNiO was capped with PVP
and adjunction of other metals in ZnNiO lattice. Scanning Electron Microscopy
(SEM) images of all thé capped nanocomposites were confirmed the possibility of
one dimensional growth of nanoparticles. The polymer, poly vinyl pyrrolidone can
passivate the facets of ZnO and thereby adjust the growth velocity. Elemental
composition spectra (EDS) of the nanocomposites confirmed the presence of
constituent elements in appropriate propotions.

Fourth chapter describes the capping effects on BET surface area, pore size,
external area and pore volume of the nanocomposites. These results gave us
information that bandgap engineering would be possible through nanoporosity.
Peculiar characteristics of large surface area and high porosity of mesoporous
polymer capped ZnNiO and other five polymer capped nanocomposites may have
great potential applications in electronics, catalysts and optoelectronic devices. The

specific surface areas of the uncapped and capped samples were determined by



using a micrometrics ASAP 2020 surface area porosity analyzer. The calculated
surface area of the capped samples are very high compared to uncapped samples and
the N, adsorption isotherm hysteresis loop of the capped samples are matched to
type IV Hj; hysteresis loop of mesoporosity. The pore size distribution of the
samples were calculated from the data of the desorption branch of the isotherm using
Barret-Joyner-Halenda (BJH) method. Microporosity of the samples is calculated
from t-plot method. This result reveals that all the capped samples contain abundant
mesoporous structured particles.

Effects of surface passivation on magnetic properties of nanocomposites are
described in fifth chapter of the thesis. Observations show that ferromagnetism
observed in semiconductors not only depends on the localized moments in magnetic
ions but also due to the defect generated magnetic moments. Some researchers
proposed that room temperature ferromagnetism can be associated with holes in the
d shell arising due to the charge transfer from the Zn atom at the surface to the
capping molecule. Room temperature ferromagnetism in all the PVP capped samples
with high coercivity and magnetisation were observed. Uncapped ZnNiO showed
paramagnetic behaviour with low retentivity.

Fifth chapter also included antibacterial activities of uncapped and capped
metaloxide nanocomposites. Uncapped and capped metaloxide nanocomposites
were explored as an antibacterial agent due to their non toxicity. In the research
work, these composites were tested against Pseudomonas aeruginosa bacteria (Gram
negative) using the disc diffusion method to determine their ability as an
antibacterial agent. The zone inhibition formed around each disc confirmed that
Dy:ZnNiO & Pd:ZnNiO have the maximum activity among various capped
metaloxides and uncapped ZnNiO has maximum activity than capped ZnNiO due to
oxygen vacancies.

In the sixth chapter, surface passivation effects on diffuse reflectance spectra,
fluorescence spectra and fluorescence life time and defect band energy formed
inside the optical bandgap of the nanocomposites were investigated. This simple
modification method through polymer capping provides a chance for improving
fluorescence emission with high life time. Surface passivation helps us to reach the

main goal of the research work. Polyvinyl pyrrolidone capping improved



fluorescence ultraviolet emission with suppressed visible emission. Fluorescence
lifetime of the capped samples is increased when compared to uncapped ZnNiO
nanocomposites. Bandgap calculated from diffuse reflectance spectra showed that
bandgap is reduced in case of capped samples compared to pure ZnO and increased
compared to uncapped ZnNiO. This increase in bandgap may be due to the quantum
confinement effect in small size of the capped samples.

Seventh chapter comprises summary of all the properties and concluded that
these capped nanocomposites (ZnNiO, AlZnNiO, Cu:ZnNiO, Pd:ZnNiO,
Dy:ZnNiO and Ce:ZnNiO) are good materials for various applications especially in
UV/Blue emitters and in transformer core applications. Due to its mesoporosity and
non-toxicity it is focussing on the applications on drug delivery systems. This one
dimensional, mesoporous, ferromagnetic and enhanced UV emitting properties of
the nanocomposites confirmed that surface passivation by polyvinyl pyrrolidone in
metaloxide nanocomposites is a good procedure for increasing almost all the

important physical properties of the material.
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Chapter 1

One dimensional mesoporous
nanocomposites

1.1 Introduction

In the field of nanotechnology, composite materialsabge quite popular and
pragmatic with a tremendous lust. Composites are materidfs two or more
constituent materials, which exhibit positive charastes of both the components.
Of late nanocomposites have been making a large spaghe media and
throughout several industries. In the last few yeaerethas been a lot of interest to
tailor the structure and composition of materials onongeter scale. Therefore a
systematic review on the preparation, properties aptications of nanocomposites
are extremely important.

Nanocomposites are composites in which at least one ditfensions of
the phase should be in the nanometer range (1-100 Timse materials have
emerged as suitable alternatives to overcome the lionigatof microcomposites,
including the preparation challenges related toctirdrol of elemental composition.
The use of inorganic nanoparticles instead of micronpetdicles can provide high

performance, novel materials for many industrial appboa. As the dimensions of



the materials reach the nanometer level, interactidnghase interfaces become
largely improved and this is important in aggrandizthg material properties.
Surface area volume ratio of the reinforcement nwteremployed in the
preparation of nanocomposites are decisive in undeistatiteir structure-property
relationships. Further, the discovery of carbon ndreguCNTSs) in 1991, added a
new and fascinating dimension to the area of nanocomegadie to their admirable
mechanical, thermal and electrical properties. The pitisgiof transforming CNTs
into composite products paved way for the applicatiofis CNT-containing
materials.

Nowadays, nanocomposites offer environmentally beneghrtology and
business opportunities for all sectors of industry. Adicay to their matrix
materials, nanocomposites are classified into three elifferategories.

1. Ceramic matrix nanocomposites
2. Metal matrix nanocomposites

3. Polymer matrix nanocomposites

1.1.1 Ceramic matrix nanocomposites

Ceramic matrix nanocomposites consist of ceramic fibres dealdein a ceramic
matrix, thus forming a ceramic fibre reinforced cerammaterials. Consequently,
incorporation of highly strengthened nanofibres ioéwamic matrices has allowed

the preparation of nanocomposites with excellent ptigse

1.1.2 Metal matrix nanocomposites

Metal matrix hanocomposites consist of a ductile metadlloy matrix in which
some nanosized reinforcement material is implanted inatleyy matrix. These
nanocomposite combine metal and ceramic properties amnes slo extraordinary

potential applications in many areas, such as aerospdaugomotive industries.

1.1.3 Polymer matrix hanocomposites

Polymer matrix nanocomposites consist of nanosized inmrdi#iars embedded in
the polymer matrix In materials research, the development of polymer

nanocomposites is rapidly emerging as a multidisciplinasgarch activity whose



results could broaden the applications of polymershéo great benefit of many
industries. Catalytic, electronic, optic and magngtioperties of the inorganic

nanoparticles overlap to the show a dramatic increaseiproperties.

The integration of inorganic nanoparticles into gradymer matrix allows
enhanced and thus advanced new functions by the catininof excellent
properties of nanoparticles such as superparamagnetismgepeadent bandgap,
electron-phonon transport etc., with processibilitd #mn film forming capability
polymer. Polymers are already widely used in optoeaatrindustry. The most
prominent difference of such nanocomposites compared thi¢ir traditional
counterparts is the small size of the filler particlésolv could bring added specific

effects.

Depending on the dimension, nanocomposites are clagsified
1. Zero dimensional (OD)
2. One dimensional (1D)

3. Two dimensional (2D)

3D
oD 1D 2D

1 i

Q
Figure 1.1: Schematic diagram of nanostructures (0D, 1D, 2(D3i))

114 Zerodimensional (0D)

Zero dimensional materials are also known as quantum Qatgntum dots are
semiconductor nanoparticle, whose excitons are confimedill three spatial
dimensions. It is essentially a tiny zero-dimensional serdiottor crystal with size
in the order of nanometers. Generally, bandgap ensrggreased while decreasing
the size of the particle. If the energy differetetween the highest valence band

and the lowest conduction band, more energy is netdedcite the dot and the



crystal returns to its ground state. The main advarghgeantum dots is the ability
to tune the size of the dots for many applications.ifkgtance, size of the quantum
dot is quite large compared to the small dots the spacwhift towards red
wavelength side and exhibit less pronounced quantupepres. The electrons in a
guantum dot represent a zero-dimensional electron ¢SGR Here, total energy
of the electron is the sum of allowed energies assocwitibdthe motion of these
carriers along all three directions (say X, y, z diozs). The total energy of the

electron is given by

2lnzt n2lnz] #n2lnzl
ETotaI = - + L + - (11)
2m| L 2m Ly 2n| L

X z

Where 1, n, are integers and,)-Ly and L, are confined sizes of the materials along

X, y and z directions.

1.1.5 Onedimensional (1D)

1D structure usually called quantum wires, althouglerogystems such as rods,
belts, and tubes are also fall within this categoryai@um wires represent two-
dimensional confinement of electrons and holes. Sudfirment permits free-
electron behaviour in only one direction along taegth of the wire. For this
reason, the system of quantum wires describes a one-dimansi@ctron gas
(IDEG), when electrons are present in the condudtimmd. The category of one-
dimensional nanostructures consists of a wide variety ofpheotogies. These
include whiskers, nanowires, nanorods, fibers, nano#sbuhanocables and
nanotubes. Here, total energy of the electron is silne of allowed energies
associated with the motion of these carriers along tinectibns and the kinetic

energy due to free motion of carriers in the othezadion.

Here, total energy of the electron is

[zl wlnz #ke
ETotaI =E—l— | tT/—= +
2m| L, 2m| L, 2m

(1.2)



Where g, n, are integers andylL, are confined sizes of the materials along y and z
directions.

1.1.6 Twodimensional (2D)

In a 2D structure, particles are confined to a thieeslof thickness ZLalong the z

axis by infinite potential barriers that create aamum well. A particle cannot

escape from the quantum welk z< | and loses no energy on colliding with its
walls z=0 and z=L In real systems, this confinement is due to electrostatic

potentials, the presence of interfaces between differeaterials, the presence of
surfaces, or a combination of these agents. Motion efpdrticle in the other two

directions (i.e., in the xy plane) inside the quantwell is free. It is generally

accepted that quantum confinement of electrons bgdtential wells of nanometer-
sized structures provides one of the most powerful arghiile means to control the
electrical, optical, magnetic, and thermoelectricperties of solid state functional
materials. Total energy of the electron is the sum lofvald energies associated
with the motion of these carriers along one direcfgay z direction) and the kinetic

energy due to free motion of carriers in other twedions (say x and y directions)

2 2 2
S~ ) e 78)
m L m (1.3)

1.1.7 Density of States

The density of states is defined as the number of ergalgs present in a unit
energy interval per unit volume. Due to the quatitiraof energy levels, the
relationship between the density of states and eneafpey is also dramatically
modified as shown in figure 1.2. The density of state®uwk semiconductor is

given by

h2

= 1
g(E),, dE = %(@jz E2dE (L4)
JT



1
Density of states is proportional t&? for a bulk material and in a 2D material;

there is only one restricted energy level. With tlistriction in k-space, density of

states in 2D is given by

1 1
2m)2(2m) 2 m

It is significant that, the 2D density of states does depend on energy.
Immediately as the top of the energy gap is reachedk ik a significant number of
available states. In 1D, two of the k-component aredfji therefore the density of

states per unit volume at energy E is given by

1
-5 1
g(E),, dE = l(mjz E 2dE (1.6)
7\ h

2

1
Density of states for 1D material is proportionalEtd. In zero dimensional

structures, the values of k are quantized in all does. All the available states

exist only at discrete energies described and caedresented by a delta function.

iD D
) g
) /_l = f
E E
1D 0D
0 g
= =

L |

Fig 1.2: Schematic diagram of 3D, 2D, 1D, OD densitgtates



1.2 Propertiesof nanomaterials

Compared with three dimensional materials, low dimensioaabscale materials
exhibit excellent electronic, optical and thermadp®rties due to their large surface
areas and possible quantum confinement effects. It isowbvithat low
nanostructures with well controlled dimensions, andtatiography explored a new

class of intriguing system for applications.

1.2.1 Thermal stability

The thermal stability of low dimensional nanostructwef critical importance in

nanoscale electronic and photonic devices. It is detlumented that the melting
point of a solid material will be greatly reduced whé& is processed as
nanostructures [6]. The remarkable reduction in melpogt associated with a
nanowire has several important implications. The anmgéimperature is necessary
for the synthesis of defect-free nanowires. Redudtiomelting point enables one
to cut, interconnect, and weld nanowires at reddyivmild temperature. This

capability of the material may provide a new tool ittegrate these 1D

nanostructures into functional device and circuiffite thickness of nanowire is
reduced to a smaller and smaller length scale, theitisesbmay become extremely

sensitive to environmental changes such as temperaturesaddal stress variation.

1.2.2 Mechanical properties

Understanding the mechanical properties of nanostestis essential for the
atomic scale manipulation and modification of the malerThese materials behave
gualitatively different when the dimensions are reduftem micro to nanoscale.
According to Hall-petch effect, hardness and vyielcesstr of a polycrystalline
material typically increases with decreasing grain sizéhe micrometer scale [7-8].
When the crystal planes in individual grains are sligging up of dislocations at
the grain boundaries occurrs. As the grains are daeaisithe area of their
boundaries increases and thereby makes the material etough blocking

dislocations. On the nanometre scale, an opposite lmelawias discovered by
Schiotz and co-workers in computational simulations. 3esnpf nanocrystalline

copper and palladium became softer with decreasinggthen size [9]. This



abnormal behaviour was believed to mainly arise frominglianotions at grain

boundaries. As a result, the strength of a polycrysethaterial first increases and
then decreases with decreasing grain size and thists excharacteristic length for
each solid material to achieve the toughest matergafoAthe single crystalline 1D
nanostructure, they are supposed to be significantipger than their counterparts
that have larger dimensions. This property can bebatéd to a reduction in the

number of defects per unit length.

1.2.3 Magnetic properties

Magnetic nanoparticles show a variety of unusual magbehaviour compared to
bulk materials, mostly due to surface/interface effestduding symmetry breaking,
electronic environment/charge transfer, and magriatgractions. Soft magnetic
nanocrystalline alloys have high coercivity and l@mnanence magnetization. Two
important factors to improve the remanent magnetizadi@n the nanocrystalline
grain size and the degree of coherence across ingerfifttauindaries. Soft magnetic
materials can be used for data storage applications atfeatdependent on the
microstructure and geometry of the material. Magrfétits are used in a variety of
applications, including recording media and heads, etagoptical storage, and
sensors. The behaviour of the magnetic domains and stlaylein particles,
magneto resistance, and magnetic anisotropy of the fitengnfluenced by factors
that include the grain size and orientation, thesgmee of the non-magnetic phases
at grain boundaries, non-magnetic interlayers and etagtriction. Nanoscale two-
phase mixtures of hard and soft magnetic phases can texalibes of remanent
magnetization, M significantly greater than the isotropic value &Ms. This
“remanence enhancement” is associated with exchangsirgpuetween the hard
and soft phases, which forces the magnetization vettbesoft phase to be rotated

to that of the hard phase.

1.2.4 Electron transport properties

Miniaturization in electronics through improvements top-down fabrication
techniques approaching the point, where fundamesgaés are expected to limit the
dramatic increases in computing speed. As a result, CN@isnanowires have

recently been explored as building blocks to fabeiczinoscale electronic devices



through bottom-up approach. It is believed that, twtom up approach to
nanoelectronics has the potential to go beyond thésliof traditional top-down
techniques. As the critical dimension of an individdal/ice becomes smaller and
smaller, the electron-transport properties of their camepts becomes an important
issue to study. Studies from a number of groups indichegdsome metal nanowires
might undergo a transition to become semiconductingeasdtameters are reduced
below certain values [10]. The external conducgBah-band and valence sub-band
of this system moved in opposite directions to open baralgap. Gold represents a
metal whose transport properties have been extensivetijedtin the form of
nanowires as thin as a single, linear chain of atomp RBedcause these wires are
extremely short in length, their conductance has lsbemvn to be in the ballistic

regime with the transverse momentum of electrons becodscgete.

1.2.5 Phonon transport properties

In contrast to the extensive studies on electron trahgpolow dimensional
nanostructures, investigation of phonon transport was reported until very
recently. Thermal conductivity of the material wik lpbeduced due to scattering by
boundaries when the dimension of a nanostructure iseedo the range of phonon
mean free path. Theoretical studies suggested that, téiaofea silicon nanowire
becomes smaller than 20 nm, as a result of phonon confierfie phonon
dispersion relation might be modified such that the phogroup velocities would
be significantly less than the bulk value [12-13]. btallar dynamics simulation
also showed that thermal conductivities of Si nanowdoesd be smaller than that of
bulk silicon [14]. The reduced thermal conductivisydesirable in applications such
as thermoelectric cooling and power generation, big not preferable for other

applications such as electronics and photonics.
1.3 Porous materials

Porous material is a continuous and solid network nahtélied through voids.
Porous solids are of scientific and technologicatrest because of their ability to

interact with atoms, ions and molecules not only at haifaces but throughout the



material. Depending on the pore size it is classifiéd ihree types (i) microporous

(< 2 nm), (ii) mesoporous (2- 50 nm) and (iii) macropsrfu 50 nm) materials.

1.3.1 Microporous materials

Microporous material is a material containing pores katlameters less than 2 nm.
Over the past decades crystalline microporous mate@aaks tontinued to find new

applications in their traditional areas of use suchadalysis and ion exchange. eg:
zeolites

1.3.2 Macroporous materials

Materials with pore size greater than 50 nm are rmefeto as macroporous
materials. They are generally prepared by coagulaiimernal gelatination etc.
Example of macroporous materials are rubber, paint etc.

1.3.2 Mesoporous materials

Mesoporous materials are defined as the materials withgpes between 2 and 50
nm [15]. Mesoporous structures are a wide class of maeneluding silica [16],
metal oxides [17-24], metal hydroxides [25], carbondtires [26], hybrid materials
[27],0rganic structures [28-29] and others [30].Théaitled classifications of the
mesoporous materials are presented in Fig: 1.3.

Metals
Metal hydroxides
Metalsalts

Metaloxides
(Alkaline, transition

and Lanthanide)

Carbon
Silica
Nitrides

Mesoporous
materials

Hybrid materials
Organicstructures
Perovskite oxides

Figure 1.3: Chemical classifications of mesoporous materials
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Mesoporous materials are highly attractive for a wardé applications in catalysis,
electronics, photocatalytic hydrogen productionascklls and battery components.
Depending on the chemical nature, these structures npigesess fluorescent,
magnetic and optical properties. Nowadays extensseareh has been carried out
in biomedical applications due to their unique prapsrsuch as tunable pore size,

chemical stability and possibility of surface modificat{@1].

1.4  Applications of mesoporous materials

Mesoporous materials have wide applications in cancagndsis and therapy,
Electrochemical sensors, Fluorescence imaging, Opsealsors, Theranostics,

Tissue engineering and also in magnetic resonance imaging

1.4.1 Cancer diagnosisand therapy

Mesoporous materials are one of the most attractive tlmolsthe anticancer
treatment. These materials are used as anticancer dniugese may enhance the
cytotoxicity of chemotherapeutic agent [32] and taget to malignant tissues [33].
Moreover these mesoporous supports may prevent the prendatig release and its
decomposition before it reaches the target site [3dfriguingly the unique
physicochemical properties of mesoporous materials of tssilmlity to merge
different theranostic functions into a single nanodewior combined therapy and

diagnosis [35].

1.4.2 Optical sensors

Optical sensing of target analyses includes the systesadban naked eye or
fluorescence detection relying on the colour chamgeguenching of fluorescence
emission [36]. UV/Vis diffuse reflectance spectroscopysed for the detection of
calorimetric signal. Most of the optical sensor’'s compasfemhiesoporous materials

for the detections of metal ion.
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1.4.3 Electrochemical sensors

Electrochemical sensors are reliable, direct and repiblg analyses. These sensors
are mainly used for organic compound detection. Thedicgtion of electronically
conductive ordered mesoporous carbon as the electarponent facilitates the

charge transfer for electrochemical sensing application

1.5 Zinc Oxide (ZnO) nanostructures

ZnO is a widely studied metaloxide nanomaterial, wiiak exhibited mesoporosity
while forming composites with other metals. ZnO has reckimuch attention over
the past few years due to the excellent properties sisclinigh transparency,
photoluminescence, piezoelectricity, wide bandgap smwdiectivity, room
temperature ferromagnetism and sensing effects. ZnOire@ Hdandgap material
with large exciton binding energy (60 meV). Intensselarch by many researchers
has focused on novel nanostructures with different shaperhe different
morphologies are due to the relative growth rateshefdrystal facets during the
synthesis. This makes it interesting material based otoex@combination at room
temperature or even higher. The structure, morphcdmglyproperties of ZnO based

compounds are interesting subjects for research.

1.5.1 Luminescence mechanism

The quality of nanostructures as well as the ultraviatel visible emission in the
UV-Visible region was examined through low temperatpietoluminescence,
Room temperature photoluminescence and time resolvedolpimnescence

mechanisms.

1511 L ow temperature photoluminescence (LTPL)

Low temperature photoluminescence (LTPL) is a usefulttbexamine the quality
of nanostructures, after considering the fact that mrootemperature
photoluminescence (RTPL) spectra may exhibit only witbfat emission even in the
presence of considerable defect density in ZnO naratstes [37-38]. Observation
of a free exciton emission in LTPL spectra was used @geaxion of determining
high optical quality of ZnO nanostructures [39-4@Jlso, biexcitons are sometimes

12



observed in the low temperature PL spectra from Znt@stauctures, which can be

considered as another indication of the sample qyalify

1512 Room temper atur e photoluminescence (RTPL)

Generally room temperature photoluminescence spect&nOf shows emission
bands in ultraviolet region and visible region butrthare one or more emission
bands in the visible region [42]. It should be notéatt most of the room
temperature photoluminescence studies of ZnO focuses eororigin of defect
related visible emission [43-44]. Position of near baude emission at room
temperature can vary significantly due to variatianselative contributions of free
exciton emission, which is different for different grtbvtechniques. Green emission
in the visible region is the most commonly observed d@dnhost controversial
emission in ZnO [45]. Many different hypotheses havenbeported to explain the
green emission, but there is still no consensus. It shéaddba noted that the peak
position of ‘“green” emission is different from other pats [46]. Common
observation for green emission is that, it appears toelsed to the surface.
Generally surface contains a large number of defects.

In addition to the origin of visible emission bands, o of UV-to-visible
emission is used as an indication of sample quality. Ttie of UV-to-visible
emission in ZnO nanorods can be altered by embeddingati@rods in a polymer,
and the magnitude of the observed increase in theddXstble emission ratio
depended on the type of polymer used [47]. The attnlu in the visible defect
emission was attributed to the reduction of surfacestde to charge transfer at
ZnO/polymer interface. Finally, in addition to swdapassivation by different

materials, the ratio of UV-to-green emission can alschamged [48].

1513 Time resolved photoluminescence (TRPL)

Time resolved photoluminescence spectra of various nactstd ZnO by

different methods can be investigated. Time resolvedgilminescence spectra of
the hydrothermally synthesized ZnO nanorods shows sipamtaneous emission
times [49]. In size-dependent TRPL spectra of ZnO raigrfound that the decay
time increases as the rod size increases, which was tatribn the decrease in

radiative rate of exciton—polaritons [50]. ZnO nanastures typically exhibit higher
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non-radiative defect density and shorter photolumimesedifetimes compared to
single crystals and high quality thin films.

15.2 Electronic properties

There has been a debate concerning the origin of-type conductivity in ZnO.

Experimentally and theoretically, researchers studisglf-compensation

phenomenon and the nature of native donors. For éxpleriments and theory,
contradictory results have been reported. It has peedicted that due to the low
formation energies, point defects are expected in /1D Theoretical studies have
predicted that acceptor type defects in ZnO havh fagmation energy, while the
native donors have either high formation energy [&8Jygen interstitial represents

another candidate for acceptor defect in ZnO [53].

Native defectsin ZnO

Native or intrinsic defects are imperfections in thgstal lattice, include missing of
atoms at regular lattice positions (vacancies), extmmstoccupying in the
interstices of the lattice (interstitials) and a Znnatoccupying an O lattice site or
vice versa (antisites). Native defects are stronglyanfte the optical properties of
the semiconductor, it affects minority carrier lifetimieaminescence efficiency,
diffusion mechanisms connected to growth and deviceadagon [54-56]. But
behaviour of point defects in ZnO is essential to itscassful applications in
semiconductor devices. Native defects are related ¢octhimpensation of the

predominant acceptor or donor doping material.

Defect concentrations and for mation energies

Under thermodynamic equilibrium and neglecting deflfect interaction,
concentration of the intrinsic defect in a solid miaters determined from the

formation energy Bhrough the relation [57].

f

€= Ny exp( I(ET ] (1.31)
B

Where Ny, is the number of sites per unit volume the defects eaimdorporated

on. k; is the Boltzmann constant and T be the temperature.ablove equation
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shows that defects with high formation energies wittusdn low concentrations.
The formation energy of a defect and its concentnatian be computed from first

principles without resorting to experimental data.

Defect transition levels

Defect introduces an energy level in the bandgaghef semiconductors when
defects are electrically active. Which involve traiosis from different charge states

of the defect [58-60]. These transition levels aredly derived from the calculated

from the calculated formation energies. The transiWeIe(%j is defined as the

Fermi level position for which the formation energiéscbarge state; andd are

equal.

g(gj :[Ef (D%E; =0)-E' (Dq';EF = o)} I(qf - q) (1.32)

Where E' (Dq; E =0) is the formation energy of the defect D in the chastgte

q fermi level is at the valence band maximup = 0

Migration barriersand diffusion activation energies

In addition to knowing their formation energies amhefect transition levels it is
important to know how native point defects migratéhia lattice. Migration of point
defects greatly contributes to their incorporatiaming growth. Information about
migration of point defects in ZnO is limited. Activatioenergy for impurity

diffusion is the sum of the formation energy of the defleat mediates the diffusion
process and migration barrier [61].

Q=E'"+E, (1.33)

Ep, is the migration energy barrier, given by the enedifference between the
equilibrium configurations at the saddle point aldhg migration path. The defect
formation energyH') strongly depends on the experimental conditions sadhe
position of Fermi level and the chemical potentiaZofand O (in the case of ZnO).
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Oxygen vacancies and zinc vacancies

The oxygen vacancy is the most mentioned defect irZtt@ nanoparticle. This

oxygen vacancy is responsible for the source of uniotea n-type conductivity

and visible emission. Oxygen vacancy has the lowest famanergy. Using a

simple model within the molecular orbital theory, wederstood about the
electronic structure of Zn in ZnO. The removal of @em from the ZnO lattice

results four O dangling bonds and six electrons. Thege @ dangling bonds

combined into doubly occupied symmetric al state inviédence band and three
degenerate states in the bandgap, which is close teatence band maximum. Zinc
vacancies have very high formation energies in p-Brp@ lattice.

Zincinterstitials

A zinc interstitial atom (£) occupies the tetrahedral site or the octahedralrsitee
wurtzite structure of ZnO. At the octahedral sites thterstitial atom has one zinc
atom and one O atom as nearest neighbour but in octhls#te it has three Zn and
three O nearest neighbour atoms. Based on size congidefatinterstitial is more

stable at octahedral site.
Zinc antisites, oxygen inter stitials and oxygen antisites

The other native point defects such as zinc antisitggem interstitials and oxygen
antisites have higher formation energies. The ZnO #atisia double donor in n-
type but its higher formation energy indicates thatisita source of n-type
conductivity. The oxygen interstitial (Ooccupy octahedral or tetrahedral interstitial
site or form split interstitials. Oxygen antisite Ois an acceptor defect with very

high formation energy.

1.6 Applicationsof ZnO nanostructures

ZnO is an attractive material for applications incedenics, photonics, acoustics,
sensing and magnetic devises. Its high exciton bindiegyy (60 meV) gives a
high edge over other semiconductors. Among the appliatof ZnO, their

importances in acoustic wave devices are due to ldeg&r@mechanical coupling.
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ZnO nanowires/nanorods are used in biosensors and gssrsemd solar cells,
since it is relatively easy to produce which have dyebarge carrier transport
properties and high crystalline quality. ZnO has basrctessfully used in thin film
piezoelectric devices such as bulk acoustic wave an@/ $é@sonators, filters,
sensors and micro electromechanical systems (MEMS) due tsto high

electromechanical coupling coefficients. Among thes&WSfilter is the most

commonly used application, which has been an importarmponent in mass

consumer items such as TV filters and wireless communicatgterss.

16.1 Sensors

ZnO nanorod/nanowire FET sensors may create oppodsirfiir highly sensitive
and selective real time detection of various gases. prheeiple of gas sensor
operation depends on the nature of gas molecules. Tibead interest in the
development of light weight gas sensors with parts p#iomrange sensitivity and
extended operation at low power levels. Previousortepon ZnO nanostructures
demonstrates that ZnO with large surface area havent@dtéor detecting N@
NH3;, CO, H, GHsOH. ZnO nanorod is the promising candidate for detgcti
extremely low concentrations of,8. ZnO nanostructures have been explored as a
biosensor for detecting biological molecules. One dine#r@diZnO nanostructures
are used as biosensor in the embryonic stage [62]. dVantages of ZnO biosensor
are stability in air, nontoxicity, chemical stabilignd electrochemical activity.
Sensing properties of ZnO nanostructures is governedebyxygen vacancies o the

surface.
1.6.2 Photovoltaic cdls

Zinc oxide (ZnO) is an especially important material &pplications in low cost
photovoltaics such as dye-sensitized solar cells [DSS] laybrid polymer-
inorganic nanostructured solar cells. Commonly titaniumle (TiO,) is used as a
dye sensitized solar cell material but high electron iltplof ZnO itself made a
candidate instead of Tgdn DSSCs [63-64]. DSSCs with various ZnO morphology
and different fabrication methods have been reportB&SC based on
hydrothermally synthesized ZnO nanorods have beenrteghoZnO nanowires
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shows improved electron transport compared to ZnO natcdpa. One
dimensional nanostructure has improved electron trahgpoperties compared to
nanopatrticle films, but they have lower dye loadiagacity due to lower surface
area. There is a possible method to resolve this prohgeto, mix nanowires and
nanoparticles (hybrid morphology). Based on the corapari between the
performance of DSSCs based on ZnO nanowires and natoanoparticle mixture
found that cell efficiency can be considerably iased from 0.84% to 2.2% but
efficiency in both cases was lower than that of ;Tiiased DSSCs (5%) [65].
Influence of morphology and surface area on DSSCepeaince has been studied.
It shows that the highest efficiency was obtainedzio® with highest surface area
with high dye loading.

Another type of low cost photovoltaics based on Zn@osgaucture is hybrid
polymer solar cells. One of the important issues for sEkmapplication rather than
power conversion efficiency is the device life timel atability. ZnO nanoparticle
layer is used as an electron-selective contact in palysolar cell with inverted

structure.
1.7 Motivation of the Resear ch work

In the past decades many zinc oxide (ZnO) nanostrigctueh as nanoparticles,
nanorods, nanotubes nanobelts, nanowires, hollow beam®s reefs, stars,
pyramids, cages and shells, dandelions and even nanddldwege been reported
[66-74]. The corresponding methods for synthesizingahmanostructures vary from
simple pyrolysis technique to strictly controlled vapqlrase epitaxial growth.
Physical properties of the final products were ofteteanined by these synthesizing
methods. For example, ZnO nanoparticle derived frongsbimethod is entirely
different from hydrothermal method. Sol-gel deriveadtigles mainly exhibit deep
level emission (DLE) or visible fluorescence, while thos@moparticles with same
size derived from hydrothermal methods exhibit near lestge emission (NBE) or
UV emission.

In most cases of ZnO nanostructures have two componentthein
fluorescence emission (i) near band edge emission (ihleisimission. Near band

edge emission produces UV light of about 370 nm becanse temperature
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bandgap of ZnO is 3.37 eV. Deep level emission is agsdciwith oxygen
vacancies but this mechanism is controversial and not sledar. Researchers
reported two popular mechanisms for ZnO visible emissione ds the
recombination of a shallowly trapped electron withade in a deep trap and other
one is the recombination of an electron in singly peath oxygen vacancies with
photogenerated hole in the valence band. These twchansms have been
coexisting for years because it is difficult to determriime exact location and energy
level of the deep traps.

Guo and Co-workers showed that PVP modified ZnO eteuibenhanced
UV emission with suppressed visible emission [75] compared witapped ZnO.
Chang and co-workers also reported the same conclusitin polyaniline
modification in ZnO. When metaloxide nanoparticlessamgthesized in the presence
of capping molecules like polymer, they easily got dostron the surface of the
particle. By chemical adsorption on to a polar plah&nO, the capping molecule
like polymer can passivate facets of ZnO and theralpyst the growth velocity
among different facets and control the growth of Zn@noparticles. Surface
passivation by PVP reduces surface defects so as todactiea UV emission of
ZnO. In addition, relevant reports for unique cheingtability of nickel on zinc
sites recognizes, nickel is one of the most efficientirdp@lement to improve
optical properties of ZnO.

The previous reports on PVP capped ZnO show thatnpmlyis a best
capping agent to produce nanorods with quenchedl&isiimission. Since there is
ample scope for enhancing the physico-chemical pregedi ZnO composites by
polymer capping, | tried ZnO with different catalykiring the synthesis. The aim
was to improve the physical properties, mainly the emsspectra of ZnO
metaloxide by surface passivation. Though differertirigpies are available for the
synthesis, | tried the simpler and cheapest for devedopn easy and economic
route for the synthesis of nanomaterials. There arerakewmetal oxides used as a
catalyst during the growth of 1D nanostructure. Haused some transition metals
and rare earth metals as a catalyst for the synthesmnottomposites and used PVP
as the capping agent.
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Chapter 2

Synthesizing strategies and
characterization tools

This chapter introduces the synthesising routes fopaomeg ZnNiO and its
composites with aluminium oxide, cupric oxide, palladioxide, dysprosium oxide,
and cerium oxide, and the characterisation techniffuesxploring the structure and

properties of the compounds.

2.1 Introduction

The shape of the crystal is determined by the relapecific surface energies
associated with the facets of the crystal. AccordingMoalff facets theorem, at
equilibrium condition crystal has to be bounded lpefa giving a minimum surface
energy. The shape of the crystal is also consideredrmnstof growth kinetics by
which the fastest growing planes should disappear teeléeehind the slowest
growing plane [1]. This argument implies that final shapthe crystal is controlled
by introducing appropriate surface modifiers (cappaggnts) [2]. These capping
agents change the free energies of the crystallograginfaces and thus alter their

growth rate and it shows mesoporosity.
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2.2 Mesoporous synthesizing strategies

There are several synthesizing strategies for the a@@went of mesoporot
materials. Some of them are based on the use of orgamiglates as structu
directing agents. This methds called softemplate method and another metl
called hard templatenethod, uses inorganic silica and carbon are used e

template.

2.2.1 Soft template method

In this approach, the organic template is removed lmynedion after the formatio
of mesophase. This generates the ordered mesoporougurssucWhos:
mesopoous sizes can be tuned by using different structurectiiig agents c
different concentrations of surface directing ageMédely used templates for tl
preparation of mesoporous materials are catic3], amphibilic [4]and anioni [5]
surfactants, chiral peptid-modified surfactants [6], emulsion$7], vitamin
derivatives [8], ionic liquids [9] and biological matds [10]. This strategy allow
the precise control over the particle morphologyepdiameter and mesoporosi
Mesoporous materials ry exhibit different morphologie®f particles such &
spheres [11], hollow spheres [12], rods [13] and othk4]. It is a simple techniqu
gives good shape, size and morphology to the par Schematic representation

soft template method is shown fig 2.1.

Surfactant Template removed
O by calcination

: Mesoporous matrix
Metaloxides Stirring Mesophase formation

Figure: 2.1: Schematic representation of soft template me
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2.2.2 Hard template method

The second method involves the use of hard template asiplorous silica for tr
preparation of mesoporous materials. This method is commapplied for he
synthesis of mesoporous carbor5]. In this case mesoporous template is loe
with organic materials and this organic filler is aarlzed in the vaccun
Dissolution of silica shell by sodium hydroxide (NaOH3$uks uncovering carbc
frame work. In his method, it ishard to get good morphology and itvisry costly.
Schematic representation of hard template method isrshofig.2.2

Different types of surfactant arrangement

IE Rod

Inverse

Organic material Silica coat
Joading dissoiution Calcination

s , s 4 w

T .3'.-'

Moscpnroul
Mesoporous w peiciien MNew mesoporous

silica matrix aibortzsibon “M. matrix material
precursor

Figure: 2.2: Schematic representation of hard template m

2.3 Roleof capping agents

Typically nanoparticles aressynthesized in solution method by reacting m
precursors with appropriate reducing agents in theemee of capping agents
stabilize the high energy surface of the nanopastiated also it protects the parti
from agglomeration. Capping agentsay an important role in the synthesis
nanoparticles. For instance, capping agents oftenasca ligand and it form
complexes with metal precursors and thereby it affbetggtowth kinetics. Anothe
important role played by capping agents is theiective adsorption on particul

crystallographic planes that induces the anisotromie/tr.
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2.3.1 Exploitation of Polyvinyl pyrrolidone (PVP-30K)

Polyvinyl pyrrolidone (PVP) is a surface directingeagto control nucleation and
alignment of crystals. The exploitation of PVP is md&eaby a reason that by
coordinating the water from the dehydration reacwdrthe ZnO precursor, PVP
may accelerate the crystal formation and promotectigstallization of ZnO. In
agueous solution of PVP, water can be bound and thigiaso containing high
concentration of PVP, wherein this condition watetaoole doesn’t act as a solvent
but is referred to a “bound water” [16]. Furtherm&¥P is extensively used as the
stabilizer in nanotechnology because of its exceldsorption ability. Compared to
reported directing agents such as poly (vinyl alcqohdijtrates, acetate,
cetyltrimethyl ammonium bromide (CTAB), peptide, ammonikyween -85
(C100H188029) and KBr, polyvinyl pyrrolidone is a cheap, biongpatible reagent
and it is also a pharmaceutical product additive. tHemmore PVP capped ZnO

shows an excellent optical property.

2.4 Zinc nickel oxide (ZnNiQO)

Oxide based diluted magnetic semiconductors (DMS) suttarsition metal doped
semiconductors with room temperature ferromagnetism (RT#e been studied
for advanced applications in spintronic devices wileee=ffort was made to find the
ways for the utilization of nanoparticles in bothamhation processing and data
storage within one material system. In recent studiesS®Mre formed by the
potential substitution of the cations of the host sendaotors with small amount of
transition metal ions [17].

The transition metals doping in ZnO facilitates theegation of carrier
mediated ferromagnetism [18]. Several researchers ssltteroom temperature
ferromagnetic behaviour of 3d transition metals (suckesNi, Mn, Co, Cr, etc.,)
doped ZnO [19-20]. Among them, Ni is an important dop@nachieve Curie
temperature above room temperature. It is well knovat thansition metal ion
substitution in ZnO semiconductors exhibit sp-d hybrithsaf21]. The s-d and p-d
exchange interaction between the band electrondamadised 3d electrons makes
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positive and negative corrections in the valence bamd the conduction band
respectively. This leads to the red shift in the neardbedge emission and also
increasing green emission.

In addition, relevant reports for ZnO doped with ahgiAl, Pd and Cu)
indicate that the doping effect increased optical alectrical effects of ZnO. The
photoluminescence characteristics of aluminium doped Zm@v that the optical
qguality degenerated gradually with increasing aluommiconcentration and the
presence of copper has been reported to increaseténsity of deep trap emission
ZnO as well as the intensity of band gap emission of. 8w tried to introduce Al,
Cu and Pd in ZnO to enhance the optical propertres rmagnetic properties.
Palladium a 4d metal is taken as a impurity in ZnO dicanitly improves sensitivity
and specificity of hydrogen. Rare earth elementsunerand dysprosium are
technologically important material because of its uaiquoperties and various

biological applications.

2.4.1 Synthesisof ZnNiO based mesopor ous hanocomposites

A simple cost effective soft template method is used Her dynthesis of surface
passivated nanocomposites (ZnNiO, Al:ZnNiO, Cu:ZnNiO,ZRNIiO, Dy:ZnNiO
and Ce:ZnNiO). Here the nanocomposites were synthediyedissolving zinc
nitrate hexahydrate (99.99%), nickel nitrate hexishate (99.99%) in de-ionized
water. These metal nitrates were purchased from SigmachAland used without
further purification. Poly vinyl (pyrrolidone -30K(PVP) was used as the additive
surfactant. The mixed solution of zinc nitrate (0.5, Mickel nitrate (0.2M) was
precipitated in NaOH (0.5M) solution. After vigorogsirring for about 1 h, the
suspension was filtered and washed in de-ionized wateraetimes to remove
biproducts. The filtrate was made into paste in 2g BdBtion and dried at 7G,
until the mixture turns into powder form. The finabguct was calcined at 38D
for 4 hrs. Doping with post transition metal (Al), tsititon metals (Cu and Pd) and
rare-earth metals (Dy, Ce) were accomplished in the saoeedure by adding
0.05M (aluminium nitrate, cupric nitrate, palladiuntraie, dysprosium nitrate and
cerium nitrate) solution sequentially in the mixturezaic-nickel nitrate solution.

Then NaOH was added drop wisely in the mixture ofehreetal nitrate solutions.
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The precipitate was centrifuged and washed severas im& remove byproducts
and PVP added. This suspension was dried in the ovémeatame temperature
mentioned above and calcined at ZD0The products were subjected to various

physical and chemical examinations.

24 Characterization techniques

The crystallographic information of the as prepar@mposites were investigated by
powder X-ray diffractometer (Rigaku Miniflex 600) twi CuKo radiation, L =
0.15406 nm) and morphology of the sample was charaeteand analyzed by Field
Emission Scanning Electron Microscopy, FESEM. Chemicahposition of the
composite were analysed by using energy dispersive $pagtrometer, which was
attached to the SEM instrument. The specific surfaeasaof the sample were
determined from nitrogen adsorption isotherms using arddietrics Gemini
Surface Area and Porosity Analyzer. Diffuse refleceanspectra of the
nanocomposites were characterized by using UV-Vis NIRtsgghotometer in the
wavelength range from 350-600 nm. Room temperaturecfhioence measurements
were carried out by a fluorescence spectrometer anghetia studies of the
nanocomposites were analyzed by Vibrating sample mageé&to (VSM).

25.1 X-ray diffractometer

X-ray powder diffraction (XRD) is a rapid analyticichnique primarily used for
phase identification of a crystalline material and peovide information on unit cell
parameters, volume, density etc. X-ray diffraction isseol on constructive
interference  of monochromatic X-rays and a crystallisample. X-ray
diffractometer consist of three basic elements: an Xuhg, a sample holder, and
an X-ray detector. X- Rays are generated in aodathray tube by heating a
filament to produce electrons, accelerating the easttoward a target by applying
a voltage, and bombarding the target material widlttedbns. When electrons have
sufficient energy to dislodge inner shell electrons tbeé target material,
characteristic X-ray spectra are produced. Coppethés most common target
material for single-crystal diffraction, with CyKadiation = 1.5418A. These X-rays

are collimated and directed onto the sample. As the saamal detector are rotated,
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the intensity of the reflected X-rays is recorded. Whee geometry of the incident
X-rays impinging the sample satisfies the Bragg Equatibn,2d sing

constructive interference occurs and a peak in irtiewsicurs. A detector records
and processes this X-ray signal and converts the sigrsatbunt rate which is then

output to a device such as a printer or computer mionit
2.5.2 Fied Emission Scanning Electron Microscopy (FESEM)

The scanning electron microscope (SEM) enables thestigagion of specimens
with a resolution down to the nanometer scale. Hereleetron beam is generated
by an electron cathode and the electromagnetic deab¢he column and finally
swept across the surface of a sample. A normal scannicgoelemicroscope
operates at a high vacuum. The basic principle is @ahaeam of electrons is
generated by a suitable source, typically a tungdement or a field emission gun.
The electron beam is accelerated through a highgeltamd pass through a system
of apertures and electromagnetic lenses to produda bebm of electrons, then the
beam scans the surface of the specimen.

2.5.3 Energy Dispersive X-ray Spectra (EDS)

Energy dispersive X-ray analysis, also known as EDX, DAX, is a technique
used to identify the elemental composition of a samplging EDS, a sample is
exposed to an electron beam inside a scanning elettimoscope (SEM). These
electrons collide with the electrons within the sampbysing some of them to be
knocked out of their orbits. The vacated positions fdled by higher energy
electrons which emit x-rays in the process. By analytirggemitted x-rays, the
elemental composition of the sample can be determine8.iER powerful tool for
microanalysis of elemental constituents.

2.5.4 Vibrating Sample Magnetometer (VSM)

Magnetic properties of the samples were studied at reompdrature, by using a
vibrating sample magnetometer (VSM). A vibrating sampkgnetometer (VSM)

operates on Faraday's Law of Induction, which tefisthat a changing magnetic
field will produce an electric field. A VSM operatéy first placing the sample to be

studied in a constant magnetic field. If the sample is g this constant
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magnetic field will magnetize the sample by aligning thagnetic domains or the
individual magnetic spins, with the field. The strontjex constant field, the larger
the magnetization will be. The magnetic dipole momérihe sample will create a
magnetic field around the sample. As the sample is moyeadnd down, this
magnetic field is changing as a function of time and loa sensed by a set of pick-
up coils. The alternating magnetic field will causeedectric field in the pick-up
coils according to Faraday's Law of Induction. Thisr@ot will be proportional to
the magnetization of the sample. The induction currsntamplified by a
transimpedance amplifier and lock-in amplifier. Theikmas components are hooked
up to a computer interface. Using controlling and rnmyimig software, the system
can tell you how much the sample is magnetized and tsowagnetization depends

on the strength of the constant magnetic field.
2.5.5 Diffusereflectance spectroscopy (DRS)

The UV-Vis spectroscopy is frequently used to charamtesemiconductor thin
films [22]. It is easy to extract their bandgap valdesm absorption spectra
(knowing their film thickness) because of low scatigrin films. Scattering effect in
colloidal sample is enhanced since more area is exposked light beam. In normal
incidence mode dispersed light is counted as the abshgbédn case of powdered
samples UV-absorption spectroscopy is carried out by disgethe sample in
water, ethanol or methanol. If the size of the phatis small enough, it will
precipitate and UV spectrum becomes more complicatadtéopret. In order to
avoid these types of problems, desirable to do diffutectace spectra (DRS).

Kubelka-Munk was proposed a theory, which makes p@ssibluse DRS
spectroscopy [23]. They proposed a model to describledhaviour of light inside a
light scattering material based on the equations.

%z—(S+K)i+S (2.1)

' |
&——(S+K)J+9 (2.2)

Wherei and | are the intensities of light travelling inside thetenial towards

unilluminated and illuminated surfaceSand K are the scattering and absorption
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coefficient respectively. WherélX is the differential segment along the path. In
the limiting case of an infinitely thick sample, thigsses of the sample holder have

no influence on reflectance. So Kubelka-Munk eaquraéit any wavelength becomes

1-R
_ e | = 2.3
K/S LZR ] F(R)) (2.3)

0

F(R,) is the re-emission function.

2.5.6 Fluorescence spectroscopy

Fluorescence is a photon emission process that occurg duglecular relaxation
from electronic excited states. This photonic processlweg transition between
electronic and vibrational states of fluorophorese Tlworophore remains in the
lowest vibrational states of the excited electronatestor a period on the order of
nanoseconds is called the fluorescence life time. Fgeree emission in the
molecule occurs as the fluorophore decay from the dimggetronic states to an
allowable vibrational level in the electronic graustate. Molecules in the excited
electronic states relax by radiative and nonradigireeess. Radiative decay process
describes molecular deexcitation processes accompaniguhdign emission. In
nonradiative process excitation energy is not condemd¢o photons but it is
dissipated by thermal processes such as vibrational atedax and collisional
guenching. Fluorescence is the result of a three-spageess that occurs in

fluorophores.

Stage 1. Excitation. A photon is supplied by an external source such as an
incandescent lamp or a laser and this is absorbed bfjutirephore, creating an
excited electronic singlet state (S1'). This processngiuishes fluorescence from
chemiluminescence, in which the excited state is pogailay a chemical reaction.

Stage 2: Excited-State Lifetime. The excited state exists for a finite time (typically
1-10 nanoseconds). During this time, the fluorophardetgoes conformational
changes and is also subject to a multitude of possitdeations with its molecular

environment.
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Stage 3: Fluorescence Emission. Energy of photon is emitted, returning the
fluorophore to its ground state SO. Due to energyhsisin during the excited-state
lifetime, the energy of this photon is lower, and ¢fere of longer wavelength, than
the excitation photon. The difference in energywawvelength represented by the
absorbed and emitted photon is called the Stokes sHig Stokes shift is

fundamental to the sensitivity of fluorescence techesgoecause it allows emission

photons to be detected against a low backgroundieésbleom excitation photons.

2.5.6 Surfacearea Analyzer (Adsorption measurements)

Gas adsorption method is a technique used to charactbezsolid samples. It is
designed to perform physical adsorption and chemismpfior the determination of
specific surface area and porosity. Adsorption measureiseahe of the most
diffuse techniques to characterize porous nanomatemago estimate the surface
area, the porosity and pore size distribution of théenas. Adsorption happens
when gaseous or vapour molecules interact with a sotfdcg) passing from the
gaseous phase to an adsorbtte. In a typical adsorption measurement a solid is
put in contact with a defined amount of a pure sutfzgaor a mixture with known
composition, to study the specific interaction betwdentwo phases. Concerning
nanoporous materials, absorption phenomenon is genawiéy and they are
investigated only by adsorption techniques. Adsorbe@mahis generally classified

as exhibiting physisorption or chemisorption.
Physisorption

Physisorptioror physical adsorption is a type of adsorption in whitad adsorbate
adheres to the surface only through Van der Waalsakwatermolecular)
interactions. Physisorption occurs at any environmewm@hdition but it is
measurement at low temperature, usually at the boilempeérature of liquid
nitrogen at atmospheric pressures. Presence of an iateénsrgy is the reason for
taking place adsorption. When the material is exptseal gas, an attractive force
acts between the exposed surface of the solid andathenglecule. This force is
characterized as a physical adsorption.
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Due to the weak bonds involved between the gas mlele@and the surface
adsorption is a reversible phenomenon. The completepsddesorption analysis
is called adsorption isotherm. Once the isotherm is addai number of calculation
models (BET, Dubinin, Langmuir) can be applied to atdht regions of the

adsorption isotherm to evaluate the surface area.
Chemisor ption

Chemisorptionis a type of adsorption whereby a molecule adheres soirface

through the formation of a chemical bond, as opposdbe Van der Waals forces.
Adsorption is usually described through isotherms, thafunctions which connect
the amount of adsorbate on the adsorbent, with its peeg§§@as) or concentration
(if liquid). Several models can be describing the psscof adsorption, namely;

Freundlich isotherm, Langmuir isotherm, BET isotherm, etc
BET model

BET theoryaims to explain the physical adsorption of gas molecutea golid
surface and serves as the basis for an important analgdisigee for the
measurement of the specific surface area of a matkriaP38, Stephen Brunauer,
Paul Hugh Emmett, and Edward Teller published arclar{24] about the BET
theory in a journal for the first time; “BET” consist$ the first initials of their
family names. The concept of the theory is an extensfotme Langmuir theory
[25], which is a theory for monolayer molecular adsorptto multilayer adsorption
with the following hypotheses: (a) gas molecules philgi@sorb on a solid in
layers infinitely; (b) there is no interaction betweeach adsorption layer; and (c)
the Langmuir theory can be applied to each layee 3ecific surface area of a
powder is determined by physical adsorption of a gad@isurface of the solid and
by calculating the amount of adsorbate gas correspgridia monomolecular layer
on the surface. Physical adsorption results from relgtiweak forces (Vander
Waals forces) between the adsorbate gas molecules aadsiient surface area of
the test powder. The determination is usually carrigdabthe temperature of liquid
nitrogen. The amount of gas adsorbed can be measurea Wglumetric or

continuous flow procedure.
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The Brunauer-Emmett-Teller method is the mosthidsed procedure
for the determination of the surface area of solid na$e Total surface area Qa

and a specific surface area S are evaluated by Hbeviiog equation.

vasJ
(2.4)

SBEr,total :( v

where \{, is in units of volume which are also the units of thdamwolume of the

adsorbent gas

SBET = Sotal /a (25)

N stands for Avogadro's number, s: adsorption cross secfidghe adsorbing

species, V: molar volume of adsorbent gas. a: mass of atsdinb g)

Figure2.3: BET Plot

Procedure

Static volumetric adsorption requires a high vaccum poghsystem able to
generate a good vaccum over the sample of at ledsTaf. The experiment is
carried out by starting from high vaccum and increasieg by step, the pressure
upto adsorbate saturation pressure.

Introducing consecutive known amount of adsorbatéhéosample holder,
this is kept at liquid nitrogen temperature (77K). Agision of the injected gas into

the sample causes the pressure to slowly decrease umgjudibrium pressure is
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established in the manfold. The equilibrium pressure iasored by a transducer
chosen according to the pressure range. The gas uptdkectly calculated from
the equilibrium pressure values but a dead volume atililor ha to be performed

before and after the measurement by a blank run.
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Chapter 3

Capping effects on structure and
morphology of ZnNiO based
nanocomposites

3.1 Introduction

Zinc oxide (ZnO) belongs to the group of II-VI semidactors, crystallizes in the
hexagonal wurtzite (WZ) structure and belongs toRBgnc space group. Besides
the lattice parameteis andc wurtzite structure has one free internal parameter
which specifies the bond length parallel to tbeaxis [Fig.3.1]. Under ideal
condition, ie all bond lengths and bond angles are saméll be 0.375 [1]. The
lattice parameters of the hexagonal unit cells mostigeadrom 0.3247 to 0.32501
nm fora and from 0.5204 to 0.5207 nm farThe density of ZnO is 5.606 g/&ig].
ZnO is a polar crystal consisting of a negative polang and a positive polar plane.
In addition to polar surfaces, it has also a non pakame [3]. When the bond along
the c-direction are from cation (Zn) to anion (@ tpolarity is referred to as Zn
polarity, while when the bonds along the c-directima from anion (O) to the cation
(Zn) the polarity is referred to as oxygen polaritire four most common faces of
wurtzite ZnO are the Zn-terminated (0001) and O-teateid (0001)faces (c-axis

oriented), and the non-pola2 1 10)(a-axis) and0110)faces which contain an
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equal number of Zn and O atoms. It has been observédhiaorigination of

various shapes of the ZnO crystals is due to the relagfiowth rates of different
crystal facets and differences in the growth ratediftérent crystal planes [4]. Here
we investigated, structure and morphology of the ZnM&3ed nanocomposites

synthesised by soft template method.

Figure 3.1: Wourtzite structure of ZnO showirgg ¢ andu parameters
3.2 Structural Analysis

Crystal structure of the prepared nanocomposites weraroed by powder X-ray
diffractometer (Rigaku Miniflex 600 with scan rat¥riin and Cukk radiation,A =
0.15406 nm). X-ray diffraction patterns of the ZnNi@anocomposites after and
before surface passivation were investigated. These c@paloped with various
transition metals (Al, Pd &Cu) and rare earth metals @®yCe) were also

investigated.
3.21 XRD patternsof ZnNiO and ZnNiO/PVP nanocomposites

XRD patterns of the uncapped and capped ZnNiO nanpaosites were compared
and are shown in Fig.3.2 (a) & (b). Fig 3.2(a) shotws XRD patterns of the
assynthesized uncapped ZnNiO and capped ZnNiO. Theggesashowed semi-

crystalline nature even before performing calcinatiand the grain size obtained
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was so small (~ 3.5 nm). The average crystallite size wal®ulated using the
Debye - Scherrer formula, (D= Q/8cod), where) is the x-ray wavelengtlf, is the
full width half maximum of the most intense peak. Afteidargoing calcinations,
crystallanity of the samples increased and particles grgger in size.

Fig. 3.2(b) shows XRD patterns of the calcined sampi€a) pure ZnO (b)
uncapped ZnNiO (c) PVP capped ZnNiO at 3@respectively. By incorporating
Ni, the sample has not been deviated from its parentaizite structure which
indicates that the dopant Niions (radius 0.069 nm) are effectively substituted in
the inner lattice of Zfi ions (radius 0.074 nm). After calcination crystafiitsize
increases from 3.5 nm to 27.5nm for capped ZnNiO. Tdak$ of capped ZnNiO
corresponds to hexagonal wurtzite structure of Zn@PGumber 01-078-3344)
and this peaks originates from (100), (002), (10192§, (110), (103), (200), (112),
(201), (202) reflections [seen from Fig.3.3]. This aades that crystal structure of
ZnO is not modified due to the presence of nickel\dP Bapping.

The main structural parameter such as crystallite sizealaslated from the
peak width analysis. In general, crystallite size & thaterial is a measure of the
size of a coherently diffraction domain. The lattm@#rameters in semiconductors
mainly depend on the parameters such as defects, exsétraal foreign contents
and the differences in the ionic radii of the dopdumittice parameters calculated
from the diffraction peaks are shown in table 3.1. Teerease of the lattice
parameter indicates that iis introduced into the ZnO/PVP crystal lattice and
substituting the Zf site [5].
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Figure 3.2: (a) X-ray diffraction patterns of as-synthesized of uncapped and capped ZnNiO
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Figure 3.3: Indexed XRD pattern of polymer capped ZnNiO

3.2.2 XRD patternsof Al:ZnNiO, Pd:ZnNiO and Cu:ZnNiO nanocomposites

Appendage of aluminium, palladium and copper in polyreapped ZnNiO

nanocomposites shows excellent crystallanity as that yin@o capped ZnNiO
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nanocomposites. Xrd patterns of these samples are shdgri3id. These results
show that crystallographic phases of these double dop®gpounds are belongs to
the standard crystallographic structure of hexagomalli@ (ICDD no. 01-071-
6735). The sharp XRD peaks confirm the formation ofdgorystalline phases of the
nanocomposites which originates from (100), (002), (1010¢2), (110), (103),
(200), (112), (201), (202) reflections. The lattimenstants of these samples are
shown in table 3.1. But copper adjunction in ZnNi@wh a trace amount of NiO
(200) phase because Ni ions did not enter in thetaltge site of ZnO and

crystallized alone forming NiO grains in the composhage.
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Figure 3.4: Xrd pattern of polymer capped (a) Al:ZnNiO (b) BalNiO
(c) Cu:ZnNiO nanocomposites

3.2.3 XRD patternsof Dy:ZnNiO and Ce:ZnNiO nanocomposites

X-ray diffraction studies of rare- earth metals (Dy &)Gloped ZnNiO/PVP were
also investigated. These nanocomposites show good caysialind calculated
grain size is in the nano range. Structure of théuceroped samples doesn’t
deviate from the parental structure but in the caslysifrosium doped samples, it is
indexed to the hexagonal structure of ZnNiO. Catedagrain size, lattice
parameters and density of all the samples are shownln3db The grain growth is

mainly due to movement and diffusion ofZnHowever, in the case of Ni doped
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ZnO, Ni may exist as the grain in the boundary, whieh enhance the energy
barrier for the movement and diffusion of?Zrt was also found that capping with
PVP, decreases the average patrticle size of the tbraposites compared to pure
ZnO and ZnNiO, whereas Dy and Ce in ZnNiO leads ¢oeimse in lattice parameter

with increase in average grain size.
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Figure 3.5: Xrd pattern of polymer capped (a) Dy:ZnNiO (b)ZaNiO nanocomposite

3.3 Calculation of nearest-neighbour distances

The wurtzite structure with hexagonal unit cell hae tattice parametergandc in
the ratioc/a = 1.663 (for an ideal wurtzite structure) The stuuetis composed of
two interpenetrating hexagonal close -packsdb-lattices, each of whidwonsists of
one type of atom displaced with respect to each atloeig the three fold-axis by
the amount ofi = 0.375for an ideal wurtzite structure) in fractional cadmates. In
addition to composition, the lattice parameter canalfected by free charge,
impurities, stress and temperature. The nearest neigdistances (b b,’, and ')

are determined by the relation [6].

a? | 1
Uz [E}r 5 (3.1)
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The nearest neighbour bond lengths along the c-aire@) and off c-direction as
(b1) can calculated using

b=cu andbl=\/{[%ja2+(—;ujz cz} (3.2)

Second nearest neighbour distances are

by =c (1 —u), by =VaZ + (uc)?, by =V4/3(a®) + 25— w)? (3.3)

The calculated values are given in table 3.2. Trarast neighbour distances along
c-axis and off c-axis are found to be the same. Tisesiestrong correlation between

the atomic factor ratio and ‘u’ parameter. Theratéo decreases with increasing ‘u’

Compound | Crystallitd Lattice parameter | Density(g/cm) | Atomic
i (A) factor
s size
(nm) (+0.01)
A c cla
ZnNiO 40.2 3.258 5.208 5.621 1.5985
ZnNiO/PVP | 275 3.247 5.197 5.689 1.6005
Al:ZnNiO 19.7 3.236 5.180 5.747 1.6007
Pd:ZnNiO 33.1 3.241 5.192 5.721 1.6019
Cu:ZnNiO 32.2 3.245 5.194 5.732 1.6006
Dy:ZnNiO 39.8 3.240 5.199 5.692 1.6046
Ce:ZnNiO 32.6 3.256 5.204 5.644 1.5982

Table 3.1: Calculated grain size, lattice parameters andityevisthe samples
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u parameter| Bond length (A) Bond length (A)

Compound b b, b b, b;

ZnNiO 0.3804 1.9842 1.9842 | 3.238 | 3.811 | 3.812
ZnNiO/PVP| (3801 1.9767 1.9781 | 3.228 | 3.805 | 3.979
Al:ZnNiO 0.3800 1.9684 1.9684 | 3.211 | 3.788 | 3.768
Pd:ZnNiO 0.3798 1.9713 1.9714 3.220 3.792 3.788
Cu:ZnNiO 0.3801 1.9732 1.9741 | 3.221 | 3.797 | 3.798
Dy:ZnNiO 0.3794 1.9745 1.9745 3.224 3.799 3.799
Ce:ZnNiO 0.3804 1.9801 1.9805 | 3.236 | 3.809 | 3.810

Table 3.2: Calculated u parameter, bond lengths of the samples

34 FESEM Analysisand EDS spectra

The morphology and chemical composition of the samples wlearacterized and
analyzed by Field emission Scanning Electron Microsc&isSEM (JEOL JSM-
5600LV) and Energy Dispersive X-ray Spectrometer (EIEOL JED-220), which
was attached to the SEM instrument. Fig. 3.6 (a) shbevsepresentative scanning
electron microscopy of the uncapped ZnNiO nanocompdsiten the SEM image,
got flakes like structure for uncapped ZnNiO but rafiassivation, morphology of
the ZnNiO nanocomposite changes doe dimensional structure like nanowires
[Fig.3.7 (a)]. This change may be occurred due to the presenceolyf p
vinylpyrrolidone (PVP). Researchers showed that PVRildcocontrol ZnO
crystallization and morphology [7-10]. Capped ZnNi@s apt to grow into one-
dimensional nanomaterials because PVP preferred to plysacisorb on a specific
crystallographic plane of ZnNiO, which passivated thiane and facilitated the
crystal growth along the c-axis.
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2.00um

8.0kv 31.6mm x20.0k SE

Figure 3.6: (a) SEM image of uncapped ZnNiO nanocomposite

2.00um

15.0kV 9.5mm x20.0k SE

Figure3.7: (a) SEM image of capped ZnNiO nanocomposite

Fig 3.8 (a, b, ¢ & d) show the representative scaneieciron microscopy images of
Al:ZnNiO nanowires grown on polymer matrix in diffetescale bar. The SEM
images corroborated the one dimensional shape. Thedts r@so confirmed the
possibility of growing particles in one dimension withrfage passivation by PVP.
SEM images of Pd: ZnNiO in different scale bar are alsmwn in fig 3.9 (a & b). It
is seen that the PVP has augmented preferential growtthe nuclides into
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hexagonal geometry in the case of palladium doped sandpl&hang et.al,
mentioned that PVP could manage control over thealhygsition and influence the
morphology of the nanostructures [11]. Cu: ZnNiO nammgosite also shows one
dimensional nature, shown in Fig 3.10 (a). Dy: ZnNi@d aCe:ZnNiO
nanocomposites [Fig. 3.11 (a) and Fig.3.12 (a)] ae gtown in one dimensional
structure with the effect of capping agent. EDS spect all the composites are

shown in figures

Figure3.8: (a, b, ¢ & d) SEM image of capped Al:ZnNiO nanopasite

with different scale bar

Figure3.9: (a, b) SEM image of capped Pd:ZnNiO nanocomposite

with different scale bars
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15.0kV 10.6mm x25.0k SE

Figure 3.10: (a) SEM image of capped Cu:ZnNiO nanocomposites

Figure 3.11: SEM image of capped Dy: ZnNiO nanocomposite

at different scale bars
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156.0kV 10.6mm x5.00k SE

Figure 3.12: SEM image of capped Ce:ZnNiO nanocomposite

Corresponding EDS spectra of capped ZnNiO, Al:ZnN#d;ZnNiO, Cu:ZnNiO,
Dy:ZnNiO and Ce:ZnNiO nanocomposites are shown ig:[Bil3, Fig: 3.14 (a),
(b) & (c) and Fig: 3.15 (a) & (b)], confirmed theegence of metals (Zn, Ni, Al, Pd,
Cu, Dy & Ce) and C, O contained in the nanocompssite

Spectrum 1

Element| Weight| Atomic

% %

oK 2373 | 5578

. Ni K 5.44 3.48

N 8 S| ZnK 7083 | 40.74
o dcsseral it &

Figure 3.13: EDS spectra of ZnNiO nanocomposites
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Element| Weight| Atomic
% %
OK 45.64 76.53
Al K 1.15 1.15
Ni K 10.57 4.83
Zn K 42 .63 17.50

Spectrm 2

Element| Weight| Atomic

% %
O K 40.02 73.38
Ni K 5.18 2.59
Zn K 51.57 23.14
L Pd L 3.23 0.89
o2 4
Full Scale 46%939 cts Cursor: 0.000

Spectrum 4

Element| Weight| Atomic
% %
OK 25.39 57.98
Ni K 4.23 2.63
CuK 3.73 2.14
ZnK 66.65 37.25

Figure 3.14: EDS spectra of (a) AL:ZnNiO(b) Pd:ZnNiO (c) Cu:ZiiNnanocomposites
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Spectrum &

Element| Weight| Atomic
% %

OK 30.71 65.41
Ni K 10.82 6.28
ZnK 51.51 26.85
DyL 6.96 1.46

Spectrum 4

Element| Weight| Atomic
% %

OK 26.50 59.43
Ni K 4.18 2.55

ZnK 69.24 38.00
Cel 0.08 0.02

] 2 4 B g 10 12 14 16 18 20
Full Scale 46939 cts Cursor: 0.000 ke

Figure 3.15: EDS spectra of (a) Dy:ZnNiO (b) Ce::ZnNiO nanocosifes

3.4 Concluson

Surface passivation effects on ZnNiO nanocompositeotidamage the hexagonal
structure of ZnNiO nanocomposite. X-ray diffractiondsés of the uncapped and
capped metaloxide nanocomposites showed excellent tapdhal and all the
samples indexed to hexagonal structure. Crystallite (fizbe samples decreased
due to the effect of surface passivation because itepte the particles from
agglomeration. Morphological analysis supports thetgholi polyvinyl pyrrolidone
to grow in one dimensional structure. The polymer, R@RId prefer to physically
adsorb on a specific crystallographic plane of Zn®@ictv passivated this plane and
facilitate the crystal growth only along the c-axihhe EDS spectra of all the

samples reveals the presence of metals in the composites.
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Chapter 4

Surface passivation effects on
adsorption properties

4.1 Introduction

In the last decades mesoporous ZnO material has beantiatjr more attention
because of its great potential application in elewtsy optics, catalysis, solar energy
conversion and other optoelectronic devices, dubdcpecial characteristics of the
large specific surface area, high porosity and namove size distribution. ZnO
with various low dimensional structures including namewnanoring, nanocages
and nanoflowers have wide applications in nanosielterdj catalyst supports,
masks and gas sensors  [1-3]. Among these nanosgisighorous ZnO has a high
surface to volume ratio as well as excellent inheremvpgrties. Researchers
prepared mesoporous thin films by sol-gel method using fetlyylene glycol)
(PEG) as the capping agent. Considerable amountpafrpdave been reported on
the synthesis of nanoporous ZnO structures with varioukhaude such as wet-
chemical method [4], electrochemical deposition [5], Ruttering [6], metal—
organic chemical vapour deposition (MOCVD) [7] andrthal transition [8,9]. Here
my great interest has focused on the synthesis of mesmpdriNiO and ZnNiO

based nanocomposites.
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4.2 BET Isotherm

BET (Brunauer-Emmett-Teller) Nitrogen adsorption-deBorpisotherms are used
for the determination of specific surface area, pare distribution, total pore area
and total pore volume of the mesoporous and macroponaisrials. The specific
surface area of the uncapped and capped samples viermided from nitrogen
adsorption /desorption isotherms at 77 K using a MictooseASAP 2020 Surface
Area and Porosity Analyzer. The powder samples werasdegl at 150C in a
vaccum below 18 Torr for 16 h prior to the measurements.
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Figure4.1: Schematic diagram of BET isotherms
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Four types of isotherms out of the six proposed by IUP&€ commonly
encountered [10]: I, II, IV, and VI. Similarly, thHeysteresis loops, corresponding to
mesoporous systems have been classified in terms of theirs famto four
categories: H1, H2, H3, and H4 [Fig 4.1} adsorption-desorption isotherms of the
uncapped ZnNiO is shown in Fig 4.2. This isotherm risvaaicroporosity,
moreover it contains less number of mesoporous partithes. microporosity was
completely changed when this ZnNiO nanocomposite captedPVP. According
to the Brunauer-Deming—-Deming-Teller (BDDT) classificat all of the capped
(ZnNiO, Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO an@e:ZnNiO) isotherms
are of type IV with a type H3 hysteresis loop, sugggdive existence of abundant
mesoporous structures. Isotherms of all the capped sampleshawvn in Fig [4.2,
4.3,4.4,4.5, 4.6 and 4.7].

07 | = Uncapped ZnNiOl
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Figure 4.2: Adsorption —Desorption isotherm plots of uncapgatlioO.

Inset figure shows PSD of uncapped ZnNiO nanocaitgo
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Figure 4.3: Adsorption —Desorption isotherm plots of cappedlith
Inset figure shows PSD of capped ZnNiO nanocomposit
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Figure4.4: Adsorption —Desorption isotherm plots of Al: ZnNiO
Inset figure shows PSD of Al: ZnNiO nanocomposite
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Figure4.5: Adsorption —Desorption isotherm plots of Cu:ZnNiO.
Inset figure shows PSD of Cu: ZnNiO nanocomposite
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Figure 4.6: Adsorption —Desorption isotherm plots of Pd:ZnNiO.
Inset figure shows PSD of Pd: ZnNiO nanocomposite
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Figure 4.7: Adsorption —Desorption isotherm plots of Dy:ZnNiO.
Inset figure shows PSD of Dy: ZnNiO nanocomposites
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Figure 4.8: Adsorption —Desorption isotherm plots of Ce:ZnNiO.
Inset figure shows PSD of Ce: ZnNiO nanocomposites
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4.3  Specific surface area deter mination

The Brunauer-Emmett-Teller (BET) method is th®ost widely used procedure
for the determination of the surface area of solid maseand involves the use of

BET equation

11 +c—1££J (4.1)
& _ WmC Wmc pO
o)

Q is the weight of the gas adsorbed at a relatigespire and Wis the weight of

the adsorbate constituting a monolayer of surfaceragee

1
The BET equation requires a linear plot of————= versusﬂ,
A

which for most solids using nitrogen as adsorbateesticted to a limited
region in the P/Prange of 0.05 to 0.35. Wcan be obtained from slope and
intercept of the BET plot.

3

Specific surface area of the sample can be expressedb=as- where
w

S=W,NA./M, A is the molecular cross section of the adsorbate molecule

(16.2A% for N, at 77 K), M is the molecular weight of the adsortge and N is the
Avogadro number.
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Figure 4.9: BET surface area plots of (a) uncapped ZnNiOcépped ZnNiO nanocomposites
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Figure4.11: BET surface area plots of capped (a) Dy:ZnNiO
(b) Ce:ZnNiO nanocomposites

BET plot of all the capped and uncapped samples anersim figures [4.9 (a, b)
4.10 (a, b & ¢), 4.11 (a, b)] and surface area ¢aled from this plot is tabulated in

table 4.1. Determination of surface areas from the Biebry is a straightforward

application of the BET equation. This results showsahahe capped samples have

high surface area compared to uncapped samples due &ffdict of poly vinyl
pyrrolidone (PVP). PVP protects the particles fromlaggration and formed small
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size particles compared to uncapped ones. Surfaceotith@ particles increased

when size decreased in the nanometer range.

Sample Surface area{fy) | Average pore siz§ Pore volume

BET (S) (hm) (cn/g)
BET BJH

ZnNiO 3.8981+0.022 | 24.51| 25.67 0.0237
ZnNiO/PVP 23.4802 £0.043 | 19.91 18.48 0.1171
Al:ZnNiO 34.8653 £0.240 | 12.02 12.74 0.0102
Cu:ZnNiO 22.1434 £ 0.068 | 19.38 17.27 0.0107
Pd:ZnNiO 13.7017 £ 0.072 | 21.83 20.92 0.0745
Dy:ZnNiO 10.1071 + 0.064 16.2 16.09 0.0408
Ce:ZnNiO 29.1680 +0.180 | 11.09 11.13 0.0799

Table 4.1: Calculated surface area, average pore size fromasid
BJH method and pole volume of the samples

4.4  Determination of total porevolume and average poreradius

The total pore volume is derived from the amount ofovagudsorbed at a relative
pressure close to unity (R/R1), by assuming that the pores are then filled with
liquid adsorbate. The volume of nitrogen adsorbeghid\¢an be converted to the

volume of liquid nitrogen (W) contained in the pores using this equation

V

liq

=PV_V, /RT (4.3)

Vm is the molar volume of the adsorbate. The average gipeecan be estimated

from the pore volume.

r=2V,/S (4.4)
p

lig

S is the BET surface area of the sample. Calculatezlgipe and pore volume of the

samples listed in table 4.1.
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45 Poresizedistribution (PSD)

Porosity is defined as the ratio of the volume of paed voids to the volume
occupied by the solid and powder porosity is the ratigolume of voids plus that
of open pores to the total volume occupied by the deowlf cylindrical pore

geometry can be assumed, the average pore diameterafspmaterials can be

calculated by the following relation

N

D=———
SBEr_Saq

(4.2)

The total surface areé&q., can be calculated either from the BET-method amfte

plot [11-12]]. The total pore volume, V, is derivetbrh the amount of vapour
adsorbed at pfclose to one. The pore size distribution (PSD) isdib&ibution of

pore volume with respect to pore size. The pore-sstelalitions were calculated
from the data of the desorption branch of the isothesing the Barret-Joyner-
Halenda (BJH) method. BJH pore size distribution otapped and all capped
samples shown in the inset plot of Fig [4.5, 4.6, 4.8, 4.9, 4.10 & 4.11]. The

average pore size and pore volume of the samples are shoable 4.1.
451 t-Plot

Microporosity includes the specific surface argarSexternal surface area and pore
volume. These parameters of the samples were determinasingythe t-plot. The
procedure is same as BET surface area measurement, Btents the pressure
range to higher pressures to permit calculation ofettiernal surface area, that is,
non-microporous part of the material. The t- Plot metisaattributed to Lippens and
De Boer [13-14]. They proposed the plotting of tliteogen adsorbed volume (v) at
different P/B values as a function of the layer thickness (t). Eseilting curve is
compared with the experimental isotherm in the form @idt. The slope of the t-
plot, V/t, is equal to the external area. The modlelnas separating the micropores
from meso, macro and outside surface. This separatidnsgatted by the equation
[15].
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V(P/R) = V(micro) + kS, (P/P) (4.2)

The layer thickness t values are calculated as a amofide Boer equatiol

t = [13.99/( 0.034 log P/ P,)]“?
[ ( og o)] (4.3)

t- plot of the samples are shown in figures [4.12(a, &d3(a, b & ¢), 4.1(a &
b)] and the surface area calculated fri-plot is shown in table 4.2. Micropore al

is not observed in Al:ZnNiO and Ce:ZnNiO nanocompo:
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Figure 4.12: t-Plot of (a) uncapped ZnNiO nanocomposite
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Figure4.13: (a) t-Plot of capped Al:ZnNiO nanocomposites

65



4 ]
0.4 - P
s .I_.'
= 2
2 " ApNiPdO 7
g e T -
g Limear fitiing
= 034 P
£ .
§
o
= -
E .
E C' 2 - - =
= Shope: BOG3R4E £ 0000813
L p
o~
o1 r . - r ;
i 4 ] B 10

Thickness

Figure4.13: (b) t-Plot of capped (b) Pd:ZnNiO nanocomposites

0.8 5
L |
@ . ®  faNiCul -
!, oy T i T
E Lincm |I-1ll-ll,|!|:. i
= - -
= 4
]
g ]
< 04 - »
= -
2 -
E L]
Cr Shope: (ROSGTRG & (L0155 mmolg A
0.2+ 4
T L] N L N I ¥ L]
2 4 & 8 1
Thickness
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Sample Micropore area| External area Micropore
(m?/g) (m?/g) volume
(cm/g)
ZnNiO 0.3585 3.539 0.00016
ZnNiO/PVP 1.4929 21.987 0.00055
Al:ZnNiO No micropore 34584 | @ -
Cu:ZnNiO 2.4555 19.687 0.00010
Pd:ZnNiO 1.9667 11.735 0.00092
Dy:ZnNiO 0.3899 9.717 0.00014
Ce:ZnNiO No micropore 31.115 | = -

Table4.2: Calculated micropore area, external area ancmice volume
of the samples from t-plot

46 Conclusion

The specific surface areas of the uncapped and ceggedles were determined
from nitrogen adsorption /desorption isotherms at 7&idgia Micrometrics ASAP
2020 Surface Area and Porosity Analyzer. The isothbysteresis loop of the
uncapped sample shows that it is not mesoporous but ghedapamples are
mesoporous with low pore size. Pore size changed wifgrelt catalysts. Surface
passivated Al:ZnNiO and Ce:ZnNiO are mostly mesoporiis »ero micropore
area. These results focus that, these capped samples aiecgtalyst with

mesoporous nature and high surface area.
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Chapter 5

Capping effects on magnetic
properties

5.1 Introduction

The study of magnetic nanoparticle is a subject ofnsite research from the
viewpoint of probing their magnetic behaviour, (siaed surface effects [1-6],
guantum tunnelling of magnetization [7]) and pradtsignificance (high density
magnetic recording media [8-10], giant magneto-resstsensors [11] and
ferrofluids [12-14]). The magnetic behaviour of naaxicle has a marked
dependence with decrease in particle size and tfecsugffects [15]. Nanoparticles
with large surface to volume ratio, the surface-spimetir arrangements may
eventually modify the magnetic properties. This spinrdisois caused by lower
coordination of the surface atoms, broken exchangedorhis broken exchange
bonds produce a spin-glass like state of spatially diseddéanted) spins in the
surface cations with high anisotropy surface layer. diserder manifests strongly
in nanocrystalline metaloxides, where the super-exaarigraction occurs through
the oxygen ions. The absence of oxygen ions from tHacguteads to the broken

exchange bonds that induce surface spin disorder. Teigontribution of surface

70



effects is essentially due to breaking of symmetry ofl#tice that result in site
specific anisotropy of unidirectional character, l@molex-change bonds, and weak
exchange interactions. The result of which is that retigmtion at the surface is
smaller than the core. It would be expected thanthgnetization vector will point
along the particle anisotropy axis in the core of plaeticle and would gradually
change the direction on approaching the surface.

Recent observations compel one to infer that therdgignetism obtained in
semiconductors does not rely exclusively on the loddlim®ments in magnetic
ions, but can also be leading to magnetic moments gedeha¢ to the defects [16,
17]. Others proposed room temperature ferromagnetism (RTFNdg tassociated
with holes in the d shell due to charge transfer [3Bffom the Zn atom at the
surface to the capping agent. In case of doped Zn6, K& usually believed that
dopant induced defects contribute to RTFM [24-26].spite of the considerable
efforts undertaken to understand the optical and nimgpeoperties of the
ferromagnetic materials, the detailed underlying meshanis still not clear.
Compared to the conventional diluted magnetic semiatodsj one obvious
advantage of Hferromagnetism is that clusters or secondary phases fdwnéte
dopant do not contribute to magnetism [27].

5.2 Resultsand Discussion

M-H hysteresis loop of the polymer capped and uncagipdO are shown in fig
[5.1 (a) & (b)]. From the M-H hysteresis loop, it isaiehat uncapped ZnNiO with
small coercivity and remanent magnetization, whicldser to the conditions of the
superparamagnetic state (SPM) with some single domain ¢&Dulti-domain
(MD) grains. Superparamagnetic particles exhibit moamence or coercivity. The
shape of the hysteresis loop is thus extremely thin. §Rlihs show a very steep
initial rise in magnetization with field and then anagradual increase to saturation.
However a mixture of mostly superparamagnetic grains sotne SD or MD grains
has Mr/Ms« 0.01. The values of saturation magnetizatiog) (Koercivity (H) and
Retentivity (M) are 0.01585 emu/g, 58.661G and 149.18%dMu/g respectively.
Here, the Mr/Ms ratio, 0.009 confirms superparamagniegicaviour with multi

domains. Loops for single domain materials are typicailemthan loops for multi
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domain materials. This is just a reflection of the higtwercivity and remanence in
single domain materials. Polymer capped ZnNiO showed raemperature

ferromagnetism with high coercivity and higher retatyti compared to uncapped
samples. Calculated ratio of retentivity and magnébisgiVir/Ms) is greater than
zero. So the cause of anisotropy is intrinsic. Theesabf Magnetization, retentivity

and coercivity of the capped and uncapped ZnNiGhosvn in table 5.1
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Figure5.1: (a) Room temperature M-H Hysteresis loop of ZnMiithout capping
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Figure5.1: (b) Room temperature M-H Hysteresis loop of cappeNiO
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Room temperature ferromagnetic hysteresis loop of Al:ZnNCu:ZnNiO and
Pd:ZnNiO nanocomposites with polymer capping are shiowig. 5.2 (a), (b) and
(c). From the figure it may be noted that polymer cappatboamposites exhibit
room temperature ferromagnetisirhe coercivity is influenced by the coupling of
the particle.Ferromagnetism in dilute magnetic semiconductors is comsider
originate from either the exchange interaction betw#he holes and electrons from
the valence band and the localized d spins on thsiti@an metal ions and the origin
of ferromagnetism in ZnO nanoparticles may be relatededd defects, since they
can initiate a lattice defect or vacancy inducedeang leading to the magnetism in
the system. Calculated saturation magnetization, adgr@nd retentivity of the

samples is shown in table 5.1.
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Figure5.2: (a) Hysteresis loop of polymer capped Al:ZnNiO oeomposites
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Figure5.2: (c) Hysteresis loop of polymer capped Pd:ZnNiOatamposites

Room temperature hysteresis loop of surface passivatethes@arth metals (Dy,
Ce) doped ZnNiO nanocomposites [Dy:ZnNiO and Ce:ZnNif@]shown in fig 5.3
(a) and (b).These samples show ferromagnetic behavitluhigh magnetization,

coercivity and retentivity than undoped and passtvanNiO. This suggests that
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Ce:ZnNiO, Dy:ZnNiO nanocomposites are good material ferroelectric
applications. The shape of the hysteresis loop confirastiiis material is a good

ferromagnetic material with multi-domains [narrow loop].
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Figure5.3: (a) Hysteresis loop of polymer capped Dy:ZnNiOawmposites
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Figure5.3: (b) Hysteresis loop of polymer capped Ce:ZnNiOatamposites
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Compound | Magnetization | Retentivity Mr/Ms | Coercivity
(My) (emu/g) | (M,) (emu/g) ratio (Ho) (G)

ZnNiO 0.0158 0.00015 0.094 58
ZnNiO/PVP 0.0295 0.000519 0.176 172
Al:ZnNiO 0.5342 0.16146 0.303 219
Cu:ZnNiO 0.1904 0.01661 0.087 152
Pd:ZnNiO 0.0594 0.00640 0.107 153
Dy:ZnNiO 1.4330 0.28522 0.199 212
Ce:ZnNiO 0.3930 0.10112 0.254 201

Table 5.1: Magnetization, Retentivity and Coercivity of unpad and capped ZnNiO,
Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO and Ce:ZnNi@anocomposites

5.3 Antibacterial studies

Intrinsic properties of ZnO nanoparticles are mostlgrabterized by their size,
crystallanity and morphology. Reducing the size tconagter scale can modify their
electrical, structural, optical and magnetic propgsttiZznO is currently investigated
as an antibacterial agent in nanoscale formulationoMézed ZnO can interact with
the bacterial core or surface and subsequently dghlstinct bacterial mechanisms.
The antibacterial action of the material mainly defgeon the production of reactive
oxygen species on the surface of the nanoparticlesie@mine their ability as an
antibacterial agent, generally depends on the reaottygen species (ROS) which
is mainly attributed to large surface area and enfthrmogygen vacancies. The
superoxide, hydroxyl radical and hydrogen peroxidietging t the ROS group can

damage to DNA and cellular proteins and can lea@ltaleath.

Preparation of bacterial cultures

Antibacterial activity was determined by disc diffusimmethod against bacteria
Pseudomonas aeruginosa (Gram negative) MTCC 2642 (Gigativeg MTCC 896
using PVP capped ZnNiO, uncapped ZnNiO, Al:ZnNiOZ»NiO,Cu:ZnNiO,
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Dy:ZnNiO and Ce:ZnNiO nanocompoites. These samples susggended in sterile
dimethyl sulfoxide (DMSO) and constantly sonicated luatuniform suspension
was formed. Luria bertani (LB) agar medium was prepaigdi poured into petri
dishes. After solidification, LB plates were streakethwest bacterial strains 2—3
times by rotating the plates at’68nhgles for each streak to ensure the homogeneous
distribution of the inoculums. After inoculation, steridiscs (6 mm Hi-Media)
loaded with photo activated test samples were placetiebacteria-seeded plates
using sterile forceps. Simultaneously, DMSO loaded d&s uwsed as a control and
the plates were incubated at’°G7 After 24 h incubation, the zones of inhibition
were measured and the assays were performed in triplicate

Antibacterial activities of nanocomposites against Pseudomonas bacteria

Nanocomposites were studied to explore their utilityagsotential candidate for
biological applications due to their nontoxicity. this work uncapped ZnNiO,
capped ZnNiO and all the doped nanocomposites (Al:@nNPd:ZnNiO,
Cu:ZnNiO, Dy:ZnNiO and Ce:ZnNiO) were tested agaPstudomonas aeruginosa
bacteria using disc diffusion method and the size ofitibited zone formed
around each disc. Fig. 5.4(a) and (b) shows phqgtbgraf antibacterial activity of
capped ZnNiO and uncapped ZnNiO nanocomposite agasgtdomonas bacteria
respectively. Among this uncapped ZnNiO show highesbacterial activity (29
mm) than capped ZnNiO nanocomposite. The greater nuofbezactive oxygen
species is mainly attributed to the diffusion abilitytleé reactant molecules and the
formation of more oxygen vacancies. After surface passivaxygen vacancies are
decreased in capped ZnNiO than uncapped ZnNiO namuxsite. Fluorescence
spectra of the uncapped ZnNiO show an increased &igihbission (green emission)
due to the increase of oxygen vacancies. This is aro@tfon for enhanced oxygen

vacancies in uncapped ZnNiO.
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Figure5.4: (a) Photographs of antbacterial activity of (g)med ZnNiO and
(b)uncapped ZnNiO nanocomposites respectively.

Figure5.5: Photographs of antibacterial activity of (a) AhMIO and (b) Pd:ZnNiO
(c) Cu:ZnNiO (d) Dy:ZnNiO (e) Ce:ZnNiO nanocompesit
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Minimum Inhibitory Concentration
Compound Pseudomonas aeruginosa
MIC Activity Activity MIC
(200 po) (mm) (mm) (100 po)

ZnNiO 0.855 29 18 0.820
ZnNiO/PVP | 0.890 22 16 0.840
Al:ZnNiO 0.895 21 15 0.915
Pd:ZnNiO 0.865 27 23 0.770
Cu:ZnNiO 0.915 17 15 0.850
Dy:ZnNiO 0.860 28 18 0.820
Ce:ZnNiO 0.910 18 14 0.860

Table5.2: Calculated antibacterial activities and MIC ofth nanocomposites.

Antibacterial activity of all the doped nanocompasitgAl:ZnNiO, Pd:ZnNiO,

Cu:ZnNiO, Dy:ZnNiO and Ce:ZnNiO) are shown in Figb®), (b),(c),(d) & (e).
Among all the ddoped nanocomposites Al:ZnNiO and Dy:iZhNanocomposites
has the maximum antibacterial activity against Pseudonizasria.

Minimum inhibitory concentrations (MIC) were calculdtey subtracting the
zone of inhibition from the sample and the whole dddidby the concentration of the
sample and the diameter of the inhibition on arouruth eisc was measured in mm
after 24 hrs.

Concentration of the test sample—Zone of inhibition in mm

MIC =

Concentration of the test sample

Antibacterial activity and minimum inhibitory concesion of all the

nanocomposites are shown in table 5.2.

5.4 Conclusion

The surface layer magnetic moment anomalies may be dbeoken exchange

bonds and high anisotropy layer on the surface. Thiéseteare more intense in
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case of metaloxides because of the super-exchangacinbers through the oxygen
ions. The presence of another atom in the form of impor an absence of the
oxygen ions at the surface leads to the breakage eofstiper-exchange bonds
between the magnetic cations, inducing a large surfe disorder. If the
surfactant molecules adsorb on the surface and th&aie involved can no longer
participate in the super-exchange interaction, spimnipg occurs. The
superparamagnetic behaviour of non-capped ZnNiO malubdo the small size of
the particle. All the capped particles are showedofeagnetic nature, may be
originated from either the exchange interaction leetwthe holes and electrons from
the valence band and the localized d spins on timsiti@n metal ions or may be
related to the ® defects. This ferromagnetism of the samples may lead to
applications in industries. Antibacterial activity teef the samples against
pseudomonas bacteria show that after surface passivdgoactivity was decreased
due to the lack of oxygen vacancy. Adjunction ofdPd Dy in ZnNiO activity was

increased than other capped nanocomposites.

80



References

[1] R. D. K. Misra, A. Kale, R. S. Srivatsava, O. Senkighater. Sci. Technol.

[2]
[3]
[4]
[5]
[6]

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

19 (2003) 826.

R. D. K. Misra, A. Kale, B. Hooi, J.Th. DeHossdMater. Sci. Technol. 19
(2003) 1617.

A. Kale, S. Gubbala, R. D. K. Misrd, Magn. Magn. Mater. 277 (2004) 350.
T. Sato, K. Haneda, M. Seki, T. ljimappl. Phys. A, 50 (1990) 139.

R. H. KodamaJ. Magn. Magn. Mater. 200 (1999) 359.
A. E. Berkowitz, R. H. Kodama, S. A. Makhlouf, F. Harker, F. E. Spada,

E. J. McNiff Jr., S. Foned. Magn. Magn. Mater. 196 (1999) 591.
E. M. Chudnovsky, L. GunthelPhy. Rev. Lett. 60 (1988) 661.

F. T. Parker, F. F. Spada, T. J. Cox, A. E. Beikgw. Magn. Magn.Mater.

162 (1996) 122.
R. W. Chantrell, K. O'Grady, et al., in: R. Gerl{&d.), Applied Magnetism,
Kluwer Acadamic Publishers, Dordrecht, the Netherla(i894)113.

G. C. Hadjipanayis, G. A. Prinz, G. C. HadjipanaysA. Prinz (Eds.),
Science and Technology of Nanostructured Materidénu Press, New
York, 1991.

S. S. Perkins, N. More, K. P. RoclRiys. Rev. Lett. 64 (1990) 2304.

D. K. Kim, W. Voit, W. Zapka, B. Bjelk, M. Muhammed,.K/. Rao,
Mater. Res. Soc. Symp. Proc. 676 (2001) 321.

P. C. Fannin, A. Slawska-Waniewska, P. Didukh, A.n@imics, S. W.
CharlesEur. Phys. J. Appl. Phys. 17 (2002) 3.

M. H. Sousa, F. A. Tourinko, J. Depeyrot, G. J. daaSM. C. F. Lara.
Phys. Chem. B 105(2001) 1169.

M. E. McHenry, D. E. LoughinActa Mater. 48 (2000) 223.

M. Venkatesan, C. B. Fitzgerald, J. M. D. Coldgture 430 (2004) 630.

A. Sundaresan, R. Bhargavi, N. Rangarajan, U. Siddend C. N. R. Rao,
Phys. Rev. B 74 ( 2006) 161306(R) .

81



[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

S. Bannerjee, M. Mandal, N. Gayathri, M. Sardappl. Phys. Lett. 91
(2007) 182501.

P. Crespo, R. Litra'n, T. C. Rojas, M. Multigner,M. de la Fuente, J.
C.Sa’'nchez-Lo’pez, M. A. Garci'a, A. Hernando, Sndée’s, A.
Ferna’ndezPhys. Rev. Lett. 93 (2004) 087204.

M. A. Garcia, J. M. Merino, P. E. Ferna’'ndez Pirel,Quesada, J. de la
Venta, M. L. Rur'z Gonza'lez, G. R. Castro, P. Cresphd.lopis, J. M.
Gonza ‘lez-Calbet, and A. Hernand@no Lett. 7 (2007) 1489.

K. Potzger, S. Zhou, J. Grenzer, M. Helm, and J. fesmtdy, Appl. Phys.
Lett. 92 (2008) 182504.

C. Madhu, A. Sundaresan, and C. N. R. Ralys. Rev. B 77 (2008)
201306(R).

H. Pan, J. B. Yi, L. Shen, R. Q. Wu, J. H. YangYJLin, Y. P. Feng, J.
Ding, L. H. Van, and J. H. YirRhys. Rev. Lett. 99 (2007) 12720.

K. W. Liu, M. Sakurai, M. AonoJ. Appl. Phys. 108 (2010) 043516.

D. Y. Inamdar, A. D. Lad, A. K. Pathak, I. Dubenkid, Ali, and S.
MahamuniJ. Phys. Chem. C 114 (2010) 1451.

D. Gao, J. Zhang, G. Yang, J. Zhang, Z. Shi, JZQZhang, and D. Xuéd,
Phys. Chem. C 114 (2010) 13477.

K. Yang, R. Wu, L. Shen, Y. P. Feng, Y. Dai, andHBiang,Phys. Rev. B,
81 (2010) 125211.

82



Chapter 6

Effects of capping agent on
optical properties

6.1 Introduction

Zinc oxide is an excellent semiconductor and its ptogee have been extensively
studied since the early days of semiconductor techyold]. More than its bulk

usage, nowadays zinc oxide has been widely useddatrieleptic industry, thanks to

the unprecedented level of research work going @h thiese metal oxides. Its bulk
and nanoform have many interesting features. Among #neus metal oxides,

nanoparticles of ZnO have a vast range of applicatextending from cosmetics to
electronics. Owing to its wide band gap (3.36 eVigdaexciton binding energy
(~ 60 meV) and reasonably good bond strength, it isidered as a very good
material for short wavelength opto-electronic appices. The quantum size effects
shown by the nano materials have made them more atgaatist aroused great
interest in recent years. Due to the remarkable ptiepeexhibited by the nano
structures, researchers have been pondering over ritieesis and characterization

as well as device applications using ZnO and its reledetpounds. A great deal of
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work has been going on elucidating the emission progedsénO and its related
nano structures near band edge to make sufficientigbsel emitters as well as
light detectors in the visible-UV region.

Generally, ZnO exhibits near band edge UV emissiom ffcee exciton
recombination with abroad visible emission which origgsafrom intrinsic or
extrinsic defects [2-7]. In order to fabricate highcgent optoelectronic devices, the
deep level emissions (DLE) in the visible region shdndatliminated. Ritchers et al.
have studied the PL properties of ZnQ@d core—shell nanowires and found that,
near band emission (NBE) at low temperature was enhabgeslippressing deep
level emissions [8].Hong et al. reported the study of annealing effecttioe
property of UV emission and green emissiGheol Hyoun Ahn, et al. have made a
comparative analysis of deep level emission in ZnO layersamples deposited by
various methods and they finally concluded that, ttosvth methods as well as the
growing conditions have remarkable impact on the degpl emission [9]. In
addition, hydrogenation can also found to improvecapiproperties by decreasing
deep level emission [10]. The surface modified nanapestihave been found to
exhibit significantly strong UV emissions as well as tlorder non- linear optical
properties. Capping the nanoparticles by a suitablgmmy could be effectively
demonstrated in the suppression of deep level emissionsgccadoy oxygen
vacancies [11]. Polymer capping has also been dema@tst@atsuppress deep level

emission with enhanced UV emission [12- 13].

6.2 Diffuse reflectance spectra (DRS)

Diffuse reflectance spectra of the nanocomposites wexeacterized by using UV-
Vis NIR spectrophotometer (JASCO V 550 UV/Vis) in thawelength range from
300-600 nm. Room temperature UV-vis/diffuse reflectaspectra of the uncapped
and PVP capped ZnNiO nanoparticles are presentedign6R. The exciton
absorption edge wavelengths of capped ZnNiO (~368 isngubstantially blue
shifted compared to uncapped ZnNiO (~384 nm) nanocotegodihis blue shift is
due to the strong confinement effect [14]. Anothdiedence between the uncapped

and capped ZnNiO is the appearance of a bump ardaéhdm for uncapped sample
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and is due to the exciton absorption from large namicfes from the composite. It
is well established that particle size calculated froRDXis well matched to the
particle size estimated from the excitonic absorpticekdeased on effective mass
approximation [15]. Diffuse reflectance spectra of fe&ZnNiO, Cu:ZnNiO and
Pd:ZnNiO nanocomposites are shown in Fig. [6.2 (a)af) (c)] and Dy:ZnNiO
and Ce:ZnNiO are shown in Fig [6.3(a) and b)]. Galleparticles exhibit blue shift
of excitonic peak in the absorption spectra [16].cEtn-phonon coupling, lattice
distortion and localization of charge carriers duegtint defects are perhaps the
main causes for the red shift of the absorption edgenwbenpared to pure ZnO
(3.47 eV). Here observed the red shifted near bagd ethission, which on similar
lines are probably due to preferential emissions ofafge sized nanorods. This in

fact confirms the presence of such large rods, as olisen®EM image.

—u— Capped ZnNiO
804 |—=— Uncapped ZnNiO

60 -

R%

40

r T r T .
300 400 500 600
Wavelength (nm)

Figure6.1: UV-vis/diffuse reflectance spectra of the uncapaed
polymer capped ZnNiO nanocomposites
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Figure 6.2: UV-vis/diffuse reflectance spectra of the polyroapped
(a) Al:ZnNiO (b) Pd:ZnNiO (c) Cu: ZnNiO nanaoposites
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Figure 6.3: UV-vis/diffuse reflectance spectra of the polyroapped
(a) Dy:ZnNiO (b) Ce: ZnNiO nanocomposites



6.2.1 Particle size deter mination

From the diffuse reflectance spectra, average pagizk has been confirmed by
using the relation following the hyperbola band mgiié].

(ZHZhZEgb)
R= 6.1)

(m*[EZn—E2,])

Here 2R corresponds to the particle sizg, &d En represents the bulk bandgap
and nanopatrticle bandgap (calculated from the akearptige, as shown in fig. 6.1,
6.2 and 6.3) respectively and m*, is the effective mRasticle size, assessed from

both XRD and absorption edge, are well matching.
6.2.2 Bandgap determination

Using the Kubelka-Munk treatment on diffuse refleceaspectra of the samples, it
is possible to extract their bandgap unambiguously.rBétation of bandgap is an
important feature for selecting these materials inoelpttronics. The optical
bandgap of the nanocomposites was determined by appkirngelka-Munk

function.
F(R) = (1-R§/2R = K/S (6.2)

where, R is the reflectance, K is the molar absorptoefficient and S is the
scattering coefficient. The Kubelka-Munk theory pcesl a linear relationship
between the intensity of spectral lines and conceitraif the scatterer when it
encounters almost uniform scattering in non-absorbingdiume Since the particles
sizes of the nano-composites prepared are small andmnifoa great extent, the
Kubelka-Munk model could be applied for the determamaof band gap using the
reflectance spectra. Using the Tauc-plot [R()lvs v, the semiconductor band
gap is determined. An extrapolation of the lineaice®f a plot of [F(t)k]* on the

Y axis, versus Y1 ,0n the X axis, gives the value of the optical bapd§. The

calculated bandgaps, from diffuse reflectance spectr&\@® capped ZnNiO

nanocomposites and all doped ZnNiO nanocomposites wergl film be less than

87



that of bulk ZnO. Reduction in bandgap is causedbypresence of occupied Ni 3d
states, this 3d states raises the valence band maximumvestihtpthe conduction
band minimum [18]. Researchers note that band gapaisesewith reducing particle
size [19, 20], but here we have observed a reducedgba that is only due to Ni
doping. Furthermore, the observed redshift in the bedgle for Ni doped ZnO
nanoparticle is attributed to the increasing sp-d amgh interactions between the
band electrons and the localized d-electrons of t5é ibns. Band gap reductions
are controlled by the surface of the nanoparticlatiice strain, and vacancies.
[F(t)hv]? vs hv plots of the polymer capped and uncapped nanocomgeasieshown
in fig 6.4, 6.5 and 6.6.

160 -
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[F(tyhvi”
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Figure 6.4: [F(t)hu]? vs hv plots of (a) uncapped ZnNiO
(b) polymer capped ZnNiO nanocomposites
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Figure 6.5: [F(t)hv]? vs ho plots of polymer capped (a) Al:ZnNiO
(b) Pd:ZnNiO (c)Cu:ZnNiO nanocomposites
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Figure 6.6: [F(t)hv]? vs hv plots of polymer capped (a) Dy:ZnNiO
(b) Ce:ZnNiO nanocomposites
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6.2.3 Urbach energy deter mination

The width of the defect bands formed as an intermediate in the band gap
ZnO can be determined from the reflectance sp. These defect band states cre
a band tail extending from the lower of conductiamd tc deep down of band ga
and similarly, the defect states very near to the caldérand also smear the valel
band edge deep inside the gap. Therefore, on bots 2é the valence bat
maximum and conduction band minimum, an energy tail imédr This dfect tail
is known as the Urbach tail, and the energy assoardtbdhis defect tail is referre

to as Urbach energy.

Utbach il _ AE, AE,

AE, = AE_- AE,

Figure6.7: Schematic diagram of Urbach tail formation

Urbach energy often refers to the exponential sldpmptical absorption cta in the
bandgap, which arises from the convolution of then@deband with the conductic

band tail. Urbach energy ) is calculated by using the equatien= o, exp(E /E, )

[21], wherea is the absorption coefficient and E is the photorrggnef the sample
Generally band gap reductions are controlled by stdace properties of tf
nanoparticles, lattice strain, and vacancies in tiey lnd the material. The Urbac
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tail decays exponentially into the bandgap of theenmlt with Urbach energy E
The defects which are created mainly by making dewiatfrom ideal stoichiometry
will change the magnitude of Urbach energy. Cal@ad values of urbach energy

and bandgap of all the samples are shown in table.
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Figure6.8: In[F(R)] vs hy plots of (a) uncapped ZnNiO
(b) polymer capped ZnNiO nanocomposite
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Figure 6.10: In[F(R)] vs hv plots of polymer capped (a) Dy:ZnNiO
(b) Ce:ZnNiO nanocomposites

Sample Bandgap(eV) Urbach energy (eV)

ZnNiO 3.186 0.294
ZnNiO/PVP 3.241 0.128
Al:ZnNiO 3.239 0.118
Cu:ZnNiO 3.209 0.250
Pd:ZnNiO 3.214 0.320
Dy:ZnNiO 3.199 0.217
Ce:ZnNiO 3.182 0.227

Table 6.1: Calculated bandgap energy and Urbach energy
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6.3 Fluorescence spectra

Fluorescence is a very effective method for the ingastn of the intrinsic point
defects in the sample responsible for visible and UV emrmsfoom temperature
fluorescence spectra of the nanocomposites were castiedy a fluorescence
spectrometer (SPEX F212) excited at exciton wavehem§t325 nm. Fig 6.13
shows the fluorescence spectra of capped and uncappé® fHranocomposites.
Capped sample evince two emission bands (one is at ~ 866&hd other is at ~
390 nm in the ultraviolet region. This ultravioleean band edge emission is
attributed to the recombination of free excitons. Théfluorescence peak is quite
weak in case of uncapped one but this is strongppezhnanocomposites [Fig.6.13]
due to the quenching of visible emission. The strongréiscence emission observed
in this case demonstrates the good quality of the samuglé¢o surface passivation.
Near band edge emission of the capped samples extemdle€lirt emission in the
violet —blue region. Excited electrons in the cartaiin band relax to the zinc
interstitials band through non-radiative transitiod #men transit to the valence band
which makes violet emission in ZnO. Electronic transifimm donor energy level
of zinc interstitials to acceptor level of zinc vac&s is responsible for blue
emissions. Normally strong violet emission indicates thah ligncentrations of
zinc interstials exist on the surface. Schematic diagrhenergy level transitions
are shown in fig 6.11. In the case of capped ZnNi®tighly enhanced violet-blue
emission may be due to the effect of PVP because PVPhiesea blue emission
[Shown in fig 6.12]. Emission of ZnNiO and blue emission of PVP combined
together and results highly enhanced UV extended datnission in capped ZnNiO
nanocomposites. The double peak emissions in the uleavegion are associated
with ground state emissions from islands in different siamdhes [22]. Surface
passivation effects have significantly enhanced the désssion with reducing
surface defects [23-24]. This in turn suppresses thgesxyacancy related green
emissions by surface passivation in this case, becauseroxggancies are mainly
located at the rod surfaces. So | got a suppressedaletgmission with enhanced
UV emission [Fig.6.13]. This highly intensed double peakission in UV region
enhanced their applications in UV emitters. The samsdtseare repeated in case of
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capped ALZnNiO, Pd:ZnNiO, Cu:ZnNiO, Dy:ZnNiO and e@nNiO
nanocomposites [Fig. 6.14, 6.15 (A) & (B), 6.16 (AYB) , 6.17(A) &(B) ].

: Blue
UV-Violet @'
_‘_VO+ Violet-1
VB (0) 0
| — | —— |
(360-385 nm) (385-410 nm)

Figure6.11: Schematic diagram of energy level transition
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Figure 6.12: Fluorescence spectra of polyvinyl pyrrolidone (VP
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Figure 6.13: Room temperature fluorescence spectra of (a) ZnNiO
(b) ZnNiO-PVP nanocomposite in the UV region
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Figure 6.14: Room temperature fluorescence spectra of (a) ZnNiO
(b) ZnNiO-PVP nanocomposite in the visible region
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Figure6.15: (A) Room temperature fluorescence spectra (a) @nNi
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Figure6.15: (B) Room temperature fluorescence spectra (a) @n(d) Pd: ZnNiO and
(c)Al: ZnNiO nanocomposite in the visible region
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Figure6.16: (B) Room temperature fluorescence spectra (a) @nfti) ZnNiO-PVP and
(c) Cu:ZnNiO nanocomposite in the visible region
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Figure6.17: (A)Room temperature fluorescence spectra of (&i@n(b) ZnNiO-PVP
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Figure6.17: (B) Room temperature fluorescence spectra of i&i@ (b) ZnNiO-PVP
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6.3.1 Fluorescencelifetime

Fluorescence lifetime decay measurement is an exceptiooh in biology,
chemistry and physics for investigating the dynamics oited states. Fluorescence
lifetime of the fluorophore is determined by using timemain and frequency
domain data acquisition methods. Instrumentation andatapaisition methods for
time domain and frequency domain methods are differenbbth approaches are
mathematically equivalent and data can be intercoedéhrough Fourier transform.
In time domain approach, sample is excited with a shdsepof light < 2 ns
from the flash lamp, pulsed lasers, laser diodes with siriticlelay between pulses.
A variety of fluorescence detection methods are availtor lifetime measurements
but time-correlated single photon counting TCSPC hasmced quantitative photon
counting. Avalanche photodiodes are used to recasdithe dependent distribution
of emitted photons after each pulse. The fluorescefectrhe is calculated from the

slope of the decay curve according to the equation

F(t)=Fe"” (6.1)
Where F, is the intensity at time t=0 and t is the time aftesoaption.

Fluorescence decay spectra of the samples were recatd8d5 nm excitation
wavelength at room temperature. Fluorescence lifetoinghe particles mainly
depends on the excited state from which the electransition starts. All
fluorescence processes have a common excited states,tiia¢ conduction band
edge. If the electrons in conduction band edges edlar the deep levels and
combined with holes captured from the valance bdndrdscence life time would
be in the range of nanoseconds otherwise condugéind electrons first relaxed to a
shallow donor level and then combined with holes tease photons, then lifetime

of fluorescence would be up to several hundred obseconds [25].
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Figure 6.18: Fluorescence decay curve of uncapped ZnNiO nanoacsite
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Figure 6.19: Fluorescence decay curve of polymer capped ZnNi@ZnNiO,
Pd:ZnNiO and Cu:ZnNiO nanocomposites
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Figure 6.20: Fluorescence decay curve of Dy: ZnNiO and Ce:Znh&@ocomposites

Fluorescence life time exponential decay curve ofymper capped ZnNiO and
Cu:ZnNiO nanocomposites are shown in fig.6.20. Theseammposites have life
time in the range of 16 -16.71 ns and is tabulatedble 6.3.
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Compound 11 (NS) T2(NS) Tavd NS)
ZnNiO 1.42 30.76 16
ZnNiO-PVP 1.673 31.749 16.71
Al:ZnNiO 1.661 31.295 16.53
Cu:ZnNiO 1.568 31.749 16.55
Pd:ZnNiO 1.554 31.551 16.56
Dy:ZnNiO 1.773 26.563 14.14
Ce:ZnNiO 1.614 31.119 16.36

Table 6.2: Calculated lifetime of the samples

6.4 Correlation between particle size and bandgap energy

In the parabolic band structure the bandgap enemgyadsorption coefficient are

related through the equation

ahv=C,(hv-E, )2

When the material scatters in the diffuse manner K-Bbgition coefficient S is

constant. Using the re-emission function, obtaineddhewing equation
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[F(R)] =C,(hv-E,) 6.3)

After obtaining F(R,) and plotting[F(R,)hv]?againshy , the bandgap of the

sample can be extracted.
Absor ption spectra fitting procedure and Brus equation

In crystalline semiconductors, the absorption coefficeerd incident photon energy

were related by the equation
a(v)hv = B(hv-E_ )" (6.4)

Where E ., andB are the optical bandgap and constant respectivdly) is the

absorption coefficient defined by Beer-Lamberts law.
a(v)=2.303<Abs (1 ) /d (6.5)

d is the thickness of the film. In ASF method, we caitenequation (6.3) as a

function of 1

1 1
1) = B(ho)™* A(= ——=)" )
a(A) = B(hc) (/1 /19) (6.6)

Using Beer-Lamberts law, it is possible to re-write theve equation as

Abs(1) = Bl(z){%—/ﬂ +B, 6.7)

Where Bl:[B(hC)"”xd/Z.BO?J and B,is a constant. Using this equation | have

calculated the optical bandgap by ASF method witliiiskness E* =1238.7 /4,
1/m
, the value of2, can be calculated by extrapolating the linear é bj(l)j Vs

Abs(1)

1/m
1/4 curve al( j =0 is shown in fig. 6.21
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Brusequation

A number of models are available to prove the relahgnbetween particle size and
bandgap of the materials [26-28]. Here effective massemodn also used to

calculate bandgap of the material [29]. Where thelgap can be approximated by

E»c — Ebu|k + hzﬂz 1 + 1 _ l.& (6.8)
g 2er’\ mm, mm, | 4reer

Wherer is the radius of the partiglen andm, are the effective masses of electron

and hole respectivelys is the relative permittivity ane is the electron charge.

E;" is the bulk bandgap. Comparison of all the measuraddzgp from different

methods is shown in fig. 6.23 and correlation betwsserdgap and particle size are

shown in fig. 6.24, bandgap values are tabulat¢ahie 6.2.
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Figure 6.21: Absorption spectrum fitting plots @NiO- PVP, Al:ZnNiO,
Pd:ZnNiO and Cu:ZnNiO nanocomposites
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Figure 6.22: Absorption spectrum fitting plots @NiO, Dy:ZnNiO,
Ce:ZnNiO nanocomposites
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Figure 6.23: Comparison of bandgap determination from expertaien
Brus and ASF methods
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Figure 6.24: Correlation of bandgap with particle size DiNiO-PVP, Al:ZnNiO,
Pd:ZnNiO, Cu:ZnNiO, Dy:ZnNiO and Ce:ZnNiO nanocarsjes

Compound Bandgap (eV)
(x0.01)
K-M plot Brus ASF
ZnNiO 3.186 3.187 3.181
ZnNiO/PVP 3.241 3.241 3.239
Al:ZnNiO 3.239 3.238 3.237
Cu:ZnNiO 3.209 3.207 3.208
Pd:ZnNiO 3.214 3.213 3.212
Dy:ZnNiO 3.199 3.201 3.198
Ce:ZnNiO 3.182 3.179 3.181

Table 6.3: Calculated bandgap from K-M plot, Brus equatiard ASF method.

6.5 Concluson

Surface passivation effects on optical properties ohooamposites were
investigated by using diffuse reflectance spectra hrmdscence spectra. Bandgap
calculated from absorption edge of the reflectancetspeshows that bandgap
increasing is due to quantum confinement effect. Thislgap was also confirmed
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by Kubelka-Munk function. Compared to pure ZnO, sifted band edge was
occurred in the case of all capped samples and thisbmajue to the electron-
phonon coupling, lattice distortion and localizeadrgje carriers. From these spectra,
| have also calculated the defect energy named Urbaelgy. Room temperature
fluorescence spectra show multiple ultraviolet emissiors the near band edge
emission extended to violet-blue region due to thelapping of blue emission of
PVP. Due to the surface passivation effect visible enmissmainly green emission
is suppressed in capped ZnNiO, Al:ZnNiO, Cu:ZnNiO, PO, Dy:ZnNiO and
Ce:ZnNiO nanocomposites. Oxygen vacancies are mainggddcat the surface of
the particle. Using fluorescence decay spectra | baleelated the fluorescence life
time. Bandgap calculated from absorption spectra dittlBrus equation and also
from Kubelka-Munk function was almost equal. This proypdrighlights surface
passivation effects enhanced all the optical propeitiecapped nanocomposites
compared to uncapped ZnNiO.
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Chapter 7

Conclusions and Future work

At the beginning of this thesis, | have introduced tieed for improving optical,
magnetic and adsorption properties of semiconductingmaterials especially the
ZnNiO nanocomposites. The study has resulted in the Wwasksatisfying most of
the targeted goals and there are still more gap ftnduwork. Below the results of

research work and their implications are summarized.

7.1 Concluson

The aim of the study was to contribute to a deepeenstahding on the surface
modification effects on adsorption, magnetic and opficaperties of ZnNiO, Al:
ZnNiO, Cu: ZnNiO, Pd: ZnNiO, Dy: ZnNiO and Ce: ZrDlinanocomposites,
necessary for various applications. The importance of poesas nanocomposites
are discussed in the introduction chapter. In the mstades, many ZnO
nanostructures synthesizing from various routes showadpttysical properties of
all the products were changed from different methodsave synthesized these
nanocomposites using soft template method and investighieid structure,
morphology, adsorption, magnetism, antibacterial agfiiuorescence emission
and finally fluorescence lifetime.

Crystal structure and morphology of the nanocompositer® investigated
by using X-ray diffractometer and scanning electron rosicopy respectively.
Surface passivation effects on crystal structure of (@nKNI:ZnNiO, Cu:ZnNiO,
Pd:ZnNiO, Dy:ZnNiO and Ce:ZnNiO) nanocomposites réydlaat passivation by
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polyvinyl pyrrolidone does not damage the hexagatalcture of ZnNiO. Grain
size calculated from X-ray diffraction studies showedt,tlsize decreases when
ZnNiO capped with PVP and adjunction of other matalBnNiO lattice. Scanning
electron microscopy (SEM) images of all the cappedocamposites were
confirmed the possibility of one dimensional growth ahaparticles. The polymer,
poly vinyl pyrrolidone can passivate the facets of Znd thereby adjust the growth
velocity. Elemental Dispersive Spectra (EDS) of theagtamposites confirmed the
presence of constituent elements in the appropriatgcoarposites.

Capping effects on BET surface area, pore size, ettemrea and pore
volume of the nanocomposites were investigated throaghagsorption technique.
These results gave us information that bandgap engigeesi possible through
nanoporosity. Special characteristics of large surfawa and high porosity of
mesoporous polymer capped ZnNiO and other five polympped nanocomposites
have great potential applications in electronicsalgats and optoelectronic devices.
The specific surface areas of the uncapped and caapeples were determined by
using a micrometrics ASAP 2020 surface area porosityyzera The calculated
surface area of the capped samples are very high cainpanecapped samples and
the N, adsorption isotherm hysteresis loop of the capped sam@esnatched to
type IV Hs; hysteresis loop of mesoporosity. The pore size distribudib the
samples were calculated from the data of the desorptaorch of the isotherm using
Barret-Joyner-Halenda (BJH) method. Microporositytltd samples is calculated
from t-plot method. This result reveals that all thppsd samples contain abundant
mesoporous structured particles.

Magnetic observations show that ferromagnetism obtainied
semiconductors does not only depend on the localizedemts in magnetic ions.
This ferromagnetism may also produce due to the defecergeed magnetic
moments. Some others proposed room temperature ferronsagrnetbe associated
with holes in the d shell due to charge transfer ftbenZn atom at the surface to the
capping molecule. Here | got room temperature ferromt@égm in all the PVP
capped samples with high coercivity and magnetizatimcapped ZnNiO showed

paramagnetic behaviour with low retentivity.
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Uncapped and capped metaloxide nanocomposites wererexphs an
antibacterial agent due to their non toxicity. e research work, these composites
were tested against Pseudomonas aeruginosa bacteria (@gative) using the
disc diffusion method, to determine their ability asaatibacterial agent. The zone
inhibition formed around each disc confirmed that ZatliO and Dy:ZnNiO
nanocomposite has the maximum activity among various dapyaloxides and
uncapped ZnNiO has maximum activity than capped Znili® to higher oxygen
vacancies. After surface passivation this oxygen vaearanie decreased gradually
and activity of the composites are decreased.

Surface passivation effects on diffuse reflectance specluorescence
spectra and fluorescence life time and defect bandygriermed inside the optical
bandgap of the nanocomposites were investigated. Thesimodification method
through polymer capping provides a chance for impgvloorescence emission
with high life time. Surface passivation helps to hettee main goal of the research
work. Polyvinyl pyrrolidone capping improved fluoresce ultraviolet emission
with suppressed visible emission. Fluorescence lifetiménefcapped samples is
increased when compared to uncapped ZnNiO nanocompoBi&ndgap calculated
from diffuse reflectance spectra showed that bandgagdisced in case of capped
samples compared to pure ZnO and increased comparettdpped ZnNiO. This
increase in bandgap may be due to the quantum camdimeeffect in small size of
the capped samples.

All the properties studied here, showed that theseechpanocomposites
(ZnNiO, Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO,an€Ce:ZnNiO) are good
materials for various applications especially in UV/Bameitters and in transformer
core applications. Due to its mesoporosity and norgittyxit is focussing on the
applications on drug delivery systems. This one dimeagiomesoporous,
ferromagnetic, enhanced UV emitting properties ofrtarocomposites confirmed
surface passivation by polyvinyl pyrrolidone in metadi@x nanocomposites are a

good way to increase all the physical properties.
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7.2 Futurework

As described above, we concluded that synthesizingadstare strongly influence
on the properties of the nanomaterials. PVP as theirgapagent prevent
agglomeration and also it is a structure directing agénfluence of PVP amount
and molecular weight are the main factors affectingleation and growth. Our
future work is decided to produce nanocomposites wghtrolled shape and
enhanced physical properties while the amount of Na®iithe amount of all the
metal nitrates are constant but the amount of PVIame of water and molecular
weight of PVP are varying. The reaction temperaturage changed to modify the
morphology and properties.
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