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Preface
In recent years the whole idea of nano science ramb-technology has become most

important and exciting forefront due to their uregdiascinating properties in the field of
physics, chemistry, engineering and biology. Nacerse occurs at the intersection of
traditional science and engineering, quantum meachand the most basic process of life
itself. The nature of the quantum confinement cdrgle in such a system provides an
unique opportunities of study both from both sceerend technological view point.
Modification in the density of state (DOS) functitime system exhibits unique electronic
and related properties. Nanotechnology is baseth®mecognition that particles less than
size of 100 nm (a nanometer is a billionth of aaneimpart to nanostructure built from
them new properties and behavior. So for the examiple electronic structure,
conductivity, reactivity, melting temperature andeahanical properties through low
dimensional nano-complex has developed consideiatdeest in special types of nano-
science device.

In this present research synthefsigano- structures are to be realized by natural
self assembly of different nano-structures (nantedigles and sulphides of some d and f
band metallic elements- wide band semiconductogs €n0O, ns, CuO, CuS, TiO MoS,
NiS etc) in strong dielectric / firm capping backgnd. The electronic properties of the
developed specimen are to be probed using spesttmmetric, Impedance spectroscopy,
Photoluminescence, Electroluminescence and DCarofiere with temperature variation
set up. The electronic properties of the specinudieischange with the variation of doping
concentration. The wide bandgap semiconductors hewealed the new area of interest
such as dilute magnetic semiconductor (DMS) propafrthem.

In chapter 1 | have briefly dissed the oxide and sulphide conductors and
their physical aspects. In chapter 2 an attempbkas made to find the magnetic behavior
of NiS thin film. It also discussed the potentiglplcation of it. Chapter 3 discussed the
work done on ZnS nano-clusters. Chapter 4 and éuséed on studies undertaken the
optical and electrical property on NiO and ZnO. ¢iehave reported studies carried out on
the magnetic nature of doped ZnO. Variation of dgdevel changes the magnetic nature
of the specimen. In chapter 6 reported the reduihvestigation the change in magnetic
nature as well as electronic property due to vianadf the doping concentration in CoO

nano sample.



Objectives

It has been observed that oxides and sulphides aihd 5d transition metal exhibit novel
phenomena in regard of structural, physical andnited properties which are of great
fundamental and technological importance The gtiofluence of the quantum spin-orbit
interaction and orbital order in 4d- and 5d- materiare responsible for the mentioned
properties. The objective of this thesis is presecomprehensive report on outcome of the
investigation of electronic properties in develop@dde and sulphide nanoclusters in
dielectric background. These studies include warKklbV Oxides of TM and developed
systems with VIII and 1I-VI metallic composites BMS materials. In these studies Mn
and Gd are used as spin manipulative dopant. Tl v@lso makes an attempt to

investigate the magnetic characteristics of sonveldped sulphides and doped Oxides.



Significance of the study

The research field on dilute magnetic semicondscfdMS) [1, 2] is one of the important
field.. These oxides/sulphides of TM along withtable dopant are of great interest
because of the novelty of their fundamental propgdnd also due to their potential as the
future semiconductor technologies which promiseegrdation of magnetic, semi
conducting and optical properties and a combinatfonformation processing and storage
functionalities. They should be compatible withstxig microelectronic technologies and
have potential as low-dissipation, non-volatiled arano-scale alternatives to present day
microelectronics. This work involveshemical/ electrochemical sol-gel technique for
growth of mentioned materials, characterizatiord atudies on their electrical transport
and optical properties. Some .new results obtaireed the present study may contribute a
good knowledge in the art of this field.

References:
1. Nanomagnetism and spintronics ,Fabrication, Mdteri&€haracterization and
Applications- F. Nasirpuri & A Nogaret (eds), Wofstientific, Singapore,2011
2. Theory of ferromagnetic (Ill, Mn)V semiconductotBjngwirth et al, Rev. Mod.
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Chapter-1.

Oxides and sulphides of metals.

1.1Introduction.
1.1.1 What are basic conductors?

Conductor is a type of material which permits tloevfof electric charges through
it. Conducting materials include metals, electredytsuperconductors, plasmas and
some nonmetallic conductors such as graphite andd@ive polymers. All
conductors contain electrical charges, which moveerw an electric potential
difference is applied across it. This flow of chauig leads to an electric current in it.
In most materials, the direct current is propordioto the voltage (as determined by
Ohm's law), provided the temperature remains cahstad the material remains in

the same shape and state.
1.1.2 Nano complex conductor

Recently a dramatic change was observed in elattgroperties of quantum
sized nano-complex system over its bulk counterpénte word nano means very
small i.e. objects having dimension in nanometatescscientifically defined as atoms
or molecule bonded in a cluster with a dimensionless than 100 nm. Nano-
structures have attracted steadily growing inteckst to their unique, fascinating
properties as well as their possible role in the bges of application to nano-scale
device in contrast to the bulk materials. The retofr the quantum confinement of
charge in such a system provides a unique opptytahstudy both from science and
technological view point. Modification in the detysiof state (DOS) function the
system exhibits unique electronic and related ptogse The electrical transport
through low dimensional nano-complex has been odgeel considerable interest in
utilizing their intrinsic properties to exploit agsible role in special types of nano-
scale device. In this thesis synthesis of natroctures are to be realized by natural
self assembly of constituent atoms/ molecules. egifit nano-structures (namely
oxides and sulphides of some d and f band metalEments- wide band
semiconductors e. g. ZnO, ZnS, CuO, CuS, TiO Mol 8ic) are developed in



dielectric or firm capping background. The selfeamsbly is to be exploited following

a bottom-upn -situ process followed by sol-gel process. The develapesters are

supposed to occupy some localized position in #ekground medium and provide
additional localized energy levels for the charggiers.

1.1.3 Oxide conductor

Conducting oxides (@) metal oxides having good optical property and
high electrical conductivity are of interest inglstudy. Most of the conducting oxides
(CO) are binary or ternary compounds containing @ngvo metallic elements. The
resistivity of the conducting oxides may be as lasv~10' ohm-cm or less. This
important combination of conductivity and transpaneis usually difficult to achieve
in intrinsic or pure oxides. For obtaining high dactivity in the materials, either
they have to be non-stoichiometric in composition sthiould be doped with
appropriate element/ compound. Controlled dopingrarfisition metal ions in these
oxides is desirable such that an enhanced eldctisaductivity without degrading
their optical properties may be obtained. Some e@semiconductors are extensively
used for transparent electrodes. The different exsg@miconductors those paid
attention in this thesis are ZnO, CoO, NiO andrtleiped version. CO with wide
band gap, transparent, high carrier density, cdfsictere and can be grown in
polymers have wide range of application potenttahas been found that some oxide
semiconductors can be used as host compounds fyreti@a semiconductors. Oxide
semiconductors of the type ZnO and doped ZnO arquitbus in electronics as

transparent conducting electrodes.
1.1.4 Sulphide conductor

The metal sulphides exhibit a great diwgrsf electrical and magnetic
properties with both scientific interest and prea&liapplications. These properties
offer major constraint in the study of models o #ectronic structure in sulphides.
The pure and doped systems of certain sulphides bawd application potential in
the electronics industry (optical devices, phottaiol photodiode and magnetic
recording devices). Metallic sulphides are also ponents of many thin film devices
and have been extensively investigated as parh@fnano-technology revolution.

Certain electrical and magnetic properties of sdhminerals contribute to

2



geomagnetism and paleo-magnetism, and provide gemalh prospector with

exploration tool for metallicferous ore deposits.

1.2 Application potential of Sulphide conductors.

There are many potential application of this tgpenaterial some of most fascinating
uses are listed below

a) Transparent electrode for flat panel displays.

b) Transparent electrode for photovoltaic cells.

c) Low emissivity windows.

d) Thin film transistors.

e) Light emitting diodes.

f) Semiconductor lasers.

1.3  Electronic properties of Sulphide conductors.

This present research likes to devise an retattmethod of characterizing a
nano-system by the following root. The inclusion r@no-meter scale material in
background host exhibits electrical properties resting quantum confinement
effects and strong electrical non-linearity wittpapent appearance of electrical noise.
The nano-scale pattern formation has yield intergsresults besides the size
controlling the parameter of nano-clusters whike pireparation. The preliminary
results of d.c. I-V characteristics shows thatwbey existence of 1/f type noise is due
to the presence of many activated centre in tha fafrnano- clusters in the specimen.
The distribution of fluctuations in the d.c |-V chateristics is due to the transition
between two states in the composite. The obsereaductance fluctuations are thus
a finger print or marked characteristics of thesetice of nano-cluster type impurities
in configured specimen. In these real experimemgsults the observed noise
appeared as an admixture of Nyquist/Johnson, sbsenand 1/f types of noise

originating mostly from the quantum confinemenB88f nano-cluster in the specimen.

1.4 Optical and semi-conducting aspects of Sulphid®nductors.

The optical properties of solids are largely demeicon electronic polarizability
of ions, which is the fall out of deformation ofeth electronic clouds under
application of an external electromagnetic fiellheTphenomenon leads to many

3



interesting optical properties of materials suchedisaction, electro-optical effect and
other nonlinear optical aspects. The various asp&agbolarization of ions in different
crystalline and amorphous materials are of conalderinterest [1]. A quantitative
estimate of the electronic polarizability of iomssimple oxides [2] and oxide glasses
has gained new momentum. The polarizability apgraadound to be important to
design optical functional materials and to seaminbvel glasses with higher optical
performances such as oxide glasses with high secand third order optical

nonlinearity.

Band gap, in a solid is a forbidden energy zonera/h electronic states are
allowed. In practice a quantum of energy is reqligepromote an electron from the
top of thevalence band and the bottom of the commlu band in insulators
and semiconductors. In a solid band gap is an itapbrfactor that some how
determines the electrical conduction in a solidlidSohaving large band gaps are
called insulators, and that with smaller band gape popular semiconductors.
Conducting solids may have very small band gaps)@rband gap due to band
overlap. The mentioned band gap is often knownedre or transport band gap. In
solid it is the threshold energy for creating cleasgparation i.e. an electron—hole pair
leading to electrical transport. The optical barap gn a solid is however, the
threshold energy for photons to be absorbed toym®dbound electron-hole pair. In
general for organic or oxide solids transport cgctrical band gap is greater in
magnitude than that of optical band gap. Howeverctimventional semiconductors

the band gaps are practically same.
Magnetic Properties of Oxides

Following “TOPICAL REVIEW — Magnetism, magnetic neafals and
interdisciplinary research “[3] oxides are the ddates for magnetic semiconductors
and oxide materials have a long drawn researclorigisThe oldest of functional
oxides are permanent magnets of lodestone corgsistiffrgO, which were used as
directional compasses in ancient world, Twentietantary research finds,
ferromagnetic oxide nano-particles §6e and later Cr@as materials in recording
media in magnetic tapes. Ferroelectric oxides vetse provides a major research
field in material science. The journey started wiitle first observation of electric

hysteresis in Rochelle salt. In 1985, a major Wigakigh was recorded in
4



superconductivity. It has been found that supergotidg oxides exhibits
superconductivity at 35 K in the La—Ba—Cu—-O systemawn as high J material [4]
The *“colossal magneto-resistance” (CMR) and compjdase transitions are
observed in mixed valence manganites which haven hagensively explored
subsequently.[5] These materials are known thaCMiR materials, the esteemed
physical properties in the materials are dominabsd the “double exchange”
interactions and Jahn—Teller distortions as a tesuthe complicated interactions
between electronic, magnetic, and structural desgoédreedom. The metallic binary
oxides like FgO,4, CrO,, and EuUO are also potential candidates becautdenfhigh
spin polarization ratio (~100%). Recently it hagidound that, multiferroic oxides
(BiFeO, BaTiQ, TbMnG;, etc.) with more than two ferroic orders have lbeeca
rapid growing research field. In general wide bagap materials are insulating,
however, conducting materials are opaque to elaotgnetic radiation at visible
wavelengths. The wide band gap oxides semicondutita ZnO, TiQ, In20;, etc.
are unique since they may be good conductors dtleetpresence of inherent defects
while simultaneously being transparent in the Vesiegion.[6] Hence, wide band gap
oxides based on diluted magnetic oxides, like Zhi@;, In,O3;, SNQ are promising
oxide candidates for spintronics applications. Apgaom the pure oxides doped
variety of ZnO, (In,Sn)0; (ITO) doped with different transition metals (Qdn, Fe,
Cu,Ni, V, etc.) and non-magnetic (N, H, etc.) ddsaroccupied a rapid growing
research field. Moreover, the magnetic propertieside band gap oxides span from
diamagnetic, paramagnetic to ferromagnetic andesrdimagnetic, and their chemical
reactivity can be tailored from being highly regetto inert. The mentioned amazing
properties originate from the strong and competitexchange coupling between

charge, orbital, lattices, and spin effects in ¢heside materials. [7]
Magnetoresistant

Magneto resistance is phenomena where value oftrielcresistance of a
material to changes under the application of aeraat magnetic field on it. This is

also known as ordinary magneto resistance (OMR)sgi/en by,

_R(O)-R(H)
" R(H)



R(0) is the no field electrical resistance ofspecimen, R(H) is that under
application of external field H.
Recently it has been observed that some mataralsmultilayer exhibit magneto
resistance different from OMR type namely giant gmeto
resistance (GMR), colossal magneto resistance (Cafid)tunnel magneto resistance
(TMR).

Giant magneto resistance (GMR) [8,9] is a quantnathanical phenomena at
macroscopic scale .The type of magneto resistan®ereed in structures consisting
alternate thin-films of ferromagnetic and non-magneonducting layers.

In this phenomena a significant change in thetebat resistance, of a
specimenis observed, depending on the nature of gnetiaation of
adjacent ferromagnetic layers are in a parallelaarantiparallel to electric field
alignment. The resistance is low for parallel atiggmt compared to that in antiparallel
alignment.

Colossal magneto resistance (CMR) is a propertyhich change in t electrical
resistance in presence of a magnetic field ofcglpnaterials, are observed to be very
high compared to that in OMR. The effect best ole#in Manganese based mixed-
valence materials in perovskite structure [10]. cémplete understanding that can
guantify of the CMR is still a subject of research.

Tunnel magneto resistance (TMR) [11] is a type afjneto-resistive effect found
to be observed in amagnetic tunnel junction (MT3yhich consists of
two ferromagnets separated by a thin insulator. Wédoe insulating layer is very thin
enough (~ nanometers), electrons can tunnel thrdtaggh one ferromagnet into the
other. This process is not allowed in classicaldttsy hence the TMR is a quantum

phenomenon.

1.5 Measurement techniques.
1.5.1 Electrical conduction.

1.5.1.1 Ampere-Volt Characteristics

Study of Ampere-Volt (I-V) characteristics ofraterial is important in regard
of electronic conduction in it. The nature of I-Wagacteristics provides information
of electronic and ‘hole’ contribution to the to&éctronic conductivity.

6



The electronic conductivity is due to negative glmts and positive “holes” is

given by,
Oelectron= Oe * Oh (1.2)

The ionic conductivity is due to cation and anipedes of the material. Cationic

transference number

T+:(O+/Oion) Z)‘
The anionic transference number
T.=1-1. (1.3)

1.5.1.2 Impedance Spectroscopy.

Impedance spectroscopy can play an importdatindundamental and applied
electro-chemistry and material science in the cgnyears. It is the method of choice
for characterizing the electrical behavior of sgsein which the overall system
response is measured by strongly coupled proceddesiadays high quality
impedance bridges and automatic measuring instrurweem measure the complex
electro-impedance between milihertz to megahertzfreuency range. It is a
powerful method of characterizing many of the eleat of materials and their
interfaces with electronically conducting electredit may be used to investigate the
dynamics of bound or mobile charge in the bulkraerfacial regions of any kind of
solid/liquid material, ionic semiconducting, mix@ednductor (elecronic+ionic) and

even insulators (dielectric).
Basic impedance spectroscopy experiment

Electrical measurements to evaluate the eattemical behavior of electrode
and/or electrolyte materials are usually made wjfoto-cell containing an
experimental sample sandwiched between two iddnpiohshed electrodes in the
form of a circular cylinder or rectangular paradlgibed shape. The general approach
is to apply an a.c. electrical stimulus (a knowttage or current) to the electrodes
such that the specimen may be at near equilibritate €ind observed response (the

resulting current or voltage, phase angle and irapeel) recorded.



1.5.1.3 Impedance Plot

The plot is a popular format for evaluating edpnce data, is the Nyquist plot.
This format is also known as Cole-Cole plot or amptex Impedance plot. The
imaginary impedance componenti€plotted against real impedance componest Z

each excitation frequency.

1.5.2 Optical absorption.
Basic principle of spectrophotometer

The first assumption in spectroscopic measunésnes the Beers law,
relationship applies between a change in spectemnesponse and the concentration
of analyze material present in a sample specimbe. Bouguer, Lambert and Beer
relationship assumes that the transmission of gkamith in an incident beam is
equivalent to 10 exponent the negative produchefmolar extinction coefficient (in
L /mol.cm), multiplied by the concentration of a lexule in solution times the path

length (in cm) of the sample in solution. So Beetationship is

T=1/15= 10°° (1.4)

T is the transmittanceg Is the intensity of incident energy, where | i® th
intensity of transmitted light, e is the molar extion coefficient, ¢ is the
concentration and | is the path length. To simplifg equation in more standard form
showing absorbance as a logarithmic term usech&atize the relationship between
the spectrophotometer response and concentrafi@es the following expressions as

the relationship between absorbance and concenirati
Absobance , A= -log(l§)=-log(T)=ecl (1.5)

The goal in the design of an optical specet@anis to maximize the energy (or
radiant power) from a light source through the speceter to the detector. The

optical throughput for a spectrometer is depenaenmultiple factors, such as the



light source area the apertures present withidigihe path lens transmittance and the

mirror reflectance losses, the exit aperture apdititector efficiency.

UV-VIS Spectrophotometer

The ultraviolet-visible (UV-VIS) spectrophotomeisran instrument commonly used
in the laboratory that analyzes compounds in ulbtat and visible region of the
electromagnetic spectrum. Generally UV-VIS specopy looks at electronic
transition while infrared spectroscopy looks atratitbnal motion in the material. It

determines the wavelength and maximum absorbancengbounds.

Many molecules absorb ultraviolet or visiblghli. The absorbance of a solution
increases as attenuation of the beam increasdsréit molecules absorb radiation of
different wavelengths. An absorption spectrum whiow a number of absorption
bands corresponding to structural groups within thelecule. For example, the
absorption that is observed in the UV region far darbonyl group in acetone is of

the same wavelength as the absorption from theoogtlgroup in diethyl ketone.

A molecule of any substance has an internalggnehich can be considered as
the sum of the energy of its electrons, the enefgyibration between its constituent
atoms and the energy associated with rotationefblecule. The electronic energy
levels of simple molecules are widely separated wally only the absorption of a
high energy photon, that is one of very short wawgth, can excite a molecule from
one level to another. In complex molecules the ggnvels are more closely spaced
and photons of near ultraviolet and visible liglanceffect the transition. These
substances, therefore, will absorb light in someasrof the near ultraviolet and
visible regions. The vibrational energy stateshaf various parts of a molecule are
much closer together than the electronic energgl¢eand thus protons of lower
energy (longer wavelength) are sufficient to bratgput vibrational changes. Light
absorption due to only to vibrational changes oeduar the infrared region. The
rotational energy states of molecules are so glag®ced that light in the far infrared
and microwave regions of the electromagnetic spettnas enough energy to cause

these small changes.



For ultraviolet and visible wavelengths, absiorpspectrum of a molecule (i.e.,
a plot of its degree of absorption against the \emgth of the incident radiation)
should show a few very sharp lines. Each line shogtur at a wavelength where the
energy of an incident photon exactly matches therggnrequired to excite an
electronic transition. In practice it is found thlé ultraviolet and visible spectrum of
most molecules consists of a few humps rather #amp lines. These humps show
that the molecule is absorbing radiation over adbainwavelengths. One reason for
this band, rather than line absorption is that lactenic level transition is usually
accompanied by a simultaneous change between thle mamerous vibrational
levels. Thus, a photon with a little too much av tittle energy to be accepted by the
molecule for a 'pure’ electronic transition canubibzed for a transition between one
of the vibrational levels associated with the lovedectronic state to one of the
vibrational levels of a higher electronic stateeT@nergy levels of a molecule shown
in fig 1.1.

:':"" | *

o ' E _ .

D Rota_ﬂonal Vibrational

W | electronic levels electronic lavels
Eﬂ

Fig 1.1: Energy levels of a molecule.

A molecule or ion will exhibit absorption inehvisible or ultraviolet region
when radiation causes an electronic transition iwitlis structure. Thus, the
absorption of light by a sample in the ultraviaetvisible region is accompanied by a
change in the electronic state of the moleculabhénsample. The energy supplied by

the light will promote an electron from their gralustate orbitals to higher energy
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excited state orbitals or anti-bonding orbitalsteatially, three types of ground state

orbitals may be involved [12]:

i) o (bonding) molecular

i) = (bonding) molecular orbital

iii) n (non-bonding) atomic orbital

In addition, two types of anti-bonding orbitals mag/involved in the transition:

i) o* (sigma star) orbital

i) ©* (pi star) orbital

(There is no such thing as an n* antibonding otlaisathe n electrons do not form

bonds).

A transition in which a bonding s electron is egdito an antibonding orbital is
referred to as to o* transition. Ther to 7* transition is the transition of one of the
electron of a lone pair (non-bonding electron ptiran antibondinge orbital. Thus
the following electronic transitions can occur e tabsorption of ultraviolet and

visible light shown in Fig.1.2

o to 6%,
n toc*
n ton*
7 to m*.

- . Antibonding ol
= - "o " e Antibonding "
o l—T T— 1T
0 é O Mon-banding

(€ EBonding
(€} Bonding o

Fig: 1.2 Diagrammatic representation of molecular tansitions.
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Both s toc* and n toc* transitions require a great deal of energy aretdfore
occur in the far ultraviolet region or weakly irethegion 180-240nm. Consequently,
saturated groups do not exhibit strong absorptiothe ordinary ultraviolet region.
Transitions of the n tor* and = to n* type occur in molecules with unsaturated
centers; they require less energy and occur atlongvelengths than transitions to
o* anti-bonding orbitals. Many inorganic specieswhaharge-transfer absorption and
are called charge-transfer complexes. For a comgedemonstrate charge-transfer
behaviour, one of its components must have elecorrating properties and another
component must be able to accept electrons. Alsarpft radiation then involves the
transfer of an electron from the donor to an otlaissociated with the acceptor. Molar
absorption coefficient from charge-transfer absorpéare large (greater that 10,000 L

mol*cm™).
1.5.3 FTIR

The application of traditional infrared spectrosgof low concentration
measurements, such as ambient air measuremefhtsjtésl by several factors. First
is the significant presence of water vapour,,@@d methane, which strongly absorb
in many regions of the infrared (IR) spectrum. Gangently, the spectral regions that
can easily be used to search for pollutants argddrto 760-1300cm -1, 2000-2230
cm -1, and 2390-3000 cm -1 . Another problem & the sensitivity is not enough to
detect very small concentrations in the sub-pprellevinally, spectral analysis was

difficult since subtraction of background spectea ho be carried out manually.

The development of Fourier Transform Infra-Rgetctroscopy (FTIR) in the
early 1970s provided a quantum leap in infraredyaical capabilities for monitoring
trace pollutants in ambient air. This techniquesdtl a number of advantages over
conventional infrared systems, including sensigivispeed and improved data

processing.

Source data processing

Infra Red N Interferometer @ Detector Signal and

Fig. 1.3: Basic components of FTIR



The basic components of an FTIR are shown satieally in Figure 1.3 The
infrared source emits a broad band of differentel@vgth of infrared radiation. The
IR source used in the Temet GASMET FTIR CR-ser@saiSiC ceramic at a
temperature of 1550 K. The IR radiation goes thhowan interferometer that
modulates the infrared radiation. The interferomgierforms an optical inverse
Fourier transform on the entering IR radiation. Tmedulated IR beam passes
through the gas sample where it is absorbed toowsriextents at different
wavelengths by the various molecules present. Fitiaé intensity of the IR beam is
detected by a detector, which is a liquid-nitrogewwled MCT (Mercury-Cadmium-
Telluride) detector in the case of the Temet GASMHIR CR-series. The detected
signal is digitized and Fourier transformed by ¢oenputer to get the IR spectrum of

the sample gas.

The unique part of an FTIR spectrometer isitlterferometer. A Michelson
type plane mirror interferometer is displayed igufe 1.4 Infrared radiation from the
source is collected and collimated (made paraliefpre it strikes the beam-splitter.
The beam splitter ideally transmits one half of thdiation, and reflects the other
half. Both transmitted and reflected beams strikears, which reflect the two beams
back to the beam splitter. Thus, one half of tHeaned radiation that finally goes to
the sample gas has first been reflected from tlaenbeplitter to the movingnirror,
and then back to the beam splitter. The otherdfdlie infrared radiation going to the
sample has first gone through the beam splitter thed reflected from the fixed
mirror back to the beam splitter. When these twdicap paths are reunited,
interference occurs at the beam splitter becauskeobptical path difference caused

by the scanning of the moving mirror.
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Movwving mirror

Fixed trirtor

Beamsplitter

Radiation to the sample gas and detector
Fig. 1.4: Michelson interferometer

The optical path length difference betweentihe optical paths of a Michelson
interferometer is two times the displacement of i@ving mirror. The interference
signal measured by the detector as a function effitical path length difference is
called the interferogram. A typical interferogramoguced by the interferometer is
shown in Figure 1.5. The graph shows the intensityhe infrared radiation as a
function of the displacement of the moving mirrdt.the peak position, the optical
path length is exactly the same for the radiati@t tomes from the moving mirror as

it is for the radiation that comes from the fixednaor

Fig 1.5: A typical interferogram.
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The spectrum can be computed from the integfara by performing a Fourier
transform. The Fourier transform is performed by same computer that ultimately

performs the quantitative analysis of the spectrum.

The degree of absorption of infrared radiation each wavelength is
guantitatively related to the number of absorbingenules in the sample gas. Since
there is a linear relationship between the absa#damnd the number of absorbing

molecules, multi-component quantitative analysigas mixtures is feasible.

To perform multi-component analysis we starthwthe sample spectrum. In
addition, we need reference spectra of all theagasponents that may exist in the
sample, if these components are to be analyzedfekance spectrum is a spectrum of
one single gas component of specific concentratiomulti-component analysis we
try to combine these reference spectra with apptgpomultipliers in order to get a
spectrum that is as close as possible to the sasppldrum. If we succeed in forming
a spectrum similar to the sample spectrum, we lgetcobncentration of each gas
component in the sample gas using the multipliéth® reference spectra, provided

that we know the concentrations of the referencega

The mentioned characterization techniques are egphh the biomaterials under
purview of this present thesis. The detail outconfecharacterization results
obtained, for the biomaterial, along with their lgses and conclusion are discussed in
the following chapters.

1.5.4 AFM

Principle of Atomic force microscopy

Atomic force microscopy (AFM) is a very highspdution type of scanning
probe microscopy, with demonstrated resolution ba order of fractions of a
nanometer, more than 1000 times better than theabpliffraction limit. The AFM is
one of the foremost tools for imaging, measuringg ananipulating matter at the
nano-scale. The information is gathered by "feélithge surface with a mechanical
probe. Piezoelectric elements that facilitate tiy accurate and precise movements
on (electronic) command enable the very precisewrsng. In some variations,

electric potentials [13] can also be scanned usmgducting cantilevers. In newer
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more advanced versions, currents can even be péssrdyh the tip to probe the

electrical conductivity or transport of the undenty surface, but this is much more

challenging with very few groups reporting reliadega.

I Cetector and
Feadback
Electronics

4
|

Phatodiode

' 4

a.-y

Cantilewer & Tip

-

wample Surface

. PIT Scarner

Fig 1.6: Ray-diagram of AFM.

The AFM consists of a cantilever with a shi@pp(probe) at its end that is used
to scan the specimen surface. A ray-diagram of ABMshown in fig 1.6. The
cantilever is typically silicon or silicon nitrideith a tip radius of curvature on the
order of nanometers. When the tip is brought imoxjmity of a sample surface,
forces between the tip and the sample lead to ladiein of the cantilever according

to Hooke's law. Depending on the situation, fortted are measured in AFM include
16



mechanical contact force, van der Waals forcesillagpforces, chemical bonding,
electrostatic forces, magnetic forces (see magfatie microscope, MFM), Casimir
forces, solvation forces, etc. Along with force, ddidnal quantities may
simultaneously be measured through the use of @z types of probe (see
scanning thermal microscopy, photo-thermal micreesscopy, etc.). Typically, the
deflection is measured using a laser spot refleftech the top surface of the
cantilever into an array of photodiodes. Other md¢hthat are used include optical
interferometry, capacitive sensing or piezo-regstiAFM cantilevers. These
cantilevers are fabricated with piezo-resistiverradats that act as a strain gauge.
Using a Wheatstone bridge, strain in the AFM carél due to deflection can be

measured, but this method is not as sensitivesas teflection or interferometry.

If the tip was scanned at a constant height, awiskld exist that the tip collides
with the surface, causing damage. Hence, in mastsca feedback mechanism is
employed to adjust the tip-to-sample distance totae a constant force between the
tip and the sample. Traditionally, the sample isunted on a piezoelectric tube, that
can move the sample in tkalirection for maintaining a constant force, anebttand
y directions for scanning the sample. Alternativalytripod' configuration of three
piezo crystals may be employed, with each respt$ip scanning in the x, y and z
directions. This eliminates some of the distortgfects seen with a tube scanner. In
newer designs, the tip is mounted on a verticat@iscanner while the sample is
being scanned in X and Y using another piezo bldtle resulting map of the area

= f(x,y) represents the topography of the sample.

The AFM can be operated in a number of modiegending on the application.
In general, possible imaging modes are divided stdtic (also calledontact) modes

and a variety of dynamic (or non-contact) modesre/tige cantilever is vibrated.
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1.6 Dielectric and magnetic aspects.

Frequency dependent a.c. electrical conductivity cmuctivity

A typical variation of A.C. electrical conduaty [14] of a specimen with
applied A.C. is analogous to as shown in Figure0.2.The experimental A.C.
conductivities are calculated from the measured &t value of impedance artd

phase angle), following relation,
Oac (W) = (d/RA) (1.6)

Where, R is the real part of the impedance, dasstimple thickness and A is the
cross-sectional area (CSA) of the electrodes. Hr@tion of A.C. conductivity with

frequencyw may be described following Jonscher’s power |la piz.
Or, log Ow - 0d¢) = n logw + log K (1.8)

Where ‘K’ and ‘n’ are the temperature dependesijdiency independent material
parameters required to be estimated. Value of nimeajirectly estimated from the

slope of the above equation.
Magnetic Measurements

Several methods may be used for magnetic susdéptimeasurement such as
Faraday's scale, Guoy's scale or inductive methitd Buperconducting Quantum
Interference Device (SQUID) magnetometer and popM8M [15] method. A
comprehensive survey of the method is discussedidrgon and Ostanina [16]. The
magnetic data was obtained using a SQUID. SQUIDcpie[17] is based on flux

guantization and Josephson tunneling through a weagling.

The prime advantage of a SQUID is to make extrersehsitive measurements of
magnetic fields. The SQUID method can measure anetegmoment within a wide
range and with high precision. There exists varatQUID set up which are used in

laboratories. In VSM technique specimen is placesitde a uniform magnetic field to
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magnetize the sample. The sample is then physigdihated sinusoidally, typically
through the use of a piezoelectric material. Coneraésystems use linear actuators
of some form, and historically the development leése systems was done using
modified audio speakers, though this approach wappegd due to the interference
through the in-phase magnetic noise produced,eam#gnetic flux through a nearby
pickup coil varies sinusoidal way. The induced a&gé in the pickup coil is
proportional to the sample's magnetic moment, besdot depend on the strength of
the applied magnetic field. In a typical setup, ithehuced voltage is measured through
the use of a lock-in amplifier using the piezoediecsignal as its reference signal. By
measuring in the field of an external electromagiiteis possible to obtain the
hysteresis curve of a material. Magneto-opticalrkeffect magnetometer (MOKE)
[18] designed for hysteresis loop measurements ohasatomic layers and
spintronics nanostructures. For obtaining full mfation about magnetization
reversal process in magnetic multilayer both magneters should be used, because
both methods are complementary. R-VSM measurentiger information about
averaged magnetization process from the whole welwhthe sample, whereas
magneto-optical information from MOKE magnetomeierocal, limited by light-
beam spot and depth with an exponential decay toedfin literature. This technique
measures surface magnetism of a specimen in cortrasther technique which
measures bulk magnetism. Induction method of magrmeeasurement is also

popular. Coillot and Leroji9] provide a good survey on magnetic sensor basat

Gauss Meter

v

P:nle Specimen P?le
Piece Piece

LCR <:> Computer
Meter

Fig.1.7. Simple layout of experimental setup of agnetic susceptibility at RT.

The principle of induction sensor directly based Faraday’s law of electro-

magnetic induction. The voltage output is propardioto the time derivative of the
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total magnetic flux, and it is essentially an anethod. The present technique of
magnetic measurement makes use the principle i&ti@an self inductance of a coil.
The experimental specimen is placed inside the obréhe coil. The arrangement
when subjected to external longitudinal d.c. maignigld the self inductance of the
coil changes in accordance to the magnetizatioth@fspecimen. The details of the
principle, experimental technique, analysis andltesare discussed in the following

sections.
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Fig.1.8. Sample core design

Self inductance of a small hollow copper coil isasired in this technique. The

self inductance per unit length of the colil is givey,

lo = K pom 11° (1.9)

r, is the mean radius of the coil with n numbers ohtand k is a geometrical.
Specimen of magnetic material when inserted ircaie the self inductance of the

arrangement as shown in Fig.1.8 is given by,

L = Kluon(ri? — B2 ) + popr w12 ] n? (1.10)

Where g is the radius of the core material ands its relative permeability. Then the

magnetic susceptibility of the specimen is given by

=t — 1=k (L—1lo)/ Lo (1.11)

where k is geometrical constant given by,
20



k= (t/ r2)* (1/15)% & (1.12)

where, | and } (I, <) are the lengths of the coil and specimen resgalgtiThe

guantity\ is the calibration factor.

The self inductancesoLand L can be measured by LCR meter with high
precision. Following principle of Impedance Spestapy, by the application of
small sinusoidal emf which does not disturb theildayium of the specimen, L can be
measured directly. Application of d.c. longitudimahgnetic field (H) on the specimen
will cause a change in magnetization in it. Theng®gin magnetization (M) is
equivalent to change in its susceptibility,X and hence the self inductance L. In

general the magnetization M of a non-linear maktésigiven by,

M= Mo+ M{H + My H2 + ... (1.13)
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Chapter-2

Characterization of confined Sol-Gel synthesized I$ nano-clusters.

2.1 Introduction

In the past organic-inorganic nano-composite besomest interesting field
of research [1, 2] in ‘Solid State Physics’ forithguperior physical properties. The
drastic change in the electrical, electronic andymetic properties of the quantum
sized nano system over its bulk counterpart dueterfacial interaction between
nanostructure and external environment has corabtieinterest in modern science
and technology [3-5]. The role of ion-conductingopimg medium in synthesis of
nano-materials and the properties of the matenal studied. But it is rare to
emphasize so far on period of retaining of the prips of the nano-materials, which
is very important in the nano-electronics, nanotphit device and biomedical
technology. High attention has been paid on thed@xnano-particles due to their
applicability in many practical applications leayia little attention on sulphide nano
clusters. The objective of this work is to develgkel Sulphide nano-clusters, its

nano-composite with Gum Arabica and to investiglhé® material characteristics.

The Nickel Sulphide is known as magnetic semicotafualthough its nature of
magnetism in the form of nano-composite is compdidaNickel Sulphide is a photo-
sensitive [6] material and may be used in photagygngeneration. A series of recent
activity [6] demonstrating controllable fabricatiai magnetic semiconductors and
their incorporation into hetero-structures has lked several additional device
suggestions. They include a spin filter, spin-resdriunneling diode, unipolar spin
transistor, magnetic Zener tunnel diode and magnet diode. At the same time,
progress on the problem of spin injection into nagnmetic semiconductors has been
reported, both from magnetic semiconductors anch froagnetic metals. Electrical
resistivity measurements [7] on the NiS system shbat it has a high metallic
conductivity (2 x 16 Ohms-1-cm-1) at room temperature. In this work Gum
Arabica, a biopolymer has been used to develop-oanposite of Nickel Sulphide
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for AFM study. Gum Arabica [8, 9] has been founohir different species of Acacia
namely Acacia Arabica, Acacia babul etc. The detailthe experiments, results and

analysis are given in the following sections.
2.2 Experimental
Sample preparation

In this work a natural self assembly of NiS nanastér was undertaken. The
chemical sol gel route was chosen with Ni salt,ksiccarbonate compound, NiGO
2Ni(OH),,4H,0, from E-mark India, boiled in ammonia solutionenperature about
10dC. Filtering the sample, mixed with liquid ammor{ldHs) solution and gum
acacia powder heated in magnetic stirrer and sl@alsing HS gas through it .The
formation of NiS nano-cluster is achieved by naltigelf assembly in polymeric
background of Gum Arabica biopolymers. The3yispecimen was developed using
Ni (lll) acetate in acetic acid medium followingetimentioned chemical process. The
composite of nano cluster was caste to develogxiperimental sample. They were
caste in smooth extended surface so as to ensomeiaum thickness. Finally the
specimens were adequately to dry properly. Thekti@iss of the specimen produced
was approximately 0.7mm. Specimens were also dpgd|owithout polymeric

background, for XRD, FTIR and Optical experiments.

Test and Measurements

The different experimental tools those used foraesl measurements were, XRD and
AFM analysis - which are important experiment fardy morphological nature of the
specimen. The experiments were carried out to ctexmae the material are d.c I-V
characteristics and conductivity measurement, @p#ibsorption Spectroscopy using
UV-VIS spectrophotometer and FTIR spectrophotomaienvestigate energy band
gap in developed nano-clusters, and magnetic momeasurement for investigation

of the magnetic nature of the developed nano coitgposNIS nano-clusters.
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2.3 Results and discussions.

2.3.1 XRD Analysis
XRD analysis of the developed specimencarried out to examine its

microstructure, morphology and is completed withillipg PW1710 automatic
diffractometer. XRD intensity distribution curve thie examined sample are shown in

the Fig. 2.1 The overall radial distribution fuioct peak of the diffraction pattern
corresponds to@= 38.83.
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Figure 2.1 XRD pattern of the NiS nano-composite lieeen B ranges 20-60 deg.

From this intensity distribution by using Schereguation we obtain the
particle size as L = (0.9)/{Cosfy, (A20,)} A, where ) is the wavelength of the X-ray
radiation and for Cu Kis equal to 1.5418 AQ; is the glancing angle ansP6y, is the
difference in the angle at the two end of full vkidtalf maxima. The results do not
show any Sharpe peak of the intensity distribubaban overall peak corresponding
to 20 = 38.83. In the neighborhood ofd2 38.83, there are discrete peaks which are
relatively low intensities. These peaks are exptbib calculate the particle size using
Scherrer Equation [10], and it has been found ttatsize vary between 40 — 90 nm.
The overall impression of the XRD analysis of theveloped specimen is a nano-
composite of NiS cluster. The overall nature is gghous due to background bio-

polymeric material and NiS clusters. It can be sighat small grain size caused the
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surface roughening to increase. It is also resptmgor destroying the crystalline
nature. Due to the smaller grain size and theigdanumber density, the grain
boundary effect becomes predominant in the comgo3itis forms surface defect
that affects the structural and morphological prope

2.3.2 AFM Analysis

AFM study of NiS nano-clusters in bio-polgnt background was carried out
using AFM model NANOSCOPE F (USA). The AFM photqggnas shown in Fig.2.2

Lowpass

600.0 nm

300.0 nm

0.0 nm

scan size 2.500 um
Scan rate 10.17 Hz
Number of samples 256

m

nis. 004

Figure 2.2 AFM microgram of NiS nano-clusters in bo-polymeric background.

Fig. 2.2 shows the AFM results of NiS nano-clustrsize ranging between 30-50
nm. The estimated of NC's in bio-polymeric backgrdware larger compared to those
developed without bio-polymeric background.
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2.3.3 Optical Absorption Spectroscopy

UV-VIS absorption spectra of the specimens NiS Hib; pellet specimens
were studied with UV-2450 UV-VIS spectrophotomet&himadzu, Japan in the
range between 190nm to 900nm at adequate accursiog integrating sphere
attachment and compensating Ba3f@ckground. The results of the study between
190-300 nm are shown in Fig.2.3
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Figure 2.3 UV-VIS absorption spectra of NiS and NB..

2.3.4 FTIR Analysis

The infra red (IR) absorption of NiS and,8& powder specimen provides
information [11] about energy difference due tocalenic transition or vibration
states originating from bond bending, bond streigluf molecular constituents of the
specimens. The analysis was carried out using Fiddel, IR affinity 1, Shimadzu,
Japan, at high resolution (resolution was I'rmsing KBr window.IR absorption for
a molecule provides information about energy déifee between vibrational states,
originating from bond bending and bond stretchikgy. 2.4 shows the FTIR
vibrational spectrum of the developed complex dsd eaompared to that of the pure
Gum Arabica. The functional group region appeaesnfd000 cm'® to about 1550

cm ', The results obtained from Fig. 2.4 shows eviderfcdirect band gap of the
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specimens in IR region .The estimated direct Baag & NiS is 0.28eV and that of
Ni,Ss is 0.12eV respectively. Anuar et al [12] studibé bptical absorption of their
developed NiS by sol-gel process and the estimated gap measured to be 1.3 eV.
Sartale and Lokhande [13] reported that Nickel Isilp has a band gap of
approximately 0.5 eV

1.25+
1.00+
0.75+
0.50+

0.254

Absorbance in Arbitary Unit

0.00 . . . T
5000 4000 3000 2000 1000

Wavenumber in cm™

Figure 2.4 FTIR absorption spectra of NiS and NiSs.

2.3.5 d.c |-V Characteristics

For the experiment of d.c I-V characteristics tl@nple was sandwiched
between two high polished flat copper plates actesectrodes for electrical
measurement. The applied field direction was petpeihar to the 2-D plane of the
specimen. The d.c |-V characterization of the gpeas at room temperature was
carried out using by Keithley 2400 Source meter AUSand plotted using
characterization software. The overall nature &f tharacteristic is an apparent
indicator of formation of localized energy level tife NC’s in host background
matrix. The conductance (G) of the specimen wamagtd and plotted as a function
of applied voltage (V) as shown in Fig. 2.5 Theration of localized energy level in
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the recorded |-V characteristic may be attributeé tb 3-D confinement [14,15] of

guantum dot like ionic nano-cluster within the digtic host.

The following noise in the mesoscopic systems fh6]observed nature of the
conductance plot shown in Fig.2.5 appeared toKeethat of a telegraph noise. In fact
it arises due to transition between two locallyoktestates at room temperature (RT).
The nature of the conductance variation is duerésgnce of quantum dots in the
system later gives rise to Coulomb Blockade eff@@l. The observed conductance
fluctuation is thus a direct evidence of preserfagamo-clusters in the system. In this
experimental result, the observed noise appearednaadmixture of Nyquist —
Johnson, shot noise and 1/f types of noise origigamostly from the quantum
confinement of 3D nano-clusters in the specimenpakent nature of conductance
fluctuation is the indicator of formation of locadid energy levels in host background.
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Figure 2.5 Conductance (G) variation of NiS with aplied p.d at RT.

There are plateau regions in conductance csihvevn by Fig. 2.5 the plateaus
occur when the conduction process is terminatedhieze we try to explain the
disorder in the sample. This disorder affect th@daa levels broaden into landau
bands. As well as the disorder potential is weak we mean to say the quantum
confinement and the Landau bands are merge toncamti . In strong disorder the

localized states are predominates and passing fofmation through electron is
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prohibited. Since the localization length of a tdmsis small, the overlapping of
adjacent wave functions are not strong, so one gedyplateaus that is conduction
enhancement does not takes place. Due to the udtiod of nano-cluster in the
specimen the ionic conductivity is found to incee@wer the pure polymer. Similar
effect [18] has been observed in ionic conductibaatids with nano-filler. At room
temperature it behaves as a small band gap semictumdand at room temperature
exhibits electrical noise like appearance as madkedacteristics of nano-composite.
The NiS nanoclusters are distributed in the polymeratrix of Gum Arabica, and
there exists size distribution also. Since the idgis$ states in nano regime are much
smaller than that of bulk one, by altering the giz¢he particles means the extension
of effective potential, which may easily change blamd gap. It is interesting to note
that within a nano-composite there are three tgbenergy band gap probably due to

presence of other form of Nickel sulphide.
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Figure 2.6 Variation (1) with temperature for Nickel Sulphides at mentionel magnetic field.

2.3.6 Magnetic Measurement

NiS and N;S; were prepared by chemical synthesis to develogkbla

experimental specimens. The dried sample of Ni€k#bhides was crushed into fine
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powder. The magnetic moment of the specimens weeasuored between
temperatures 10-300 K with external magnetic field parameter. The said
measurement was carried out in VSM model Quantunsigbe (USA). The
magnetization/gm of the specimens (M) is recordedaafunction of temperature
between the temperature rangel0-300 K at two diftefields 0.1 T and 1.0 T. The
results thus obtained are shown in Fig. 2.6. Thasmed M shows variation with
fields and temperature as well. It has been fohatitemperature between RT to 40 K
magnetic behaviour is paramagnetic and that betwd to 10K the specimen
appeared as ferromagnetic however there existshag sphase transition. Thus
overall magnetic nature of disordered nano size® Miusters appeared to be
complicated in nature. The value of observed magseisceptibility ) of the NpSg
specimen shows a weak ferromagnetic in nature hemerdered NiS bulk solid is
known to be an anti-ferromagnetic material. Theugalofy from this present study
may be due to presence of other sulphide of Nickéhe form NiS,. The nature of
magnetism in the later is not properly known. Thaerall magnetic nature of
disordered nano sized NiS clusters appeared toebe complicated in nature. The
value of observed susceptibilifyshows a paramagnetic in nature however ordered
NiS bulk solid is known to be an anti-ferromagnetiaterial. Fig. 2.7 shows(the
significant portion of the measured data are showam)exclusive characteristic
variation of magnetic susceptibility of M with temperature measured at 1.0T field.
The region between arrow mark the behavior of tpecsnen appears to be
ferromagnetic and temperature above 30 K the smaTisiparamagnetic. TheJSi

specimen is however showed a super-paramagnetgatime.
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Figure 2.7 Variation of (1/x) with temperature at 1.0 T magnetic field for Ni,S;

specimen.

The nature of magnetism in Nickel Sulphidecomplicated and interesting.
Following analysis of experimental data Coley ef18] showed that nickel sulphide
has temperature dependent magnetic susceptibiidyhas an itinerant-electron anti-
ferromagnet with no local moment. Wei Wang et dl][2howed from a hysteresis
scan of NiS Nano Tube that there exists a weakrf@gnetism at room temperature.
In the work [20] the observed value of magneticnpeability1w shows a weak
ferromagnetic nature however ordered NiS bulk sasidknown to be an anti-

ferromagnetic material.

Nanomagnetism is a highly interesting subject didsstate magnetism and
nanotechnology [21-23]. The novel phenomena supmrpagnetism and its effects
appear only on the nanoscale. The present nagi Bjpecimen is however showed a

super-paramagnetic in nature without any shargsitian.

2.4  Application potential of NiS:

Infra-Red(IR) absorption of Nickel Sulphide complex
2.4.1 Introduction
About 45%o0f the solar energy reaching earths serfegs in the near infrared
region of the spectrum. Most existing solar pa@ehonly effectively harnessed light
energy while allowing nearly half of the energysipectrum (in the form of infrared

waves) to passed by mostly unused because connahsiicon based solar cell are
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unable to harness the infrared radiation. The rieetkvelop inexpensive renewable
energy sources stimulates scientific research féicient, low-cost photovoltaic

devices. The biopolymer-based photovoltaic eleméiatge introduced at least the
potential of obtaining cheap and easy methods ¢alyme energy from light. The

possibility of chemically manipulating the materigroperties of biopolymers

combined with a variety of easy and cheap procgssechniques has made
biopolymer-based materials present in almost ewasyect of modern society. In
earlier studies [24, 25] it has been found that MiSa magnetic semiconductor
although its nature of magnetism in the form of spré nano composite is
complicated. Nickel Sulphide is a photo-sensiti2é][material and may be used in
photo-energy generation. A series of recent agtil@6] demonstrating controllable

fabrication of magnetic semiconductors and thesorporation into hetero-structures
has led to several additional device suggestianshis study NiS has been used to
harness the infrared region of the light wave. &kperimental details and results are

discussed in the following sections.

2.4.2 Sample Preparation

In the present work we deal with a natural seleagsly of NiS nano-cluster in
conducting background of biopolymer. The biopolyrBm Arabica [8] powder is
used as a capping medium for the preparation oéraxgental specimen. At first we
take Ni salt i.e Nickel Carbonate of NiG@Ni(OH),,4H,O from E-mark India and
boiled in amoniacal water at temparature about 1Bilt€ring the sample, mixed with
liquid Ammonia (NH) solution and gum acacia powder heated in magrséticer
and slowly passing #$ gas through it . Hence the formation of NiS ngpecimen by

natural self-assembly is in the background of Guabiaa biopolymers.

2.4.3 Experimental

In this work both d.c I-V characteristics and measurements are carried out. In
earlier study [26] it has been found that the depetl particle size by using is almost
between 4 — 9 nm. The overall nature is amorphowestd background bio-polymeric
material. The d.c |-V characteristics are recordedoom temperature with voltage
step 10mV between -0.2 to +0.2V. The measurementrged with the specimen
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exposed to IR radiation from IR diode MLED 930.V ldata for the specimen was
also recorded under exposure to IR from enclosaeliata at 60 C. The d.c
measurements are carried out using PC interfacétil&e 2400 series source meter.
The investigation of total electrical conductiontleé developed NiS complex of Gum
Arabica specimen was carried out, between frequesnoye 1 Hz to 100 KHz HIOKI
3522 LCR/Z Analyzer (Japan).

2.4.4 Results and Discussions

Fig. 2.8 shows d.c bulk I-V character of NiS comip® specimens under IR
radiation about 930 nm from IR diode. The fig.2i8acompared the irradiated result
to that at near dark condition. The recorded curigeamall in magnitude due to small

specimen area that exposed to irradiation.

Fig. 2.9 compares the result of d.c I-V on thé& Miomplex specimen under
exposure to IR from enclosed radiator at 60 C tat &f with no additional IR
radiation The fig.2.9 shows that conductivity iregence of radiation increases by

about 10 times over without radiation.

The results of ac investigation are in fig. 2.a@he form of Cole —Cole plot. The
overall nature of the curve shows an effective goxducting (ionic and electronic

contribution) nature of NiS complex specimen.

The increase in current seen from fig. 2.8 80d2.9 is due to the presence of
nano particle in the material. The NiS nano paetislcapable to absorb energy in the
infrared part of the spectrum. In the earlier w{2g] it has been reported that the
estimated direct Band Gap NiS at 0.28eV. The ctumehancement due to selective
IR radiation of 930 nm is too small (fig.2.8) hoveewthe same is substantial (fig.2.9)

when a broad spectrum continuous IR radiation éslus
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Fig. 2.10 Impedance plot of NiS complex (applied g¢=1v r.m.s).

2.4.5 Conclusion

Formation of ionic nano-clusters (scince ampedance analysis shows the
substantial contribution of ac conductivity in to&ectrical conductivity) within
polymeric substrate is distinct and clear from ¢haracteristic curve. From the study
of optical absorption spectroscopy we can assuraeé dB if three type of sized
dependent nano-composite formed and it is confirthatl NiS nano-cluster is a the
small band gap semiconductor. The overall magnesture of the NiS nano
composite is amazing. Apart conflicting claim theegent study finds a weak
ferromagnetism below 40 K and paramagnetic abovén ithe developed NiS
specimen. The scope of further studies on the systay provide many interesting
aspect of material science. NiS nano particlestake in energy from both sunlight
and the earth’s heat radiation with higher efficiethan conventional solar cell. The
developed NiS composite successfully exhibits tretioned property. The overall
IR absorbance of the developed NiS complex is @eskto be good and encouraging.
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Chapter-3

Characterization of ZnS Nano-clusters in polymeridbackground.

3.1 Introduction

ZnS is a very popular efficient phosphor. The Zn&naiclusters exhibit
interesting optical properties [1]. The study ofSZnano cluster gained importance as
a wide band semiconductor. The nano-clusters amergted require capping due to
avoid quick degradation or agglomeration. Confinetre the nano-clusters within
the polymeric background hinders their degradatoragglomeration. Thin solid
films with polymeric background also have the adage in the field of optical
devices. A quantum dot (QD) is a sub-micron-scaledacting device containing up
to several thousand electrons. The charge transpatigh a quantum dot at low
temperature is a quantum coherent process. Liteia{@] focuses on dots in which
the electron’s dynamics are chaotic or diffusivijng rise to statistical properties
that reflect the interplay between one-body chgaantum interference, and electron-
electron interactions. The conductance through sdots displays mesoscopic
fluctuations as a function of applied voltage, ne&tgnfield, and shape deformation.
In open dots, the approximation of noninteractinggiparticles is justified, however
in almost-closed dots like one of present studyene@hconductance occurs by
tunneling, the charge on the dot is quantized, egladtron-electron interactions play
an important role. Transport is found to be dormadaby Coulomb blockade [3],
leading to peaks in the conductance that at lowp&atures provide information on
the dot's ground-state properties. Several stedistsignatures of electron-electron
interactions have been identified both theoretycatid experimentally, notably in due
to addition of quantum dots in the specimen. Othesoscopic phenomena in nano
composites that are affected by the charging engrgude the fluctuations of the

tunneling conductance and mesoscopic Coulomb biteckd]

3.2 Experimental.

In this work ZnS nano-cluster is dispersed in Sty background to develop a

system of QD array. Styrofoam- a widely used pagkmaterial popularly known as
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thermocouple is prepared from the starting matesigtene (vinyl benzene) by
polymerization reaction. [5] Its average moleculaeight is very high and its
molecular formula is (§HsCHCH,), it is a good dielectric with low physical density.
The Styrofoam is dissolved in Aniline and the réagl solution is heated at 18G.
In-situ production of ZnS nano clusters is done by thegge of HS gas through the
solution with adequate mass of Zn-acetate. Thedton of ZnS nano-cluster in the
dielectric background is thus followed by naturalf @ssembly. The resulting nano-
complex is caste in the form of film by spin-cogtitechnique. The developed
specimen is used for experimental investigationseta Atomic force microscopy,
Optical absorption and d.c I-V characteristics. §ké characteristics measured in the

applied field direction perpendicular to the 2-@up of the specimen.
3.3 Results and Discussions.

The ZnS nano-cluster with a size distribution ie tfase matrix of Styrofoam is
thus prepared is used as experimental QD system.Fldn 3.1 shows the optical
absorption form UV-VIS study. The marked absorptigeak corresponds to the
energy 3.71 eV and is compares well with its baag 8.67eV [6]. In fact the wide
band gap of ZnS nano-clusters is clear from thdystlihe d.c G— V characteristics
(fig. 3.2) of thin specimen at room temperature avebserved by Keithley 2400
Source Meter unit and plotted by using CharactéameSoftware. The overall nature
of G-V characteristics is a marked characterizatbthe existence nano-cluster in

the background matrix.

Following noise in mesoscopic systems [7] the olesk nature of the
conductance plot appeared as telegraph noise.ctnitfariginated from transition
between two or more locally stable states. The watyre of the g fluctuation is due

to the presence of QD array in the system.
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Fig 3.1: Optical absorption of the developed nanoemplex at RT.
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Fig 3.2: Variation of d.c conductance(G) against gglied voltage. Sample dimension: thickness-
0.052 cm, area- 2.009 cm sq.

The observed conductance fluctuation is thdimgerprint of nano-clusters in the
system. In this real experimental result, the oles®mnoise appeared as an admixture
of Nyquist —Johnson, shot noise and 1/f types a$enoriginating mostly from the
guantum confinement of 3D nano-clusters in the ispee. Apparent nature of
conductance fluctuation is the indicator of forroatbf localized energy levels in host
background. The formation of localized energy lewely be attributed due to 3-D
confinement of quantum dot like ionic nano-clusteithin the dielectric substrate.
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Fig 3.3: AFM microgram of ZnS nano-clusters.

The Fig. 3.3 shows the AFM picture of the develog&® nano clusters dispersed
system. The ZnS nano cluster size in the specisiéund to vary between 70nm to
100 nm. All the measurements are carried out afkemonths from the preparation of

sample.
3.4 Conclusions.

Formation of stable wide band gap ZnS nano clustéhsn polymeric substrate
are distinct and clear. At RT it exhibits electtiomise like appearance as marked

characteristics of nano- composite.
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Chapter-4

Electronic Properties of Pure and Mn Doped NiO cluters.

4.1 Introduction

The research in the field of dilute magnetic emductor (DMS) has recently
been prompted by the discovery of room-temperaten@magnetism in transition
metal (TM) doped ZnO. The field of dilute magnetiemiconductors (DMS) is
currently one of the field intense activities [These materials are of great interest
because of the novelty of their fundamental proper@nd also due to their potential

as the basis of future semiconductor spintronigs [2

The Nickel Oxide is known as magnetic semicotolualthough its nature of
magnetism in the form of present nano compositemplicated however it is known
as an anti-ferromagnetic system. Transition metaides often exhibit novel
phenomena of great fundamental and technologicpbitance. In such cases Mn

and Gd are to be the spin manipulative dopant.

The present work involvegrowth of NiO and Mn doped NiO as DMS materials
thermal dissociation, characterization, and eleakriransport studies. In following

brief account of the entire work is summarized.

4.2 Experimental details

4.2.1 Sample Preparation

The Nckel acetate hydrate, analytical grade (Algkesar) was heated (about 300
C) for 8h to prepare NiO powder. The developed Ni@vder was grinding and
strongly heated (about 350 C) for 10h. Mn dopinNi® was carried out by thermal
dissociation following thermal dissociation of commacetate sol. Anhydrous Nio
and Mn doped Nio were taken in form of pellets prep by mechanical pressing at

pressure 12 ton/chiollowed by sintering.
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422 FTIR

The IR absorption of NiO powder specimen provide®rimation about energy
difference due to irrational states originatingnfrdond bending and signature of
impurities in it. The analysis was carried out iBkwindow using FTIR model, IR

affinity 1, Shimadzu, Japan, at high resolution.
4.2.3 UV -VIS

UV-VIS absorption spectra of the specimens weréistuwith model UV-2450
UV-VIS spectrophotometer, Shimadzu, Japan in thgedetween 190nm to 900 nm

at adequate accuracy using integrating spherehatiat.
4.2.4 d.c Experiments

d.c I-V characteristics the developed pure and ddyi®© specimens were studied.
The developed pellet was sandwiched between twphge electrodes for such
electrical measurement. The applied field direci®perpendicular to the 2-D plane
of the specimen. The d.c I-V characteristics waonded at room temperature by
Keithley 2400 (USA) Source meter unit and plotteg Wsing characterization

software.
4.3 Results and Discussions.

It has been found tha&liO clusters can be developed by top-down grinding and

sintering process.

FTIR analysis was carried out on pure NiO specif¢rand on partially processed
NiO specimen (a) was also carried out. Fig. 4. Wshive FTIR spectrum of specimen
(@) and (b). It shows that no substantial -COO#haiure is detected curve (b). It

confirms that the chemical process is completedawéloped NiO specimen is pure.

d.c I-V characteristics for bulk NiO and Mn dope@N\are shown in Fig. 4.3 The
nature of d.c I-V for is mostly like ohmic in naéurBut due to Mn doping slopes
decrease with increase in Mn concentration. Thétrans of d.c conductivity with
Mn concentrations are shown Fig 4.4 The magnitddeonductivity decreases with

in increase in Mn concentration.
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Fig. 4.1 FTIR absorption spectrum of NiO specimefia-pure NiO,b-Mn doped NiO).

Optical absorbance of the specimen is shown FR&). Phe Figure also compares the
same for Mn doped NiO at mentioned Mn contenthdives that due to doping of Mn
the over all nature of absorbance modified overpgilne NiO variety. The estimated
band gaps for specimens are found to be 3.08, 288, 2.75 and 2.74eV
respectively for pure (a), 3%Mn (b), 5%Mn (c), 8%nMd) and 10% Mn (e)
concentrations. The result shows that optical bgeq decrease with increase in Mn
concentration however maximum effective doping laway be limited to 5% Mn

concentration.
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Fig: 4.4 Variation of d.c Conductivity in the unit of 10° S/cm with % of Mn Doped.

In another extension of the work variation of Magneesistance with applied field
has been studied. The phenomena Magneto-resistisifiteis defined as the change
in electrical resistance in response to an extemagnetic field (H). A brief

discussion on it is given in Sec. 1.4 of ChaptefHe formula used for calculation of

the quantity is given by,
MR=[R(H)-R(0)] / R(0).

Where R(H)and R(0) are the resistance of the nat@rpresence of applied
magnetic field and zero magnetic field respectivEigure 4.5 and 4.6 shown the

variations of MR with the square of applied higld &ow fields.
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The negative MR is due to tunneling between cowtiisuferromagnetic particle along

a critical path with a spin depend coulomb gap.
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4.4 Conclusions

NiO is a large band gap magnetic semiconductorelltstrical conductivity and
optical band gap can be manipulated by Mn doping. iKlowever the discovery of
MR also opened the door to a new field of scie@m@ntronics (Magnetoelectronics).
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Chapter-5

Electrical noise in Sol-Gel synthesized ZnO nano-asters dispersed

polymer.

5.1 Introduction

The dramatic change in electrical properties ofndqua sized nano-complex
system over its bulk counterpart has grown conalalerinterest to modern science
and technology. Modifications in the density oftesa(DOS) function with change
due to quantum confinement of the system creatguenielectrical, optical and
thermal properties. The advent of nano-scienceadiifd a new dimension over it. In
an earlier study [2] authors attempted such dewvedop. Metal sulphide nano-

particles have interesting optical and electricaperties [3, 4].

The present paper deals with formation of natuetitassembly of ZnO nano-clusters
in dielectric substrates of synthetic polymer. Theanometer scale inclusions exhibit
unique electrical properties containing quantum fioement effects and strong

electrical non-linearity with apparent manifestatwf electrical noise. Obtained nano-
scale pattern formation yields interesting resudesides controlling the size by

controlling parameter of preparation.

5.2 Experimental

In this paper ZnO nano-cluster is dispersed indddam background. Styrofoam-
a widely used packing material popularly known faarinocouple is prepared from
the starting material styrene (vinyl benzene) byymerization reaction. [5] The
average molecular weight of Styrofoam is about H#ioni and its molecular form
(CeHsCHCH)n it is a very good dielectric with low physicatrsity. The Styrofoam
is dissolved in chloroform and the resulting salntis heated at 8@ along with
adequate mass of Zn- acetate. The resulting namglea is caste in the form of

pellet by spin-coating technique. The developedispen is used for experimental
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investigations namely electrical experiment for édance Spectroscopy, and | — V

characteristics measured in the applied field timagerpendicular to the 2-D plane.
5.3 Results and Discussions.

The zinc- oxide nano-cluster with random size t@mmain the base matrix of

styrofoam. The patrticle size varies between 10nd&0tdnm.

logo

log (f)

Fig. 5.1: Log conductivity plot of bulk ZnO in Styrofoam backgruond. (d=0.6 mm, C.S.A =
1.8 cnf, p.d. = 1V). The legends corresponds to 1 to 6 negsents six independent repeated

measurements.

A.C conductivity measurements (Fig. 5.1) of thekbapecimen between two
Copper electrodes were carried out using HIOKI 3%ZR/Z analyzer between

frequency range 10 Hz to 100 KHz.
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temperature. The legends corresponds to 1 and 2 regsent six independent repeated

measurements at an interval of 15 days

Following noise in mesoscopic systems [6] the oles®jumps in the conductivity
plot appeared as telegraph noise. In fact it oaggd from transition between two or
more locally stable states .A reasonable interpogtaf it as due to either the motion
of a scattered between two locally stable statde te ionization or de-ionization of
an impurity. The very existence of 1/f type noisedue to the presence of many
activated centre in the form of nano-clusters @ gpecimen with smooth distribution
of the barrier governing the transition between states. The observed conductance
fluctuation is thus a fingerprint or marked chaeaistics of the existence Nano-
cluster type impurity configuration. In experimdntasults the observed noise
appeared as an admixture of Nyquist —Johnson,rshs¢ and 1/f types of noise in a
gualitative sense. Thus the qualitative appearahcwise is originating mostly from
the quantum confinement of 3D nano-clusters ingpecimen. Both fig. 5.1& 5.2
give a very clear impression that observed noised#ferent form typical Nyquist
and or quantum noise. At RT the amplitude of flation cannot be explained on the
basis of thermal fluctuation of micro particles. rigorous analysis of the observed

result is under progress.

The d.c | — V characteristics (fig 5.2) ofrttepecimen at room temperature were
observed by Keithley 2400 Source Meter unit aradted by using Characterization
Software. The overall nature of | -V charactersstis an apparent indicator of
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formation of localized energy levels in host backgrd. The formation of localized
energy level may be attributed due to 3-D confinetr@ quantum dot like ionic

nano-clusters within the dielectric substrate.

In fig. 5.2 two independent measurements are chaoug at an interval of 15 days
are shown. It is an interesting aspect that hypeeoano-state did not form larger
cluster to give up their nano-size characteristitss due to use of the dielectric

Styrofoam background which provides a complete iceppf the nano-clusters.

5.4 Electronic and Optical Character of Cobalt Dopd Zinc Oxide.

5.4.1 Character of Cobalt doped Zinc Oxide-An Overiew.

In the recent time studies on metallkides gained a tremendous
momentum. The ultimate goal of such studies is @¢getbp spintronic materials.
Many recent studies have come up with very broadyais on the magnetic aspect of

the oxide conductors.

The research in the field of dilute magnetic semdzector (DMS) has recently
been prompted by the discovery of room-temperatem®magnetism in transition
metal (TM) doped ZnO . General consideration ohgsiloping with 8 transition-
metal cations in conducting oxides like SnO, semikmting oxide ZnO or insulating
oxide like TiO have been undertaken, The motivabehind these study is to realize
ferromagnetism at room temperature in the systéine.results thus obtained from
the studies of different worker are found confhigti The field of dilute magnetic
semiconductors (DMS) is currently one of the figltense activities. These materials
are of great interest because of the novelty of fis@damental properties and also
due to their potential as the basis of future sendactor spintronic technologies
which promise integration of magnetic, semicondwgiind optical properties and a

combination of information processing and storagefionalities.
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In earlier work authors undertaken studies on e doped Nickel Oxide (NiO)
[8] and Nickel Sulphides [9]. The overall resultstained therein are found to good.
Recently Zinc Oxide (ZnO) system in both pure arapeti variety are studied
extensively by different worker. Pure ZnO is an-&gendly material moreover non
toxic for human bodies. ZnO NC may be useful in-tmiedical applications. ZnO
nano clusters are large band gap semiconductoth&ydcan be produced by various
ways [10]. It has been found that ZnO is a semiootat with direct wide band gap
3.27 eV [11]. Studies on doped ZnO are also redoitwever, the ferromagnetic

aspects of the doped ZnO are found to be incompledeconflicting.

This present work is makes an attempt to investigatious electronic and optical
aspects of doped ZnO. The details of the investigatesults and analysis are given

in the following subsections.
5.4.2 Experimental.

Cobalt doping in ZnO was carried out by chemipebcess following thermal
dissociation of common acetate salt. The zinc &edtgdrate with proportionate
amount of cobalt acetate, analytical grade (Alfsa® were heated (about 320 C) for
8h to prepare Co doped ZnO powder. The developedidped ZnO powder was
grinded and strongly heated (about 350 C) for Kithydrous Co doped ZnO were
taken in form of pellets prepared by mechanicakgireg at pressure 12 ton/cm2
followed by sintering. Two specimens with respeetiobalt doping 2% (specimen-a)

and 5% (specimen-b) were developed.
FTIR

The IR absorption of the Co doped ZnO powder spegcimas carried out to extract
information about energy difference due to vibnadib[12] states originating from
bond bending and signature of impurities in it. Bmalysis was carried out in KBr

window using FTIR model, IR affinity 1, Shimadzapan, at high resolution
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d.c I-V Characteristics

d.c current voltage (I-V) characteristics theveloped Co doped ZnO specimens
were studied. The developed pellet was sandwicleédden two graphite electrodes
for such electrical measurement. The applied fitdction is perpendicular to the 2-
D plane of the specimen. The d.c |-V was recordedbam temperature 22 C by

Keithley 2400 (USA) Source meter unit and plotteg Wsing characterization
software.
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Figure 5.5. d.c I-V characteristics of Co-doped-ZnCo doping level 5%).
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Figure5.6. d.c I-V characteristics of Co-doped-ZnQ{Co doping level 2%).

UV-VIS

UV-VIS absorption spectra of the specimens weréistluwith model UV-2450
UV-VIS spectrophotometer, Shimadzu, Japan in thgedetween 190nm to 900 nm

at adequate accuracy using integrating spherehatizt.
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Figure5.7. Optical Absorbance Co doped ZnO (Co dopg level 5%).
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Figure5.8. Optical Absorbance Co doped ZnO (Co dopg level 2%).

Magnetic measurement

Following Pal and Sarkar [13] type of magnetisnaispecimen was estimated. The
present technique of magnetic measurement makethesainciple if variation self
inductance of a coil. The experimental specimeplased inside the core of the coill.
The arrangement when subjected to external longididl.c magnetic field the self
inductance of the coil changes in accordance tarthgnetization of the specimen.

The self inductance was measured by HIOKI (Jap&82 2. CR Meter.

5.4.3 Results and discussion.

FTIR analysis was carried out on 2% Co doped Zn€xigpen (a) and on 5% Co
doped ZnO specimen (b) was also carried out. Fig.amd 5.4 show the FTIR
spectrum of specimen (a) and (b) respectively. r8lexists no substantial -COOH
signature in shown by curve (b).This confirms tthet chemical process is complete

and developed specimen is the desired one. Théged FTIR analysis show a clear

structural difference between specimen (a) and (b).
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Figures 5.5 and 5.6 show the result of d.c I-V measent on Co doped ZnO
specimens (a) and (b) respectively. The observecemiuexhibits oscillation like
behaviour with applied voltage. It can be infertledt nano-composites do not follow
Ohm’s law of conduction. These functional characteh NC’s are also observed in
ZnO nano structures [10, 14, 15]. The existencstep like discontinuities in | — V
characteristics are almost Coulomb charging likpst{16]. The thermal fluctuation
effects and quantum tunneling effect appears todmepetitive for these specimens.
Fig.5.5 shows large amplitudes of oscillations cared to that in Fig.5.6. The change
in oscillation frequency is due to difference imasstructures, in the specimen, which
is the effect of Co doping in ZnO. The 5% Co doged specimen (b) apparently
exhibit lower oscillation amplitude due differenicecurrent scale. In fact specimen
(b) has greater electrical bulk conductivity th&wattin specimen (a) the very clear
nature of | —V characteristics may be attributede do quantum effect. The

magnitudes of discontinuities are thus detectabd®m @t near room temperature.

Optical absorbance of the specimens (a and Bhesvn Fig. 5.7 and Fig.5.8
Absorption spectrum in Fig.5.7 exhibits board amdley peaks around wavelength
region 340nm to 380nm. This result is the direatsemuence of that the average
cluster size in Co-doped ZnO specimens have a sifedrence due variation Co
doping level. The analysis is consistent with tthatl-V results. The band gap of Co
doped ZnO was estimated from the measured optlzsbrbance and found to be
2.55eV and 2.85eV respectively for specimens (a) @). The results show that

optical band decreases with increasing Co dopivgj.le

The outcome of simple magnetic measurement shoats5¥% Co doped ZnO
specimen is paramagnetic (permeabilityl) at room temperature. However, 2% Co
doped ZnO specimen shows the signature of weakeaotnagnetic nature at RT.
Both the mention systems are investigated by mamrkevs [17-20] Tietzet al. [21]
investigated 5% Co-doped ZnO film developed by Plbich exhibited no
ferromagnetism at RT. However, it has been repd&2fithat Co doped ZnO exhibit
ferromagnetism at RT. Moreover there exists cotifigc conclusion on analyzed
magnetism of Co-doped ZnO. It may be emphasizeddihzte magnetic oxides are

perhaps not uniformly magnetized. The ambiguitynadgnetic behavior of doped
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ZnO is related to structural defects, which depe&md external parameters like

temperature and oxygen concentration while samgpgpation.

5.5 Electronic and Optical Character of nano sizedGadolinium

Doped Zinc Oxide.

5.5.1 Character of Gadolinium doped Zinc Oxide-An @erview.

Recently Zinc Oxide (ZnO) system in both pure awgetl variety are studied
extensively by different worker. It has been fouhdt pure ZnO is a semiconductor
with direct wide band gap 3.27 eV. [23] Studiesdaped ZnO are also reported. In
an earlier work [24] overall material and opticahacacteristics of nano sized
Gadolinium oxide (GgD3) are studied. GfD; is a semiconductor with large band gap
(~4.5eV). The research in the field of dilute magnesemiconductor (DMS) has
recently been prompted by the discovery of roompimature ferromagnetism in
transition metal (TM) doped ZnO. This present wisrknakes an attempt to develop
and investigate various electronic and optical etspef Gd doped ZnO.

5.5.2Material Preparation

Gadolinium (Gd) doping in ZnO was carried out bymical process following
thermal dissociation of common acetate salt. Gdrdpponcentration was 2% and
1%. Experimental pellet was prepared using diepfBlse specimen diameter was 13
mm and of thickness 0.9 mm (2%) and Sample thidde34mm. Area-1.362 cmsq
(1%) respectively.
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5.5.3 Results
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Figure5.9. Optical Absorbance of Gd doped ZnO (Gd dping level 2%).
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The band gap of G@; was estimated from the measured optical absorbance
shown in fig.5.9 and found to be 3.15eV. Fig. 5slibws the result of d.c I-V
measurement on Gd doped ZnO specimen.
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Fig.5.11. Optical Absorbance of Gd doped ZnO (Gd duing level 1%).
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Fig.5.12 d.c |-V characteristics of Gd doped Zn@Gd doping level 1%).
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The existence of step like discontinuitieslir- V characteristics are almost
Coulomb charging like steps [25]. The very cleaura of | =V characteristics may

be attributed due to quantum effect of developeawrszed composite.

5.6 Conclusion

Formation of ionic nanoclusters within polymeridstrate is distinct and clear.
Due to introduction of these nano-clusters enhaec¢nof ionic conductivity is
estimated to be 100 times over the pure polymeRAit exhibits electrical noise like
appearance as marked characteristics of nano- t@pdhe developed nano-
composite in Styrofoam base matrix is found to tadbls with non degrading nano

characteristics.

Formation of nano-clusters in sintered specimedissinct and clear from [-V
characteristic curve. From the study of opticalospson spectroscopy we can assume
that as if three type of sized dependent nanocomepimsmed and it is confirmed that
Co doped ZnO nano-cluster is wide band gap semiatiod The overall magnetic
nature of the Co doped ZnO nano composite is amga&part from the conflicting
claim the present study finds a weak antiferromagmein 2% Co doped ZnO and
paramagnetic nature in 5% Co doped ZnO specimeRTatThe scope of further

studies on the system may provide many interestspgct of material science.

The optical absorption data gives a direct bandafsqut 3.15eV which different
from that of pure ZnO and pure . The developed nano material is of

semiconducting nature with moderate band gap arahggnetic in nature.
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Chapter-6

Bulk and Surface Electronic Properties in synthesiegd CoO clusters.

6.1 Introduction

Cobalt (Il) oxide (CoO) is an inorganic compdus prepared from cobalt acetated.
Its appearance is a grayish black powder at RTpl¢ential use lies with
ceramic industry. It has been reported [1] that &tobxide nanopatrticle systems can
be prepared by chemical sol-gel process. The chpa@oparticles of the CoO
nanoparticles exhibit antiferromagnetism at low penature. The Cobalt Oxide is a
dilute magnetic semiconductor although its natdrenagnetism in the form of nano

composite is complicated however it is known asinferromagnetic system.

Transition metal oxides often exhibit novel pheeoia of great fundamental and
tecnological importance. In such cases Mn maybespin manupulative dopant.

The present work involves growth of CoO and Mn a@ab@®O as DMS materials by
chemical sol-gel process, studies of electricaldpart. The importance and effect of
transition metal doping in oxide conductor are eagired in Sec.1.1.3 of chapter 1.

In following brief account of the entire work isramarized.

6.2 Sample Preparation

The Cobalt acetate hydrate, analytical grade (Aaar) was heated (about 300 C)
for 8h to prepare CoO powder (S-1). The develope® @owder was grinding and
strongly heated (about 350 C) for 10h. Mn dopingdoO was carried out by
chemical sol-gel process following thermal disstioia of common acetate sol.
Anhydrous CoO and Mn doped CoO were taken in fofmpallets prepared by
mechanical pressing at pressure 12 toAfoiiowed by sintering.

6.3 Experimental
d.c current voltage (I-V) characteristics theveloped pure and doped CoO
specimens were studied. The developed pellet wadasehed between two graphite

electrodes for such electrical measurement. Theliegppfield direction is
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perpendicular to the 2-D plane of the specimen. d@lel-V was recorded at room
temperature by Keithley 2400 (USA) Source metert wamd plotted by using
characterization software. The said measuremerayalwrovides information on bulk
electrical conduction. When the applied field dir@c is parallel to the 2-D plane,
and on the specimen with suitable electrodes, thface electrical conduction can be
measured. In this work d.c bulk conductivity and surface conductivity in presence
of external magnetic field are measured. The lat@s undertaken to examine the
magnetic aspects of the developed specimen.

UV-VIS absorption spectra of the Mn doped Cspggcimens (3% and 10%)
were studied with UV-2450 UV-VIS spectrophotomet8himadzu, Japan, between
190nm to900 nm at adequate accuracy using integraphere attachment in BagSO
background. This study is undertaken to examineptical band in the UV-VIS

region.

d.c bulk I-V characteristics for developed spss is shown in Fig. 6.1. Fig. 6.2
shows d.c surface |-V characteristics with externzgnetic field and it also
compares the same to that with zero field conditlig. 6.3 shows the variation of

optical absorbance with wavelengths in UV-VIS regio

6.4 Results and Discussions

Fig. 6.1 shows d.c bulk I-V character of pure Ca Mn doped composite
specimens. It has been analyzed that estimatecucoivitly, using sample geometry,
increases regularly with increase in Mn concerdratiThus the effect of increasing
Mn doping in CoO is leading to high conducting stat the CoO composite. The
possibility enhancement of magnetic propertieshm $pecimen may be expected to
be high at higher Mn concentration.

Fig. 6.2 shows a delectable effect of externaymetic field on the theoretical
conductivity in Mn doped specimen. It is an indarabf spin manipulation by

inclusion of Mn in CoO at least in surface condorctmode.

The UV-VIS absorption spectra of sample A (3%Mnjl sample B (10%Mn) is
shown in the fig. 6.3. The absorption peak for $keond sample is blue shifted by

AX=18.92777nm with respect to first sample. The bt is due to quantum size
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effect which also indicates the presence of namedsMnO; particles with shorter
dimension [4,5].

The indirect band gap of Mn doped CoO was estimited the measured optical

absorbance shown in Fig. 6.3 and found to be 2.42aM 2.39.eV respectively for
3% and 10% Mn doped specimens.

—O— Pure

—A—3% Mn
v— 5% Mn

—O— 8% Mn
< 10% Mn

Current in pA

Voltage in volt

Fig. 6.1 d.c bulk I-V characteristics of Pure and Mh doped CoO.
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Fig. 6.2: d.c surface |-V characteristics of the elveloped material with 5% Mn doped CoO at

external Magnetic field 500 G (upper Curve) and aZero field (Lower Curve).
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Fig. 6.3 UV-VIS absorbance spectra for Mn doped CoQO
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6.5 Other doped oxides

In order to make the more exhaustive Titanium anckél doped CoO were
developed and studied in this work. Titanium ox{d€O) is an insulator with no
remarkable magnetism in it. However, role Titanidaping in field of DMS has been
mentioned Sec 1.4 in chapter 1. On the other haokieNoxide (NiO) is an insulator
with anti ferromagnetic property at RT. In fact NiOa true DMS at RT.

In this work both Titanium (Ti) doped CoOdaNickel ( Ni) doped CoO were
developed following chemical route discussed in.&G@c. The experimental
specimens and experiments on them were carrietblbadving the same procedure as
discussed in sec.6.2 and sec.6.3.

6.5.1 Results and discussions

Ti dop CoO

. —=— Pure (.515mm)
1. —— 4% Ti (.525mm)
8% Ti (.52mm)

104 ——12% Ti (.74mm)
0.8 - /

s
—
u,

Conductivity in Q/cm

0.6

o _’v/

0.2-

0.0 d ——————
0 2 4 6 8 10

Voltage in volt

Fig. 6.4 d.c bulk I-V characteristics of Pure and Tdoped CoO.
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Figure 6.4 shows the results of d.c |-V elteristics of Ti doped CoO at
different Ti doping level and also compares the esdmthat of pure CoO. It also
shows that increase in Ti doping level CoO systeepines to have more and more

insulating property.

Ni dop CoO
Pure (.514mm)

1.0- ——10% Ni (.775mm)
£ ' 20% Ni (.815mm)
Lo
o]
£
2
> 0.54
3]
S
o
c
(@]
O

0.0

0 2 4 6 8 10

Voltage in volt

Fig. 6.5 d.c bulk I-V characteristics of Pure and Ndoped CoO.

Figure 6.5 shows the results of d.c I-V releteristics of NiO doped CoO at
different Ni doping level and also compares the esamthat of pure CoO. It also
shows that increase in Ni doping level CoO systeeomes to have more and more

insulating property like that in Ti doped CoO.

6.6 Conclusion

CoO is magnetic semiconductor with moderate bamlgavarying the size of
the nano-particles size and doping its electronop@rties can be tailored. Mn could
be good dopant in CoO system for manipulation ofmetic properties it. Ti and Ni
doped CoO are not suitable for DMS application heavghey might be important as

wide band semiconductors for other applications.
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OVERALL CONCLUSION

Formation of ionic nano-clusters NiS within polyntesubstrate is distinct and
clear from I-V characteristic curve. From the studf optical absorption
spectroscopy we can assume that as if three typeed dependent nano-composite
formed and it is confirmed that NiS nano-clusteaismall band gap semiconductor.
The overall magnetic nature of the NiS nano contpasiamazing. Apart conflicting
claim the present study finds a weak ferromagnebsfow 40 K and paramagnetic
above it in the developed NiS specimen. The scdgdarther studies on the system
may provide many interesting aspect of materiabrsm. NiS nano particles can
harvest in energy from both sunlight and the eartheat radiation with higher
efficiency than conventional solar cell. The depeld NiS composite successfully
exhibits the mentioned property. The overall IRabance of the developed NiS

complex is observed to be good and encouraging.

Formation of stable wide band gap ZnS nano clustéhsn polymeric substrate are
distinct and clear. At RT it exhibits electricalis® like appearance as marked

characteristics of nano- composite.

NiO is a large band gap magnetic semiconductor.eliégtrical conductivity and

optical band gap can be tailored by Mn doping.in it

Formation of ionic ZnO nanoclusters within polyneesubstrate is distinct and clear.
Due to introduction of these nano-clusters enhaec¢nof ionic conductivity is
estimated to be 100 times over the pure polymet. ISRT it exhibits electrical
noise like appearance as marked characteristiceuod- composite. The developed
nano-composite in Styrofoam base matrix is foundbeostable with non degrading

nano characteristics.

Formation of nano-clusters of Co doped ZnO in setdespecimen is distinct and
clear from I-V characteristic curve. From the stwdiyptical absorption spectroscopy
we can assume that as if three type of sized depemdnocomposite formed and it is
confirmed that Co doped ZnO nano-cluster is widadbgap semiconductor. The
overall magnetic nature of the Co doped ZnO namopusite is amazing. Apart from
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the conflicting claim the present study finds a kveatiferromagnetism in 2% Co
doped ZnO and paramagnetic nature in 5% Co dop&dspecimen at RT. The scope
of further studies on the system may provide mangresting aspect of material

science.

Formation of nano-clusters in the Gd doped ZnO isper is distinct and clear from

I-V characteristic curve. The optical absorptiontadgives a direct band gap about
3.15eV which different from that of pure ZnO and@@d0s;. The developed nano

material is of semiconducting nature with modefaa®d gap and paramagnetic in
nature.

CoO is magnetic semiconductor with wide band gapv&@ying the size of the nano-

particles size and doping its electronic propertias be tailored. Mn could be good
dopant in CoO system for manipulation of magnetapprties it. Ti and Ni doped

CoO are not suitable for DMS application howeveaytimight be important as wide

band semiconductors for other applications.
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