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Preface 

Nanocomposite materials have emerged as a suitable alternatives to overcome the 

limitations of microcomposites, include the preparation challenges related to control 

the elemental composition. The use of inorganic nanoparticles instead of micrometer 

particles can provide high performance, novel materials for many industrial 

applications. As the dimensions of the materials reach in the nanometer level, 

interactions of phase interfaces become largely improved and this is the important 

thing to aggrandize the materials properties. Surface area to volume ratio of the 

reinforcement materials employed in the preparation of nanocomposites are decisive 

to understanding their structure-property relationships. 

When the dimension of the nanocomposite comes into low dimension, it will 

exhibit excellent electronic, optical and thermal properties due to their large surface 

areas and possible quantum confinement effects. It is obvious that low 

nanostructures with well controlled dimensions and crystallography explored a new 

class of intriguing system for applications. The thermal stability of low dimensional 

nanostructure is of critical importance in nanoscale electronic and photonic devices. 

It is well documented that the melting point of a solid material will be greatly 

reduced when it is processed as nanostructures. Understanding the mechanical 

properties of nanostructures is essential for the atomic scale manipulation and 

modification of the materials. These materials behave qualitatively different when 

the dimensions are reduced from micro to nanoscale. Magnetic properties of low 

dimensional particles show a variety of unusual magnetic behaviour compared to 

bulk materials, mostly due to surface-interface effects, including symmetry 

breaking, electronic environment/charge transfer and magnetic interactions. As the 

critical dimension of an individual device becomes smaller and smaller, the electron- 

transport properties of their components becomes an important issue to study. 

This research work mainly focused on the synthesis of one dimensional (1D) 

mesoporous nanocomposite like ZnNiO, Al:ZnNiO, Pd:ZnNiO, Cu:ZnNiO, 

Dy:ZnNiO and Ce:ZNiO) through a soft template method and characterized them for 

using sophisticated techniques such as X-Ray Diffractometer(XRD), Field Emission 

Scanning Electron Microscopy (FESEM), Energy Dispersive Spectra(EDS), Surface



area analyzer, Diffuse reflectance spectra, Fluorescence spectra and Vibrating 

sample spectrometer (VSM). The aim of thesis was to contributing to a deeper 

understanding on the surface modification effects on adsorption, magnetic and 

optical properties of ZnNiO, Al: ZnNiO, Cu: ZnNiO, Pd: ZnNiO, Dy: ZnNiO and 

Ce: ZnNiO nanocomposites for various applications. 

In the introduction chapter, I discussed about the importance and review of 

mesoporous nanocomposites with one dimensional morphology. Second chapter 

comprises various synthesizing strategies for preparing mesoporous materials and 

the role of surfactant. The principle and mechanism of various sophisticated 

methods like X-ray diffractometer, Field Emission Scanning Electron Microscopy, 

Energy Dispersive Spectra, Diffuse Reflectance Spectra, Fluorescence Spectra and 

Vibrating Sample Magnetometer are discussed. 

The results in the third chapter of the thesis were devoted to the study of 

crystal structure, morphology and composition of ZnNiO and polymer capped 

ZnNiO and their composites. Surface passivation effects on crystal structure of 

(ZnNiO- Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO and Ce:ZnNiO) 

nanocomposites reveal that this passivation by polyvinyl pyrrolidone doesnot 

damage the hexagonal structure of ZnNiO. Grain size calculated from X-ray 

diffraction studies showed that, size decreases when ZnNiO was capped with PVP 

and adjunction of other metals in ZnNiO lattice. Scanning Electron Microscopy 

(SEM) images of all the capped nanocomposites were confirmed the possibility of 

one dimensional growth of nanoparticles. The polymer, poly vinyl pyrrolidone can 

passivate the facets of ZnO and thereby adjust the growth velocity. Elemental 

composition spectra (EDS) of the nanocomposites confirmed the presence of 

constituent elements in appropriate propotions. 

Fourth chapter describes the capping effects on BET surface area, pore size, 

external area and pore volume of the nanocomposites. These results gave us 

information that bandgap engineering would be possible through nanoporosity. 

Peculiar characteristics of large surface area and high porosity of mesoporous 

polymer capped ZnNiO and other five polymer capped nanocomposites may have 

great potential applications in electronics, catalysts and optoelectronic devices, The 

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



using a micrometrics ASAP 2020 surface area porosity analyzer. The calculated 

surface area of the capped samples are very high compared to uncapped samples and 

the N2 adsorption isotherm hysteresis loop of the capped samples are matched to 

type IV H; hysteresis loop of mesoporosity. The pore size distribution of the 

samples were calculated from the data of the desorption branch of the isotherm using 

Barret-Joyner-Halenda (BJH) method. Microporosity of the samples is calculated 

from t-plot method. This result reveals that all the capped samples contain abundant 

mesoporous Structured particles. 

Effects of surface passivation on magnetic properties of nanocomposites are 

described in fifth chapter of the thesis. Observations show that ferromagnetism 

observed in semiconductors not only depends on the localized moments in magnetic 

ions but also due to the defect generated magnetic moments. Some researchers 

proposed that room temperature ferromagnetism can be associated with holes in the 

d shell arising due to the charge transfer from the Zn atom at the surface to the 

capping molecule. Room temperature ferromagnetism in all the PVP capped samples 

with high coercivity and magnetisation were observed. Uncapped ZnNiO showed 

paramagnetic behaviour with low retentivity. 

Fifth chapter also included antibacterial activities of uncapped and capped 

metaloxide nanocomposites. Uncapped and capped metaloxide nanocomposites 

were explored as an antibacterial agent due to their non toxicity. In the research 

work, these composites were tested against Pseudomonas aeruginosa bacteria (Gram 

negative) using the disc diffusion method to determine their ability as an 

antibacterial agent. The zone inhibition formed around each disc confirmed that 

Dy:ZnNiO & Pd:ZnNiO have the maximum activity among various capped 

metaloxides and uncapped ZnNiO has maximum activity than capped ZnNiO due to 

oxygen vacancies. 

In the sixth chapter, surface passivation effects on diffuse reflectance spectra, 

fluorescence spectra and fluorescence life time and defect band energy formed 

inside the optical bandgap of the nanocomposites were investigated. This simple 

modification method through polymer capping provides a chance for improving 

fluorescence emission with high life time. Surface passivation helps us to reach the 

main goal of the research work. Polyvinyl pyrrolidone capping improved



fluorescence ultraviolet emission with suppressed visible emission. Fluorescence 

lifetime of the capped samples is increased when compared to uncapped ZnNiO 

nanocomposites. Bandgap calculated from diffuse reflectance spectra showed that 

bandgap is reduced in case of capped samples compared to pure ZnO and increased 

compared to uncapped ZnNiO. This increase in bandgap may be due to the quantum 

confinement effect in small size of the capped samples. 

Seventh chapter comprises summary of all the properties and concluded that 

these capped nanocomposites (ZnNiO, Al:ZnNiO, Cu:ZnNiO, Pd:ZnNi0O, 

Dy:ZnNiO and Ce:ZnNiO) are good materials for various applications especially in 

UV/Blue emitters and in transformer core applications, Due to its mesoporosity and 

non-toxicity it is focussing on the applications on drug delivery systems. This one 

dimensional, mesoporous, ferromagnetic and enhanced UV emitting properties of 

the nanocomposites confirmed that surface passivation by polyvinyl pyrrolidone in 

metaloxide nanocomposites is a good procedure for increasing almost all the 

important physical properties of the material.
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Chapter 1 

One dimensional mesoporous 

nanocomposites 

 
1.1 Introduction 

 
In the field of nanotechnology, composite materials became quite popular and 

pragmatic with a tremendous lust. Composites are materials with two or more 

constituent materials, which exhibit positive characteristics of both the components. 

Of late nanocomposites have been making a large splash in the media and 

throughout several industries. In the last few years, there has been a lot of interest to 

tailor the structure and composition of materials on nanometer scale. Therefore a 

systematic review on the preparation, properties and applications of nanocomposites 

are extremely important.  

Nanocomposites are composites in which at least one of the dimensions of 

the phase should be in the nanometer range (1-100 nm). These materials have 

emerged as suitable alternatives to overcome the limitations of microcomposites, 

including the preparation challenges related to the control of elemental composition. 

The use of inorganic nanoparticles instead of micrometer particles can provide high 

performance, novel materials for many industrial applications. As the dimensions of 
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the materials reach the nanometer level, interactions of phase interfaces become 

largely improved and this is important in aggrandizing the material properties.  

Surface area volume ratio of the reinforcement materials employed in the 

preparation of nanocomposites are decisive in understanding their structure-property 

relationships. Further, the discovery of carbon nanotubes (CNTs) in 1991, added a 

new and fascinating dimension to the area of nanocomposites due to their admirable 

mechanical, thermal and electrical properties. The possibility of transforming CNTs 

into composite products paved way for the applications of CNT-containing 

materials. 

Nowadays, nanocomposites offer environmentally benign technology and 

business opportunities for all sectors of industry. According to their matrix 

materials, nanocomposites are classified into three different categories.  

1. Ceramic matrix nanocomposites 

2. Metal matrix nanocomposites 

3. Polymer matrix nanocomposites 

1.1.1     Ceramic matrix nanocomposites 

Ceramic matrix nanocomposites consist of ceramic fibres embedded in a ceramic 

matrix, thus forming a ceramic fibre reinforced ceramic materials. Consequently, 

incorporation of highly strengthened nanofibres into ceramic matrices has allowed 

the preparation of nanocomposites with excellent properties. 

 

1.1.2 Metal matrix nanocomposites 

Metal matrix nanocomposites consist of a ductile metal or alloy matrix in which 

some nanosized reinforcement material is implanted in the alloy matrix. These 

nanocomposite combine metal and ceramic properties and shows an extraordinary 

potential applications in many areas, such as aerospace and automotive industries. 

1.1.3 Polymer matrix nanocomposites 

Polymer matrix nanocomposites consist of nanosized inorganic fillers embedded in 

the polymer matrix. In materials research, the development of polymer 

nanocomposites is rapidly emerging as a multidisciplinary research activity whose 
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results could broaden the applications of polymers to the great benefit of many 

industries. Catalytic, electronic, optic and magnetic properties of the inorganic 

nanoparticles overlap to the show a dramatic increase in the properties. 

The integration of inorganic nanoparticles into the polymer matrix allows 

enhanced and thus advanced new functions by the combination of excellent 

properties of nanoparticles such as superparamagnetism, size dependent bandgap, 

electron-phonon transport etc., with processibility and thin film forming capability 

polymer. Polymers are already widely used in optoelectronic industry. The most 

prominent difference of such nanocomposites compared with their traditional 

counterparts is the small size of the filler particles which could bring added specific 

effects. 

Depending on the dimension, nanocomposites are classified in to, 

1. Zero dimensional (0D) 

2. One dimensional  (1D) 

3. Two dimensional (2D) 

 

 
 

Figure 1.1: Schematic diagram of nanostructures (0D, 1D, 2D and 3D) 

 

1.1.4 Zero dimensional  (0D) 

Zero dimensional materials are also known as quantum dots. Quantum dots are 

semiconductor nanoparticle, whose excitons are confined in all three spatial 

dimensions. It is essentially a tiny zero-dimensional semiconductor crystal with size 

in the order of nanometers. Generally, bandgap energy is increased while decreasing 

the size of the particle.  If the energy difference between the highest valence band 

and the lowest conduction band, more energy is needed to excite the dot and the 
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crystal returns to its ground state. The main advantage of quantum dots is the ability 

to tune the size of the dots for many applications. For instance, size of the quantum 

dot is quite large compared to the small dots the spectrum shift towards red 

wavelength side and exhibit less pronounced quantum properties. The electrons in a 

quantum dot represent a zero-dimensional electron gas (0DEG). Here, total energy 

of the electron is the sum of allowed energies associated with the motion of these 

carriers along all three directions (say x, y, z directions). The total energy of the 

electron is given by 

 

22 22 2 2

2 2 2
yx z

Total
x y z

nn n
E

m L m L m L

ππ π    
= + +    

      

ℏ ℏ ℏ
                         (1.1) 

Where ny, nz are integers and Lx, Ly and Lz are confined sizes of the materials along 

x, y and z directions. 

 

1.1.5 One dimensional (1D) 

1D structure usually called quantum wires, although other systems such as rods, 

belts, and tubes are also fall within this category. Quantum wires represent two-

dimensional confinement of electrons and holes. Such confinement permits free-

electron behaviour in only one direction along the length of the wire.  For this 

reason, the system of quantum wires describes a one-dimensional electron gas 

(IDEG), when electrons are present in the conduction band. The category of one-

dimensional nanostructures consists of a wide variety of morphologies. These 

include whiskers, nanowires, nanorods, fibers, nanotubules, nanocables and 

nanotubes. Here, total energy of the electron is the sum of allowed energies 

associated with the motion of these carriers along two directions and the kinetic 

energy due to free motion of carriers in the other direction.  

Here, total energy of the electron is  

2 2 2 22 2
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                            (1.2)         
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Where ny, nz are integers and Ly, Lz are confined sizes of the materials along y and z 

directions. 

1.1.6 Two dimensional (2D) 

In a 2D structure, particles are confined to a thin sheet of thickness L
z 

along the z 

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

escape from the quantum well 0 zz L≤ ≤ and loses no energy on colliding with its 

walls z=0 and z=Lz.  In real systems, this confinement is due to electrostatic 

potentials, the presence of interfaces between different materials, the presence of 

surfaces, or a combination of these agents. Motion of the particle in the other two 

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

accepted that quantum confinement of electrons by the potential wells of nanometer-

sized structures provides one of the most powerful and versatile means to control the 

electrical, optical, magnetic, and thermoelectric properties of solid state functional 

materials. Total energy of the electron is the sum of allowed energies associated 

with the motion of these carriers along one direction (say z direction) and the kinetic 

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

( )
22 2

2 2

2 2
z

Total x y
z

n
E k k

m L m

π 
= + + 

 

ℏ ℏ

                                                               (1.3)                                                            

1.1.7 Density of States  

The density of states is defined as the number of energy states present in a unit 

energy interval per unit volume. Due to the quantization of energy levels, the 

relationship between the density of states and energy values is also dramatically 

modified as shown in figure 1.2. The density of states of bulk semiconductor is 

given by 

3
1

2
2

3 2 2

1 2
( )

2D

m
g E dE E dE

π
 =  
 ℏ                                                                              

(1.4) 
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Density of states is proportional to 
1

2E  for a bulk material and in a 2D material; 

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

states in 2D is given by 

1 1
2 2

2 2 2 2

2 2
( ) D

m m m
g E dE dE

π

−
   =    
   ℏ ℏ ℏ                                                                    

(1.5) 

It is significant that, the 2D density of states does not depend on energy. 

Immediately as the top of the energy gap is reached, there is a significant number of 

available states. In 1D, two of the k-component are fixed, therefore the density of 

states per unit volume at energy E is given by 

1
1

2
2

1 2

1
( ) D

m
g E dE E dE

π

− =  
 ℏ                                                                              

(1.6) 

Density of states for 1D material is proportional to
1

2E
−

. In zero dimensional 

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

exist only at discrete energies described and can be represented by a delta function. 

 

Fig 1.2: Schematic diagram of  3D, 2D, 1D, 0D density of states 
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1.2 Properties of nanomaterials 

Compared with three dimensional materials, low dimensional nanoscale materials 

exhibit excellent electronic, optical and thermal properties due to their large surface 

areas and possible quantum confinement effects. It is obvious that low 

nanostructures with well controlled dimensions, and crystallography explored a new 

class of intriguing system for applications. 

1.2.1  Thermal stability 

The thermal stability of low dimensional nanostructure is of critical importance in 

nanoscale electronic and photonic devices. It is well documented that the melting 

point of a solid material will be greatly reduced when it is processed as 

nanostructures [6]. The remarkable reduction in melting point associated with a 

nanowire has several important implications. The annealing temperature is necessary 

for the synthesis of defect-free nanowires.  Reduction in melting point enables one 

to cut, interconnect, and weld nanowires at relatively mild temperature. This 

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

nanostructures into functional device and circuitry. The thickness of nanowire is 

reduced to a smaller and smaller length scale, their stabilities may become extremely 

sensitive to environmental changes such as temperature and residual stress variation. 

1.2.2  Mechanical properties 

Understanding the mechanical properties of nanostructures is essential for the 

atomic scale manipulation and modification of the materials. These materials behave 

qualitatively different when the dimensions are reduced from micro to nanoscale. 

According to Hall-petch effect, hardness and yield stress of a polycrystalline 

material typically increases with decreasing grain size on the micrometer scale [7-8]. 

When the crystal planes in individual grains are sheared, piling up of dislocations at 

the grain boundaries occurrs.  As the grains are downsized, the area of their 

boundaries increases and thereby makes the material tougher by blocking 

dislocations. On the nanometre scale, an opposite behaviour was discovered by 

Schiotz and co-workers in computational simulations. Samples of nanocrystalline 

copper and palladium became softer with decreasing the grain size [9]. This 
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abnormal behaviour was believed to mainly arise from sliding motions at grain 

boundaries. As a result, the strength of a polycrystalline material first increases and 

then decreases with decreasing grain size and there exists a characteristic length for 

each solid material to achieve the toughest material. As for the single crystalline 1D 

nanostructure, they are supposed to be significantly stronger than their counterparts 

that have larger dimensions. This property can be attributed to a reduction in the 

number of defects per unit length.  

1.2.3 Magnetic properties 

Magnetic nanoparticles show a variety of unusual magnetic behaviour compared to 

bulk materials, mostly due to surface/interface effects, including symmetry breaking, 

electronic environment/charge transfer, and magnetic interactions. Soft magnetic 

nanocrystalline alloys have high coercivity and low remanence magnetization. Two 

important factors to improve the remanent magnetization are the nanocrystalline 

grain size and the degree of coherence across interphase boundaries. Soft magnetic 

materials can be used for data storage applications that are dependent on the 

microstructure and geometry of the material. Magnetic films are used in a variety of 

applications, including recording media and heads, magneto-optical storage, and 

sensors. The behaviour of the magnetic domains and single domain particles, 

magneto resistance, and magnetic anisotropy of the films are influenced by factors 

that include the grain size and orientation, the presence of the non-magnetic phases 

at grain boundaries, non-magnetic interlayers and magnetostriction. Nanoscale two-

phase mixtures of hard and soft magnetic phases can exhibit values of remanent 

magnetization, Mr, significantly greater than the isotropic value of 05Ms. This 

“remanence enhancement” is associated with exchange coupling between the hard 

and soft phases, which forces the magnetization vector of the soft phase to be rotated 

to that of the hard phase.  

1.2.4 Electron transport properties 

Miniaturization in electronics through improvements in top-down fabrication 

techniques approaching the point, where fundamental issues are expected to limit the 

dramatic increases in computing speed. As a result, CNTs and nanowires have 

recently been explored as building blocks to fabricate nanoscale electronic devices 
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through bottom-up approach. It is believed that, the bottom up approach to 

nanoelectronics has the potential to go beyond the limits of traditional top-down 

techniques. As the critical dimension of an individual device becomes smaller and 

smaller, the electron-transport properties of their components becomes an important 

issue to study. Studies from a number of groups indicated that some metal nanowires 

might undergo a transition to become semiconducting as their diameters are reduced 

below certain values [10].  The external conduction sub-band and valence sub-band 

of this system moved in opposite directions to open up a bandgap. Gold represents a 

metal whose transport properties have been extensively studied in the form of 

nanowires as thin as a single, linear chain of atoms [11]. Because these wires are 

extremely short in length, their conductance has been shown to be in the ballistic 

regime with the transverse momentum of electrons becoming discrete. 

1.2.5 Phonon transport properties 

In contrast to the extensive studies on electron transport in low dimensional 

nanostructures, investigation of phonon transport was not reported until very 

recently. Thermal conductivity of the material will be reduced due to scattering by 

boundaries when the dimension of a nanostructure is reduced to the range of phonon 

mean free path. Theoretical studies suggested that, diameter of a silicon nanowire 

becomes smaller than 20 nm, as a result of phonon confinement. The phonon 

dispersion relation might be modified such that the phonon group velocities would 

be significantly less than the bulk value [12-13]. Molecular dynamics simulation 

also showed that thermal conductivities of Si nanowires could be smaller than that of 

bulk silicon [14]. The reduced thermal conductivity is desirable in applications such 

as thermoelectric cooling and power generation, but it is not preferable for other 

applications such as electronics and photonics.  

1.3 Porous materials   

Porous material is a continuous and solid network material filled through voids. 

Porous solids are of scientific and technological interest because of their ability to 

interact with atoms, ions and molecules not only at their surfaces but throughout the 
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material. Depending on the pore size it is classified into three types (i) microporous 

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

 

1.3.1 Microporous materials 

Microporous material is a material containing pores width diameters less than 2 nm.  

Over the past decades crystalline microporous materials have continued to find new 

applications in their traditional areas of use such as catalysis and ion exchange. eg: 

zeolites 

 

1.3.2 Macroporous materials 

Materials with pore size greater than 50 nm are referred to as macroporous 

materials. They are generally prepared by coagulation, internal gelatination etc. 

Example of macroporous materials are rubber, paint etc. 

1.3.2 Mesoporous materials 

Mesoporous materials are defined as the materials with pore sizes between 2 and 50 

nm [15]. Mesoporous structures are a wide class of materials including silica [16], 

metal oxides [17-24], metal hydroxides [25], carbon structures [26], hybrid materials 

[27],organic structures [28-29] and others [30].The detailed classifications of the 

mesoporous materials are presented in Fig: 1.3.  

 
Figure 1.3: Chemical classifications of mesoporous materials 
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Mesoporous materials are highly attractive for a variety of applications in catalysis, 

electronics, photocatalytic hydrogen production, solar cells and battery components. 

Depending on the chemical nature, these structures might possess fluorescent, 

magnetic and optical properties. Nowadays extensive research has been carried out 

in biomedical applications due to their unique properties such as tunable pore size, 

chemical stability and possibility of surface modification [31]. 

 

1.4 Applications of mesoporous materials 

Mesoporous materials have wide applications in cancer diagnosis and therapy, 

Electrochemical sensors, Fluorescence imaging, Optical sensors, Theranostics, 

Tissue engineering and also in magnetic resonance imaging. 

 

1.4.1 Cancer diagnosis and therapy 

Mesoporous materials are one of the most attractive tools for the anticancer 

treatment. These materials are used as anticancer drug vehicles, may enhance the 

cytotoxicity of chemotherapeutic agent [32] and can target to malignant tissues [33]. 

Moreover these mesoporous supports may prevent the premature drug release and its 

decomposition before it reaches the target site [34]. Intriguingly the unique 

physicochemical properties of mesoporous materials of the possibility to merge 

different theranostic functions into a single nanodevice for combined therapy and 

diagnosis [35]. 

 

1.4.2 Optical sensors 

Optical sensing of target analyses includes the system based on naked eye or 

fluorescence detection relying on the colour change or quenching of fluorescence 

emission [36]. UV/Vis diffuse reflectance spectroscopy is used for the detection of 

calorimetric signal. Most of the optical sensor’s composed of mesoporous materials 

for the detections of metal ion. 
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1.4.3 Electrochemical sensors 

Electrochemical sensors are reliable, direct and reproducible analyses. These sensors 

are mainly used for organic compound detection. The application of electronically 

conductive ordered mesoporous carbon as the electrode component facilitates the 

charge transfer for electrochemical sensing application. 

 

1.5  Zinc Oxide (ZnO) nanostructures 

ZnO is a widely studied metaloxide nanomaterial, which has exhibited mesoporosity 

while forming composites with other metals. ZnO has received much attention over 

the past few years due to the excellent properties such as high transparency, 

photoluminescence, piezoelectricity, wide bandgap semiconductivity, room 

temperature ferromagnetism and sensing effects.  ZnO is a direct bandgap material 

with large exciton binding energy (60 meV). Intense research by many researchers 

has focused on novel nanostructures with different shapes.  The different 

morphologies are due to the relative growth rates of the crystal facets during the 

synthesis. This makes it interesting material based on exciton recombination at room 

temperature or even higher. The structure, morphology and properties of ZnO based 

compounds are interesting subjects for research. 

1.5.1 Luminescence mechanism 

The quality of nanostructures as well as the ultraviolet and visible emission in the 

UV-Visible region was examined through low temperature photoluminescence, 

Room temperature photoluminescence and time resolved photoluminescence 

mechanisms. 

1.5.1.1 Low temperature photoluminescence (LTPL) 

Low temperature photoluminescence (LTPL) is a useful tool to examine the quality 

of nanostructures, after considering the fact that room temperature 

photoluminescence (RTPL) spectra may exhibit only ultraviolet emission even in the 

presence of considerable defect density in ZnO nanostructures [37-38]. Observation 

of a free exciton emission in LTPL spectra was used as a criterion of determining 

high optical quality of ZnO nanostructures [39-40].  Also, biexcitons are sometimes 
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observed in the low temperature PL spectra from ZnO nanostructures, which can be 

considered as another indication of the sample quality [41]. 

1.5.1.2 Room temperature photoluminescence (RTPL) 

Generally room temperature photoluminescence spectra of ZnO shows emission 

bands in ultraviolet region and visible region but there are one or more emission 

bands in the visible region [42]. It should be noted that, most of the room 

temperature photoluminescence studies of ZnO focuses on the origin of defect 

related visible emission [43-44]. Position of near band edge emission at room 

temperature can vary significantly due to variations in relative contributions of free 

exciton emission, which is different for different growth techniques.  Green emission 

in the visible region is the most commonly observed and the most controversial 

emission in ZnO [45]. Many different hypotheses have been reported to explain the 

green emission, but there is still no consensus. It should also be noted that the peak 

position of ‘‘green’’ emission is different from other reports [46]. Common 

observation for green emission is that, it appears to be related to the surface. 

Generally surface contains a large number of defects.  

In addition to the origin of visible emission bands, the ratio of UV-to-visible 

emission is used as an indication of sample quality. The ratio of UV-to-visible 

emission in ZnO nanorods can be altered by embedding the nanorods in a polymer, 

and the magnitude of the observed increase in the UV-to-visible emission ratio 

depended on the type of polymer used [47]. The reduction in the visible defect 

emission was attributed to the reduction of surface traps due to charge transfer at 

ZnO/polymer interface.  Finally, in addition to surface passivation by different 

materials, the ratio of UV-to-green emission can also be changed [48]. 

1.5.1.3 Time resolved photoluminescence (TRPL) 

Time resolved photoluminescence spectra of various nanostructured ZnO by 

different methods can be investigated. Time resolved photoluminescence spectra of 

the hydrothermally synthesized ZnO nanorods shows short spontaneous emission 

times [49]. In size-dependent TRPL spectra of ZnO nanorods, found that the decay 

time increases as the rod size increases, which was attributed to the decrease in 

radiative rate of exciton–polaritons [50]. ZnO nanostructures typically exhibit higher 
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non-radiative defect density and shorter photoluminescence lifetimes compared to 

single crystals and high quality thin films. 

1.5.2 Electronic properties 

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

Experimentally and theoretically, researchers studied self-compensation 

phenomenon and the nature of native donors. For both experiments and theory, 

contradictory results have been reported. It has been predicted that due to the low 

formation energies, point defects are expected in ZnO [51]. Theoretical studies have 

predicted that acceptor type defects in ZnO have high formation energy, while the 

native donors have either high formation energy [52]. Oxygen interstitial represents 

another candidate for acceptor defect in ZnO [53]. 

Native defects in ZnO 

Native or intrinsic defects are imperfections in the crystal lattice, include missing of 

atoms at regular lattice positions (vacancies), extra atoms occupying in the 

interstices of the lattice (interstitials) and a Zn atom occupying an O lattice site or 

vice versa (antisites). Native defects are strongly influence the optical properties of 

the semiconductor, it affects minority carrier lifetime, luminescence efficiency, 

diffusion mechanisms connected to growth and device degradation [54-56]. But 

behaviour of point defects in ZnO is essential to its successful applications in 

semiconductor devices. Native defects are related to the compensation of the 

predominant acceptor or donor doping material. 

Defect concentrations and formation energies 

Under thermodynamic equilibrium and neglecting defect-defect interaction, 

concentration of the intrinsic defect in a solid material is determined from the 

formation energy Ef through the relation [57]. 

exp
f
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B

E
c N

k T

 −
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 
                            (1.31) 

Where sitesN  is the number of sites per unit volume the defects can be incorporated 

on. Bk  is the Boltzmann constant and T be the temperature. The above equation 
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shows that defects with high formation energies will occur in low concentrations. 

The formation energy of a defect and its concentration can be computed from first 

principles without resorting to experimental data. 

Defect transition levels 

Defect introduces an energy level in the bandgap of the semiconductors when 

defects are electrically active. Which involve transitions from different charge states 

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

from the calculated formation energies. The transition level
q

q
ε
 
 ′ 

  is defined as the 

Fermi level position for which the formation energies of charge state q  andq′  are 

equal. 
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Where  ( ); 0f q
FE D E =  is the formation energy of the defect D in the charge state 

q fermi level is at the valence band maximum 0FE =   

Migration barriers and diffusion activation energies 

In addition to knowing their formation energies and defect transition levels it is 

important to know how native point defects migrate in the lattice. Migration of point 

defects greatly contributes to their incorporation during growth. Information about 

migration of point defects in ZnO is limited. Activation energy for impurity 

diffusion is the sum of the formation energy of the defect that mediates the diffusion 

process and migration barrier [61]. 
f

bQ E E= +                           (1.33) 

Eb is the migration energy barrier, given by the energy difference between the 

equilibrium configurations at the saddle point along the migration path. The defect 

formation energy (Ef) strongly depends on the experimental conditions such as the 

position of Fermi level and the chemical potential of Zn and O (in the case of ZnO). 
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Oxygen vacancies and zinc vacancies 

The oxygen vacancy is the most mentioned defect in the ZnO nanoparticle. This 

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

and visible emission. Oxygen vacancy has the lowest formation energy. Using a 

simple model within the molecular orbital theory, we understood about the 

electronic structure of Zn in ZnO. The removal of Zn atom from the ZnO lattice 

results four O dangling bonds and six electrons. These four O dangling bonds 

combined into doubly occupied symmetric a1 state in the valence band and three 

degenerate states in the bandgap, which is close to the valence band maximum. Zinc 

vacancies have very high formation energies in p-type ZnO lattice. 

Zinc interstitials 

A zinc interstitial atom (Zni) occupies the tetrahedral site or the octahedral site in the 

wurtzite structure of ZnO. At the octahedral site, this interstitial atom has one zinc 

atom and one O atom as nearest neighbour but in octahedral site it has three Zn and 

three O nearest neighbour atoms. Based on size consideration Zn interstitial is more 

stable at octahedral site. 

Zinc antisites, oxygen interstitials and oxygen antisites   

The other native point defects such as zinc antisites, oxygen interstitials and oxygen 

antisites have higher formation energies. The ZnO antisite is a double donor in n-

type but its higher formation energy indicates that it is a source of n-type 

conductivity. The oxygen interstitial (Oi) occupy octahedral or tetrahedral interstitial 

site or form split interstitials. Oxygen antisite (Ozn) is an acceptor defect with very 

high formation energy.  

1.6  Applications of ZnO nanostructures 

 ZnO is an attractive material for applications in electronics, photonics, acoustics, 

sensing and magnetic devises.  Its high exciton binding energy      (60 meV) gives a 

high edge over other semiconductors. Among the applications of ZnO, their 

importances in acoustic wave devices are due to large electromechanical coupling. 
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ZnO nanowires/nanorods are used in biosensors and gas sensors and solar cells, 

since it is relatively easy to produce which have good charge carrier transport 

properties and high crystalline quality. ZnO has been successfully used in thin film 

piezoelectric devices such as bulk acoustic wave and SAW resonators, filters, 

sensors and micro electromechanical systems (MEMS) due to its high 

electromechanical coupling coefficients. Among these, SAW filter is the most 

commonly used application, which has been an important component in mass 

consumer items such as TV filters and wireless communication systems. 

1.6.1 Sensors 

ZnO nanorod/nanowire FET sensors may create opportunities for highly sensitive 

and selective real time detection of various gases. The principle of gas sensor 

operation depends on the nature of gas molecules. There is an interest in the 

development of light weight gas sensors with parts per million range sensitivity and 

extended operation at low power levels. Previous  reports on ZnO nanostructures 

demonstrates that ZnO with large surface area have potential for detecting NO2, 

NH3, CO, H2, C2H5OH. ZnO nanorod is the promising candidate for detecting 

extremely low concentrations of H2S. ZnO nanostructures have been explored as a 

biosensor for detecting biological molecules. One dimensional ZnO nanostructures 

are used as biosensor in the embryonic stage [62]. The advantages of ZnO biosensor 

are stability in air, nontoxicity, chemical stability and electrochemical activity. 

Sensing properties of ZnO nanostructures is governed by the oxygen vacancies o the 

surface. 

1.6.2  Photovoltaic cells 

Zinc oxide (ZnO) is an especially important material for applications in low cost 

photovoltaics such as dye-sensitized solar cells [DSSC] and hybrid polymer-

inorganic nanostructured solar cells. Commonly titanium oxide (TiO2) is used as a 

dye sensitized solar cell material but high electron mobility of ZnO itself made a 

candidate instead of TiO2 in DSSCs [63-64].  DSSCs with various ZnO morphology 

and different fabrication methods have been reported. DSSC based on 

hydrothermally synthesized ZnO nanorods have been reported. ZnO nanowires 
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shows improved electron transport compared to ZnO nanoparticles. One 

dimensional nanostructure has improved electron transport properties compared to 

nanoparticle films, but they have lower dye loading capacity due to lower surface 

area. There is a possible method to resolve this problem, is to mix nanowires and 

nanoparticles (hybrid morphology). Based on the comparison between the 

performance of DSSCs based on ZnO nanowires and nanowire/nanoparticle mixture 

found that cell efficiency can be considerably increased from 0.84% to 2.2% but 

efficiency in both cases was lower than that of TiO2 based DSSCs (5%) [65]. 

Influence of morphology and surface area on DSSCs performance has been studied. 

It shows that the highest efficiency was obtained for ZnO with highest surface area 

with high dye loading. 

Another type of low cost photovoltaics based on ZnO nanostructure is hybrid 

polymer solar cells. One of the important issues for solar cell application rather than 

power conversion efficiency is the device life time and stability. ZnO nanoparticle 

layer is used as an electron-selective contact in polymer solar cell with inverted 

structure. 

1.7 Motivation of the Research work 

In the past decades many zinc oxide (ZnO) nanostructures such as nanoparticles, 

nanorods, nanotubes nanobelts, nanowires, hollow beads, cones reefs, stars, 

pyramids, cages and shells, dandelions and even nanoflowers have been reported 

[66-74]. The corresponding methods for synthesizing these nanostructures vary from 

simple pyrolysis technique to strictly controlled vapour phase epitaxial growth. 

Physical properties of the final products were often determined by these synthesizing 

methods. For example, ZnO nanoparticle derived from sol-gel method is entirely 

different from hydrothermal method. Sol-gel derived particles mainly exhibit deep 

level emission (DLE) or visible fluorescence, while those nanoparticles with same 

size derived from hydrothermal methods exhibit near band edge emission (NBE) or 

UV emission. 

In most cases of ZnO nanostructures have two components in the 

fluorescence emission (i) near band edge emission (ii) visible emission. Near band 

edge emission produces UV light of about 370 nm because room temperature 
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bandgap of ZnO is 3.37 eV. Deep level emission is associated with oxygen 

vacancies but this mechanism is controversial and not clear so far. Researchers 

reported two popular mechanisms for ZnO visible emission, one is the 

recombination of a shallowly trapped electron with a hole in a deep trap and other 

one is the recombination of an electron in singly occupied oxygen vacancies with 

photogenerated hole in the valence band. These two mechanisms have been 

coexisting for years because it is difficult to determine the exact location and energy 

level of the deep traps. 

Guo and Co-workers showed that PVP modified ZnO exhibited enhanced 

UV emission with suppressed visible emission [75] compared with uncapped ZnO. 

Chang and co-workers also reported the same conclusion with polyaniline 

modification in ZnO. When metaloxide nanoparticles are synthesized in the presence 

of capping molecules like polymer, they easily got adsorbed on the surface of the 

particle. By chemical adsorption on to a polar plane of ZnO, the capping molecule 

like polymer can passivate facets of ZnO and thereby adjust the growth velocity 

among different facets and control the growth of ZnO nanoparticles.  Surface 

passivation by PVP reduces surface defects so as to increase the UV emission of 

ZnO. In addition, relevant reports for unique chemical stability of nickel on zinc 

sites recognizes, nickel is one of the most efficient doping element to improve 

optical properties of ZnO.  

The previous reports on PVP capped ZnO show that polymer is a best 

capping agent to produce nanorods with quenched visible emission. Since there is 

ample scope for enhancing the physico-chemical properties of ZnO composites by 

polymer capping, I tried ZnO with different catalyst during the synthesis. The aim 

was to improve the physical properties, mainly the emission spectra of ZnO 

metaloxide by surface passivation. Though different techniques are available for the 

synthesis, I tried the simpler and cheapest for developing an easy and economic 

route for the synthesis of nanomaterials. There are several metal oxides used as a 

catalyst during the growth of 1D nanostructure. Here I used some transition metals 

and rare earth metals as a catalyst for the synthesis of nanocomposites and used PVP 

as the capping agent. 
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Chapter 2 
 

Synthesizing strategies and 

characterization tools 
 

This chapter introduces the synthesising routes for preparing ZnNiO and its 

composites with aluminium oxide, cupric oxide, palladium oxide, dysprosium oxide, 

and cerium oxide, and the characterisation techniques for exploring the structure and 

properties of the compounds.  

2.1 Introduction 

The shape of the crystal is determined by the relative specific surface energies 

associated with the facets of the crystal. According to Wulff facets theorem, at 

equilibrium condition crystal has to be bounded by facets giving a minimum surface 

energy. The shape of the crystal is also considered in terms of growth kinetics by 

which the fastest growing planes should disappear to leave behind the slowest 

growing plane [1]. This argument implies that final shape of the crystal is controlled 

by introducing appropriate surface modifiers (capping agents) [2]. These capping 

agents change the free energies of the crystallographic surfaces and thus alter their 

growth rate and it shows mesoporosity. 

 

 



 

2.2 Mesoporous synthesizing strategies 

There are several synthesizing strategies for the development of mesoporous 

materials. Some of them are based on the use of organic templates as structure 

directing agents. This method 

called hard template method, uses inorganic silica and carbon are used as the 

template. 

2.2.1 Soft template method

In this approach, the organic template is removed by calcination after the formation 

of mesophase.  This generates the ordered mesoporous structures. Whose 

mesoporous sizes can be tuned by using different structure directing agents or 

different concentrations of surface directing agents.  Widely used templates for the 

preparation of mesoporous materials are cationic [

surfactants, chiral peptide

derivatives [8], ionic liquids [9] and biological materials [

the precise control over the particle morphology, pore diameter and mesoporosity. 

Mesoporous materials ma

spheres [11], hollow spheres [12], rods [13] and others [1

gives good shape, size and morphology to the particles.

soft template method is shown i

Figure: 2.1: Schematic representation of soft template method.
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Mesoporous synthesizing strategies  

There are several synthesizing strategies for the development of mesoporous 

materials. Some of them are based on the use of organic templates as structure 

directing agents. This method is called soft-template method and another method 

method, uses inorganic silica and carbon are used as the 

Soft template method 

In this approach, the organic template is removed by calcination after the formation 

of mesophase.  This generates the ordered mesoporous structures. Whose 

rous sizes can be tuned by using different structure directing agents or 

different concentrations of surface directing agents.  Widely used templates for the 

preparation of mesoporous materials are cationic [3], amphibilic [4] and anionic

chiral peptide-modified surfactants [6], emulsions [7], vitamin 

derivatives [8], ionic liquids [9] and biological materials [10]. This strategy allows 

the precise control over the particle morphology, pore diameter and mesoporosity. 

Mesoporous materials may exhibit different morphologies of particles such as 

spheres [11], hollow spheres [12], rods [13] and others [14]. It is a simple technique 

gives good shape, size and morphology to the particles. Schematic representation of 

soft template method is shown in fig 2.1. 

Schematic representation of soft template method. 

There are several synthesizing strategies for the development of mesoporous 

materials. Some of them are based on the use of organic templates as structure 

template method and another method 

method, uses inorganic silica and carbon are used as the 

In this approach, the organic template is removed by calcination after the formation 

of mesophase.  This generates the ordered mesoporous structures. Whose 

rous sizes can be tuned by using different structure directing agents or 

different concentrations of surface directing agents.  Widely used templates for the 

and anionic [5] 

[7], vitamin 

0]. This strategy allows 

the precise control over the particle morphology, pore diameter and mesoporosity. 

of particles such as 

It is a simple technique 

Schematic representation of 

 



 

2.2.2 Hard template method

The second method involves the use of hard template such as porous silica for the 

preparation of mesoporous materials. This method is commonly applied for t

synthesis of mesoporous carbon [1

with organic materials and this organic filler is carbonized in the vaccum. 

Dissolution of silica shell by sodium hydroxide (NaOH) results uncovering carbon 

frame work. In this method, it is 

Schematic representation of hard template method is shown in fig.2.2.

Figure: 2.2: Schematic representation of hard template method

 

2.3 Role of capping agents 

Typically nanoparticles are 

precursors with appropriate reducing agents in the presence of capping agents to 

stabilize the high energy surface of the nanoparticles and also it protects the particle 

from agglomeration. Capping agents pl

nanoparticles. For instance, capping agents often act as a ligand and it forms 

complexes with metal precursors and thereby it affects the growth kinetics. Another 

important role played by capping agents is their sel

crystallographic planes that induces the anisotropic growth.
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Hard template method 

The second method involves the use of hard template such as porous silica for the 

preparation of mesoporous materials. This method is commonly applied for t

ynthesis of mesoporous carbon [15]. In this case mesoporous template is loaded 

with organic materials and this organic filler is carbonized in the vaccum. 

Dissolution of silica shell by sodium hydroxide (NaOH) results uncovering carbon 

his method, it is hard to get good morphology and it is very 

Schematic representation of hard template method is shown in fig.2.2. 

Schematic representation of hard template method 

Role of capping agents  

Typically nanoparticles are synthesized in solution method by reacting metal 

precursors with appropriate reducing agents in the presence of capping agents to 

stabilize the high energy surface of the nanoparticles and also it protects the particle 

from agglomeration. Capping agents play an important role in the synthesis of 

nanoparticles. For instance, capping agents often act as a ligand and it forms 

complexes with metal precursors and thereby it affects the growth kinetics. Another 

important role played by capping agents is their selective adsorption on particular 

crystallographic planes that induces the anisotropic growth. 

The second method involves the use of hard template such as porous silica for the 

preparation of mesoporous materials. This method is commonly applied for the 

5]. In this case mesoporous template is loaded 

with organic materials and this organic filler is carbonized in the vaccum. 

Dissolution of silica shell by sodium hydroxide (NaOH) results uncovering carbon 

very costly. 

 

synthesized in solution method by reacting metal 

precursors with appropriate reducing agents in the presence of capping agents to 

stabilize the high energy surface of the nanoparticles and also it protects the particle 

ay an important role in the synthesis of 

nanoparticles. For instance, capping agents often act as a ligand and it forms 

complexes with metal precursors and thereby it affects the growth kinetics. Another 
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2.3.1 Exploitation of Polyvinyl pyrrolidone (PVP-30K) 

Polyvinyl pyrrolidone (PVP) is a surface directing agent to control nucleation and 

alignment of crystals. The exploitation of PVP is motivated by a reason that by 

coordinating the water from the dehydration reaction of the ZnO precursor, PVP 

may accelerate the crystal formation and promote the crystallization of ZnO. In 

aqueous solution of PVP, water can be bound and this solution containing high 

concentration of PVP, wherein this condition water molecule doesn’t act as a solvent 

but is referred to a “bound water” [16]. Furthermore PVP is extensively used as the 

stabilizer in nanotechnology because of its excellent adsorption ability. Compared to 

reported directing agents such as poly (vinyl alcohol), citrates, acetate, 

cetyltrimethyl ammonium bromide (CTAB), peptide, ammonia, Tween -85 

(C100H188O28) and  KBr, polyvinyl pyrrolidone is a cheap, bio compatible reagent 

and it is also a pharmaceutical product additive.  Furthermore PVP capped ZnO 

shows an excellent optical property. 

 

2.4 Zinc nickel oxide (ZnNiO) 

Oxide based diluted magnetic semiconductors (DMS) such as transition metal doped 

semiconductors with room temperature ferromagnetism (RTFM) have been studied 

for advanced applications in spintronic devices where the effort was made to find the 

ways for the utilization of nanoparticles in both information processing and data 

storage within one material system. In recent studies, DMSs are formed by the 

potential substitution of the cations of the host semiconductors with small amount of 

transition metal ions [17].  

 The transition metals doping in ZnO facilitates the generation of carrier 

mediated ferromagnetism [18]. Several researchers addressed room temperature 

ferromagnetic behaviour of 3d transition metals (such as Fe, Ni, Mn, Co, Cr, etc.,) 

doped ZnO [19-20]. Among them, Ni is an important dopant to achieve Curie 

temperature above room temperature. It is well known that transition metal ion 

substitution in ZnO semiconductors exhibit sp-d hybridisation [21]. The s-d and p-d 

exchange interaction between the band electrons and localised 3d electrons makes 
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positive and negative corrections in the valence band and the conduction band 

respectively. This leads to the red shift in the near band edge emission and also 

increasing green emission.  

 In addition, relevant reports for ZnO doped with metal (Al, Pd and Cu) 

indicate that the doping effect increased optical and electrical effects of ZnO. The 

photoluminescence characteristics of aluminium doped ZnO show that the optical 

quality degenerated gradually with increasing aluminium concentration and the 

presence of copper has been reported to increase the intensity of deep trap emission 

ZnO as well as the intensity of band gap emission of ZnO. So I tried to introduce Al, 

Cu and Pd in ZnO to enhance the optical properties and magnetic properties. 

Palladium a 4d metal is taken as a impurity in ZnO significantly improves sensitivity 

and specificity of hydrogen. Rare earth elements cerium and dysprosium are 

technologically important material because of its unique properties and various 

biological applications. 

 

2.4.1 Synthesis of ZnNiO  based mesoporous nanocomposites 

A simple cost effective soft template method is used for the synthesis of surface 

passivated nanocomposites (ZnNiO, Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO 

and Ce:ZnNiO). Here the nanocomposites were synthesized by dissolving zinc 

nitrate hexahydrate (99.99%), nickel nitrate hexahydrate (99.99%) in de-ionized 

water. These metal nitrates were purchased from Sigma Aldrich and used without 

further purification. Poly vinyl (pyrrolidone -30K) (PVP) was used as the additive 

surfactant. The mixed solution of zinc nitrate (0.5 M), nickel nitrate (0.2M) was 

precipitated in NaOH (0.5M) solution. After vigorous stirring for about 1 h, the 

suspension was filtered and washed in de-ionized water several times to remove 

biproducts. The filtrate was made into paste in 2g PVP solution and dried at 70oC, 

until the mixture turns into powder form. The final product was calcined at 300oC 

for 4 hrs. Doping with post transition metal (Al), transition metals (Cu and Pd) and 

rare-earth metals (Dy, Ce) were accomplished in the same procedure by adding 

0.05M (aluminium nitrate, cupric nitrate, palladium nitrate, dysprosium nitrate and 

cerium nitrate) solution sequentially in the mixture of zinc-nickel nitrate solution. 

Then NaOH was added drop wisely in the mixture of three metal nitrate solutions. 
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The precipitate was centrifuged and washed several times in to remove byproducts 

and PVP added. This suspension was dried in the oven at the same temperature 

mentioned above and calcined at 200oC. The products were subjected to various 

physical and chemical examinations. 

2.4 Characterization techniques 

The crystallographic information of the as prepared composites were investigated by 

powder X-ray diffractometer (Rigaku Miniflex 600) with CuKα radiation, (λ = 

0.15406 nm) and morphology of the sample was characterized and analyzed by Field 

Emission Scanning Electron Microscopy, FESEM. Chemical composition of the 

composite were analysed by using energy dispersive x-ray Spectrometer, which was 

attached to the SEM instrument. The specific surface areas of the sample were 

determined from nitrogen adsorption isotherms using a Micrometrics Gemini 

Surface Area and Porosity Analyzer. Diffuse reflectance spectra of the 

nanocomposites were characterized by using UV-Vis NIR spectrophotometer in the 

wavelength range from 350-600 nm. Room temperature fluorescence measurements 

were carried out by a fluorescence spectrometer and magnetic studies of the 

nanocomposites were analyzed by Vibrating sample magnetometer (VSM). 

2.5.1 X-ray diffractometer 

X-ray powder diffraction (XRD) is a rapid analytical technique primarily used for 

phase identification of a crystalline material and can provide information on unit cell 

parameters, volume, density etc. X-ray diffraction is based on constructive 

interference of monochromatic X-rays and a crystalline sample. X-ray 

diffractometer consist of three basic elements: an X-ray tube, a sample holder, and 

an X-ray detector.   X- Rays are generated in a cathode ray tube by heating a 

filament to produce electrons, accelerating the electrons toward a target by applying 

a voltage, and bombarding the target material with electrons. When electrons have 

sufficient energy to dislodge inner shell electrons of the target material, 

characteristic X-ray spectra are produced. Copper is the most common target 

material for single-crystal diffraction, with CuKα radiation = 1.5418Å. These X-rays 

are collimated and directed onto the sample. As the sample and detector are rotated, 
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the intensity of the reflected X-rays is recorded. When the geometry of the incident 

X-rays impinging the sample satisfies the Bragg Equation,2 sinn dλ θ= , 

constructive interference occurs and a peak in intensity occurs. A detector records 

and processes this X-ray signal and converts the signal to a count rate which is then 

output to a device such as a printer or computer monitor. 

2.5.2 Field Emission Scanning Electron Microscopy (FESEM) 

The scanning electron microscope (SEM) enables the investigation of specimens 

with a resolution down to the nanometer scale. Here an electron beam is generated 

by an electron cathode and the electromagnetic lenses of the column and finally 

swept across the surface of a sample. A normal scanning electron microscope 

operates at a high vacuum. The basic principle is that a beam of electrons is 

generated by a suitable source, typically a tungsten filament or a field emission gun. 

The electron beam is accelerated through a high voltage and pass through a system 

of apertures and electromagnetic lenses to produce a thin beam of electrons, then the 

beam scans the surface of the specimen. 

2.5.3 Energy Dispersive X-ray Spectra (EDS) 

Energy dispersive X-ray analysis, also known as EDX, or EDAX, is a technique 

used to identify the elemental composition of a sample. During EDS, a sample is 

exposed to an electron beam inside a scanning electron microscope (SEM). These 

electrons collide with the electrons within the sample, causing some of them to be 

knocked out of their orbits. The vacated positions are filled by higher energy 

electrons which emit x-rays in the process. By analyzing the emitted x-rays, the 

elemental composition of the sample can be determined. EDS is a powerful tool for 

microanalysis of elemental constituents.  

2.5.4 Vibrating Sample Magnetometer (VSM) 

Magnetic properties of the samples were studied at room temperature, by using a 

vibrating sample magnetometer (VSM). A vibrating sample magnetometer (VSM) 

operates on Faraday's Law of Induction, which tells us that a changing magnetic 

field will produce an electric field. A VSM operates by first placing the sample to be 

studied in a constant magnetic field. If the sample is magnetic, this constant 
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magnetic field will magnetize the sample by aligning the magnetic domains or the 

individual magnetic spins, with the field. The stronger the constant field, the larger 

the magnetization will be. The magnetic dipole moment of the sample will create a 

magnetic field around the sample. As the sample is moved up and down, this 

magnetic field is changing as a function of time and can be sensed by a set of pick-

up coils. The alternating magnetic field will cause an electric field in the pick-up 

coils according to Faraday's Law of Induction. This current will be proportional to 

the magnetization of the sample. The induction current is amplified by a 

transimpedance amplifier and lock-in amplifier. The various components are hooked 

up to a computer interface. Using controlling and monitoring software, the system 

can tell you how much the sample is magnetized and how its magnetization depends 

on the strength of the constant magnetic field.  

2.5.5 Diffuse reflectance spectroscopy (DRS) 

The UV-Vis spectroscopy is frequently used to characterize semiconductor thin 

films [22]. It is easy to extract their bandgap values from absorption spectra 

(knowing their film thickness) because of low scattering in films. Scattering effect in 

colloidal sample is enhanced since more area is exposed to the light beam. In normal 

incidence mode dispersed light is counted as the absorbed light. In case of powdered 

samples UV-absorption spectroscopy is carried out by dispersing the sample in 

water, ethanol or methanol. If the size of the particle is small enough, it will 

precipitate and UV spectrum becomes more complicated to interpret. In order to 

avoid these types of problems, desirable to do diffuse reflectace spectra (DRS). 

Kubelka-Munk was proposed a theory, which makes possible to use DRS 

spectroscopy [23]. They proposed a model to describe the behaviour of light inside a 

light scattering material based on the equations. 

( )di
S K i Sj

dx

−
= − + +                            (2.1) 

 ( )dj
S K j Si

dx
= − + +

                                      (2.2)
 

Where i  and j   are the intensities of light travelling inside the material towards 

unilluminated and illuminated surfaces. S and K   are the scattering and absorption 
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coefficient respectively. Where dx   is the differential segment along the path.  In 

the limiting case of an infinitely thick sample, thicknesses of the sample holder have 

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

1
/ ( )

2

R
K S F R

R
∞

∞
∞

 −
= = 
 

                          (2.3) 

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

2.5.6 Fluorescence spectroscopy 

Fluorescence is a photon emission process that occurs during molecular relaxation 

from electronic excited states. This photonic process involves transition between 

electronic and vibrational states of fluorophores. The fluorophore remains in the 

lowest vibrational states of the excited electronic state for a period on the order of 

nanoseconds is called the fluorescence life time. Fluorescence emission in the 

molecule occurs as the fluorophore decay from the singlet electronic states to an 

allowable vibrational level in the electronic ground state. Molecules in the excited 

electronic states relax by radiative and nonradiative process. Radiative decay process 

describes molecular deexcitation processes accompanied by photon emission. In 

nonradiative process excitation energy is not converted into photons but it is 

dissipated by thermal processes such as vibrational relaxation and collisional 

quenching. Fluorescence is the result of a three-stage process that occurs in 

fluorophores. 

Stage 1: Excitation. A photon is supplied by an external source such as an 

incandescent lamp or a laser and this is absorbed by the fluorophore, creating an 

excited electronic singlet state (S1'). This process distinguishes fluorescence from 

chemiluminescence, in which the excited state is populated by a chemical reaction. 

Stage 2: Excited-State Lifetime. The excited state exists for a finite time (typically 

1–10 nanoseconds). During this time, the fluorophore undergoes conformational 

changes and is also subject to a multitude of possible interactions with its molecular 

environment.  
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Stage 3: Fluorescence Emission. Energy of photon is emitted, returning the 

fluorophore to its ground state S0. Due to energy dissipation during the excited-state 

lifetime, the energy of this photon is lower, and therefore of longer wavelength, than 

the excitation photon. The difference in energy or wavelength represented by the 

absorbed and emitted photon is called the Stokes shift. The Stokes shift is 

fundamental to the sensitivity of fluorescence techniques because it allows emission 

photons to be detected against a low background, isolated from excitation photons.  

2.5.6 Surface area Analyzer (Adsorption measurements) 

Gas adsorption method is a technique used to characterize the solid samples. It is 

designed to perform physical adsorption and chemisorptions for the determination of 

specific surface area and porosity. Adsorption measurement is one of the most 

diffuse techniques to characterize porous nanomaterials and to estimate the surface 

area, the porosity and pore size distribution of the materials. Adsorption happens 

when gaseous or vapour molecules interact with a solid surface, passing from the 

gaseous phase to an adsorbed state. In a typical adsorption measurement a solid is 

put in contact with a defined amount of a pure substance, or a mixture with known 

composition, to study the specific interaction between the two phases. Concerning 

nanoporous materials, absorption phenomenon is generally rare and they are 

investigated only by adsorption techniques. Adsorbed material is generally classified 

as exhibiting physisorption or chemisorption. 

Physisorption  

Physisorption or physical adsorption is a type of adsorption in which the adsorbate 

adheres to the surface only through Van der Waals (weak intermolecular) 

interactions. Physisorption occurs at any environmental condition but it is 

measurement at low temperature, usually at the boiling temperature of liquid 

nitrogen at atmospheric pressures. Presence of an intrinsic energy is the reason for 

taking place adsorption. When the material is exposed to a gas, an attractive force 

acts between the exposed surface of the solid and the gas molecule. This force is 

characterized as a physical adsorption. 
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 Due to the weak bonds involved between the gas molecules and the surface 

adsorption is a reversible phenomenon. The complete adsorption/desorption analysis 

is called adsorption isotherm. Once the isotherm is obtained, a number of calculation 

models (BET, Dubinin, Langmuir) can be applied to different regions of the 

adsorption isotherm to evaluate the surface area. 

Chemisorption  

Chemisorption is a type of adsorption whereby a molecule adheres to a surface 

through the formation of a chemical bond, as opposed to the Van der Waals forces. 

Adsorption is usually described through isotherms, that is, functions which connect 

the amount of adsorbate on the adsorbent, with its pressure (if gas) or concentration 

(if liquid). Several models can be describing the process of adsorption, namely; 

Freundlich isotherm, Langmuir isotherm, BET isotherm, etc.  

BET model 

BET theory aims to explain the physical adsorption of gas molecules on a solid 

surface and serves as the basis for an important analysis technique for the 

measurement of the specific surface area of a material. In 1938, Stephen Brunauer, 

Paul Hugh Emmett, and Edward Teller published an article [24] about the BET 

theory in a journal for the first time; “BET” consists of the first initials of their 

family names. The concept of the theory is an extension of the Langmuir theory 

[25], which is a theory for monolayer molecular adsorption, to multilayer adsorption 

with the following hypotheses: (a) gas molecules physically adsorb on a solid in 

layers infinitely; (b) there is no interaction between each adsorption layer; and (c) 

the Langmuir theory can be applied to each layer. The specific surface area of a 

powder is determined by physical adsorption of a gas on the surface of the solid and 

by calculating the amount of adsorbate gas corresponding to a monomolecular layer 

on the surface. Physical adsorption results from relatively weak forces (Vander 

Waals forces) between the adsorbate gas molecules and the adsorbent surface area of 

the test powder. The determination is usually carried out at the temperature of liquid 

nitrogen. The amount of gas adsorbed can be measured by a volumetric or 

continuous flow procedure. 
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The Brunauer-Emmett-Teller method   is   the   most widely used procedure 

for the determination of the surface area of solid materials.  Total surface area S total 

and a specific surface area S are evaluated by the following equation. 

 

,
m

BET total

V NS
S

V
 = 
 

                            (2.4) 

where Vm is in units of volume which are also the units of the molar volume of the 

adsorbent gas 

/BET totalS S a=                             (2.5) 

N stands for Avogadro's number, s:  adsorption cross section of the adsorbing 

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

 

Figure 2.3: BET Plot 

 

Procedure 

Static volumetric adsorption requires a high vaccum pumping system able to 

generate a good vaccum over the sample of at least 10-4 Torr. The experiment is 

carried out by starting from high vaccum and increasing step by step, the pressure 

upto adsorbate saturation pressure. 

 Introducing consecutive known amount of adsorbate to the sample holder, 

this is kept at liquid nitrogen temperature (77K). Adsorption of the injected gas into 

the sample causes the pressure to slowly decrease until an equilibrium pressure is 
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established in the manfold. The equilibrium pressure is measured by a transducer 

chosen according to the pressure range. The gas uptake is directly calculated from 

the equilibrium pressure values but a dead volume calibration ha to be performed 

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

Capping effects on structure and 

morphology of ZnNiO based 

nanocomposites 

 

3.1 Introduction 

Zinc oxide (ZnO) belongs to the group of II-VI semiconductors, crystallizes in the 

hexagonal wurtzite (WZ) structure and belongs to the P63mc space group. Besides 

the lattice parameters a and c wurtzite structure has one free internal parameter u 

which specifies the bond length parallel to the c axis [Fig.3.1]. Under ideal 

condition, ie all bond lengths and bond angles are same, u will be 0.375 [1]. The 

lattice parameters of the hexagonal unit cells mostly range from 0.3247 to 0.32501 

nm for a and from 0.5204 to 0.5207 nm for c. The density of ZnO is 5.606 g/cm3 [2]. 

ZnO is a polar crystal consisting of a negative polar plane and a positive polar plane. 

In addition to polar surfaces, it has also a non polar plane [3]. When the bond along 

the c-direction are from cation (Zn) to anion (O) the polarity is referred to as Zn 

polarity, while when the bonds along the c-direction are from anion (O) to the cation 

(Zn) the polarity is referred to as oxygen polarity. The four most common faces of 

wurtzite ZnO are the Zn-terminated (0001) and O-terminated (0001)faces (c-axis 

oriented), and the non-polar (2 1 10)(a-axis) and(01 10)faces which contain an 
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equal number of Zn and O atoms. It has been observed that the origination of 

various shapes of the ZnO crystals is due to the relative growth rates of different 

crystal facets and differences in the growth rates of different crystal planes [4]. Here 

we investigated, structure and morphology of the ZnNiO based nanocomposites 

synthesised by soft template method. 

 

Figure 3.1:  Wurtzite structure of ZnO showing a, c and u parameters 

3.2 Structural Analysis 

Crystal structure of the prepared nanocomposites were confirmed by powder X-ray 

diffractometer (Rigaku Miniflex 600 with scan rate 1o/min and CuKα radiation, λ = 

0.15406 nm). X-ray diffraction patterns of the ZnNiO nanocomposites after and 

before surface passivation were investigated. These composites doped with various 

transition metals (Al, Pd &Cu) and rare earth metals (Dy & Ce) were also 

investigated. 

3.2.1 XRD patterns of ZnNiO and ZnNiO/PVP nanocomposites 

XRD patterns of the uncapped and capped ZnNiO nanocomposites were compared 

and are shown in Fig.3.2 (a) & (b). Fig 3.2(a) shows the XRD patterns of the 

assynthesized uncapped ZnNiO and capped ZnNiO. These samples showed semi-

crystalline nature even before performing calcinations and the grain size obtained 
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was so small (~ 3.5 nm). The average crystallite size were calculated using the 

Debye - Scherrer formula, (D= 0.9λ/βcosθ), where λ is the x-ray wavelength, β is the 

full width half maximum of the most intense peak. After undergoing calcinations, 

crystallanity of the samples increased and particles grew bigger in size.  

Fig. 3.2(b) shows XRD patterns of the calcined samples of (a) pure ZnO (b) 

uncapped ZnNiO (c) PVP capped ZnNiO at 300 OC respectively. By incorporating 

Ni, the sample has not been deviated from its parental wurtzite structure which 

indicates that the dopant Ni2+ ions (radius 0.069 nm) are effectively substituted in 

the inner lattice of Zn2+ ions (radius 0.074 nm). After calcination crystallites size 

increases from 3.5 nm to 27.5nm for capped ZnNiO. The peaks of capped ZnNiO 

corresponds to hexagonal wurtzite structure of ZnO (ICDD number 01-078-3344) 

and this peaks originates from (100), (002), (101), (102), (110), (103), (200), (112), 

(201), (202) reflections [seen from Fig.3.3]. This indicates that crystal structure of 

ZnO is not modified due to the presence of nickel or PVP capping.  

The main structural parameter such as crystallite size was calculated from the 

peak width analysis. In general, crystallite size of the material is a measure of the 

size of a coherently diffraction domain. The lattice parameters in semiconductors 

mainly depend on the parameters such as defects, external strain, foreign contents 

and the differences in the ionic radii of the dopant. Lattice parameters calculated 

from the diffraction peaks are shown in table 3.1. The decrease of the lattice 

parameter indicates that Ni2+ is introduced into the ZnO/PVP crystal lattice and 

substituting the Zn2+ site [5].  
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Figure 3.2: (a) X-ray diffraction patterns of as-synthesized form of uncapped and capped ZnNiO 
(b) calcined form of pure ZnO, uncapped ZnNiO, and capped ZnNiO at 300 oC. 
 

 

Figure 3.3: Indexed XRD pattern of polymer capped ZnNiO 

3.2.2 XRD patterns of Al:ZnNiO, Pd:ZnNiO and Cu:ZnNiO nanocomposites 

Appendage of aluminium, palladium and copper in polymer capped ZnNiO 

nanocomposites shows excellent crystallanity as that of polymer capped ZnNiO 
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nanocomposites.  Xrd patterns of these samples are shown in fig 3.4.  These results 

show that crystallographic phases of these double doped compounds are belongs to 

the standard crystallographic structure of hexagonal ZnNiO (ICDD no. 01-071-

6735). The sharp XRD peaks confirm the formation of good crystalline phases of the 

nanocomposites which originates from (100), (002), (101), (102), (110), (103), 

(200), (112), (201), (202) reflections.  The lattice constants of these samples are 

shown in table 3.1. But copper adjunction in ZnNiO shows a trace amount of NiO 

(200) phase because Ni ions did not enter in the crystallite site of ZnO and 

crystallized alone forming NiO grains in the composite phase. 

       

Figure 3.4: Xrd pattern of polymer capped (a) Al:ZnNiO (b) Pd:ZnNiO                          
  (c) Cu:ZnNiO nanocomposites 

 

3.2.3  XRD patterns of Dy:ZnNiO and Ce:ZnNiO nanocomposites 

 X-ray diffraction studies of rare- earth metals (Dy & Ce) doped ZnNiO/PVP were 

also investigated. These nanocomposites show good crystallanity and calculated 

grain size is in the nano range. Structure of the cerium doped samples doesn’t 

deviate from the parental structure but in the case of dysprosium doped samples, it is 

indexed to the hexagonal structure of ZnNiO. Calculated grain size, lattice 

parameters and density of all the samples are shown in table 3.1. The grain growth is 

mainly due to movement and diffusion of Zn2+. However, in the case of Ni doped 
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ZnO, Ni may exist as the grain in the boundary, which can enhance the energy 

barrier for the movement and diffusion of Zn2+. It was also found that capping with 

PVP, decreases the average particle size of the three composites compared to pure 

ZnO and ZnNiO, whereas Dy and Ce in ZnNiO leads to increase in lattice parameter 

with increase in average grain size. 

         

Figure  3.5: Xrd pattern of polymer capped (a) Dy:ZnNiO (b)Ce: ZnNiO  nanocomposite 

 

3.3 Calculation of nearest-neighbour distances  

The wurtzite structure with hexagonal unit cell has two lattice parameters a and c in 

the ratio c/a = 1.663 (for an ideal wurtzite structure) The structure is composed of 

two interpenetrating hexagonal close -packed   sub-lattices, each of which consists of 

one type of atom displaced with respect to each other along the three fold c-axis by 

the amount of u = 0.375 (for an ideal wurtzite structure) in fractional co-ordinates. In 

addition to composition, the lattice parameter can be affected by free charge, 

impurities, stress and temperature. The nearest neighbour distances (b́1, b2ʹ, and b3ʹ) 

are determined by the relation [6].       

2

2

1

3 4

a
u

c

 
= + 
 

                                (3.1) 
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The nearest neighbour bond lengths along the c-direction (b) and off c-direction as 

(b1) can calculated using   

b cu=   and 
2

2 2
1

1 1

3 2
b a u c

    = + −    
     

                                                           (3.2) 

Second nearest neighbour distances are  

�1′ = �	(1− �),  �2′  = √
2 + (��)2,  �3′ = √4/3(
2) + �2(1
2
− �)2                     (3.3) 

The calculated values are given in table 3.2. The nearest neighbour distances along 

c-axis and off c-axis are found to be the same. There is a strong correlation between 

the atomic factor  ratio and ‘u’ parameter. The c/a ratio decreases with increasing ‘u’ 

. 

Compound Crystallite

s size   

(nm) 

Lattice parameter 
(Å) 

(±0.01) 

Density(g/cm3) Atomic 
factor 

A c c/a 

 
ZnNiO 
ZnNiO/PVP 
Al:ZnNiO 
Pd:ZnNiO 
Cu:ZnNiO 
Dy:ZnNiO 
Ce:ZnNiO 
 

 
40.2 
27.5 
19.7 
33.1 
32.2 
39.8 
32.6 

 
3.258 
3.247 
3.236 
3.241 
3.245 
3.240 
3.256 

 
5.208 
5.197 
5.180 
5.192 
5.194 
5.199 
5.204 

 

 
5.621 
5.689 
5.747 
5.721 
5.732 
5.692 
5.644 

 
1.5985 
1.6005 
1.6007 
1.6019 
1.6006 
1.6046 
1.5982 

 

    
Table 3.1: Calculated grain size, lattice parameters and density of the samples 
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 u  parameter              Bond length (Å) Bond length (Å) 

Compound b  
1b                                                 1b′  2b′  3b′  

 
ZnNiO 
ZnNiO/PVP 
Al:ZnNiO 
Pd:ZnNiO 
Cu:ZnNiO 
Dy:ZnNiO 
Ce:ZnNiO 
 

          
    0.3804 
    0.3801 
    0.3800 
    0.3798 
    0.3801 
    0.3794 
    0.3804 

 
 1.9842 
1.9767 
1.9684 
1.9713 
1.9732 
1.9745 
1.9801 

 
1.9842 
1.9781 
1.9684 
1.9714 
1.9741 
1.9745 
1.9805 

 
3.238 
3.228 
3.211 
3.220 
3.221 
3.224 
3.236 

 
3.811 
3.805 
3.788 
3.792 
3.797 
3.799 
3.809 

 
3.812 
3.979 
3.768 
3.788 
3.798 
3.799 
3.810 

 

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

 

3.4 FESEM Analysis and EDS spectra 

The morphology and chemical composition of the samples were characterized and 

analyzed by Field emission Scanning Electron Microscopy, FESEM (JEOL JSM-

5600LV) and Energy Dispersive X-ray Spectrometer (EDS, JEOL JED-220), which 

was attached to the SEM instrument. Fig. 3.6 (a) shows the representative scanning 

electron microscopy of the uncapped ZnNiO nanocomposite. From the SEM image, 

got flakes like structure for uncapped ZnNiO but after passivation, morphology of 

the ZnNiO nanocomposite changes to one dimensional structure like nanowires 

[Fig.3.7 (a)].  This change may be occurred due to the presence of poly 

vinylpyrrolidone (PVP). Researchers showed that PVP could control ZnO 

crystallization and morphology [7-10].  Capped ZnNiO was apt to grow into one-

dimensional nanomaterials because PVP preferred to physically adsorb on a specific 

crystallographic plane of ZnNiO, which passivated this plane and facilitated the 

crystal growth along the c-axis. 
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Figure 3.6: (a) SEM image of uncapped ZnNiO nanocomposite 

 

 

 

 

Figure 3.7: (a) SEM image of capped ZnNiO nanocomposite  

Fig 3.8 (a, b, c & d) show the representative scanning electron microscopy images of 

Al:ZnNiO nanowires grown on polymer matrix in different scale bar. The SEM 

images corroborated the one dimensional shape.  These results also confirmed the 

possibility of growing particles in one dimension with surface passivation by PVP. 

SEM images of Pd: ZnNiO in different scale bar are also shown in fig 3.9 (a & b). It 

is seen that the PVP has augmented preferential growth of the nuclides into 
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hexagonal geometry in the case of palladium doped sample. J. Zhang et.al, 

mentioned that PVP could manage control over the crystallization and influence the 

morphology of the nanostructures [11]. Cu: ZnNiO nanocomposite also shows one 

dimensional nature, shown in Fig 3.10 (a). Dy: ZnNiO and Ce:ZnNiO 

nanocomposites [Fig. 3.11 (a) and Fig.3.12 (a)] are also grown in one dimensional 

structure with the effect of capping agent. EDS spectra of all the composites are 

shown in figures 

 

 

Figure 3.8: (a, b, c & d) SEM image of capped Al:ZnNiO nanocomposite  

 with different scale bar  

 

Figure 3.9: (a, b) SEM image of capped Pd:ZnNiO nanocomposite                              

  with different scale bars 
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Figure 3.10: (a) SEM image of capped Cu:ZnNiO nanocomposites 

 

 

 

 

 

 

Figure 3.11: SEM image of capped Dy: ZnNiO nanocomposite                                

    at different scale bars 
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Figure 3.12: SEM image of capped Ce:ZnNiO nanocomposite 

 

Corresponding EDS spectra of capped ZnNiO, Al:ZnNiO, Pd:ZnNiO, Cu:ZnNiO, 

Dy:ZnNiO and Ce:ZnNiO  nanocomposites are  shown in [Fig: 3.13, Fig: 3.14 (a), 

(b) & (c) and Fig: 3.15 (a) & (b)],  confirmed the presence of  metals (Zn, Ni, Al, Pd, 

Cu, Dy & Ce) and  C, O contained in the nanocomposites. 

 

 

 

 

Element Weight 

% 

Atomic 

% 

O K 23.73 55.78 

Ni K 5.44 3.48 

Zn K 70.83 40.74 

 

Figure 3.13: EDS spectra of ZnNiO nanocomposites 
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Element Weight 

% 

Atomic 

% 

O K 45.64 76.53 
Al K 1.15 1.15 
Ni K 10.57 4.83 

Zn K 42.63 17.50 

Element Weight 

% 

Atomic 

% 

O K 40.02 73.38 
Ni K 5.18 2.59 
Zn K 51.57 23.14 

Pd L 3.23 0.89 

Element Weight 

% 

Atomic 

% 

O K 25.39 57.98 
Ni K 4.23 2.63 
Cu K 3.73 2.14 

Zn K 66.65 37.25 

 

Figure 3.14: EDS spectra of (a) AL:ZnNiO(b) Pd:ZnNiO (c) Cu:ZnNiO nanocomposites 
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Element Weight 

% 

Atomic 

% 

O K 30.71 65.41 
Ni K 10.82 6.28 
Zn K 51.51 26.85 
Dy L 6.96 1.46 

Element Weight 

% 

Atomic 

% 

O K 26.50 59.43 
Ni K 4.18 2.55 
Zn K 69.24 38.00 
Ce L 0.08 0.02 

 

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

 

3.4 Conclusion  

 Surface passivation effects on ZnNiO nanocomposite do not damage the hexagonal 

structure of ZnNiO nanocomposite. X-ray diffraction studies of the uncapped and 

capped metaloxide nanocomposites showed excellent crystallanity and all the 

samples indexed to hexagonal structure. Crystallite size of the samples decreased 

due to the effect of surface passivation because it prevents the particles from 

agglomeration. Morphological analysis supports the ability of polyvinyl pyrrolidone 

to grow in one dimensional structure. The polymer, PVP could prefer to physically 

adsorb on a specific crystallographic plane of ZnO, which passivated this plane and 

facilitate the crystal growth only along the c-axis. The EDS spectra of all the 

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

Surface passivation effects on 

adsorption properties  

 
4.1 Introduction 

In the last decades mesoporous ZnO material has been attracting more attention 

because of its great potential application in electronics, optics, catalysis, solar energy 

conversion and other optoelectronic devices, due to the special characteristics of the 

large specific surface area, high porosity and narrow pore size distribution.  ZnO 

with various low dimensional structures including nanowire, nanoring, nanocages 

and nanoflowers have wide applications in nanosieve filters, catalyst supports, 

masks and gas sensors      [1-3]. Among these nanostructures, porous ZnO has a high 

surface to volume ratio as well as excellent inherent properties. Researchers 

prepared mesoporous thin films by sol-gel method using poly (ethylene glycol) 

(PEG) as the capping agent. Considerable amount of papers have been reported on 

the synthesis of nanoporous ZnO structures with various methods such as wet-

chemical method [4], electrochemical deposition [5], RF sputtering [6], metal–

organic chemical vapour deposition (MOCVD) [7] and thermal transition [8,9]. Here 

my great interest has focused on the synthesis of mesoporous ZnNiO and ZnNiO 

based nanocomposites.   
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4.2 BET Isotherm 

BET (Brunauer-Emmett-Teller) Nitrogen adsorption-desorption isotherms are used 

for the determination of specific surface area, pore size distribution, total pore area 

and total pore volume of the mesoporous and macroporous materials. The specific 

surface area of the uncapped and capped samples were determined from nitrogen 

adsorption /desorption isotherms at 77 K using a Micrometrics ASAP 2020 Surface 

Area and Porosity Analyzer. The powder samples were degassed at 1500 C in a 

vaccum below 10-3 Torr for 16 h prior to the measurements. 

 

 

Figure 4.1: Schematic diagram of BET isotherms 
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Four types of isotherms out of the six proposed by IUPAC are commonly 

encountered [10]: I, II, IV, and VI. Similarly, the hysteresis loops, corresponding to 

mesoporous systems have been classified in terms of their forms into four 

categories: H1, H2, H3, and H4 [Fig 4.1]. N2 adsorption-desorption isotherms of the 

uncapped ZnNiO is shown in Fig 4.2. This isotherm reveals microporosity, 

moreover it contains less number of mesoporous particles. This microporosity was 

completely changed when this ZnNiO nanocomposite capped with PVP. According 

to the Brunauer−Deming−Deming−Teller (BDDT) classification, all of the capped 

(ZnNiO, Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO and Ce:ZnNiO)  isotherms 

are of type IV with a type H3 hysteresis loop, suggesting the existence of abundant 

mesoporous structures.  Isotherms of all the capped samples are shown in Fig [4.2, 

4.3, 4.4, 4.5, 4.6 and 4.7].  

 
Figure 4.2: Adsorption –Desorption isotherm plots of uncapped ZnNiO. 

 Inset figure shows PSD of uncapped ZnNiO nanocomposite 
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Figure 4.3: Adsorption –Desorption isotherm plots of capped ZnNiO.  
Inset figure shows PSD of capped ZnNiO nanocomposite 

 

 

Figure 4.4: Adsorption –Desorption isotherm plots of Al: ZnNiO.  
Inset figure shows PSD of Al: ZnNiO nanocomposite 
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Figure 4.5: Adsorption –Desorption isotherm plots of Cu:ZnNiO. 
 Inset figure shows PSD of Cu: ZnNiO nanocomposite 

 

 
Figure 4.6: Adsorption –Desorption isotherm plots of Pd:ZnNiO. 

 Inset figure shows PSD of Pd: ZnNiO nanocomposite 
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Figure 4.7: Adsorption –Desorption isotherm plots of Dy:ZnNiO.  

Inset figure shows PSD of Dy: ZnNiO nanocomposites 

 

Figure 4.8: Adsorption –Desorption isotherm plots of Ce:ZnNiO.  
Inset figure shows PSD of Ce: ZnNiO nanocomposites 
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4.3  Specific surface area determination 

The Brunauer-Emmett-Teller (BET)   method   is   the   most widely used procedure 

for the determination of the surface area of solid materials and involves the use of 

BET equation 

    
00

1 1 1

1 m m

c p

W c W c pp
Q

p

 −
= +  

    −  
  

                                            (4.1) 

Q  is the weight of the gas  adsorbed at a relative pressure and Wm is the weight of 

the adsorbate constituting a monolayer of  surface coverage.  

The  BET equation  requires  a  linear  plot  of    
0

1

1
p

Q
p

  
−  

  

   versus 
0

p

p
,  

which for  most  solids  using nitrogen  as  adsorbate  is restricted  to a  limited  

region  in the P/P0 range  of  0.05 to 0.35. Wm can be obtained from slope and 

intercept of the BET plot. 

Specific surface area of the sample can be expressed as t
S

S
w

=   where

/t m csS W NA M= , Acs is the molecular cross section of the adsorbate molecule 

(16.2Å2 for N2 at 77 K), M is the molecular weight of the adsorbate gas and N is the 

Avogadro number. 

 

Figure 4.9: BET surface area plots of (a) uncapped ZnNiO  (b) capped ZnNiO nanocomposites 
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Figure 4.10:   BET surface area plots of capped (a) Al:ZnNiO (b)  Pd:ZnNiO                  
 (c) Cu:ZnNiO nanocomposites 

 

Figure 4.11: BET surface area plots of capped (a) Dy:ZnNiO                                          
  (b) Ce:ZnNiO  nanocomposites 

BET plot of all the capped and uncapped samples are shown in figures [4.9 (a, b) 

4.10 (a, b & c), 4.11 (a, b)] and surface area calculated from this plot is tabulated in 

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

application of the BET equation. This results shows that all the capped samples have 

high surface area compared to uncapped samples due to the effect of poly vinyl 

pyrrolidone (PVP). PVP protects the particles from agglomeration and formed small 



62 

 

size particles compared to uncapped ones. Surface area of the particles increased 

when size decreased in the nanometer range.  

Sample Surface area (m2/g)    
BET (S) 

Average pore size 
(nm) 

Pore volume 
(cm3/g) 

BET BJH 
 

ZnNiO 

ZnNiO/PVP 

Al:ZnNiO 

Cu:ZnNiO 

Pd:ZnNiO 

Dy:ZnNiO 

Ce:ZnNiO 

 

     3.8981 ± 0.022 

23.4802 ± 0.043 

34.8653 ± 0.240 

22.1434 ± 0.068 

13.7017 ± 0.072 

10.1071 ± 0.064 

29.1680 ± 0.180 

 

24.51 

19.91 

12.02 

19.38 

21.83 

   16.2 

11.09 

 

25.67 

 18.48 

12.74 

17.27 

20.92 

 16.09 

11.13 

 

        0.0237 

0.1171 

0.0102 

0.0107 

0.0745 

 0.0408 

0.0799 

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

 

4.4  Determination of total pore volume and average pore radius 

The total pore volume is derived from the amount of vapor adsorbed at a relative 

pressure close to unity (P/P0 ≈1), by assuming that the pores are then filled with 

liquid adsorbate. The volume of nitrogen adsorbed (Vads) can be converted to the 

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

/liq a ads mV PV V RT=                                        (4.3) 

Vm is the molar volume of the adsorbate. The average pore size can be estimated 

from the pore volume. 

2 /p liqr V S=                              (4.4) 

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

samples listed in table 4.1. 
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4.5 Pore size distribution (PSD)  

Porosity is defined as the ratio of the volume of pores and voids to the volume 

occupied by the solid and powder porosity is the ratio of volume of voids plus that 

of open pores to the total volume occupied by the powder. If cylindrical pore 

geometry can be assumed, the average pore diameter of porous materials can be 

calculated by the following relation 

4

BET ext

V
D

S S
=

−
                                       (4.2)

             

The total surface area Stotal can be calculated either from the BET-method or from t-

plot [11-12]]. The total pore volume, V, is derived from the amount of vapour 

adsorbed at p/p0 close to one. The pore size distribution (PSD) is the distribution of 

pore volume with respect to pore size.  The pore-size distributions were calculated 

from the data of the desorption branch of the isotherm using the Barret-Joyner-

Halenda (BJH) method. BJH pore size distribution of uncapped and all capped 

samples shown in the inset plot of Fig [4.5, 4.6, 4.7, 4.8, 4.9, 4.10 & 4.11]. The 

average pore size and pore volume of the samples are shown in table 4.1.  

4.5.1 t-Plot 

Microporosity includes the specific surface area SBET, external surface area and pore 

volume. These parameters of the samples were determined by using the t-plot. The 

procedure is same as BET surface area measurement, but it extends the pressure 

range to higher pressures to permit calculation of the external surface area, that is, 

non-microporous part of the material. The t- Plot method is attributed to Lippens and 

De Boer [13-14]. They proposed the plotting of the nitrogen adsorbed volume (v) at 

different P/P0 values as a function of the layer thickness (t). The resulting curve is 

compared with the experimental isotherm in the form of t- plot. The slope of the t- 

plot, V/t, is equal to the external area. The model allows separating the micropores 

from meso, macro and outside surface. This separation is illustrated by the equation 

[15]. 

 



 

( )0 0/    ( ) ( )   /

 

V P P V micro k S P P= +

The layer thickness t values are calculated as a function of de Boer equation. 

(  13.99 /  0.034[   

 

t log P P= −

t- plot of the samples are shown in figures [4.12(a, & b), 4.13(a, b & c), 4.14

b)] and the surface area calculated from t

is not observed in Al:ZnNiO and Ce:ZnNiO nanocomposites.

 

Figure 4.12
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0 0( ) ( )   /extV P P V micro k S P P= +
                    

The layer thickness t values are calculated as a function of de Boer equation. 

) 1/2
0/ ]  t log P P

                      

plot of the samples are shown in figures [4.12(a, & b), 4.13(a, b & c), 4.14

b)] and the surface area calculated from t-plot is shown in table 4.2. Micropore area 

is not observed in Al:ZnNiO and Ce:ZnNiO nanocomposites. 

4.12: t-Plot of (a) uncapped ZnNiO nanocomposite 

                (4.2) 

The layer thickness t values are calculated as a function of de Boer equation.  

              (4.3)  

plot of the samples are shown in figures [4.12(a, & b), 4.13(a, b & c), 4.14(a  & 

plot is shown in table 4.2. Micropore area 

 



 

Figure 4.12

 

Figure 4.13:
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4.12: (b)  t-Plot of capped ZnNiO nanocomposite 

: (a) t-Plot of capped Al:ZnNiO nanocomposites 
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Figure 4.13: (b) t-Plot of capped (b) Pd:ZnNiO nanocomposites 

 

 

Figure 4.13: (c) t-Plot of capped  Cu:ZnNiO nanocomposites 

 

 



 

Figure 4.14: 

Figure 4.14: 
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 (a) t-Plot of capped  Dy:ZnNiO nanocomposites 

 

 (b) t-Plot of capped Ce:ZnNiO  nanocomposites 
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Sample Micropore  area 
(m2/g) 

External area 
(m2/g) 

Micropore 
volume 
(cm3/g) 

 

ZnNiO 

ZnNiO/PVP 

Al:ZnNiO 

Cu:ZnNiO 

Pd:ZnNiO 

Dy:ZnNiO 

Ce:ZnNiO 

 

 

0.3585 

1.4929 

No micropore 

2.4555 

1.9667 

0.3899 

No micropore 

 

          

    3.539 

21.987 

34.584 

19.687 

11.735 

    9.717 

31.115 

 

               

          0.00016 

    0.00055 

----------- 

   0.00010 

0.00092 

0.00014 

----------- 

 

 
Table 4.2:  Calculated micropore area, external area and micropore volume                      

of the samples from t-plot 
 

4.6 Conclusion 

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

from nitrogen adsorption /desorption isotherms at 77 K using a Micrometrics ASAP 

2020 Surface Area and Porosity Analyzer. The isotherm hysteresis loop of the 

uncapped sample shows that it is not mesoporous but all capped samples are 

mesoporous with low pore size. Pore size changed with different catalysts. Surface 

passivated Al:ZnNiO  and Ce:ZnNiO are mostly mesopores with zero micropore 

area. These results focus that, these capped samples are good catalyst with 

mesoporous nature and high surface area. 
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Chapter 5 

Capping effects on magnetic 

properties 

 

5.1 Introduction 

The study of magnetic nanoparticle is a subject of intensive research from the 

viewpoint of probing their magnetic behaviour, (size and surface effects [1-6], 

quantum tunnelling of magnetization [7]) and practical significance (high density 

magnetic recording media [8-10], giant magneto-resistive sensors [11] and 

ferrofluids [12-14]). The magnetic behaviour of nanoparticle has a marked 

dependence with decrease in particle size and the surface effects [15].  Nanoparticles 

with large surface to volume ratio, the surface-spin-driven arrangements may 

eventually modify the magnetic properties. This spin disorder is caused by lower 

coordination of the surface atoms, broken exchange bonds. This broken exchange 

bonds produce a spin-glass like state of spatially disordered (canted) spins in the 

surface cations with high anisotropy surface layer. The disorder manifests strongly 

in nanocrystalline metaloxides, where the super-exchange interaction occurs through 

the oxygen ions. The absence of oxygen ions from the surface leads to the broken 

exchange bonds that induce surface spin disorder. Thus, the contribution of surface 
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effects is essentially due to breaking of symmetry of the lattice that result in site 

specific anisotropy of unidirectional character, broken ex-change bonds, and weak 

exchange interactions. The result of which is that magnetization at the surface is 

smaller than the core. It would be expected that the magnetization vector will point 

along the particle anisotropy axis in the core of the particle and would gradually 

change the direction on approaching the surface.  

Recent observations compel one to infer that the ferromagnetism obtained in 

semiconductors does not rely exclusively on the localized moments in magnetic 

ions, but can also be leading to magnetic moments generated due to the defects [16, 

17]. Others proposed room temperature ferromagnetism (RTFM) to be associated 

with holes in the d shell due to charge transfer [18-23] from the Zn atom at the 

surface to the capping agent. In case of doped ZnO NCs, it is usually believed that 

dopant induced defects contribute to RTFM [24-26]. In spite of the considerable 

efforts undertaken to understand the optical and magnetic properties of the d0 

ferromagnetic materials, the detailed underlying mechanism is still not clear. 

Compared to the conventional diluted magnetic semiconductors, one obvious 

advantage of d0 ferromagnetism is that clusters or secondary phases formed by the 

dopant do not contribute to magnetism [27]. 

 

5.2 Results and Discussion 

M-H hysteresis loop of the polymer capped and uncapped ZnNiO are shown in fig 

[5.1 (a) & (b)]. From the M-H hysteresis loop, it is clear that uncapped ZnNiO with 

small coercivity and remanent magnetization, which is closer to the conditions of the 

superparamagnetic state (SPM) with some single domain (SD) or multi-domain 

(MD) grains. Superparamagnetic particles exhibit no remanence or coercivity. The 

shape of the hysteresis loop is thus extremely thin.  SPM grains show a very steep 

initial rise in magnetization with field and then a more gradual increase to saturation. 

However a mixture of mostly superparamagnetic grains with some SD or MD grains 

has Mr/Ms ≪ 0.01. The values of saturation magnetization (Ms), Coercivity (Hc) and 

Retentivity (Mr) are 0.01585 emu/g, 58.661G and 149.18×10-6 emu/g respectively. 

Here, the Mr/Ms ratio, 0.009 confirms superparamagnetic behaviour with multi 

domains. Loops for single domain materials are typically wider than loops for multi 
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domain materials. This is just a reflection of the higher coercivity and remanence in 

single domain materials. Polymer capped ZnNiO showed room temperature 

ferromagnetism with high coercivity and higher retentivity compared to uncapped 

samples.  Calculated ratio of retentivity and magnetisation (Mr/Ms) is greater than 

zero. So the cause of anisotropy is intrinsic. The values of Magnetization, retentivity 

and coercivity of the capped and uncapped ZnNiO are shown in table 5.1 

 
Figure 5.1: (a) Room temperature M-H Hysteresis loop of ZnNiO without capping 

 

 
Figure 5.1: (b) Room temperature M-H Hysteresis loop of  capped ZnNiO  
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Room temperature ferromagnetic hysteresis loop of Al:ZnNiO, Cu:ZnNiO and 

Pd:ZnNiO nanocomposites with polymer capping are shown in fig. 5.2 (a), (b) and 

(c). From the figure it may be noted that polymer capped nanocomposites exhibit 

room temperature ferromagnetism. The coercivity is influenced by the coupling of 

the particle. Ferromagnetism in dilute magnetic semiconductors is considered to 

originate from either the exchange interaction between the holes and electrons from 

the valence band and the localized d spins on the transition metal ions and the origin 

of ferromagnetism in ZnO nanoparticles may be related to the O1− defects, since they 

can initiate a lattice defect or vacancy induced ordering leading to the magnetism in 

the system. Calculated saturation magnetization, coercivity and retentivity of the 

samples is shown in table 5.1. 

 

 
Figure 5.2: (a) Hysteresis loop of polymer capped Al:ZnNiO nanocomposites 
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Figure 5.2: (b) Hysteresis loop of polymer capped Cu:ZnNiO nanocomposite 

 
Figure 5.2: (c) Hysteresis loop of polymer capped Pd:ZnNiO nanocomposites 

Room temperature hysteresis loop of surface passivated and rare-earth metals (Dy, 

Ce) doped ZnNiO nanocomposites [Dy:ZnNiO and Ce:ZnNiO] are shown in fig 5.3 

(a) and (b).These samples  show ferromagnetic behaviour with high magnetization, 

coercivity and retentivity than undoped and passivated ZnNiO. This suggests that 
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Ce:ZnNiO, Dy:ZnNiO nanocomposites are good material for ferroelectric 

applications. The shape of the hysteresis loop confirms that this material is a good 

ferromagnetic material with multi-domains [narrow loop].  

 

Figure 5.3: (a) Hysteresis loop of polymer capped Dy:ZnNiO nanocomposites 

 
Figure 5.3: (b) Hysteresis loop of polymer capped Ce:ZnNiO nanocomposites 
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Compound 

 

Magnetization 

(Ms) (emu/g)  

 

Retentivity 

(Mr) (emu/g)  

  

Mr/Ms  

ratio 

 

Coercivity 

 (Hc)  (G)  

 

ZnNiO 

ZnNiO/PVP

Al:ZnNiO 

Cu:ZnNiO 

Pd:ZnNiO 

Dy:ZnNiO 

Ce:ZnNiO 

 

0.0158 

0.0295 

0.5342 

0.1904 

0.0594 

1.4330 

0.3930 

 

0.00015 

 0.000519 

0.16146 

0.01661 

0.00640 

0.28522 

0.10112 

 

0.094 

0.176 

0.303 

0.087 

0.107 

0.199 

0.254 

 

         58 

172 

219 

152 

153 

212 

201 

 

Table 5.1: Magnetization, Retentivity and Coercivity of uncapped and capped  ZnNiO,            
Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO and Ce:ZnNiO nanocomposites 

 

5.3 Antibacterial studies 

Intrinsic properties of ZnO nanoparticles are mostly characterized by their size, 

crystallanity and morphology. Reducing the size to nanometer scale can modify their 

electrical, structural, optical and magnetic properties. ZnO is currently investigated 

as an antibacterial agent in nanoscale formulation. Nano sized ZnO can interact with 

the bacterial core or surface and subsequently exhibits distinct bacterial mechanisms. 

The antibacterial action of the material mainly depends on the production of reactive 

oxygen species on the surface of the nanoparticles. To determine their ability as an 

antibacterial agent, generally depends on the reactive oxygen species (ROS) which 

is mainly attributed to large surface area and enhanced oxygen vacancies. The 

superoxide, hydroxyl radical and hydrogen peroxide belonging t the ROS group can 

damage to DNA and cellular proteins and can lead to cell death. 

Preparation of bacterial cultures 

 Antibacterial activity was determined by disc diffusion method against bacteria 

Pseudomonas aeruginosa (Gram negative) MTCC 2642 (Gram negative) MTCC 896 

using PVP capped ZnNiO, uncapped ZnNiO, Al:ZnNiO,Pd:ZnNiO,Cu:ZnNiO, 
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Dy:ZnNiO and Ce:ZnNiO nanocompoites.  These samples were suspended in sterile 

dimethyl sulfoxide (DMSO) and constantly sonicated until a uniform suspension 

was formed. Luria bertani (LB) agar medium was prepared and poured into petri 

dishes. After solidification, LB plates were streaked with test bacterial strains 2–3 

times by rotating the plates at 600 angles for each streak to ensure the homogeneous 

distribution of the inoculums. After inoculation, sterile discs (6 mm Hi-Media) 

loaded with photo activated test samples were placed on the bacteria-seeded plates 

using sterile forceps. Simultaneously, DMSO loaded disc was used as a control and 

the plates were incubated at 37oC. After 24 h incubation, the zones of inhibition 

were measured and the assays were performed in triplicate. 

Antibacterial activities of nanocomposites against Pseudomonas bacteria 

Nanocomposites were studied to explore their utility as a potential candidate for 

biological applications due to their nontoxicity. In this work uncapped ZnNiO, 

capped ZnNiO and all the doped nanocomposites (Al:ZnNiO, Pd:ZnNiO, 

Cu:ZnNiO, Dy:ZnNiO and Ce:ZnNiO) were tested against Pseudomonas aeruginosa 

bacteria using disc diffusion method and the size of the inhibited zone formed 

around each disc.  Fig. 5.4(a) and (b) shows photographs of antibacterial activity of 

capped ZnNiO and uncapped ZnNiO nanocomposite against Pseudomonas bacteria 

respectively. Among this uncapped ZnNiO show highest antibacterial activity (29 

mm) than capped ZnNiO nanocomposite. The greater number of reactive oxygen 

species is mainly attributed to the diffusion ability of the reactant molecules and the 

formation of more oxygen vacancies. After surface passivation oxygen vacancies are 

decreased in capped ZnNiO than uncapped ZnNiO nanocomposite.  Fluorescence 

spectra of the uncapped ZnNiO show an increased visible emission (green emission) 

due to the increase of oxygen vacancies. This is a confirmation for enhanced oxygen 

vacancies in uncapped ZnNiO. 
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Figure 5.4: (a) Photographs of antbacterial activity of (a) capped ZnNiO and                              
(b)uncapped ZnNiO nanocomposites respectively. 

   

  
Figure 5.5: Photographs of antibacterial activity of (a) Al: ZnNiO and (b) Pd:ZnNiO                                 

(c) Cu:ZnNiO (d) Dy:ZnNiO (e) Ce:ZnNiO nanocomposites 
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Compound 

Minimum Inhibitory Concentration 
Pseudomonas aeruginosa 

MIC 
(200 µg) 

Activity 
(mm) 

Activity 
(mm) 

MIC 
(100 µg) 

 
ZnNiO 

ZnNiO/PVP 

Al:ZnNiO 

Pd:ZnNiO 

Cu:ZnNiO 

Dy:ZnNiO 

Ce:ZnNiO 

0.855 

0.890 

0.895 

0.865 

0.915 

0.860 

0.910 

29 

22 

21 

27 

17 

28 

18 

18 

16 

15 

23 

15 

18 

14 

0.820 

0.840 

0.915 

0.770 

0.850 

0.820 

0.860 

 

Table 5.2: Calculated antibacterial activities and MIC of all the nanocomposites. 

Antibacterial activity of all the doped nanocomposites (Al:ZnNiO, Pd:ZnNiO, 

Cu:ZnNiO, Dy:ZnNiO and Ce:ZnNiO) are shown in Fig  5.5(a), (b),(c),(d) & (e). 

Among all the ddoped nanocomposites Al:ZnNiO and Dy:ZnNiO nanocomposites 

has the maximum antibacterial activity against Pseudomonas bacteria.  

Minimum inhibitory concentrations (MIC) were calculated by subtracting the 

zone of inhibition from the sample and the whole divided by the concentration of the 

sample and the diameter of the inhibition on around each disc was measured in mm 

after 24 hrs. 


�� = �������������	��	���	����	������� ���	��	����!�����	��	��
�������������	��	���	����	������  

Antibacterial activity and minimum inhibitory concentration of all the 

nanocomposites are shown in table 5.2.  

5.4   Conclusion 

The surface layer magnetic moment anomalies may be due to broken exchange 

bonds and high anisotropy layer on the surface. These effects are more intense in 
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case of metaloxides because of the super-exchange interactions through the oxygen 

ions. The presence of another atom in the form of impurity or an absence of the 

oxygen ions at the surface leads to the breakage of the super-exchange bonds 

between the magnetic cations, inducing a large surface spin disorder. If the 

surfactant molecules adsorb on the surface and the electrons involved can no longer 

participate in the super-exchange interaction, spin pinning occurs. The 

superparamagnetic behaviour of non-capped ZnNiO may be due to the small size of 

the particle. All the capped particles are showed ferromagnetic nature, may be 

originated from either the exchange interaction between the holes and electrons from 

the valence band and the localized d spins on the transition metal ions or may be 

related to the O1− defects. This ferromagnetism of the samples may lead to 

applications in industries. Antibacterial activity test of the samples against 

pseudomonas bacteria show that after surface passivation, the activity was decreased 

due to the lack of oxygen vacancy. Adjunction of Pd and Dy in ZnNiO activity was 

increased than other capped nanocomposites.  
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Chapter 6 

Effects of capping agent on 

optical properties 

 
 

6.1 Introduction 

Zinc oxide is an excellent semiconductor and its properties have been extensively 

studied since the early days of semiconductor technology [1]. More than its bulk 

usage, nowadays zinc oxide has been widely used in electro-optic industry, thanks to 

the unprecedented level of research work going on with these metal oxides. Its bulk 

and nanoform have many interesting features. Among the various metal oxides, 

nanoparticles of ZnO have a vast range of applications extending from cosmetics to 

electronics. Owing to its wide band gap (3.36 eV), large exciton binding energy       

(~ 60 meV) and reasonably good bond strength, it is considered as a very good 

material for short wavelength opto-electronic applications. The quantum size effects 

shown by the nano materials have made them more attractive and aroused great 

interest in recent years. Due to the remarkable properties exhibited by the nano 

structures, researchers have been pondering over the synthesis and characterization 

as well as device applications using ZnO and its related compounds.  A great deal of 
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work has been going on elucidating  the emission processes of ZnO and its related 

nano structures  near band edge  to make sufficiently suitable emitters as well as 

light detectors in the visible-UV region. 

Generally, ZnO exhibits near band edge UV emission from free exciton 

recombination with abroad visible emission which originates from intrinsic or 

extrinsic defects [2-7]. In order to fabricate high efficient optoelectronic devices, the 

deep level emissions (DLE) in the visible region should be eliminated. Ritchers et al. 

have studied the PL properties of ZnO/Al2O3 core−shell nanowires and found that, 

near band emission (NBE) at low temperature was enhanced, by suppressing deep 

level emissions [8]. Hong et al. reported the study of annealing effect on the 

property of UV emission and green emission. Cheol Hyoun Ahn, et al. have made a 

comparative analysis of deep level emission in ZnO layers on samples deposited by 

various methods and they finally concluded that, the growth methods as well as the 

growing conditions have remarkable impact on the deep level emission [9]. In 

addition, hydrogenation can also found to improve optical properties by decreasing 

deep level emission [10]. The surface modified nanoparticles have been found to 

exhibit significantly strong UV emissions as well as third order non- linear optical 

properties. Capping the nanoparticles by a suitable polymer could be effectively 

demonstrated in the suppression of deep level emissions, caused by oxygen 

vacancies [11]. Polymer capping has also been demonstrated to suppress deep level 

emission with enhanced UV emission [12- 13]. 

 

6.2 Diffuse reflectance spectra (DRS) 

Diffuse reflectance spectra of the nanocomposites were characterized by using UV-

Vis NIR spectrophotometer (JASCO V 550 UV/Vis) in the wavelength range from 

300-600 nm. Room temperature UV-vis/diffuse reflectance spectra of the uncapped 

and PVP capped ZnNiO nanoparticles are presented in Fig 6.1. The exciton 

absorption edge wavelengths of capped ZnNiO (~368 nm) is substantially blue 

shifted compared to uncapped ZnNiO (~384 nm) nanocomposites. This blue shift is 

due to the strong confinement effect [14]. Another difference between the uncapped 

and capped ZnNiO is the appearance of a bump around 469 nm for uncapped sample 
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and is due to the exciton absorption from large nanoparticles from the composite. It 

is well established that particle size calculated from XRD is well matched to the 

particle size estimated from the excitonic absorption peak based on effective mass 

approximation [15]. Diffuse reflectance spectra of the Al:ZnNiO, Cu:ZnNiO and 

Pd:ZnNiO nanocomposites are shown in Fig. [6.2 (a), (b) and (c)] and Dy:ZnNiO 

and Ce:ZnNiO are shown in Fig [6.3(a) and b)]. Generally particles exhibit blue shift 

of excitonic peak in the absorption spectra [16]. Electron-phonon coupling, lattice 

distortion and localization of charge carriers due to point defects are perhaps the 

main causes for the red shift of the absorption edge when compared to pure ZnO 

(3.47 eV). Here observed the red shifted near band edge emission, which on similar 

lines are probably due to preferential emissions of the large sized nanorods. This in 

fact confirms the presence of such large rods, as observed in SEM image.  

 
Figure 6.1: UV-vis/diffuse reflectance spectra of the uncapped and                                                       

polymer capped ZnNiO nanocomposites 
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Figure 6.2: UV-vis/diffuse reflectance spectra of the polymer capped                          

     (a) Al:ZnNiO (b) Pd:ZnNiO (c) Cu: ZnNiO nanocomposites 

 
Figure 6.3: UV-vis/diffuse reflectance spectra of the polymer capped                            

   (a) Dy:ZnNiO (b) Ce: ZnNiO nanocomposites 
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6.2.1 Particle size determination 

From the diffuse reflectance spectra, average particle size has been confirmed by 

using the relation following the hyperbola band model [17].  

" = #(2$2%2&'()
#()∗[&',2 �&'(- ])

                                                                    (6.1) 

Here 2R corresponds to the particle size, Egb and Egn represents the bulk bandgap 

and nanoparticle bandgap (calculated from the absorption edge, as shown in fig. 6.1, 

6.2 and 6.3) respectively and m*, is the effective mass. Particle size, assessed from 

both XRD and absorption edge, are well matching.  

6.2.2 Bandgap determination 

Using the Kubelka-Munk treatment on diffuse reflectance spectra of the samples, it 

is possible to extract their bandgap unambiguously. Determination of bandgap is an 

important feature for selecting these materials in optoelectronics. The optical 

bandgap of the nanocomposites was determined by applying Kubelka-Munk 

function.  

F(R) = (1-R)2/2R = K/S                         (6.2) 

where, R is the reflectance, K is the molar absorption coefficient and S is the 

scattering coefficient. The Kubelka-Munk theory predicts a linear relationship 

between the intensity of spectral lines and concentration of the scatterer when it 

encounters almost uniform scattering in non-absorbing medium. Since the particles 

sizes of the nano-composites prepared are small and uniform to a great extent, the 

Kubelka-Munk model could be applied for the determination of band gap using the 

reflectance spectra. Using the Tauc-plot [F(t)hυ]n vs hυ,  the semiconductor band 

gap is determined. An extrapolation of the linear region of a plot of [F(t)hν]2 on the 

Y axis, versus hν ,on the X axis, gives the value of the optical bandgap Eg. The 

calculated bandgaps, from diffuse reflectance spectra of PVP capped ZnNiO 

nanocomposites and all doped ZnNiO nanocomposites were found to be less than 
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that of bulk ZnO. Reduction in bandgap is caused by the presence of occupied Ni 3d 

states, this 3d states raises the valence band maximum and lowering the conduction 

band minimum [18]. Researchers note that band gap increases with reducing particle 

size [19, 20], but here we have observed a reduced bandgap that is only due to Ni 

doping. Furthermore, the observed redshift in the band edge for Ni doped ZnO 

nanoparticle is attributed to the increasing sp-d exchange interactions between the 

band electrons and the localized d-electrons of the Ni2+ ions. Band gap reductions 

are controlled by the surface of the nanoparticles, lattice strain, and vacancies. 

[F(t)hν]2 vs hν plots of the polymer capped and uncapped nanocomposites are shown 

in fig 6.4, 6.5 and 6.6.  

 
Figure 6.4: [F(t)hυ]2 vs hυ plots of (a) uncapped ZnNiO  

(b) polymer capped ZnNiO nanocomposites 
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Figure 6.5: [F(t)hυ]2 vs hυ plots of polymer capped (a) Al:ZnNiO  

(b) Pd:ZnNiO (c)Cu:ZnNiO nanocomposites 
 

 
Figure 6.6: [F(t)hυ]2 vs hυ plots of polymer capped (a) Dy:ZnNiO  

(b) Ce:ZnNiO nanocomposites 
 
 
 



 

6.2.3 Urbach energy determination 

The width of the defect bands formed as an intermediate state in the band gap of 

ZnO can be determined from the reflectance spectra

a band tail extending from the lower of conduction band to

and similarly, the defect states very near to the valence band also smear the valence 

band edge deep inside the gap. Therefore, on both sides of the valence band 

maximum and conduction band minimum, an energy tail is formed. This de

is known as the Urbach tail, and the energy associated with this defect tail is referred 

to as Urbach energy.  

 

Figure 6.7

 

Urbach energy often refers to the exponential slope of optical absorption da

bandgap, which arises from the convolution of the valence band with the conduction 

band tail. Urbach energy (E

[21], where α is the absorption coefficient and E is the photon energy of the sample. 

Generally band gap reductions are controlled by the surface properties of the 

nanoparticles, lattice strain, and vacancies in the body of the material. The Urbach 
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2.3 Urbach energy determination  

he width of the defect bands formed as an intermediate state in the band gap of 

can be determined from the reflectance spectra. These defect band states create 

a band tail extending from the lower of conduction band to deep down of band gap, 

and similarly, the defect states very near to the valence band also smear the valence 

band edge deep inside the gap. Therefore, on both sides of the valence band 

maximum and conduction band minimum, an energy tail is formed. This de

is known as the Urbach tail, and the energy associated with this defect tail is referred 

 

6.7: Schematic diagram of Urbach tail formation 

Urbach energy often refers to the exponential slope of optical absorption da

bandgap, which arises from the convolution of the valence band with the conduction 

band tail. Urbach energy (Eu) is calculated by using the equation 0 exp( / )α α=

 is the absorption coefficient and E is the photon energy of the sample. 

Generally band gap reductions are controlled by the surface properties of the 

nanoparticles, lattice strain, and vacancies in the body of the material. The Urbach 

he width of the defect bands formed as an intermediate state in the band gap of 

. These defect band states create 

deep down of band gap, 

and similarly, the defect states very near to the valence band also smear the valence 

band edge deep inside the gap. Therefore, on both sides of the valence band 

maximum and conduction band minimum, an energy tail is formed. This defect tail 

is known as the Urbach tail, and the energy associated with this defect tail is referred 

Urbach energy often refers to the exponential slope of optical absorption data in the 

bandgap, which arises from the convolution of the valence band with the conduction 

0 exp( / )uE E

 is the absorption coefficient and E is the photon energy of the sample. 

Generally band gap reductions are controlled by the surface properties of the 

nanoparticles, lattice strain, and vacancies in the body of the material. The Urbach 
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tail decays exponentially into the bandgap of the material with Urbach energy Eu. 

The defects which are created mainly by making deviations from ideal stoichiometry 

will change the magnitude of Urbach energy.  Calculated values of urbach energy 

and bandgap of all the samples are shown in table. 

 

Figure 6.8:  ln[F(R)] vs hυ plots of (a) uncapped ZnNiO  
(b) polymer capped ZnNiO nanocomposite 

 



 

Figure 6.9:  ln[F(R) vs h
(b) Cu:ZnNiO  (c) Pd: ZnNiO nanocomposites
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ln[F(R) vs hυ plots of polymer capped (a) Al:ZnNiO  
(b) Cu:ZnNiO  (c) Pd: ZnNiO nanocomposites 
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Figure 6.10: ln[F(R)] vs hυ plots of polymer capped (a) Dy:ZnNiO                               
   (b) Ce:ZnNiO nanocomposites 

 

Sample Bandgap(eV) Urbach energy (eV) 

ZnNiO 
ZnNiO/PVP 
Al:ZnNiO 
Cu:ZnNiO 
Pd:ZnNiO 
Dy:ZnNiO 
Ce:ZnNiO 

              3.186 
   3.241 
  3.239 
  3.209 
  3.214 
  3.199 
  3.182 

0.294 
0.128 
0.118 

             0.250 
0.320 
0.217 
0.227 

 

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

Fluorescence is a very effective method for the investigation of the intrinsic point 

defects in the sample responsible for visible and UV emission. Room temperature 

fluorescence spectra of the nanocomposites were carried out by a fluorescence 

spectrometer (SPEX F212) excited at exciton wavelength of 325 nm.  Fig 6.13 

shows the fluorescence spectra of capped and uncapped ZnNiO nanocomposites. 

Capped sample evince two emission bands (one is at ~ 356.3 nm and other is at ~ 

390 nm in the ultraviolet region.  This ultraviolet near band edge emission is 

attributed to the recombination of free excitons. The UV fluorescence peak is quite 

weak in case of uncapped one but this is strong in capped nanocomposites [Fig.6.13] 

due to the quenching of visible emission. The strong fluorescence emission observed 

in this case demonstrates the good quality of the sample due to surface passivation. 

Near band edge emission of the capped samples extended to their emission in the 

violet –blue region.  Excited electrons in the conduction band relax to the zinc 

interstitials band through non-radiative transition and then transit to the valence band 

which makes violet emission in ZnO.  Electronic transition from donor energy level 

of zinc interstitials to acceptor level of zinc vacancies is responsible for blue 

emissions. Normally strong violet emission indicates that high concentrations of 

zinc interstials exist on the surface. Schematic diagram of energy level transitions 

are shown in fig 6.11. In the case of capped ZnNiO this highly enhanced violet-blue 

emission may be due to the effect of PVP because PVP itself has a blue emission 

[Shown in fig 6.12].  Emission of ZnNiO and   blue emission of PVP combined 

together and results highly enhanced UV extended blue emission in capped ZnNiO 

nanocomposites. The double peak emissions in the ultraviolet region are associated 

with ground state emissions from islands in different size branches [22]. Surface 

passivation effects have significantly enhanced the UV emission with reducing 

surface defects [23-24].  This in turn suppresses the oxygen vacancy related green 

emissions by surface passivation in this case, because oxygen vacancies are mainly 

located at the rod surfaces. So I got a suppressed deep level emission with enhanced 

UV emission [Fig.6.13]. This highly intensed double peak emission in UV region 

enhanced their applications in UV emitters.  The same results are repeated in case of 
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capped Al:ZnNiO, Pd:ZnNiO, Cu:ZnNiO, Dy:ZnNiO and Ce:ZnNiO 

nanocomposites [Fig. 6.14, 6.15 (A) & (B), 6.16 (A) & (B) , 6.17(A) &(B) ]. 

 

Figure 6.11: Schematic diagram of energy level transition 

 

Figure 6.12: Fluorescence spectra of polyvinyl pyrrolidone (PVP) 
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Figure 6.13: Room temperature fluorescence spectra of (a) ZnNiO  

(b) ZnNiO-PVP nanocomposite in the UV region 

 
Figure 6.14: Room temperature fluorescence spectra of (a) ZnNiO  

(b) ZnNiO-PVP nanocomposite in the visible region 
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Figure 6.15: (A) Room temperature fluorescence spectra (a) ZnNiO  
(b) Pd: ZnNiO and (c)Al: ZnNiO  nanocomposite 

 

Figure 6.15: (B) Room temperature fluorescence spectra (a) ZnNiO (b) Pd: ZnNiO and  
(c)Al: ZnNiO  nanocomposite  in the visible region 
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Figure 6.16: (A)Room temperature fluorescence spectra (a) ZnNiO                                                        
(b) ZnNiO-PVP and (c) Cu:ZnNiO nanocomposite 

 

Figure 6.16: (B) Room temperature fluorescence spectra (a) ZnNiO  (b) ZnNiO-PVP and  

(c) Cu:ZnNiO nanocomposite  in the visible region 
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Figure 6.17: (A)Room temperature fluorescence spectra of (a) ZnNiO (b) ZnNiO-PVP  
(c) Dy:ZnNiO (d) Ce;ZnNiO nanocomposite in the UV region 

 

Figure 6.17: (B) Room temperature fluorescence spectra of (a) ZnNiO (b) ZnNiO-PVP  

(c) Dy:ZnNiO (d) Ce;ZnNiO nanocomposite in the visible region 
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6.3.1 Fluorescence lifetime 

Fluorescence lifetime decay measurement is an exceptional tool in biology, 

chemistry and physics for investigating the dynamics of excited states. Fluorescence 

lifetime of the fluorophore is determined by using time domain and frequency 

domain data acquisition methods. Instrumentation and data acquisition methods for 

time domain and frequency domain methods are different but both approaches are 

mathematically equivalent and data can be interconverted through Fourier transform. 

In time domain approach, sample is excited with a short pulse of light < 2 ns 

from the flash lamp, pulsed lasers, laser diodes with sufficient delay between pulses. 

A variety of fluorescence detection methods are available for lifetime measurements 

but time-correlated single photon counting TCSPC has enhanced quantitative photon 

counting. Avalanche photodiodes are used to record this time dependent distribution 

of emitted photons after each pulse. The fluorescence life time is calculated from the 

slope of the decay curve according to the equation 

 

  /
0( ) tF t F e τ−=                            (6.1) 

Where 0F  is the intensity at time t=0 and t is the time after absorption. 

Fluorescence decay spectra of the samples were recorded at 325 nm excitation 

wavelength at room temperature. Fluorescence lifetime of the particles mainly 

depends on the excited state from which the electron transition starts. All 

fluorescence processes have a common excited state, that is, the conduction band 

edge. If the electrons in conduction band edges relaxed to the deep levels and 

combined with holes captured from the valance band, fluorescence life time would 

be in the range of nanoseconds otherwise conduction band electrons first relaxed to a 

shallow donor level and then combined with holes to release photons, then lifetime 

of fluorescence would be up to several hundred of nanoseconds [25].  
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Figure 6.18: Fluorescence decay curve of uncapped ZnNiO nanocomposite 

 

 

Figure 6.19: Fluorescence decay curve of polymer capped ZnNiO, Al:ZnNiO,  
Pd:ZnNiO and Cu:ZnNiO  nanocomposites 
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Figure 6.20: Fluorescence decay curve of Dy: ZnNiO and Ce:ZnNiO nanocomposites 

 

Fluorescence life time exponential decay curve of polymer capped ZnNiO and 

Cu:ZnNiO nanocomposites are shown in fig.6.20.  These nanocomposites have life 

time in the range of 16 -16.71 ns and is tabulated in table 6.3. 

 

Compound τ1  (ns)         τ2(ns)      τave(ns) 

ZnNiO 
ZnNiO-PVP 
Al:ZnNiO 
Cu:ZnNiO 
Pd:ZnNiO 
Dy:ZnNiO 
Ce:ZnNiO 

1.42 
1.673 
1.661 
1.568 
1.554 
1.773 
1.614 

          30.76 
          31.749 
          31.295 
          31.749 
          31.551 
          26.563 
          31.119 

              16 
              16.71 
              16.53 
              16.55 
              16.56 
              14.14 
              16.36 

Table 6.2: Calculated lifetime of the samples 

6.4   Correlation between particle size and bandgap energy 

In the parabolic band structure the bandgap energy and absorption coefficient are 

related through the equation 

1/2
1( )gh C h Eα υ υ= −                             (6.2) 

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

constant. Using the re-emission function, obtained the following equation 
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[ ]2 2( ) ( )gF R h C h Eυ υ∞ = −                            (6.3) 

After obtaining  ( )F R∞  and plotting 2[ ( ) ]F R hυ∞ againsthυ , the bandgap of the 

sample can be extracted. 

Absorption spectra fitting procedure and Brus equation 

In crystalline semiconductors, the absorption coefficient and incident photon energy 

were related by the equation 

( ) ( )m
gaph B h Eα υ υ υ= −                                 (6.4) 

Where gapE   and B are the optical bandgap and constant respectively. ( )α υ  is the 

absorption coefficient defined by Beer-Lamberts law. 

( ) 2.303 ( ) /Abs dα υ λ= ×                                             (6.5) 

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

function of λ   

1 1 1
( ) ( ) ( )m m

g

B hcα λ λ
λ λ

−= −                                 (6.6) 

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

1 2

1 1
( ) ( )

m

g

Abs B Bλ λ
λ λ

 
= − +  

 
                          (6.7) 

Where 
1

1 ( ) / 2.303mB B hc d− = ×   and   B2 is a constant. Using this equation I have 

calculated the optical bandgap by ASF method without thickness. 1238.7 /ASF
gE λ=

, the value of gλ  can be calculated by extrapolating the linear of a 
1/

( )
m

Abs λ
λ

 
 
 

  Vs 

1 / λ   curve at 
1/

( )
0

m
Abs λ
λ

  = 
 

 is shown in fig. 6.21 
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Brus equation 

A number of models are available to prove the relationship between particle size and 

bandgap of the materials [26-28]. Here effective mass model can also used to 

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

2 2
*

2
0 0 0

1 1 1.8

2 4
bulk
g

e h

e
E E

er m m m m r

π
πεε

 
= + + − 

 

ℏ                          (6.8) 

Where r is the radius of the particle, me and mh are the effective masses of electron 

and hole respectively. ε  is the relative permittivity  and e is the electron charge.  

bulk
gE  is the bulk bandgap. Comparison of all the measured bandgap from different 

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

shown in fig. 6.24,  bandgap values are tabulated in table 6.2. 

 

Figure 6.21: Absorption spectrum fitting plots of ZnNiO- PVP, Al:ZnNiO,  
Pd:ZnNiO and Cu:ZnNiO nanocomposites 
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Figure 6.22: Absorption spectrum fitting plots of ZnNiO, Dy:ZnNiO, 
Ce:ZnNiO nanocomposites 

 

Figure 6.23: Comparison of bandgap determination from experimental,                        
 Brus and ASF methods 
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Figure 6.24: Correlation of bandgap with particle size of 

 
ZnNiO-PVP, Al:ZnNiO, 

Pd:ZnNiO, Cu:ZnNiO, Dy:ZnNiO  and Ce:ZnNiO nanocomposites 
 

Compound Bandgap (eV) 
(±0.01) 

K-M plot Brus ASF 

ZnNiO 

ZnNiO/PVP 

Al:ZnNiO 

Cu:ZnNiO 

Pd:ZnNiO 

Dy:ZnNiO 

Ce:ZnNiO 

3.186 

3.241 

3.239 

3.209 

3.214 

3.199 

3.182 

3.187 

3.241 

3.238 

3.207 

3.213 

3.201 

3.179 

          3.181 

          3.239 

          3.237 

          3.208 

          3.212 

          3.198 

          3.181 

 

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

6.5 Conclusion   

Surface passivation effects on optical properties of nanocomposites were 

investigated by using diffuse reflectance spectra and fluorescence spectra. Bandgap 

calculated from absorption edge of the reflectance spectra shows that bandgap 

increasing is due to quantum confinement effect. This bandgap was also confirmed 
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by Kubelka-Munk function. Compared to pure ZnO, red shifted band edge was 

occurred in the case of all capped samples and this may be due to the electron-

phonon coupling, lattice distortion and localized charge carriers. From these spectra, 

I have also calculated the defect energy named Urbach energy. Room temperature 

fluorescence spectra show multiple ultraviolet emissions and the near band edge 

emission extended to violet-blue region due to the overlapping of blue emission of 

PVP. Due to the surface passivation effect visible emission, mainly green emission 

is suppressed in capped ZnNiO, Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO and 

Ce:ZnNiO nanocomposites. Oxygen vacancies are mainly located at the surface of 

the particle. Using fluorescence decay spectra I have calculated the fluorescence life 

time. Bandgap calculated from absorption spectra fitting, Brus equation and also 

from Kubelka-Munk function was almost equal. This property highlights surface 

passivation effects enhanced all the optical properties in capped nanocomposites 

compared to uncapped ZnNiO. 
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Chapter 7 

Conclusions and Future work 

 
At the beginning of this thesis, I have introduced the need for improving optical, 

magnetic and adsorption properties of semiconducting nanomaterials especially the 

ZnNiO nanocomposites. The study has resulted in the work has satisfying most of 

the targeted goals and there are still more gap for further work. Below the results of 

research work and their implications are summarized. 

7.1 Conclusion 

The aim of the study was to contribute to a deeper understanding on the surface 

modification effects on adsorption, magnetic and optical properties of ZnNiO, Al: 

ZnNiO, Cu: ZnNiO, Pd: ZnNiO, Dy: ZnNiO and Ce: ZnNiO nanocomposites, 

necessary for various applications. The importance of mesoporous nanocomposites 

are discussed in the introduction chapter. In the past decades, many ZnO 

nanostructures synthesizing from various routes showed that physical properties of 

all the products were changed from different methods. I have synthesized these 

nanocomposites using soft template method and investigated their structure, 

morphology, adsorption, magnetism, antibacterial activity, fluorescence emission 

and finally fluorescence lifetime. 

Crystal structure and morphology of the nanocomposites were investigated 

by using X-ray diffractometer and scanning electron microscopy respectively. 

Surface passivation effects on crystal structure of (ZnNiO Al:ZnNiO, Cu:ZnNiO, 

Pd:ZnNiO, Dy:ZnNiO and Ce:ZnNiO) nanocomposites reveals that passivation by 
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polyvinyl pyrrolidone does not damage the hexagonal structure of ZnNiO. Grain 

size calculated from X-ray diffraction studies showed that, size decreases when 

ZnNiO capped with PVP and adjunction of other metals in ZnNiO lattice.  Scanning 

electron microscopy (SEM) images of all the capped nanocomposites were 

confirmed the possibility of one dimensional growth of nanoparticles. The polymer, 

poly vinyl pyrrolidone can passivate the facets of ZnO and thereby adjust the growth 

velocity. Elemental Dispersive Spectra (EDS) of the nanocomposites confirmed the 

presence of constituent elements in the appropriate nanocomposites. 

Capping effects on BET surface area, pore size, external area and pore 

volume of the nanocomposites were investigated through gas adsorption technique. 

These results gave us information that bandgap engineering is possible through 

nanoporosity. Special characteristics of large surface area and high porosity of 

mesoporous polymer capped ZnNiO and other five polymer capped nanocomposites 

have great potential applications in electronics, catalysts and optoelectronic devices. 

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

using a micrometrics ASAP 2020 surface area porosity analyzer. The calculated 

surface area of the capped samples are very high compared to uncapped samples and 

the N2 adsorption isotherm hysteresis loop of the capped samples are  matched to 

type IV H3 hysteresis  loop of mesoporosity. The pore size distribution of the 

samples were calculated from the data of the desorption branch of the isotherm using 

Barret-Joyner-Halenda (BJH) method. Microporosity of the samples is calculated 

from t-plot method. This result reveals that all the capped samples contain abundant 

mesoporous structured particles. 

 Magnetic observations show that ferromagnetism obtained in 

semiconductors does not only depend on the localized moments in magnetic ions. 

This ferromagnetism may also produce due to the defect generated magnetic 

moments. Some others proposed room temperature ferromagnetism to be associated 

with holes in the d shell due to charge transfer from the Zn atom at the surface to the 

capping molecule. Here I got room temperature ferromagnetism in all the PVP 

capped samples with high coercivity and magnetization. Uncapped ZnNiO showed 

paramagnetic behaviour with low retentivity. 
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Uncapped and capped metaloxide nanocomposites were explored as an 

antibacterial agent due to their non toxicity. In the research work, these composites 

were tested against Pseudomonas aeruginosa  bacteria (Gram negative) using the 

disc diffusion method, to determine their ability as an antibacterial agent. The zone 

inhibition formed around each disc confirmed that Pd:ZnNiO and Dy:ZnNiO 

nanocomposite has the maximum activity among various capped metaloxides and 

uncapped ZnNiO has maximum activity than capped ZnNiO due to higher oxygen 

vacancies. After surface passivation this oxygen vacancies are decreased gradually 

and activity of the composites are decreased. 

Surface passivation effects on diffuse reflectance spectra, fluorescence 

spectra and fluorescence life time and defect band energy formed inside the optical 

bandgap of the nanocomposites were investigated. This simple modification method 

through polymer capping provides a chance for improving fluorescence emission 

with high life time. Surface passivation helps to reach the main goal of the research 

work. Polyvinyl pyrrolidone capping improved fluorescence ultraviolet emission 

with suppressed visible emission. Fluorescence lifetime of the capped samples is 

increased when compared to uncapped ZnNiO nanocomposites. Bandgap calculated 

from diffuse reflectance spectra showed that bandgap is reduced in case of capped 

samples compared to pure ZnO and increased compared to uncapped ZnNiO. This 

increase in bandgap may be due to the quantum confinement effect in small size of 

the capped samples. 

All the properties studied here, showed that these capped nanocomposites 

(ZnNiO, Al:ZnNiO, Cu:ZnNiO, Pd:ZnNiO, Dy:ZnNiO,and Ce:ZnNiO) are good 

materials for various applications especially in UV/Blue emitters and in transformer 

core applications.  Due to its mesoporosity and non-toxicity it is focussing on the 

applications on drug delivery systems. This one dimensional, mesoporous, 

ferromagnetic, enhanced UV emitting properties  of the nanocomposites confirmed 

surface passivation by polyvinyl pyrrolidone in metaloxide nanocomposites are a 

good way to increase all the physical properties. 
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7.2    Future work 

As described above, we concluded that synthesizing methods are strongly influence 

on the properties of the nanomaterials. PVP as the capping agent prevent 

agglomeration and also it is a structure directing agent.  Influence of PVP amount 

and molecular weight are the main factors affecting nucleation and growth. Our 

future work is decided to produce nanocomposites with controlled shape and 

enhanced physical properties while the amount of NaOH and the amount of all the 

metal nitrates are constant but   the amount of PVP, volume of water and molecular 

weight of PVP are varying. The reaction temperatures   are changed to modify the 

morphology and properties. 

 
 

 
 
 


