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Absrtract 

 The impact of doping pure beta lead oxide (β-PbO) nanoparticles, produced by co-precipitation 

methods, with nickel (Ni) and lithium (Li) on their optical and structural characteristics. Li 

doping causes lattice expansion and decreases dislocation density, while Ni doping causes lattice 

contraction and increases dislocation density, according to structural analysis. Ni doping 

enhanced and Li doping attenuated the photoluminescence in the 450-550 nm region, according 

to optical investigations, which showed small changes in band gap energy but considerable 

fluctuations in photoluminescence intensity. Scanning electron microscopy (SEM) was used to 

better clarify the morphological effects of the dopants. This study offers significant perspectives 

on modifying the characteristics of β-PbO nanoparticles for prospective uses in environmental 

sensing, optoelectronics, and catalysis. Future directions include for creating prototype devices, 

investigating various synthesis techniques, and working with business to commercialize the 

results. 

Keywords: pure beta Lead oxide, nikel and lithium doping nanoparticles, co-precipitation 

technique, structural and optical properties 
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                                                                  CHAPTER ONE 

1. GENERAL INTRODUCTION 

1.1 METAL OXIDE NANOPARTICLES (MONPs) 

   A versatile material with a wide range of scientific and industrial uses is metal oxide 

nanoparticle (1). Material scientists are still faced with the difficulty of synthesizing high-quality 

nanoparticles in a cost-effective manner while maintaining chemical purity, phase selectivity, 

crystallinity, and uniformity in particle size with a regulated state of agglomeration (2). The 

synthetic process and sensing device technologies pertaining to nanoparticles have garnered 

significant interest (3). 

   Recent decades have seen a spectacular expansion in the area of nanotechnology, with metal 

oxide nanoparticles emerging as an essential class of materials for a wide range of technological 

applications. These nanoparticles have special qualities that set them apart from their bulk 

counterparts. Based on the predominant charge carriers, they are categorized as either n-type or 

p-type. The behavior of n-type and p-type metal oxide nanoparticles in electronic devices is 

significantly influenced by their charge transport processes and electronic structures, which are 

different from one another (38). 

Because of their high electron mobility and conductivity, N-type metal oxide nanoparticles—

which are defined by an abundance of electrons acting as charge carriers—have attracted a lot of 

interest. Tin dioxide (SnO2), zinc oxide (ZnO), and titanium dioxide (TiO2) are typical 

examples. However, p-type metal oxide nanoparticles have an abundance of holes acting as 

charge carriers, including copper oxide (CuO), nickel oxide (NiO), and cobalt oxide (Co3O4) 

(39). 

   These nanoparticles' special qualities—such as their high surface-to-volume ratio, 

programmable electronic structure, and quantum confinement effects—have made them widely 

used in a variety of industries. N-type and p-type metal oxide nanoparticles are essential for the 

advancement of technology in a variety of applications, including gas sensing, photocatalysis, 

solar cells, and transparent conducting electrodes (40). 

   There are two ways to create metal nanoparticles: the first is a physical process that uses 

various techniques including laser ablation and evaporation/condensation. The second method is 

chemical in nature, whereby the solution's metal ions are lowered in a way that promotes the 
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eventual development of tiny metal aggregates or clusters. Recently, there has been a growing 

appreciation for the utilization of nanoscale semiconductors in photocatalytic oxidation of 

harmful contaminants (4). Compared to their bulk counterparts, metal oxide nanoparticles have 

unusual physical and chemical characteristics that make them an intriguing class of materials. 

These characteristics result from their nanoscale size, which is usually between 1 and 100 nm. 

This causes quantum confinement effects and a high surface-to-volume ratio (5). Metal oxide 

nanoparticles' precise synthesis, size, and shape control has made them useful in a variety of 

sectors, such as energy conversion and storage, biomedicine, environmental remediation, and 

catalysis. 

   Over the past several decades, the field of study on metal oxide nanoparticles has grown 

exponentially due to breakthroughs in synthesis and characterization techniques as well as the 

discovery of new features and applications. The goal of this review paper is to present a thorough 

overview of the status of research on metal oxide nanoparticles, including topics related to 

production, characterisation, and applications. As highlighted by Niederberger (6), "The field of 

metal oxide nanoparticles is vast and diverse, encompassing a wide range of materials with 

unique properties and potential applications." Numerous metal oxide systems, including more 

complicated ternary and quaternary oxides as well as simple binary oxides like TiO2, ZnO, and 

Fe3O4, have been explored. These systems demonstrate this diversity. 

1.2 METAL DOPED MONPs 

   Recent years have seen tremendous progress in the field of materials science, especially in the 

creation and use of new nanomaterials and functional oxides. The general characteristics of beta 

lead oxide (β-PbO) and metal-doped metal oxide nanoparticles are the two main topics of this 

review. These materials have attracted a lot of interest because of their special qualities and 

possible uses in a wide range of technical fields. 

   One method that has shown promise for improving MONPs' catalytic activity, selectivity, and 

stability is the insertion of metal dopants into their crystal structure (41). The goal of this review 

is to present a thorough summary of the state of the art in metal-doped MONP research, with an 

emphasis on their synthesis, characterisation, and catalytic uses. 

   Metal-doped metal oxide nanoparticles are a type of advanced materials in which new or 

improved characteristics are produced by introducing metal dopants into the crystal lattice of 

metal oxide nanoparticles. To customize the electrical, optical, magnetic, and catalytic 
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characteristics of metal oxide nanoparticles for particular uses, this doping technique has been 

thoroughly investigated (7). 

1.3 APPLICATION OF MONPs 

   Compared to conventional catalysts, metal-doped metal oxide nanoparticles (MONPs) exhibit 

increased activity, selectivity, and stability, making them attractive catalysts for a range of 

industrial applications (42). 

   Metal-doped metal oxide nanoparticles exhibit a wide range of enhanced or novel properties 

compared to their undoped counterparts. Some of the key properties and applications include: (a) 

Enhanced Photocatalytic Activity: Doping with transition metals or rare earth elements can 

extend the light absorption range and improve charge separation in photocatalytic materials. For 

example, Zn-doped TiO2 nanoparticles have shown improved photocatalytic degradation of 

organic pollutants under visible light irradiation (8). (b) Improved Gas Sensing: Doping can 

modify the electronic structure and surface properties of metal oxide nanoparticles, leading to 

enhanced gas sensing performance. Cu-doped SnO2 nanoparticles have demonstrated increased 

sensitivity and selectivity towards H2S gas (9). (c) Magnetic Properties: Doping with magnetic 

elements can induce ferromagnetism in otherwise non-magnetic metal oxides. Co-doped ZnO 

nanoparticles have been extensively studied for their room-temperature ferromagnetism and 

potential applications in spintronics (10). (d) Enhanced Catalytic Activity: Metal doping can 

create active sites and modify the redox properties of metal oxide nanoparticles, leading to 

improved catalytic performance. Pd-doped CeO2 nanoparticles have shown excellent catalytic 

activity for CO oxidation and methane combustion (11). (e) Optoelectronic Applications: Doping 

can modify the band structure and optical properties of metal oxide nanoparticles, making them 

suitable for various optoelectronic applications. In-doped ZnO nanoparticles have been used as 

transparent conducting oxides in solar cells and display devices (12). 

1.4 GENERAL PROPERTIES OF β-LEAD OXIDE 

 The alpha (α) and beta (β) phases of PbO have emerged as promising materials for various 

energy storage and conversion technologies, offering distinct characteristics that can be 

leveraged for specific applications (43). 

   Beta Phase (β-PbO): The β-PbO, adopts an orthorhombic structure with space group Pbcm. 

Zhang et al. (2022) conducted a detailed structural analysis of β-PbO using synchrotron-based X-
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ray absorption spectroscopy. The authors observed that "the β-PbO structure features zigzag 

chains of Pb-O bonds, resulting in a more open and flexible framework compared to α-PbO" 

(44). 

   Beta lead oxide (β-PbO), also known as massicot, is one of the polymorphic forms of lead (II) 

oxide. It possesses unique structural, electronic, and physicochemical properties that make it 

interesting for various applications. The general properties of β-PbO are as follows: 

   Crystal Structure: β-PbO crystallizes in an orthorhombic structure with space group Pbcm. The 

structure consists of zigzag chains of PbO4 square pyramids sharing edges, resulting in a layered 

arrangement (13). This unique structure contributes to the anisotropic properties of β-PbO and its 

tendency to form plate-like crystals. Electronic Properties: β-PbO is a semiconductor with a 

direct band gap of approximately 2.7-2.8 eV (14). The electronic structure of β-PbO is 

characterized by the presence of stereochemically active lone pairs on the Pb2+ ions, which play 

a crucial role in determining its properties. The conduction band is primarily composed of Pb 6p 

orbitals, while the valence band consists of O 2p and Pb 6s orbitals (15). Optical Properties: The 

optical properties of β-PbO are influenced by its electronic structure and crystal symmetry. It 

exhibits strong absorption in the ultraviolet and visible regions of the electromagnetic spectrum, 

with a characteristic yellow color. The optical anisotropy of β-PbO results in birefringence, 

making it potentially useful for optical applications. Thermal Properties: β-PbO undergoes a 

phase transition to the tetragonal α-PbO (litharge) structure at temperatures above 489 
0
C (16). 

This phase transition is reversible and has implications for the use of β-PbO in high-temperature 

applications. The thermal expansion of β-PbO is anisotropic, with different expansion 

coefficients along the crystallographic axes (17).  Chemical Reactivity: β-PbO exhibits 

amphoteric behavior, reacting with both acids and bases. In acidic conditions, it forms lead (II) 

salts, while in basic conditions, it forms plumbites. The surface of β-PbO is reactive towards 

atmospheric CO2 and water vapor, leading to the formation of lead carbonates and hydroxides. 

1.5 Statement of the problem 

   This research seeks to examine how doping β-lead oxide (β-PbO) with nickel (Ni) and lithium 

(Li) alters its structural and optical characteristics. Using the co-precipitation technique, pure β-

PbO will be synthesized and subsequently doped with varying concentrations of Ni and Li. The 

study will focus on analyzing changes in crystal lattice parameters, phase formation, and optical 
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properties such as band gap energy and light absorption. By understanding these effects, the 

research aims to provide valuable insights for optimizing β-PbO-based materials for advanced 

technological applications, including sensors and optoelectronic devices. 

1.6 Objective of the Research 

1.6.1 General objective 

The study's main goal is to find out how doping with Ni and Li affects the optical and structural 

characteristics of pure beta lead oxide (β-PbO) nanoparticles that were prepared by using co-

precipitation method. 

1.6.2 Specific objective 

The specific objectives of this thesis include the following 

 To synthesis Ni and Li dopped (β-Pbo) nanoparticles by using co-precipitation method. 

 To study the effects of dopped metals on structural, optical and photoluminses properties  

1.7 Significance of the problems 

   The discovery is significant because it advances our knowledge of how doping with Ni and Li 

affects the optical and structural characteristics of pure beta lead oxide (β-Pbo) nanoparticles 

made by co-precipitation methods (cpt). The study is important because it has the potential to 

improve scientific understanding, spur technical advancements, solve environmental issues, and 

direct real-world applications across a range of businesses.  

1.8 The research gap 

  Numerous researchers have previously produced developed co-precipitation techniques for the 

synthesis and characterization of nanoparticles. The researchers synthesized a variety of metal 

oxides, including binary and ternary metal oxides, but no one else performed research on nikel 

and lithium doped pure beta lead oxide, and no literature review was conducted regarding the 

effects of these compounds' structural and optical properties. The structural and visual effects of 

lithium and nikel on pure beta lead oxides produced by co-precipitation process were the thesis's 

weak points. 

1.9 Scope of the thesis 

   Thus, addressing the deficiency in current research to examine the effects of Ni and Li doping 

on the optical and structural characteristics of pure beta lead oxide (β-PbO) Nanoparticles that 

are very intriguing for the advancement of optoelectronic devices and uses. Moreover, optical 
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and electrical qualities may improve for a range of applications. The researcher used several 

characterisation techniques in these studies. 
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                                                                       UNIT TWO 

2. LITERATURE REVIEWS 

   The β-PbO has low electrical conductivity relative to α-PbO which hinders its application in 

optoelectronics and other technological devices. The structural, electrical, and optical properties 

of Co
2+,

 Ni2
+
, Cu2

+
, Li

+
, and Sn

2+ 
doped β-PbO at the Pb site were investigated in this work 

using Quantum espresso as a DFT tool. The GGA and LDA exchange functionals were used for 

band structure calculations. The indirect band gap property is indicated by the calculation of 

electronic band structure, with spin up state band gap values of 2.28 eV, 0.68 eV, 1.01 eV, 1.57 

eV, 1.79 eV, and 1.76 eV for pristine, Co
2+

, Ni
2+

, Cu
2
+, Li

+
, and Sn

2+
-doped β-PbO, respectively. 

The spin down states band gap of Co
2+

 and Ni
2+

 was 0.1 eV and 0.32 eV, whereas other dopants 

and pristine β-PbO equal with spin up states. The PDOS calculation shows how each orbital 

contributes to the formation of deep level valence band, shallow level valence band, and 

conduction band states. Dopant effects on optical properties such as JDOS, dielectric functions, 

refractive index, extinction coefficient, reflectivity, absorption coefficient, electron energy loss 

spectrum, and optical conductivity were thoroughly discussed. This research provides in-depth 

functional characteristics for guiding laboratory working experiments and the applications of 

these materials in various fields such as energy storage and solar cells (18). 

   Pure, Copper and Zinc doped Cadmium oxide was incorporated by the co-precipitation 

method. In this preparation method cadmium chloride, copper chloride, zinc chloride has been 

utilized as a precursor material. X-Ray Diffraction pattern, Fourier Transform Infrared spectrum 

and, Energy-Dispersive X-Ray Spectrum has affirmed the presence of the copper and zinc doped 

cadmium oxide nanoparticles. Scanning Electron Microscope uncovered the surface 

morphology, Ultra Violet-Vis Near Infra analysis and the optical band gap of the materials were 

observed to be 2.48 eV for Pure CdO, 2.35 eV for Cu CdO and 2.28 eV for Zn CdO which were 

assessed from Tauc's plot. The predominant electrochemical capacitive execution using Cyclic 

Voltammetry which indicates that the material has the ability to form a capable electrode 

material for stable and high-performance electrochemical supercapacitors (19). 

   The pristine WO3 (tungsten trioxide) and Cu/Ni Co-doped WO3 nanoparticles were synthesized 

by the co-precipitation synthesis methods with fixed wt.% of nickel, i.e., 5 wt.%, and different 

wt.% of copper, i.e., 2, 3, 5 wt.%. The structural, optical and electrical properties, as well as the 
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surface morphology were investigated thoroughly by various characterization techniques. All the 

doped/co1doped and un-doped samples had an orthorhombic structure, according to the XRD 

measurements. The XRD results further confirmed that the average crystalline size ranged from 

46 to 25 nm after the dopant concentration was introduced. Reflectance spectroscopy was used to 

investigate the optical properties of the prepared nanomaterials and revealed that the optical band 

gap varied from 2.80 to 2.63 eV with dopant concentrations. The room temperature 

photoluminescence study showed that the emission peaks were observed in the visible region 

with slight peak shift towards short wavelength with dopant concentrations. The FTIR studies 

described the different mode of band related to a functional groups present in the materials and 

the stretching mode of O–W–W observed from 550 to 1050 cm−1. The I-V studies confirmed 

that the prepared samples had a good ohmic contact behavior and the resistivity decreased from 

6.3 × 10
−3

 Ω.cm to 0.63 × 10
−3

 Ω.cm with doping concentration (20). 

   Manganese ferrite nanoparticles (MnFe2O4) were synthesized by three different methods 

including the co-precipitation, sol-gel, and hydrothermal route. Structure, size, morphology, and 

magnetic properties of nanostructures were determined and compared using X-ray diffraction, 

Fourier-transform infrared spectroscopy, field emission scanning electron microscopy analysis 

(FESEM), and the vibration sample magnetometer (VSM). X-ray diffraction analysis from 

Debye–Scherrer’s formula with the (2θ = 35.08
0
) peak indicated that the mean size of the 

synthesized manganese ferrite nanocrystallites were obtained to be 36, 45, and 16 nm for co-

precipitation, sol-gel, and hydrothermal, respectively. Also, the sample prepared by the 

hydrothermal method has the lowest crystal sizes, which it is approved by FESEM analysis. 

Field emission scanning electron microscopy analysis images confirmed the existence of three 

types of basic morphology of MnFe2O4 nanoparticles: spherical shape, multi-walled hollow 

nanosheets, and reticular structure. In addition, based on VSM data magnetization saturation (Ms) 

was 41.89 emu/g for hydrothermal synthesized samples, 38.76 emu/g for co-precipitation 

samples, and 9.52 emu/g for sol-gel samples. These findings show that various methods of 

nanoparticle synthesis can lead to different particle sizes and magnetic properties (21). 

   Modified auto combustion method was used to synthesize pure and 1% Co doped Cr2O3 X-ray 

powder difraction (XRD) with an aim to investigate the influence of doping concentration on the 

behavior of pure and doped Cr2O3 nanoparticles. The average crystallite size was estimated with 

Debye Scherrer’s formula. UV–Visible spectroscopy was used to determine the energy band gap 
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of samples through optical absorption spectrum. From Tauc's plot the value of optical band 

energy gap (Eg) of the doped and undoped samples is found (22). 

   Synthesis, structural and optical characterization of pristine and cobalt doped MgO 

nanoparticles. Nanostructures of pure and Co doped MgO have been synthesized using a 

modified auto-combustion method. The good crystallinity as well as crystalline size of 21.04nm 

and 23.56nm for pure and doped samples respectively has been manifested from XRD analysis. 

An enhancement of the crystalline quality of the nanoparticles and hence a decrease in grain 

boundary scattering is indicated by an increase in crystalline size with the increase in Co 

concentration. A general trend of absorption and a decrease in absorbance with increase in the 

wavelength of incident radiation have been brought out from UV-Visible spectra. Optical 

bandgaps of 2.75eV and 2.47eV respectively for MgO nanoparticles and Co doped MgO 

nanoparticles have been revealed from Tauc plot analysis (23). 

   Nano crystalline powder of Co-Ni ferrites compounds having the chemical formula Ni1-

xCoxFe2O4 with x = 0.0, 0.25, 0.5, 0.75 and 1.0 were prepared by co-precipitation method. The 

nanoparticles were characterized by X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FTIR) and Scanning Electron Microscopic (SEM) techniques. XRD studies 

confirmed the formation of single phase spinel structure with space group of Fd3
-
mFd3

-
m. 

Debye-Scherrer method was applied to determine average crystallite size and the value was 

found to be in the range of 23-66 nm. Elemental composition characterizations of the prepared 

samples were performed by Energy Dispersive Spectroscopy (EDS) which shows the presence of 

Ni, Co, Fe and O. The optical band gap (Eg) of Ni–Co ferrite samples was determined by means 

of UV-visible spectra. The optical band gap of the prepared samples has been calculated using 

Tauc plots and has been found to decrease with increase in Co
2+

 content from 3.66 to 3.58 eV 

(24). 

   The effect of Ni doping on the, structural, optical, morphology behaviour, by cadmium sulfide 

(CdS) nanoparticles. The different percentages (0.5, 1.0, 1.5 and 2.0%) of Ni doping CdS 

nanoparticles are successfully synthesized with average crystalline size from 8.70 to 9.93 nm by 

sol gel method. The SEM image were combination of metal oxide cubes and rod-like structures 

with 12-35 nm unequal grain size results in excellent crystalline quality. Optical properties of the 

sample revealed that the band gap energy decreased from 2.36 to 2.29 eV with an increase in Ni 

doped percentage. Furthermore, photocatalytic degradation of MB and MO dyes under sunlight 
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irradiation using Ni doping CdS nanoparticles was performed. The prepared nanoparticle shows 

94% degradation activity for MO dye for 75 min. Now a day, sol gel method has attracted a great 

attention for the production of nanocparticles due of its simplicity and cost effective nature (25). 

      The pure SnO2 and Ag-doped snO2 nanoparticles (NPs) were prepared by co-precipitation 

method. The structural, electrical and optical properties of the material were systematically 

studied. The XRD patterns of both samples reveal that the presence of cassiterite tetragonal 

structure and GSAS fittings confirms the incorporation of Ag in SnO2 lattices. The SEM-EDS 

analysis reveals that the presence of spherical-shaped NPs with the expected elements. The 

Raman spectra of Ag-doped SnO2 NPs show that the two extra local disorder vibrational modes 

while comparing with pure SnO2. The UV-Vis spectroscopy result shows that the Ag doping 

reduces the optical band gap and increases Urbach tail energy with a reduced effective energy 

band gap in Ag-doped SnO2 NPs. The Photoluminescence spectrum confirms the presence of the 

defects like oxygen vacancies; however, these defects are increased by the Ag-doped SnO2 

system. From the dielectric measurements, the conductivity of both samples followed Jonscher’s 

power law. The nonlinear least-square fittings on Nyquist plots of both samples suggested that 

the conduction process took place predominantly through grain boundary in SnO2 NPs whereas 

through grains in Ag-SnO2 NPs. This nature of band gap narrowing with increased conductivity 

in Ag-doped samples drives these samples for good solar cell activity applications. As expected, 

photovoltaic measurements show higher power conversion efficiency in Ag-doped SnO2 NPs. 

These results were discussed by correlating optical and dielectric properties of SnO2 and Ag-

doped SnO2 NPs which gave a broad understanding for device fabrications successfully (27). 
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                                                 UNIT THREE 

3.1 METHODOLOGIES 

3.1.1 NANOPARTICLES DEPOSITION TECHNIQUES 

3.1.2 CO-PRECIPITATION TECHNIQUES (CPT) 

   Co-precipitation techniques have emerged as powerful and versatile methods for the synthesis 

of nanomaterials, offering a range of advantages including simplicity, cost-effectiveness, and 

scalability. These techniques involve the simultaneous precipitation of two or more components 

from a solution, resulting in the formation of nanoparticles with controlled composition, size, and 

morphology (30). The ability to synthesize nanoparticles with tailored properties has 

revolutionized numerous fields, including catalysis, energy storage, biomedicine, and 

environmental remediation. Understanding the nucleation and growth mechanisms is crucial for 

controlling nanoparticle characteristics in CPT (46) 

   The importance of co-precipitation techniques stems from their ability to produce a wide 

variety of nanomaterials, including metal oxides, mixed metal oxides, and composite 

nanoparticles, under relatively mild conditions. These methods often allow for precise control 

over particle size, shape, and composition through careful manipulation of reaction parameters 

such as pH, temperature, concentration, and the presence of additives or surfactants (31). Co-

precipitation techniques are based on the fundamental principles of nucleation and growth in 

supersaturated solutions.  

3.1.3 Factors affecting CPT 

   Co-precipitation techniques have gained significant attention in the field of nanomaterial 

synthesis due to their versatility, simplicity, and cost-effectiveness. These methods involve the 

simultaneous precipitation of two or more components from a solution, resulting in the formation 

of nanoparticles with controlled composition, size, and morphology (32). The ability to fine-tune 

the properties of synthesized nanoparticles makes co-precipitation an attractive approach for 

various applications, including catalysis, energy storage, biomedicine, and environmental 

remediation. Understanding the factors that influence co-precipitation processes is crucial for 

achieving precise control over nanoparticle characteristics. These factors can be broadly 

categorized into reaction conditions, precursor properties, and external influences. By 
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manipulating these parameters, researchers can tailor the size, shape, composition, and surface 

properties of the resulting nanomaterials to meet specific requirements for different applications. 

pH Influence: The pH of the reaction medium plays a crucial role in co-precipitation processes, 

affecting both the solubility of precursors and the surface charge of forming nanoparticles.  

Temperature Effects: Reaction temperature significantly influences the kinetics of nucleation and 

growth processes in co-precipitation.  

Concentration Impact: The concentration of precursors and precipitating agents plays a critical 

role in determining the supersaturation level, which in turn affects nucleation and growth 

processes.   

Surfactants and Capping Agents: The presence of surfactants or capping agents during co-

precipitation can significantly influence the size, shape, and stability of the synthesized 

nanoparticles. Surfactants can adsorb onto the surface of growing nanoparticles, preventing 

agglomeration and controlling growth rates in specific crystallographic directions.   

Stirring Rate: The stirring rate during co-precipitation can affect the homogeneity of the reaction 

mixture and the mass transfer rates, influencing particle nucleation and growth. However, 

excessively high stirring rates can sometimes lead to particle fragmentation or promote 

agglomeration due to increased particle collisions. Finding the optimal stirring rate for a specific 

system is often crucial for achieving the desired particle characteristics.  

Aging Time: The aging time, or the duration for which the precipitated particles are left in the 

reaction medium, can significantly affect the final properties of the nanoparticles. During the 

aging process, smaller particles may dissolve and redeposit onto larger particles through Ostwald 

ripening, leading to changes in particle size distribution and crystallinity. 

3.1.4 NANOPARTICLS CHARACTERIZAION  

   A helpful quantitative description of the material's composition is characterization. In essence, 

characterisation is the description of the types and locations of the components, atoms, and ions, 

to the degree that this description is required for the material's performance, connection with 

attributes, and ability to be reproduced and improved. The characterizing instruments employed 

in this research are 
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  3.1.4.1 X-ray Diffraction (XRD): 

    X-Ray Diffraction (XRD) is the most commonly used technique in the determination of 

crystal structure of atoms.X-ray diffractometer consist of three basic elements 

i. An X-ray tube  

ii. An X-ray detector  

iii. A sample hold 

   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. These spectra consist of several 

components, the most common being Kα and Kβ. Kα consists, in part, of Kα1 and Kα2. Kα1 has 

a slightly shorter wavelength and twice the intensity as Kα2. The specific wavelengths are 

characteristic of the target material (Cu, Fe, Mo, and Cr). Filtering by foils or crystal 

monochrometer is required to produce monochromatic X-rays needed for diffraction. Kα1 and 

Kα2 are sufficiently close in wavelength such that a weighted average of the two is used. Copper 

is the most common target material for single crystal diffraction, with CuKα radiation = 1.5418 

Å. These X-rays are collimated and directed onto the sample. As the sample and detector are 

rotated, the intensity of the reflected X-rays is recorded. When the geometry of the incident X-

rays impinging the sample satisfies the Bragg Equation, 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 (33). 
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                                                      Figure 3.1: XRD Machine 

The most commonly used X-ray instrument is the powder diffractometer. It has a scintillation or 

Geiger counter. The detector shows a range of scattering angles. Generally, it is a practice to 

mention scattering angle 2θ. The intensities are taken as peak heights. The d values can be 

calculated from the graph. A set of peaks and their heights is adequate for phase identification. 

    In Bragg’s law a crystal is viewed as a plane containing lattice points. The reflection of X-rays 

will take place from these planes with the angle of reflection is equal to angle of reflection as 

shown in the figure 2.5 below. From the figure BCD= BC+CD= d sinθ +d sinθ = 2d sinθ. The 

reflected beams are in phase when the path length between them is an integral multiple of the 

wavelength. This means the distance BCD = n λ. That is 

                                                              n λ = 2d sinθ. 

  Where n = 0, 1, 2, 3…, d = interplanar spacing, λ = wavelength of incident X-rays, ɵ = angle of 

reflection. This is the Bragg’s law 
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                         Figure: 3.2 Bragg’s law analysis. 

   For crystal contain thousands of planes the Bragg’s law imposes certain restrictions on angle of 

reflection. In that case diffraction peak will be broaden and the s effect is used to measure the 

size of particle by using Debye- Scherer formula The average crystallite size is calculated from 

XRD pattern using Debye – Scherer formula, 

                                                                     D= 
  

     
 

Where λ is the wavelength of X -rays used (1.5406Å), k is the shape factor (0.89), β is the Full 

Width Half Maximum (FWHM) in radian and θ is the angle of diffraction. 

   In the powder sample, there are a large number of crystallites (≈1012per mm
3
) oriented in all 

possible directions. When a monochromatic X-ray beam falls on the powder sample, all possible 

combinations of θ and d are obtained, which satisfy Bragg’s condition, and for any particular d, 

all orientations of the crystallites are obtained and, hence, the diffracted rays lie on the surface of 

a cone with the semi-vertical angle of 2θ, as shown in figure. If the sample has big grains, the 

diffraction ring or the arc will be spotty. To avoid it or make the arcs smooth, arrangement is 

made for the rotation of the sample on its axis. 

   The determination of lattice parameters in orthombic systems requires careful consideration of 

the relationship between interplanar spacings and Miller indices. As described by Pecharsky and 

Zavalij (2009), "For an orthombic crystal, the relationship between d-spacing and lattice 

parameters is given by: 

                                                                  
 

   = 
  

  + 
  

  + 
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   Orthorhombic structures represent one of the seven fundamental crystal systems in 

crystallography, characterized by three mutually perpendicular axes of unequal lengths (a ≠ b ≠ 

c) and all angles equal to 90° (α = β = γ = 90°). This unique geometric configuration gives rise to 

a wide range of interesting properties and applications across various scientific disciplines. The 

study of orthorhombic volumes and their structural implications is crucial for understanding the 

behavior of materials at the atomic and molecular levels, as well as for developing novel 

materials with tailored properties. 

  3.1.4.2 Ultraviolet-Visible Spectroscopy (UV-Vis) 

 

   Ultraviolet-visible spectroscopy is the widely used technique to characterize organic and 

inorganic nanoparticles. UV-VISIBLE absorption spectroscopy used electromagnetic radiation 

between 200-800 nm. This radiation is divided between Ultraviolet (200-400nm) and Visible 

(400- 800 nm). This spectroscopy is also known as Electronic spectroscopy due to the absorption 

of UV radiation or Visible radiation by molecules lead to the transition between electronic 

energy levels of the molecules. The UV spectroscopy obeys Beer-Lambert law (34). The Beer 

Lambert law states that when a beam of monochromatic radiation is passed through solution of 

an absorbing substance the rate of decrease in intensity of radiation with the thickness of 

absorbing solution is proportional to the incident radiation as well as the concentration of the 

solution 

                                                A = log (I0/I) = ECL 

Where, A = Absorbance, I0 = Intensity of light incident upon sample cell, I = Intensity of light 

leaving sample cell, C = molar concentration of solution, L = length of sample cell, E = molar 

absorptivity. 

   Reflectance and absorbance spectroscopy have emerged as powerful and versatile techniques 

for characterizing nanomaterials, offering insights into their optical, electronic, and structural 

properties. As noted by Christensen (1997), "Disruptive technologies often enable the emergence 

of new markets and value networks." In this context, these spectroscopic methods have become 

indispensable tools in the field of nanomaterial research, providing rapid, non-destructive, and 

highly sensitive analysis (47). Diffuse reflectance spectroscopy is particularly useful for 

characterizing powdered or rough-surfaced nanomaterials. 
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. Reflectance spectroscopy measures the fraction of incident light that is reflected from a 

material's surface. Wang et al. (2021) investigated the use of diffuse reflectance spectroscopy in 

characterizing TiO2 nanoparticles. The researchers noted that "reflectance measurements are 

particularly sensitive to surface properties and are less influenced by sample thickness, making 

them ideal for studying powdered or rough-surfaced nanomaterials" (48). Absorbance 

spectroscopy, on the other hand, measures the amount of light absorbed by a material as it passes 

through it. Chen et al. (2023) studied gold nanorods using absorbance spectroscopy and reported 

that "absorbance measurements provide direct information about the electronic transitions and 

plasmonic properties of nanomaterials in solution or thin films, offering insights into their 

internal structure and composition" (49). The relationship between absorbance (A) and 

transmittance (T) is given by the Beer-Lambert law: 

                                             A = -log(T). 

 In reflectance spectroscopy, the Kubelka-Munk function F(R) is often used to relate reflectance 

(R) to absorption coefficient (K) and scattering coefficient (S): 

                                      F(R) = (1-R) ^2 / (2R) = K/S. 

Reflectance and absorbance spectroscopy can be used complementarily for accurate bandgap 

determination in semiconductor nanomaterials. Zhang et al. (2023) compared diffuse reflectance 

and absorbance measurements for bandgap estimation in ZnO nanoparticles. The researchers 

reported that "while absorbance measurements were more sensitive to small changes in particle 

size, diffuse reflectance provided more accurate results for highly scattering samples, 

highlighting the importance of using both techniques for comprehensive characterization" 

(Zhang et al., 2023, p. 9012).                         
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              Figure 3.3: Ultraviolet-Visible Spectroscopy (UV-Vis)  

   UV-Visible spectra are also used for calculating band gap of semiconductor nanomaterials. In 

this a monochromatic light is passed through the sample and reference. After transmission they 

are reflected back in to the detectors where they compare the difference. 

 3.1.4.3 Photoluminescence Spectroscopy (PL) 

   PL spectroscopy is a powerful tool for probing the electronic structure and optical properties of 

semiconductor nanoparticles. It provides information on band gap energies, surface states, and 

defects. Photoluminescence spectroscopy has emerged as an indispensable technique for probing 

the optical and electronic properties of materials. Its non-destructive nature and high sensitivity 

make it particularly valuable in the study of semiconductors, nanostructures, and emerging 

materials.  

   The fundamental principle of PL involves the excitation of electrons in a material using light of 

a specific wavelength, followed by the observation of the subsequent light emission as these 

electrons return to their ground state. This process provides valuable information about the 

electronic structure, defects, and impurities in materials (35). Recent years have witnessed 

significant improvements in PL instrumentation, data analysis techniques, and theoretical 

understanding, leading to new insights into material properties and behaviors. 

 3.1.4.4 Scanning Electron Microscopy (SEM) 
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   Scanning Electron Microscopy (SEM) has revolutionized our ability to visualize and analyze 

materials at the nanoscale. Since its inception in the 1930s, SEM has undergone significant 

advancements, enabling researchers to probe deeper into the structure and composition of 

materials with unprecedented clarity and precision. SEM provides high-resolution imaging of 

nanoparticle morphology, size, and surface features. Modern field-emission SEM instruments 

can achieve resolutions below 1 nm, making them suitable for imaging a wide range of 

nanoparticles.SEM is particularly valuable for: Determining nanoparticle size and size 

distribution, analyzing particle morphology and surface features, investigating nanoparticle 

aggregation and self-assembly, and Examining the interface between nanoparticles and 

substrates. However, sample preparation for SEM can be challenging, particularly for organic or 

biological nanoparticles that may be sensitive to the high-vacuum environment (36). 

 3.2 Experimental procedure 

Instruments and apparatus 

   The instruments and apparatus used in this study included: UV/Visible spectrophotometer, X- 

ray diffractometer (XRD), PL, SEM and digital balance, hotplate, centrifuge, thermometer, 

cylinder, Heater, magnetic stirrer, Glass jars, beakers and drying oven. 

Chemicals Required 

   The high purity chemicals (>>99% purity) such as Lead acetate [Pb (CH3COO)2], Nickel(Ni), 

lithium(Li), sodium hydroxide(NaOH), and ethanol(C2H6O) were used without any purification. 

The chemicals used are analytical grade purity. 

Synthesis of pure β-Pbo and doped 2% (Li, Ni) β-PbO nanoparticles (NPs) 

    Pure β-PbO, and 2% (Li: Ni) doped β-PbO nanoparticle were synthesized by simple chemical 

co-precipitation method. The precursors used in the synthesis were lead (II) acetate trihydrate, 

sodium hydroxide, lithium, and nickel as starting materials. NaOH is reducing agent. In a typical 

synthesis appropriate amount of lead acetate trihydrate (9.212g) was dissolved in 50 ml of 

distilled water. In a closed-necked flask, the solution was vigorously stirred for 1hr with a 

magnetic stirrer. After 1hr 20ml amount of NaoH was added (drop wise) to the solution then 

stirred until a homogeneous solution was formed. Then the solution continues stirred and heated 

for 2 hr at 85 
0
C. Afterwards, the solution aged for 24 h and then centrifuged to the obtained 
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precipitates. The obtained precipitates were washed several times with distilled water and 

ethanol to remove excess sodium and chlorine ions then dried in an electric oven at 100 
0
C for 

1hr. Finally, the obtained powder was calcined at 500 °C for 2hr in order to obtain pure β-PbO 

nanoparticles. To prepare 2% (0.188g) Ni doped PbO samples by lead (II) acetate trihydrate 

(0.5M) and Nickel Chloride (0.1M) were dissolved in 50 ml distilled water. In a closed-necked 

flask, the solution was vigorously stirred for 1hr with a magnetic stirrer. After 1hr 9.5 M NaOH 

was prepared in 20 ml distilled water then added drop wise into the initial aqueous solution 

constant stirring and heating up to 2hrs at 85°C. After wards the solution aged for 24 h and then 

centrifuged to the obtained precipitates. The obtained precipitates were washed several times 

with distilled water and ethanol to remove excess ions and dry in oven at 500 
0
C for two hours. 

The pure β-Pbo and 2 % ( Li: Ni) doped β-Pbo nanoparticles have synthesized by chemical co- 

precipitation method. For Li using the same procedure explained above. The all the obtained 

samples were used for different characterization.  
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                                                              UNIT FOUR 

4. Results and discussions 

   One of the goals of this work was to demonstrate the different outcomes of co-precipitation 

investigation approaches for 2 percent (Ni, Li) doped β-Pbo nanoparticles; however, we also 

included the outcomes for undoped or pure β-Pbo nanoparticles for comparison's purpose. This 

has made it possible for us to examine the different structural and optical characteristics of β-Pbo 

nanoparticles that are pure or undoped and doped with 2% (Ni, Li). 

4.1 Experimental Results 

 

Figure (4.1) represents experimental results of pure, Ni doped and Li doped beta lead oxide      

nanoparticles powder   

 4.2 Structural Analysis 

   We acquired and examined the XRD patterns of pure β-PbO, Ni-doped β-PbO, and Li-doped β-

PbO to look into the materials' structural characteristics. The patterns display distinct peaks that 

align with the orthorhombic structure of β-PbO. Minor modifications are noted when doping 

with Ni and Li. Figure 4. 2 shows the XRD spectra of pure β-Pbo NPs and doped 2% (Ni, Li) 

NPs that were made using co-precipitation procedures. The structure, phase, and crystal size of 

the samples were ascertained by analyzing the peaks' positions and intensities. In the pure, Ni-

doped, and Li-doped β-PbO X-ray diffraction patterns. The (100), (111), (200), (020), (002), 

(220), (300), (202), (022), (311), (131), and (113) planes were represented by the peaks, which 

correlated to the angles of 2 = 15.03, 29.11, 30.33, 32.62, 37.86, 45.14, 46.22, 49.26, 50.82, 

53.14, 56.06, and 63.03 degrees, respectively. The orthorhombic crystal structure of the 

produced samples, with space group P and lattice parameters a = 5.8931 Å, b = 5.4904 Å, and c 
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= 4.7528 Å and α = β = γ = 90 0C, was validated by the XRD result. The outcome closely 

resembles standard batch No. 00-93820. 

 

 

  Figure 4.2: XRD patterns of undoped and 2% (Ni, Li) doped β-PbO nanoparticles  

   X-ray diffraction (XRD) patterns for pure β-PbO, Ni-doped β-PbO, and Li-doped β-PbO 

nanoparticles appear to be displayed in Figure 4.2. Plotting the three diffraction patterns together, 

the peaks are identified by their respective Miller indices. Pure β-PbO (Blue Pattern): The XRD 

peaks show the crystal planes in the β-PbO lattice and are identified with Miller indices such as 

(100), (020), (111), (200), etc. It is suggested that the material is extremely crystalline by the 

crisp and well-defined peaks. The lack of further peaks indicates that there are no contaminants 

or secondary phases present in the β-PbO phase. Ni-Doped β-PbO (Red Pattern): The peak 

locations in the XRD pattern are shifted when compared to pure β-PbO, most likely because Ni 

has been incorporated into the β-PbO lattice. To calculate the crystallite size from XRD data, you 

can use the Scherrer equation. The Scherrer equation relates the crystallite size D to the 

broadening of a diffraction peak: 
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                                              D= 
  

     
  ------------------------------------------------ (1) 

                                                      Where: 

                                          D = crystallite size 

                                         K = shape factor (usually 0.9) 

                                          λ = X-ray wavelength (1.5406 Å) 

                                          β = full width at half maximum (FWHM) of the peak (in radians) 

                                         θ = Bragg angle (in radians) 

The d-spacing between crystal planes is inversely related to the 2θ angle according to 

Bragg’s law: 

                                               nλ = 2dsinθ ---------------------------------------- (2) 

   Dislocation density (δ\deltaδ) is a measure of the number of dislocations in a unit area of a 

crystal and can be calculated using the formula: 

 

                                                 δ=
 

  
  ------------------------------------------------ (3) 

    Where: D is the average crystallite size (in meters) 

     Strain (ϵ): is commonly used to estimate the microstrain in a material based on the full width at 

half maximum (FWHM) of the XRD peaks. Strain is calculated using:  

                                             £=  
 

     
 ------------------------------------------- (4) 

The volume V of an orthorhombic crystal structure can be calculated using the formula: 

                                         V=a×b×c---------------------------------------5 

Where a, b, and c are the lengths of the three perpendicular axes of the unit cell. 

In an orthorhombic crystal system, where a ≠ b ≠c aand α=β=γ=90∘, 
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Lattice Parameters: For an orthorhombic structure: a, b, and c are calculated from the hkl values 

using Bragg's law and the d-spacing formula: 

                                                    =
 

√  

   
  

   
  

  

           ----------------------------------- (5) 

Where h, dk, l are the Miller indices. 

Table 4. 1: Structural parameters of pure β- PbOand doped β-PbO 

Particl

es 

hkl 2theta(deg) dhkl(A
0
) FWHM(

deg) 

D(nm)  D(nm) 

average 

δ = 
 

 
  

X 10
-4 

Pure 

β-PbO 

200 30.3752  2.94030 0.13180 60.33  

56.90 

 

 

3.10 
020 29.1304 3.06305 0.14810 53.70 

002 53.1510 1.72182 0.14130 56.68 

2%Li;

β-PbO 

200 30.4089 2.93712 0.12950 61.40  

57.78 

 

3.00 202 29.1614 3.05986 0.14420 55.15 

002 53.1813 1.72091 0.14000 56.80 

2%Ni; 

β-PbO 

200 29.2298 3.05286 0.15290 51.98  

55.40 

 

3.25 020 30.4664 2.93170 0.13840 57.44 

002 32.7473 2.73253 0.14620 56.80 

 

   The addition of Li ions, which are smaller than Pb ions, causes the crystallite size to increase to 

57.78 nm, indicating that lithium doping causes the crystal lattice to expand. The lattice 

parameter drops to 55.40 nm with nickel doping, suggesting that the lattice contracts upon the 

entrance of Ni ions (which are smaller and have a different electrical configuration than Pb ions). 

The dislocation density is marginally lower in the doped sample than in the pure one. This may 

suggest that Li doping has a little influence on lowering the crystal structural defects, either by 

stabilizing the crystal lattice or releasing some internal tension. The dislocation density is higher 
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in nickel-doped samples than in pure or Li-doped ones. This implies that Ni doping increases the 

number of defects or dislocations in the crystal structure, presumably as a result of the Ni and Pb 

atoms' mismatched ionic radii or electronic structures. Li-doped β-PbO exhibits a lower 

dislocation density, which is indicative of improved crystal quality and reduced flaws. These 

properties can be advantageous for electrical and optical applications. 

Table 4.2 strain, lattice parameters and volume of unit cell doped and undoped beta lead oxide  

 Strain 

£ 

Lattice 

parameters(A
0
) 

Volume of unit cell 

V = a*b*c (A
0
) 

3
 

A b C 

Pureβ-

PbO 

0.107 5.88 6.12 3.44 123.79 

Li;β-PbO 0.101 5.87 6.11 3.44 123.37 

Ni;β-PbO 0.105 6.10 5.86 5.46 195.17 

                    

These differences in lattice parameters and volume due to doping suggest that the dopants (Ni 

and Li) have different impacts on the β-PbO lattice structure. The substantial volume increase 

that follows Ni doping suggests that Ni atoms may be causing more lattice expansion due to their 

larger ionic radius or unique bonding characteristics.  

4.3 Optical Analysis 

UV-Vis (Ultraviolet-Visible) Spectroscopy Awidely used technique to study the optical 

properties of materials by measuring the absorbance or reflectance of light in the UV and visible 

regions. In this process, the spectrum obtained due to optical absorption can be analyzed to get 

the energy band gap of the material. In optical devices, band gap energy remains one of the main 

characteristics of the synthesized materials, which must be determined. The reflectance spectra 

of the un-doped, Ni doped and Li doped samples in the wavelength range of 350 nm to 800 nm 

are shown in Figure 4.3. 
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Figure.4.3 Reflectance spectra of pure, Li doped and Ni doped β-PbO. 

   The β-PbO sample shows a higher overall reflectance than the doped samples, particularly in 

the visible band. 

. While both lines show a similar trend, the reflectance of the Li-doped β-PbO (red line) is 

somewhat lower than that of the pure β-PbO (black line). With the lowest reflectance across the 

spectrum, the Ni-doped β-PbO (green line) has a clear declining trend at 500 nm, but then rises 

again toward the higher wavelengths. In all three samples, there is a discernible decrease in 

reflectance in the 500-550 nm range; this decrease is more prominent in the Ni-doped β–PbO 

sample. The variations in reflectance might be ascribed to doping with Li and Ni, which alters 

the optical characteristics and electrical structure. Ni doping appears to affect the optical 

characteristics more significantly, either as a result of band structure changes or the introduction 

of mid-gap states. Ni-doped β-PbO has a much lower reflectance than the other two samples 

beyond 600 nm. This graph displays a material's reflectance spectrum over a range of 

wavelengths from around 350 nm to 800 nm, which is most likely beta lead oxide, or β-PbO. The 

reflectance percentage, which shows how much light the material reflects at each wavelength, is 

represented by the y-axis. At shorter wavelengths (around 400 nm), the reflectance is minimal. It 

progressively increases as the wavelength increases, culminating at 800 nm. The materials 

exhibit a reflectance drop at about 500 nm, which might be related to a bandgap or distinctive 

absorption property. This type of spectrum is frequently used to examine a material's optical 

characteristics, such as its bandgap energy or absorption edge. 
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 Figure 4.4: Absorption spectra of pure β-PbO and doped β-PbO 

   β-PbO (Black Line): The absorbance starts to significantly rise at 400 nm, peaks at 470 nm, 

and then starts to fall. A little hump can be found at 650-700 nm. Li-doped β-PbO (Red Line): 

Overall absorbance is somewhat lower, but the absorbance curve is comparable to that of pure β-

PbO. There is the peak at 470 nm, although it is little lower. Ni-doped β-PbO (Green Line): 

Absorbance is much greater in this sample, particularly at 470 nm and 600-700 nm. There is a 

more noticeable hump at 700 nm and a significantly wider absorption peak. 400–500 nm: All 

three samples exhibit considerable absorption in this range, suggesting that they most likely 

absorb heavily in the visible spectrum's blue area.  Between 500 and 700 nm: Ni-doped β-PbO 

shows increased absorbance in this range, suggesting that doping with Ni creates states that 

increase photon absorption in this range. Li Doping: The lower absorbance in comparison to pure 

β-PbO implies that Li may limit the amount of electronic states that are accessible for transition, 

whether as a result of fewer defect states or a minor enlargement of the band gap. Ni Doping: 

The enhanced absorbance, particularly the broad absorption peak, indicates that Ni adds more 

states to the band gap or levels of defects to the band gap to improve absorption across a longer 

wavelength range. Structural Effects: Absorbance variations, especially when Ni is doped, 

indicate atomic-level structural alterations that introduce defect states or modify the band 
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structure. Optical Effects: Ni-doped β-PbO exhibits a wider and enhanced absorbance, indicating 

that Ni has a considerable effect on the material's optical characteristics. It is also possible that 

Ni has introduced new electronic states inside the band gap. 

  Optical band gap energy is a fundamental property of materials, particularly semiconductors 

and insulators, that defines the energy difference between the valence band (highest occupied 

molecular orbital) and the conduction band (lowest unoccupied molecular orbital). It is crucial 

for determining the electronic and optical behavior of a material. The optical band gap energy of 

the materials was determined by means of the Tauc’s equation, which translates the relation 

between the absorption coefficient (α) and the incident energy (hν). This relation is given by the 

equation  

                                                 (αhν) 
2
 = A (hν − Eg) and F(R). hν = A (hν − Eg)   

 Where A is constant and has different values for different transitions, hv is the photon energy, 

F(R) is the Kubelka-Munk function, R is the diffuse refractance, and Eg is the optical band gap 

energy. 

                                                          F(R) = (1-R)
 2/ 2R 

The energy bandgap of undoped β-PbO, Ni and Li doped β-Pbo nanoparticles were found to be 

2.7, 2.7 and 2.68 eV respectively shown in (Figure 4.5, 4.6, 4.7).  
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                 Figure-4.5 Band gap spectra for pure β-PbO 

 

                    Figure-4.6 Band gap spectra for Ni doped β –PbO Nanoparticles 
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        Figure-4.7 Band gap spectra for Li doped β –PbO Nanoparticles 

Table 4.3 Bandgap of pure, Ni doped and Li doped beta lead oxide                              

Sample Band gap 

Pure β-PbO 2.7 ev 

Ni: β-PbO 2.73 ev 

Li:β-PbO 2.68 ev 

 

When β-PbO is pure, its band gap is around 2.7 eV; when doped with Ni, this value rises to 2.73 

eV. These numbers show that doping has somewhat altered the electrical characteristics. The 

band gap somewhat narrows as a result of Li doping, indicating that the presence of Li in the 

lattice has caused some electronic rearrangement or state introduction.  

 

4.4 Photoluminescence (PL) studies 

    Photoluminescence (PL) studies of pure and doped materials like beta lead oxide (β-PbO) 

provide insight into their electronic structure, defect states, and potential applications in 

optoelectronics.  
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       Figure 4.8: PL spectra of pure β-PbO and doped β-PbO at 415 nm  

     When stimulated at 415 nm, the sample with the highest photoluminescence intensity, Ni-

doped β-PbO (Red Line), displays a strong luminous response. Pure β-PbO (Gray Line): The PL 

intensity is higher than that of Li-doped β-PbO but somewhat less than that of Ni-doped β-PbO. 

Li-doped β-PbO (Blue Line): This sample exhibits the lowest PL intensity, which suggests that 

Li doping has reduced the luminous efficiency. The primary emission peak appears close to the 

wavelength of excitation (415 nm) and rapidly diminishes with increasing wavelength. This 

steep decline is typical of emission close to the band boundary. As the PL intensity decreases 

with increasing wavelength, all samples show a similar pattern, despite the significant variations 

in absolute intensities. Li doping may cause an electronic structure change that reduces radiative 

recombination efficiency. Ni-doped β-PbO has enhanced photoluminescence due to the 

introduction of defect states that permit radiative recombination, making it a potential material 

for high emission optoelectronic applications. Li-doped β-PbO exhibits decreased 

photoluminescence. indicating that the band structure may be altered by Li doping in a way that 

reduces radiative effectiveness.In the absence of additional dopants, the pure β-PbO exhibits 

typical behavior, as indicated by its low PL intensity.These results show that doping significantly 

changes the optical properties of β-PbO, particularly in terms of its photoluminescence response, 

which may be tailored to specific requirements by adjusting the kinds and concentrations of 

doping.  
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 Figure 4.9; PL spectra of pure β-PbO and doped β-PbO at 350 nm  

   The β-PbO black curve is used as a benchmark for contrasting the doped samples. When 

compared to pure β-PbO, the red curve (Ni-dopedβ- PbO) shows a discernible increase in PL 

intensity. Comparable in trend, but somewhat less pronounced than the Ni-doped sample, is the 

blue curve representing Li-doped β-PbO. In all three graphs, a clear peak is seen at 400 nm, 

while the doped samples exhibit considerable intensity fluctuation and minor peak position 

variations. Doping with Ni and Li modifies the electronic structure of β-PbO, hence increasing 

the number of accessible states for recombination, as suggested by the increased PL intensity in 

the doped samples. Doping Effects: Examine how the various dopants impact PbO's electrical 

and optical characteristics. Defect States: Take into account looking into the possibility that 

doping-induced defect states play a part in the observed variations in PL intensity. Charge 

Carrier Dynamics: Gaining knowledge of how doping affects the dynamics of charge carriers, 

particularly recombination processes, may help explain the behavior that has been seen. 

 

4.4. Scanning Electron Microscopy (SEM) 

   A potent method for analyzing nanoparticles is scanning electron microscopy (SEM), which 

offers high-resolution imaging capabilities that reveal vital details on the size distribution, 

surface characteristics, and shape of the particles. SEM investigations are very useful in the 
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context of β-PbO nanoparticles to comprehend the effects of doping with elements like Ni and Li 

on the structural characteristics of these materials. Energy-dispersive spectroscopy in 

conjunction with scanning electron microscopy was used to analyze the elemental composition 

and surface morphology of pure, Ni, and Li doped β-Pbo samples. The samples' SEM pictures 

are displayed in the figure below. 

 

     Figure (4.10); SEM images of pure β-PbO NPs and the average grain size of pure β-PbO NPs 

 

 Figure (4.11); SEM images of Li doped β-PbO NPs and the average grain size of Li doped β-

PbO NPs 
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 Figure (4.12); SEM images of Li doped β-PbO NPs and the average grain size of Li doped β-

PbO NPs          

   Ni Doping: Likely leads to the formation of larger particles, which might affect the material's 

properties such as electrical conductivity, optical properties, or catalytic activity. Li Doping 

causes a moderate increase in particle size, potentially affecting similar properties but to a lesser 

extent. Li doping shows a smaller increase in particle size compared to Ni doping, indicating a 

more modest impact on particle growth. Ni doping results was the largest mean particle size, 

suggesting that Ni may promote particle growth or aggregation. The Ni-doped sample exhibits 

the largest mean particle size, while the Li-doped sample shows a smaller increase relative to the 

pure sample. This difference in particle size may impact the material's performance in 

applications where surface area, reactivity, or other size-dependent properties are important. 

Doping beta lead oxide with nickel significantly increases the average particle size, while lithium 

doping has a minor effect. All samples exhibit a wide range of particle sizes, as indicated by the 

high standard deviation, suggesting a non-uniform distribution. This analysis provides a 

foundational understanding of the morphological changes caused by doping in beta lead oxide, 

which could be correlated to changes in material properties.  
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                                                               UNIT FIVE  

5. Conclusion and Recommendations 

5.1 Conclusion 

  In This research we successfully synthesized pure β-PbO, 2% Ni-doped β-PbO, and 2% Li-

doped β-PbO nanoparticles using a chemical co-precipitation method, with subsequent 

characterization revealing significant modifications in structural, optical, and morphological 

properties upon doping. The XRD analysis confirmed that all samples retained an orthorhombic 

crystal structure, with Ni doping reducing lattice parameters and Li doping expanding them. The 

optical studies demonstrated that doping had a minimal effect on the bandgap, which remained 

close to 2.7 eV, but significantly influenced the photoluminescence properties. Specifically, Ni 

doping enhanced emission intensity, indicating an increase in defect states, while Li doping had 

the opposite effect, reducing the emission intensity. Morphological analysis using SEM showed 

that Ni doping led to the most substantial increase in average particle size, followed by Li 

doping, compared to undoped β-PbO. Overall, the study highlights that Ni and Li dopants can 

effectively alter the properties of β-PbO nanoparticles, with Ni doping inducing more 

pronounced changes. These findings open avenues for tailoring the material properties for 

specific applications, particularly in optoelectronic devices, sensors, and catalysis. Future work 

should explore varying dopant concentrations, alternative dopants, and the integration of these 

nanoparticles into functional devices to fully harness their potential.  

5.2 Recommendations 

   Future studies should investigate the effects of different concentrations of Ni and Li doping on 

β-PbO to better understand the relationship between dopant levels and changes in electrical and 

cataltical properties.   
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